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Abstract: The adoption of a standardized technique of measuring in civil construction projects is
influenced both by the drivers and the strategies used, particularly in emerging nations such as
Malaysia. So, the authors of this study used structural equation modeling and the PLS-SEM technique
to inquire into the connection between the driver and strategy elements of the adoption. Quantity sur-
veyors at quantity surveying consultancy companies using the standard measurement technique were
polled using a questionnaire. Using the PLS-SEM technique provided by the SmartPLS 3 software, a
hierarchical model was created to determine the components and their impacts on the adoption of
the measuring method. The results indicated that all classes considerably influence the adoption of
the standard technique of assessment, but the barrier factors had the most impact. The adoption of a
standardized technique of measuring was significantly impacted by the driver and strategy elements.
The coefficient of determination (R-squared value) of 0.400 indicates that the dependent variable(s)
can be explained by the predictor variable(s) in the model. Moreover, Q2 is significantly different
from zero, suggesting that endogenous latent components may be predicted by the conceptual model.
Because of its high explanatory power, the created model has given a goodness-of-fit (GoF) index
of 0.214. This means that the model adequately represents the link between the variables that af-
fect measuring technique adoption and the effects of these factors. The first stage in determining
what motivates people to utilize the most up-to-date standardized measurement approach in civil
engineering construction projects is to develop a research model of the variables and to explain the
connection between the driver and strategy factors on standard adoption.

Keywords: standard measurement method; drivers; strategies; construction projects; structural
equation modeling; PLS-SEM

1. Introduction

The construction sector is recognized as one of Malaysia’s key economic sectors that
generate economic growth, along with agriculture, mining, manufacturing and services.
Quarterly construction statistics [1] show that Malaysia’s construction sector shrank by
14.2% in the fourth quarter of 2020. The value of the construction work carried out reaches
RMB 31.7 billion. The value of construction works in 2020 shrank by 19.4% to RMB 117.9 bil-
lion compared to RMB 146.4 billion in 2019. Other subsectors, such as civil engineering and
residential and non-residential buildings, declined, while specialty trade activity surged
at 29.3%. However, since the fourth quarter of 2015, the civil engineering subsector has
maintained its dominance in the value of construction works performed with a 39.6% share
for the 21st consecutive quarter. Statistics show that civil works are essential in supporting
economic growth, as efficient infrastructure is the backbone of economic development.

Standard measurement technique is a document that provides the foundation for
measuring building and civil engineering works, as defined by the Royal Institute of

Buildings 2023, 13, 963. https://doi.org/10.3390/buildings13040963 https://www.mdpi.com/journal/buildings

https://doi.org/10.3390/buildings13040963
https://doi.org/10.3390/buildings13040963
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/buildings
https://www.mdpi.com
https://orcid.org/0000-0003-2466-8438
https://doi.org/10.3390/buildings13040963
https://www.mdpi.com/journal/buildings
https://www.mdpi.com/article/10.3390/buildings13040963?type=check_update&version=1


Buildings 2023, 13, 963 2 of 23

Chartered Surveyors [2]. The goal of the regulation is to guarantee that the list of output
quantities adequately defines the scope and nature of the activity carried out [3]. When it
comes to preparing quantity lists for civil engineering works, contract prices, and tender
papers, ref. [4] and industry participants in Malaysia have agreed on the Malaysian Civil
Engineering Standard Method of Measuring (MyCESMM2). Each civil engineering project
is within the scope of this document’s definitions, descriptions, measurement procedures,
and coverage. Projects that adhere to these standards may save money since everyone is
working from the same playbook. Production of the CESMM started in 2003, and by 2011
the standard had been updated to be called MyCESMM. MyCESMM2 is the standardized
local practice that resulted from modifications of CESMM3 (UK) and CESMM4 (UK). The
goal of MyCESMM2 is to promote the adoption of best practices in the standardization
of civil works measurement in accordance with a standard, with the aim of reducing
the likelihood of misunderstandings regarding the precise nature of the measurements,
descriptions, and methods of work that go into determining the final price of a given
product or service. It is a key factor in ensuring that government contracts are awarded
fairly and efficiently. By using MyCESMM2, in which the scope of work is specified in
clear and standard language, all contractors bidding on the project will have the same
information and a common understanding of what has to be done. As a result, skilled
contractors may make more objective and transparent decisions, and pricing uncertainty in
tenders is minimized or eliminated. As a byproduct, it improves contract management and
makes it easier to estimate project costs.

Unfortunately, this standardized technique of measuring has not been widely adopted
for usage in the field of civil engineering. As a result, it is familiar with the roles of consul-
tants, contractors, and clients in civil engineering projects. The CITP (2016–2020) at CIDB
are working to increase the usage of MyCESMM2 to provide cost effectiveness for civil
engineering projects by using best practices in producing quantitative lists. MyCESMM2
will benefit from two supplementary materials: Library of Standard BQ Descriptions for
Civil Engineering Standard Method of Measuring and Reference Manual for the Stan-
dard Way of Measurement in Civil Engineering. In 2018, the Department of Standards
Malaysia published The Malaysian Standard Civil Engineering Standard Method of Mea-
surement (MSCESMM) after consulting with industry participants to increase the usage
of MyCESMM2 in civil engineering projects in Malaysia. All contractors bidding on the
project will have access to the same information and a common understanding of the scope
of work thanks to the standardized document. Tender price uncertainty is reduced or
eliminated, and competent contractors may make better-informed decisions because of
the standard’s emphasis on transparency and objectivity. It does this indirectly by making
contract administration easier and decreasing project cost uncertainty [5–7]. There is a
wealth of research on the tried-and-true approach of measuring adaptation, but there has
not been much done to carefully examine this research. This research aims to bridge the
knowledge gap on the use of the civil engineering standard technique of measuring in
the building sector. In spite of this widespread awareness among construction project
consultants, contractors, and customers, the scope of this standard’s use remains limited.
The preparation of bills of quantities using the standard technique of measuring has several
advantages, which are driving its widespread use in the construction industry.

In [8], it is said that many researchers find the PLS-SEM method to be very appealing.
Without depending on assumptions about the distribution of the underlying data, it aids
them in approximating models including several constructs, indicator variables, and struc-
tural routes. Specifically, partial least squares structural equation modeling (PLS-SEM) is a
causal–predictive approach to SEM that places an emphasis on the prediction of statistical
models whose topologies are designed to provide causal explanations.

This study attempts to fill the gap in understanding and identifying the civil engineer-
ing standard method of measurement adoption in the construction industry. However,
these standards were not used, and the consultants, contractors, and clients were not suffi-
ciently aware of them in construction projects. Many benefits drive the implementation of



Buildings 2023, 13, 963 3 of 23

the standard method of measurement practices in construction, especially in preparing the
bills of quantities.

This study seeks to identify factors that encourage construction firms to employ the
civil engineering standard technique of measurement. Standardized measurement and
practice techniques in civil engineering are motivated by many factors and strategies.
Owing to cultural, economic, and legal differences, Malaysia may not use the reasons
and tactics of other countries. Hence, Malaysia-focused research is crucial. This research
examines SMM adoption drivers and barriers (standard measurement methods). The
standard is crucial to developing industry professionalism. The research was carried
out to enhance SMM and building sustainability. The suggested model accounts for
driver and strategy factors that affect the adoption of a construction project standard
measurement method. This review used related articles, conference papers, and books.
This extensive literature analysis seeks to uncover all factors that may impact construction
project standardized measurement procedures. These range from essential positives to
driver- and strategy-related factors that impact building project adoption of the standard
measurement procedure. The identified factors were grouped into two-factor groupings,
and 18 items are displayed in Figure 1 using this classification approach.
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2. Literature Review and Research Model

Currently in Malaysia, various building projects are held to varying degrees of scrutiny.
Every major company in an industry usually has a team working on developing their own
proprietary standard for measuring performance. Moreover, companies might use expert
quantity surveyor organizations that have likely previously arranged their standard mea-
suring procedures. As there is a wide discrepancy between these standards, disagreements



Buildings 2023, 13, 963 4 of 23

over measurements and finances remain unresolved [5]. An accurate bill of quantities was
generated using a standardized methodology for taking measurements. Among the current
standardized references used in Malaysia’s construction sector are the Standard Method
of Measuring for Building Works (SMM2) and the Malaysian Civil Engineering Standard
Method of Measurement (MyCESMM2). The standard set by the Royal Institution of Sur-
veyors Malaysia (RISM) for SMM2 and the Malaysian Construction Industry Development
Board (CIDB) for MyCESMM2 attempted to facilitate congruity among the construction
stakeholders in preparing bills of quantities by addressing the aforementioned issue.

For close to a century, the standard technique of measuring has served as the model for
how bills of quantities are put together in the construction sector. Published for the first time
in 1922, it was based on the work of prominent London quantity surveyors. The goal was
to standardize how quantity surveyors calculate the costs of various construction projects.
Quantity surveyors have been providing estimates, bids, and final accounts with numbers
using a variety of conventional methods. The widespread use of bills of quantities, however,
did help the success of the measurement. According to [9], the conventional method of
measuring assists in providing a firm basis upon which to construct the measure, allowing
for more precise itemization. This document establishes standards, specifications, norms,
or characteristics that may be used consistently to ensure the quality of materials, products,
processes, and services. The SMM provides a main basis for measuring construction and
infrastructure projects, as described by the Royal Institute of Chartered Surveyors (RICS).
The goal is to guarantee that the final bill of quantities generated appropriately reflects the
scope and quality of the work to be carried out [10]. By using the SMM, the construction
sector may improve its regularity and the quality of its output, making construction project
information more accessible to all parties involved [3]. Preparing bills of quantities and
their pricing in a way that deviates from industry standards is a major cause of failure
in the construction business. Inaccurate or inconsistent measurement practices may be
to blame [11].

According to [12], the motivation for the creation of SMM in the building sector is
the need for standardized measurements and the use of modern building practices and
materials. In addition, verifying the requirements and terms of the contract helps clarify
and streamline the measuring standards. In order to appease industry players, particularly
contractors, the standard would mandate a nationally standardized structure for bills
of quantities in tender papers. They include the Civil Engineering Standard Methods
of Measurement (CESMM) [13], the New Rules of Measuring for Building Works, and
the Standard Method of Measurement for Building Works (SMM7) [14]. According to
its description, the SMM is a document that specifies a regular-use document layout for
presenting work. In addition, it includes a set of generally agreed-upon standards for
measuring [10]. Moreover, it is suggested by [15,16] that it provide concrete criteria for
evaluating widely used works. It also includes helpful recommendations for what a
contractor bidding on the project should do to account for each metric. The construction
industry’s standard measuring technique may be adapted to reflect regional norms and
practices for completing a certain category of building project [14].

Bills of quantities, contract pricing, and bidding papers all benefit from using the same
standard technique of measurement for civil engineering projects. The goal is to have a bill
of quantities that completely describes the definition, description, norms of measurement,
and coverage that are specified by the standard [4]. The goal of the standard is to provide
consistency and avoid disagreements caused by varying interpretations of project costs.
Better enforcement of the standard technique of measuring implementation has been cited
as the most effective way for promoting its use in civil engineering. Given the wide range
of building codes, it is prudent to strictly adhere to the measuring standard as described
in [17]. Moreover, ref. [9] argued that cutting-edge IT should be the norm, regardless of
regional building requirements. At the same time, ref. [18] advocated for more widespread
implementation of these measurements in civil engineering projects. Implementing this
standard is recommended by [5,19]. Having an appropriate and upgraded standard to
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keep up with new developments in buildings is also proposed [13,20]. Nonetheless, Yusuf
and Mohamad [21] suggested that M&E services should be the focus of the deployment.

The goal of the specification is to ensure the comparability of results and to reduce
the likelihood of disagreements about how to assess and define the scope of the work to
be performed. There will be less room for error in estimates, valuations, and cost-control
formulations, according to previous research, because of the standard of measurement’s
consistency, precision, and uniformity. The reference provided by the standard will be
consistent and straightforward [17]. The standard will be more transparent and unambigu-
ous with the use of technology, as [9] said. By integrating project data with quantitative
measurement, we can cut down on unnecessary elements, plans, and requirements [2].
According to research by [5], if you are consistent, your bill amounts will be too. If the
standard or a common understanding of work items is being used, then all of the work
items have been appropriately listed and characterized.

In addition, its regularity offers a constant benchmark against which to evaluate future
measurements [5,19,22–24]. At the same time, it will function as a unified criterion for
measuring methodologies, reducing the likelihood of misunderstandings and allowing
for more cost transparency. When it comes to measurements, the major companies in
Malaysia’s building business all use the same methodology [20]. The purpose of this
work is to be of use to those involved in the building industry by encouraging them to
think about adopting the standard in measuring for a more realistic approach to taking
off and preparing the bills of quantities. In order to minimize misunderstandings and
provide a foundation for measuring standards, it is recommended that all parties involved
in the construction process use the same standard. This includes clients, contractors,
and consultants.

The second most common reason is a fair tender price. Hence, the tender price will
match the tender documents and become more competitive. Bills of quantities using
measurement rules help compare tenders [7]. Due to the extensive tenders, its accurate
bid evaluation will reduce the risk [21]. The standard will improve tender pricing and
minimize contractors’ risk exposure [24,25]. When paired with the employer’s estimate,
the contractor’s bid price is more likely to be accepted [5]. The contractor’s bid will be
uncompetitive if they measure differently. Implementing the standard will solve this [19].
For bidding, the contractor receives information to estimate project costs and create bills
of quantities [20,26]. A standard gives contractors additional information to the base of
their bid pricing, which benefits the employer. Standardizing measurement procedures
reduces disagreements, the third literature-identified motivation. Singapore’s standard
would reduce legal disputes [17]. According to [24], the norm will reduce vague-wording
claims and conflicts. Bill of quantities ambiguity challenges and arbitration proceedings
will decrease [9]. Standardized measurement may prevent disagreements [19]. More-
over, as stated in [5], as both parties will have a better understanding of measurement,
there will be fewer unnecessary confrontations, which will boost production and reduce
miscalculation-related problems. The contractor will also have fewer work item miscalcula-
tions and misunderstandings, enabling them to concentrate on project completion without
pointless disagreements.

The research found that improved construction project management and contract
administration are the fourth most common benefits of standard measurement. Cost man-
agement is accurate and fast using this standardized measurement method. The standard
will provide cost predictions via fiscal management and analysis [18]; see [27,28]. It helps
budget for unexpected developments. It reduces project expenses [19]. It will include
claims, interim payments, modification orders, and final accounts that underpin contractor
payments to assist the employer in monitoring his money [5]. Bills of quantities are created
using the conventional measurement approach due to monthly interim values and volatil-
ity [21]. Standard measurements provide accurate cost predictions and planned project
schedules [24]. Standardization may help manage and analyze contract administration and
financial transaction expenses. The literature most often uses a boosted standard method
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to assess research and development: a web-based user guide and standard-compliant
technology. Ref. [19] decided that the standard should be adopted from another nation or
altered to satisfy regional needs. A mechanical and electrical services supply chain is being
utilized to build a uniform measurement procedure [21]. It is limited to building and civil
engineering projects with mechanical and electrical services [5].

The literature suggests expanding data on the typical measurement approach’s bene-
fits. The civil engineering standard provides uniform local construction bills of quantities
and easy benchmarking for future cost comparisons. Sticking to standard measurement
methods might help minimize conflicts [19]. Ref. [20] suggests a more realistic relationship
between construction method, cost, and the gold standard of assessment. The standard
improves cost estimate, bid price, player cost management, and structural or civil engineer-
ing construction [13]. According to the data, rules and regulations requiring the standard
method of measuring are the fourth most commonly stated approach for promoting its
adoption. Ref. [18] found that project management must be enforced when utilizing the civil
engineering standard method of measuring. As there is no monitoring and enforcement
organization, ref. [20] describes a broad variety of standards. So, everyone must follow
one set of measurement norms. To enhance awareness among Malaysian practitioners,
severe steps are needed. Ref. [17] suggests financial and other market-based incentives,
low-interest loans, and government subsidies to promote the adoption of a consistent
evaluation method. Government-led initiatives are needed to reform and standardize
industry. Construction experts have not been effectively informed about promotion teams
and local authorities’ competent and proactive standard measurement approach. Work-
shops, seminars, and conferences spread civil engineering measurement standards [18].
Workshops and seminars by Malaysia’s Construction Industry Development Board (CIDB)
have raised civil engineering standards.

According to [29], the PLS-SEM approach is exciting to many researchers. It helps them
approximate complex models with many constructs, indicator variables, and structural
paths without relying on the data distributional assumptions. More specifically, PLS-SEM
is a causal–predictive approach to SEM that emphasizes the prediction of statistical models
whose architectures are built to provide causal explanations.

3. Methodology

The evaluation of the relevant literature has improved our comprehension and data
collection on the investigation of the variables affecting the adoption of standard measure-
ments in civil engineering. In order to verify the claims made in this study, a survey method
was implemented. To better understand the variables (both strategic and underlying) that
drive the use of standardized measurements in Malaysian civil engineering construction
projects, a questionnaire survey was designed. The questionnaire included four parts, the
first being an introductory letter outlining the objectives of the study. In the second part,
respondents were asked to fill out the information about themselves, such as their job titles,
years of experience, and preferred methods of evaluation. Sections 3 and 4 aim to isolate
the strategic and driving variables that influence the spread of standards.

The questions in this section used a five-point Likert scale (1 = strongly disagree,
2 = disagree, 3 = moderately disagree, 4 = agree, and 5 = strongly agree) to gauge re-
spondents’ levels of agreement with statements about the factors that influence standard
adoption and the indicators of standard adoption. A PLS-SEM and the Smart PLS software
package were used to analyze the data (partial least square structural equation modelling).
One statistical approach, structural equation modeling (SEM), combines a measurement
model (confirmatory factor analysis) with a structural model. All of the connections be-
tween the structures under consideration for the assessment are specified by these formulae.
Since it reveals the structure of the link between latent variables, the SEM system requires
verification of the measurement procedure. The internal consistency of a latent variable
is the dependability of the scale. Cronbach’s alpha is the most common method used
to determine reliability, with a minimum value of 0.60 indicating that the measurement
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scale for the latent variable is reliable. Based on their registration with the Board of Quan-
tity Surveyors Malaysia (BQSM) and the Malaysian Ministry of Finance, a total of 200
sets of questionnaires were sent out to quantity surveying businesses in Selangor State.
Table II displays the outcomes of the 167 submissions that were reviewed and found to
be appropriate.

The most widely used structural equation modeling (SEM) approaches are covariance-
based methods, which are implemented in widely used statistical packages such as LISREL,
EQS, AMOS, SEPATH, and RAMONA [29]. Indeed, the covariance-based approach is
identical to SEM in the eyes of many scholars in the social sciences. Yet, PLS is a well-known
alternative approach for scientists who want to carry out SEM-based analysis. It might be
claimed that the PLS technique is more appropriate depending on the researcher’s goals,
the epistemic perspective of data to theory, the features of the data at hand, or the level
of theoretical understanding and measurement progress. The goal of covariance-based
SEM is to recreate the theoretical covariance matrix rather than to analyze the amount
of unexplained variation in the data. Nonetheless, the PLS-SEM approach was used for
analysis since its goal is to maximize the explained variance of the endogenous latent
constructs (dependent variables), as stated in [30].

Two assumptions, derived from the theoretical model shown in Figure 2, form the
basis of this investigation.

Buildings 2023, 13, x FOR PEER REVIEW 7 of 23 
 

statistical approach, structural equation modeling (SEM), combines a measurement model 
(confirmatory factor analysis) with a structural model. All of the connections between the 
structures under consideration for the assessment are specified by these formulae. Since 
it reveals the structure of the link between latent variables, the SEM system requires veri-
fication of the measurement procedure. The internal consistency of a latent variable is the 
dependability of the scale. Cronbach’s alpha is the most common method used to determine 
reliability, with a minimum value of 0.60 indicating that the measurement scale for the latent 
variable is reliable. Based on their registration with the Board of Quantity Surveyors Malay-
sia (BQSM) and the Malaysian Ministry of Finance, a total of 200 sets of questionnaires were 
sent out to quantity surveying businesses in Selangor State. Table II displays the outcomes 
of the 167 submissions that were reviewed and found to be appropriate. 

The most widely used structural equation modeling (SEM) approaches are covari-
ance-based methods, which are implemented in widely used statistical packages such as 
LISREL, EQS, AMOS, SEPATH, and RAMONA [29]. Indeed, the covariance-based ap-
proach is identical to SEM in the eyes of many scholars in the social sciences. Yet, PLS is a 
well-known alternative approach for scientists who want to carry out SEM-based analysis. 
It might be claimed that the PLS technique is more appropriate depending on the re-
searcher’s goals, the epistemic perspective of data to theory, the features of the data at 
hand, or the level of theoretical understanding and measurement progress. The goal of 
covariance-based SEM is to recreate the theoretical covariance matrix rather than to ana-
lyze the amount of unexplained variation in the data. Nonetheless, the PLS-SEM approach 
was used for analysis since its goal is to maximize the explained variance of the endoge-
nous latent constructs (dependent variables), as stated in [30]. 

Two assumptions, derived from the theoretical model shown in Figure 2, form the 
basis of this investigation. 

H1. Driver factors (DF) have a significant effect on civil engineering standard measurement adoption. 

H2. Strategy factors (SF) have a significant effect on civil engineering standard measurement 
adoption. 

 
Figure 2. The hypotheses of the research. Note: DF—driver factor; SF—strategy factor. Figure 2. The hypotheses of the research. Note: DF—driver factor; SF—strategy factor.

Hypothesis 1 (H1). Driver factors (DF) have a significant effect on civil engineering standard
measurement adoption.

Hypothesis 2 (H2). Strategy factors (SF) have a significant effect on civil engineering standard
measurement adoption.

The SEM combines a measuring model (confirmatory factor analysis) and a structural
model into a single statistical study. The connections between the various constructs in
the analysis were represented by these equations. To properly capture the structural link
between latent variables, the SEM procedure requires a good measurement model. The
Cronbach alpha coefficient is the most common way to assess the internal consistency of a
scale used to measure a latent variable; a higher value of Cronbach’s coefficient indicates
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greater reliability of the scale used to measure the latent variable, while a lower value
indicates less reliability.

All quantity surveying businesses in Selangor, Malaysia were included in the survey’s
random sample of 200 participants and their accompanying questionnaires for a three-
month time period starting Sep. 2021. Just 167 genuine replies were received; the rest
were either badly filled out or never sent back at all, rendering them useless for study (see
Table 1). A look at the breakdown of participants’ demographic information reveals that the
vast majority have more than five years’ worth of experience in the construction industry
and that their job titles are quite similar to that of quantity surveyors.

Table 1. Demographic characteristics of respondents.

Profile Frequency %

Gender
Male 82 49.1
Female 85 50.9

Age
Less 25 years 33 19.8
25–30 years 59 35.3
31–40 years 61 36.5
41–50 years 6 3.6

>50 years 8 4.8

Position
Director 6 3.6
Senior quantity surveyor 32 19.2
Quantity surveyor 88 52.7
Assistant quantity surveyor 32 19.2
Others 9 5.4

Experience
<5 years 72 43.1
5–10 years 51 30.5
11–20 years 33 19.8
21–30 years 7 4.2
>30 years 4 2.4

By a wide margin, as seen in the breakdown of participation, those involved in
building projects have been doing so for more than five years. On the other hand, all of the
participants share job titles that are directly tied to managing building projects. Quantity
surveying professionals, who use the standard measuring technique on a daily basis, were
recruited for the research.

The word “SEM” may be used as a synonym for the covariance-based technique.
Researchers interested in a SEM-based study also have access to PLS, a widely used
alternative method. The PLS method may be preferable depending on the goals of the
research, the epistemological perspective of the data to theory, the characteristics of the
data, or the current state of theoretical understanding and measuring technology. Table 2
displays the PLS-SEM analysis phase used in the structural equation modeling process.
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Table 2. Data analysis steps using the PLS-SEM method.

PLS-SEM

Assessment of measurement model
(Outer model)

Convergent validity

Individual item reliability

Composite reliability

The average variance extracted (AVE)

Discriminate validity

Cross loading

Variable correlation (root square of AVE)

Assessment of structural model
(Inner model)

The hypothesis testing (path coefficient)

The coefficient of determination—R2

Effect size—f2

Predictive relevance—Q2

The goodness of fit of the model—GoF

4. Results and Discussion

A partial least squares estimation method was used to examine the theoretical model
shown in Figure 3. PLS model criteria were calculated using [31], while measurement and
structural model parameters were estimated using Smart PLS 3.0′s two-step approach.
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The following are the stages that are taken into account while evaluating a PLS-SEM
route model:

The construct’s validity and trustworthiness are established by an assessment of the
outer model (the measurement model) [32]. Examining item loadings, external composite
reliability, and discriminant validity [29] are all methods for evaluating this measure.

The amount of variation explained by both exogenous and endogenous latent vari-
ables (independent latent variables and dependent variable) is measured using inner
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model (structural model) assessment [32]. By calculating the route coefficients, “which
are standardized betas based on [33]”, the structural model allows us to test our assump-
tions. Standard errors of the estimations and hypothesis testing were conducted using
non-parametric bootstrapping with 5000 replications as described in [34].

1: Examination of the Measuring Instrument (Outer Model)
Composite reliability for assessing external consistency, individual indicator reliability,

and average variance extracted (AVE) for assessing convergent validity are the three tests
required for assessing reflective measurement models, as stated in [35]. Fornell–Larcker
criteria and cross loadings are used to evaluate discriminant validity. Each evaluation
metric for reflected measurement models will be detailed below.

Step 1: Initial Convergent Validity
When indicators of a reflective concept are considered to be alternate ways of assessing

the same construct, this is known as convergent validity. For this reason, it is preferable for
the indicators (measures) of a given construct to converge or at least share a considerable
amount of variance. According to [32], item reliability is the degree to which a multiple-
item scale’s measurement of latent factors corresponds closely to the true value of those
latent variables as they pertain to the mistake. Researchers need to think about the outer
loadings of the indicators and the average variance extracted (AVE) to determine convergent
validity [36].

First, dependability, or the degree to which something can be relied upon, is assessed
by looking at how well it conforms to expectations outside the system. The classic method
for estimating reliability using intercorrelations across note indicator variables is Cronbach’s
alpha, and it has been used for many years as a gold standard. All indicators are supposed
to be equally dependable in Cronbach’s alpha, and all indications subject to extraneous
loads are assumed to have the same structure. Priorities, however, are determined by
indications from the PLS-SEM. In addition, Cronbach’s alpha tends to understate the
dependability of external consistency, accounting for the sensitivity of the number of
components in the table.

Trustworthiness all in one. Composite reliability limits might be anything from 0 to 1,
with higher values signifying more reliable data. It has the same meaning as Cronbach’s
alpha and is often used interchangeably. According to [37], composite reliability ratings
between 0.60 and 0.70 are acceptable in exploratory studies, whereas values between 0.70
and 0.90 are acceptable in more mature phases of research. Lastly, a result of less than 0.60
for the composite dependability indicates an issue with internal consistency.

This is called Cronbach’s alpha. A second measure of external consistency depend-
ability, Cronbach’s alpha, uses identical cutoffs but produces lower results than composite
reliability (CR). When Cronbach’s alpha is more than 0.7, surveys are typically considered
to be credible [38]. When estimating reflective measurement models using PLS-SEM, the
lower limit of external consistency reliability is Cronbach’s alpha, while the upper bound
is CR.

An average of the extracted variance (AVE). Convergent validity, or the degree to
which a concept converges in its indicators by explaining the items’ variation, is the
last criterion for evaluating reflective measurement models. Convergent validity was
established by calculating the average variance extracted (AVE) from all items sharing a
construct’s commonality. According to [36], AVE is calculated as the average of the squared
loadings of all indicators related to a build (for the sake of standardizing information).
According to [35], the problem was discovered using the same reasoning as with the
separate indications. If the average variance explained (AVE) for the concept is more than
0.50, then it adequately explains the average variation shown in its indicators. Conversely,
if the AVE is below 0.50, then the variation in item error is larger than the variance in the
concept (see Table 3).

Overall, Cronbach’s alpha value was much greater than 0.7, indicating that the test
is both trustworthy and internally consistent. According to [32], researchers in the social
sciences should not instantly exclude indicators whose outer loading is below 0.60, but
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should instead keep a close eye on weaker outer loadings, especially when using freshly
designed scales. Additionally, researchers need to look at how eliminating certain items
affects the composite reliability and the construct’s content validity. Indicators with outer
loadings between 0.40 and 0.70 may be removed from the scale if doing so does not enhance
the composite reliability or the average-variance-derived AVE over the recommended
threshold value. The degree to which the removal of an indication compromises the
legitimacy of the material is another factor to consider when considering whether or not to
remove the indicator. Sometimes, weaker exterior loading indicators are kept because of
their usefulness in establishing internal consistency.

Table 3. Result of measurement model—convergent validity.

Exogeneous Constructs Items Loadings Alpha CR AVE

Driver factors—DF

DF1 0.613 0.782 0.815 0.341
DF2 0.613
DF3 0.379
DF4 0.475
DF5 0.398
DF6 0.564
DF7 0.514
DF8 0.775
DF9 0.782

Strategy factors—SF

SF1 0.751 0.866 0.891 0.477
SF2 0.716
SF3 0.759
SF4 0.701
SF5 0.576
SF6 0.672
SF7 0.633
SF8 0.635
SF9 0.751

Endogenous constructs
Standard adoption—AF

AF1 0.650 0.825 0.872 0.534
AF2 0.764
AF3 0.652
AF4 0.682
AF5 0.823
AF6 0.794

The exogenous construct indicator item has a loading of between 0.4 and 0.7, mea-
suring the endogenous constructions. With its removal, the AVE rises over 0.5, putting it
within an acceptable range (see Table 4).

Table 4. Results of measurement model—convergent validity iteration 2.

Exogeneous
Constructs Items Loadings Alpha CR AVE

Driver
factors—DF

DF1 0.648 0.692 0.811 0.519
DF2 0.683
DF8 0.769
DF9 0.774

Strategy
factors—SF

SF1 0.764 0.842 0.880 0.512
SF2 0.717
SF3 0.771
SF4 0.677
SF6 0.663
SF8 0.648
SF9 0.755
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Table 4. Cont.

Exogeneous
Constructs Items Loadings Alpha CR AVE

Endogenous
constructs
Standard
adoption—AF

AF1 0.639 0.825 0.872 0.535
AF2 0.765
AF3 0.649
AF4 0.683
AF5 0.830
AF6 0.800

Outside loadings of less than 0.40 on the indicators should result in their permanent
removal from the scale [39]. All external components with a loading factor of more than 0.6
and within the permissible range are shown in Figure 4.
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Step 2: discriminant validity
According to [35], discriminant validity is the degree to which one theory is true and

different from other constructs in terms of relevant empirical factors. Yet, demonstrating
discriminant validity requires a construct to be distinct from other constructs in the model
and to capture occurrences that those other constructs fail to account for.

Fornell–Larcker analysis.
An alternative, more cautious method is the Fornell–Larcker criteria [35]. The square

root of the AVE values is compared to the correlations of the latent variables. Each con-
struct’s strongest correlation with another should be lower than the square root of its AVE.
To put it another way, we may express this requirement as follows: the AVE must be higher
than the squared correlation with any other indicators. The methodology relies on the
hypothesis that within a given concept, correlations between variables are stronger than
correlations between variables that are unrelated to the construct under study (see Table 5).
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Table 5. Discriminant validity—Fornell–Larcker—driver and strategy factors.

Driver Factors Strategy Factors

Driver factors 0.720

Strategy factors 0.544 0.715

Cross Loading

Discriminant validity has been evaluated in two different ways. Taking a look at the
indicators, cross loadings is one way to evaluate their discriminant validity. The outer
loading of an indication should be greater on the linked construct than any other loadings.
Discriminant validity issues arise when there are cross loadings that are larger than the
outer loadings of the indicators. On the basis of [39], these criteria are seen as somewhat lax
when it comes to demonstrating discriminant validity. As a result, it is probable evidence
that two or more constructs have discriminant validity (see Table 6).

Table 6. Discriminant validity—cross loading for driver and strategy factors.

Driver Factors Strategy Factors

DF1 0.648 0.364
DF2 0.683 0.254
DF8 0.769 0.469
DF9 0.774 0.477
SF1 0.470 0.764
SF2 0.223 0.717
SF3 0.543 0.771
SF4 0.398 0.677
SF6 0.338 0.663
SF8 0.258 0.648
SF9 0.401 0.755

2: Assessment of the structural model (Inner Model)
After checking the construct phases for correctness and efficacy, the results of the

structural model are evaluated by analyzing the dependent variables’ internal linkages.
The prediction abilities and inter-construct relationships of the model are investigated. The
next five phases, shown in Figure 5, assess the structural model at this point.
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Step 1: hypotheses testing (path coefficient)
By using the PLS method in Smart PLS, we were able to extract the structural model

connections (i.e., the path coefficients) that represent the predicted links among the con-
structs. There is a predefined range for route coefficients, from 1 to +1, which is known as
the limit. Strong positive connections (and the opposite for negative values) are always
statistically significant when their estimated path coefficient is near to 1 (i.e., different
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from zero in the population). The estimated coefficients are most closely centered around
0. Weak associations and shallow values near to zero are often not significant (i.e., not
substantially different from zero) [35].

Bootstrapping may be used to acquire a coefficient’s standard error, which is then used
to determine statistical significance. The next phase, following the guidelines laid forth
in [40], was using the bootstrapping technique to see whether a reflective indicator makes a
significant contribution to the relevant construct. The observed t value may be calculated
using the bootstrap standard error. With samples greater than 30, it is reasonable to make
an approximation to the t distribution. Equally, the quantiles of the normal distribution
may be used as cutoff points against which the observed t value can be evaluated. With a
certain error probability, a coefficient is considered to be statistically significant when the
empirical t value is bigger than the critical value (i.e., significance level). Critical values for
two-tailed tests are typically 1.65 (significance level 5–10%), 1.96 (significance level 5–5%),
and 2.57 (significance level 5–1%). Researchers in marketing often use a 5% significance
level, although this is not always the case; nonetheless, consumer research studies often use
a 1% significance level, especially when conducting trials. While performing an exploratory
study, however, researchers often choose a 10% significance threshold. The significance
level that should be used is ultimately determined by the nature of the research being
conducted and its ultimate goal.

Construction projects in civil engineering in Malaysia are shown in Figure 6 together
with the evolution of key aspects including drivers and strategies. It features the most
significant pieces of music and proven theories. Hypothesis 1: driver factors—DF—having
a considerable impact on standard adoption is supported by SEM analysis (Table 7). The
same holds true for Hypothesis 2: strategy factors very heavily affect standard adoption.
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Table 7. Path coefficient of the research hypotheses.

No. Hypotheses Original
Sample (O)

Sample
Mean (M)

Standard Deviation
(STDEV)

T Statistics
(|O/STDEV|) p Values Decision

1 Driver factors→
Standard Adoption 0.302 0.308 0.085 3.544 0.000 Supported

2 Strategy factors→
Standard Adoption 0.415 0.422 0.065 6.408 0.000 Supported

Note: p < 0.01.

Step 2: coefficient of determination (R2 value)
The R2 value (or coefficient of determination) [31,39] is a key metric in PLS-SEM used

to evaluate the strength of the structural model (R2 value). To measure how well a model
can predict the future, we may use the squared correlation between the observed and
anticipated values of a single endogenous component. The coefficient of determination (R2)
is a statistical measure of the degree to which a set of independent variables can explain the
observed pattern of the dependent variable [41,42]. While [41,43] determined that an R2 of
0.10 is minimally acceptable, this value is context-dependent. Like PLS-SEM, [29] suggests
that R2 values of 0.67, 0.33, and 0.19 are substantial, moderate, and weak, respectively, and
that R2 values below 0.19 are insufficient (see Table 8).

Table 8. R-square of the endogenous latent variables.

Construct Relation R2 Result

Influence of driver and strategy factors
on standard adoption 0.400 * Moderate

* Note: In particular, [29] recommended that R2 values over 0.67 are strong, R2 values between 0.19 and 0.33 are
moderate, R2 values below 0.19 are undesirable.

The coefficient of determination (R-squared) is a statistical measure that represents
the proportion of variance in the dependent variable that is explained by the independent
variables in the model. In this case, the R-squared value of the SEM-PLS model is 0.40, which
means that 40% of the variance in the dependent variable is explained by the independent
variables in the model. A higher R-squared value indicates a stronger relationship between
the independent and dependent variables and a better fit of the model to the data. However,
the interpretation of the R-squared value may depend on the context of the study and the
specific research question.

Step 3: measuring the effect size (f 2)
According to [35], the change in R2 value when a specific exogenous construct is

removed from the model may be used to assess whether the removed construct has a
significant influence on the endogenous constructs, in addition to evaluating the R2 values
of all endogenous constructs. The f2 effect size is a common term for this quantification.
One such formula for expressing the extent of the impact is shown below [44–46].

According to [25,47], f2 measures how much each external latent construct influences
the corresponding endogenous latent construct. The coefficient of determination (R2)
changes when an independent construct is removed from the path model, indicating
whether the value of the latent exogenous construct had a substantial impact on the value
of the latent endogenous construct before its removal. Based on [44], the f2 values were
0.35 (high impact), 0.15 (moderate effect), and 0.02 (low effect) (see Table 9).
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Table 9. Assessment of effect size (f2).

No. Constructs Effective Size f2 Result

1 Driver factors 0.107 * Small

2 Strategy factors 0.202 * Medium

Note(s): * interpreting effect size (f2) [44]; f2 above 0.35 is considered a large effect size; f2 ranging from 0.15 to
0.35 is a medium effect size; f2 between 0.02 and 0.15 is considered a small effect size.

Step 4: blindfolding and predictive relevance (Q2)
Data points representing indicators of a chosen endogenous latent variable are omitted

from the analysis, and the resulting variables are anticipated, as shown by [35]. The
blind approach may then evaluate how well the anticipated values match the actual ones.
Predictive accuracy in a route model is high if the predicted value is relatively close to the
actual value, while Q2 values larger than 0 show that the model has predictive significance
for a certain endogenous construct and are calculated by subtracting the observed value
from the predicted value and adding a trivial prediction error (specified as the mean of the
remaining data). On the other hand, negative numbers have no predictive value.

According to [47], the blindfold approach is only used for endogenous single-item
constructs and endogenous constructs with a reflecting measurement model specification.
Blind calculations and cross-validation redundancy are used to determine Q2 statistics as
a quality metric for the PLS route model. Predicting the endogenous latent constructs is
highly recommended by the Q2 criteria (see Table 10).

Table 10. Results of predictive relevance (Q2) values.

Endogenous Latent Variables SSO SSE Q2 (=1 − SSE/SSO)

Influence of driver and strategy
factors on standard adoption 1002.000 806.191 0.195

Predictive relevance (Q2) is a statistical measure used to evaluate the predictive power
of a structural equation modeling (SEM) model. In this case, the SEM-PLS model has a Q2

value of 0.195, which means that the model can predict the endogenous latent components
with an accuracy of 19.5%. A higher Q2 value indicates a better predictive power of the
model. However, the interpretation of the Q2 value may depend on the context of the study
and the specific research question. In general, a Q2 value greater than zero suggests that
the model has predictive power, while a negative Q2 value indicates that the model has no
predictive power.

Step 5: The goodness of fit of the model—GoF
To ensure that the model adequately describes the data, the goodness of fit (GoF) is

used as a comprehensive measure for the model fit. In [48], GoF was described as a global
fit metric. It is the geometric mean of the average R2 of the endogenous variables and the
average variance extracted (AVE). GoF was developed to take into consideration the re-
search model in its whole [30,49,50], including its measurement and structural components.
GoF can be calculated using the following formula:

GoF =

√(
R2 ∗AVE2

)
= 0.4569 (1)

According to [51], a globally valid PLS model must have either a GoF value of zero, a
small GoF value, a medium GoF value, or a high GoF value. The following table lists these
factors (see Table 11).

The goodness-of-fit (GoF) index is a statistical measure used to evaluate how well a
structural equation modeling (SEM) model fits the data. In this case, the SEM-PLS model
has a GoF value of 0.4569. A GoF value of 0.4569 suggests that the model has some degree
of fit with the data, but the fit may not be optimal. However, the interpretation of the
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GoF value may depend on the context of the study and the specific research question. In
general, a GoF value between 0.1 and 0.25 is considered weak, between 0.25 and 0.5 is
moderate, and above 0.5 is strong. It is also important to note that the interpretation of
the GoF index should be considered along with other statistical measures, such as the
coefficient of determination (R-squared) and the predictive relevance (Q2), to provide a
more comprehensive assessment of the model’s quality.

Table 11. Value of goodness of fit of the model (GoF).

GoF less than 0.1 No fit

GoF between 0.1 and 0.25 Small

GoF between 0.25 and 0.36 Medium

GoF greater than 0.36 Large

In order to investigate the structural model, it is important to grasp how the PLS-SEM
adapts the model to empirical data in order to achieve optimal estimates of the param-
eters by maximizing the explained variance of the latent endogenous variable [52]. The
disadvantage of using goodness-of-fit measurements for the model, the structural model
in PLS-SEM, is evaluated using heuristic criteria established by [35]. This is because the
model is seen to be well stated if it can accurately predict endogenous components [53].
According to Table 11, the effect of our model’s GoF result of 0.4569 on standard adoptions
is minimal, falling between 0.1 and 0.25.

Notwithstanding the lack of resources in this field in poor nations, this research is
one of the first to investigate the causes and methods for establishing a civil engineering
standard measuring system in building projects in Malaysia. The study’s results also help
in the implementation of best practices by identifying the most important drivers and
tactics, enabling enterprises and governments interested in this topic to choose the most
cost-effective civil engineering projects in the dynamic local construction sector. Analysis
of the factor loading reveals that offering an efficient bill of quantities in better arrangement
(factor loading = 0.774), and common knowledge in providing consistency, precision, and
uniformity for measurement are key driving factors that contribute to standard acceptance
(0.769). The third component that helps facilitate contract management is an improvement
in construction project control and contract management (0.683). The last motivating aspect
is the formulation’s simplification, which results in a competitive and reliable tender price
and reduces the likelihood of needless disagreements (0.648).

When considering strategic considerations, however, standard-setting research and
development is essential (0.771). Furthermore, it is important to have competent and
proactive standard-method-of-measurement promotion teams and local authorities in place
to ensure that the adopted standard is used in all cases (0.764) (0.755). Then, with a factor
loading of 0.717 comes the implementation of established measuring rules and standards.
Financial and additional market-based incentives for the adoption of the standard method
of measurement (0.677), improved availability of information on the benefits of the standard
method of measurement (0.663), and public awareness through workshops, seminars, and
conferences (0.648) are the next three strategy factors. The stakeholders’ team may sort the
many drivers and tactics according to the importance and rankings affecting the adoption
of the standard, but it is impossible to build a single plan for all the aspects and give them
the same attention, time, effort, and money (see Figure 1).

The research aimed to investigate the relationship between the driver and strategy ele-
ments in the adoption of standardized measuring techniques in civil construction projects,
particularly in emerging nations such as Malaysia. The study used structural equation
modeling and the PLS-SEM technique to analyze the data collected through a questionnaire
from quantity surveyors at quantity surveying consultancy companies using the standard
measurement technique. The results of the study revealed that all classes significantly
influence the adoption of the standard technique of assessment, but the barrier factors had
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the most impact. The adoption of a standardized technique of measuring was significantly
impacted by the driver and strategy elements. The coefficient of determination (R-squared
value) was found to be 0.4, indicating that 40% of the variance in the dependent variable is
explained by the independent variables in the model. Moreover, the predictive relevance
(Q2) was found to be 0.195, suggesting that the model can predict the endogenous latent
components with an accuracy of 19.5%. Finally, the goodness-of-fit (GoF) index was found
to be 0.4569, suggesting that the model fits the data to a moderate degree.

Based on the data, we can identify four drivers and seven strategic elements that
influence the pace at which civil engineers adopt a standardized measuring technique.
The findings of the structural equation model indicate that all items with factor loadings
above the minimum value of 0.6 may explain the connection between driver and strategy
factors and the adoption of the standard technique of assessment in construction projects.
In contrast, an R-squared value of 0.400 indicates that 40% of the variance in the dependent
variable(s) may be accounted for by the presence of one or more predictor factors. In
addition, the Q2 is 0.195, which means that the conceptual model may make predictions
about endogenous latent constructs. Hence, H1 and H2 are supported by a positive
correlation. Our model received a high score on the goodness of fit of the model GoF. On
the other hand, the path coefficient of the research hypothesis test, shown by the value of
the beta coefficient, characterizes the strength of the relationship between the exogenous
and endogenous latent constructs. The two most important determinants of the impact on
the adoption of a standard technique of measurement in civil engineering are the driver
factors (=0.302) and the strategy factors (=0.415).

The results of the study indicate that the driver and strategy factors have a significant
impact on the adoption of standardized measuring techniques in civil construction projects.
The finding that barrier factors have the most significant impact highlights the importance
of identifying and addressing these barriers to increase the adoption of standardized
measuring techniques in the industry. The relatively low R-squared and Q2 values suggest
that there may be other factors not included in the model that also influence the adoption
of standardized measuring techniques in civil construction projects.

The adoption of a standardized technique for measuring civil construction projects
can be influenced by a range of factors, including drivers and strategies. In the context
of emerging nations such as Malaysia, these factors may be particularly important due
to the unique challenges and opportunities facing these countries. Drivers refer to the
factors that motivate or incentivize the adoption of standardized measurement techniques.
In the context of civil construction projects, some common drivers include the need for
consistency and accuracy in measurement, compliance with industry regulations and
standards, and the desire to improve communication and transparency among project
stakeholders. Strategies refer to the approaches or methods used to facilitate the adoption
of standardized measurement techniques. This may involve the development of training
programs, the implementation of new measurement tools and technologies, or the creation
of incentives or rewards for using standardized techniques. In emerging nations such as
Malaysia, there may be additional drivers and strategies that are particularly relevant. For
example, the need to attract foreign investment and compete with other countries in the
region may be a driver for the adoption of standardized measurement techniques. Similarly,
the use of government policies or regulations to encourage the adoption of standardized
techniques may be an important strategy for promoting widespread adoption.

Nonetheless, there are still obstacles to using and implementing conventional mea-
suring procedures when creating a bill of quantities. If the standard document is used,
every scope of work will be clearly and frequently stated, ensuring that all contractors that
participate in the project tender receive the same, accurate information. Costs associated
with bidding uncertainty are reduced or eliminated thanks to this provision, and a more
transparent and objective pool of qualified contractors is made possible. As a byproduct, it
streamlines contract administration and removes budgetary uncertainty from projects. The
standard measurement adaptation technique has been the subject of several investigations,
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but there has been little effort made to systematically analyze these or other relevant studies.
To bridge the communication gap, the article discusses and defines the universally accepted
measuring system in the building sector. This standardized way of measuring has not been
widely used, however, and this is something that consultants, contractors, and clients in
building projects are aware of. Quantifying building efforts is crucial for financial planning.
A bill of quantities created from architectural and engineering drawings is the standard
starting point for a quantity surveyor’s work in the construction and civil engineering
industries [5,7,20]. Disputes may be avoided with methodical bill of quantities prepara-
tion. As such, there has to be consistency in how uniformity is measured. The Malaysian
Civil Engineering Standard Measurement Method (MyCESMM) was used for engineering
projects, whereas the Malaysian Standard Method of Measurement of Building Works
(SMM2) was used for construction [7,21,22]. Disparities in measurement accuracy were a
driving factor in deciding to conduct this investigation. According to Molloy, consultants
employed conventional in-house measuring techniques, including several classifications
and descriptions of the same thing (2007). According to [21], RICS found 46 different
standardized measuring methodologies throughout the world’s 27 nations. A literacy
report notes, however, that some nations utilize a variety of non-conforming assessment
techniques. In [7], the authors provided more evidence of this issue by showing that no
data from a global survey database (RICS 2003) because the members of RICS Malaysia
did not investigate the reliability of the currently used measurement method. Key players
in Malaysia’s construction sector referred to a wide range of measurement protocols for
building and civil engineering despite a long gap in the research window (2003–2018).
Although there have been empirical studies, [7] noted, “there has been no coordinated
effort to solve the issue that affects Malaysia’s building sector”.

Adopting standardized measurement methods in civil engineering construction projects
can provide several benefits, including

1. Consistency: standardized measurement methods ensure consistency in the measure-
ment and reporting of construction project quantities, which can help to reduce errors
and discrepancies in the measurement process.

2. Improved accuracy: standardized measurement methods typically involve using
more accurate and precise measurement tools and techniques, which can help to
improve the accuracy of the measurements.

3. Efficiency: standardized measurement methods can help to streamline the measure-
ment process, reducing the time and effort required to measure and report quantities.
This can lead to increased efficiency and reduced costs.

4. Transparency: standardized measurement methods provide a transparent and objec-
tive way of measuring and reporting quantities, reducing the potential for disputes
and conflicts between project stakeholders.

5. Improved communication: standardized measurement methods can help to improve
communication between project stakeholders, providing a common language for
discussing and reporting project quantities.

6. Compliance: standardized measurement methods are often required by industry reg-
ulations and standards, ensuring compliance with legal and regulatory requirements.

5. Conclusions

This study is one of the first to examine the factors motivating and influencing the
adoption of a standardized measuring approach in Malaysian building projects. The study’s
findings help increase the likelihood of adoption by defining the most effective strategies,
giving businesses and governments the tools they need to implement the most effective
method for delivering efficient civil engineering projects at the lowest possible cost in the
highly competitive local construction market.

This research fills a gap in the literature by empirically examining the influence of
public project drivers and strategy elements on standard adoption in the context of the civil
engineering construction sector. Neither the conventional technique of measurement nor
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the connection between driver and strategy variables has been addressed in the existing
literature. This connection between two crucial fields and adoption studies in infrastructure
projects is philosophically fascinating. Moreover, this work provided a model and used a
cutting-edge statistical technique, PLS-SEM, that had been lacking in the existing literature.
This research uses the cutting-edge PLS-SEM method to address the issue at hand, which
expands our existing understanding. Both the conceptual framework and the hypothesis
presented here are sound, result-oriented, and valuable additions to the literature.

Governments and other authoritative bodies may use the findings of this research
to better integrate and collaborate with stakeholders throughout a project’s life cycle.
Authorities may also aid construction firms in developing additional infrastructure projects
via the use of civil engineering measuring standards and coordinated efforts to ensure that
bills of quantities are prepared consistently across all jobs. The research also details the
steps that may be taken by the government to encourage the adoption of the measuring
technique and ensure that it is followed. In addition to explaining why and how standards
are adopted, this report makes suggestions for how the Malaysian government might help
advance standardization in the country’s civil engineering industry.

Suggestions to increase the use of the metric system in building projects:
(1) Promoting the widespread use of the more accepted measuring technique in both

governmental and commercial sector endeavors.
(2) Getting the word out there through traditional and online channels about the norm

in order to gain support from the general population.
Thirdly, leadership buy-in is crucial in spreading the word about the standard.
As a result of the importance of their work, construction professionals also place a

premium on (4) educational and training opportunities.
(5) Provide a public and institutional framework for an effective and enhanced current

civil engineering standard method of measuring towards creating bills of quantities in the
construction sector, and publicly acknowledge and reward the adopters of this approach.

(6) The standard has to reflect the most up-to-date technologies in order to align the
measuring technique for the future benefit of the building industry.

While the standard’s primary purpose is to spread awareness of the strategies among
those with a stake in the construction industry, it will also serve as a useful resource for
educators, particularly those who are responsible for instructing students in the methods
of measuring construction projects. A prospective quantity surveyor’s awareness and
understanding of measurement standardization will be critical if he or she is to persuade
other parties to adopt the standard and reap its advantages.

Theoretical Implications:
The study’s findings have several theoretical implications for the field of civil engineer-

ing and construction management. Firstly, the research has identified the significant role
that both driver and strategy elements play in the adoption of standardized measurement
techniques. This understanding provides valuable insights into the factors that influence
decision making in the construction industry. Furthermore, the use of structural equation
modelling and the PLS-SEM technique in this study can serve as a reference for future
researchers who wish to investigate the adoption of standardized techniques in other areas
of construction management.

Practical Implications:
The study’s findings have practical implications for professionals in the construction

industry, particularly in emerging nations such as Malaysia. The identification of the barrier
factors to adoption can help practitioners to develop strategies to overcome these obstacles
and increase the adoption of standardized measurement techniques. Additionally, the
findings can assist organizations in understanding the importance of developing driver and
strategy elements to promote the adoption of standardized techniques, ultimately leading
to more efficient and effective construction projects.
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Limitations:
There are several limitations to this study that should be considered when interpreting

the results. Firstly, the study’s sample size was relatively small, comprising only quantity
surveyors at quantity surveying consultancy companies in Malaysia. As a result, the
findings may not be generalizable to other regions or countries. Additionally, the use of a
cross-sectional design limits the study’s ability to establish causality between the variables.
Finally, the study relied on self-reported data, which may be subject to response bias.

Based on the findings of the study “Civil Engineering Standard Measurement Method
Adoption Using Structural Equation Modelling Approach”, the following recommendations
for further research can be suggested:

1. Replication of the study in other emerging nations: The study was conducted in
Malaysia, which is an emerging nation. It would be interesting to replicate the study
in other emerging nations to investigate if the findings hold true in different contexts.

2. Investigation of other factors influencing adoption: The current study investigated the
influence of driver and strategy factors on the adoption of standardized measurement
techniques in civil engineering construction projects. Future research can explore
other factors that might influence the adoption of the technique, such as organizational
culture, management support, and individual characteristics.

3. Use of other data collection methods: The current study used a questionnaire to
collect data from quantity surveyors. Future research can employ other data collection
methods, such as interviews and focus groups, to obtain more in-depth insights into
the factors influencing adoption.

4. Examination of the impact of standard measurement technique adoption: While the
current study investigated the factors influencing the adoption of the technique, future
research can examine the impact of the adoption on project performance, cost, and
quality.

5. Exploration of other statistical techniques: While the study used structural equation
modeling (SEM) with partial least squares (PLS) as the analysis technique, future
research can explore other statistical techniques such as confirmatory factor anal-
ysis (CFA), multiple regression analysis, and exploratory factor analysis (EFA) to
investigate the factors influencing the adoption of the technique.
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