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Abstract— Making a decision to select building structural components is one of the sustainable construction keys. Extensive reviews of
the literature revealed that despite various studies being carried out focusing on the selection of building component alternatives, it
was found that none have focused on the selection of building component alternatives based on multiple energy efficiency criteria. In
addressing the research gap, this study is conducted with the aim to identify the energy efficiency factors for a selection building
structural component. A quantitative method research design was adopted through questionnaire surveys. The population of the
study selected was engineers registered with the Board of Engineers Malaysia (BEM) in the year 2015. The Simple Random Sample
(SRS) technique was adopted to select samples, and 263 samples were selected. The collected data were analyzed using descriptive
analysis and Principal Component Analysis (PCA). The outcome of these analyses has resulted in the identification of two main
factors which consists of eight energy efficiency criteria. The results of this study are expected to be beneficial in developing a tool to
assist the decision-makers in selecting the appropriate energy efficient building structural systems.
Keywords—decision making; building component; energy efficiency; selection building structural component.

On the other hand, however, decision making to select
building structural components involves numerous
unexplored dimensions, which recently have attracted
several research attention in many other disciplines [8].
Some of these unexplored dimensions are the selection of
energy efficient building structural components, which
appears to be significant and worthy of exploration in the
context of decision making to select building structural
components. Also, previous empirical research has focused
primarily on the selection of building structural components.
Very little research has been done on the selection of energy
efficient aspect.
An investigation of this issue plays a significant role in
reducing energy consumption. Fifty percent embodied the
energy of construction building materials could be reduced
through the proper selection of building structural materials
during the design phase [9]. Therefore, designers are
encouraged to take into their in-depth consideration a proper
design decision from the point of the building components
selection. The design decision should be incorporated into

I. INTRODUCTION
Researchers have paid considerable attention to
developing, validating and testing models of a decision
making to select building structural components (e.g., walls,
beams, floors, staircases, etc.). This is because of the
availability of several building structural components having
different performances and thus different impacts on the
decision making [1-2].
Previous studies have addressed several aspects of
decision making for selecting the appropriate building
design related to the environment and sustainability issues.
This selection includes;
(1) to select the buildable building structural components
[3], [4],
(2) to select the sustainable building structural
components [5], [6], and
(3) to select low-cost green building structural
components [7].
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regarding Greenhouse Gas (GHG) emissions and lifecycle
energy respectively. According to [15] who highlighted that
up to 24% of embodied CO2 emissions can be reduced with
the use of recycled building materials.
A comparative study using questionnaire survey with
construction experts were conducted by [16] to evaluate the
construction methods based on sustainability criteria. They
found that Reducible organic material waste and Recyclable
structural material definitely contributes to a reduction in
energy consumption. They concluded that prefabrication
results in less energy consumption impact than the
conventional construction method.
The effect of building components choice in reducing
embodied energy has been investigated by [17]. They found
some options to reduce the embodied energy including
reducible structural material waste, recyclable structural
material, localizing the use of materials, and enhanced
transportation process.
Seven principles of the sustainable building which related
to the environment as well as energy consumption impact
were highlighted by [18]. These criteria are reusable
structural material, recyclable structural material, enhanced
maintenance process, enhanced production process,
enhanced thermal mass, enhanced construction process and
enhanced transportation process,
The embodied energy of a precast building system and a
conventional in-situ building system has been compared by
[19]. They found that total embodied energy of the precast
building system is 19% less than the conventional building.
This is due to an enhanced production process, enhanced
transportation process and enhanced construction process.
Recently, there has been an increasing amount of
literature on energy consumption about the building
component alternatives. Table 1 summarized the proposed
selection energy efficiency criteria concerning building
structural systems suggested by the literature.

energy consumption considerations throughout the design
stages. Consequently, this may help to reduce the building’s
adverse effects on the global warming during its lifecycle.
This study aims to extend the selection of building
structural components process by addressing the gaps in
energy practical aspect. The study investigates the critical
energy efficiency factors for the selection of building
structural component. The selection of building components
particularly the structural components directly affects the
level of energy consumption throughout building life cycle.
Several studies have explored the effects of the building
structural components choice on the building lifecycle
process.
The choice of building component affects the embodied
energy as highlighted by [10]. It was concluded that 17%
could reduce embodied energy through proper decisions of
reducible structural material waste, the recyclable structural
material, enhanced maintenance process as well as enhanced
demolition process [10]. The energy consumption associated
with the on-site building construction was investigated by
[11]. He shows that the steel structure consumes the low
energy throughout construction process than the concrete
structure. This difference is occurred due to two factors
namely enhanced transportation process and enhanced
construction process.
The effect of building components choice about thermal
mass on the operational energy for space heating was
investigated by [12], [13]. They show that the concrete
building frame had lower energy demand (0.5–2.4%) than
the wood frame. This is due to the enhanced thermal mass
of the concrete frame envelope than the wood frame.
Even though there have been little studies which carried
out related to the end of building life stage [13], the
recycling building components have been emphasized as a
significant factor in decreasing the life cycle energy of
building [12]. For instance, [14] highlighted that the
potential of recycling building material is 18 % and 29%

TABLE I
THE PROPOSED SELECTION ENERGY EFFICIENCY CRITERIA CONCERNING BUILDING STRUCTURAL SYSTEMS
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B. Piloting the Questionnaire
The pilot questionnaire was carried out in August 2015 to
determine the suitability and comprehensibility of the
proposed criteria. A sample size of 25 respondents was
considered to conduct a pilot study as recommended by [29]
for developing a quantitative instrument. The pilot
questionnaire feedbacks were analyzed using the Statistical
Package for Social Science (SPSS 20) software. Data
obtained from the pilot questionnaire survey were analyzed
using several statistical tests to confirm the reliability and
suitability of the data, which include content validation and
reliability tests.

II. MATERIAL AND METHOD
Data were obtained through questionnaire surveys. The
questionnaire survey involved five main steps, namely
drafting of a questionnaire survey, piloting the questionnaire,
sampling design, distributing the questionnaire, and
analyzing the questionnaire as shown by a flow chart given
in Figure 1. Each step is presented and explained in the
following subsections.

C. Sampling Design
In the survey sampling design is used as particular
component concerning the questionnaire. It is used to select
the respondents to the questions from among the population.
Probability sampling strategy was selected for the
questionnaire survey based on the recommendation of [30].
The process of probability sampling consists of three tasks,
firstly, identifying a suitable study sampling frame. Secondly,
deciding on suitable sample size. Lastly, selecting the
appropriate sampling technique within the selective the
sample. The three processes of probability sampling are
explained in following.

Fig. 1 Questionnaire Survey Development steps

A. Drafting of Questionnaire Survey
The questionnaire comprised of two sections (A&B) as
shown in Fig. 2. Section A is focused on exploring the
background of the respondent (demographic questions). This
section is concern about the location, type of organization,
designation/role, work experience, and the awareness level.
Meanwhile, section B of the questionnaire is focused on
identifying the critical energy efficiency criteria of common
building structural systems.
Two types of questions
including close-ended and open-ended questions were
prepared in section B. The close-ended questions where the
respondents whose responsibility is to rank a prescribed list
of energy efficiency criteria. The respondents were asked to
rate thirteen-energy efficiency criteria using the Likert fivepoint scale. The open-ended questions allowed respondents
to add and rank further energy efficiency criteria which were
not included in the prescribed list. The Likert-type scale
comprising the following items:
1 = Low importance,
2 = Slightly importance,
3 = Neutral,
Four = Moderately importance, and
5 = Very importance.

1) Identifying a Suitable Sampling Frame
This task is used to identify a suitable sampling frame for
the targeted population (a target population is a group of
respondents who can answer the particular question). The
procedure carried out in this task is done by identifying all
civil engineers registered with the Board of Engineers
Malaysia (BEM) database. Based on the BEM database,
76,653 engineers are registered from all disciplines [31].
After careful sorting, it was realized that the number of civil
engineering available among 76,653 registered engineers are
19613 professional Civil engineers.
2) Deciding a Suitable Sample Size
Deciding on a suitable sample size task is used to decide
the sample size from the target population. In this task, the
sample size is determined according to Kish’s equations in
[32] which are presented as Equation (1&2). According to
Equation (1&2), the selected margin of error appeared as 6%
within 95% confidence level as it is tabulated in TABLE II.
As a result of equation (1&2), the minimum recommended
sample size of the response to this survey is 263 professional
engineers.
n'=

S2
V2

n ′
n =
=
n ′
1 + (
)
N

Where,

(1)
( 0 .5 ) 2
( 0 . 031 ) 2
 ( 0 .5 ) 2

( 0 . 031 )
1 + 
 19613



2








= 263

(2)

n′ = sample size from an infinite population
S2 = variance of the population elements = P (1-P) =
0.5(1-0.5) = (0.5)2

Fig. 2 Investigative Questions of the Questionnaire Survey
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V = standard error of sampling population (6% for this
r
0 . 06
=
= 0 . 031
1.960
study) = t
n = sample size from a finite population
N = total population
Since r = 0.06 and t = 1.960 at the 95% confidence level

1) Cleaning the Data
Cleaning the questionnaire survey data was carried out
using descriptive analysis to explore unusual data or existed
errors present in the questionnaire forms. The descriptive
analysis process aims at inspecting the data for values that
are outside the accepted value range. This analysis aids to
clean the data from obvious keystroke errors or missing data.

TABLE II
MOST COMMONLY USED T VALUES

2) Testing the Central Tendency
Testing the central tendency is a method to examine the
tendency of the respondents to respond to the set questions
give to them. The three main ways of measuring the central
tendency mostly used in research are mean, median, and
mode. The most commonly used tendency is mean value
analysis according to [33]. The descriptive analysis was
performed on all data received from respondent’s feedbacks
using mean value analysis (average). The mean value of
each question equivalent to 4.00 or above were considered
as necessary for further analysis for Analytical Hierarchy
Process (AHP) model development, while a mean value
below 4.00 was eliminated from AHP model development.

Confidence Level (%)
90
95
99

Associated Z value
1.645
1.960
2.575

3) Selecting the Appropriate Sampling Technique
Selecting the appropriate sampling technique task is used
to select the respondents within the targeted population. To
select the respondents from the targeted population, five
types of the probability sampling techniques are presented in
general namely Systematic Random, Simple Random,
Stratified Random, Multi-Stage, and Cluster. From among
these all techniques, the simple random sampling technique
is most appropriate sampling technique used due to its
accuracy and accessibility to the list of the target population.
Based on accuracy and accessibility of this task, it is
preferred to use a simple random sample technique.

3) Testing the Dispersion
There are two main ways for measuring the dispersion
mostly used in research, namely Standard Deviation (SD)
and coefficient of variation. The SD helps in describing and
comparing the extent by which values differ from the mean.
SD shows normality of the data distribution. Standard
Deviation (SD) of all dataset was carried out for measuring
the dispersion.

D. Distributing the Questionnaire
Based on the result of the pilot questionnaire analysis, the
questionnaire was taken through a process of complete
revision of the set of the questions to make the questions
more comprehensive. The questions were improved based
on a comprehensive set of energy efficiency criteria, which
is developed from the literature review as well as feedback
received from the respondents concerning questionnaire
pilot test.
The questionnaire was distributed based on various
methods, such as sending questionnaire form manually,
mailing, emailing and online survey site. Four hundred (400)
questionnaire forms were successfully distributed to
professional construction engineers in various states of
Malaysia. Out of 400 distributed questionnaire forms, only
two hundred and seventy-two (272) were successfully
returned to the researcher, which represent 62% of response
rate. Out of the 272 returned questionnaire forms, 23 of
them were incomplete. Therefore, the valid questionnaire
forms considered for analyzing the questionnaire in this
study were taken as 249 questionnaire forms only.

4) Frequency Analysis
Frequency distribution analysis is the best way of
summarising and exploring the data from an individual
variable. For categorical data, the frequency distribution
table which is produced by SPSS software summarizes the
number of cases in each category as suggested by [30].
The first section of the questionnaire (demographic)
consists of categorical data. The demographic profile
consists of several questions such as the location, the role
working experience, the level of awareness, and level of
participation.
Therefore, frequency distribution was
employed for summarising and exploring the certain
demographic questions.
5) Principal Component Analysis (PCA)
PCA is used to help in reducing several variables into a
smaller set of components according to their correlation [36,
37]. The principal component analysis was carried out in
three sequence steps, namely assessing the suitability for
PCA, extracting of the components, and rotating of the
components.

E. Questionnaire Analysis
Questionnaire analysis is the type of analysis carried out
to produce the result of the questionnaire. Various steps
were conducted under this task to analyze the collected data
from the questionnaire survey. This is done by using the
Statistical Package for Social Science software (SPSS 20).
The analysis procedure comprises of cleaning the data,
testing the central tendency, testing the dispersion, frequency
analysis, cross-tabulation analysis, and Principal Component
Analysis (PCA). Every statistical test is explained as follow.

III. RESULT AND DISCUSSION
The results and findings of questionnaire survey are
presented in the following subsections.
A. Section A: Demographic Profile
The demographic profile of respondents were categorized
into five items; location, type of organization,
designation/role, work experience, and the awareness level.
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respondent’s opinions which obtained in this survey can be
considered as reliable.

The demographic profile results of the responses are
indicated in both numeric terms (frequency) and percentage
(%). Every demographic profile is described in the following
subsections.
1) Location
Fig. 3 shows the distribution of respondents’ location. It
demonstrates that a total of 88% of the respondents comes
from four states in Malaysia, namely Johor, Federal
Territory, Penang, and Malacca. 201 out of the 249
respondents comes from these four states.

Fig. 6 Work Experience of Respondents

5) Awareness Level
From Fig. 7 it can be seen that more than 73% of
respondents are aware of energy efficiency practice. The
awareness level of the respondents is quite acceptable.
Therefore, opinions obtained through this survey can be
regarded as credible.

Fig. 3 Location of the Respondents

2) Classification of Respondents
Consultant, Client, and Academicians play a major
influence in this research with a cumulative percentage of
more than 70% as shown in Fig. 4.
Fig. 7 Awareness Level of Respondent

B. Section B: Energy Efficiency Criteria
The questionnaire tried to analyze the 13 identified
criteria one by one through several descriptive statistical
analysis. This includes (i) reliability test using Cronbach
Alpha (α), (ii) Mean Value and (iii) Principal Component
Analysis (PCA). The descriptive statistical analyses of
section B of questionnaire survey are presented in the
section 1) to 3) below.

Fig. 4 Classification of Respondents

3) Designation/ Role
Fig. 5 Designation of Respondents, it shows that Civil
Engineers and Project Manager plays major influences in
this research with a cumulative percentage of more than 85%.

1) Reliability Test
TABLE indicates the summary of Cronbach’s Alpha
values for all thirteen criteria. The outcomes of the
questionnaire analysis show a Mean = 52.73, Variance
=37.97, and Standard Deviation = 6.162. The outcomes
correspond to Cronbach’s Alpha coefficient of 0.871.
Whereas, the ‘rule of thumb’ (accepted internal reliability
level) of Cronbach’s Alpha coefficient α ≥ 0.70. Therefore,
the questionnaire items are reliable.
TABLE III
THE SUMMARY OF CRONBACH’S ALPHA

Mean
Fig. 5 Designation of Respondents

52.73

Std.
Deviation
6.162

Cronbach's
Alpha
.871

N of Components
13

2) Mean Value Analysis
To simplify the decision-making framework, only the
criteria that obtained mean value equivalent to or above 4.00
were considered in decision-making framework. Nine
energy efficiency criteria were rated as extremely important
with mean value above 4.00 which are Enhanced thermal
mass (P10), Enhanced design Approach (P9), Enhanced

4) Work Experience
From Fig. 6, it can be seen that more than 65% of
respondents had reasonable experience in the construction
industry for more than ten years. The work experience of
the respondents is reasonably acceptable.
Therefore,
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KMO AND BARTLETT'S TEST

production process (P8), Recyclable structural material (P3),
Reusable structural material (P2), Enhanced construction
process (P11), Enhanced structural efficiency (P6),
Reducible structural material (P1), Durable structural
material (P4) as shown in Fig. 8.
Surprisingly, Enhanced demolition process (P13) and
Enhanced transportation energy (P12) were not considered
as a key criterion in the decision-making framework. This
finding reinforced the argument of [38], which concluded
that demolition process and transportation energy were
insignificant when even more improvements would not lead
to any noticeable energy reductions of building life-cycle.

Kaiser-Meyer-Olkin Measure of
Sampling Adequacy
Approx. Chi-Square
Bartlett's Test of
Df
Sphericity
Sig.

.828
983.353
36
0.000

• Extraction of Principal Components
The Principal Component was extracted using nine (9)
identified criteria to extract the number of factors. The
correlation matrix of essential nine (9) identified criteria
indicates that all identified criteria are strongly correlated
with each other except the criteria labeled 9. Therefore, the
weak criteria were deleted, and then the Principal
Component was extracted in the second round using the
critical eight (8) identified criteria. Also, the Kaiser’s
criterion (eigenvalue rule) of the identified eight (8) criteria
variance was determined to decide the number of important
components. This step to extract the preliminary factors.
Table 5 shows the eigenvalues of the components with a
value greater than 1. It can see that there are only two
components with eigenvalues greater than 1. The set of
components are explaining about 48.8 %, and 18 % of the
variance respectively. Also, they represent 66.8% of the
total cumulative variance.

Fig. 8 Mean Value of Energy Efficiency Criteria

3) Principal Component Analysis
PCA was employed to reduce the set of variables into a
smaller number of set variables according to their correlation.
The PCA technique was carried out using the important nine
(9) identified criteria to recognize the underlying the criteria
structure. PCA was carried out in three sequence steps,
namely (i) assessing the suitability of variables for PCA, (ii)
extracting of principal components, and (iii) rotating the
factors. Every step results are presented in the following
sections:

In this step, two main tests were carried out to determine
the suitability of the variables in the dataset for PCA namely
Kaiser–Meyer–Olkin (KMO), and Bartlett's test of
Sphericity. KMO measurements were calculated to verify
the sampling adequacy for the analysis. It has been
suggested that recommended value of KMO ≥ 0.60 may be
used to confirm the sampling adequacy [39-41]. In the
questionnaire, the KMO value is 0.828 as shown in Table .
Therefore, the questionnaire items are suitable to conduct
PCA. Meanwhile, Bartlett's test of Sphericity χ² was carried
out to check the data are not identical. Researchers have
suggested that Sphericity χ² is considered to be statistically
significant at P< 0.05 [39, 40]. In this questionnaire,
Bartlett's Test of Sphericity χ² is 0.000 as shown in Table .
Therefore, the result shows that the correlations between
criteria were sufficiently supported to conduct PCA.
Consequently, the criteria may be grouped into a smaller set
of factors.

Rotation
Sums of
Squared
Loadings

Total

Cumulative
%

% of
Variance

Extraction Sums of
Squared Loadings

Total

Cumulative
%

% of
Variance

• Assessing the Suitability of Variables for PCA

Initial Eigenvalues

Total

Component

TABLE V
TOTAL VARIANCE EXPLAINED

1

3.9

48.8

48.8

3.9

48.8

48.8

3.293

2

1.4

18.0

66.8

1.4

18.0

66.8

3.104

Furthermore, the scree plot test technique was used to
confirm the number of components to retain.
Fig. 9 shows a scree plot of important eight (8) identified
criteria. It clearly shows that there is a significant drop in
eigenvalue between component 2 and component 3. Also,
there are two components with eigenvalues greater than one
shown in scree plot.
Therefore, the two principal
components associated with an eigenvalue higher than 1.0
are retained for further analysis.

TABLE IV
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IV. CONCLUSION
The selection of building components particularly the
structural components directly affects the level of energy
consumption throughout building life cycle. To select the
energy efficient building structural components, there is a
needs to identify the critical energy efficiency factors. In this
study, the critical energy efficiency factors are presented and
discussed. The critical energy efficiency criteria were
identified using Principal Component Analysis (PCA).
Based on this analysis, eight energy efficiency criteria were
considered as critical criteria which grouped in two factors.
The first factor consists of four energy efficiency criteria,
namely Reducible Structural Material, Reusable Structural
Material; Recyclable Structural Material, and Durable
Structural Material. The second factor contains four energy
efficiency criteria including Enhanced Design Approach,
Enhanced Structural Efficiency, Enhanced Production
Process; and Enhanced the Thermal Mass. This two factor
recommends that the engineers should put their
consideration on enhanced material and enhanced technique
as a top priority for decision-making process for selecting
energy efficient structural systems.

Fig. 9 Scree Plot Test

• Rotation of the Factors
In the rotating step of PCA, factor rotation is performed to
rotate factor loadings for easier interpretation. The Oblique
rotation technique was adopted for factor rotation using the
Direct Oblimin Rotation.
TABLE shows rotated component loadings (eigenvectors)
of confirmed two components. From this table, the first
component concerned four criteria, which are Reducible
Waste Structural Material, Reusable Structural Material,
Recyclable Structural Material, and Durable Structural
Material. While the second component concerned four
criteria, which are Enhanced Structural Efficiency, Enhanced
Production Process, Enhanced Design Approach, and
Enhanced Thermal Mass. The first component is named
enhanced materials. Whereas, the second component is
named enhanced technique.
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