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Quality Function Deployment (QFD) Modelling To Enhance Industrialized
Building System Adoption in Housing Projects
ABSTRACT

A quality tool in achieving the required quality and customer satisfaction of the industrialized building
system (IBS) is needed. Aiming to develop a general quality function deployment (QFD) model to
enhance the adoption of IBS in housing projects, two sets of structured questionnaires were designed,
where the first set for IBS house occupiers and the second set of construction stakeholders. Frequency
distribution, arithmetic measure, gap analysis, Pareto analysis, and QFD application were employed
to identify the customer satisfaction factors and the IBS adoption strategies. A general QFD model
was developed based on the “quality” matrix (Q-Matrix), “function” matrix (F-Matrix), and a
combination of “quality” matrix plus “function” matrix (QF-Matrix) derived from this study. Customer
satisfaction with IBS products could enhance the demand for this kind of building automation system,
thus the model could be used more objectively in developing, designing and managing IBS in the
global construction industry, especially in the current economic recession and recovery phase.

Keywords: quality function deployment (QFD), industrialized building system, IBS adoption,
customer satisfaction, Q-Matrix, F-Matrix

1.0 Introduction

Industrialized Building System (IBS) is a commonly recognized and preferred system today in the
housing sector (Abdullah and Egbu, 2010; Pan et al., 2008). However, there have been cases where
house projects were awarded and constructed using IBS but were later found contributing to project
delays, low quality, and poor consumer preferences (Mohamad Kamar et al., 2010). The IBS Survey
2003 stated that 15% of Malaysian construction projects applied IBS in 2002 (IBS Survey, 2003)
dropping to 10% in 2006 (IBS Roadmap Review, 2007), lower than expected despite significant
government support and publicity. The slow adoption may be due to the availability of cheap foreign
labour, counteracting IBS cost benefits (Mohamad Kamar et al., 2010). The industry is reluctant to
embrace IBS unless it is a client requirement; thus far in Malaysia, adoption of IBS has been clientdriven (IBS Roadmap Review, 2007) by those that understand IBS advantages. However, contractors'
lack of awareness of clients' needs on IBS has contributed to the lack of interests from clients and
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decision makers. Therefore, a quality tool is required to support firms to achieve the competitiveness
to acquire the required quality and customer satisfaction at the appropriate cost within a stipulated time
frame (Gudienė et al., 2013). Quality Function Deployment (QFD) is expected to play this role since
the primary difference between QFD and other conventional quality management tools is QFD fully
considers the voice of customers (VOC) (Pakdil et al., 2012). The VOC must be heeded before the
design at the conceptualization phases of product development are undertaken (Liu and London, 2013)
to ensure quality is built into a product (Lochner and Matar, 1990) and established in the early phases.
QFD uses mathematical analysis and a series of matrices that depends on functional relationships to
ensure that the highest level of quality is maintained (Mehrjerdi, 2010), with simpler definitions and
measurements at the early design phases (Barrie and Paulson, 1984). Analysis of the relationships
between components allows quantification of quality and establishment of priorities (Dror and
Sukenik, 2011). The aim of this study is to develop a general QFD model to enhance IBS adoption in
housing projects. Such a model can contribute to future government-policy supporting national
systems that can be used to monitor and manage IBS use to improve construction outcomes. This
manuscript proceeds by outlining QFD, focusing on the main concepts and how a model can be
developed. Next, the adoption of IBS is critically examined, identifying key factors for use in the study.

2.0 Matrix in Quality Function Deployment (QFD)

Guinta (1993) provided a detailed discussion of the house of quality as the most commonly used matrix
in QFD. Figure 1 presents a schematic view of the house of quality. The four rooms form the basic
axis of the house: “WHATs”, “HOWs”, “Why’s” and “How much”. The house of quality includes the
following components: VOC, importance ratings, a customer competitive assessment, the voice of the
supplier, target goals, a correlation matrix, a technical assessment, probability factors, a relationship
matrix, absolute score, and relative score (Low and Yeap, 2001). The QFD methodology begins with
the objective statement, an important component of QFD (Deros et al., 2009), which keeps the team
focused on customer requirements through a single, manageable task arrived at by consensus
(Mehrjerdi, 2010). A team should spend as much time as required to develop a good objective
statement (Esteban-Ferrer and Tricas, 2012). The objective statement ensures all team members
understand the product being developed and consists of a product component and a customer
component and clearly states what the product or service is (Shen et al., 2001). A QFD session is used
to capture the VOC, involving the QFD team, a customer focus group, management, representatives
from relevant departments, and a facilitator to help participants communicate more effectively (Guinta
and Praizler, 1993). The VOC is a list of customer requirements, referred to by the Japanese as
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customer-desired qualities or attributes; these are the “WHATs”. Quality charts provide a list of
activities and a graphic representation of the design deployment that allows one to see the relationships
between goals (What’s) and the means to realize them (How’s). The calculation to measure the
absolute importance and relative importance where the correlation value of “WHATs” vs “HOWs” are
in the QFD matrix. The matrix and charts form the QFD house of quality.

HOWs
Vs.
HOWs

WHATs

How Muches

HOWs

Why’s

WHATs
Vs.
HOWs

WHATs
Vs.
Why’s

HOWs
Vs.
How Muches

Figure 1: Schematic view of House of Quality

QFD provides a systematic method to rank customer requirements using importance ratings that are
manipulated to effecting certain statistical conclusions. Lower numbers represent low importance
(Mohamad Kamar et al., 2010); allocation of importance ratings to “WHATs” and ranking can be
undertaken using a variety of techniques; e.g., multiple passes, uniform distribution, and priority
inversion. A multi-pass is a type of compiler that processes the source code or abstract syntax tree of
a program several times. In this way, the code is improved pass by pass, until the final pass emits the
final code (Deros et al., 2009). Uniform distribution is a symmetric probability distribution whereby a
finite number of values are equally likely to be observed; every one of n values has equal probability
1/n (Deros et al., 2009). Priority inversion is a problematic scenario in scheduling in which a high
priority task is indirectly pre-empted by a medium priority task effectively inverting the relative
priorities of the two tasks (Deros et al., 2009). The absolute score is the sum of the weighted
relationship values for each “HOWs”. The absolute score is calculated by summing the relationship
matrix scores for each column of “HOWs”; representing the importance of each “HOWs” in relation
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to the “WHATs” (Sheng et al., 2007). The calculation to measure the absolute importance and relative
importance is shown below (Sheng et al., 2007), where the correlation value is the value of “WHATs”
vs “HOWs” in the QFD house of quality matrix:

𝑖. 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑖𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒 =
𝑖𝑖. 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑙𝑒𝑣𝑒𝑙 𝑜𝑓 𝑠𝑎𝑡𝑖𝑠𝑓𝑎𝑐𝑡𝑖𝑜𝑛 =

𝑆𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑠𝑐𝑎𝑙𝑒𝑠 𝑔𝑖𝑣𝑒𝑛 𝑏𝑦 𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑒𝑛𝑡𝑠
𝑁𝑜. 𝑜𝑓 𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑒𝑛𝑡𝑠 (𝑛 = 𝑥)

𝑆𝑢𝑚 𝑜𝑓 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑠𝑐𝑎𝑙𝑒𝑠 𝑔𝑖𝑣𝑒𝑛 𝑏𝑦 𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑒𝑛𝑡𝑠
𝑁𝑜. 𝑜𝑓 𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑒𝑛𝑡𝑠 (𝑛 = 𝑥)

𝑖𝑖𝑖. 𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑖𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒 = ∑(𝐷𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑖𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒 × 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒)
𝑖𝑣. 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑖𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒 (%) =

∑(𝐷𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑖𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒 × 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒) × 100
∑(𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑖𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒)

The first step in quality planning is to identify the customers that are considered to be impacted by a
product. In general, customers are divided into the vital few external customers and internal customers
(Abdul-Rahman et al., 2013). External customers are not part of the organization producing the product
or services. For engineering, the products are plans, specifications and the customers are the
construction organizations and the owner. For construction, the product is the completed facility and
the customer is the final user of the facility. In contrast, internal customers are those from within the
engineering and construction organizations (Juran and Godfrey, 2003).

3.0 Success Factors and Barriers to IBS Adoption in Malaysia

The first step of this study is the selection of customer satisfaction factors that focus on the context of
IBS housing. Table 1 lists the selected customer satisfaction factors for housing projects. The economic
benefits of IBS are not well documented in Malaysia and past experience indicates that IBS is relatively
expensive due to fierce competition from the conventional building system (Haron et al., 2009). At
present, there is an abundance of cheap foreign workers in Malaysia (Abdul-Rahman et al., 2012) and
contractors prefer to use the labour intensive conventional building system because it is easier to lay
off workers during slack periods. However, there is strong pressure to adopt IBS due to governmentled implementation plans and encouragement. Table 2 summarizes the IBS adoption factors in the
Malaysian context, showing both advantages and disadvantages of IBS and highlighting areas that IBS
can be made more competitive.

Table 1: Selection of customer satisfaction factors for housing projects
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Customer Satisfaction Factors
Size of house
House price
Quality of workmanship
Quality of building materials

Source
Abdullah & Egbu (2010)
Mustafa & Ghazali (2011)
Dikmen et al., (2005)
Abdullah & Egbu (2010)
Mustafa & Ghazali (2011)
Mustafa & Ghazali (2011)
Dikmen et al., (2005)
Dikmen et al., (2005)
Begum et al. (2010)
Mustafa & Ghazali (2011)

Design quality
Building strength
Comfort
Environmental Conditions
Maintenance work

Table 2: Summary of the IBS adoption factors in the Malaysian context
IBS adoption factors
Quality
-IBS provides higher quality than the conventional system.
-IBS provides higher productivity than conventional methods.
-IBS does not consider consumer preferences.
Cost
-IBS reduces overall construction cost due to the reduction of site works.
-IBS reduces overall construction cost due to reduction in construction
wastage.
-IBS reduces overall construction cost due to faster completion of
construction projects
-IBS increases construction cost compared to conventional system due to
less competition in tendering process.
-IBS increases cost due to imported technology or products.
-IBS increases cost due to higher interest rates because of higher capital
investment
-IBS needs higher capital investment to start production.
Time
-IBS reduces completion time of construction projects due to the usage of
standardized pre-fabricated components and simplified installation process.
Design
-IBS provides flexible design.
-IBS provides highly aesthetic end product through the process of controlled
pre-fabrication and simplified installation.
-Uncertainties of IBS to meet aesthetic design.
-IBS designs are monotonous and stifle creativity.
-IBS has problems with connections and jointing methods.
Policy
-IBS reduces the dependency on foreign workers.
-IBS execution must be given levy exemptions.
-IBS encourages policy on the investment in technologies, techniques and
process of construction
-IBS encourages action plans to ensure the successful upgrading of the
construction industry
-IBS adoption does not attract enough incentives from the government.
-IBS policies are not strict enough.
-IBS education and training is not sufficient in universities and institutes of
higher education.
-Inadequate R&D undertaken to substantiate the benefits of IBS.
-Lack of R&D in the area of novel building systems (IBS) that use local
materials.
-Abundance of cheap foreign workers to use conventional construction
system compared to IBS.
Management
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Source
Din (1994)
CIDB (2004)
Mohamad Kamar et al. (2010)
CIDB (2003)
Haron et al. (2009)
Thannon et al.(2003)

CIDB (2004)
Elias (2006)
Mohamad Kamar et al. (2010)

Elias (2006)
Badir et al. (2002)

Thannon et al.(2003)
Mohamad Kamar et al. (2010)
Haron et al. (2009)
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-IBS contributes to cleaner site conditions due to less construction wastage.
-IBS provides safer construction sites due to the reduction of site workers,
materials and construction wastage.
-Limited number of local IBS manufacturers.
-Lack of skilled workers to adopt IBS methodology.
-Do not know where and how to start using IBS methodology.
-The industry is not ready for IBS adoption.
-Bumiputera participation is left out in the adoption of IBS.
-Construction players still lack scientific information about the economic
benefits of IBS.

Thannon et al. (2003)
Elias (2006)
Mohamad Kamar et al. (2010)
Haron et al. (2009)

4.0 Research Design and Methods

The research design for this study is exploratory and conclusive. An exploratory approach is to provide
insights into the problem confronting the researcher, and a conclusive approach is to assist the decision
maker in determining, evaluating and selecting the best course of action to take in a given situation
(Kothari, 2010). The procedures of this study indicated in Figure 2 were formulated principally based
on 2 phases. The first phase comprises 2 parts. The Part 1 of Phase 1 collected the factors of customer
satisfaction for IBS housing while the Part 2 of Phase 1 collected the success factors and barriers to
IBS adoption. Both parts were conducted through a self-administered questionnaire survey. In the
second phase, both customer satisfaction factors in Part 1 and the IBS adoption factors in Part 2 were
separately set as the requirements or “WHATs” in the QFD application. Both requirements were
analyzed and examined using QFD application. The customer satisfaction strategies and the IBS
adoption strategies determined were then combined and set as the new requirement or “WHATs” for
the next stage of QFD application.

4.1Sampling and Data Collection

Non-probability sampling was applied in this study because it is more dependable and is able to offer
an important lead to potentially useful information with regard to the population. The advantage of
non-probability sampling is its lower cost compared to probability sampling. The category of nonprobability sampling used in this study was purposive sampling in order to obtain information from
specific target groups. Purposive sampling represents a group of different non-probability sampling
techniques.
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Literature Review
PART 1

PART 2

Customer Satisfaction
Factors
Pilot Study

IBS Adoption Factors
Pilot Study

PHASE 1
Data Collection

Quantitative

Data Collection
(Quantitative)
Questionnaire Survey

(Quantitative)
Questionnaire Survey

Data Analysis

Data Analysis

Descriptive Analysis
Gap Analysis

Descriptive Analysis
Gap Analysis

CONTRIBUTION
Customer Satisfaction
Factors Identified

CONTRIBUTION
IBS Adoption Factors
Identified

PHASE 2
Qualitative
CONTRIBUTION
i) Q Matrix Development
ii) Customer Satisfaction
Strategies

Data Analysis
QFD Application

i)
ii)

CONTRIBUTION
i) F Matrix Development
ii) IBS Adoption Strategies

CONTRIBUTION
QFD Matrix Development
Five major roles of
organizations to improve IBS
adoption

Figure 2: Research procedures applied in this study

Also known as judgmental, selective or subjective sampling, purposive sampling relies on the
judgement of the researcher when it comes to selecting the units that are to be studied. The sampling
is confined to specific types of people who can provide the desired information, and who conform to
some criteria set by the researcher. In the first part of the first phase, the samples were selected from
the IBS house occupiers. In the second part of the first phase, the samples were selected from
construction stakeholders inclusive of both the public and private sectors within the housing industry.
Two sets of structured questionnaires were designed, where the first set for IBS house occupiers and
the second set for construction stakeholders including clients of construction projects, developers,
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manufacturers, consultants and contractors. The data collected from both questionnaire surveys were
analyzed using the descriptive and gap analysis.

In the first part (Q1) of Phase 1, the sample frame involved the medium cost IBS apartments in
Putrajaya, IBS terrace houses in precinct 11, Putrajaya, and IBS low cost flats in Puchong, Selangor.
The sample size was 1,364 and finally 391 respondents responded to this survey, which formed a
responding rate at 28.7%. The samples in the medium cost IBS apartments in Putrajaya was 684 and
the feedback was 188, equivalent to 27%. The samples in the two-storey terrace house in precinct 11,
Putrajaya were 340 and the feedback was 102, equivalent to 30%. There were 101 feedbacks from 340
samples in the low cost flats in Puchong, Selangor.

In the second part (Q2) of Phase 1, the names and addresses of the housing developers, primarily the
IBS developers and manufacturers, were obtained from the Construction Industry Development Board
(CIDB) Malaysia. The sample size of registered IBS contractors was 1,993 and the registered IBS
developers and manufacturers in Malaysia were 138. There were totally 105 valid respondents. The
overall co-efficient values of Cronbach’s Alpha for both parts of the questionnaire surveys were 0.762
(Q1) and 0.712 (Q2); as these values exceed 0.7 they represent adequate internal consistency and
reliability for this type of research (Nunnally, 1978). Cronbach's alpha is a coefficient of internal
consistency, which can be viewed as an extension of an equivalent measure for dichotomous items.
The theoretical value of alpha varies from zero to 1, since it is the ratio of two variances. Higher values
of alpha are more desirable. Some professionals, as a rule of thumb, require a reliability of 0.70 or
higher before they will use an instrument (Nunnally, 1978).

4.2 Method of Analysis

In the first phase, frequency distribution, arithmetic measure, gap analysis, and Pareto analysis were
employed to identify both the customer satisfaction factors and the IBS adoption factors. In the second
phase, Pareto analysis and QFD application were used to identify the customer satisfaction strategies
and IBS adoption strategies. Pareto Principle (also known as the 80-20 Rule) suggests that for many
phenomena 80 percent of consequences stem from 20 percent of the causes. Organizations can
concentrate on the highest value and most important items (Le Blanc and Rucks, 2009). In this study
the QFD technique is the most crucial method. The rationale of employing QFD is that it ensures the
voice of the customer being considered throughout the product planning, design and construction
planning stages. QFD technique also provides a list of activities and a graphic representation of the
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design deployment that allows one to see the relationships between the goals (WHATs) and means to
realize them (HOWs).

5.0 Q-Matrix and F-Matrix: Results on Strategies

The results are indicated by three Quality Function Deployment matrixes. The first matrix is indicated
by the “quality” matrix or Q-Matrix, which describes the IBS house occupiers' (external customers)
satisfaction level. The second is the “function” matrix or F-Matrix, which describes the construction
stakeholders' (internal customers) functional aspects of IBS adoption. The third matrix is the
combination of the strategies from the Q-Matrix and F-Matrix, which is called QF-Matrix. The QFactor (Table 3) and the F-Factor (Table 5) tables were constructed using the gap between respondents’
ranking of their ‘satisfaction’ with a factor and the level of ‘importance’ that they attach to that factor.
These gaps are then ranked in the table from largest to smallest; thus, the highest ranked factor is that
where there is the largest gap between satisfaction and perceived importance. Similarly, Q-Matrix
(Table 4) and F-Matrix (Table 6) tables were constructed.

5.1 Q-Matrix for Strategies to Improve Customer Satisfaction on IBS housing

A total of 9 quality factors are listed in terms of the gap of each Q-Factors as shown in Table 3. Based
on the “HOWs” identified on this stage, it was further developed into the QFD Q-Matrix as presented
in Figure 3. The list of “HOWs” as a product of the Q-Matrix is shown in Table 4. The first 8 items
are transferred to the next level in the QF-Matrix. The first six items marked in italics and bold are
taken to the next level of QFD matrix in the third phase of the research process; these items were
selected according to the Pareto rules (Le Blanc and Rucks, 2009) and account for cumulative
importance of 49.5% and are distinct from the large number of much less important items. The
“HOWs” identified in Table 4 is the list of strategies to improve customer satisfaction in IBS housing.
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Figure 3: Q-Matrix for customer satisfaction on IBS housing
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Table 3: Q-Factors to improve customer satisfaction on IBS housing
No.
1
2
3
4
5
6
7
8
9

Q-Factors
Environmental Conditions
Maintenance Work
Design Quality/Aesthetic Value
Comfort
Building Strength
Specification/Quality of Building Materials
Quality of workmanship
House Price
Size of house

Gap
-1.53
-1.37
-1.25
-1.22
-1.16
-1.15
-1.07
-0.84
-0.66

Table 4: Q-Matrix “HOWs” developed from focus group
Quality “Hows”
Importance (%)
Policies from authorities
10.4
Strict supervision
9.6
Building design
9.4
Standards requirement
7.5
Quality Control
6.4
Utility
6.2
Planning
4.3
Strict Enforcement
4.3
Skilled worker
4.3
Specification
3.3
Awareness campaign
3.2
Mass production
3.2
Modular coordination
3.2
Landscape
3.2
Schedule maintenance
3.2
Futuristic
3.2
Strict liability
3.2
Quality of materials
3.2
Training
3.2
Management team
2.2
Coordination
1.1
Innovative design
1.1
Use VOC
1.1
100.0
Total
Note: Items in Italics brought to the QF-Matrix in the latter sections
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

5.2 F-Matrix for strategies in enhancing IBS adoption

The results of the 34 function factors indicate the strategies in enhancing the level of IBS adoption.
These factors create the most critical gap between the importance and the satisfaction level and are
transferred into the F-Matrix presented in Figure 4. The top nine “function” factors are shown in Table
5 in the order of priority.
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Figure 4: F-Matrix for strategies in enhancing IBS adoption
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Table 5: The selected F-Factors to improve the level of IBS adoption
No.
1
2
3
4
5
6
7
8
9

F-Factors
Construction players still lack scientific information about the economic
benefits of IBS.
Limited number of local IBS manufacturers.
IBS adoption does not attract enough incentives from the government.
IBS designs are monotonous and stifle creativity.
IBS education and training are not sufficient in universities and institutes of
higher education.
Bumiputera participation is left out in the IBS adoption.
IBS reduces completion time of construction projects due to the usage of
standardised prefabricated components and simplified installation process.
IBS provides higher quality than conventional system.
IBS provides highly aesthetic end product through the process of controlled
pre-fabrication and simplified installation.

Gap
-0.69
-0.66
-0.57
-0.56
-0.53
-0.53
-0.51
-0.48
-0.48

The F-Matrix was derived from how the “HOWs” were established. Nine critical factors are
determined from the questionnaire survey on construction stakeholders. The procedure performed in
the Q-Matrix development resulted in identifying the corresponding “HOWs” for each selected
“WHATs”. The analysis produces 24 “HOWs”, which are ranked from the highest to the lowest, as
shown in Figure 4.
The 24 “HOWs” are listed in Table 6. The first 8 items marked in italics and bold are transferred to
the next level of QF-Matrix development.
Table 6: F-Matrix for “HOWs” in enhancing IBS adoption
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Quality Hows
Government Policy
Education and Training
Publicity and Promotion
University Education
Fiscal Incentive
Good Design
Creative Design
Strict Supervision
Franchise System
IBS Incentive
On the Job Practical
More Choice of Components
Speed Track
Innovative Design
Futuristic
Quality Control
Standards Requirement

Importance (%)
13.0
10.7
7.2
7.1
6.4
6.3
6.3
5.9
3.6
3.6
3.5
3.3
3.0
3.0
3.0
2.9
2.9

1
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18
19
20
21
22
23
24

Attractive Incentive
Capital Loan
More IBS centre
Suitability
Design more traditional
Uniformed Components
Strict enforcement
Total

2.8
1.2
1.2
1.1
1.1
1.0
0.0
100.0

5.3 Development of QF-Matrix

The selected strategies from the Q-Matrix and the F-Matrix were combined to develop the final QFD
application, QF-Matrix, as presented in Figure 5. It indicates the list of the first six “HOWs” from the
Q-Matrix and the list of the first eight “HOWs” from the F-Matrix, which are transported into this QFMatrix to form the new list of “WHATs”. Hence, the QF-Matrix has 14 “WHATs”, which are placed
row wise in Figure 5. There are 13 “HOWs” in the QF-Matrix, which indicate how construction
organizations may take action to enhance IBS adoption in housing projects. The list of 13 “HOWs”
are listed in Table 7. The first five items marked in italics and bold are the six major “HOWs” for IBS
adoption, namely: 1) by local authorities, 2) by CIDB, 3) by government agencies, 4) by professional
bodies, 5) by Ministry of Public Works, and 6) Roles of Ministry of Housing and Local Government.

Table 7: QF-Matrix (HOWs) developed by the focus group
No.
1
2
3
4
5
6
7
8
9
10
11
12
13

HOWs of QF-Matrix
Roles of Local Authorities
Roles of CIDB
Roles of Government Agencies
Roles of Professional Bodies
Roles of Ministry of Public Works
Roles of Ministry of Housing and Local Government
Verify and Certify by Local Authorities
Roles of Ministry of Higher education
Franchise System
Verify and Certify by CIDB
Adopt IBS in Construction System
Adopt QFD technique by IBS manufacturers
Good Maintenance Services by Management Organization

2

Importance
(%)
15.4
13.9
13.8
11.8
11.3
11.2
5.3
4.8
3.7
3.0
2.8
1.8
1.3
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Figure 5: Developed QF-Matrix to enhance IBS adoption in housing projects

Based on the Q-Matrix, F-Matrix, and QF-Matrix, a general QFD model for IBS adoption in housing
projects was developed in Figure 6.
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Figure 6: Developed General QFD Model for IBS Adoption in Housing Projects
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Role of Ministry of Housing and Local Authorities

Role of Ministry of Higher Education

Role of CIDB

Role of Government Agencies viz TNB
Role of Ministry of Public Works

9
9

6 11.22 470
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9
9

8 4.81 202
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9
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9
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Verify and Certify by Local Authorities

3
9
9

Good Maintenance Services by management organization

Verify and Certify by CIDB

9
9
9
9

5 11.30 473

Role of Professional Bodies viz IEM, ISM and PAM

Design Factors (Quality)

3 13.76 576

9
9
9

13 1.33 55.8

3

11 2.77 116

9
3

12 1.84 77.1

9

10 2.99 125

9
9
3
9

7 5.27 221

Customer
Satisfaction
Strategies
Role of Local Authorities

9

9 3.66 153

9

4 11.75 492

6.2 193.4

9

1 15.36 643

6

11 3.2 101.9

9

Overall Importance

Uniformed components

Innovative design

9

Creative design

11 3.2 101.9

11 3.2 101.9

9

Standards requirement

Futuristic

Quality Control

9

19 3.2 100.0

9
9
9
9

Strict enforcement

9.6 302.2

3

17 3.2 100.1

Futuristic

Customers' importance

Insert here

Utility

Modular coordination

Mass production

Awarenes camaign

Training

Quality of materials

Strict liability

Strict supervision

Skilled worker

9

17 3.2 100.1

2

Use VOC

Strict Enforcement
Quality Control

9

9

Strict supervision

4.3 134.0

9

3
3
3
3

Speed tracks

6.4 202.3

5

3

On the job practical

4.3 134.1

8

9

More IBS centre

Standards requirement

Specification

3

0.0

9

Suitability

16 3.2 100.2

22 1.1 33.4

Planning

Innovative design

3
3

24 0.0

9

More choice of components

Good design

7.5 235.8

22 1.1 33.4

4

9
9

5.9

30.3

21 1.1

3

91.0

9
9

172.4

9

6.3

9
9

12 3.3

Fiscal incentive

9

Design more traditional

Attractive incentive
9

6

9

30.3

Reduces completion time
Higher quality than conventional
systemaesthetic end-products
Highly

176.9

9

77.3

3
10 3.3 102.2

Schedule maintenance

Landscape

Coordination

Management team

9

6.4

9
15 3.2 100.6

Building design

Policies from authorities

3

21 1.1

4.3 135.9

20 2.2 67.7

7

3

5

10.4 326.9

9

Government Policy

Franchise system

9.4 293.5

14 3.2 101.7

9

18 2.8

13.0 357.0

1

9
9

Capital loan

9

99.6

9

33.2

9

3.6

Percentage Importance

Rank
3

9

9
3

21 1.1 34.1

9

1

Technical Importance
9

3

9

IBS incentive

9
9

19 1.2

Scientific information
More IBS manufactures
Incentive from Government
Creativity
Education and Training not suffcient
Bumiputra participation is left out

Publicity and promotion

FUNCTION MATRIX

Education and Training

Absolute Importance

University Education

Environmental Conditions
Maintenance Work
Design Quality/Aesthetic Value
Comfort
BuildingsStrength
Spesification/Quality of Materials
Quality of workmanship
House Price
Size of house

197.4

QUALITY MATRIX

195.1

Percentage Importance

Rank

2

Absolute Importance

4

This is the post-print (i.e., final draft, post-refereeing). Published as:
Haron, N. A., Abdul-Rahman, H., Wang, C., & Wood, L. C. (in press). Quality function deployment (QFD) modelling to
enhance industrialized building system adoption in housing projects. Total Quality Management & Business Excellence.

IBS House
Owner
Requirements
Interelationships
1 Weak
3 Medium
9 Strong

11.3
11.2
11.1
11.4
11.4
11.1
11.1
11.3
10.1

Design Factors (Functional)

10.0
9.6
9.4
7.5
6.4
6.2
4.3
4.3

13.0
9.6
7.2
6.5
6.3
6.3
6.2
6.2

This is the post-print (i.e., final draft, post-refereeing). Published as:
Haron, N. A., Abdul-Rahman, H., Wang, C., & Wood, L. C. (in press). Quality function deployment (QFD) modelling to
enhance industrialized building system adoption in housing projects. Total Quality Management & Business Excellence.

6.0 Discussion on Findings

These results clearly indicate that customer satisfaction can be improved by using IBS housing
projects. This can be improved by implementing a series of strategies to improve IBS adoption in the
Malaysian context, although it may require firms to adjust their thinking and systems, particularly the
adoption of a nation-wide system supported by the government. This would allow each firm to measure
and evaluate their own success in the use of IBS while providing regulating authorities with the ability
to monitor and track failure to meet required levels of industry success. Further work on improving the
existing QFD model may include the use of Stochastic Quality Function Deployment (SQFD) (Lee et
al., 2009) or hybrid fuzzy-QFD (Juan et al., 2009) which may provide superior results in conjunction
with a national information system (Yu et al., 2012). SQFD integrates stochastic simulation modelling
and analysis techniques into traditional QFD to deal efficiently with the uncertainties in the input data,
to support the quality performance measurement that is involved in multi-attribute and multiparticipant decision-making, and to predict the variability in the output (Lee et al., 2009). Juan et al.
(2009) proposes a hybrid approach combining fuzzy set theory and QFD to establish a housing
refurbishment contractor selection model. With this model, residents can select an optimal
refurbishment contractor according to requirements.

6.1 Improve Customer Satisfaction on IBS Housing

Five strategies to improve customer satisfaction on IBS Housing were laid out in this study. Local
authorities in Malaysia are led by the Ministry of Housing and Local Government (MHLG), which
would play a leadership role in improvement of policies. It is further divided into smaller local
authorities based on each state. Basically, the local authorities control the approval of new construction
development or renovation works in their own respective area. There are also key elements in the IBS
Roadmap 2003-2010 (CIDB, 2003) which highlighted the role of local authorities; e.g., enforcing
Modular Coordination (MC) through Uniform Building by Laws (UBBL) (Abdul-Rahman et al.,
2013).

The second strategy is strict supervision from the related organizations. The related organizations are
Ministry of Housing and Local Government, Ministry of Public Works, CIDB, Government Agencies,
and professional consultants for architecture, engineering, and quantity surveying. These organizations
are to ensure the quality and on time completion of housing projects. The third strategy is the
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improvement of building design. The IBS designers should allow flexibility in IBS architectural design
to minimize the monotony of repetitive facades including the design of pre-cast elements as well as
that in construction so that different systems could produce their respective unique prefabrication
techniques.

The fourth strategy is to provide the standards of IBS housing. The key elements are: (i) to enforce the
utilization of IBS for government and private housing projects, (ii) to develop a catalogue of IBS
housing components, and (iii) to develop standard plans for IBS housing. The fifth strategy is the
requirement of quality control. In order to conduct quality control of IBS housing, the IBS
manufacturers and the IBS developers, are responsible in the quality control on both their IBS
components and the assembling process via certain certifications and verification. This can be
monitored automatically with a national system built on a QFD framework such as that outlined in this
research.

6.2 Strategies to Enhance IBS Adoption in Malaysia

Several policies could help improve the IBS adoption, namely: (i) to abolish levy IBS housing project,
(ii) to provide tax incentives for manufacturers of IBS components, (iii) to provide green lane
programme for users using IBS design, IBS components and modular coordination house, iv) to
improve IBS training, related organizations need to incorporate a specialized syllabus on IBS or MC
in architecture, engineering, and building training sessions, and v) to enhancement of the publicity and
promotion of IBS, those related organizations need to conduct huge publicity and promotion through
media advertisement, newspaper, conference, professional & construction courses, proceeding, and
even journal or book publications. There are several fiscal incentives able to improve the IBS adoption,
namely: (i) to abolish levy on IBS housing projects, (ii) to provide tax incentives, and (iii) to provide
financial aids for IBS manufacturers.

6.3 Recommendations to Construction Organizations Related to IBS

The five major roles of IBS related organizations are roles of local authorities, CIDB, government
agencies, professional bodies, and Ministry of Public Works. The local authorities are (a) to improve
policies towards the application of IBS, (b) to improve standard requirements, (c) to conduct strict
supervision, (d) to conduct quality control, to provide IBS centre, and (e) to improve IBS co-ordination
between local authorities and the relevant parties. CIDB are (a) to improve the policies from the CIDB
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towards the application of IBS, (b) to improve IBS standard requirements, certification, verification
and testing, monitoring the implementation of government IBS project, (c) to improve existing IBS
industry planning, (d) to improve existing IBS promotion and marketing works, (e) to improve the role
of existing IBS centre, (f) to improve IBS coordination between CIDB and the relevant parties, (g) to
improve research and development works on IBS implementation, and (h) to improve the existing IBS
supply chain. In addition, the government agencies are to improve standard requirements, to conduct
strict supervision, to conduct quality control, and to improve IBS co-ordination between government
agencies and the relevant parties. The major professional bodies that play roles in IBS adoption are
also identified, namely: the Institute of Engineers Malaysia (IEM), Board of Engineers Malaysia
(BEM), Institute of Surveyors Malaysia (ISM), Board of Surveyors Malaysia (BSM), Malaysian
Institute of Architects (MIA), and the Master Builders Association Malaysia (MBAM).

7.0 Conclusion and Recommendations

By developing a general quality function deployment model derived from the Q-Matrix, F-Matrix, and
QF-Matrix, this study contributes to the adoption of IBS in housing projects as a catalyst to improve
the customer satisfaction and provides the foundation for automation in the execution and monitoring
of IBS on a national level. The future developers, IBS manufacturers, and house buyers are expected
to be the major beneficiaries of this study. The QFD matrix developed in this study is a significant
application tool to ensure the customer satisfaction on IBS products, thus, increasing the demand for
IBS housing development. This is the first study where the QFD has been used to bring the voice of
the customer into planning for the use of IBS. These QFD models will help further implementation of
IBS and supporting information systems by addressing several of the crucial areas that will help IBS
to become more acceptable, while providing a target for information systems that seek to monitor and
analyse IBS and construction industry performance at the national level. This is, therefore, the first
step towards greater quantification and automation of the QFD concept in IBS. Future studies should
be conducted on the development of IBS product design and manufacturing process using QFD
function, extending the application and use of QFD in informing further information system support
for implementation and monitoring. It is hoped that the findings of this study will be used more
objectively not only in developing, designing and managing IBS but also other latest building
automation systems.
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