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Not only is the clients’ distrust towards producers a problem that the Building and Construction (BC)
industry has to deal with, caused by exceeding costs and unsatisfactory fulfilment of requirements,
but also producers struggle to survive within the highly competitive traditional BC-market system
with very low profit margins focusing on the lowest price rather than on the highest value.

There is a need for a market change and for models and systems that can address the value, costs
and performance of BC projects in order to provide a service industry that can satisfy the current
needs. Therefore this paper looks at the management method Quality Function Deployment (QFD),
which focuses on satisfying the clients’ needs. QFD has already proven to be useful in other indus-
tries. This paper shows that QFD is a suitable method for the BC industry and its application to BC
projects can help improving the current system.

Keywords: Keywords: QFD, house of quality, building and construction, value, costumer

1 Introduction

1 Warhol, A. (1975). The  Products in the BC industry are mostly made —to order and created for the ulti-

Philosophy of Andy War-  mgte purpose they should meet. Developing a new product, while only knowing

hol, New York, p. 113 its general purpose, is possible. But when no detailed requirements are estab-
lished it becomes hard to create the product that exactly meets the customer’s
needs.
The traditional way of competing, based on the lowest price, resultsin less profit
for the companies, maybe bad quality results and therefore the need for addi-
tional work. This leads to higher costs and is dissatisfying not only to the com-
pany but also to the client. In large-scale projects a lot of companies have to
work together and all of them have to be aware of what they are responsible for
and when they can build their part of the project. Communication is the issue in
this case where failures can occur and lead to delays and wrong information
flows. Delays result in a raise of costs, whereas wrong information flow can
cause wrong placement of a part of the structure and thus afailure in quality.
Because of the aforementioned issues a major change has to be made in the BC
industry’ s way of thinking and working. The cost-driven approach as it exists to-
day has to be shifted to a value-driven approach where the needs of future clients
can be taken into account at early stages of a construction project. Unsatisfying
results and the need for changes, after a project is finished, should be reduced.
Therefore the whole industry has to become more aware of the issue of quality.
But as Andy Warhol once said: ‘They always say that time changes things, but
you actually have to change them yourself.’* This can perfectly be applied to the
world of BC. Needs and requirements of customers may change, but the industry
itself is very conservative and rather stays with the old and well-tried methods.
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The change to a value-driven approach of BC has to be made by the industry,
because it will not change itself.

The aim of this paper is to show if the method Quality Function Deployment
(QFD), which has proven to be useful in other industries, can be applied to the
BC industry. Therefore a description of the common practice of projects in the
BC industry is given and analysed. The observation of the whole lifecycle of a
construction shows that the awareness of the requirements to the construction has
to be enhanced. After presenting the problem in detail the method of QFD isil-
lustrated. Furthermore, this approach is analysed regarding its practical applica-
tion to BC projects in order to solve the problems given in the first chapters. Fi-
nally, advantages and disadvantages of QFD in the BC industry, as well as some
ideas for further research on this subject are summarized.

2 The Building and Construction (BC) Industry

Products of the BC industry build the technical foundation of our modern world.
The structure of a house, streets, tunnels and water mains are things without
which one can not imagine today’s live. This chapter describes the main stake-
holders involved and a typical process phasing of BC projects. The characteris-
tics and difficulties arising in this industry are subsequently explained. In order
to provide a good overview, the whole supply chain is described by means of a
value-cost model.

2.1 Characteristics of the BC industry

The traditional system for building contracts is based on a public call for tenders.
In most of the cases the decisive criterion for issuing the award of the contract is
the lowest price. Consequently, companies are competing on price and not on
quality. As aresult, especialy in large-scale, one-of-a-kind, BC projects they are
facing high failure costs. The main sources for failure costs are building and con-
struction errors, time delays and requirement changes. Also miscommunication
leads to high additional costs.

Figure 1 illustrates the common division of a typical building project in the
Netherlands. A project is preceded by its needs and ideas. The principal hasto go
through an orientation phase and an evauation of the feasibility of these idess.
By order of the principal a concept design has to be made by a designer. Thereaf-
ter a preliminary design followed by the detailed planning is made. Subsequent
to the design phase all relevant information is passed over from the designer to
the contractor, who is in charge of executing the construction. The completed
building or structure is then operated and maintained in which the lifetime and
thus the time of operation and maintenance can vary between weeks and several
decades. In the end the structure can either be reused for other purposes or it can
be demolished.

According to Ozsariyildiz the BC industry is fragmented and complex with many
small companies.” It is human-oriented and the one-of-a-kind products and proc-
esses are linear and highly influenced by external factors. There is a lack of
strong industry leaders and the knowledge feedback and forward mechanisms as
well as the reuse of information and knowledge are weak parts of the industry.
Although the companies depend on each other and are interrelated to each other,
the BC industry is highly competitive with low profits.
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Figure 1 life-cycle stages
of a BC project

With these characteristics in mind, many clients no longer agree to not being in
control and they do not accept the high costs of failure. Increasing pressure to
shorten lead times and deliver value for money is the general result. In addition,
the society has higher demands on safety, environment, energy and sustainabil-
ity. In order to cope with these increasing requirements there is the need to re-
think the actual system, optimise it, change it and maybe adapt systems and tools
from the field of management and organisation, for the BC industry.®

Concept
Orientation| | Feasibility Designp
Preliminary C after design
: Design
before design > Detail Con- 0 ti Demolish
: , Design struction paraton or Reuse
during design

2.2 Construction supply chain

In the BC industry there are all kinds of actors around a project who all exert in-
fluence on the end product. In the traditional way the client specifies his or her
requirements, the designer makes the design and the contractor executes the
work. In most cases the client is not an expert and therefore only the ultimate
needs are roughly specified because he is not aware of all the possibilities and
opportunities. In the current situation of the BC industry the client defines a fa-
cility for which the value is fixed and associated with a cost-estimation. But as
technical difficulties arise during construction, a client, who is not an expert, has
alack of understanding and therefore will not comprehend a claim of additional
costs. Consequently dissatisfaction arises at the client’s side.

The construction supply chains are make-to-order and demand-driven. Mostly
the products are one-of-a-kind and are produced on-site. Generally spesking, this
leads to a double transfer of information: from the client to the designer and from
the designer to the contractor. Often one party is just throwing al the informa
tion 'over the wall' towards the next party. The realisation of the client’s wishes
of a proposed facility mostly depends on how the requirements for that facility
are translated into design requirements.®

This situation leads to a demanding relation between the client and the designer.
To better understand the clients' needs the design companies have to be involved
in an early stage of the project. A general trend foresees that responsibilities will
become more integrated over the whole life cycle of a project in order to deliver
high value to the clients.” On the international market especially, but not only,
skills like marketing, selling and financial management have to be of influence
within the company. In order to be competitive, bigger companies invest in ex-
pansion and offer a broader range of services, whereas smaller companies tend to
specialisein niche services.

Traditionally, there is a very low level of standardisation in the BC industry.
Most projects are top-down client specific solutions and consist of alot of small
elements and components. These components (and/or services) are delivered by
supplying companies to the general contractor on a project-by-project basis.
Nowadays, project and construction managers often work together with their
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own network of suppliers, which are judged mainly on their price competitive-
ness or on experiences from the past, on along-term basis.?

De Ridder points out the need for a bottom-up ‘ push market’, with supply driven
solutions. In such a market suppliers would take over the role of traditional con-
struction companies. As they are nowadays often responsible for assembling
large parts of a building (foundation, building core, internal finishes), they could
also deliver complete construction services. And as they are concerned about
their independence from large construction companies anyway, they could sell
their services to the client directly. By offering value-added products, suppliers
can become more competitive and continuously improve their products (product
innovation). An increasing level of product standardisation, by developing prod-
uct-families and product-modules, would be the result. Unidek, a Netherlands-
based company, offers a complete service for prefabrication and assembly of
small office buildings to their clients.? 0™

As stated above the BC industry has to change. In order to create more client sat-
isfaction and appreciation from users and society, a value-driven approach
should be used instead of a cost-driven approach. According to the value-price-
cost model from van Nederveen et a, the value has to be higher than the price, in
order to assure some benefit for the client.® Furthermore, the price has to be
higher than the costs otherwise the provider has no profit. To enhance the change
from static building methods towards a dynamic and adaptable construction sys-
tem, there is a demand for methods and instruments, which can address the
value, costs and performance of BC projects. Thereby the development of a ser-
vice industry that can control the current needs should be possible.

As it has proven to be successful in other industries, QFD might be able to pro-
vide the necessary background for more flexibility within BC projects. No guar-
antee for a successful application of QFD in the BC industry can be given, but
within the next chapters the high potential for its opportunities of implementation
will emerge.

3 What isQFD?

One of the most important characteristics of a product is that the customer likes
it. A customer likes a product when it fulfils his needs and meets the require-
ments he expected from the product. Therefore a lot of technologies in the field
of management, organisation and manufacturing have been developed and
proved to work for product development and improvement. In this chapter an in-
troduction is given to the management tool QFD, which is a ‘proven’ approach
for tranglating costumer needs into design solutions.

3.1 History of QFD

QFD was developed in Japan in the sixties by Y oji Akao and Shigeru Mizuno as
a quality system. It focuses on the delivery of products and services for efficient
customer satisfaction. The method aims to bring the ‘Voice of the client’ into the
product. After World War I, Japanese companies developed their products
mainly through imitation and copying. In the 1960s, Japanese companies
changed their strategies and based their product development on their own ideas.
In this environment QFD cametto life.®

In this time the Japanese automobile industry grew rapidly and companies started
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to see the importance of design quality. Quality control process charts were used
mainly during or after the product development rather than at an earlier stage or
at inception. In 1966 Bridgestone Tires Japan presented the first application of
these charts at a large scale and introduced a listing of processing assurance
items to identify the client's wishes and quality characteristics.** This method
was developed further to a real quality chart that can be named the core of the
QFD methodology. It was established at the Kobe shipyards of Mitsubishi Heavy
Industriesin 1972.

Important input came from Value Engineering, which is a way to visualize the
functions of a product and can be especially useful when creating a“Quality As-
surance activity table’, a part of the QA system documentation. Today’s QFD
was developed and took shape from many different flows and concepts, includ-
ing Q%ality Assurance, Quality Deployment, Value Engineering and the Quality
Chart.

It took some time before QFD was widely spread. The majority of the applica-
tions were in the transportation and high-tech branch, where the main Japanese
export products came from. It took till 1983 before it was introduced in Chicago
by the Cambridge Corporation along with Akao and Kogure and became further
known in the US through an article in ‘ Quality Progress’ .*6*’

The application and interest in QFD grew fast because companies were accus-
tomed to quality circles already. Consequently, it proved useful to develop a
competitive advantage in quality, costs, development cycle time and delivery. *8
Phonetically the Japanese characters for QFD stand for:

- Hinshitsu: meaning quality, features or attributes

- Kino: meaning function or mechanization

- Tenkai: meaning deployment, diffusion, development or evolution

Asthefirst translators chose the words ‘ Quality’, ‘ Function’ and ‘ Deployment’,
this notation got stuck in the USA and Europe.™

3.2 TheHouse of Quality

QFD is a systematic process, providing a structure for developing a product that
meets the customer’s requirements. Based on these requirements the so-called
“House of Quality” is built. For a typical application of QFD between 30 and
100 requirements of the customers are collected by means of market research ac-
tivities. They have to be trandlated into quality characteristics, which can be rated
and observed. In addition, they are brought into relationship with the walls of the
house representing the rating of importance of every required attribute and the
measurable technical specifications for achieving the user demands.® #* # Ac-
cording to Hauser and Clausing “The marketing domain tells us what to do, the
engineering domain tells us how to do it.” %

The body of the house is the interrelationship matrix connecting the aforemen-
tioned elements to each other. With different symbols the strength of the correla-
tion can be visualized. Other characteristics like for example the degree of tech-
nical difficulty, competitive analysis and sales points can also be included in the
house of quality depending on the range of the project. The roof of the house is
the most important part and shows the balance of trade-offs between all technical
features.?* The interaction points of all technical specifications and their influ-
ence (positive or negative) on each other isvisualised here. %
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At the first glance a detailed QFD matrix looks quite confusing and overloaded
with information, but looking at it from a distance makes it possible to get a gen-
eral view of al the things going on. Figure 2 shows arough diagram of the house
of quality and its contents.”

technical specifications

interrelationship Matrix:
connecting user demands and
Technical specifications

customer requirements
priority, competitive
factors, sales
points....

technical priority, technical difficulty

The planning phase of a project might take longer if QFD isin use, but in return
the whole duration of the project will be shorter due to reduced implementation
time. With this system it is possible to focus on the specifications which are most
important for the customer’ s satisfaction whereas the other parts, rated as not so
important, can be processed with lower priority.?® Furthermore with QFD the
communication within the project can be improved and decisions can be taken
based on the prioritization of needs and technical possibilities.

3.3 General view

As the house of quality can be applied in general to find clear relations between
manufacturing functions and customer satisfaction, in a next step more interlaced
houses, as shown in Figure 3, can be built. For the second house the engineering
properties of the first house (the house of quality) will become the requirements.
They have to be connected to product or part characteristics telling how to reach
the requirements. In the third house these characteristics are the regquirements,
which will be connected to manufacturing operations. In the last step manufac-
turing operations are connected to specific operations and controls.® With these
interlaced houses the voice of the costumer can be brought to every stage of the
project from development over planning to production and product service.*
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3.4 Communication

Numerous tools for processing different aspects of development are in use
nowadays. QFD can be used in addition to all the previous tools for improving
the development process and help the different departments to work together
more efficiently. In order to carry out their functions well al involved parties
have to communicate with each other and focus on a common goal. Within the
Purchasing unit, they want to go for the best materials at the best price. These
materials must have exactly the properties the developers asked for. Therefore
Purchasing has to understand what Manufacturing needs and product developers
have to understand how this relates to costumers needs. Manufacturing also has
to know if the specifications they ask for are realistic and within the budgetary
range. Large errors can be caused by small misunderstandings. Having QFD in
the centre helps the departments with communication and finding out how their
work fits into the whole picture.®*

In general, development cycles for products and services are rather long. Future
uncertainties like mgjor scientific developments or a change of the costumer’s
requirements, because of political, environmental or social rearrangements, can-
not be predicted but play a major role in decision taking processes. A quantita-
tive requirement change can easily be satisfied but in case of a qualitative re-
quirement change a new customer requirement has to be added to the house of
quality and development targets and priorities have to be adjusted. Using QFD as
the centre of communication enables the organisation to react quickly to any
kind 031‘2 change in the customer’ s requirements and keep track of the development
cycle.

4 Example of QFD

This chapter presents an example in order to provide a better idea of how QFD
works and how it was implemented in previous projects. Generally speaking,
there are no limits for the application of QFD in any kind of improvement or de-
velopment process. It is not only applied for product development but also for
service and communication deployment. Because of the many diverse fields of
application there is no * cookbook procedure’ for building the House of Quality.®
The example comes from the automobile industry where QFD originated from.
The basic concept of the House of Quality will be explained step-by-step with
the help of a sub chart for the door of an automobile.
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The first step is to find out the customers requirements. In this case it's decided
that the car door will be judged on the requirements “easy to close”, “stay open
on ahill”, “doesn’t leak in rain” and pass of “road noise”. Generally this can be
put in the groups “open-close” and “isolation”. These requirements are usualy
expressed in the customer’s words and are called the ‘voice of the costumer’.**
Often this is retrieved through market surveys. Not all requirements are equally
important. Their relative importance for the customer is displayed right beside
the requirements in the House of Quality and sum up to alist of 100%. The cus-
tomer’s voice has to be trandated into technical characteristics by engineers and
sales people.® The relationship between these engineering characteristics end the
costumer requirements can be seen in the middle of Figure 4.

On the right side of the House of Quality an evaluation of competitive cars com-
pared to our car is listed for each requirement. Analyzing this shows us opportu-
nities for improvement and parts that are important to maintain. For the car con-
sidered advantage could be gained at the attribute “stay open on a hill” because
all the cars are weak here. Looking at “no road noise” already an advantage is
present. Along the top of the house one can see the technical specifications
which can be measured and directly effect the customer requirements. The ex-
amplein Figure 4 also displays (with + and — signs) if the technical attribute will
be increased or lowered.*
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Looking at the possibilities of improving the car door, this door is hardest to
close compared to the competitor’s car doors. As this attribute shows a high rela
tive importance for our customer it should be enhanced. From the body of the
house it can be found out which engineering characteristics are connected to the
user requirement: energy to close the door, peak closing force and door sed re-
sistance. Because of their strong positive relation with the requirement the en-
ergy to close the door and the peak closing force are the points where the maxi-
mum improvements can take place. Now the roof of the house shows which
other engineering characteristics could be influenced if it is decided to change
the door closing energy. Positive impact would be given on the door opening en-
ergy and the peak closing force whereas other characteristics (check force on
level ground, door seals, window acoustic transmission and road noise reduction)
are related negatively. Taking into account the objective measures, consumer
perceptions, costs and technical difficulties the decision can be taken that the
benefits of changing the energy to close the door are predominating the emerging
costs. Marketing people, engineers and managers all together set a new closing
target for the door which should make it the easiest to close door. This target is
noted down at the bottom of the House of Quality.*

5 Applying QFD to the BC industry

In al building projects the realisation of the client’s vision depends on how the
vision is expressed, trandated and communicated to the design team. The num-
ber of stakeholders, decision-making processes and the dynamic of relationships
influence the way in which clients’ requirements are defined. If many stake-
holders participate in a project they most probably have different perceptions on
the outcome of the project. This aso influences the definition of the require-
ments. For better understanding and for solving conflicts between project re-
quirements they should be analysed and prioritised.

In the previous chapters is pointed out what QFD is and where it comes from.
Also the main problems in the BC industry are made clear. Now want to know
how QFD can contribute to the BC industry. Discussions in the previous chapters
have shown that QFD can offer exactly what construction projects require: a bet-
ter understanding of the clients' requirements and improved communication
within the whole project. QFD can be and has been applied in each of the lifecy-
cle stages of a building and construction project in different ways. First of al
QFD can be used in the inception phase, as a ranking mechanism for integrated
contracts (Section 5.1) and during the design phase to guarantee optimal client
satisfaction by improving the communication processes between stakeholders
(Section 5.2). Section 5.3 describes the implementations of QFD after the design
phase. Here differentiation can be made between application during the construc-
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tion phase and during the usage phase, for improving future projects and getting
a better marketing position.

5.1 Use of QFD befor e the design phase (inception phase)

Dikmen et d. did a literature survey on the usage of QFD in the BC industry.
They found out that there are not so many applications of QFD in the BC indus-
try and even less examples of the implementation of QFD before the design
stage.”® Thisis mainly because QFD is unknown to thisindustry. Implementation
of QFD before the design stage means to use the QFD methodology before any
design is chosen. The rare application of QFD in this stage is used for the as-
sessment of integrated contracts, like Design and Build (DB) contracts.*

By evaluating an integrated contract, clients have to select afirm. To do this they
need to be informed about the quality performance of the bid of the potential
contractor. When rating an integrated contract mostly the Economically Most
Advantageous Tender (EMAT) award mechanism is used. It wouldn't be a fair
competition if the contract were awarded on basis of the lowest price. The design
is not fixed in detail yet, so prices cannot be compared. Therefore, a kind of
award mechanism is needed that doesn’t only compare prices, but also looks to
the qtg\liw of the service. In that case a certain value to cost ratio can be calcu-
lated.

In integrating contracts the total measured quality normally can be divided into
three parts: (1) the corporate quality culture; (2) the quality of the project service;
and (3) the quality of the constructed facility. Arditi and Lee describe a model
that was developed to measure the total quality of a DB firm by using QFD. The
first part of this model measures the effectiveness of the corporate quality culture
and the quality of the service, when delivering a project by using QFD.*® The
second part describes a method to measure the quality of the constructed project.
It makes use of eight building quality factors, three building performance factors
and the relationships between building quality and performance factors (obtained
from building users) and it measures the quality performance of the facility by
using QFD. A total quality performance index is generated by combining the
quality performance at the corporate, project and product levels. The service
quality factors are ranked relative to construction owners needs and to expecta-
tions by means of a survey administered to construction owners. The relation-
ships between service quality factors and quality system requirements are inte-
grated into a House of Quality. The developed tool can be used by clientsto rank
DB firms relative to corporate service quality.*

5.2 Use of QFD during the design phase

In most of the literature examples QFD is applied during the design stage of a
project. This phase is especialy important for gathering al the customer’s re-
quirements, by means of definition of quality standards through technical speci-
fications and drawings, made in this phase.* The design phase itself can be di-
vided in three consecutive parts: a concept design, a scheme design and a de-
tailed design. Every stage is more detailed than the stage before.*®

A quite common practice in the BC is briefing. In this method aformal statement
or document is used for communicating the objectives and needs of the client to
the designer. This document is called brief and contains the trandation of the cli-
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51 Dikmen I. e a In current briefing practice often the solution is used to specify the problem,
(2004). op cit p.246 even before the problem is understood well completely. This might tune the cli-

ent in favour of the suggested solution, rather than an objective analysis of his
needs. Therefore Kamara et a developed the framework of concurrent life-cycle
design (CLCD), which has the philosophy that fully understanding clients’ needs
is necessary for developing an adequate solution.”® This framework is based on
QFD and uses the method of the client requirement processing model (CRPM).
Its purpose is to formalize the methodology for processing client requirements
for al project and client types in construction. The three main stages of the
model are ‘definition of the requirements’, ‘analyzing the requirements’ and
‘trandating the requirements’. QFD is used as amethod in the last stage to trans-
late the requirements into solution neutral specifications.*

5.3 Use of QFD after the design phase

The use of QFD after the design stage is not very common yet. Not many exam-
ples can be found in the literature, but it seems to have a great potentia if we
take into account the characteristics of the BC industry. First it is explained how
it could be useful in the construction phase and secondly how it could be of value
after the project is completed (e.g. whenitisin use).

In the literature an interesting example of the use of QFD during construction for
the surveillance of works can be found. It can be seen in the Dutch BC industry,
that clients (or representatives) in practice try to save more and more on the sur-
veillance of works. This leads to a lot of criticism, because it affects the quality
of execution. After all, especialy in a market under pressure, the surveillance of
work is one of the most important jobs for securing the quality demanded by the
clients. Furusaka et a introduce a newly developed computer aided decision-
making supporting system, which guarantees the assurance of the quality while
mitigating the surveillance of work.” It is called Revised Quality Function De-
ployment (R-QFD), turns out to be a modified type of QFD and seems to be
quite effective in practice.

In addition, QFD can be used after the construction phase, i.e. in the phase when
the facility isin use. As mentioned before, the current market is very competitive
and stakeholders are looking for ways to improve their place in this market. QFD
can be used as a method to get a clear voice of the customer and to make com-
parison between different competitors, relating to this clients needs. So QFD can
be used as a decision-making aid during the marketing phase. This can become
of even more value taking into account the trend for a bottom-up supply-driven
market with an increased level of standardisation. Producers (suppliers) establish
their products to the market and look for ways to make them better. Product in-
novation is a hot issue here. Dikmen et a specify the goals of QFD during mar-
keting as follows:>*
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- Determination of a marketing strategy by identification of the expectations of
the clients/end-users. The strengths and weaknesses of the design (product) can
be compared with those of other competitors.

- Using the outcomes of the QFD-survey to facilitate decision-making in forth-
coming projects.

- Formulation of a systematic procedure to guide future decision makers in all
stages of the value chain of a construction project including feasibility analysis
and design in such away that the company can create a competitive advantage
in their market by quality differentiation.

6 Conclusions

This paper has discussed some of the problems the current BC industry deals
with. A major concern is the high level of distrust of clients towards the produc-
ers, caused by disappointments due to the exceeding costs and not fulfilling the
client’s wishes in an optimal way. On the other hand producers are dealing with
major problems because they have to work in a very competitive market with
low profit margins. In the traditional system they can only compete on price and
not on value. Another big problem is the high rate of communication errors
within the whole project cycle of BC projects. Because of the aforementioned is-
sues a major change has to be made in the BC industry’s way of thinking and
working. The cost-driven approach as we have it today has to be shifted to a
value-driven approach where the needs of future clients can be taken into ac-
count at early stages of a construction project. Unsatisfying results and the need
for changes, after a project is finished, can be reduced when more effort is put
into ‘understanding what the client really wants' and ‘enhanced communication
among different project stages'.

QFD seems to offer exactly what is needed for the necessary change in the BC
industry. Regardless to the limitations of this method, there are alot of possibili-
ties and advantages for the implementation of QFD in the BC industry and even
recommendations for further research and developments could be found.

6.1 Advantages
In this section the focus lies on the question why QFD can be of value for the BC
industry and its strengths and opportunities are discussed.

Strengths

- QFD helps to define all the needs of the client in a structured, complete and
precise way. The QFD-methodology provides a systematic way to collect and
identify all the client’s wishes in an early stage of the design. If executed well
this guarantees an optimal design. QFD also helps to trandate the client’s
wishes into design parameters.

- QFD leads to a better communication throughout the project. It ensures consis-
tency between the design phase and the construction phase because it provides
an overview over the whole project and enables designers as well as construc-
tors to see each other’s dependency (2.3). Hereby the problems of the current
situation (alack of integration between the parties which leads to problems due
to constructability of the design, delays trough incomplete designs, rework,
etc.) can be solved.
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- QFD helps to reduce development time and prevents uncertainty through early
identification of the client’s wishes. Because design teams know exactly all the
client wants from the beginning, they reduce the cycle time and less redesign is
required. During the construction phase an adapted type of QFD can be used
for the surveillance of the work. It guarantees the quality assurance while miti-
gating the surveillance.

Opportunities

- QFD can be used as aranking mechanism in the tender stage of integrated con-
tracts. It ensures that the contract with the best value/cost performance will be
chosenin alega way.

- QFD can be used for product development and as a marketing tool. Thisisvery
important for suppliers in a bottom-up supply driven market. Producers (sup-
pliers) put their product in the market and look for ways to make it better. QFD
perfectly facilitates continuous product improvement with emphasis on learn-
ing and on innovation.

6.2 Limitations

When working with QFD in the BC industry it is important to take note of the
limitations of this method in order to plan in advance the necessary corrective ac-
tions. Generaly, literature distinguished two classes of limitations that have been
experienced in projects: Limitations due to the philosophy of QFD are called
global limitations and limitations according to its practical implementation are
called application-specific limitations.>®

Global limitations

The main issue for increasing the client satisfaction in QFD is quality. Focusing
on the primary issue this technique lacks in terms of connections to budgetary is-
sues, scheduling and technology constrains of the project or other company spe-
cific limitations. The analysisis carried out as if there were unlimited resources.
Furthermore, the strategic long-term objectives of the organisation are not con-
sidered in the methodol ogy.

The development of the House of Quality is rather based on subjective judg-
ments than on clear facts. This may lead to subjective decisions and could reduce
the reliability of this method reflecting the preferences and judgment of the team
responsible for the QFD implementation.

The fact that many projects in the BC industry are carried out by more than one
stakeholder is a risk to the success of QFD applied before or during the design
stage in such projects. Therefore QFD can rather be applied in projects where
one stakeholder is responsible for every phase of the project within a DB con-
tract, in repetitive kind of projects or in reconstruction projects.

A lack of cross-functional communication in concurrent working environments
can aso lead to a failure of the implementation of QFD. This method should
rather be applied in companies where the whole company philosophy tends to be
aware of quality issues and aspires to continuous improvement.>

Application-specific limitations
The poor definition of the customers' needs plays a mgjor role in projects where
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QFD should be implemented. In most of the cases the customer is known from
the beginning of the project on but the awareness about this problem is missing.
In projects where the construction is built and sold afterwards even the definition
of the customer is difficult and could have a significant influence on the output
of the QFD. Another important limit is the fact that it takes alot of time and hu-
man resources to build the QFD matrices. A team working on the House of Qual-
ity should consist of experts who have sufficient knowledge about QFD as well
as about technical issues and quality standards.

Ahead of the limitations mentioned before there are a lot more challenges for
teams working on the implementation of QFD: reducing the number of clients
needs to a reasonable amount, choosing the right technical specifications and de-
ciding on the right relations between them and finding the right design targets.
All of these tempt team members to bring subjective decisions into the whole
process. To prevent misunderstandings and miscalculations it would be worth-
while to computerize the process. To provide a more objective and precise ap-
proach, various quantitative methods such as analytical hierarchy process, artifi-
cial neural networks and fuzzy logic can be combined with QFD.>

6.3 Recommendations

One of the reasons why QFD isn't a common tool in the BC industry yet is that
most stakeholders are not aware of its existence. In order to bring QFD under at-
tention and to make it more common sense to use QFD, it would be worthwhile
to educate people in this direction. If QFD is included in the BC education pro-
grammes, people will be aware of it and will use it in the future. This can be of-
fered at the job trainings and seminars from outsiders and education at universi-
ties. It gives students a better view on the value management and teaches them
some analytical skills aswell.

Another practical problem could be the length of the process and the size of the
matrices. Some additional time in the planning process would be necessary to
deal with all the information necessary for completing the house of quality. It
would be much easier if there where some QFD computer applications and there-
fore we recommend the development of QFD software, in order to make the
process more effective and less complicated for users with less background
knowledge. The software has to be exclusive for the BC industry and one of the
final objectives should be its implementation in a dynamic BIM (Building In-
formation Model).* To reduce general limitations the reliability of the model
would be more promising if the model produces solutions that also consider cost
and schedule constraints. It would be an interesting research topic to investigate
how these cost and schedule constraints can be added to the QFD methodology.
Overal the most important is to get a lot of experience in practice and to learn
from it. A significant jump forward is expected towards the required changes
within the BC industry, by spreading and improving the knowledge of the im-
plementation of QFD in BC projects.
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