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ABSTRACT

Market demand for housing changes over time, in response to the wants and needs of both
individuals and society. Changes in socio-demographics highlight the emergence of non-traditional
households in Canada and influence the configuration of a house (or product) which meets buyers’
individual requirements. In turn, this affects the design approach (or process). At the same time,
' society today requires sustainability in housing development, since building a house consumes large
amounts of energy during construction and after occupancy.

Technology that improves the cost and performance of housing has advanced over time.
Although some innovative design and construction systems (or approaches) that attempt to meet
societal and individual demands for housing are available in today’s market, homebuilders tend not to
apply unfamiliar approaches to their housing developments, since their business operation is often
based on convention. Another reason, which inhibits a builder's adoption of new housing technology,
is the extra cost required for seeking and analysing information. Thus, the homebuilders’ decisionf :
making processes for the adoption of ‘familiar’ and ‘unfamiliar’ design and construction systems (or
housing systems) which affect the configuration of housing need to be well programmed.

Accordingly, this study, composed of four parts, focuses initially on identifying housing market
trends and issues in Quebec, as well as introducing the new concept of mass customisation that
encourages homebuilders to standardise parts of a house—i.e. the creation of mass custom homes.
Then, in consideration of this new concept, as well as a value analysis approach that helps facilitate
homebuilders’ buying decisions, it proposes a choice model for the design and construction
approaches to the delivery of ‘lower-cost and higher-performance’ housing. Thirdly, to assess its
practicality, the proposed decision-making model is demonstrated in collaboration with a selectéd

homebuilder in Quebec. Finally, the results of this study are discussed in depth in order to identify



future research opportunities.

In view of the demonstration project conducted in this study, the author concluded that the
proposed ‘choice model’ could function effectively as a practical decision-making support tool (or
system) that helps open the door for homebuilders to generate and select alternatives that aid them to
produce lower-cost and higher-performance housing. As a consequence of programming the
homebuilders’ buying decision-making process, the goal identification uncertainty and goal/purchase
matching uncertainty, which often hinder their adoption of unfamiliar, innovative housing systems,

could be reduced, or eliminated.



RESUME

La demande de logements change au cours du temps et ce, en reponse aux souhaits et besoins tant
des individus que de la société. Les changements sociodémographiques soulignent Papparition de
foyers non traditionnels au Canada et influencent la conception d’une maison {produit) afin de
satisfaire les exigences individuelles des acheteurs. A son tour, ceci affecte 'approche (procédure)
de design employée. En méme temps, la société d’aujourd’hui exige des développements
résidentiels qui requiérent la soutenabilité puisque de grandes quantités d'énergie sont utilisées
durant la construction et suite a I’yoccupation des maisons.

La technologie permettant d'améliorer le coit et ia performance dans Pindustrie de 'habitation
a progressé-au cours du temps. Malgré la disponibilité de systémes (approches) novateurs de design
et de construction qui tentent de satisfaire les exigences sociales et individuelles en matiére
d’habitation, les constructeurs n'ont pas tendance a appliquer des approches inconnues a leur
processus de développement résidentiel, puisque la gestion de leurs opérations d’affaires étant
souvent fondée sur le conventionnel. Une autre raison, qui enirave I'adoption des nouvelles
technologies, est le colt supplémentaire associé & la recherche et & I'analyse d'information. C'est
pourquoi les processus décisionnels des constructeurs de maisons pour I'adoption de systémes de
design et de construction (systémes d’habitation), familiers et moins familiers, ayant un effet sur la |
conception de logements doivent étre bien programmes.

Dans ce cadre, cette étude, comprenant quatre volets, porte dans un premier femps sur
Videntification des tendances du marché de ’habitation au Québec et des questions découlant de ce
dernier, ainsi que sur l'introduction du nouveau concept de mass customisation qui encourage les
constructeurs de maisons a standardiser des éléments d’une maison, c’est-a-dire, a la création de

logements personnalisés en masse. Dans un deuxiéme temps, en tenant compte de ce nouveau
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concept, ainsi qu’une approche d’'analyse de valeur qui facilite la prise de décisions des constructeurs
lors de leurs décisions d’achat, cette étude propose un modele de choix pour des approches de
design et de construction a la livraison de maisons de codt réduit et d'une performance élevée.
Troisiémement, dans le but d’évaluer sa praticabilité, une démonstration de F'application du modéle
de prise de décision proposé est présentée en collaboration avec un constructeur choisi au Québec.
Finalement, une discussion approfondie des résultats de cette étude suit afin d'identifier des
opportunités ultérieures de recherche.

Tenant compte du projet de démonstration effectué dans cette étude, auteur conclue que le
«modéle de choix » proposé pourrait fonctionner de facon efficace comme outil (systéme) pratique
d’appui au processus de prise de décisions offrant aux constructeurs de maisons la possibilité de
génerer et de sélectionner des alternatives qui leur permettent de construire des logements de
performance élevée a un colt réduit. Une conséquence de la programmation du processus
décisionnel d'achat des constructeurs de maisons consiste en ia réduction, voir I'annulation, des
incertitudes quant a l'identification du but et & adéquation entre ce dernier et l'achat, lesquelles

empéchent souvent 'adoption de systémes d’habitation novateurs inconnus.
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PART I

INTRODUCTION



CHAPTER 1: RESEARCH PROBLEMS AND OBJECTIVES

1.1. INTRODUCTION

The fundamental aim of this study is to show how one might improve the delivery process of
Canadian wood-frame houses, especially in Quebec. Such improvements may be realised by
introducing a new vaiue management approach fo housing development; an approach capable of
coping with economic and cultural realities resulting from inflation, energy shortages, changing world
development patterns, and new societal standards. Thus, sustainability in housing development
should be considered a normative question fo which this study seeks a solution.

In this chapter, the term sustainability will be defined by reference to a number of features of the
environmental movement introduced in the 1980s and 1990s. The meaning of sustainability in this
study will be identified, following the overview of today’s homebuilding activities that reflect the
industry’s cyclical nature, as well as some potential, state-of-the-art construction technologies toward
sustainable development that to some degree affect those activities, which are carefully defined as
" routines. According to a market survey of fifty-two housing manufacturers in Quebec, conducted by
the author, it was found that today’s homebuilders' rarely apply industrialised building systems to their
houéing developments, despite the relatively high in-factory completeness of their housing
components. The selection of research prob!ems, as well as the objectives of the research will be
also set forth in this chapter, presupposing that homebuilders are unlikely to considerably change

their cyclical mode of operation (or roufines) by adopting industrialised systems.

' In North America, there is no clear-cut distinction between developers and builders—the former essentially
means land developer that purchases land and carries out the necessary administrative procedures, while the
latter is responsible for obtaining the necessary building permits, planning the building work, ahd supervising the
construction (Friedman 1986:36). Therefore, for the purpose of this study, the terms such as developer and
builder are used synonymously and are replaced with the term homebuilder that acquires land with the intention

of building a housing project.



1.2. “SUSTAINABILITY” — DEFINITION AND ITS MEANING IN THIS STUDY

According to the Oxford English Dictionary, sustainability is defined as “capable of being borne or
endured”, “capable of being upheld or defended” and/or f‘capable of being maintained at a certain rate
~or level” The responses of individuals and companies, based on market considerations, fo
environmental sustainability in housing development have been widely studied. However; the term
sustainabilit_‘y is sometimes narrowly defined, understood with regards to only environmental
problems, such as ‘global warning’ and ‘acid rain’, caused by high-energy consumptidn, especially in
developed countries (Lee 1996:14). Thus, the notion of sustainable development should be
broadened to the point that it encompasses a wide range of social, economic and environmental
problems that require immediate, practical solution (D’Amour 1991:13).

In April 1887, the World Commission on Environment and Development (WCED), commonly
known as the Brundtland Commission after its chairwoman, published a report entitted Our Common
Future, and presented it to a special Plenary Session of the General Assembly of the United Nations.
The WCDE report, produced after 900 days of deliberation by an international group of politicians,
civil servants and experts on environment and development, made éeveral key statements on '

sustainable development. In the report, the WCDE (1987:43) defined it as:

“...development that meets the needs of the present without

compromising the ability of future generations to meet their own needs.”
The commission also explained that sustainable development contains two concepts:

1. The “concept of ‘needs’, in particular the essential needs of the
world’s poor, to which overriding priority should be given...”

2. The “idea of limitations imposed by the state of technology and
social organisation on the environment's ability to meet present and

future needs.”



From which, the WCED (1987:46) argued that;

“Sustainable development is a process of change' in which the
exploitation of resources, the direction of investments, the orientation of
technological development, and institutional change are alf in harmony
and enhance both current and future potential to meet human needs and

aspirations.”

in 1992, the notion of sustainable development was given additional impetus at the United
Nations Conference on Environment and Development (UNCED) in Rio de Janeiro. Most recently, the
conceptual focus of sustainable development has tended to link the collective aspirations of the
world’s people for peace, freedom, improved living conditions and a healthy environment, with the
need to recongcile conflicting perspectives on the economy and environment, and on the present and
future. Diverse groups and institutions have taken ownership of the concept, projecting onto it their
own hopes and goals. Based on the extensive reviews of the diverse concepts and .definitions
concerning sustainable development, National Research Council (1999:23) developed a general

framework that links these groups’ “common concerns’ to their “differing emphases” on:

1. What is to be sustained,;

2. What is to be developed,

3. What types of links that should hold between the entities to be
sustained and the entities to be developed; and

4. The extent of the future envisioned.

Since publication of the WCED report, there has been much discussion regarding the meaning
of the term sustainable development, which can be considered as an oxymoron—sustainability and
development (D'Amour 1992:13). The explicit use of thé term development, rather than economic
growth, might lead to an assumption that sustainable development embraces the quality-of-life

concerns not necessarily reflected by annual estimates of production and consumption, or Gross



Domestic Product (GDP)—an indicator of the well-being and development status of nations.
Economic growth is commonly understood tc mean an on going expansion in scale of the physical
dimensions of the economic system; however, such activities cannot be maintained, let alone
- increased without adverse affects, on or from, the surrounding envjronment (D’Amour 1892:14). The
concept of sustainable development is vague and open to individual interpretation; thus, there has
been a gene“ral failure, or reluctance, to develép and establish the concept on any specific sound
theoretical foundation (Lawn 2001:17&20). in other Words, the concept put forward in the WCED
report is devoid of operational value; thus, specific parameters and guidance that would allow for
rational choices to be made, relative to goals, are lacking. These need to be developed.

For purpbse of this study, sustainable development will be redefined by reference to the
following quotations written by three selected proponents:

I. “...the reconciliation of society’s developmental goals with its
environmental limits over the long term™
Council 1999:22)

ll. “...an implicit recognition of desirable ends and limited means”
{Lawn 2001:21)

IIl. “...a relative concept which should be measured against the next

(National Research

best, or worst, alternative course of action” (D’Amour 1992:14).

Not surprisingly given what was stated above, while sharing common concerns, these proponents
advocate different means to achieve sustainability at different levels. The National Research
Council's approach to sustainable development focuses on recognising the interdependence of

environmental, social and economic issues, reflecting the spirit of the Brundtland Commission, which

2 This idea originally emerged in the early 1980s from scientific perspectives on the interdependence of society
and environment. It has evolved since significant advances in our understanding of this interdependence were

recognised (National Research Council 1999:2).



garnered increased political attention by putting forth a normative, rather than scientific question. On
the other hand, Lawn believes the ends-means spectrum provides the appropriate thecretical light in
which to view the concept of sustainable development, given that ecological macroeconomics
explicate the interdependent relationship between sustainability and development. D’Amour’s
approach to sustainable development seems to be most realistic, emphasising the importance of
developing some means of balancing our interests in the emphases on the entities that should be
sustained, and the entities that should be developed, by measuring the alternatives and narrowing
them to create a reasonable ‘choice set’. |

This study focuses on improving the quality of donﬁestic architecture, i.e. housing, relative to
significant and diverse social issues. Housing can essentially be seen “as a function of individual and
as a function of society” (Code 1992:42). Sustainable development is a matter of global concern,
posing social, economic and environmental problems, which the housing industry also needs to
address. In order to identify the industry’s role in tackiing these problems, the meaning of
sustainability in housing development will be analytically reviewed on a ma_croéconomic scale,
relative to our redefinition of sustainable develdpment in the last section.

The ancient Greeks referred to the household as the oikos (or ekos), from which English
derives two terms for household management: economics and ecology. This study reaffirms the
importance of that ancient insight: the economy and environment are intimately intertwined. In order
to answer specific questions; as to how that is so, an environmental-macroeconomic spectrum will be
reviewed as an aid in understanding the position of the housing industry with regards to sustainable
development. Some issues of interest will be identified with reference to the impact of today’s
homebuilding activities on our environment, and in response to those issues, general characteristics
of industrialised building systems and the significance of a value management approach will be briefly

introduced. Finally, the nature of the homebuilding industry will be clarified based on some literature



reviews, and the market survey of housing manufacturers conducted by the author, will be revealed.

1.3. AN ANALYTICAL REVIEW OF THE HOUSING INDUSTRY TOWARDS SUSTAINABILITY

Development recognises a society’s desire to attain a set of desirable goals and objectives, while
sustainability acknowledges that, in striving to attain such goals, society is constrained by the
existence of limited means that compel humankind to make ‘choices’ which, in turn, demanql human
valuation. Thus, the questions may extend simply to what valuation should be placed on limited
means, what criteria should be employed to rank and prioritise ends, and what choices should be
made in allocating scarce rheans. Specific parameters and guidance help determine the extent fo

which humankind progresses or develops toward sustainable development (Lawn 2001:21).

1.3.1. AN ENVIRONMENTAL MACROECONCMIC SPECTRUM

The concept of the “ends-means spectrum” méy help us understand the position and role of the
housing industry in view of environmental macroeconomics® {(Fig. 1.1). Originally, the ends-means
spectrum was envisioned by Herman E. Daly, based on his concept of the “steady-state economy”,
which was defined as “...an economy with constant stocks of people and artefacts, maintained at
some desired, sufficient levels by low rates of maintenance “throughput’...” (Daly 1991:17). The
ends-means spectrum is composed of four basic categories: Ultimate Means, »Intermediate Means,
Intermediate Ends and Ultimate End. Each intermediate category in the spectrum is an end with
respect to lower categories, and a means with respect to higher categories. According to the first law

of thermodynamics, matter-energy is neither created nor destroyed—*The rest of the world is a

3 “Environmental economics” is considered as a new domain of economics, whose theoretical focus is on prices.
However, the key issue is how to internalise external environmental costs to arrive at prices that reflect full social
marginal opportunity costs (Daly 1996:45).



source for its input of matter-energy and a sink for its output” (Daly 1991:15). However, the flow-
through, or throughput, of matter-energy is “entropy” in nature; thus, there is no substitute for
matter-energy itself (Lawn 2001:21). It is apparent that the fund of physicai and human capital has
some important relations with the rest of the world (Daly 1991:15). Thus, matter-energy (natural
capital) is the fundamental stuff of the universe, without which humanity cannot produce and maintain
the human-made capital (intermediate means), including houses, cars, televisions, food, clothes, and
so forth-—the things required to satisfy human needs and wants (intermediate ends). Moreover, the
ultimate end is seen as “that which is intrinsically good in and of itself and does not derive its value
from being instrumental in achieviﬁg some other end” (Daly 1991:19).

A géneralised vision of modern economics, especially macroeconomics, may be realised using
a circular flow diagram of production and consumption (Fig. 1.2). The macro-economy, so conceived,
is considered as an “isolated system,” in which exchange values circulate between firms and
households responsible for the majority of production and consumption decisions, in a closed loop
allowing for no exchanges of matter or energy with the environment (Daly 1996:47). Daly indicates
that according to this model, aggregéte production in the standard macro-economy can be “...written
as Y =f (K, L), i.e., output is a function of capital and labour stocks. Resource flows (R) do not even
enter! Nor is any waste output fiow noted.” However, if the micro-economy is seen as an “open
system” rather than an “isolated system,” the issue of its relationship to the environment will be taken

into consideration (Fig. 1.3).
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1.3.2. THE IMPACT OF HOMEBUILDING ACTIVITIES ON THE ENVIRONMENT

In Canada, the construction industry contributes greatly to the national economy. In terms of Gross

Domestic Product (GDP), 5.5 % of the total GDP (at basi§ prices) suweyed in March 2002 was

related to construction activities, a result 5.1% higher than the same month of the previous year

(Statistics Canada 2002a). Vital building activities bring labour into the workforce. In the year 2000,

815,600 employees (727,200 males and 88,400 females) in Canada were involved in construction

work—meaning that 5.5% of total employment in Canada was generated by the construction industry

(Statistics Canada 2002b). Undoubtedly, building activities considerably affect the Canadian

economy and vice versa. In 1997, estimates show that $37.4 billion, or 42%, of total capital

expenditures on consfruction went fowards residential building construction—$12.2 billion for.

detached houses, $1.1 billion for semi-detached houses, and $3.7 billion for apartments and row



houses (Statistics Canada 2002¢). The hbusing market in Canada has been vigorous over the past
few years. The total number of housing starts in 2001, was estimated at 162,733, and increased by
7.3% from the previous year. In Quebec alone, the number reached 27,682, a considerable increase
of 12.1% over the previous year (Table 1.1). This aggregate number of housing starts in Quebec can
be broken down into 17,193 detached houses (an increase of 12% from the previous year), 1,308
semi-detached houses (1.4% increase) and 869 attached houses (1.3% increase)b. These results also
indicate that detached housing remains the consumers’ predominant preference in housing types
available on the market in Quebec. Detached housing is often considered to be less energy-efficient
than semi-detached and row housing, due to the larger total area of external walls and roofs that are
exposed to the outside climate. Grouping or joining units, such as semi-detached and row houses, is
seen as one of the most effective ways of reducing energy consumption, since heat losses are limited

to two or three walls and a small roof (Cammaleri and Nicell 1997:31).

QUEBEC CANADA
Year Detached Semi-detached Row Totai Total
Housing Housing Housing

1981 14,231 2,419 485 29,645 177,973
1982 9,999 1,854 794 23,492 125,860
1983 22,167 3,877 1,186 40,318 162,645
1984 20,180 3,308 1,264 41,902 134,900
1985 18,442 2,654 2,325 48,031 165,826
1986 23,692 3,463 1,182 60,348 199,785
1987 31,430 3,288 1,837 74,179 245,986
1988 27,724 2,400 1,260 58,062 222,562
1989 24,493 2,609 1,017 49,058 215,382
1990 24,942 2,733 890 48,070 181,630
1991 22,531 4777 2,563 44,654 156,197
1992 18,564 3,823 3,184 38,228 168,271
1993 17,136 3,909 3,346 34,015 155,443
1994 18,414 4172 2,364 34,154 154,057
1995 13,428 2,264 1,046 21,885 110,993
1996 14,818 2,384 1,094 23,220 124,713
1997 16,073 2,767 1,433 25,896 147,040
1998 14,685 1,930 1,074 23,138 137,439
1999 15,798 1,586 1,184 25,742 149,968
2000 15,349 1,291 858 24,695 151,653
2001 17,193 1,309 869 27,682 162,733

Table 1.1: Housing starts by dwelling type in the province of Quebec, 1981-2001

(Source: Société d'Habitation du Québec 2001)

10




Energy is a daily necessity, providing for numerous essential services; however, in many
countries, vast amounts of primary energy is wasted due to inefficient designs for the transmission, or
conversion of energy into the services required (WCED 1987:168). As stated above, many primary
sourcés of energy are non-renewable: natural gas, oil, coal, peat and nuclear power. Others are
renewable, such as wood, plants, dung, falling water, geothermal sources, tidal, solar, wind and wave
energy, as well as human and animal muscle-power. Each has particular economic, health and
environmental costs, benefits and risks; thus, “choices must be made, but in the certain knowledge
that choosing an energy strategy inevitably means choosing an environmental strategy ” (WCED
1987:168). In response to changing social values, demands are being made of the housing industry
to use fewer resources, both to build and to operate structures, while builders are beginning to employ
resource saving strategies as marketing tools (Friedman et al. 1993:3). Housing is constructed with,
and operates on products from the surrounding environment. Thus, it is regarded as a major
consumer of natural resources in the building stages, as well as a major consumer of energy or matter
in the occupancy stages—‘housing is an environmental industry” (D’Amour 1991:16). Housing
developments should be generated with consideration of environmental issues, and this may affect
the way of building homes of tomorrow (Tabie 1.2).

Inevitably, building a house yields large quantities of waste materials. Wood, drywall and
cardboard make up between 60% and 80% of job-site waste, and are considered to be the
predominant waste materials of residential construction. Secondary waste materials include shingles,
concrete and fibreboard. Even in small quantities, fibreglass insulation, carpet scrap, Kraft paper,
l sheathing, aluminium siding, vinyl siding, copper wire, PVC pipe, plastic buckets, aluminium duct-
work, foam packaging, plastic sheeting or bags, steel banding, paint cans, and flooring scrap may
become waste materials at the end of construction. Brick, block and asphait shingies are often

present in significant volume, and hazardous wastes are generated from painting, sealing, staining
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and caulking (Table 1.3).

ELEMENTS OF ONGOING
ENVIRONMENTAL STRESS

RELATIONSHIPS WITH THE CANADIAN HOUSING SECTOR

* Inter/intra-urban transportation
-Residential energy

Efficiency per capita
* Floor space/person

GLOBAL ISSUES COMMUNITY PLANNING HOUSING-SPECIFIC ISSUES

ISSUES
ENERGY

- Climate changes -Soft energy paths - In-house energy efficiency

- Airfwater/land poliution * Renewable, * Behaviour

- Competing uses * Decentralised * Technology

- Diminishing Resources * Supply systems - Energy intensity of building

' -Energy efficient urban planning materials
* Buildings * Wood, steel, cement, etc.

- Energy intensity of
Construction, renovation and
demolition

* Prefabrication
* Reduce, reuse, recycle

WATER

- Pollution and consumption
- Climate change

- Competing uses

- Diminishing resources

-Adequacy of municipal
waterworks and wastewater
systems
* Urban runoff

wastewater, sewage
* Government financing
* User-pay principle

- In-house water efficiency
* Behaviour
* Technology

- Landscaping
* Plant species

LAND

- Land degradation
* Deforestation
* Loss of fertility
* Toxic and municipal waste
* Contaminated land
- Land use change
* Agricultural to urban
* Wilderness to recreation
- Climate change
- Competing uses
- Diminishing resources

-Urban sprawl
-Urban intensification

* Infill housing, granny flats, etc.

* Accessory apartment,
home-sharing, etc.
~-Urban growth areas
* Demographics
* Satellite cities
* Growth centres

- House type
* Adaptability
* Flexibility
- Residential construction waste
* Reduce, reuse, recycle
- Household solid waste
* Reduce, reuse, recycle

Table 1.2: Selected key issues surrounding the sustainable housing development

(After D’Amour 1991)
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MATERIALS WEIGHT VOLUME
(in. pounds) (in cubic yards)

Solid sawn wood 1,600 | 6
Engineered wood 1,400 5
Drywall 2,000 5
Cardboard 600 20
Metals 150 1
Vinyl (PVC)* 150 1
Masonry** 1,000 1
Hazardous materials 50 -
Others 1,050 11
Total 8,000 50

* Assuming three sides of exterior clad in vinyl siding
** Assuming a brick veneer on home’s front facade

Table 1.3: Typical residential construction waste estimate for a 2,000 square-foot house

(After Smart Growth Network 2002)

In the occupancy stage, housing also requires significant energy inputs to operate a variety of
products. Energy is used in dwellings for space heating and cooling, heating water, and operating
* appliances and lights. With regard to the consumption of electricity, in 1999, residential end-uses
accounted fo'r 27%, or 479.8 PJ of total energy demand (1,753.6 PJ) in Canada (Statistics Canada
2002d). Furthermore, Natural Resources Canada (NRCan 2002) reported that in residences,
between 1990 and 1997, the share of natural gas consumed increased 14.3% for space heating and
16.7% for water heating. The increases were explained by the wider availability of natural gas and
lower prices in comparison with electricity prices. The use of oil for space heating decreased by 4.3%
while electricity’s share also fell by 14.5%. It is known that more than 80% of residential energy is
used for space and water heating, with the remainder of residential energy use going to operating
appliances, lighting, and space cooling. Energy éonsumption often resuits in the emission of
Greenhouse Gas (GHG); from 1990 to 1997, the GHG emissions associated with water heating
increased 8.2%, with appliances increasing by 1.9%, and lighting increasing by 12.9%, while GHG

emissions associated with space heating decreased by 4.9% (Table 1.4). NRCan (2002) explained
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efficiency had been improved over the past years, largely because of improvements in the efficiency

of space heating and appliances.

In addition, energy demand in the residential sector increased moderately over the 1990s, and

the market share for electricity is projected to increase from about 35% in 1997 to 41% in 2020

(NRCan 2002). On the other hand, the share for natural gas may fall 6% and this shift reflects major

energy-efficiency improvement mainly for space heating, because of the impact of initiatives such as

the introduction of new standards, more stringent existing standards and the

housing and appliances stocks.

Total Energy Use {PJ)
Energy Use by Fuel Type (PJ)
Electricity
Natural Gas
Heating Qil
Wood
Propane
Coal and Other

Energy Use by End-Use (PJ)

Space Heating

Water Heating
Appliances

Lighting

Space Caooling

Activity

Total Floor Space {million m?)

Total Househalds (housands)

Energy Intensity (GJ/im®)
Energy Intensity (GJ/household)

Total GHG Emissi

including Efectricity (Mt}
GHG Emissions by Fuel Type (Mt)
Electricity
Natural Gas
Heating Oif
Wood
Propane
Coai and Other

GHG Emissions by End-Use (Mt)
Space Heating

Water Heating

Appiiances

Lighting

Space Caoling

GHG Intensity {tonna/TJ)

Total GHG Emissi

Excluding Electricity (Mt}
GHG Emissions by End-Use {ait}
Space Heating
Water Heating
Appliances
Lighting
Space Cooling

GHG Intensity (tonne/TJ)

resulting changes in

Totai Growth

1890 1891 1982 1983 1984 1995 1896 1997 1998 1998 90-99
1,300.7 1,286.8 13174 1,366.3 1,385.0 1,363.7 1,450.8 1,3%4.1 1,281.3 1,327.8 1.4%
467.4 465.8 476 476.7 478.4 4738 436.9 4842 465.6 478 1.8%
528.4 531.8 5533 593.5 631.5 630.5 €96 648.1 577.8 609.3 15.3%
186.4 162.2 166.5 1725 163 138 158.9 1474 126.1 131 -29.7%
10587 104 101.2 109.8 108.3 104.86 102.7 °9 97.8 9.3 -6.1%
19.9 21 184 12.1 12.3 14.5 14.2 13.8 124 10.5 -47.2%
2 2 2 1.8 15 23 23 - 2 1.7 1.7 ~15.0%
788.7 7729 801.6 835.4 B48.1 8231 889 8437 733 770 -2.4%
2N 267.4 2708 2798 2903 284.8 301.4 2043 288.9 206.9 9.6%
180.3 184.5 186.7 180.8 194.1 191.2 195.1 190.9 191.1 190.6 0.2%
54.4 53.7 552 548 56.6 56.6 58.5 58.7 58.5 60.1 10.5%
5.3 84 31 55 59 8 6.8 6.6 9.8 10.2 92.5%
1,264.7 12920 13174 1,340.8 1,366.4 1,388.2 1,408.3 14613 1,4854 15113 18.5%
10,232 10,530 10,716 10,918 11,082 11,271 11,448 11,806 11,680 11,862 15.9%
1.04 1.00 1.00 1.02 1.02 0.98 1.04 0.96 0.86 0.88 -15.4%
128 122.2 122.9 125.1 125.9 121 1278 1201 109.6 111.8 -12.6%
69.7 66.9 3.7 §8.9 69 68.4 729 72 63.1 69.7 0.0%
26.2 251 267 238 233 24 238 263 288 27.4 4.6%
26.4 285 276 205 309 313 345 321 288 30.2 14.4%
137 11.9 122 127 12 10.1 1.7 10.8 82 86 -29.9%
1.8 1.9 1.9 2 2 19 1.8 1.8 1.8 1.8 -5.3%
1.2 1.3 1.1 o7 0.7 [18:] [cX:] 0.8 0.7 08 -50.0%
0.2 0.2 02 02 0.1 0.2 0.2 02 0.2 0.1 -50.0%
408 38.4 414 419 419 40.8 44.9 427 374 389 -4.9%
14.7 14.2 146 144 14.7 146 153 154 15.9 15.9 8.2%
10.7 8.9 10.5 8.5 9.4 9.7 9.5 10.3 1.7 10.9 1.9%
3.1 29 31 27 28 29 29 3.2 36 35 12.9%
0.3 0.5 02 03 03 0.4 a3 0.4 08 0.6 100.0%
53.2 52 529 504 405 50.2 48.9 518 53.9 525 -1.3%
434 41.8 428 451 45.8 44.4 481 457 40.5 424 -2.3%
34.3 3249 338 35.4 357 348 38.4 35.3 303 32 -8.7%
89 87 88 8.5 93 8.6 10.4 10.2 10 10.2 14.6%
0.2 0.2 0.2 .02 0.2 0.2 02 0.2 0.2 0.2 0.0%
0 0 o [ [ 0 0 [} [ 0 -
] 0 ] 1] o 0 a 0 [} Q -
331 325 326 33 328 326 336 328 318 319 -3.6%

Table 1.4: Residential energy use and GHG emissions by fuel type and end-use

(After Natural Resources Canada 2002)
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1.3.3. “CHOICES” OF BUILDING SYSTEMS FOR ENVIRONMENT AND DEVELOPMENT

To a certain degree, the application of new homebuilding technologies affects the major factors,
such as cost, quality and time, which homebuilders normally consider when generating housing
projects (Lee 1996:15). In 2001, the author surveyed 12 industrialised building systems that are
avéilable on the North American market. The systems selected, whose base material is concrete,
were analysed in terms of the technical performance including thermal resistance, water-resistance,
sound transmission and fire-resistance, as well as the ease of assembly, durability, adaptability to
local conditions, product cost, and construction time. Moreover, the systems surveyed were classified
into seven systems: stabilised-earth interlocking block, insulated wood-cement block, Expanded
Polystyrene (EPS) insulated concrete form, Poly Vinyl Chloride (PVC) block concrete form, PVC
extrusion concrete form, cement-base insulated sandwich panel, and EPS insulation core composite
concrete panel. Each product has its own strengths and weaknesses. For instance, PVC block
concrete forms (including rigid insulation that easily achieves R-22) may perform better, in terms of
water and thermal resistance, when compared with insulating wood-cement blocks. However, wood-
cement blocks, which achieve as much R-value as walls composed of 2X6 wood studs with fibreglass
batt (i.e. R-20), are made from 85% recycled waste wood and 15% Portland cement, thus, responding
well to environmental demands for use of resource-saving materials and energy-efficient building
systems. This example shows that the selection of a building system applied to housing development
has to be carefully made based on the homebuilder's own requirements for the project and that such
‘choices’ should be made with due consideration given to environmental impact and sustainable

development (Friedman and Noguchi 2001:52).
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1.3.3.1. INDUSTRIALISED BUILDING SYSTEMS

Industrialised building systems, which affect the characteristics of housing, can be classified into two
general types: product-oriented and process-oriented. The former type includes industrialised
building systems using innovative building products (structural parts and components) to build a
house at the construction site in accordance with the company’s technical specifications—e.g. all of
the aforementioned industrialised building systems and OSB Structural Insulated Panels (SIP). The
latter type includes the industrialised systems that basically use conventional materials and methods
(i.e. in Canada, wood and light-frame construction methods). However, an industrialised process-
oriented construction process differs from conventional processes to the extent that most of the
housing components are pre-cut and/or pre-assembled in a factory. This type of industrialised
homebuilding systems can be referred to as “factory-built housing,” and includes pre-engineered,
panellised, modular and manufactured (mobile) homes (CMHI 2002). According to the CMHI's
definitions, a “pre-engineered home” implies a house composed of a package of materials that are
factory-cut to design specifications, with the pre-cut materials transported to the building site for_
assembly. In general, the major prefabricated building components inciude framing materials, doors,
windows, roofing, siding, interior wall partitions and sub-flooring. A “panellised home” is a home
comprising wall panels that ére either “closed” orv“open” * and the panels are shipped to the building
site for assembly. Panellised homes are designed and built to the CSA Standard A277, as well as to
the National Building Code of Canada (NBCC) or the mandated provincial code requirements (CSA
International 2001:6). As well, a “modular home” is a factory-built home that is designed and built to

the CSA Standard A277 and the NBCC or the mandated provincial code requirements (CSA

* A “closed” panel is a complete set of a factory-built wall panels in which windows, doors and siding are already
installed, while a “open” panel is a wall panel in which only studs and plates are nailed together and sheathing
may be attached to one side (CMHI[ 2002).
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International 2001 :6)’. Modular homes are typically shipped to the buildiﬁg site in two or more sections,
and may or may not have a longitudinal frame. Today, a “mobile home” is called a “manufactured
home” and is built to the CSA Standard Z240 (CSA Internationat 2001:2). Manufactured homes may
be constructed in one or more sections and are complete when leaving the factory except for
incidental assembly on site. In addition, manufactured homes are typically built with an integrated
frame that allows them to be placed on a surface-mount foundation.

Factory-built housing can be built fo the R-2000 Standard, known as one of the highest
standards for energy performance in Canada and developed by Natural Resources Canada in
partnership with the Canadian Home Builder's Association (CHBA).® Because of their process-
oriented nature, a renewable primary resource, such as wood, can be fully used for the structural
frames of factory-built housing, in which conventional light-frame construction methods that most
homebuilders are familiar with are usually applied. Furthermore, the system may require no special or
technical effort for renovation of the house after the occﬁpancy, and the tools and materials that are
needed for the improvement of conventional site-built housing are applicable. Thus, in comparison
with the product-oriented industrialised building systems whose construction methods usually differ
from the conventional, the process-oriented industrialised building systems (i.e. factory-built housing)
may be more applicable to housing developments in which wood light-frame construction methods,
that all housing participants including builders and buyers know about, are preferred.

In much of the literature, the advantages of factory-built housing are said to be the lower and
more predicable cost, better and more standardised quality, and faster and more punctual

construction, when compared with those of site-built housing (Table 1.5).

® in collaboration with CMHC, CHBA also developed affordable, energy-efficient housing called the “Charlie
House” and this home was built to the R-2000 Standard in order to demonstrate affordability, adaptabiiity and

energy efficiency (CMHC 1891a:30).
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FACTORY-BUILT HOUSING

hazard

POINT OF SITE-BUILT
COMPARISON HOUSING Pre- Panellised Modular Manufactured
engineered
Relative cost per Highest High Intermediate Low Lowest
square foot
Ability to forecast Low Low Moderate High Highest
costs
Speed of completion Slowest Slow Some speed in Faster Fastest
basic structure

Design flexibility Unlimited Siightly limited High Moderate Low
Degree of delivered None Slight Moderate Very Most complete
completeness ‘
Exposure to site Complete Very high Some Low Minimal

(After Hullibarger 2001)

Table 1.5: Comparison of site-built and factory-built construction methods

As with site-built housing, the minimum levels of quality and functionality of factory-built

housing, regarding the occupant’s health and safety, are ensured by the NBCC. In addition, product

quality can be further maintained by the CSA Standards, within which the manufacturers are certified

to meet the following requirements:

1. Plant quality programme: to ensure that the quality programme and

design procedures provide for compliance of the products with

applicable technical requirements on a continuing basis;

2. Product: to ensure that the in-plant construction of the product

complies with the applicable technical

International 2001.2).

requirements (CSA

This quality programme, which covers the CSA Standard A277 and Z240, may make factory-built

housing more reliable than site-built housing.

In contrast, the quality of site-built housing is more open to question. The house under

construction can be rained on, with uncovered lumber, plywood, insulation and other susceptible
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materials being soaked or blown around dpring bad weather. Such on-site nuisances naturally
degrade the quality of site-built housing. In addition, site-debris piles from packaging, wrapping paper
and material scraps, present builders and their insurers with additionai worries because of potential
liability due to injury in case people, especially children, are injured while exploring or playing on, or
near, partially built homes (Hullibarger 2001:12). Theft and vandalism at the building site must be also
taken into consideration, because building materials are normally left on-site overnight. Damage or
loss of building materials from malicious acts, as well as bad weather is inherent in site-buiit
construction. Huilibarger (2001:12) suggests that the application of industrialised building systems
could help reduce or eliminate some of these site nuisances affecting construction cost, quality and
time— which, in turn, would also contribute fo a reduction of waste and other negative impacts on the

environment.®

1.3.3.2. THE LEVEL OF INFLUENCE AND VALUE MANAGEMENT

Industrialised building systems can be applied to housing development, only if homebuilders, who
generate and supervise the project, prefer their use to more traditional site-built construction. Such
decisions are the result of a process consisting of a series of actions and choices over time, through
which homebuilders evaluate the new system and decide whether or not to incorporate it into ongoing
practice (Rogers 1983:163). This process, which is carried out by an organisation rather than an
individual, has to deal with the uncertainty that is involved in deciding about a new alternative to those
construction processes that the organisation has previous experience with.

The selection of a building system determines, to some degree, the characteristics of housing

®in fact, these advantages were drastically demonstrated at the 1996 NAHB International Builders Show, in
which fwo identical 2,600 sq. ft. houses were constructed—one using panellised construction and the other site
built. The results revealed that panellised housing showed a 16% saving in labour and material costs, and used
approximately 25% less wood fibre. As well, the shorter construction time enabled homebuilders to complete a

house faster; thus, it results in savings on interest and financial costs.
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and its production process. Therefore, the selection should be made carefully, in the early phases of
a housing project because the choice will greatly influence project costs to which most homebuilders
are highly sensitive. Normally, based on the cost estimate, they will proceed with interim (and
permanent) financing’ that is dependent to some degree, on the construction time. This “level-of-
influence” concept, describing the interrelationship between the level of management and costs over
the life of a project, has been well understood in the construction industry for many years (Barrie and

Paulson 1992:177) (Fig. 1.4).
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Figure 1.4: Level of influence on project costs

(Source: Barrie and Paulson 1992)

7 Interim financing is also called “bridge” financing and is short-term, one to two years. On the other hand,
permanent financing is long-term, five to twenty five years, and typically takes the form of mortgages extended
through a mortgage company—in general, 75% of the project costs can be loaned (Sternthal 1993:25).
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The lower portion simplifies the life of a project to a three-activity bar chart consisting of. (a)
engineering and design, (b) procurement and construction; and (c) utilisation or operation. The upper
portion plots two main curves. The curve descending from the left-hand ordinate shows the
decreasing level of influence of decisions being made, whereas the ascending curve indicates
increased expenditures. This chart indicates that although actual expenditures during the early phase
of a construction project (i.e. primary and detail design stages) are comparatively small, decisions
and commitments made during this period have far greater influence on what Iater expenditures will
be (Barrie and Paulson 1992:179). The bar chart and both curves are plotted against the same
horizontal abscissa: project time.

To facilitate design choices regarding building materials and systems, value engineering® is
one of the readily available, rational value management techniques that couid be practised in the
early phase of a construction project. Also, it is said that value analysis in design and construction
helps realise potential savings of 1 to 3% on total budget, 5 to 10% on large facilities and 15 to 20% on
high-cost areas in a construction project (Barrie and Paulson 1992:355). Dell'isofa (1997:xxi), on the
basis of a survey, identifies the most significant domains where the search for savings can be
directed: the advance in technology (23%), excessive cost (22%), the questioning of specifications
(18%), redesign cost (15%), change in user needs (12%), feedback from user (6%) and design
deficiencies (4%).° This approach to vélue management emerged during World War I when
shortages of critical resources necessitated changes in methods, materials, and traditional designs.

After the war, the General Electric Company developed and implemented an organised value

8 Value analysis and constructibility analysis are generally considered to be similar to value engineering. Thus,
for purpose of this sfudy, these terms are used synonymously.

® An initial value-engineering program was conducted in 1965 by the United States Department of Defence to
determine the sources of opportunity for value engineering. The purpose of this study was to obtain an indication
of range and degree of application (of value engineering) from a sample of 415 successful value changes
{Delllsola 1997: ).
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analysis program for the industry and this technique was soon adapted by several other companies

and government agencies. Value analysis/engineering was defined as:

“an organized, creative approach which has for its purpose the effective
identification of unnecessary costs, i.e., costs which provide neither
quality nor use nor life nor appearance nor customer features” (Barrie
and Pauison 1992:355).

Furthermore, Dell'lsola (1987:xix) emphases the potential value engineering techniques, explaining
that the techniques “...can be used to achieve a number of objectives. They can save money; reduce
time; and improve quality, reliability, maintainability, and performance.” In addition, according to him,
value is a result of combined elements such as function, quality and cost, and these elements can be

interpreted by the following relationship:

VALUE = (FUNCTION + QUALITY)/ COST

In this context, function implies the specific work that a design/ item must perform, while quality is the
owner's, or user's needs, desires, and expectations. Finally, cost includes the life cycle cost of the

product. Thus, value can be considered to be:

“the most cost-effective way to reliably accomplish a function that will

meet the user’s needs, desires, and expectations” {Dell'lsola 1997 xix).

In practice, value engineering is an effective, systematic approach to design choices of building
materials and systems that sequentiaily determine the characteristics of the building itself, as well as
the construction process—which, in turn, influence environmental impact during construction and
after the occupancy of the building. In fact, the value engineering approach has been receiving much
attention from sectors of today’s construction industry that attach importance to design and
construction management in a project (Fig. 1.5). The application of value engineering techniques to

project management is {o help balance cost-quality-time trade-offs, in order {o achieve the objectives
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Figure 1.5: The challenges of construction

(Source: Barrie and Pauison 1992)

1.3.3.3. THE NATURE OF THE HOMEBUILDING INDUSTRY

There is, however, a tendency for homebuilders not to apply value-engineering techniques fo

managerial decision-making for design and construction systems. Typical homebuilding firms are

small, consisting of fewer than five employees (Fig. 1.6). Furthermore, the majority of firms produce

less than 100 homes per year. Sternthal (1993:27) indicates that the small size of these firms keeps
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their staff extremely busy and overwvorked.10 Individuals within firms must oversee most matters
related to the running of their business—i.e. administrative duties including the arrangement of
financing, advertising, project management, office management and numerous other tasks (Fig. 1.7).
As a result, the aggregate pressures of multi-tasking and of time-constraints present a significant
barrier hindering homebuilders from adopting and implementing new ideas (e.g. value analysis in
design and construction alternatives) in their business. As well, the nature of the homebuilding
process, often referred to as routines, contributes to homebuilders rarely applying innovative
construction technologies (i.e. industrialised building systems) (Sternthal 1993:27).

It is said that most homebuilders enter the industry with little knowledge of construction; but
with a profound understanding of ‘profit’, and try to manage their businesses in more efficient ways by
reducing overhead and by taking on most of the managerial responsibility (Sternthal 1993:39). As
mentioned above, the homebuilders’ activities quickly develop into roufines. However, these routines
have been streamlined to a point at which homebuilders achieve great ‘efficiency’ of their activities
(Roberts 1970:36). ‘Working drawings’ are extremely simplified because craftsmen know how to carry
out their task, based on traditional construction techniques. Housing ‘specifications’ are also brief,
because the designers know that craftsmen know how to fit materials together (Davidson 2001,
Roberts 1970:38). Furthermore, the nature of the homebuilding industry is characterised by the
“closed system” mode of operation, characterised by highly stylised and simplified communication
within the system (Fig. 1.8). On the other hand, communication between the system and its
surrounding environment (e.g. introduction of industrialised building systems) is relatively complex

and difficult, especially when the production and consumption cycle, based normally on conventions

1% 80% of the building firms have fewer than five fulllime employees in Quebec. The firms that produce 100 or
more homes are considered to be large, and constitute only about 1% of the Canadian industry; however, their
products cover almost 30% of new single detached houses built across the nation (Lee 1995:14).
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that exist in the homebuilding industry, needs to be considerably modified (Roberts 1970:38). Thus,
the nature of the homebuilding industry must be taken into consideration when applying industrialised

building systems that homebuilders are not familiar with to housing development.

Owner
Consultants:
engineer
lawyer
designer
Field )
Salesman Secre
superintendent Bookkeeper ecretary/

{one per project] receptionist

{one per project)

Figure 1.6: Organisational chart of a typical small homebuilding company

(Source: Eichier 1982)
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Figure 1.7: Homebuilder's administrative duties

(Source: Sternthal 1993)
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1.3.3.4. THE PRIME MARKET OF FACTORY-BUILT HOUSING IN QUEBEC

in order to identify market trends of factory built housing, the author randomiy selected thirty-eight
housing manufacturers in Quebec, whose products can be classified into one of the following
process-oriented industrialised systems: pre-engineering, panellised, modular, or manufactured.
However, some manufacturers among them also produce products for different systems (Appendix A).
The definitions of each type of factory-built homes have been given in section 1.2.3.1, above.
According to this market survey of housing manufacturers, the majority of pre-engineered housing
manufacturers regard both homebuyers and homebuilders equally as their prime customers. Five of
nine pre-engineered manufacturers surveyed answered that over 50% of their total annual production
are normally related to working with homebuilders. This tendency may also be seen in the resuits of
paneliised housing manufacturers, who market their products to both homebuyers and homebuilders.
Of those, nine of twenty-one panellised manufacturers surveyed answered that over 50% of their total
annual production are derived from orders placed by homebuilders. With the exception of one
company, all the modular housing manufacturers contacted still sell the majority of their products to
hdmebuyers, rather than homebuilders, having opportunities to carry out a lot of infill housing
developments, rather than subdivision developments. This tendency élso extends to manufactured
housing companies. Except for one company, the majority of the manufacturers regard private
homebuyers as their prime customers (see Table 1.6).

These results appear to indicate that the higher the in-factory completeness of housing
components of factory-built homes, the lower the marketability to homebuilders that normally
generate and supervise mass housing development. Thus, the majority of modular and manufactured
housing companies have fewer commercial transactions with homebuilders. These results also
reflect some important facts. First, the application of factory-built homes, whose in-factory

completeness of housing components is relatively high, may, to a considerable extent, affect the
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homebuilders’ administrative duties—especially the organisational framework of design and
construction. Second, such changes in project management vield a large number of uncertainties
concerning construction cost, time and quality. Homebuilders normally have a better understanding of
profit, than of construction technologies, as described in section 1.3.3.3. Thus, in practice,
homebuilders are unlikely to venture {o employ unfamiliar systems without being convinced that they
represent a worthwhile investment of time and resources. Finally, there is a doubt that the vaiue of
industrialised building systems is actually understood by homebuilders who rarely conduct value
analyses of design and construction alternatives.

In theory, modular and manufactured homes that achieve approximately 90% of in-factory
completeness have a great potential to produce high-quality homes at moderate price with less waste,
" as described in section 1.3.3.1. In practice, pre-engineered and panellised systems, achieving
approximately 40% of in-factory completeness, have already been accepted, to some extent, by
today’s homebuilders. These results suggest that homebuilders can apply some forms of factory-built
homes to their mass housing developments; however, the impact of using unfamiliar industrialised
systems on t‘he cycle of the homebuilding fndustry must be taken iﬁto consideratioﬁ. A value-
engineering approach, which will be unveiled in Part Il, may help homebuilders understand the value
of industrialised building systems in comparison to conventicnal methods. Value methodology may
facilitate the homebuilder's choice for a building system in order to produce homes that satisfy the

wants and needs of individual consumers, as well as the society.
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TYPE
OF
FACTORY-BUILT
HOUSING

NUMBER
OF
COMPANIES
SURVEYED

PRIME MARKET

Percentage of
Annual Sales

Homebuyers

Homebuilders

(%)

0

1-25
26 -50
51-75
76 - 100
0

1-25
26 -50
5175
76 — 100
0

1-25
26 - 50
51-75
76 — 100
0

1-25
2650
51-75
76 — 100

Pre-engineered 9

Panellised 21

Modular 20

Manufactured 8

Fjoi=lolo|=igiv=|ol=iNjo|Nla|vis ol s o
Sl=lo|=wjwl=ojw|nBlo|w o] s nfwiv o] -

TOTAL

Table 1.6: The prime market of factory-built housing in Quebec, June 2002

1.4. SUMMARY, HYPOTHESIS AND RESEARCH PROBLEMS

In 1987, the World Commission on Environment and Development (WCED)—commonly known as
the Brun.dtland Commission—advocated sustainable development, and published a report entitied
Our Common Future. As a result of this movement towards an ecology-cenired development
approach, and by putting forth a normative question of sustainability, the Brundfland Commission
successfully garnered increased political attention. In 1999, the National Research Council revisited
many issues addressed by the Brundtland Commission, and again laid a great deal of emphasis on
recognising the interdependence of environmental, social and economic issues surrounding

sustainable development. In the CMHC reports, D’Amour (1991:iii) also recognised that sustainability
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is a matter of concern in housing development that encompasses social, economic and
environmental problems, to which the housing industry should seek solutions. Also, he suggested
means of realising sustainable housing development, and explained the need for balancing differing
perspectives regarding what entities should be sustained, and what entities should be developed, as
well as a means of measuring the alternatives avallable from which to make a ‘choice’ (’Amour
1992:14). In view of environmental macroeconomics, Daly (1991:19) proposed an “ends-means
spectrum” in the 1970s, and indicated that standard macroeconomics concern only the relationship
between intermediate means and ends that represent a production and consumption cycle isolated
from considerations of the surrounding environment (natural capital). His “ends-means spectrum”
helps us to understand the position of various sectors within the housing industry towards sustainable
development—and the importance of giving thought to the notion of ‘energy efficiency’ and ‘resource
saving’ in housing development.

In practice, building a house consumes large amounts of energy during the construction, and
after occupancy. Moreover, there are tons of waste materials created in the process of housing
developrhent. Huliibarger (2001:12) suggested that less waste materials might be generated by in-
factory production than by on-site construction, because of site nuisances such as bad weather, site
disturbances, theft and vandalism. A review of the literature revealed that industrialiéation of housing
has a great potential to eliminate or reduce such site nuisances.

Based on the author’s survey, industrialised building systems (available on the North American
market) can be classified widely into two types: product-oriented and process-oriented. The
product-oriented industrialised building systems include stabilised-earth interlocking blocks, insulated
wood-cement blocks, EPS insulated concrete forms, PVC biock concrete forms, PVC extrusion
concrete forms, insulated sandwich panels, and EPS insulation core composite concrete panels.

These systems often require special construction materials, tools and skills for the on-site assembly.
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This implies that homebuilders may need to spend a great deal of time researching how to apply new
systems of housing development, or expend resources by hiring a technical supervisor to oversee the
manufactured aspects of construction.

According to the CSA standards, process-oriented industrialised building systems can be
sub-categorised into four general types: pre-engineered, paneliised, modular, and manufactured.
CMHI (2002) defines these homes as “factory-built housing,” however, these prefabricated homes
can be finished using conventional construction methods with which most homebuilders are familiar.
Structural elemenis of buildings manufactured using process-oriented systems are cut using
computer systems in a factory, rather than at a building site, with most parts and components
including doors, windows and cabinets, also being assembled in a factory. This in-factory production
process results in greater product quality from improved quality assurance and from greater control
over the amount of waste materials produced—which may be collected in designated bins within the
factory in order to recycle them and further reduce waste.

However, as the author's market survey of housing manufacturers in Quebec shows,
homebuilders tend not to apply industrialised building systems, whose in-factory completeness of the
components is relatively high, to their housing projects. in particular,‘ this fendency applies to modular
and manufactured homes, whose in-factory completeness of housing components is estimated at
approximately 90%. Unlike manufactured homes, modular homes comply with the same quality
standards as the panellised system, which many homebuilders have already applied to their housing
projects. In fact, 43% of panellised manufacturers surveyed stated that over 50% of their company’s
total annual production are usually related to housing projects generated by homebuiiders.

This chapter introduced the importance of the “level of influence® and “value engineering”
concepts. The level of influence concept indicateé that value management, for instance, should be

involved in the early phase of a project—implying that, on the first day, decisions by management
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have a great deal of influence over later project costs. Value engineering techniques function well as
value management tools, facilitating homebuilders’ decision-making processes for design choices,
and for the selection of building systems. According to the level of influence concept, those choices,
which a homebuilder must make in the early phase of a project, considerably affect the characteristics
of the house itself, as well as its construction process. These, in turn, help determine the levels of
‘energy efficiency’ and ‘resource savings’. However, there is reason to doubt that homebuiiders
exercise either significant foresight or managerial responsibility with regard to vaiue énalysis, when it
comes to design and construction alternatives regarding sustainable development. It is known that
the homebuilding industry operates according to routines, enabling homebuilders to work in very
efficient ways. These routines are particularly beneficial in influencing communications between
parties within a “closed system”, in which craftsmen know how to carry out their tasks and designers
also know that craftsmen know how to fit materials together (Davidson 2001, Roberts 1970:37). As
well, it was shown that most homebuilders have a more profound understanding of profit, than of
constrvuction technologies (Sternthal 1993:37). In short, the homebuilders operational system can be
characterised as highly efficient, slow o change, and as allowing risk to be significantly minimised.
In order to tackle the social, economic and environment problems surrounding today’s housing
development, this study focuses not only on microeconomic issues within the‘production and
consumption cycle at the level of consumer and industrial marketing, but also on environmental
issues related to sustainable development. Thus, this study takes sustainable housing development
into consideration, taking a view that includes environmental macroeconomics reflecting the needs

and wants of individuals, as well as of scciety.
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1.4.1. HYPOTHESIS AND RESEARCH PROBLEMS

Sustainability in housing deyelopment will be considered as a normative guestion with which this
study will concern. In order to answer this question, the author assumes as its hypothesis that the
application of industrialised homebuilding technologies to housing development improves today's
housing delivery process, which is currently baséd on routines that do littie to help find solutions to the
various problems associated with sustainabie development. This hypothesis is in part based on the
notion of an “ends-means spectrum,” which suggests that technology is one means of transforming
natural capital into human capital, thus, it plays an important rule in achieving sustainable
development. The theoretical benefits of industrialised building systems have been previously
articulated in the literature addressing this subject; however, in practice, few homebuilders consider
such benefits to be part of their managerial responsibilities within the closed system mode of
operation. Thus, they are reluctant to adopt industrialised building systems that may impact
considerably on their administrative duties, which are currently based on conventions (Fig. 1.9). In
particular, this tendency can be seen in modular and manufactured housing systems, whose in-
factory completeness of the componenfs is relatively high. Homebuilders have élready partially
accepted pre-engineered and panellised housing systems, which resulted in minor modifications of
their production and consumption cycle, when the industrialisation technologies helped increase
productivity (Fig. 1.10). Hypotheticaily, homebuilders could apply more advanced industrialised
building systems to housing development, but only if the decision-making process for the selection of
these systems is well programmed in advance, or readily available, and if the process makes no

tremendous impact on their closed system mode of operation.
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34



The selection of one or more building system(s) needs to be made in the early phases of a
construction project, as it considerably affects the characteristics of the housing and its production
process in balancing cost-quality-time trade-offs in the project. The trade-offs involved will, in turn,
influence the environmental impact during construction, and after the occupancy. However,
homebuilders, whose business is normally based on conventions and whose concerns are relatively
short-term, are not likely o take a systematic value analysis approach to the selection of advanced
building systems during the design stage. Thus, the absence of the homebuilder's ability to make
reasoned choices regarding such systems in the early phase of a housing project may be cbnsidered
a fundamental aspect of the normative question before us—Industrialisation in housing development.

The primary research problem for this study may be described as follows:

How can homebuilders in Quebec choose design and construction systems
fo generate more efficient (i.e. lower-cost & higher-performance) housing development

that contributes to sustainability?

The design of housing, in principle, very much affects its marketability; thus, design sysfems
need to be included in the research problem; so too some different approaches, such as speculative
design, semi-custom design, and custom design—that is to say those approaches that are already
applied by today’'s homebuilders. However, the design approaches need to be scrutinised in some
detail; therefore, they will be addressed at length in Chapter 2. In this context, construction systems
include industrialised building systems, as described in section 1.3.3.1. However, as our primary
concern is with sustainable housing, many currently popular, but unsuitable construction systems will
not be considered. In order to focus upon, and solve the primary research problem, this study instead
aims to develop a choice model that homebuilders can use to select design and construction

systems that help them generate sustainable housing development in Quebec.
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1.5. RESEARCH OBJECTIVES
As has been stated, this study aims to develop a choice model that couid help homebuilders decide
upon the design and construction systems that will generate sustainable housing developments in
Quebec. The proposed choice model will be directed mainly at reducing or eliminating the ‘goal
identification uncertainty’ and 'goal-purchase uncertainty’ often perceived by homebuilders in
their selection of a new product (and service). In addition, risk reduction will be of great importance in
establishing the new organisational framework between homebuilders and sub-trades. In this context,
housing manufacturers will be regarded as sub-contractors.
The objectives of this study can be summarised as follows:
- ldentify current market demands for housing
- Scrutinise the state-of-the art construction methods that help generate more efficient housing
development that helps increase productivity and output
- Identify the housing configurations and development types that contribute to sustainability
- lnvestigate the design and production capability of today’s homebuilders in Quebec
- Investigate the potential effects of a mass customisation approach on housing development
- Analyse the conceptual issues in the organisational decision making process
- Develop a new choice model that helps homebuilders determine the design and construction
systems that generate more efficient housing development, which contributes to sustainability

- Examine the practicality of the proposed choice model by demonstration

1.6. CONTRIBUTIONS
‘Organisational buying’ is a complex process of decision-making and communication that involves
obtaining information about specific products and services, evaluating alternative purchasing actions,

and negotiating necessary arrangements with supply organisations. in sub-contracting, homebuiiders
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need to establish new working relationships with other supply organisations—the choice of housing
suppliers for their 'products’ and/or ‘services’ is determined by the homebuilder's organisational
buying behaviour.

The main contribution of this study is to propose a ‘choice model that integrates the concept
of mass customisation with the value analysis approach, in order to help homebuilders to produce
‘lower-cost and higher-performance housing’ in response fo issues of affordability -and quality,
which exist in the current Canadian homebuilding industry. In the proposed choice model, the concept
of mass customisation is used for the generation of some alternatives that contribute to mass
customising the end product (i.e. housing unit or development) while the value analysis approach is
applied to support the homebuilders’ decision-making for the selection of the given alternatives.

In this thesis, a specific housing type (or configuration) that helps meet today’s societal
demands for housing development that contributes to sustainability will be first introduced.
Subsequently, the choice model itself will be developed, which encourages homebuilders to identify
their project objectives for further application of familiar and unfamiliar housing systems (i.e. design
and construction systems) applicable to their mass (or large-scale) housing development that is
generally required to meet the wants and needs of homebuyers. Consequently, the choice model is
aimed at ai’ding homebuilders to decide upon the housing systems, whilst also taking into
consideration their task- and non task-related concerns.

In addition, this thesis also proposes a ‘mass customisation system’ that attempts to enable
Quebec homebuilders (and housing manufacturers) to apply a ‘mass custom design’ approach,
which is new in the Canadian housing industry of today, for the delivery of lower-cost and higher-
performance homes (or quality affordable homes) that may meet today’s diverse market demands for

housing.
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CHAPTER 2: HOUSING DEMANDS OF TODAY

2.1. INTRODUCTION

This chapter aims to identify social, economic and environmental problems and opportunities
encompassed by sustainable housing development. Social problems are examined in terms of
demographic changes within Canadian society, with particular attention paid fo the conspicuous
emergence of non-traditional families, which are usually small in household size and unlikely to be
affluent. The emergence of non-traditional families is relevant to contemporary housing demands in
both the non-standard wants and needs of and the limited financial resources available to these
non-traditional households. Accordingly, this chapter considers issues of housing affordability;
especially, external economic factors influencing mortgage interest rates, and housing prices. These
are analysed according to the ‘time value of money’ {or actualisation) concept in which the value of a
given sum of money depends not oniy on the amount of money, but also when the funds are received.
This chapter's focus on environmental issues is energy efficiency, which includes thé necessity of
saving resources in building and operating a house.

Based on a demographic analysis of Canadian society, the members of non-traditional
households will be identified as a category of prime potential homebuyers—a target market to which
homebuilders adapt their decision-making processes regarding design and construction systems in
housing projects. Accordingly, today’s housing demands will be discussed with due consideration
given fo those issues of particular importance to this demographic group, that is, housing affordability
and housing quality. For this study, housing quality exclusively refers to ‘design customisation’ to
meet the wants and needs of individuals and ‘energy efficiency’ to meet the wants and needs of
society, while housing affordability is considered a decisive factor hindering an increase in
homeownership rates. As a result of applying demographics to an analysis of housing market

requirements, the author has found that ‘quality affordable homes’ are, and will continue to be, in
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great demand. Additionally, this chapter will review some issues of housing design and production
arising from the methods today's homebuilders apply. The chapter will conclude with a few
propositions concerning types of housing development better suited to the delivery of quality

affordabie homes.

2.2. DEMOGRAPHIC PROFILES OF POTENTIAL HOMEBUYERS

Traditionally, Canadian society has relied on the 7'ami/y1 to ensure its social growth and renewal. The
family is the living environment of most of individuals, during most of their lifetime. Today, much of the
economic activity of men and women focuses on generating the resources needed to subport their
family. The profile of a contemporary family’s life cycle has become more complex than was the case
in the past—men and women are less subject to the biological and social constraints of earlier times,
and are now more likely to pursue a path of self-fulfilment (Péron et al. 1999:xxvii). Additionally, since
the early 1960s, in response to social, economic, and technological changes, most Canadian couples
have been having fewer children than was the case in previous generations; and so, the average
household size has decreased from 3.7 in 1971, to 3.0 in 2001 (Statistics Canada 2002e). Technology
has made highly effective methods of birth control available to couples. A variety of electrical
appliances and conveniences, frozen food for instance, has made housework less demanding today
than in the past. Tégether with rising levels of education, these factors have resuited in Canadians
have both a greater desire, and greater opportunity, to pursue their individual goals. With greater
personal autonomy, resulting from, or driven by, social and economic changes, there has been a
de-institutionalisation of social roles. Closely related to this has been the emergence of a mass

consumer society with its ability to generate new wants and needs, generating new aspirations and

! The terms household and family are often used interchangeably, and this confusion may derive from Canadian
censuses in the distant past, in which family was the term used for household (Péron et al. 1999:1). Today, the
household is used to describe a group of persons living together in the same dwelling, while the family
designates a group of related persons belonging to or constituting the same household.
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means of pursuing them; the growth of the women’s liberation movement; increased participation in
the labour market by women; and the secularisation, and waning, of religious values (Péron et al.
1999:xxvii).

Thirty years ago, marriage was very popular, and most couples married with the intention of
starting a family of their own. With strong societal disapproval of divorce, mast children were born to,
and grew up with, legally married parents in a nuciear family; that is, a family consisting of a married
couple and their offspring, living separate from the grandparents. Over the next three decades,
Canadians’ lifestyles changed drastically. Today, a large number of couples tend to live common law?
before marrying, or have no intention of ever marrying——inv 1996, 920,640 Canadian families (400,265
families in the Province of Quebec alone) were reported to be common-law couples (Statistics
Canada 1999a:50). In addition, between 1951 and 1993, the total marriage rate per 1,000 Canadian
singles decreased by 54% for males and 50% for females (Fig. 2.1). Many children are now born
outside of marriage, while others’ parents divorce while they were still very young (Péron et al.
1999:48).

The divorce rate per 10,000 marriages rose from 1,367, in 1969, to 3,763, in 1991 (Fig. 2.2).
Values extrapolated from the total divorce rate since 1976 suggest that 30-40% of couples will divorce
before their 26th wedding anniversary. Revisions of the Divorce Act in 1985, simplified divorce
procedures, and reduced the minimum period of separation required for recognition of marital
breakdown to one year. That legislation came into force in June 19886; in the months following, there
was a significant rise in the number of divorces. After peaking at nearly 4,800 divorces per 10,000
marriages, in 1987, the total divorce rate settled back down to approximately 3,800 in 1990 and 1991.

Most recently, Statistics Canada (2002f) reported in 2001, that 1,509,771 Canadians (641,734 males

2 A common law relationship refers to a relationship in which a man and a woman live together for a certain
period of time without legally marrying. Legally, common law relationships do not have the same status as

marriages, and married partners have more rights and obligations than do common law pariners.
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and 868,037 females) had been divorced at some time, meaning that roughly one out of every twenty
Canadians, or 4.9% of the national population of 31,081,887, have divorced. Péron (1989:48)
indicates that contemporary Canadians face a “marriage crisis”, and as a result, the proportion of

births outside of marriage increased drastically from 11% in 1977 to 27% in 1991.
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Furthermore, one of the most important features in the changing nature of Canadian families
has been the rapid growth in lone-parent families® that resuited primarily from the break-up or
dissolution of a marriage or common-law union, as well as never-married singles choosing fo raise
children on their own. Between 1971 and 1991, ione-parent families almost doubled from 477,525 to
954,710, while two-parent families increased only by 39.9% from 4,575,640 to 6,401,460 (Engeland
et al. 1997:1). Most recently, Statistics Canada (1999a:50) reported that, in 1998, 1,137,510
Canadian families were lone-parent families, while 6,700,355 were two-parent families. Of lone-
parent families, the vast majority (84%) have women as the household-head. This can be explained
by the following reasons: first, 34% of lone-parents were divorced, and another 24% were separated,
and mothers tended to retain custody of their children following a separation; and second, 18% of
ione-parent mothers were never married (Engeland et al. 1997:6). Also, it is worth noting that, in
general, female lone-parents tend to be younger, and support younger children, than their male
counterparts (Table 2.1).

The term c¢ensus family is used to describe .“a group of at least two persons living together in a
housekeeping unit, who are related and form a family Qnit.” (Péron et al. 1999:24). It normally consists
of a couple———harried or common law—with ne\/er-married children or no children at all, or a lone
parent and his or her never-married children. All other household members, and persons living alone,
are regarded as non-family persons. According to Statisﬁcs Canada (2002g), between 1997 and
2001, the number of singles increased 4.9% from 12,726,339 to 13,344,138, while the number of

married persons increased only 1.3% from 14,495,622 to 14,689,258,

A lone-parent family consists of a mother or father, with no spouse or common-law partner, living with one or

more never married children (Engeland et al. 1997:1).
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LONE-PARENT FAMILIES
Age Group Total With younger With all children
Children older than 17
Number % Number % Number %

Total 727,290 100.0 458,340 100.0 268,950 100.0

15 to 24 38,150 5.4 39,120 8.5 30 0.0
251034 158,040 21.7 157,795 34.4 245 0.1
351044 223,495 30.7 196,185 42.8 27,310 10.2

45 to 54 137,430 18.9 57,645 12.6 79,785 29.7
551064 79,000 10.9 6,745 1.5 72,255 26.9

65 and over 90,175 12.4 850 0.2 89,325 33.2

Male Lone Parents

Total 109,805 100.0 59,110 100.0 50,695 100.0

15t0 24 580 0.5 575 1.0 5 0.0
2510 34 10,350 9.4 10,265 174 85 0.2
35t0 44 34,935 31.8 30,510 51.8 4,425 8.7

45 t0 54 31,615 28.8 14,710 248 16,905 33.3

55 to 64 16,100 14.7 2,630 44 13,470 26.6

65 and over 16,230 14.8 420 0.7 15,810 31.2

Female Lone Parents

Total 617,490 100.0 399,240 100.0 218,250 100.0

16 t0 24 38,575 6.2 38,545 9.7 30 0.0
25t0 34 147,695 23.9 147,525 37.0 160 0.1
351044 188,560 30.5 165,670 41.5 22,890 10.5
4510 54 105,815 17.1 42,935 108 62,880 28.8

55 to 64 62,905 10.2 4,125 1.0 58,780 26.9

65 and over 73950 12.0 -~ 435 0.1 73515 33.7

Rare in the 1950s, today, many Canadians tend to stay single or live common law rather than

legally marry—and the emergence of lone-parent families is tied to these changing demographic

Table 2.1: Age distribution of lone parents, Canada, 1991 Census

(Source: Engeland et al. 1997)

characteristics of Canadian society. With technological advances, and dwellings no longer existing as

individua! units isolated from the outside world but as cells connected to service and communication
networks, living alone has become more feasible. In addition, the enhanced value of personal
autonomy and privacy may have also played an important role in forming new Canadian lifestyles.
According to Statistics Canada (2002h), the population in Canada will increase steadily from

31,002,200 in 2001 to 35,381,700 in 2021, and the proportion of young adults (currently, approximately 30% of
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the population), aged 20 fo 40, will remain relatively steady, declining only slightly over the next 20 years (Table
2.2). This study, which focuses on new sustainable housing development rather than the resale market, regards
these young aduits as becoming prime potential homebuyers of new residential constructions built in the near
future. It can be assumed that, due fo their differing family situations, housing demands within this
demographic group will be complex and irregular; thus, there is a potential demand for customised
homes. However, in advance of discussing group specific requiremenis regarding housing quality,

economic restraints, i.e. housing affordability, should be examined.

NUMBER OF TOTAL POPULATION
2001 2011 2021
thousands % thousands % thousands %

All ages 31,002.2 100 33,361.7 100 35,381.7 100
Under 4 1,715.9 6 1,666.4 5 1,734.8 5
5t09 2,026.6 7 1,715.8 5 1,783.6 5
10 to 14 2,076.6 7 1,863.6 6 1,815.7 5
1510 19 2,081.0 7 2,175.0 7 1,873.0 5
20 o 24 2,097.0 7 2,241.4 7 2,034.7 6
25 to 29 2,100.3} 7 2,263.5 7 2,355.7 7
301034 2,252.5 7 2,293.0 7 2.430.7 7
3510 39 2,641.7 -9 2,278.1 7 24319 7
40 to 44 2,659.1 9 2,370.3 7 24115 7
45 to 49 2.384.9 8 2,681.7 8 2,341.4 7
50054 2,114.7 7 26374 8 2,370.2 7
55 to 59 1,625.9 5 2,318.3 7 26116 7
60 to 64 1,291.1 4 2,011.3 6 2,5616.3 7
65 to 69 1,137.8 4 1,495.8 4 2,140.4 6
70to 74 1,012.0 3 1,112.7 3 1,745.7 5
75t079 815.2 3 879.7 3 1,181.6 3
80 io 84 525.7 2 666.2 2 756.8 2
8510 89 295.2 1 422.5 1 472.5 1
90 and over 149.2 0 269.0 1 3736 1

Table 2.2: The projections of Canadian population for 2001, 2011 and 2021, July 1

(Source: Statistics Canada 2002h)
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2.3. HOUSING AFFORDABILITY

Housing is one of the most revealing indicators of a family’s lifestyle, reflecting choices and
constraints the family faces. There is a consistent connection between variations in income and-
housing conditions for different family types. Economic factors often discourage low- and middie-
income households from aspiring to homeownership. The purpose of this section is to address the
particular problems of housing affordability associated with variable interest rates, and housing prices
influenced by economic fluctuations. As well, the effect of the mass production approach to delivery of
affordable homes will be re-examined, in order to propose a new design/production approach to
affordable housing.

Today, homeownership levels have remained fairly constant in Canada. ln‘ the year 2000,
64.2% of all dwellings were owner-occupied (Statistics Canada 2002i). For most Canadians, owning
their own home is a lifelong dream, and affordability is one of their chief concerns regarding the
housing iﬁdustry (CMHC 2002a). Why do people wish to be homeowners? Is the quality of life of a
homeowner necessarily better than that of a tenant? In outlining the advantages of homeownership,
Carter (1990:15) places great emphasis upon the security of tenure, the accumulation of wealth, and
greater control over the dwelling. For many households, these factors offset the disadvantages of
owning a home, such as transaction fees, the risks of selling at a loss, or of being unable to make
payments, and the costs associated with maintaining the dwelling (Péron et al. 1999: 274).

Securing tenure by ownership means that residents will not lose their homes due to
unexpected economic changes, such as the loss of employment, or higher inflation and interest rates.
Homeowners also need not fear a forced move, except in the unlikely event of expropriation. Tenants,
meanwhile, at Iéast, in some jurisdictions, can be legally evicted from their apartment unit if the
landlord chooses to occupy, renovate, or demolish the unit (Carter 1990:16). Security becomes more

important still when accommodation is scarce, as this may increase the search and rental costs of a

decent apartment.
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A second reason that people may wish to become homeowners is the role that homeownership
plays in the accumulation of wealth. Owner-occupied homes reliably increase in value over time,
making a house a sound financial investment (CMHC 2002b). For example, the land price of a new
house built in 2001, increased by 3.7 % on the nationwide average, in comparison to that of 1992
(Statistics Canada 2002j). To some degree, such increases in land price contribute to increases in the
resale price of owner-occupied homes. In addition, a mortgage-free home provides protection against
economic devastation during the spells of unemployment, to which low-income households are often
subject.4 Importantly, homeowners also have control over which improvements are made to the
dwelling, and their cost (CMHC 2002b). This is a powerful attraction for low- and middle-income
households, whose members often feel they have little control over many aspects of their lives (Carter
1990:15).

The rate of ho‘meownership rose slightly as the baby boomers came into the housing market in
the past. For single-family households, the proportion of families owning their home rose from 68% in
1961 to 73% in 1991 (Fig. 2.3). Moreover, Canada Mortgage and Housing Corporation (CMHC) notes
tﬁat housing in Canada’s major urban centres was far more affordable in 1997 than it was in 1970
(CMHCi998a:5). In 1970, 23% (a national, weighted average) of ‘prime buyers’ (renters aged 20 to

40) could afford to buy a starter home—a level that soared to a record 40.5% by 1997 (Fig. 2.4).

% A labour force survey conducted by Statistics Canada in 2002 indicates that employment rose by an estimated
76,000 in January, the first major increase in more than a year. The unemployment rate dipped 0.1 percentage to
7.9%. During 2001, job gains did not keep pace with population growth—the percentage of the population with
work was 61.2% in January, well below the 61.6% posted in January 2001. Similarly, the unemployment rate was
a full percentage point higher than in January 2001.

46



%
80
. e
40 .\\.\.__—____————""
20
0 ; .
1961 197 1981 1991
=== Family =&~ Non-family = Total
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in comparison fo the 1980s, people are now better educated and are earnir_xg higher salaries.
Between 1986, and 1996, the number of individuals obtaining a bachelor's degree increased by 58%.
In terms of salary, the average total income of an economic family (defined as a group of individuals
sharing a common dwelling unit, who are related by blood, marriage including common-law
relationships, or adoption) was estimated at $58,592 in 1996. In 1999, it was estimated at $63,818,
correspeonding to an increase of income by 8.9% (Statistics Canada 2002k). These statistics suggest
that Canadian households are, on average, becoming wealthier (at least if inflation of the goods and
services they purchase is neglected). Such economic and social factors have been assets in their
becoming homeowners (CMHC 1998a).

Mortgage rates contribute to housing affordability; thus, an interest rate may be a critical factor
in potential homebuyers’ decision whether or not to purchase a home (CMHC 2002c¢). A mortgage is
security for a loan on property that will be owned by the buyer, and is repaid in ‘blended payments’
composed of the principal and the interest. Mortgage rates normally vary in rate types, terms, and
other options. For example, according to the Bank of Canada (2002), as of January 2002, the interest
rate for a traditional 5-year mortgage is 7.0%, while the 1-year and 3-year rates are 4.55% and 6.05%
respectively. The Bank of Montreal (2002a) offers the interest rate at 5.35% (fixed rate) for a one-year
open mortgage and at 6.85% for a five-year closed mortgage.5 Mortgage rates are usuaily subject to
prevailing market interest rates, and are either fixed or variable.® Current morigage rates are
consistently lower than those of the early 1990s and this consistency may help more Canadians gain

access to mortgage financing (Figs. 2.5 & 2.6).

5 ‘Open mortgage’ implies that the borrower can repay the loan, in part or in full, at any time without any penalty.
Interest rates are normally higher on this mortgage type. An open morigage is attractive to homebuyers planning
to seli their home in the near future. Most lenders allow them to convert it to a closed mortgage at any time. In
contrast, a closed morigage normally offers the lowest interest rate available. It is suitable for homebuyers who
want to work their budget around a fixed rate for some years. Closed mortgages are not flexible and there are
often penalties or restrictive conditions attached to prepayments or additional lump sum payments.

® A fixed rate is locked in so that it will not rise for the term of the mortgage, while a variable rate can fluctuate.

The rate is set each month by the lender, based on the prevailing market rates.
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2.3.1. HOUSING AFFORDABILITY PROBLEMS
Despite such favourable factors, there remain a large proportion of Canadian households (35.8%)
who are renters. In Quebec alone, 43.4% of occupied private dwellings were reported to be rented,
rather than owned, in 1996 (Statistics Canada 1999a:48). The low rate of homeownership in Quebec
can barely be accounted by its largely urbanised population—78% of Quebeckers live in urban areas,
a larger share than in any other province (Péron et al. 1999:275). This can be explained by cuitural,
political and economic factors. Cultural or social factors in part include demographic changes such as
the emergence of non-traditional households (young singles living alone or with other singles, those
who are separated, widowed, or living alone, and single-parent families), as described in section 2.2.
in general, these groups are smail families and are usually not very affluent (Péron et al. 1999:274).
As well, these families are also living on fixed incomes (particularly in the case of the elderly) making
economic considerations, already the greatest barrier to homeownership, a still greater factor.
Housing affordability has been defined as the maximum proportion of income that a household
should spend on s;helvter. However, the recommended maximum has varied through time. Originally
this maximum was estimated at 25%, based on underwriters’ generally accepted maximum of one out
of every four weeks' wages (CMHC 1991b:4). in 1986, this amount was altered when the CMHC and
the provinces developed the ‘core need’ definition, which held that monthly rent should amount to no
more than 30% of household income. Mortgage lenders normally apply two basic rules, in order fo
determine what a borrower can afford to pay per month in mortgage principal, interest, taxes, and
heating expenses, or PITH (CMHC 2002d). The first rule is that the monthly housing costs should not
exceed 32% of the borrower’s gross monthly income, a sum that also includes, if applicable, half of all
monthly condominium fees, and all of the annual site lease. The second rule is that the entire monthly
household debt load should not exceed more than 40% of the borrower’s gross monthly income. This
includes both the mortgage debt and other debts, including car loans and credit cards.

Based on the 1991 Census of Population in Canada, lone-parent families are only half as likely
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as two-parent families to own their dwellings. Lone-parent homeowners tend to be either male or 55
years of age or older—66,220 or 60.3% of male lone-parent families. Homeownership falls outside
the economic reach of most other one parents——in particular, females and those with younger
children. In fact, the ownership rate of them was reported to be 244,355 or 39.6% of female lone-
parent families and 141,320 or 30.9% of lone-parent families with young children (Engeland et al.
1897:11). Furthermore, one out of every four (26.4% or 80,135) lone-parent dwelfing owners pays
30% or more of’their household income, while the renters find it twice as difficult as these owners to
afford their housing without spending more than the norm. As a result, 219,710 or 53.2% of lone-
parent renters spend 30% or more of income on shelter. Aimost all (84.7% or 186,190) have incomes
below Statistics Canada’s Low Income thresholds (LICOs). The majority of these are female parents

raising young children, whose average annual income amounts to only $9,953 (Table 2.3).

ALL LONE PARENTS MALE PARENT FEMALE PARENT WITH YOUNG
CHILDREN
Number % Number % Number % Number %
Total 727,300 100.0 109,805 100.0 617,495 100.0 456,800 100.0
Owners 310,575 427 66,220 60.3 244 355 39.6 141,320 30.9
Renters 414,710 57.0 43,105 39.3 371,605 60.2 315,480 69.11

Table 2.3: Lone-parent family households by tenure, 1991 Census

(Source: Engeland et al. 1997)

On the other hand, given their greater economic resources, young-couple families with no
additional persons—a census family in which both spouses (married or common-law) are younger
than 35—are more likely to own their home than lone-parent families. In fact, 56.9% of these couples
were reported to be homeowners, and, unlike lone-parent families, young couples with children are
likely to own their home (Engeland et al. 1997:22). In terms of housing affordability, 21.3% or 156,965

of young-couple family owners spend 30% or more of income on shelter, however, most of them are
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in a position to choose this economic situation. By contrast, young-couple family renters generally
spend far less on shelter than the owners; however, 19.9% or 111,690 of the renters still spend more
than 30% or more of income on shelter. One major reason why they need to spend more than today’s
norm can be explained by their lower income; ih fact, 70% of those have low incomes, as measured
by LICOs, and 17.3% or 47,755 are bringing up their children on incomes that averaged $ 13,090 in
1990. With such low-income levels, it is difficult to find adequate housing without spending in excess
of the recommended maximum.

In addition, high transaction costs further discourage potential ‘homebuyers. The purchase of a
house typically includes 7% GST, 7 appraisal fees, property taxes, survey fees, property insurance,
prepaid taxes or utility bills, land transfer tax, service charges, lawyer (notary) fees, mortgage loan,
the mortgage broker's fee, moving costs, condominium fees, and a home inspection fee. Such high
transaction costs are among the disadvantages of homeownership, and may make tenancy attractive

for some households—*a major risk associated with homeownership is capital risk” (Carter 1990:18).

2.3.1.1. THE PRQBLEM OF VARIABLE INTEREST RATES AND HOUSING PRICES

Additional affofdability problems are caused by government regulations and production costs. The
argument is often made that sophisticated servicing and building standards, as well as zoning
regulations, rule out low- and modest-cost houses (such as mobile, modular or very smail units)
(Filion and Bunting 1990:17). During periods of high demand, the cost of both materials and labour
rises. Workers take advantage of a tight labour market to press for even higher wages; likewise,
developers and builders seek higher profits. in general, construction costs are greatly influenced by
the length of time spent in on-site construction—the longer the time spent on-site during construction,

the more the labour cost needs to be paid. Consequently, housing costs increase.

" 7% GST is applied io new housing; however, there is a rebate, to a maximum of 2.5%, if the house costs less

than $450,000. There is no GST on resale housing unless the house has been substantially renovated.
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According to Roberts (1970:36), the development and construction costs of a conventional

single-family dwelling can be classified generally into the following components: land development
(25% of total costs), materials (36%), on-site labour (19%), overhead and profit (14%) and
misceilaneous (6%). Materials and labour costs combined amount to 55% of the total, and are
“considered ‘predominant’ cost components. Construction costs are also composed of ‘direct’ and
‘indirect’ costs (Barrie and Paulson 1992:317). Direct costs are those that can be immediately
associated with work directly contributing to the physical completion of the permanent facility
contracted by the owner. Indirect costs are those that contribute to the support of a project as a whole,
but cannot be identified directly with specific work items in the permanent facility.®

In addition, procurement and procurement-related activities occur during all phases of a
construction project. Procurement usually includes purchasing of equipment, materials, supplies,
labour, and services, as well as related activities: tracking and expediting, routing and shipment,
materials and equipment handling, accountability and warehousing, final acceptance documentation,
and ultimate disposal of surplus items at the end of jobs (Barrie and Paulson 1992:332).

Most costs related to procurement and its activities in a construction project are subject to
economic fluctuations—oparticularly inflation. inflation is defined as a persistent rise over time in the
average price of goods and services (Bank of Canada 2002). This is measured with the Consumer
Price Index (CPI), which refiects changes in the total price of a representative ‘baskét’ of commodities
such as housing, food, transportation, furniture, clothing, and recreation. During the last few decades,
the average price of these items has risen consistently (Table 2.4). In 2002, consumers paid 19.0%
more than they did in 1992, for the goods in the CPI basket (Statistics Canada 2003). As of January
2002, the all-items (excluding energy) index had risen 2.2% compared to January 2001 (Statistics

Canada 2002I).

8 These are included in the prime accounts 00 and 01 of the Masterfonnat, which is a well-recognised breakdown

of construction wark, published by the Construction Specification Institute.

53



To a considerable extent, inflation also affects housing affordability during the standard

mortgage design, as homebuyers may encounter the “tilf” phenomenon (Carter 1990;26). This occurs

when rising income and inflation cause the mortgage payment to decline as a share of income over

the term of the mortgage. For instance, suppose that a borrower's initial mortgage-payment-to-

income ratio is 30%. If there is no inflation, this ratio remains the same over the life of the mortgage. If

the rate of inflation is, say, 5% and income rises accordingly, the ratio will fall to 29% by the end of the

first year and to 23% by the end of the fifth year.? In this case, inflation confers a large benefit to the

borrower.
All items | Change from Year | All items Change from Year | Allltems | Change from

Previous Year Previous Year Previous Year

Year 1992= % 1992= % 1992= %
100 100 100

1973 28.1 7.71 1983 69.1 5.8 | 1993 101.8 1.8
1974 31.1 10.7 | 1984 72.1 431 1994 102.0 0.2
1975 34.5 109§ 1985 75.0 401 1995 104.2 2.2
1976 37.1 7.5} 1986 78.1 4.1 1 1996 105.9 1.6
1977 40.0 7.8 1 1987 815 4.4 ¢ 1997 107.6 1.6
1978 43.6 9.0 1988 84.8 401 1998 108.6 0.9
1979 47.6 92| 1989 89.0 5,01 1999 110.5 1.7
1980 52.4 10.1 ] 1990 93.3 4.8 1 2000 113.5 2.7
1981 58.9 1241 1991 98.5 5.6 1 2001 116.4 26
1982 65.3 10.9 ] 1992 100.0 1.5 1 2002 119.0 2.2

Table 2.4: Percentage changes in consumer price index, 1972 — 2001

(Source: Statistics Canada 2003)

in fact, when inflation is anticipated, lenders demand a higher interest rate. They apply an

inflationary premium that equals the expected rate of inflation, compensated for by the decline in the

real value of the principal—"the nominal interest rate minus this inflationary premium is the real rate of

® The formula used, derived from Carter (1990:26), is MR=M/{I(1+i)"} in which MR is the mortgage-payment-to-

income ratio, M is mortgage, | is the borrower’s income, i is the rate of inflation, and n is the number of years of

the amortisation term.
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interest” (Carter 1990:26). Supposing that the real rate of interest is 7% and a homebuyer's annual
income is $35,000, when the rate of inflation is 8%, the nomina! interest rate will be 15%. Therefore,
for a mortgage of $65,000, the annual payment over an amortisation period of 25 years will be
$10,056, or 28% of income.'° However, if the rate of inflation is zero, the annual payment will be only
$5,578, or 15% of income. Given the mortgage lending rules outlined in 2.3.1, inflation can hinder
potential homeowners from gaining access to mortgage financing.

A problem associated with infiation is the high variability of housing prices (Carter 1990:27).
According to the new housing price index, Canadians paid 6.1% more for the purchase of a new
house in 2001 than they did in 1992 (Statistics Canada 2002m). In Montreal, the increase was
estimated at 13.8%. Borrowers are no longer secure in the knowledge that their mortgage payment is
fixed for 25 or more years; instead, the rate may change considerably in five or fewer years. This
implies that someone borrowing at 7% today on a five-year mortgage may face a much higher rate at
renewal in 2008. It is well established that the housing industry relies much more heavily on the
availability of credit than most other industries (Roberts 1970:36). In theory, 55% of the total land and
construction costs of building a single-family house go to materials and labour (Table 2.5). However,
in prabtice, 75% of the costs are actually related to financing, land cost, profit and overhead, and
taxes—things that are considered to be external factors contributing to increasing housing prices
under infiation. The developers and builders who initiate residential housing developments cannot
control such external factors; they can, however, work towards reducing the cost of materials and

labour by increasing their productivity and output.

1% The formula used, derived from White et al. (1998:55), is A=P[(1+i)"/{(1+i)"-1}] in which A is the size of equal

annual payments, P is the principal, i is the interest rate, and n is the number of years of the amortisation term.
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CONVENTIONAL
SINGLE-FAMILY UNIT

(%)

Land development 25
Materials 36
On-site {abour 19
Overhead and profit ' 14
Miscellaneous 6

Total 100

Table 2.5: Rough breakdown of initial development and construction costs

{Source: Roberts 1970)

2.3.2. THE MASS PRODUCTION APPROACH TO AFFORDABLE HOMES

Homebuilders are responsive to housing market conditions, and so it should be expected that
demands for affordable housing would stimulate homebuilders to undertake such projects. This
section examines how a mass production approach to housing development can raise productivity in
design and construction, by identifying the relationship between working hours and productivity—i.e.
the “learning curve’, so as to enable homebuilders to be responsive to market demands while
maintaining profitability. To demonstrate this, one of the most successful mass housing developments

in the North American history of housing will be discussed.

2.3.2.1. LEARNING CURVE

It is known that continually working on repetitive operations helps increase productivity (Barrie and
Paulson 1992:225). This can be demonstrated by experimental data, which shows that within the
‘learning curve’' phenomena, there is a relationship between working hours and productivity (Fig. 2.7).
The data attests to the fact that productivity improves with experience and practice. For estimating
purposes, the learning curve should be integrated through the number of units to be constructed,
defined as n. This is expressed graphicaily as the shaded area under the curve. The total number of
worker-hours divided by the number of units gives the average worker-hours required per unit, shown
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as w. The learning curve shows that if the number of units is greater, shown as o', the average
. worker-hours per unit should be less, shown as w' This result indicates that a mass production

approach helps increase productivity and output when the construction process is well standardised.

Average man-houss per unit
Average man-hours per unit
k]

R T ———"

E)

n
Number of units . Number of units

a) Integrating the learning curve . . 3
@ grating J (b) Variations with quantity

Average man-hours per unit
Average man-hours per unit

n
Number of units Number of units

(c) Application to control (d) The “unlearning” curve

Figure 2.7: Learning curve relationship in estimating and control

(Source: Barrie and Paulson 1992)

2.3.2.2. MASS HOUSING DEVELOPMENT

Mass housing development—providing a large number of dwellings in a given area—is one of the
most popuiar methods of building residential housing today. As a concept, it is quite old and was well
known even in Roman times (Habraken 1972:7). After World War I, mass housing development
became more popular than ever in North America; at the same time, houses were designed to be
more compact and efficient. Innovative materials and construction techniques were used to maximise

. affordability and productivity of construction, while effective marketing strategies convinced people
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that mass-produced housing was the ideal. The popularity of mass housing led to the creation of
communities made up of virtually identical, small, and low-cost houses (Friedman and Niessen
1991:28). The rate of homeownership increased accordingly, reaching 55% in 1950, 60% in 1957,
and 66% in 1970. Most of the new houses “were built in suburbs, sprawling over the countryside near
urban large cities” (Schoenauer 1994:27).

The Long Island development later known as Levittown, built by Abraham Levitt with his sons
William and Alfred, may be considered one of the most successful mass ﬁousing projects of the
post-war era. The Levitts greatly reduced construction costs by using mass-produced standard
components, and assembling them on site in a conventional way. They provided three types of
houses: a four-bedroom “Cape Cod” selling for $11,500; a three-bedroom one-story “Rancher” for
$13,000; and a two-story “Colonial,” with three or four bedrooms, costing $14,000 and $14,500
respectively. Each housing type was built in two alternative elevations, but with the same floor plan.
Exterior colours were varied, in order to create variety in the facades (Gans 1967:7). However, due to
the limited choice of models and colour options, Levittown also contributed towards creating an
“‘instant suburbia” composed of homogeneous mass-produced homes for the homogeneous
masses—all pre-planned and standardised (Schoenauer 1994:29).

Mass housing development yields economies of scale, and, because of the high-volume of
construction, it functions as an effective means of reducing housing costs when components, as well
as construction processes, are well standardised. The key factor enabling the mass production of
housing is standardisation. Based on continually repeating the same operations, mass production is
characterised by the principle of ‘flow’ that helps increase productivity and output, which, in turn,
contributes towards lowering costs and prices. As the name suggests, mass production processes
require economies of scale—“the greater its output, the lower its costs” (Pine Il 1993:16). At the same
time, housing quality may need to be taken into account, because today’s consumers prefer

custom-built, quality homes, to mass-produced, identical ones. In the following sections, issues of
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housing quality will be discussed. The effects of standardisation on housing design and production

need to be examined in depth, and thus, they will be discussed in Chapter 4.

2.4. HOUSING QUALITY

In 1891, the CMHC published ‘core housing need’ indicators to measure a minimum level of housing
services, based an adequacy, suitability and affordability. Adequacy concerned the integrity of major
systems such as heating, ventilation, plumbing, and electrical, measured by the occupant’s response
to a question on the need for repairs. Suitability was measured by whether or not the bedrooms of a
dwelling accorded with norms of size and composition, according to the National Occupancy
Standard (NOS). Finally, affordability was measured by a comprehensive shelter-cost-to-income ratio,
as outlined in section 2.3.1. These indicators help define fundamental housing needs and are
considerably interrelated. Thus, the core housing need model, which has been used since 1986,
identifies these three standards or norms against which a household’s situation is assessed in a
two-stage process. The first stage establishes whether or not the household in question falls below
one 6r more of the standards, and the second stage examines whether or not households living below
any of the three housing standards could afford adequate and suitable rental units in their market
areas without expending 30% or more of their incomes (CMHC 1998b:11).

In terms of core housing need, the majority of households have affordability problems, as
described in section 2.3. The second most frequently cited problem for people in core housing need
relates to adequacy. In 1991, approximately 10% of all occupied dwellings, in Canada, were in need
of major repair, though less than 1% lacked basic plumbing facilities; however, most of the occupants
could afford to remedy these conditions by themselves (CMHC 1998b:12). CHMC (1998b:12) also
reported that 10.7% of all homeowners were living below adequacy standards, while only 1.8% of all
homeowners are actually in core housing need; and 10.0% of all renters were living below adequacy
standards, while 3.5% were actually in core housing need (Table 2.6). Like most Canadians, the
majority of lone-parent families live in dwellings in adequate condition. However, 11.6% (47,270
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renters and 36,445 owners) reported that major repairs of plumbing and/or electrical systems in their
dwellings were required (Engeland et al. 1997:12). Statistically, young-couple families are likely to be
living in dwellings that are in better condition than lone-parent families; in fact, in 1991, only 8.6 % of
young-couple families experienced adequacy problems. Nonetheless, 112,000 young couple families
lived in dwellings in need of major repair, and the renters spending more than the norm for their

shelter had the lowest average income (Engeland et al. 1997:23).

STAGE 1: TOTAL STAGE 2: HOUSEHOLDS IN
HOUSEHOLDS CORE HOUSING NEED
BELOW STANDARDS

STANDARDS Owners (%) Renters (%) Owners (%) Renters (%)
Affordability 11.8 29.0 3.6 ‘ 229
Adequacy 10.7 10.0 1.8 3.5
Suitability 3.8 7.9 0.3 27
One or more of above 241 41.3 5.1 24.9
Total in core housing need (households) 315,000 849,000

Table 2.6: Households living in housing below standards by tenure and core housing need, 1991

(Source: CMHC 1998b)

In 1991, the third, and least likely, source of core housing need was crowded living conditions,
known as suitability problems. 3.8% of all owners were living below the suitability standard, while only
0.3% of all owners were actuaily in core housing need; and 7.9% of all renters were living below the
suifability standard, while 2.7% of ail renters were actually in core housing need. However, CMHC
(1998b:13) indicates that the cases revealed by this indicator continues to diminish. According to the
1996 Census, the average number of persons per room was reported to be 0.4 in Canada (the same
rate in the Province of Quebec), and the average number of bedrooms per dwelling was estimated at
2.6 {and 2.5 in Quebec). By contrast, the average household size, between 1971 and 2001, had also
drastically been decreased, and was reported to be 3.0 in 2001, as described in section 2.2.

In short, these three indicators help define basic housing needs of Canadians, and the CMHC
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survey identified that very few households today live in crowded or inadequate housing; that having
been said, ‘affordability’ still tends to be a significant problem-—especially for renters. As well, these
indicators are, in part, used for measuring the guality of life concern, which is also taken into account
in sustainable development (Figs. 2.8 & 2.9). There has been a debate in the literature over the
definition of quality of life; however, most definitions of it include some recognition of the concepts of
“well-being”, “happiness” or “satisfaction” (Maclaren 1996:26). Schwab (1992:184) provided an

elaboration of this diverse notion as follows:

“Quality of life is the difference between what should be and what is in a
community — the difference between goal and appraisal states.
Therefore...quality of life is defined as the measurement of the conditions of
place; how these conditions are experienced and evaluated by individuals,

and the relative importance of each of these to individuals.”

This definition in some degree suggests an indirect association between the quality of life concern
and sustainability—the idea of a desirable set of conditions resembles the forward-looking attribute of
“inter-generational equity”, which embraces the notion that the needs of future generation are as
important as the needs of the current generation (Maclaren 1996:2).

In terms of the market demand for housing, today’s consumers are no longer satisfied with
minimal quality housing, which merely corresponds to adequacy and suitability problems. Housing
choices are seen as major lifestyle and investment decisions (CMHC 2002a). Thus, a definition of
housing quality may need to incorporate not only a home’s function as a shelter, which meets the
minimum levels of housing services, but also the design’s adaptability, that is, the homebuiider's
ability to customise plans to meet the individual requirements of today's diverse households.
Furthermore, this study also focuses fundamentally on sustainable housing development; thus,
environmental issues of housing design, as well as of housing development should be discussed—

especially, the effect of medium-density housing development on sustainability.
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Figure 2.8: A community oriented model of the lived environment

{Source; Bates et al. 1996)
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2.4.1. CUSTOMISATION

By the 1980s, the high quality of end products had become a requisite for market entry. The concept
of quality had grown from reliability, popular in the 1970s, to the individualisation of products—thus,
there is a tendency for today's consumers to prefer to purchase customised products (Anderson
1997:7). Also, it has been said that design and marketing are interconnected and often share the
same objective: to develop the “right product, for the right market, at the right price” (Bruce 1997:8).
However, these ends require different skills to achieve their objectives. In the competitive marketplace,
homebuilders need to use cutting-edge marketing techniques fo sell products. The housing industry
has the same lifeblood as all businesses—customer satisfaction (CS). The successful homebuilders
focus on customer features and benefits, identifies the target market and they may conduct some
consumer research. In order to survive, homebuilders may now be required to create the value of
their homes through consumer relationships and custom designs that meet the customer’s individual
requirementgftomorrow’s sale wili come from the reputation built with foday's satisfied customer
(Hutchings 1996:49).

Based on design approaches, today's homebuilders can be categorised into three general
types: production, semi-custom and custom (Smith 1998:26&27). Production builders are organised
for higher volume construction; thus, they develop several model homes, normally designed on a
speculative basis, in response to the market demand. The production (or speculative) design
approach allows homebuilders to produce a model home, in which the buyers can study the quality
and attributes of their new home in a way that blueprints alone cannot achieve—thus, helping to
assure the buyers’ satisfaction. The advantages of speculative design also extend to reducing the
elapsed time and cost of construction. The total time to build a standardised house is much shorter
than for a one-of-a-kind design, because construction personnel are familiar with the plans. Routines
allow for simplified communication between parties, and suppliers are able to stock regularly used

items—thus, making material delays less likely to occur. Higher volume work, such as a subdivision
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housing development, also offers trade contractors advantages in scheduling that result in significant
cost savings. Economies of scale can be achieved by the application of a speculative design
approach to mass housing development; however, there is a danger of creating an instant community
of monotonous, mass-produced homes, like the Long Island development or Levittown. In general,
the available design choices (e.g. selection of floor coverings, tiles, countertops, light fixtures,
cabinets, and exterior finishes) that the buyers can make to personalise their new home are very
much limited. As well, the alteration of structural components that require reengineering and
resubmission is not normally included among the design choices, because these expensive and
time-consuming steps disrupt the momentum of high-volume construction (Smith 1998:26).

The builders, who apply the semi-custom design approach for their housing development,
are often called semi-custom builders, and they combine characteristics of ready-built and custom-
built homes. Like production builders, they usually work with pre-existing plans or ready-designed
model homes: however, they are flexible regarding changes of the designs that even include those
that require engineering and building department approval. As a result, even though the customers
begin with an existing floor plan, many more opportunities exist fof them to modify and customise the
interior and exterior finishes, and structure (or volume) of their new home. Starting with an existing
plan often helps customers feel confident of ending up with something that will reflect what they need
and want. Smith (1998:27) indicates that revising existing plans is faster, and less costly, than
creating a new set of blueprints. However, economies of large-volume work are lost, resuiting in
higher prices. When the construction of a home starts from unfamiliar plans, crews need more time.

Custom builders specialise in starting from a blank sheet of paper, or computer screen, fo
create a unigue home according to the user's wants and needs. Some custom builders establish
relationships with one or more independent architects for plan development, while, for others, the
builder is also an architect, or has an architect or draftspersons on staff—these builders are called

“design-build firms” (Smith 1998:27). Obviously, the custom design approach is the best solution to

64



the customisation of a new home, and it helps‘create one-of-a-kind homes that correspond to the
consumer’s individual requirements for housing. However, custom-built homes typically take the
longest to complete. As well, supervising scattered site work, which is combined with the longer time
that is needed to build a new custom home, increases construction costs. In addition, because of the
unique nature of each home, the economies of large-volume work are also lost; thus, it results in the

higher prices of a new custom home (Smith 1998:28).

2.4.2. MEDIUM-DENSITY HOUSING DEVELOPMENT TOWARDS SUSTAINABILITY
To some degree, the development patterns of housing and community have a direct impact on
Canada’s economic, environmental, and social futuré. In general, since the 1950s, the Canadian
image of an urban ideal has predominantly been of a detached dwelling in a low-density community;
however, today’s economic, environmental and social costs called the sustainability of such
development patterns into question (Quadrangle Architects 2000:i). There are strong, positive
correlations between the attributes of medium-density housing and current demographic social trends.
For instance, although the number of households is increasing, households are becoming smaller. As
well, household makeup is broadening from the fraditional model of nuclear families—the marriage
crisis that today’s Canadians face also helps increase the diversity of household characteristics.
Medium-density housing development can be defined as residential developments with a
range of 12 to 36 dwelling units per acre (30 to 90 units per hectare), while low-density housing
developments contain about 6 dwelling units per acre (less than 15 units per hectare) (Quadrangie
Architects 2000:i). Thus, the townhouse is considered as one of the most accepted forms in
medium-density housing developments, and normally has a simple, rectangular plan with one to two
storeys. The concept of a ‘townhouse’ has existed in the western society over a long period of time.

Schoenauer (1994:69) profoundly suggested that:

85



“The origins of town houses are to be found in fortified medieval cities
where circumvolution restricted city areas and building iots had fo be
narrow.”

“Although town houses, too, are viable alternatives to detached and
semi-detached houses, they were rarely used in suburban residential

developments during the first decades of the postwar period.”

Based on his categories of housing, townhouses can be referred to as row houses, in which several
dwelling units are attached to each other in a row—thus, for purpose of this study, the terms such as
townhouse and row house are used synonymously. Furthermore, the prototypes of tothouses,
which are used with success in many countries, can be classified generally into four types: single-
storey, split-level, linked, and narrow-front townhouses.

Because of the attached units, the single-storey townhouse haé distinct features: with the
elimination of two side yards, the cost of municipal service can be reduced; the shorter street frontage
results in savings in the initial outlay for the building site; and the sharing of party walls reduces, to
some degree, heating and cooling costs of the home (Schoenauer 1994:74).

Unlike the single-storey type, the split-level townhouse is no longer an attached version of its
detached or semi-detached counterparts. it normaily has sophisticated fioor arrangements having a
single storey front placed on the side of a narrow pedestrian path and a two-storey garden side on the
private backyard.

The linked townhouse is closely related to other types of townhouse arrangements, and it can
be designed to be single-storey, two-storey, and split-level dwellings—however, neighbouring units
are attached only with the garages. The greatest benefit of this arrangement derives from the
absence of traditional party walls, providing the occupants with the same acoustical privacy that
detached dwellings achieve (Schoenauer 1984:75).

The narrow-front townhouse is the fourth attached dwelling prototype—the street frontage is

about 12 to 18 feet. This dwelling type somewhat reflects two-bay wide townhouses built for artisans
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and industrial workers in the 19th century, and, today, it can be designed for low- {o middle-income
families—"A Canadian narrow-front town house concept was advanced in 18990 by Witold Rybczynski,
Avi Friedman and Susan Ross. Called the “Grow Home,” ... these stripped down versions of two-story
row houses...were proposed {o make them affordable to low- and moderate-income families.”
(Schoenauer 1994:78).

The notion of sustainabie development is based on the conversion of natural resources, and
there are several design factors inherent in townhouse development that help conserve resources by
reducing the amount of building materials required, and by improving the thermal efficiency of the
building envelope. In particular, the building configuration of a townhouse can be considered as one
of the most effective factors in increasing the levels of energy efficiency and resource savings. The
simple, rectangular plan normally applied to a townhouse ensures that there are fewer corners and
windows,"" which considerably increase energy consumption and construction costs (Figs. 2.10 &
Table 2.7). Simple configurations generally require less cutting, and fitting, of buiiding materials; thus,
this results in reducing waste production (Friedman 2001:150).

Furthermore, joining units into groups of two or more can provide significant savings in both
construction and energy. For instance, joining four detached units into semi-detached, reduces the
wall area exposed to the outside climate by 36%, while grouping all four units as townhouses allows
for an additional 50% savings to be achieved (Friedman 2001:155). Attaching two dwelling units
provides a 21% reduction of heat-loss; when three or four dwelling units are joined as townhouses, a

further 26% saving may be achieved (Fig. 2.11).

" Heat losses through the building envelope can occur through any of three mechanisms: conduction,

convection and radiation. In all three cases, windows are the weakest link in the thermal performance of a

building envelope, achieving only R-4 at maximum (Friedman 1993:1.6.1, Miguel 2002).
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‘ Figure 2.10: Effect of building configuration on ratio of floor area (100 m®) to perimeter wall area
(Source: Friedman 2001)

Plan ’ Wall Energy Monthly
Configuration  Area (m?) Required (KWh) Heating Cost (5)

Plan A (H) 160 2856 134
Plan B (T) 140 2501 117
Plan C (1) 123 2198 103
Plan D (rectangle) 112 2001 94
Plan E (square) 106 1894 89
Plan F (circle) 94 1679 79

Table 2.7: Effect of building configuration on energy consumption

{Source: Friedman 2001)
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100 + 100 + 100 4+ 100

Single Family Detached Tot: 400
36% reduction

64 64 + [ 64
Semi-Detached Tok 256
28% reduction
i
64 28 28 64
Rowhouse Tot: 184

Figure 2.11: Effect of grouping on exposed wall area

(Source: Friedman 2001)

Thus, the medium-density housing development consisting of townhouses has the positive
effect on achieving not only ‘sustainability’ but also ‘affordability’, because of its potential of high
land-use efficiency that helps reduce construction costs. In particular, single-storey or narrow-front
townhouses, which have simple, rectangular plans, can be considered as the mosf energy-efficient
housing forms in comparison fo spiit or linked townhouses, while they can be also built with less
construction materials and time that, in turn, reduce construction costs. Thus, the medium-density
housing, particularly single-storey or narrow-front townhouses, may be applicable to a mass housing
development that yields economies of scale, when both sustainability and affordability in housing

development are taken into account.

68



2.5. SUMMARY AND CONCLUSIONS

In Canada, the profile of contemporary households is more complex than in the past. Today, people
are less subject to the biological and social constraints of early times, and tend to pursue seif-
fulfilment before social norms. In response to social and economic changes, non-traditional
households, of fewer children, are becoming more conspicuous, but more fragmented. Typically,
these households are relatively small in size, and are often not affluent. Thus, because of the
imbalance between low-income and high-priced housing, people in these groups are unlikely to
become homeowners. Based on demographic trends reflecting a marriage crisis, for this study, young
adults, aged 20 to 40, of non-traditional household types, with diverse housing demands, should be
considered prime potentiai homebuyers.

Since 1986, a ‘core housing need’ model, developed by CMHC, has been used for the
measurement of minimum levels of housing services regarding adequacy, suitability and affordability.
Adequacy problems concerned the integrity of major systems such as heating, ventilation, plumbing,
and electrical, measured by the occupant’s response to a question on the need for repairs. Suitability
problems were measured by whether or not the bedrooms of a dwelling accorded with norms of size
and composition based on the National Occupancy Standard (NOS). Affordability problems were
measured by a comprehensive shelter-cost-to-income ratio. These indicators help define the
fundamental housiihg needs of all Canadians. Today, housing suitability and adequacy are much
improved, but many Canadians still face housing affordability issues related to economic problems.
Furthermore, economic fluctuations, such as inflation, affect interest rates and housing prices, and
have hindered an increase in rates of homeownership.

In theory, the development and construction costs of housing are composed of developed land,
materials, on-site labour, overhead, and profits. In practice, a large portion of the costs is actually
related to financing, land cost, profit, overhead, and taxes. These cost components, which are

considered external factors, are susceptible to inflation that contributes fo increasing housing prices.
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Homebuilders, who initiate housing developments, cannot control these external factors. On the other
hand, materials and labour costs are internal factors that homebuilders can control for the purpose of
reducing housing costs, while increasing productivity and output. In order to increase productivity and
output, mass housing development strategies, considered as one of the most effective means in
producing affordable homes, might be applied, as was popular after World War . According to the
fearning curve that represents the relationship between worker-hours and productivity, the continuity
of work on repetitive operations helps increase productivity, while the standardisation of housing
components, as well as of construction processes, is the key factor that enables mass production of
housing. Post-war housing developments bear this out, but tend to create generic homes and an
‘instant community.’

On the other hand, today’s consumers, whose requirements for housing are diverse, may no
longer be satisfied with minimum levels of housing quality—i.e. adequacy and suitability. They often
prefer customised products to monotonous ones (Ross 1998:42). Thus, homebuilders are facing a
contradiction between consumer demands for Jower pricing and customisation. In order to supply
lower-priced ‘custom homes’, homebuilders may need to develop strategies té overcome the
contradictions and simultaneously implement mass production and customisation. Instead, today’s
homebuilders generally apply three design approaches to‘their homes—i.e. speculalive, semi-custom
and custom. However, none of them adequately address emerging market demands. The speculative
design approach realises high-volume construction (i.e. mass production ‘of housing) and
homebuilders produce model houses, which are designed on a speculative basis, before actually
selling the units. On the other hand, the semi-custom design approach is usually based on the
modification of an exiting plan, while the custom design approach helps create one-of-a-kind homes.
Thus, the semi-custom and custom design approaches, which correspond to the market demand for
customisation of a new home, disrupt the momentum of high-volume construction that contributes

towards reducing production costs. As a result, the two opposite concepts such as ‘mass production’
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and ‘customisation’ are hardly integrated in the home design approaches applied by today's
homebuilders. In other word, this situation can be considered as a design-production gap that
necessitates developing a new design approach that will be discussed further in Chapter 4.

Furthermore, in response to environmental problems that today’s society faces, the housing
industry is also required fo produce ‘energy-efficient homes’, in which resource savings in
construction is also of concern. Accordingly, a medium-density {(row) housing development, which
helps achieve higher levels of sustainability, was also presented. In addition, the application of
single-storey or narrow-front townhouses that are often used for medium-density housing
developments was considered as an effective means to produce such homes. Townhouses normally
contain fewer corners and windows, as well as less area of exterior walls exposed to the outside
climate, and these parts, for instance, drastically reduce the levels of heat loss, as stated in section
2.3.2. In order to meet needs and wants of individuals, as well as of society, a medium-density
housing development, which is composed of townhouses that to some extent contribute to
sustainability, should be integrated into a mass housing development that yields the economies of
scale that affect housing affordability. Thus, for this study, a mass housing development should be
re-defined as a medium-density housing development that consists of bungalow or narrow-front
townhouses, in order to produce energy-efficient homes at a moderate price.

Accordingly, for this study, ‘housing quality’ will exclusively include ‘design customisation’ that
meets the needs and wants of individuals, as well as ‘energy efficiency’ that meets some of society’s
needs. On the other hand, ‘housing affordability’ is still considered as a decisive factor in hindering an
increase in rates of homeownership, while the emergence of non-traditional households, whe are
usually small in household size and are often not affluent, has become conspicuocus in Canadian
society. Thus, based on the demographic changes of society, young adults of these household types
are considered as prime potential homebuyers. In short, ‘quality affordable homes' are in great

potential demand in response to the market demands of today and tomorrow.
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In addition, in order to understand the actual situation of foday’s mass housing development
composed of townhouses, the interrelationship between ‘housing affordability’ and ‘housing quality’
as well as the occupant’s satisfaction levels in design should be surveyed. Furtﬁermore, according to
the literature reviews, factory-built homes have the great potential to reduce construction time and
cost, while increasing housing quality. As well, the reduction of material wastes and other site
nuisances can be achieved by the application of industrialised building systems, as stated in Chapter
1. Thus, the state of factory-built homes, especially modular constructions that today’s homebuilders

‘rarely’ apply to mass housing development, should be also re-examined in depth.
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CHAPTER 3: THE STATE OF MASS HOUSING DEVELOPMENT: CASE STUDY

3.1. INTRODUCTION

Based on the literature reviews, the preceding chapters suggested that, in theory, mass housing
development might help lower construction costs. As well, the industrialisation of housing helps
increase product quality, while reducing construction time. In addition, today’'s consumers are in the
market for customised end products rather than generic or repetitive ones. This trend towards the
individualisation of products and services may prompt today’s homebuilders to produce home‘s which
can be customised, in response to the wants or needs of their individual clients. In short, every
housing project concerns the cost, quality and time factors described in Chapter 1. However, at this

point in time, the actual situation of a mass housing development, which brings with it large-volume

 work, has not yet been examined. Thus, with consideration of the three major factors, the current

state of a mass housing development needs to be identified.

Accordingly, the author selected one of the typical mass (or large-scale) housing developments
in the Montreal area and documented the existing state of this residential development. In particular,
he surveyed typical townhouse developments located in the selected project, comparing the 2002
housing model with a similar 1999 model, in order to assess whether or not the selling price of
housing remained constant over a period of time. As a result, the author found that the builder has
already succeeded in semi-customising his townhouses, adopting a conventional means of
building homes. That is, the builder employed on-site construction methods, under which construction
time and quality are considerably affected by weather conditions and labour skilis. In fact, between
1999 and 2002, the selling price of the most recent townhouse model increased by a staggering 47%.
In the context of the project in question, the builder did not increase productivity and output, which
might have affected a reduction of material and labour costs; accordingly, their mass housing

approach alone could not maintain the selling price of housing over the past three years.
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In addition, this chapter briefly examines the profiie of homebuyers in this townhouse
development, while special attention will be given to the family structure, income levels, levels of

design customisation and user satisfaction regarding the housing design.

3.2. THE PROJECT PROFILE: “BOIS FRANC” DEVELOPMENT IN MONTREAL

in response to demands in today's Canadian housing market, homebuiiders generating mass
housing developments have begun to focus on design customisation for each dwelling unit, as
described in Chapter 2. In terms of producing a unit identity that corresponds to direct user choices of
housing components, the “Bois Franc” project—still under construction—is one of the typical mass

housing developments in Montreal today (Fig. 3.1).

Figure 3.1; Bois Franc, Village Renaissance in 1999

The attractiveness of this project is often explained not only by its convenient location, but also
by classical design arrangements that will never fall out-of-date—rather, beauty captured through the
“sieve of history” (Clément 1995a). In order to distinguish the front fagade of a house from that of its
neighbouring units, a variety of standard exterior components (such as doors, windows, bay windows,

roofs, dormers, and sheathing materials, such as brick) is applied individually to each unit. The result
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is a community itself that appears as if it had developed naturally by users’ renovations over a period
of years, as in the Plateau district in Montreal (Fig. 3.2). However, the actual circumstances of the

development will be unveiled later in this chapter.

Figure 3.2: Plateau Mont-Royal, Rue Laval in 1999

The Bois Franc development is located in the former municipality of St. Laurent in the Greater
Montreal area, and dates back to 1993. Originally ten builders were involved in the development
(Chartrand 2002); however, today, only three builders remain (Groupe Montclair, Groupe Maltais, and
Groupe Sotramont). These three builders continue to pursue the original vision of the project, which
consists of a total of 2,800 dwelling units—this estimate excludes the number of homes that will be
provided particularly for senior citizens. These houses are being built on 22,000,000 sq.ft. (2,000,000
m?) of land, the location of which allows residents to gain easy access to major highways and the
Metropolitan Boulevard (Fig. 3.3). In addition, a direct bus service between the Bois Franc
development and the nearest metro station has recently been inaugurated (though currently available
only Monday through Friday during the morning and evening rush hours). The project was planned to
bring together greenery and nature, lakes and waterways, recreation and services (info Bois-Franc

2002a). As well, the land is now dotted with large and small parks, four squares, and a commercial
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centre. Moreover, a golf course, in which some lakes also serve as winter skating rinks, recently

opened next to the residential areas. in total, green spaces account for more than 12% of the total

land area, and 20,000 trees are planted throughout the area (info Bois-Franc 2002a).

Figure 3.3: Location of the Bois Franc mass housing development in St. Laurent, Montreal

(Source: Info Bois-Franc 2002a, 2002b)

Development of this mass housing project has been executed in two phases (Fig. 3.4). The ﬁrstv
phase of 1,200 dwelling units, is now complete, while the second phase, comprising 1,600 dwelling
units, has been under construction since the fall of 2000 (Info Bois-Franc 2002a). Based on their
marketing survey, the Bois Franc project may be considered one of the most successful mass
housing developments in the Montreal area (Info Bois-Franc 1999). In 1999, the builders reported that,
during 1995, more than 160 families purchased homes in the project and nearly 1,000 families moved
to this new town between 1993 and 1999. According to these results, approximately 83% of the

dwelling units were sold before the first phase of the development was completed in 2000.
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Figure 3.4: Layout of the Bois Franc mass housing development

(Source: Info Bois-Franc 2002c)

The Bois Franc mass housing development consists of townhouses, semi-detached houses,
detached houses, and condominiums. The selling price of housing ranges from $129,900 to $915,000
(Chartrand 2002). In addition, two apartment buildings offering 3 1/2to 5 1/2 roome& apartments are
availgble for rent between $890 and $1285 per month. Today, all three builders construct townhouses,
and semi-detached houses are produced solely by Montclair (Table 3.1). Two builders, Montclair and
Sotramont, build detached houses, while condominium developments are carried out by Maltais.
However, the “Les Terrasses du Golf' townhouses, developed by Sotramont, are treated as
condominiums, because the occupants are obliged to pay special condominium fees (Chartrand

2002).
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BUILDER’S NAME HOUSING TYPE
Townhouse | Semi-detached Detached Condominium
Groupe Montclair Yes Yes Yes No
Groupe Maltais Yes No No Yes
Groupe Sotramont Yes No Yes Yes

Table 3.1: Builders’ names and their housing types offered in the Bois Franc project, 2002

(Source: Info Bois-Franc 2002c)

3.2.1. THE FEATURES OF SELECTED TOWNHOUSE MODELS: “VILLAGE RENAISSANCE"
The “Village Renaissance” is representative of a typical Montclair's townhouse development in the
Bois Franc project (Fig. 3.1). In the fall of 1999, the builder reported that they had already sold more
than 100 townhouse units and that they were planning to upgrade the housing model by making the
interiors even more spacious and attractive (info Bois-Franc 1999). In fact, the size of the interior
space of their townhouses has slightly increased over the past three years. The dimensions of the first
and second floors of a Village Renaissance townhouse model, sold in 1999, were 18' 00" x 32" 10"
(591 sq. ft. each floor). The basement, composed of a 216 sqg. ft. multipurpose room (including a
laundry space) and 370 sq. ft. garage, had an estimated floor area of 586 sq. ft. Thus, the unit’s total
fioor area, including the garage, was 1,768 sq. ft., of which the total ‘habitable floor area’, excluding
the garage, was 1,398 sqg. ft." Similarly, the dimensions of the first and second floors of a 2002 model
are 18' 00" x 35 10" (645 sq. ft. each floor) and the basement floor area is an estimated 591 sq. f.
Thus, the total floor area of this most recent model is 1,881 sq. ft., with a total habitable floor area of
1,511 sq. ft (Table 3.2).

All the figures stated above exclude the optional mezzanine and loft which homebuyers may

request the builder to provide at an additional charge. These figures show that the first and second

" For purpose of this study, the habitable space is defined as all interior spaces of housing excluding the garage.
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floors of the 2002 townhouse model have 9% more floor space as compared to those of the 1999
model. However, including the basement, garage, first and second fioors, the total floor area of the

newer model shows an increase of only 6%, with the total habitable floor area increased by 8%.

SIZE OF SIZE OF SPACE RATIO
AN OLD MODEL: A NEW MODEL. : OF
OPEN KITCHEN & | OPEN KITCHEN & | THE NEW MODEL
THREE THREE TO
BEDROCM TYPE | BEDROOM TYPE | THE OLD MODEL
(A) (B) (BI/A)
{Sq. ft.) (Sq. ft.) %
BASEMENT
Multipurpose room (216) 221) 2.32
Garage (370) (370) 0.00
Total floor area of the basement 586 591 0.85
FIRST FLOOR
. - 05’03 x 05°06”
Vestibule =) (25) N/A
. 18'06” x 13'05” 11°06” x 21°06”
Salon/ living room (234) 231) -1.28
- 12°08” x 08'06" 07'09" x 12'03”
Dining (96) (84) -12.5
. — 09°00" x 12°03”
Kitchen ) (108) N/A
- 05’03 x 05°06”
Lavatory ) (25) N/A
Total floor area of the first storey 591 645 0.14
SECOND FLOOR
09'06” x 08'02” -
Bedroom 1 72) (96) 33.33
08'068” x 08'02” -—
Bedroom 2 (64) (80) 25.00
12°06” x 11°02” -—-
Bedroom 3 (132) (144) 9.09
Total floor area of the second storey 591 645 0.14
TOTAL FLOOR AREA
(basement, first and second storeys)
Garage included 1,768 1,881 6.39
Garage excluded 1,398 1,511 8.08

(habitable space floor area)

Table 3.2: The sizes of the 1999 and 2002 Village Renaissance townhouse madels in the Bois Franc Project
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Despite an 8% increase in habitable floor space in the 2002 townhouses, fhe floor area of
family rooms, such as the living and dining rooms, actually decreased by 1 to 2%, according to
Monclair's estimates (1999, 2002a). On the other hand, bedrooms have been significantly enlarged.
In fact, the floor area of the new model's main bedroom has increased by 9%, while other two
bedrooms are 25 to 33% larger. According to the author's observations of the earlier and current
mode! homes, as well as the plans and specifications provided by the builder, no ‘major’ modifications
in the interior arrangement have been made between the earlier and current models, except for the
location and shape éf a lavatory (or powder room) on the first floor, which was previcusly embedded
in a kitchen area (Fig. 3.5). Thus, the kitchen in the new model is more spacious, and provides more

places for the instalment of kitchen facilities; however, counter space is not much increased.
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Figure 3.5: Ground floor plans of the Village Renaissance townhouse model, sold in 1996 and 2002

(Source: Montclair 1899)
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A small vestibule is provided at the front enfrance for residents to leave oqtdoor garments
before entering the house. The floor level of the inner rooms is slightly elevated relative to the
entrance, so that small wooden stairs composed of two treads and risers, {ead from the vestibule to
the salon or living room located.next to the entrance. The first floor has been arranged with an open
floor plan (i.e. unpartitioned spacé) so that the dining space is located next to the kitchen in
conjunction with the salon without any partitions. The kitchen and dinning room overlook a private
backyard, which is often enclosed by wooden fencing. For both new and old townhouse models,
homebuyers have the option of requesting the placement of a partition between the kitchen and
eating areas (i.e. open or closed kitchen options). A powder room is also provided on the first floor,
located between the kitchen and the staircases that lead to the upper floor and the basement. The
basement consists of a multipurpose room, laundry space, and a two-car garage. The basement is
typically unfinished, when the house is sold; however, the multipurpose room may be completely
finished at the client's request. In terms of the floor arrangement, home‘buyers can choose either two
or three bedrooms for the second floor. Regardless of which option is cﬁosen, a bathroom, containing
a toilet, sink, shower stall and bathtub, is located centrally on the second floor, between the front and
rear bedrooms. A large bedroom located at the front of the house usually serves as a master bedroom,
while children and/or guests may occupy the bedroom(s) located at the rear. Again, both old and new
models allow homebuyers to request the provision of a mezzanine or {oft in the large attic, and the

additional room may function as a multipurpose room (Fig. 3.6).
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When the technical housing specifications used for the construction of 2002 townhouse models
are compared to those used for the construction of the 1999 models, no considerable modifications of
basic building materials and systems were identified (Appendix B). However, there have been some
minor changes that marginally improve the interior design. For instance, in the older model, the
interior partitions could be composed of either 2" x 3" studs or 2” x 4” studs, while only 2" x 4” studs are
used for the interior partitions of a newer model. To some degree, this might help increase sound
insulation performance between the rooms. In addition, the 6% enlargement of the 2002 townhouses
necessitated the re-arrangement of each room, especially the size, as described in the preceding
section. More importantly, the enlargement of housing size naturally increases the fotal amount of
building materials used in construction, which may, in turn, contribute to an increase in the selling
price.

Accordingly, with consideration of the design modifications of the interior and the 6% increase
in housing size, as well as inflation, the selling price of the townhouse models needs to be examined

and discussed further in the following section.

3.2.2. SELLING PRICES

lnfrastructure costs reflect development costs for the roads, sidewalks, sewers, water mains,
underground electrical and street lighting, as well as individual connections to water, sanitary and
storm water sewers, cable, telephone and electricity entrances. In this mass housing project, these
costs are included in the selling price of housing. In 1999, the standard 18’ 00” x 32" 10" model (an
open kitchen and three-bedroom type) was sold at $139,800, while the extended 18 00" x 34’ 10"
model was sold at $144,900. These prices excluded optional rooms, such as a mezzanine, the
installation of which required an additional $13,600 for the standard model. In 2002, the selling price
of the 18’ 00" x 35’ 10” standard model was estimated to be $206,000, according to the builder's

salesperson. A house’s selling price refiects total construction costs, composed of direct and indirect
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costs for the land development, material and labour, as well as the financing, taxes, profit and
overhead, as described in Chapter 2. Accordingly, based on the selling price, the unit cost per square
foot for the 1999 model can be estimated at 79.13 $/sq. ft. when the floor area of a garage is included
and 100.07 $/sq. ft. when calculated using only the inhabitable area. Similarly, the cost of the 2002
model can be estimated at 109.52 $/sq. ft. including the floor area of a garage, and 136.33 $/sq. ft.
when calculated using only the inhabitable area.

The selling price of townhouse surveyed in the Bois Franc development increased drastically
by 47.25% over the past three years (Table 3.3). However, this calculation ignores the fact that the
house’s size increased by 6%. Thus, when the enlarged size of the house is taken into account, the
unit cost of a 2002 model reveals a price increase of 38.41% when the garage floor area is included

and 36.23%, when looking only at the inhabitable space.

CONSTRUCTION CONSTRUCTION COST RATIO OF
COST OF COST OF THE NEW MODEL TO
THE OLD MODEL, THE NEW MODEL, THE OLD MODEL
SOLD IN 1999 SOLD iIN 2002 (B/A)
(A) (B) %
Selling Price $139,900 - $206,000 - 47.25
Garage floor area included 79.13 $/sq. ft. 109.52 $/sq. ft. 38.41
Garage floor area excluded 100.07 $/sq. fi. 136.33 $/sq. ft. 36.23
{habitable space only)

Table 3.3: Construction costs of the old and new townhouse models of

the Village Renaissance townhouses in the Bois Franc Project, between 1999 and 2002

The 38% increase in total construction cost between 1999 and 2002 can hardly be explained
by the 6% increase in fotal fioor area. As wéll, it is doubtful whether the ‘minor’ interior and exterior
design improvements caused the 2002 townhouse mode! to require tremendous amounts of time for
the design reviews and modifications. It can be assumed that the construction costs of this townhouse

development were considerably affected by external factors such as profit, overhead, financing and
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taxes; however, the builder refused to disclose the specific rate of each external factor. In general, it is
known that homebuilders have little control over most external factors, while the cost of material and
labour can be reduced by increasing productivity and output, as described in Chapter 2. However, at
the Bois Franc development, house erection depends mostly on on-site construction work. According
to the author's review of company specifications, and observations of the construction site in 1999
and 2002, their construction and design approaches have not changed considerably since 1999.
Thus, with consideration not only of the material and labour costs, but also of the external costs that
partly reflect the builder’s profit, the rise of the total construction costs might encourage the builder to
drastically increase the selling price of their new townhouses so as o yield more profits.

Housing affordability is considered to be one of the most revealing indicators of a family’'s
lifestyle, as described in Chapter 2. The selling price of housing greatly affects affordability, which
includes not only the initial cost (e.g. down payment) but also the running cost (e.g. mortgage
payment) which needs to be maintained for a certain period of time for amortisation. Thus, in order fo
understand the effects of the higher selling price found in this townhouse development on the housing

affordability, the homeowners’ profile will be unveiled in the following section.

3.2.2.1. HOMEOWNERS’ PROFILE

In order to identify the homeowners’ family structure, as well as their income levels, the author
conducted personal interviews with three households, ali of whom purchased Village Renaissance
townhouses, and visited one of the houses in order to observe its current condition. At the same time,
the author randomly sent 75 questionnaires to residents of the townhouse development. Of those
questionnaires sent, 15 were returned, one of which contained a reply from a renter, rather than a
homeowner; thus, the guestionnaire replied.by the renter was not taken into consideration for this
survey.

One of the interesting aspecis, which can be seen in the townhouse development, is the
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diversity of homebuyer groups, which includes both traditional and non-traditional households:
nuclear families, lone-parents and common-law unions, as described in Chapter 2 (Tables 3.4 & 3.5).
According to the results of the 14 valid questionnaires, the largest group live as couples with no
children, accounting for 42.86% of the respondents. Couples with children- (or nuclear families) and
lone-mother households were the second largest group, accounting for 21.43%. Male and female
singles stood third, estimated at 7.14%. In addition, common-law and retired couples were also
included among the households surveyed. The age of the homeowners varied, and the youngest
homeowner among the respondents was a 27 year-old male maintaining the house with his female
spouse aged 31.

The income levels of homeowners also varied, in part according o the number of wage earners
within the household. Net monthly income thus ranged from $1,500 to $18,000. At the low end of the
income ladder was a lone mother, aged 41, caring for three children at home; at the high end was a
common-law couple, ages unknown. Of the 14 households, the average family annual income was
estimated at $81,745.71. This result indicates an annual income, on average, 65.94% higher than the
average Quebec family income of $49,261, or 49.76% higher than the average Canadian family
income of $54,583 (Statistics Canada 1999a). With their higher income levels, moét of the
households surveyed pay less than 30% of their monthly net income on morigage payment, while
only two households pay over 30% of their income for housing. The two househoids, exceeding the
30% threshold, consist of a lone-mother (file no.7) and a young couple with no children (file no.8).
Under current conditions, the young couple may have some difficulty maintaining their heavy financial
burden as almost half (46.67% or $1,400) of their monthly net income ($3,000) is dedicated to the
mortgage disbursement. In addition, the stated amortisation period of their mortgage payment was 20
years, and as they purchased the home in 1994, they may need to maintain the mortgage for the next

12 years.
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No. of Net No. of Sex and Age of No. of Children
Household Monthly | Income Occupants
Members Income | Earners (Excluding
%) Chiidren)
FileNo. |1]2]3|4/5 Male Female 2134
1 X 8,000 2 40 38 X
2 X 7,000 1 -— 50 X
3* X 18,000 2 -~ X
4 X 8,000 1 -~ 37 X
5 x| 4,200 2 54 50 X
8% X 4,000 — - -— X
7 1,500 1 -— 41 X
8 X 3,000 2 34 28 X
9 X 6,000 2 60 56 X
10 X 7,000 2 42 39 X
1 X 9,170 1 -—n 48 - X
12 X 12,000 1 32 - X
13 4,000 -~- 38 34 X
14 X 3,500 2 27 31 X
* Common-law couple
** Retired coupie
Table 3.4: The occupants’ income and household structure profiles
in the Village Renaissance townhouse development: Bois Franc, 2002
File No. Net Mortgage | Shelter- Down Amortisation Year of
Monthly Monthly Income Payment Period Purchase
income Payment Ratio {Years)
(A) (B) (B/A)
%) ($) (%) (%)
1 8,000 900 11.25 15.00 25 1997
2 7,000 700 10.00 50.00 15 1997
3 18,000 900 5.00 25.00 25 1997
4 8,000 870 10.86 25.00 20 2002
5 4,200 —- - 40.00 -~ 1993
6 4,000 806 20.15 25.00 20 1994
7 1,500 482 30.80 60.00 25 2001
8 3,000 1,400 46.67 5.00 20 1994
9 6,000 -~ - 60.00 20 2000
10 7,000 1,200 17.14 15.00 11 1994
11 9,170 1,200 13.09 25.00 25 2002
12 12,000 900 7.50 10.00 25 1999
13 4,000 600 15.00 30.00 20 1998
14 3,500 1,000 28.57 33.00 25 2000

Table 3.5: The occupants’ mortgage payment profile
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According to the questionnaire results, the average mortgage payment of homeowners
surveyed in the Village Renaissance townhouse development is actually much higher than the
provincial and nation-wide average homeowner's major payments. On average, a homeowner's
monthly payment in the townhouse development is $911.50, or 34.84% higher than the Quebec average
of $678, or 20.89% higher than the Canadian average monthly payment of $754 (Statistics Canada
1999a). These results might indicate that the higher selling price of these townhouses discourages
potential homebuyers, whose income levels are less than the provincial or national average, from
proceeding with the purchase of a home in this development.

In addition, the design approach that homebuilders apply to their mass housing development
also affects to some degree the seiling price, which is, in part, attributed to the unit cost, quality and
time, as stated earlier. Thus, according to today's market demands for housing (i.e. customisation),
the level of design customisation of housing in this residential development needs to be also identified,

and will be discussed in the following section.

3.2.3. THE LEVEL OF DESIGN CUSTOMISATION

Based on the builder’s specifications, homebuyers may customise certain parts of the housing design,
including the colour of carpeting, ceramic tiles and other flooring materials. As well, they may select
housing types corresponding to the number of bedrooms (two or three bedrooms) and kitchen forms
(closed or open kitchen) desired, request the builder to provide a mezzanine and loft, and finish the
basement. According to the sales representative, some exterior design components, such as
dormers and bay windows, can also be customised at the homebuyer's request (Fig. 3.7). In short,
the builder has already succeeded in semi-customising their townhouses, in which they modify an

existing housing model according to the clients’ individual requirements.
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Figure 3.7: Section of a typical Village Renaissance townhouse in the Bois Franc project, 1999

(Source: Montclair 1999)

Based on the homebuyer’'s survey of the Village Renaissance townhouse development, most
homebuyers tend fo pus’tomise the interior designs of their new home, as to the coldur of carpet and
ceramic tiles, as well as the flooring material, as described in the builder’s specifications (Taﬁle 3.6).
Clients also have some design variations fo choose from as to the fireplace, closets, bathroom,
heating and air conditioning facilities. Doors, on the other hand, are uniform. Of the 17 households
surveyed, two requested the builder finish the bésement, while five increased the total ficor area by
adding either a mezzanine or a loft. One household, consisting of a middie-aged couple, indicated
that they paid an additional $11,000 to have a loft; another answered that they were charged an extra
$150 for the replacement of an existing electric outlet, which is not prescribed in the builder's
specifications. Interestingly, the homebuyers whom the author interviewed affirmed that they were
willing to pay extra to customise their new home. This may be reflective of today’'s market demands
for design customisation of housing.
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On the other hand, except for one household that changed patio doors facing the backyard,
none of the respondents customised the exterior components of their home, such as adding dormer
or bay windows, or changing the entrance door, brick, windows, shutters, and roof shingles. The
respondents also indicated that most of the exterior design components were already installed before
actually purchasing their new home. This implies that the exterior design depends on the housing
type the homebuyer chooses, confirming that the exterior components of the Village Renaissance
townhouses are not actually particularly customised but rather designed on a speculative basis by the

builder's architect before the homes are put on the market.

HOUSING COMPONENTS CUSTOMISED RESPONDENTS’ REPLY NO. CF

WHEN PURCHASING A HOME RESPONDENTS

v Yes No (%)

Interior components 11 3 14
(79%) (21%) (100%)

Exterior components 1 13 14
(7%) (93%) (100%)

Volume components™ 4 10 14
(29%) (71%) (100%)

* Volume components include the additional provision of a mezzanine or loft

Table 3.6: The level of design customisation in the interior and exterior designs,

as well as the expansion of floor areas of the Village Renaissance townhouses surveyed: Bois Franc, 2002

3.2.3.1. USER SATISFACTION IN HOUSING DESIGN

According to the resuits of the questionnaires returned, none of the respondents are dissatisfied with
the housing design, even though the level of design customisation is quite limited. At any rate, all of
the respondents identified themselves as ‘satisfied’ with their home designs, and half of the
respondents stated they were ‘very satisfied’ (Table 3.7). As well, all households that the author
interviewed were agreeable to the builder's design approach—i.e. ‘semi-customisation’ that allows
the users to directly participate mainly in the interior designs by the offering of constructor's samples

that facilitate the user selection of colours and materials. Also, additional modification of housing
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designs is allowed based on the clients’ request and the replacement of outlets, as described in the

‘ preceding section, can be considered one of the examples.
USER SATISFACTION IN HOUSING DESIGN
FILE NO. Very Satisfied unsatisfied
Satisfied
1 X
2 X
3 X
4 X
5 X
6 X
7 X
8 X
9 X
10 X
11 X
12 X
13 X
14 X
TOTAL 7 7 0

Table 3.7: User satisfaction in housing design of the Village Renaissance townhouses surveyed:

. Bois Franc, 2002

On the other hand, some respondents complained about the inflexibility of the exterior designs.
For exémple, all three interviewees had a dislike of functionless, fake dormers. In fact, some dormers,
which the builder installs before selling the units, are just placed on the roof; thus, the interior rooms
behind the dormers do not actually get any light. Such dormers can be easily identified because the
window appears unnaturally dark at all times. However, homeowners are not allowed to remove such
dormers regardless of their preference, or taste, due to community regulations established by the
builders in the Bois Franc Project.
These regulations, however, help harmonise the appearénce of the community, which, in turn,
helps maintain the resale value of the homes (Chartrand 2002). According to the interviewees, the
’ regulations do, to a considerable extent, restrict the homeowners’ freedom to improve their homes.
The home occupants may not modify external designs of housing and they are obliged to maintaAin the
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colours and styles of the original designs. For example, when painting is necessary, the front
handrails and banisters at the entrance stairs and landing may only be painted black. However, more
freedom is given to homeowners when it comes to renovating exterior components located at the rear
of the house. Homeowners are allowed to change the patio doors, as well as to build fences, so iong
as they are painted either green or black. The community also permits homeowners to install a
swimming pool in their backyard. That said, those interviewed complained that they were unable to
renovate the exterior components of their home, which they desired to do.

These results indicate thét a townhouse development of today (such as Bois Franc) hardly
allows for the total customisation (e.g. volume, exterior and interior arrangements) of a new home
since this would hinder the achievement of economies of large-volume construction that reduce
construction costs. This semi-custom (or production) design approach, which the builder applies to
the exterior design, may help increase his profit however. As well, the occupants’ after-purchase
home renovation tends to be restricted, in order to maintain the higher selling price of housing. These
facts resulted in making the Village Renaissance townhouses only ‘appear as if they are totally
customised or renovated by the homebuyers themselves, as stated earlier in this chapter. Then, a
question still remains:

Can the opposite approaches of mass production and customisation be well integrated

in a townhouse development which greatly contributes to sustainability?

3.3. SUMMARY AND CONCLUSIONS

The Village Renaissance townhouse development, which is part of the Bois Franc mass housing
project, is mainly carried out using conventional means of building semi-customised houses at the
building site. As a result, the builder's customary practice was not effective enough o maintain the
selling price of homes under inflation; in fact, over the past three years, the selling price of the Village

Renaissance townhouses has risen 47% from $139,900 to $206,000. This drastic increase of the
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housing price was partly explained by the 6% enlargement of the size of the 2002 model house, in
comparison to that of the similar 1999 model. The increased size also necessitated the ‘slight’
modification of the interior designs. To some degree, inflation might contribute towards increasing the
cost of material and labour. On the other hand, the builder might only have been able to offset part of
the increased cost, due to inflation, if they could increase productivity and output by applying more-
efficient design and production approaches to their mass housing development.

However, according to the author's observation of the Village Renaissance townhouse
development, productivity and output were nof much increased between 1999 and 2002. In fact,
except for prefabricated joists and roof trusses, the builder still relies heavily on a site-built
construction system without applying the industrialised building systems that produce factory-built
homes—in-factory production of housing components may considerably affect productivity, as
described in Chapter 1. It can be assumed that the rise of material and labour costs, due to inflation
over the past three years, could not be alleviated under the builder’s existing state of productivity. As
well, the external factors including their prbﬁt (that the builder did not wish to reveal) might help
increase the selling price of their new homes. Furthermore, the builder's ‘semi-custom’ design
approach, to some degree, also hindered achieving the economies of Iargé-volume work. The
combination of these factors may have lead to the observed drastic increase of the selling price of
housing.

In order to increase productivity and output in today’s mass housing development, more-
efficient design and production methods that help maintain the economies of large-volume work,
while meeting the market demand for design customisation of housing, should be taken into

consideration, and will be further discussed in Chapter 4.
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CHAPTER 4: MASS CUSTOMISATION

4.1.INTRODUCTION
As discussed in Chapter 1, the industrialisation of housing, which has the potential to eliminate
building site inconveniences such as bad weather, vandalism and theft that affect construction time,
quality and cost, also helps produce homes more efficiently, when compared to site-built counterparts.
However, today’'s mass housing development in Quebec, as surveyed in Chapter 3, does not make
much use of prefabricated building systems except for trusses and joists. In addition, in order to meet
homebuyers’ individual requirements for housing, today’s homebuilders, as well as housing
manufacturers in Quebec, apply either a semi-custom design or a custom design approach. it is
known that these approaches, to some degree, hinder the high-volume construction of housing which
yields economies of scale that, in turn, help reduce production costs, as stated in Chapter 2.7

This chapter is aimed at infroducing a new design and production approach, known as “mass
customisation”, in order to bridge a design-production gap between the need for mass production on
the one hand and cusfomisation on the other. The gap still remains wide in the homebuilding industry
of today, as described in Chapter 2. Accordingly, this chapter first addresses the concept and
principles of mass customisation before narroWing the focus onto how to apply mass customisation
techniques to housing des‘ign and development, while integrating the principles into a new ‘system’.

The mass customisation system model proposed can be applied not only at the ‘unit’ design
level, but also at the ‘organisation’ design level in mass housing projects. However, this chapter
concerns only the former and is based on the author’s survey of Japanese housing manufacturers,
who have already been successful in the mass customisation of homes. Moreover, the proposed
system will function as the theoretical foundation of a homebuilder's “choice model” that will be

developed in Part 11
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4.2. THE CONCEPT OF "MASS CUSTOMISATION”

‘“Mass Customisation” is a complex term, for how can one combine mass production and
customisation? As a technological capability, Mass Customisation was anticipated in 1970 by Alvin
Toffler in his book entitled “Future Shock—"Uniformity will give way to diversity” (Toffler 1970:237).
He also asserted that maximum “individual choice is regarded as the democratic ideal” and
expressed anxiety at the emergence of more standardised mass culture and lifestyles in the future

(Toffler 1970:233). He warned that:

“Science and technology have fostered standardization. Science and
technology will advance, making the future even more standardized
than the present. Ergo: Man will progressively lose his freedom of
choice” (Toffler 1970:234).

Toffler also directed his attention to trends in industry, indicating that companies were discovering
wide variations in the wants and needs of individual customers, adapting their production lines to
accommodate them—*Every architect wants his own shade of green” (Toffler 1970:236). This implied
that the rigid uniformity and long runs of identical products, which characterised traditional mass
production plants, were becoming less important. According to his explanation, two economic factors
encouraged this trend: first, consumers have more money to lavish on their wants; and second, the
cost of introducing variations declines, as technology becomes more sophisticated. However, Toffler
(1970:236) emphasised that the latter factor is even more important than the former, and he added
that it is “only primitive technology that imposes standardization.” However, in this context, he seems
not to be aware that standardisation for very simple items, or parts of a whole, can be accepted és
offering the advantages of standardisation without limiting “creative design” (Movshin 1 970:186).
Furthermore, the rate of technological advance of the construction industry was considered to be far
below that of other industries in the post-war era—or indeed even today. Toffler (1970:237) indicated

that “construction has scarcely reached the level of mass production; it remains, in large measure, a
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pre-industrial craft.”
in 1987, the term “Mass Customisation” was actually coined by Stanley M. Davis in his book

entitled “Future Perfect” and he delineated the concept as follows:

“The world of mass customizing is a world of paradox with very practical
implications. Whether we are dealing with a product, a service, a market,
or an organization, each is understood to be both part (customized) and
whole (mass) simultaneously....For mass customizing of products,
markets, and organizations to be possible, the technology must make it

economically feasible in every case.” (Davis 1987:140 & 141)

Like Toffler, Davis (1987:155) also stated that technology would make ‘mass customisation’ a
practical possibility; however, he knew that they would not be sufficient by themselves. Thus, he
emphasised the need for the principle of mass customisation, which reflects “the paradox of the
simultaneity of opposites, particularly of the whole and its parts”, to be well understood 80 as to
facilitate the widespread application of a mass customisation approach to many ‘products’ and
‘services’.

In addition, he gives the example of the Japanese prefabricated housing industry, indicating
that it “has apparently learned the mass-customising message much better than their U.S.
counterparts” (Davis 1987:158). Moreover, he briefly described Japanese manufacturers’ way of

mass customising their new homes as follows:

“The general sense of the public is that what you save on costs you lose
in quality and in customization. If you are to buy a mass-produced house,
your choices are limited to gross differences, such as two- or three-
bedroom model. The Japanese, however, have applied mass
customizing to housing business. Their effort began in the 1960s and

has become quite sophisticated since then.”
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“The process begins by sitting down with a sales representative for
a couple of hours and pretty much designing your own home on a
computer screen. You choose from 20 thousand different standardized
paris, like life-sized Lego blocks, and you can put those paris fogether
pretty much as you want. Shall we add a foot to the length of living
room? No problem. A small addition to add a Jacuzzi in the corner?
Presto. You'd like the tea room on the other side of the house. Just press
the button and the computer will make necessary adjustment in the

plans and materials needed.” (Davis 1987:158).

In comparison with fully mass-customised, prefabricated housing in Japan, which usually consists of
some engineered materials (e.g. a wall material, which does not burn and provides better insulation
than concrete) that the manufacturers developed, Davis (1987:158) regarded mass-produced,
prefabricated housing in the U.S. merely as “not highly esteemed”. Also, he warned that “If U.S. home
builders don’t turn to mass customizing, they may end up out of business before they ever see 2001”
{Davis 1987:160). His prediction for American homebuilders was somewhat intuitive or hype‘rbolic;

however, the questions, which Davis conceived in 1987, still remain unsolved, even today:;

“Will the $6 billion U.S. housing industry adopt this [wall] material and
other processes from the Japanese?”

“Will American housing become mass customized?”.

in 1993, B. Joseph Pine Il integrated the concept of Mass Customisation in his book<
entitled "Mass Customisation”, providing the guideline for this new frontier, as well as the fundamental
methods of mass customisation of products and services. He regarded Mass Customisation as an
emerging management system, which evolved from the “factory system” and the system of Mass
Production. The factory system, common to the United States, Great Britain and the other newly
industrialised nations of Europe in the nineteenth century, was a continuation of the basic idea of
Craft Production—i.e. the end products themselves are not standardised. However, it allowed the

production process o be standardised (and routinised) as the Industrial Revolution brought a general
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replacement of hand tools with machinery and mechanisation. According to Pine il {1893:11), the
factory system in the United States was characterised by the following principles: interchangeable
parts, specialised machinery, reliance on suppliers, focus on the process of production, the division of
labour, the skills of American workers, flexibility, and continuous technological improvement. The
eight characteristics differentiated the factory system of the United States from both craft production
methods ahd the factory systems applied in Europe (Pine 1l 1993:11).

However, in the twentieth century, these characteristics of the factory system alone become
insufficientbto support the growth of large enterprises that sought to meet the demands of an
increasingly geographically dispersed economy in the late 1800s (Pine il 1993:14). Atthe dawn of the
new century, a new system of ‘Mass Production’ was unveiled. Mass Production, or Fordism (after
Henry Ford), made its first appearance in the world at Highland Park near Detroit in 1913. In order to
mass-produce commodities (i.e. cars in his case), Henry Ford focused on seven principles: power,
accura;cy, economy, continuity, system, speed, and repetition {(Nevin and Hill 1957:6). Furthermore,
he combined these principles into three creative components: the first was the pianned, ordérly, and
continuous progression of the commodity through the shop; the second was the systematic delivery
of the work to the mechanic, instead of bringing the mechanic to his work; and the third component
was the break-down of all the operations into their constituent parts, with a suitable division of labour
and material. In consequence, in comparison to the former production approach, the total amount of
labour time spent making a single car dropped from 12 hours 8 minutes to 2 hours 35 minutes, when
Ford's engineer introduced the assembly line in October 1913. Accordingly, sales of his car, known as
the “Model T7, increased tremendously (Table 4.1). In addition, the new system, to a considerable

extent, helped accomplish the continual lowering of its retail price and, between 1908 and 19186, the

' The factory system was also called the “American System of Manufacturers” or simply “American System” and
it fuelled the economic growth of the United States. In fact, between 1875 and 1899, the system began to
dominate the American economy and commodity output per capita grew at an annual rate of 2% versus just 0.3%
for the first three quarters of the ninetieth century (Pine 11 1993:10).
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price of the Model T Ford produced was reduced drastically by 57.65%.

CALENDAR | RETAIL PRICE CHANGE TOTAL CHANGE
YEAR (TOURING CAR) | FROM 1908 ‘MODELT FROM 1908
$ Y SALES Y%

1908 850 0 5,986 0
1909 950 11.77 12,292 105.35
1810 780 -8.24 18,293 222.30
1911 690 ~-18.82 40,402 574.94
1912 600 -29.41 78,611 1213.25
1913 550 -35.29 182,809 2953.94
1914 480 -42.35 260,720 4255.50
1915 440 -48.24 355,276 5835.12
1916 360 -57.65 577,036 9539.76

Table 4.1: Price and sales of Model T Fords, 1908-1916
{After Pine 1l 1993)

However, the system of Mass Production focuses essentially on producing standardised
products for a homogeneous market. Pine I} (1993:17) indicates that one of the primary reasons that
the system of Mass Production (as well as the factory system) was developed so extensively in the
United States was that the American market tended to be more homogeneous than the markets of
the industrialised nations of Europe.

Furthermore, he stated that:

“America never had the class distinctions common in Europe; therefore
Americans did not have to differentiate themselves from other classes
by what they purchased. Along the same lines, income distribution was
also more equitable in the United States, resulting in more people

clustered around similar needs and desires” (Pine Il 1993: 17).

However, there is no doubt that today’s consumers have become more demanding than ever
before, looking for variety and uniqueness in the products or services that they buy. Moreover, they
also demand high quality and low cost (Oleson 1998:146). Anderson (1997:3) suggests that
“business must respond to succeed in today’s turbulent climate, none is more difficuit, more perilous,
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nor more vital than being customer-oriented.” In other wards, the imperative in business today is to
understand and fulfil the wants and needs of each individual customer (Fig. 4.1). The initiatives of
most companies are usually market-focussed, rather than customer-focused, because companies
also need to meet an equivalent imperative for achieving low costs—i.e. efficiency of production.
Thus, Anderson (1997:4) concluded that “Mass Customization is the new imperative in business, one
that puts the identification and fuifiiment of the wants and needs of individual customers paramount
within the company without sacrificing efficiency.”

In addition, Pine Ii (1993:44) emphasises that, today, many companies no ionger focus solely
on producing merely standardised products or services for homogeneous mass markets (Fig. 4.2).
Accordingly, he suggests that a new paradigm (i.e. Mass Customisation) may help industries supply a
variety of customised products or services through flexibility and quick responsiveness (Table 4.2).

In summary, “Mass Customisation” appears to be an oxymoron, but is actually a synthesis of
the two long-competing systems of management—i.e. “the mass production of individually
customised goods and services” (Pine Il 1993:48). Thus, the concept of Mass Customisation can be

explained as follows:
MASS CUSTOMISATION = ACHIEVING MASS + CUSTOMISATION

In the system of Mass Production, low costs can be achieved primarily through economies of
scale—i.e. lower unit costs of a single product or service through greater output and faster
throughput in the production process. On the other hand, in the system of Mass Customisation, low
costs can be achieved primarily through economies of scope—i.e. the application of a single
process {o produce a greater variety of products or services more cheaply and more quickly (Pine 1i
1993:48).

in the foliowing sections, the principles of a mass customisation approach will be» discussed, in

order to identify how the concept can be applied to the delivery of mass customised goods and
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services.
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MASS PRODUCTION MASS CUSTOMISATION
Focus - Efficiency through stability and - Variety and customisation though
control flexibility and quick responsiveness
Goal - Developing, producing, marketing, - Developing, producing, marketing,

Key Features

and delivering goods and services at
prices low enough that nearly
everyone can afford them

Stable demand

Large, homogeneous markets
Low-cost, consistent quality,
standardised goods and services
Long product development cycles

1

and delivering affordable goods and
services with enough variely and
customisation that nearly everyone
finds exactly what they want
Fragmented demand

Heterogeneous market niches
Low-cost, high-quality,

customised goods and services
Short product development lifecycles

(Source: Pine i 1993)
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4.3. THE PRINCIPLES OF MASS CUSTOMISATION

Based on state-of-the-art reviews of mass customisation, this section is aimed at bringing together
the techniques—i.e. how to apply the concept. As stated in the preceding sections, mass
customisation can be classified by reference to the two opposite notions of mass production and
customisation. In the broadest sense, ‘standardisation’ is considered one of the most effective means
of achieving the mass production of products, while ‘customisation’ is usually related to a process, or
a service, that enables an end product to meet customers’ individual requirements. This section
focuses mainly on reviewing the two principal aspects, standardisation and customisation, in order to
combine the principles of mass customisation for subsequent application to housing design and

development, to be discussed later in this chapter.

4.3.1. STANDARDISATION TOWARDS MASS PRODUCTION

Standardisation is considered the key factor in establishing efficient mass production of products and
services; however, standardisation is a discipline (albeit not a static one since materials are
continuously improved; knowledge and understanding grow and needs chaﬁge over the time)
involving many factors (Fig. 4.3). According to the Oxford English Dictionary (OED), the word
standard is used in connection with military or naval ensigns, and the ninth OED example describes it
as “standard of measure or weight” The word standardisation is considered “the action of

standardising.” However, the etymology of these words is still somewhat obscure.
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Figure 4.3: Lal Verman’s diagrammatic representation of standardisation space

(Source: Spivak and Brenner 2001)

Broadly speaking, a complete set of definitions for standardisation and standard covers
performance, testing and certification, laboratory accreditation, and quality control. Notably, the

International Organisation for Standardisation (ISO) defines the process of standardisation as:

“... activity of establishing with regard to actual or potential problems
provisions for common and repeated use, aimed at the achievement of
optimum degree of order in a given context. Note: In particular, the
activity consists of the processes of formulating, issuing and
implementing standards” (ISO cited by Spivak and Brenner 2001:1).

Movshin (1970:13) emphasises that there are many sources of standards applicable to the
homebuilding industry; however, there is also concern as to their effect on creativity. Standardisation

is usually accompanied by simplification that facilitates communication among the parties invoived in

l a housing project and also help to reduce the number of varieties of any given item. These factors
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yield economies of scaie which, in turn, help lower design and production costs. According o
‘ Movshin (1970:14), the advantages of standardisation and simplification, from the standpoint of

manufacturers, can be summarised as follows:

1. Less capital needs to be tied up in raw materials, finished inventory,
dies, jigs, templates, floor space, and repair parts;

2. Manufacturing processes can be more economical though larger
production runs—there are opportunities for introducing automated
and specialised equipment, while development and experimentation
costs can be reduced,

3. Labour efficiency can be improved through organising the kinds of
information that employees need, as well as through providing more
specialised training on the products and items being produced;

4. Stock depreciation and obsolescence can be reduced. (However, the
notion of economy in standardisation is not a static idea; rather, it is
dynamic, because it inevitably involves quality and time factors); and

5. Improved and simplified communication can be developed

’ throughout all phases of the production and distribution processes.

Furthermore, he also adds some advantages from the standpoint of the user:

6. As a communication device whereby information can be readily
disseminated;

7. As a means for ensuring that products can be readily obtained, with a
known quality and at a minimum cost;

8. As a way of allowing the designers to concentrate their interests and
efforts on specific and significant aspects of the design; and

9. As a factor in improving the maintainability and replacement

characteristics of a design.

An important aspect of standardisation is the fact that it is associated with the feasibility of
high-volume production—i.e. mass production. However, there is a question that hinges on
expanding standardisation:

. Can standardisation permit the maximum opportunity for creativity, or customisation?
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The meaning of “creativity” has been discussed exiensively. Taylor (1964:2) concedes the
complexity of developing a single definition of creativity that suits all situations in different fields,

summing up the notion as follows:

“Creativity at its highest level has probably been as important as any
human quality in changing history and in reshaping the world...Man's
current degree of enlightenment, particularly in certain fields, as well as
his vast production of material goods, can be traced in large part to the
creative performances of individuals during the course of history—to
man'’s striving to improve his knowledge, to conquer the unknown, and

to create new ideas and new, more usefui things.”

His description of creativity includes some interesting phrases such as “create new ideas” and “useful
things”. The former may be considered a generally-recognised expression of creativity, while the
latter may reflect the following definition of creativity—"a novel work that is accepted as tenable or
useful or satisfying by a group at some point in time” (Taylor 1964:6). In addition, he recognises two

existing definitions of creativity as proposed by Ghiselin and Lacklen:

“Ghiselin proposes that the measure of a creation prpduct be the extent
fo which it restructures our universe of understanding. Lacklen, of the
Space Agency, uses the extent of the area of science that the
contribution underlines: the more creative the contribution, the wider its
effects” (Taylor 1964:6).

Conclusively, Taylor (1964:7) admits that there is “no single definition has yet been prepared that suits
all workers in the field”, urging researchers “either to choose tentatively an existing definition of
creativity or to develop a definition of their own that will enable them to move ahead in their work.”
From the Value Engineering’s standpoint, Delllsola (1997:91) sees “creativity” as behaviour
that “uncovers a relationship where none previously existed; a relationship between people, objects,

symbols, or any combination of these.” Similarly, Parrot (2002), a Certified Value Specialist of SAVE
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International, indicates that the definition of “creativity”, which is applicable to Value Engineering, falls

into either of the following notions:

“Intellectual process resulting in the production of new and valid ideas” ;
or
“Innate aptitude of man in creating new combinations starting with

existing elements”

Again, the first definition of creativity may be commonly recognised—i.e. "to produce where
nothing was before’—as described in the Oxford English Dictionary. in the homebuilding industry, a
one-of-a-kind house might be of this type, in which all features of a home are customised, according
to the wants and needs of individual clients, based mainly on a ‘dialogue’ between the user and the
designer. Generically, these homes are usually called “custom homes” (Peter Asher Designs 2002).
The latter definition of creativity connotes the use of existing elements to develop new combinations
that make an end product something new. In this case, the existing elements (i.e. parts of a whole)
can be standardised, while the myriad combinations of these standard parts still permit great scope
for creativity. Thus, a hbmebuyer, for example, can directly choose the standard housing components,
which can be mass-produced, while the combinations of the user's ‘choices’ of these components
make a house customised—viz. these homes can be termed “mass custom homes” (Noguchi
2001).

In contrast, those homes, which are customised by maodification of an existing model house in
response to a dialogue between the user and the designer (where the house can be considered a
whole, rather than the parts) to heet the wants and needs of individual clients, can be called “semi-
custom homes.” In addition, those that are totally mass-produced, before they reach the market, are
termed “ready-built homes.”

Because of the nature of a ready-built home, the entire house itself can be standardised; thus,

the level of product customisation is extremely low (Table 4.3). The characteristics of a custom home
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are totally opposite to those of a ready-built home. A custom home is a one-of-a-kind house,

‘ completely customised; thus, the level of standardisation in both products and processes can be
considered as very low. Semi-custom homes combine the positive features of ready-built and custom
homes—the model house is usually prepared on a speculative basis like a ready-built home, while, in
response to the user's demands for housing, the modification of the model house allows, in part, for
product customisation. On the other hand, mass custom homes may achieve, in theory, the high level
of standardisation of all the housing components from which homebuyers can directly select in
customising their new home. The user's choices of mass-produced, standard components may
actually increase the level of customisation in housing design (Fig. 4.4).

Up to this point, the principles of standardisation for tangible elements of the design have been
discussed. In summary, standardisation can be applied either to the whole of a complex product or to
the parts. However, the consequences are _different, in terms of the scope for design customisation of

‘ a house—i.e. it will be a ready-built, semi-custom, custom, or mass custom home. Movshin (1970:13)
suggests that the “design represents an integration of standard and special components in a unigue
combination.” On the other hand, the action of combining standard components connotes a process;
thus, standardisation of intangible elements (i.e. processes or services) shouid also be taken into
account, in order to make the best use of the advantages of standardisation for the efficient creation
of an end product. On the assumption that customisation accompanies a standard process, the

principles of customisation towards mass customisation wil be discussed in the following section.

STANDARDISATION CUSTOMISATION
LEVEL LEVEL
Ready-built home High Low
Semi-custom home Medium Medium
Custom home Low High
Mass custom home High High

Table 4.3: The levels of standardisation and customisation compared by housing type

’ {Source: Noguchi 2003}

108



Ready-built home Mass custom home

- @ ®
c

.2 .

g @ Semi-custom home
= @

£ 5

° 35

T £

> @ Custom home
¢ 0

-

@

Customisation Level J»

Figure 4.4: Standardisation - customisation relationship compared by housing type

(Source:; Noguchi 2003)

4.3.2. CUSTOMISATION TOWARDS MASS CUSTOMISATION

Pine i (1993:171) integrated five fundamental methods, which are applied by a variety of industries,
to mass customise end producz‘s.2 Accordingly, the author selected four of these methods, which he
considers to be applicable to today’'s homebuilding industry in Quebec.? Thus, the four principles of

customisation that aim to mass customise an end product can be summarised as follows:

Customising services around standard products and services.
Mass-producing customisable end products.

Providing point-of-delivery customisation.

P O N~

Modularising components to customise end products.

2 For purpose of this study, the term end products is often used to describe both goods and services.

% One of the mass customisation principles that the author did not inciude in this section was “the provision of
quick response through the value chain.” An organisation’s value chain basically concerns the development,
production, marketing and delivery phases of end products and represents the key links of these. The vision of
Quick Response is to have “the right product at the right place at the right time at the right price” (Pine |l
1293:191). This concept is somewhat obscure, but it might be of importance in creating an organisation that

gains a time-based competitive advantage through its value chain.
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However, none of these metheds are mutually exclusive and, in practice, they often overlap. In
fact, many companies use a combination of several methods and occasionally ali of them (Pine Il
1993:171). The order of the list described above goes from the easiest place to start, and it
progresses through to more pervasive and fundamental techniques that require more drastic
changes and improvement in a company’s organisation. In the following sections, these four methods

will be summarised and analysed for future application to the delivery of quality affordable homes.

4.3.2.1. CUSTOMISING SERVICES TO INTEGRATE STANDARD PRODUCTS AND SERVICES

Pine Il (1993:172) suggested that the first method can be considered to be the easiest and most
popular method for producing low-cost, individually customised end products without a requirement
for radical changes and improvements in an organisation’s value chain (Fig. 4.5). Before the delivery
of end products to customers, completely standardised products can be customised during the
marketing stage. Thus, this method can be implemented in the last two links of an organisation’s

value chain (Fig. 4.6).

DEVELOPMENTr PRODUCTION r MARKETING r DELIVERY

Figure 4.5: Key links in an organisation’s value chain (general)

(After Pine 11 1993)

In fact, this method is often applied by companies who customise their services around
standardised offerings; for example, travel services are usually standardised, allowing a customer to
choose mass-produced commodity services—these include an airline seat, hotel room, and rental
car. As well, the availability of first- and business-class seats provides one rather small level of variety.

In addition, the choices available in traditional in-flight services such as meals, drinks, headphones,
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movies, newspapers, duty-free magazines, telephones and modems allow customers fo enjoy a

variety of experiences around standardised offerings.

DEVELOPMENT r PRODUCTION

MARKETING

DELIVERY

: 5

Continue developing standardised products or services

g
{

Deliver customised services
as well as standardised products
or services

Market customising services
with standardised products or services

Continue producing standardised products and services

Figure 4.6: Changes in value chain to customise services around standardised products or services

(After Pine 1l 1993)

The fast-food restaurant industry has already been successful in applying this method to mass

customising their end products. McDonald’s, for example, first symbolised the application of mass

production technigues to the fast-food industry—its menu, recipes, uniforms and buildings. However,

McDonald’s foday is considered one of the most weli-known, leading service industries, which are

undergoing a paradigm shift from Mass Production to Mass Customisation (Pine H 1993:41).

McDonald's first appeared in Des Plains, lllinois {a Chicago suburb) on April 15, 1955, after Raymond

Albert Kroc's 1954 deal with the McDonald brothers of San Bernardino, California to franchise a chain

of restaurants (Fig. 4.7).
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Figure 4.7: McDonald’s opening-day advertisement in the local newspaper

(Source: Jackle and Sculle 1999)

Originally, the heart of McDonald’s success was its chief food item, a 1.8-ounce hamburger, 3.9
inches in diameter, on a 3.5-inch bun with 0.25 ounces of onion sold for 15 cents—i.e. “a
standardized product of high quality but also low price” (Jackle and Sculle 1999:141). The firm
opened the two-hundredth McDonald’s in 1960, while attracting talented specialists to work under
Kroc's aegis, In the 1960s, McDonald’s emerged as the paradigm, epitomising not only the
hamburger chains, but also fast food.* McDonald’s initially grew with one simple product (i.e. a
standardised hamburger) from earnings of $37,000,000 in 1960 fo $226,000,000 in 1967. its recent

growth in sales and profits is shown in Tabie 4.3.

* The term fast food has risen to an accepted word in the American vocabulary and it has been attributed to

McDonald's own rise in notoriety (Jackle and Sculle 1999:141).
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YEAR , SALES INCOME
{Millions) {Millions)
1985 $11,011 $433
1986 12,432 480
1987 14,330 549
1988 16,064 646
1989 17,333 727
1990 18,759 802
1991 19,928 860
1992 21,885 959
1993 23,587 1,083
1994 25,987 1,224
1995 29,914 1,427

Table 4.4: Growth in sales and income, 1985-1995
(Source: Hartley 1998)

in the 1980s, McDonald’s began proliferating the number of menu items —e.g. McDonald’s
Pizza, chicken fajitas, breakfast burritos, submarine sandwiches, spaghetti and meatballs, bone-in
chicken, a grilled chicken sandwich, carrot and celery sticks, fresh-ground coffee, and even bottled
mineral water. The_se ‘menu items are only some of more than 150 new standard items that have been
added or are being test-marketed (Pine |l 1993:41). However, this type of product proliferation only
helped increase variety—not product customisation. Whilst McDonald’s today has broadened its
product mix of existing items in order to tailor any order to whatever a customer demands it still
remains uniquely undiversified (Hartley 1998:271). In other words, McDonald’s today has
succeeded in mass customising their end products by allowing user choices (i.e. customising
services) of existing menu (standard) items, which are mass-produced through a standardised
production process—which makes possible the use of local unskilled labourers. As a result,

McDonald’s management system extolled the power of the brand even overseas (Table 4.5).
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COUNTRY NO. OF RESTAURENTS

Japan 1,482
Canada 902
Germany 649
England 577
Australia 530
France 429
Brazil 243
Mexico 132
Netherlands 128
Taiwan 111

Table 4.5: Top ten foreign markets in number of units at year end, 1995

(Source: Hartley 1998)

As stated earlier, McDonald's applied mass production techniques to the fast-food industry,
and standardised its menu, ;ecipe, uniform and building design. A standard menu facilitates a
customer's choice of standard items; a standard recipe helps unskilled workers learn how to produce
the menu items; a standard uniform helps maintain a certain level of cleanliness required; and a
standardised building form provides a functional space to serve their customers,b as well as
smoothing the flow of production in response to customers’ orders. Surprisingly, Japanese housing
manufacturers have also applied similar techniques o mass customise homes. For example, the
menu used in the fast-food industry can be seen fo parallel a cataiogue that contains housing
components, which homebuyers can directly select in customising their new home. As for the
environmental factors (equivalent to McDonald's standardised building), the manufacturers provide
housing exhibitions, such as “housing parks” and “housing information centres”, which function not
only as product exhibitions, but also as design consultation bases, where the clients can choose the
catalogue items of standard housing components (Noguchi and Friedman 2002a). Furthermore, the
provision of a manual (i.e. a recipe in the case of the fast-food industry) that helps train skilled and
unskilled labourers to achieve the standard level of production and markéting operations might be of
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great importance in proliferating a systematic approach to the delivery of mass custom homes.
Thus, this first method (i.e. customising services to combine standard products or services)
can be considered to be a ‘service’ system of mass customisation, which allows the user to choose

standard compconents to customise an end product.

4.3.2.2. MASS-PRODUCING CUSTOMISABLE END PRODUCTS

This approach can be applied for the production of customisable products or services. It is especially
useful where the needs of customers change over time. This tactic is to allow an end product to be
customised by customers themselves, even after they purchase it. Accordingly, the components of an
end product are essentially mass-produced and each end product is no different from the next as far
as the production and delivery processes are concerned (Fig. 4.8). However, the end products
themselves are “customisable to, and often by, each customer” (Pine 1993:180). Thus, this approach

necessitates the development of customisable commodities—either products or services.

DEVELOPMENTr PRODUCTION r MARKETING r DELIVERY

J ¥ A T

Deliver customisable
products or sertvices through
a standardised process

Market customisable products or services

Produce customisable products or services through a standardised process

Develop customisable products or services

Figure 4.8: Changes in value chain to create customisable products or services

(After Pine li 1993)
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Office furniture makers are focusing on customisability (Pine Il 1893:181). For example,
Herman Miller inc., founded in 1923 by D. J. DePreeg, can be considered one of the leading providers
of office furniture. In particular, Herman Miller's seating products demonstrate its leadership in
ergonomic, customisable design. In 1976, the company produced the “Ergon” chair and modern
ergonomic design was introduced to office seating. As well, another office chair product, called the
“Equa” chair (first produced in 1984), set new standards for comfort and ergonomic support (Herman
Miller 2002a). In 1994, the company also introduced the "Aeron” chair, which was lauded for its
innovative design and indeed was designated a "Design of the Decade" Gold Winner in the 1990s by
Business Week magazine and the Industrial Designers Society of America. ;I'hese chairs are fully
customisable (or adjustable), in terms of the seat height, armrest height and angle, backrest height,
seat length, multi-position lock, forward seat angle, and tilt tension. Thus, the chairs fit a broad range
of people and their needs. In addition, Steelcase inc. also produces a variety of customisable work
chairs, and their custom features extend to a number of options that the user can select, when buying
a chair. These options include mechanical or pneumatic height adjustments; upholstered, plastic, or
soft armcaps; armless; foot ring, foot plates, hard casters, soft casters, or glides.

This mass customisation approach applied by these companies focuses mainly on
customising mass-produced end products, when they are in use. Thus, it is important to note that this
presupposes that the end products themselves are able to be mass-produced. However, the rate of
production actually determines the level of mass customisation, and some industries (including the
housing industry) may be facing a situation where end products can be customised during occupancy,
but the production itself does not reach the level of mass-production that yields the economies of
scale, which, in turn, reduce production costs, as described in the preceding sections. Besides this
point, the cusfomisation approach (after occupancy) is already found in the housing industry, when

put in another word—e.g. interior flexibility.
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According to Friedman and Niessen (1991:21), the term “interior flexibility” refers to floor
pianning, whose objective is to maximise the potential range of limited interior space by presenting an
“open floor plan”. This floor planning allows homeowners to define the division of space, based on
their needs, which may change over the time. As well, the introduction of movable pariitions (such as
according walls and drapery) rather than permanent walls enable an open space to be converted into
individual rooms. In addition, “vertical expansion” is a common method of providing exira space,
which can be modified into a habitable extra room, in response to user needs or demands during
occupancy. For example, the provision of an unfinished attic, as well as a basement, which can serve
later as extra bedrooms. As well, garages can be converted to enlarge fiving rcoms or additional
bedroom. This method is defined as “horizontal expansion” of an occupied house (Friedman and
Niessen 1991:20). In fact, these approaches to customising the interior space of a house (an end
product) after occupancy are already evident in designs of American homes built in the post-war
period between 1945 and 1959 (Fig. 4.9). Post-war homes were built to be compact and efficient,
dealing with “two underlying realities: 1. Building a house could no longer be done using traditional

methods and design because of high cost. 2. Savings in small house construction came not from

major items but from meticulous attention to innumerable details” (Friedman and Niessen 1991 :8).
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Figure 4.9: Flexible interior for a small house designed by Royal Barry Wills in 1945
(Source: Wills 1945)
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in general, this second way of mass-customising products and services suggests the necessity

. of mass-producing customisable end products, when the product life span is taken fully into
account—that is, customisation of an end product takes place not during the marketing stage, but

during use or occupancy. Accordingly, this method requires a company to develop customisable

products or services, before they are actually produced in an organisation’s value chain, as described

in the preceding section. Thus, it greatly affects the way of designing the components of an end

product, if it needs to be customisable during occupancy.

4.3.2.3. PROVIDING POINT-OF-DELIVERY CUSTOMISATION
There is only one way fo know exactly what customers want, and also to provide exactly what they
want instanﬂy and that is by providing point-of-delivery customisation. In the past decade or so, a
number of companies have adopted this technique for the complete manufacture of customised end
T
‘ products, shifting from 'centralised batch production to Ilocalised (one-at-a-time) point-of-sale
production (Pine il 1993:185). Accordingly, customisable portions of an end product will be produced

at the delivery stage, and this temporary production phase will be added into the organisation’s value

chain (Fig. 4.10).

DEVELOPMENTr PRODUCTION r MARKETING r DELIVERY r PRODUCTION

J J £ T

Produce and deliver
customised portion
Deliver standardised
portion

Market customised products or services

Produce standardised portion of product or service centrally

Continuously develop standardised products or services together with the customisable portion

Figure 4.10: Changes in value chain to create customisable products or services

(After Pine 1l 1993)
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Point-of-a-sale customisation is a particular favourite of sporting goods manufacturers: e.g.
bowling balls, tennis rackets and ice skates. These items are basically mass-produced at central
factories with an appropriate selection shipped to retail outlets. After customers decide which of these
selections meets their needs, a trained expert in the shop will perform the final manufacturing step
that customises the product for them. The final step includes the following touch-ups: drilling holes in
the bowiing ball to match the customer’s hand, stringing the customer’s personal choice of material
on a tennis racket to exact tension specifications, adding the choice of blade to ice skates and
sharpening them according to the customer’s wishes.

In the broadest sense, this technique is aiready applied to mass housing development of
today—i.e. modification of a ready-built home. For example, in the Bois Franc project, as described in
Chapter 3, a variety of housing is already mass-produced in a conventional way. When buying a
home, buyers can select a specific housing type with some options on room arrangements. As well,
they request the builder to modify the existing house: changing the location of outlets, finishing the
basement, and providing a mezzanine according to the buyers’ requirements (éee C‘hapter 3).

Essentially, this point-of-sale customisation épproach limits the level of user participation in
product design. Also, the flow of large-scale production is hampered, when higher levels of product
customisation are required. However, this technique allows the user to directly select some options
(e.g. choices of colours and materials) which help customise the end product and this may resuit in

increasing customer satisfaction.

4.3.2.4. MODULARISING COMPONENTS TO CUSTOMISE END PRODUCTS
This last principle of mass customisation can be considered as an effective means to mass-produce
individually customised products and services. Pine il (1993:196) also admitted the potential of this

approach by saying that:
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“The best method for achieving mass-customization—minimizing costs

while maximizing individual customization—is by creating modular

components that can be configured into a wide variety of end products

and services. Economies of scale are gained through the components

rather than the products; economies of scope are gained by using the

modular components over and over in different products; and

customization is gained by the myriad of products that can be

configured. Essentially, this is teking the interchangeable parts

innovation of the American System of Manufacturing to a new level:

modular, interchangeable parts across products and services.”

This approach may, however, require some changes to an organisation’s value chain to produce

modularised components, in order to mass customise end products that meet the wants and needs of

individual customers (Fig. 4.11). The typological progress from simple forms of modularity creates

great variations without significantly changing the nature of what is being sold—i.e. it allows for

product customisation and fundamentally changes the structure of an end product for each customer.

To apply this approach, Pine Il (1993:201) proposes six basic types of modularity for mass

customisation of products and services: component-sharing modularity, component-swapping

modularity, cut-to-fit modularity, mix modularity, bus modularity and sectional modularity (Fig. 4.12).

DEVELOPMENT

PRODUCTION MARKETING r DELIVERY

4

1 T
Deliver customised combinations

of products or services

Market medularised products or services by
emphasising their customisable combinations

Produce modularised products or services

Develop modular products or services

Figure 4.11: Changes in the value chain to modularised components

(After Pine I 1993)
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Figure 4.12: Six types of modularity for the mass customisation of products and services

(Source: Kari Ulrich and Karen Tung 1991)

Component-sharing modularity: This form of modularity allows some components fo be
used across multiple products to yield economies of scope, and it helps put the “mass” back into a
proliferating product line, whose costs are rising as fast as the number of products. However, this kind
of modularity is limited in variety and it may never resulf in true individual customisation, until it is
combined with other types of modularity. Thus, componenf—sharing modularity is best used to reduce
the number of parts on a production line that already has high variety. This form of modularity may be
useful for mass customising homes, when, for example, the interior components (such as a kitchen,
bathroom, powder room, storage spaces, windows, doors, and staircase) can be shared.

Component-swapping modularity: This method is similar to the former type of modularity
and the distinction between component swapping and component sharing is a matter of degree. Thus,
true individual customisation may come, when there are a large number of standard components to

be swapped. Pine Il (1993:202) suggests that, in order to achieve the greatest effectiveness, “the
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component should have three characteristics: (1) it should provide high value to the customer; (2)
once separated, it should be easily and seamlessly reintegrated; and (3) it should have great variety
to meet different customer needs and wants.” As well, this form of modularity can be applied to mass
customisation of housing; for example, the exterior components of housing for the roof, wall, entrance
and baicony can be customised, when swapped to the main body, in response to the homebuyers’
individual requirements for housing.

Cut-to-fit modularity: This method is also similar to the previous two types, except that, in
cut-to-fit modularity, one or more of the components is continually variable or needs some adjustment.
Accordingly, it can be considered to be most useful for products, whose customer value rests
primarily on a component that can be continually varied to match individual wants and needs. This
technique may be utilised during a production stage of housing components—not for the house itself.

Mix modularity: This type of modularity simply mixes the components together, so that they
themselves become something different. For example, colours of paints are mixed together; however,
the components are no longer visible in the end product. To achieve mass customisation requires an
operational change “from processing a recipehaccording to a predetermined plan to a process-{o-
order operation” (Pine lf 1993:205). This technique can be applied to the production of some housing
components—i.e. standard materials, textures, colours and functions are selected by homebuyers
and these parts are mixed together to form a specific component of a house.

Bus modularity: This form of modularity uses a standard structure 1o which a number of
different standard components can be attached in order to customise end products. The automobile
could benefit from the concept of bus modularity—the basic platform chassis and wiring harness that
connects all of the electronics can provide the bus structure, which everything else can plug into.
Housing frames, composed of walis, floors and roofs can be considered bus structure, and all other
interior and exterior components are installed to customise the home itself. Broadly speaking, this

concept is relatively similar to a “support/infill approach” that John Habraken (2002:16) advocated for
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many years.5 The bus structure can be considered the ‘support’ of a house, while other components
are the ‘infill’ that helps customise the interior of a house. However, it is important to note that users
are not allowed {o customise the bus structure itself, which is usually mass-produced before reaching
the market. If this is true, homebuyers, for example, cannot arrange the volume components that
support the weight of housing, when purchasing a home. Thus, they are only allowed to arrange the
location and nature of the infill components. This implies that total customisation (which includes not
only the exterior and interior components, but aiso the volume or ‘support’ components that
determine the fotal fioor area of the house) is hardly achieved, when the bus structure is mass-
produced, before the houses are actually on the market.

Sectional modularity: The final form of modularity provides the greatest degree of variety and
customisation. The classical example of the sectional modularity is Lego® building blocks with
intertocking-cylinder interfaces that help build a variety of objects. Unlike bus modularity, with
sectional modularity, the structure of the end product can be also customised, and therefore, it
provides tremendous possibilities for variety. This technique is fully applicable to modular homes—
each space within a house (e.g. a kitchen, living room, dining room, bathrooms, storage, and
staircase) can be considered volume components that compose a house itself. Thus, the
combination of these volume components, which can be mass-produced, heips customise the bus
structure, which other interior and exterior components will be added to, in order to customise the
home completely. However, today's modular housing manufacturers in North America still
standardise a house itself, factory producing the boxy sections, in which they merely cut a ready-
designed house into some pieces. In contrast, modular manufacturers in Japan usually offer volume
components that clients can directly select in customising the size and location of each room-—like

L.ego® building blocks (Noguchi and Friedman 2002a).

> The ‘support’ implies the components that support the load of a building, while the “infill’ is non-load-bearing
parts of the building; thus, the location of the infill components can be flexibly arranged to meet the users’

individual requirements for the interior space (Habraken 2002:16).
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In summary, mass customisation can be achieved, based on standardisation and
customisation techniques applied for products and services. In particular, four methods to mass
customise end products were introduced: customising services around standard products and
services, mass-producing customisabie end products, providing point-of-delivery customisation, and
modularising components to customise end products. However, none of these methods are
mutually exclusive. Thus, to mass customise homes, as well as housing developments, these mass
customisation techniques need to be re-integrated into a “system” for future application. Such a mass -

customisation system approach will be proposed in the following sections.

4.4. THE APPLICATION OF MASS CUSTOMISATION TO THE HOMEBUILDING PROCESS

The housing industry is no exception to the need for a systems approach to considering products and
services. To design, build and market a home requires consideration of these two aspects. A house
consists of many components, which can be referred to as ‘preducts’, while design, construction and
marketing are usually considered ‘services’. To generate a mass housing development, these two
aspects are again involved with housing materials and systems as the products, and the design and
construction of these homes as the services. In short, mass customisation, when it is considered as a
“system” for designing, producing and seiling a product, is impossible, if either customisable products
or communication services are absent. In other words, a “mass customisation system” that
concerns products and services can be formulated simply by using a conceptual, analogue model as
follows:

MC = £ (PS)

In this model, “MC” denotes a mass customisation system itself, while “P” includes the products that
can be mass-produced, and “S” the services that involve the interaction with users (or buyers) in
order to help customise an end product (Noguchi and Friedman 2002b). Furthermore, this model

emphasises the interrelationship between products and services and implies that these elements are
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not mutually exclusive, especially when applied to the designs of mass custom homes (or units), or fo
the organisation of a mass housing development.

Accordingly, the following section will focus mainly on how to apply the proposed mass
customisation system to the ‘unit’ design. The application of the system to the ‘organisation’ design
for housing development will be further discussed in Part lI, in which the concept of mass
. customisation will be considered as a theoretical foundation for the development of a homebuilder's

“choice” model applicable to mass housing projects.

4.4.1. MASS CUSTOM DESIGN

Today's housing manufacturers in Quebec claim that they can customise a home to the same extent
as conventional homebuilders (Kirouac 2000, Julien 2000). However, their design process for the
creation of custom homes does not reflect the advantages of the industrialisation of housing, in which
mass production of housing components helps redqce design and construction costs, while in-factory
production ensures a steady supply of quality products. Moreover, industrialisation of housing helps
eliminate damage or loss of building materials from bad weather, vandalism and theft at the building
site. The computer-cutting of materials also reduces the total amount of wastage—these advantages
of in-factory production encourage, to some extent, sustainable housing development.

This section focuses on how to mass customise homes, based mainly on the author’s survey of
Japanese housing manufacturers who have already been successful in mass customising their
industrialised housing—“their effort began in the 1960s and has become sophisticated since then”
{Davis 1987:158). The author surveyed the mass customisation techniques of five manufacturers by
visiting their manufacturing plants and analysing their design and production capability (Table 4.6). He
found that, in order to bring the concept of mass customisation into full play, the manufacturers have
been practising a ‘total co-ordination’ approach to design, marketing and production, which

distinguishes the manufacturers from conventional homebuilders in Japan, who normally produce
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conventionally-built homes with little or no client participation during the design stage (Noguchi and

Friedman 2002a:28).
COMPANY NAME PLANT PRODUCTION
LOCATION
Daiwa House Industry Co., Lid. Nara Steel hybrid housing -
' (post and beam + panel)
National House Industrial Co. Ltd. | Shizuoka Steel hybrid housing
' , (post and beam + panel)
Resco House Co,, Ltd. lbaragi Concrete panelised housing
Sekisui Chemical Co., Ltd. Saitama Wood and steel modular housing
Toyota Motor Co. Yamanashi Steel modular housing

Table 4.6: Company profile

One of the most effective methods of mass customisation is to create modular components
(see section 4.3.2.4) that are mass-produced, but can be configured into a wide variety of end
products. This method minimises costs, while maximising individual customisation (Pine 1 1993). For
this reason, Japanese housing manufacturers prbduce a number of modular components, while
developing communication tools that effectively adapt the user choicés to housing. As a result, the
manufacturers have succeeded in mass customising their néw homes (Noguchi 2003:362). They
have earned a good reputation for their industrialised housing, which the public had perceived as
inferior until the mid-70s because the manufacturers had focused only on mass-producing their
products with little thought to the design quality. In other words, their industrialised homes can now be
referred to as “mass custom homes”, bringing the advantages of mass production into full play, while

maximising individual customisation in housing design (Fig. 4.13).

126



Figure 4.13: A typical mass custom home in Japan

Left: Exterior appearance
Right: Interior open space arrangements of the living and dining rooms

(Source: Daiwa House Industry Co., Lid.)

In general, manufacturers focus on a custom design of industrialised dwelling units, while
mass-producing a variety of housing components, which users are given the freedom to choose
from.® Thus, with consideration of the proposed system model of mass customisation, i.e. MC = f (PS),
the manufacturers’ standard, mass-produced housing components can be categorised into the
‘product’ sub-system, while the manufacturer’s standard custom design process, which encourages
homebuyers to select the components, can be considered the ‘service’ sub-system.

Broadly speaking, the service sub-system concerns communication techniques that lead users
to directly participate in customising théir new home, while the product sub-system covers production
technigues to encourage housing suppliers to mass-produce housing components. Both sub-systems
can be considered as indispensable functions of mass customising homes. In general, mass
production of housing components is regarded as an effective method of reducing production costs

(Sekisui Chemical 1998a:17). Moreover, the higher the in-factory completion of housing components,

6 Although custom design helps upgrade housing quality, it, in fact, leads to an increase in design costs, while the
market still demands affordable homes. However, by using a mass customisation approach, Japanese
manufacturers have already succeeded in avoiding a conflict between the demands of customisation and the
increase of design costs (Pine Il 1993:220).
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the better product quality can be maintained under optimum conditions insidé the factory, where
materials are not exposed to adverse outside climate (Hutchings 1996:4). In addition, the elapsed
time for production, which influences the product's costs, is fully controiled. In comparison to the
design approaches (such as speculative, semi-custom, and custom) that today’s homebuilders, as
well as housing manufacturers in Quebec apply (as described in Chapter 2), the “mass custom
design” approach may have greater potential to produce quality affordable homes (or mass custom
homes). The approach may increase the in-factory completion of housing components, while allowing
users to participate in customising their new home.

The following sections describe each of the sub-systems in detail, in order to establish a
complete set of examples of the new “mass custom design” approach that today’s homebuilders and

housing manufacturers in Quebec could apply to housing development.

4.4.1.1. THE SERVICE SUB-SYSTEM

in customising products, ‘user participation’ is considered important, and therefore, Japanese
manufacturers offer design support communication seNices fo their clients. To do this, manufacturers
neéd as a minimum to provide a location with design-cbnéulting staff, and to use appropriate
communication tools to facilitate user choice of standard components in customising an end product.
Accordingly, these fﬁndamental ‘design-service’ factors can be integrated into an analogue model that
- explains the phenomena, as follows:

S=f{l,p,t)

In this model, the service sub-system is denoted by “S”, and is supported by the existence of the location
(), personnel (p), and tool (t) factors. Even though these elements are not necessarily interrelated (e.g.
the use of Internet may eliminate the location factor), most homebuilders, or housing manufacturers, in
Quebec have already been applying these during the design stage. For example, the company’s sales

staff explain to clients the characteristics of their new custom home and show them drawings at their office,
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so that they may understand how their new home looks. In this regard, the distinction between production,
semi-custom and custom builders and mass custom builders can be a matter of degree.

Location factors: During the design stage, Japanese manufacturers encourage their clients to
participate in customising their new home, and the design consulting service normally takes place in the
company’s display house located in the Housing Park or in the salon of the Housing Information Centre.

A housing park, which offers a coliection of display homes built by a variety of housing
companies, also functions as a unigue way of advertising and marketing homes (Fig.4.14). In general,
such home exhibitions are located in commercial centres readily accessible by transit or train, where
model homes are installed temporarily. The size and scale of these housing parks varies, depending
on the location; however, 20 to 40 housing companies commonly build their own model homes in the
park to encourage potential homebuyers to become famiiiar with their products. Housing parks are
maintained by the companies who rent a vacant site and oOperate the show homes. Housing
manufacturers pay operation fees including land and management fees to these companies. In 1985,
McKellar estimated such a fee to be approximately $19,000 per month in the case of a housing park in
Sevndai, which Asahi Broadcasting Company, the largest of such operators, had maintained.

Housing parks play a-n important role in local and regional advertising, generating remarkable
sales levels. For instance, Sekisui Chemical, Japan’s third largest prefabricator—with sales of 17,990
detached housing units in 1998—possesses 711 model homes that are exhibited throughout the
country (Nagatomo 1999). Thus, each model house has generated 25 units of sales for Sekisui
Chemical. National, another major company, sold 9,720 detached housing units from April 1998 to
March 1999, while displaying 380 model homes throughout the country. The company achieved a
sales ratio of 27 units per model home (Kojima 1989). Resco House, one of seven prefabricators that
produce only concrete panelised homes in Japan, displays 17 médel houses nation-wide, and sold
387 detached houses in 1998 (Hayashi 1999). In spite of its relatively small size, Resco House had a

sales ratio of 23 units per model house that year. According to these results, housing parks play a
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significant role in advertising products, and model houses generally translate into home purchases

with a rate of roughly 23-27 units per mode! home in a year.

Figure 4.14. A typicai display home in a housing park

Top: A display home built in the Nish-magome housing park in Tokyo
Bottom left: interior door samples

Bottom right: A floor section displaying soundproofing techniques
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Many manufacturers set up housing information centres in various parts of the country, offering
technical information about housing materials, construction methods, and amenities that people can

try out (Fig. 4.15).

Figure 4.15. A typical housing information centre

Top: The entrance of a housing information centre located in Osaka
Bottom left: Salespersons and their clients discussing the design of a new home
Bottom right: A salesperson demonstrating kitchen utilities to her client

{Source: National House Industrial Co., Ltd. 1999 & Daiwa House Industry Co., Lid. 1999)
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The centre also functions as an exhibition and consultation base, where experienced staff
make specific proposals concerning the external appearance and floor plans of a customised home
by makmg use of advanced computer technology. Clients may see and touch the samples to confirm
the superior qualities of the company’s products; moreover, they learn more about the company’s
suggestions regarding housing facilities. As a consequence, such visual information, visits, and
individual consuitations with housing experts may increase the clients’ faith in the reliability of the
company and its products, and thus increase the likelihood that the client will select the company,
when purchasing a home.

Personnel factors: In order to alleviate consumers’ anxiety caused by the combination of high
risk and fimited experience in purchasing a home, manufacturers have been strengthéning the
national network of housing business by locating sales staff across the country.” These salespeople

directly contact clients, in order to market, as well as design their products (Noguchi and Friedman

- 2002a:26). In the model home, for example, the salesman will not only explain the distinguishing

characteristics of the company’s product, but also address the client's own requirements with rough
sketches of the housing layout (Mishima 2000:11 7). Sales staff are the company’s greatest assets in -
reaching clients, and they are trained to assist clients in designing their gustom homes by making use
of various communication tools (e.g. catalogues and digital communication tools) that contain various
options of standard housing components.

In addition, the user-manufacturer communication process used by manufacturers is highly
standardised. Such a standard process may enable the housing makers to maintain quality services
by deploying appropriate sales staff (or manual labourers). As well, it helps achieve the higher level of

‘efficiency’ during the design and marketing stages.

7 Sekisui Chemical Co., for example, has 54 sales offices, that include its subsidiaries’ offices, nation-wide, and
is pursuing a customer-satisfaction-oriented business strategy by offering houses of demonstratively high quality

and good customer service (Sekisui Chemical 1998:6).
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Communication tool factors: Client neads are often difficult to conceptualise and articulate;
‘ however, interaction with possible prototypes can help identify these needs (NRC 19§4:181).
Japanese manufacturers use various types of housing catalogues showing possible prototypes. This
enhances client involvement, offering the client a great choice of housing types and components (Fig.
4.16). The catalogues play a variety of roles in advertising and educating clients. In terms of client
participation at the design stage, the catalogues mainly function as design tools for the manufacturers
and the client. Through consultation with housing experts, clients can choose the housing type and
components from the catalogues to design a custom home that meets their needs. Clearly,
catalogues can be regarded as synthesised information sources that integrate and simplify extensive

data through an inductive process.

“Housing Style Catalogue” “Housing Components
For Housing Model A Selection Catalogue”
‘ For Housing Model A&B
“General Housing Catalogue” “Housing Style Catalogue”
For —p For Housing Model B

Housing Model A, B &C

“Housing Components
“Housing Style Catalogue Selection Catalogue”
For Housing Model C i For Housing Model C

»

Figure 4.16: Types of catalogues and their compatibility
(Source: Noguchi 2000)

The manufacturers use two kinds of housing catalogues to heip the client choose the housing
type: a general housing catalogue and a housing style catalogue. The former contains information on
all of the company’s products in order to communicate general information about the company, while

’ the latter offers more detailed information about specific types of products. Such housing style
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catalogues explain the characteristics of each commeodity in terms of the design concept and
techniology.

Housing component selection catalogues correspond to the housing types, helping the client to
select the various standard housing components for exterior and interior arrangements (Toyota 1998,
Sekisui Chemical 1998). The catalogue elaborates in detail on each component in terms of material,
size, colour, texture, and functions. Such catalogues do not contain the price of each component, so
that the client will choose an item according to its use—not its cost. However, a cost estimate will be
offered by making parallel use of a computer with these catalogues under consultation. The seiection
catalogues are visually integrated in order fo compare the components for the client's design
decision.

The use of a computer-aided design (CAD) system is important in the creation, modification,
analysis, or optimisation of a design, aHowiI;g consumers fo customise their choice in housing. Most
housing manufacturers use a CAD system as a digital communication tool to offer flexibility in design
(Mishima 2000:121). The benefits derived from applying a CAD system in the design stage include
the short time elapsed between the receipt of a consumer order and the delivefy of the proposal, the
accuracy of material and cost estimates, and the standardisation of drafting and documentation. Ease
of visualisation of a drawing boosts the client’'s comprehension of the layout of their new home. The
interactive CAD system basically contributes fo the creation of line drawings; however, advanced
geometric modelling, such as solid modelling in three dimensions with shade and colour, heips to
display more information on the graphic screen. Another advantage of a CAD system is data
communication.? The purpose of data communication is to transfer data between a computer and its

peripherals that can be defined as any input or output device (Sekisui Chemical 1998b:20).

8 Sekisui claims that their house is composed of over 10,000 parts and components. Each of Sekisui’s factory
has some 11,000 kinds of parts and components, and these need to be well controlled. Accordingly, in 1983,
Sekisui developed a computerised control system, called SHIPS, which ensures an efficient supply of parts and

components to assembly lines whilst minimising inventory,
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In short, Japanese housing manufaciurers apply the first principle of mass customisation; that
is, they help users customise the design of their new house by integrating the standard products and
services on offer (see section 4.3.2.1). Standard services include the design consulting venue, staff,
and the tools—those that faci!itafce user selection of standard housing components, which are the

main elements of the ‘product’ sub-system. These will be discussed in the foliowing section.

4,412 THE PRODUCT SUB-SYSTEM

In this study, five major manufacturers were surveyed. Since their communication approaches during
the design stage were quite similar, the trends within two of the manufagturers (Sekisui Chemical and
Toyota) will be examined in this section in order to identify the type of standard housing components
that users can directly select to customise their new home.

An important part of mass customisation is that the user directly determines the configuration of
| their home from choices given as client input during the design stage. This could be hardly achieved
without the standardisation of housing componenis for the structural, exterior and interior arrangements.
The concept of compbnent standardisation can be illustrated with the fourth principle of mass
customisation (i.e. modularising components to customise end products), or put simply, Lego® building
blocks. A number of simple, modularised blocks can be connected in a variety of ways, because of their
interlocking tabs and holes. Similarly, Japanese manufacturers offer a variety of housing components to
their clients and then encourage them to participate in combining the components to design their new
home (Noguchi 2000:37). These are arranged in a visually attractive way in a component selection
catalogue to enable clients to easily choose from the many options. Housing components can be divided
into three categories: volume, exterior and interior. Thus, these can be considered the main elements of
the ‘product sub-system (P), which can be explained simply by using the following analogue modél:

P=f{v,eio0)

The volume (v) componenis are used to construct the structure of housing that determines the number
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and size of each room, while the interior (i) and exterior (e) components serve to co-ordinate both the
decorative and the functional elements that customise a home. In addition, “o” denotes other optional
equipment that enhances housing amenities. This may include air conditioning, floor heating system,
automatic shutters, home security system, emergency call buttons, hand rails, home elevator,
dishwashers and other electrical appliances.

Volume components: This category often applies to modular homes, because a panelised
housing system does not define spatial limitations of the size and volume of interior space. However, most
prefabricators, who produce panelised components, still adopt a conventional modular system for the
room layout of their products, based on the size of a “tatami” mat (3’ x 8"). The number of tatami mats
determines the size of each room. Tatami mats, made mainly of straw, are Japanese traditional fiooring
mats of a standardised size, used to describe the size of a room. Manufacturers, who produce unit
components, precisely standardise the size and volume of each structural unit component that is simply a
box-shaped frame made of either steel or wood. Spatial variation of housing can be acﬁieved by the
combination of standard units.

Sekisui Chemical, for instance, produces modular components, standardising nine basic units (Figk.
4.17). Toyota also manufactures unit components, providing three basic units. The length of the units
ranges from 224.58" (5,700 mm) to 189.12" (4,800 mm), and 253.66" (3,900 mm), while the depth is
basically 94.56” (2,400 mm); however, haif-sized units are also available for each. In addition to these

units, Toyota offers two extensions to further increase the variation of housing forms.
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Figure 4.17: Structural unit variation

(Source: Sekisui Chemical Co. 1998b)

Manufacturers expand the variation of spatial arrangements from a limited number of structural unit
components for which the size and volume of each are standardised. According to Toyota and Sekisui
Chemical, there are roughly 8-10 standard unit components in use that include half-sized units and
additional modules. By combining these standard unit components, manufacturers can produce a great
number of individualised housing forms to meet clients’ spatial requirements.

Exterior components: The exterior of a house is vital .to first impressions and its personalisation
also serves to enhance the sense of ownership. A house’s identity is defined by its external design
features, such as roofs, walls, openings, verandas, balconies, and entrances. To facilitate customisation of
their homes, Japanese manufacturers offer a variety of external components to satisfy clients’
preferences. This section covering exterior components primarily reviews Toyota's component selection
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catalogue covering four types of their housing models (Toyota 1998).

Roofs. Two types of roofs are commonly offered: a pitched roof and a flat roof. The former is a
more conventional roof shape, and has a classic appeal. The latter is also becoming popular, because
efficient land use is essential, and a flat roof is usable as a multifunctional space, for example, as a garden.
In order to increase roof variation, the manufacturers provide several types of roofs with different shapes,
colours, and textures. Toyota, for instance, produces two types of pitched roofs (gable and hipped) with an
overhang of 17.73” (450mm), 23.64” (600mm), or 35.46” (900mm). In addition, they also offer five different
covering materials.

Walls. Walls vary mainly in colour and texture. Many manufacturers apply walls made of ceramic-
based materials that can be moulded into types of walls, which then look as if the house is built of brick or
stone (Fig. 4.18). The wall surface is usually coated with weather-resistant acrylic resin that increases the
durability of walls against weathering. Toyota offers six colours for brick-type walls, eight colours for
sandstone-type and Oya tuff stone-type walls, six colours for Teppeiseki stone-type walls, and five colours

. for general masonry-type walls. i

Windows. Windows not only create a sense of identity on house facades, but also allow each
room to gain access to natural light and ventilation. The larger the window, the larger the room looks,
because one focuses on the outside; however, the larger the window, the higher the rate of heat loss. In
order to improve the heat insulation property of windows, insulating glass and sash are preferred by most
manufacturers. Toyota’s catalogue categorises windows into five types: large-sized bay windows, bay
windows, patio windows, waist-height windows, and small windows. Also, Toyota provides additional

windows to fit specific locations such as kifchens and bathrooms.

138



Figure 4.18: Wall variation

{Source: Toyota Motor Co. 1998)

Balconies. Verandas and baiconies are prominent features of any home's exterior, and can
function as gardens, hobby spaces or laundry spaces. The Japanese generally prefer to dry their laundry
outside in the sunshine rather than use dryers; thus, the location of verandas and balconies is important.
In the case of Toyota, the size of the veranda is determined by the combination of structural units, and the
overhang of baiconies is standardised at 35.46" (800 mm) from the surface of the external wall. The
appearance of verandas and baiconies is harmonised with the wall materials selected by the user. In

addition, each housing type has its own style of balusters and balustrades (Fig. 4.19).
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Figure 4.19: Veranda and balcony variation

(Source: Toyota Motor Co. 1998)

Entrance doors. The entrance is another important decorative feature of a house. Toyota provides
two types of enfrance doors, aluminium and heat-isolating steel, which are used in three types of their
products. The aluminium door comes in five types:'single-swinging lattice doors, double lattice doors,
double decorated doors, double-slit doors, and double quasi-fire-preventive doors. There are also three
types of heat-isolating steel doors: double doors, single-walled doors, and double-walled doors. As an
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additional option, some of these doors can be equipped with a remote control key system.

Front Entrance. The Japanese usually take their shoes off at the entrance, when entering a home,
so that the entrance must have sufficient space for removing and storing shoes. The inside floor is
normally built a few steps higher than the entrance floor level. Toyota provides two types of front entrance
configurations: flat and alcove. In order to decorate entrance fagades, a variety of frames is used. The
location and size of the entrance also influence the design. To enhance the fagade variation of the
entrance, Toyota offers entrances with roof-shaped pediments, or located under the overhanging balcony
and under the veranda with pediments.

Interior Components: Interior components are more diversified and are designed to co-ordinate
the living environment for each client. The main interior components are kitchens, sanitary facilities,
storage, interior finishes and amenities. In this section, the variety of interior components will be reviewed,
based on the.Sekisui component selection catalogue for their products known as ‘Two-U home’. To meet
the varied client requirements, Sekisui Chemical allows freedom in interior design and, at the design stage,
introduces a complete selection catalogue that enables clients to customise interior components (Sekisui
Chemical 1999).

Kitchens. The kitchen layout must be carefully designed in order to provide a convenient place for
cooking, serving, storing, and cleaning. Sekisui, for example, provides two kitchen types: I-shaped and
L-shaped (Fig. 4.20). The former is the simpler shape, where the sink is central and counter space
extends horizontally on either side. The space is large enough for two people to use at the same time. The
L-shaped kitchen is also designed to allow the user ease of movement, while cooking, and offers a shorter
distance from the sink fo the refrigerator and stove. As for kitchen variation, Sekisui provides eleven styles
for the I-shaped and nine styles for the L-shaped. Such variation is mainly achieved by using a variety of
partitions to separate the kitchen from the dining room. These partitions come in four styles: open, open
hatch, hatch, and separation. Sekisui Chemical also offers fifteen different colours for kitchen furiture. In

addition, many other options are available for the sink, oven, dishwasher, and storage.
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Sanitary facilities. Sanitary facilities include bathrooms, washrooms and toilets, and are essential
for everyday life. In Japan, these facilities are usually separated by permanent partitions, and are
designed for pecple of all ages o use comfortably and safely. Most prefabricators use barrier-free design
strategies for sanitary facilities, especially for the elderly. For instance, Sekisui equips bathrooms and

toilets with handrails.

Figure 4.20: I-shaped and L-shaped kitchen variation
(Source: Sekisui Chemical Co. 1999)

Bathrooms. A bathroorn consists of many components: a floor, ceiling, shower, bathtub, counter,
storage, walls, doors, windows, lights, fans, and metal work. The variation in the bathroom is mainly in the
size, colour, texiure, and additional equipment. Sekisui Chemical produces three types of bathrooms!
Ageless, New Wide and New Custom. They also offer clients a choice of 14 colours of bathtub and
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counter. In order to improve users’ choice, Sekisdi Chemical increases bathroom variation with optional
equipment such as emergency call buttons, wide handrails, and shower-sliding hooks.

Washrooms. In Japan, a washroom does not usually have a toilet—the area is normally used only
for hand washing. It consists of a washstand, racks and mirrors. The racks are arranged according to the
size of the bathroom and the choice of door colour allows for a sense of variation. Sekisui Chemical
produces three types of washrooms—one of the washrooms has a modermn appearance, while the other
two types are more traditional, and have laminated wood doors. In order to enrich the variation of the
closets, the user can choose from a wide variety of colours and sizes (Fig. 4.21). The size variation is

essentially created by means of horizontai extension of the closets, mirrors, and counter.

Figure 4.21: Washroom variation

(Source: Sekisui Chemical Co. 1999)
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Toilets. In Japanese homes, the toilet is usually separated from the bathroom and is similar to the
North American ‘powder room’. It is a small space with a toilet, washstand, and mirror. Using barrier-free
design techniques, the prefabricators ensure toilets are comfortable, safe, and equipped with handrails fo
help the user’s vertical movements. In addition, they provide electric toilets with functions such as heating,
cleansing, drying and deodorising. Some electric toilets are equipped with a moveable seat that helps the
user to sit down and stand up. Sekisui Chemical's toilet rooms come in two sizes, standard and wide.
| They also provide, as standard equipment, a spot heater that is strong enough to instantly warm up the
small toiiet room when needed.

Storage systems. A house is required to have enough storage space for users to store their
family’s belongings. Usually, 10 to 20% of the floor area is used as storage space for clothes, cookware,
bedclothes, books, foods, cookware, and household utensils. Sekisui Chemical illustrates the usability of
storage, dividing the uses into two types: concentration and diversion. The former concerns belongings
that are used seasonally and then stored away. The latter involves those items that are frequently used,
and therefore, each room needs such storage spaces to aliow for easy access. Once clients understand
their spatial needs for storage space under the manufacturer's guidance, they will select the shelving
systems as well as the entrance- and laundry-storage systems from a catalogue. In addition, storage is
often placed under the staircase and in the attic in order to use indoor space more efficiently.

Closets are designed to fit every room and function as both concentration and diversion storage
spaces. The location of these shelves is determined according fo the client's spatial arrangements and
needs. Closet variation is based on the volume that determines the capacity for storing, the shelf
combination, and the door variation. Sekisui Chemical carefully categorises their closet systems into 11
types, and, with some exceptions, most types can extend to a certain size based on modules. For the
horizontal extension, Sekisui Chemical standardised the width of closets at intervals of 35.46” (900mm),
39.40-47.28" (1,000-1,200 mm), 51.22" (1,300 mm), 70.92" (1,800 mm) and 86.68” (2,200 mm), while the

depth is also fixed by 15.76 (400 mm), 23.64” (600 mm) and 35.46” (900 mm) modules (Fig. 4.22). In total,
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Sekisui Chemical offers 81 configurations and 48 door arrangements to satisfy clients’ tastes and storage

requirements.

Figure 4.22: Closet system variation

(Source: Sekisui Chemicai Co. 1999)

As is the Japanese tradition, people usually keep all shoes on shelves located in the entrance.
Even though entrance space is limited, entrance storage should have sufficient space for all forms of
outerwear. Sekisui Chemical offers several types of entrance storage spaces: a waist-height shelf with a
counter on the top, a counter shelf with storage space below and above the counter, and a tall closet
without a counter. Configurations and door colours increase the variety of options. Sekisui Chemical
produces two basic shelf units of 17.34” (440 mm) and 29.94” (760 mm) in width. In combination with the
two units, the widths of the shelves can be extended to 47.28” (1,200 mm), 59.88" (1,520mm), and 77.22”
(1,960 mm). In addition to these, Sekisui Chemical provides 16 colours for doors and 4 colours for full-
length mirrors to help customise the entrance storage.

Laundry space should be large enough to enable the user to launder clothes and store éll the
necessary laundry cleaning materials. As a result, a laundry space is usually filled with sheives for
detergents and other small articles, as well as a washer, a dryer, and a washstand. However, these items
are optional, because each household differs from the other in terms of the user's needs and spatial

limitations. Sekisui Chemical divides their laundry space into five storage arrangements. Normally, they
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put one or two shelves above the washer space, and selectively, one high-level closet can be placed on
either side of the upper shelf. As for the closet doors, clients can choose from 11 colours.

Interior Finishes. Sekisui Chemical has been practicing their own design approach, and the
company gives clients the cpportunity to co-ordinate the interior space of their new home. They
provide two styles of rooms, “Decorator” and “Modern”, with four colors (ecru, medium, dark and light)
for flooring and moulding materials. The Decorator style is designed to represent the elegance of
Western classic ambience, while the Modern style is simplified and modern. In addition to these two
styles of rooms, Sekisui Chemical also produces a Japanese-style room. Most clients like to have at
least one room in their house designed in this traditional way.

Flooring. Flooring helps decorate the interior of a house, and flooring materials, such as wood,
carpet, and tatami mats, are preferred in Japan. Flooring varies mainly in colour and texture (Fig. 4.23).
With wood flooring, the combination of wood boards that differ in size also helps increase flooring variation
that the user can select. In addition, Sekisui Chemical provides more selections in wood flooring, with

eight decorated floors in four basic colours, and, in total, they offer 32 types of wood flooring to their

clients.

Figure 4.23: Flooring variation

(Source: Sekisui Chemical Co. 1999)
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Interior doors. Interior doors not only provide visual and acoustical privacy when closed, but also
allow for natural ventilation when opened. Two types of doors are normally used: swinging and sliding.
Swinging doors suit most rooms and are relatively easy to install; however, they require a certain amount
of space for opening and closing. In order to use the limited space efficiently, sliding doors are more
effective. The parallel sliding system for the opening and closing of sliding doors does not require much
space. In terms of the variation of interior doors, Sekisui Chemical provides, in total, 24 types of interior
doors that are applicabie to the two types of their interior arrangements (Decorator and Modern). Most of
~ the door variants are the swinging doors, but the manufacturer also offers one sliding door. These doors
vary in size and decorative pattern, some of which have transparent windowpanes that provide a visual
link to adjoining rooms. In addition, Sekisui Chemical offers four colours for the laminated wood doors.
Therefore, in total, 96 interior door styles are offered.

Staircases. A staircase serves as a link between levels, and is designed with consideration for
safety in terms of the shape, length, and pitch of the stairs, which are determined by the height of risers
and the depth of treads. Also, staircases must be safe enough to be used by people of all ages. Handrails
are often put in place fo prevent users, especially the elderly, from falling, and to help them climb up the
stairs. As well, the treads must be non-skid. Japanese prefabricators offer a variety of staircase designs:
I-shape, J-shape and U-shape. Each manufacturer differs as fo the length and pitch of the stairs; in
particular, such manufacturers as Toyota and Sekisui Chemical that produce modular homes standardise
staircase units to fit their specific housing types. Sekisui Chemical, for instance, prodUces 18 different
staircase units that correspond with one specific housing type (Fig. 4.24). The location of the staircase is

not predetermined. Instead, during the design stage, clients choose a staircase type from a catalogue and

then decide on its location.
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Figure 4.24: Staircase variation

(Source: Sekisui Chemical Co. 1999)

In practice, the design approach, which Japanese housing manufacturers have developed and
practised since the 1960s, cannot really be ‘categorised into the design approaches described
here—i.e. speculative, semi-custom, and custom design. Rather, with consideration of the concept of
mass customisation, their approach can be termed “mass custom design®, which is a result of the
combinations of three basic sets of design elements of housing: the volume, exterior and inferior
{Noguchi 2001). In addition, manufacturers usually provide opticnal equipment, in order to improve
the amenity of housing. In principle, these housing components are mass-produced, but the home
itself is customised by the user's direct choices of such standard components. The exterior and

interior designs include sub-categories such as the roof, walls, doors, windows, balconies, and front
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enfrance arrangements for the exterior, as well as the kilchens, sanitary facilities, bathrooms,
washrooms, toilets, storage, and finishing arrangements for the interior. In additioﬁ, the variety of
sizes, materials, colours, and texiures available for each component, as well as the variety of
amenities offered, help expand the number of housing variations. Consequently, in order to meet
clients’ individual requirements, the manufacturers are able to provide a broad range of housing
variations for their clients without producing a number of standard model homes that are usually designed
on a speculative basis. The application of the mass custom design approach may have potential to reduce

production costs by achieving the economies of scope, which also help customise homes.

4.5. SUMMARY AND CONCLUSIONS

“Mass Customisation” is a relatively new concept, invented by Stan Davis in 1987, who re-examined the
paradox of the simultaneity of opposites—particularly “of the whole and its parts.” In 1993, Joseph Pine |l
proposed the general methods of mass customisation by referring to a variety of industries. In this chapter,
based on the state-of-the-art reviews of standardisation, as well as customisation technigues, the author
integrated the principles of mass customisation into a new “system” applicable specifically to the
homebuilding industry.

Considering the homebuilding process that Japanese housing manufacturers use (which, in 1987,
were recognised by Davis for their design and production capability of mass customisation), a mass
customisation (MC) system has been proposed, composed of service‘(S) and product (P) sub-
systems, none of which are mutually exclusive. Accordingly, the system was formulated by using a
conceptual model, as foliows: MC = f (SP). This model represents that, in fact, to design, build and
market a home somehow requires both products and services. Regarding the service sub-system, it
includes the location (I), personnel (p) and tool (t) factors that support users' participation in
customising their new homes; this subsystem is formulated as foliows: S = f (I, p, 1). Even though

these elements are not necessarily interrelated, today's homebuilders usually use all of the three
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communication factors during the design stage. Similarly, the product sub-system includes the
volume (v), exterior () and interior (i) components, as well as other optional (0) eguipment that can
be mass-produced, formulated as follows: P = f (v, e, i, 0). Again, these factors can be considered to
be mutually exclusive, and some may be eliminated, according to the housing supplier's production
capability.

As a result of surveying Japanese housing manufacturers, the author concluds with the fact
that the manufacturers do mass customise industrialised housing—i.e. they mass-produce a variety
of standard housing components (or products), while adopting user selection of these to customise a
home using standard processes (or services). Accordingly, this attests to the fact that the system
model proposed—i.e. MC = f (PS)—represents the principles of mass customisation, which are
applied by the manufacturers, and it helps define their design approach as a “Mass Custom Design”
method of producing a “Mass Custom Home” (Noguchi 2003).

However, there is an argument (while has not yet been raised in this chapter) that when clients are
offered too many choices of standard components their decision-making capacity may become paralysed.
Even though Japanese manufacturers have successfully integrated their design support service sub-
system (using catalogues and CAD at a model house), users may still have some difficulties in selecting
from the components offered, because they may not understand the true value of each. Accordingly, value
analysis techniques, which visualise the value of each component, may facilitate user choices of
appropriate components in customising their new home.

This issue, related to the buying decision-making process, needs to be further discussed. In
addition, the value analysis techniques, which facilitate user choices, will be reviewed in Part i, in which
the proposed system of mass customisation will be applied to the ‘organisation design’ level, in order to

mass customise the design and construction systems for the supply of quality affordable homes.
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PART Il

THE CHOICE MODEL
FOR MASS CUSTOMISATION



CHAPTER 5: THE OVERVIEW OF A PROPOSED CHOICE MODEL

5.1.INTRODUCTION

Chapter 1 emphasised the advantages of industrialised building systems, while Chapter 4 introduced
a new ‘mass custom design’ approach to the delivery of quality affordable homes that relates closely
to today’s market demands for housing, as discussed in Chapter 2. However, in reality, homebuilders
tend to follow routines in their way of doing business and to be reluctant to apply (or buy) innovative
design and construction systems fo their mass housing developments, as described in Chapters 1
and 3. Their buying behaviour towards the adoption of a new product or service was surveyed by
reviewing organisational (or industrial) buying behaviour. In consequence, the author found that
organisational buying decisions are complicated and influenced considerably by the buyer's task- and
non task-related concerns, and are described in this chapter. The task-related variables reflect both
initial and operating costs, while the non task-related variables are those that have no direct bearing
on the specific problem to be solved by the buying task—such as buyers’ emotional concerns.
Furthermore, the organisational buyers tend to cut down the information search for non-
. programmed decisions to determine whether or not to buy an unfamiliar product or service.

In the light of the organisational buying behaviour models reviewed, the author developed a
“choice” model that attempts to help homebuilders understand the true value of innovative design and
construction systems applicable to their housing development in conjunction with the concept of mass
customisation, as described in Chapter 4. The model was thus termed the “choice model for mass

customisation” and an outline of it is described in this chapter.
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5.2. THE STATE-OF-THE-ART REVIEWS OF ‘ORGANISATIONAL BUYING BEHAVIOUR'

To some extent, housing development involves the purchase of “products” and “services” in order fo
carry out a housing project. Thus, homebuilders can be considered as the industrial buying
decision-makers who determine whether or not to subcontract out to familiar or unfamiliar sub-
contractors (i.e. suppliers) who actually execute the housing projects initiated by the builders. The
homebuilder's buying decision-making process is seemingly complex; thus, this section aims to
identify the major unclear factors that considerably influence their buying decisions, based on the
state-of-the-art reviews of organisational buying behaviour.

Webster and Wind (1972:2) defined organisational buying behaviour as:

‘the decision-making process by which formal organizations establish
the need for purchased products and services, and identify, evaluate,

and choose among alternative brands and suppliers.”

The term “decision-making” used in this definition includes information acquisition and processing
activities, as well as the development of goals and other multiple criteria to be used in choosing
among the alternatives.

Moriarty and Galper (1978:1) emphasise that the organisational buying decisions differ from
consumer (or individual) buying decisions. First, the number of people typically involved in the buying
decision is greater due fo the differing needs and objectives of participants and the operating
functions, which they represent. Second, the major technical complexities related to the product or
service being purchased. Third, the length of time invoived is typically longer than consumer buying
decisions due to the technical complexity of industrial buying decisions, which require more
information and longer evaluations, as well as involving more uncertainty about product performance.
Fourth, such information, proposals and purchase contracts in the organisational buying process add
a formal dimension, which is rarely found in consumer buying. Fifth, the personal and organisational
risks generated are much greater, because a larger amount of money is often involved. In addition,
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the organisational members, who participate in the buying function, are neither purely “economic
men” nor purely emotional or irrational men; rather, they are human beings, whose buying decisions
and behaviour are influenced by both task- and non fask-related variables (Webster and Wind
1972:7).

As stated above, the organisational buying process is complex and decisions are influenced
essentially by task- and non task-related variables; thus, the organisational buying behaviour models
can be also classified into task- or non task-oriented models. “Task-oriented” models include those
that emphasise task-related variables (such as price), while “non task-oriented” models are those that
attempt to explain organisational buying behaviour based on a set of variables (such as emotional
factors) which have no direct bearing on the specific problem to be solved by the buying task. The
following sections aim to identify the task- and non task-oriented models, as well as to examine other
models that successfully integrate both types of variables into an organisational buying decision-
making process, in order to develop a new ‘choice’ model that homebuilders can practically apply for

the selection of design and construction systems.

5.2.1. TASK-ORIENTED MODELS
The task-oriented modeis may be most useful for investment justification; however, these models
may suffer the disadvantages of incompleteness, due to the absence of “non task” variables, which
are aiso considered as important determinants \of organisational buying behaviour. The minimum
price and fowest total cost models may well exemplify the task-oriented models with regard to
monetary considerations, while the constrained choice model stresses the existence of habitual
behaviour that many organisations may engage in while making an industrial buying decision.

The minimum price model: A firm is often forced to obtain all factors of production at the
lowest possible price and to achieve the most efficient methods of operation since a firm is usually

motivated to maximise its profit (Webster and Wind 1972:13). The minimum price model can be
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considered the si;ﬂplest organisational buying behaviour model.

The lowest total cost model: The lowest total cost model is essentially an elaboration that
attempts fo achieve the minimum of initial costs (like the minimum price model), as well as of
additional operating costs, which are recognised as significant. In other words, the model aims to
adjust the initial purchase and reflect the additional costs of product-in-use, while considering the
‘opportunity” costs associated with profit opportunities.

The constrained choice model: The constrained choice model focuses on the fact that the
buyer’s decisions often involve choosing from a limited set of potential suppliers. Webster and Wind
(1972:15) indicate that the potential suppliers in this set are regarded as “in”, while all other potential
suppliers are “out’. In addition, Moriarty and Galper (1 978:22) emphasise that the buyer usually views
the selection of an “in” supplier for its product or service to be purchased as “low risk” since the
“routine purchase” reinforces the buyer's perception. Thus, any member of the buying organisation
may impose constraints on the list of possible suppliers, in order to reduce the risk perceived by the

buyer in the purchasing decision.

5.2.2. NON TASK-ORIENTED MODEL

Non task-oriented modeis generally concern the emotional factors influencing organisational buying
behaviour, thus disregarding the rational (or economic) factors as aforesaid. Accordingly, this section
focuses mainly on examining the perceived risk model, which reflects the uncerfainty associated with
the purchasing process.

The perceived risk model: Perceived risk is defined as “the uncertainty that consumers face
when they cannot foresee the consequences of their purchase decisions’ {Schiffman and Kanuk
1989:153). The perceived risk model was originally proposed by Bauer and is regarded as a useful
framework within which to consider organisational buying behaviour from the viewpoint of the

individual (Webster and Wind 1972:100). Furthermore, Webster and Wind (1972:101) explain
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perceived risk as follows:

“Perceived risk is a function of uncertainty which an individual has about
the outcome of a given course of action and the consequences
associated with alternative outcomes. The individual may be uncertain
either about the goals that are relevant in the buying situation or about
the extent to which a particular course of buying action will meet those
goals.”

Furthermore, they also defined the two types of consequences (“goal identification uncertainty” and
“gbal/purchase matching uncertainty”) regarding them as important determinants of the amount of
risk perceived by the organisational buyer in a given buying situation.

In general, the major types of risk that buyers somehow perceive when making a buying
decision include performance risk, financial risk, psychosocial risk, and time risk (Schiffman and
Kanuk 2000:153; Webster and Wind 1972:101). The ‘performance risk’ can be considered as the risk
that the product will not perform as expected or the risk to self or others that the product may be
harmful. The ‘financial risk’ is the risk that the product will not be worth its cost. The ‘psychosocial risk’
represents the risk that a poor prbduct choice may result in social embarrassment or damage to the
consumer’s ego or self-esteem. The ‘time risk’ is the risk that the time spent in product search may be
wasted if the product does not perform as expected.

Webster and Wind (1972:17) indicate that organisational buyers may adopt several strategies
for reducing the amoﬁnt of perceived risk. First, the buyers may simply avoid a decision. Second, they
may remain loyal to “in” suppliers to maintain their roufine purchase. Third, they may extensively
gather and evaluate additional information in the search of new products or services. Fourth, they
may do business with well-known, reputable, established suppliers—this also reflects brand loyalty.!

In addition, they also introduced a unique approach to avoiding uncertainty in the course of the

' Brand foyalty is a term used to describe consumers’ consistent preference and/or purchase of the same brand

in a specific product or service category (Schiffman and Kanuk 2000).
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organisational buying action—i.e. “split orders™. They said “Another strategy used by organisational
buyers to reduce risk is to split orders between two or more vendors, although single sourcing
(especially from well-known suppliers) was found to be more common practice...” (Webster and Wind
1972:72). This approach may help buying organisations venture to apply more innovative products
that meet their demand, while they can reduce risk by splitting the orders between two or more
suppliers. In this case, buyers may be able to choose “in” and “out” suppliers not only for conventional
products, but also for innovative products. The weight given to each of the suppliers for their products
or services that will be purchased may vary according to the buying organisations’ needs and
demands for them.

The amount of uncertainty surrounding