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“Isn’t it odd, we can only see our outsides, but nearly
everything happens on the inside.”
(Charlie Mackesy)



ABSTRACT

HENTSCHKE, C. dos S. A method for capturing customers preferences for housing
customisation. 2021. Thesis (Doctor of Philosophy in Civil Engineering) — Programa de Pos-
Graduacap em Engenharia Civil: Construcdo e Infraestrutura, Escola de Engenharia, Universidade
Federal do Rio Grande do Sul, Porto Alegre, 2021.

The housebuilding sector has used mass production systems and reduced portfolios for many decades in
different countries, countering the constant changes in society, resulting in neglecting the increasing
diversity of customers’ requirements. Housebuilding companies should be able to meet this requirement’s
diversity by offering a higher product variety and at the same time maintaining costs within market
expectations. Mass customisation strategies have been presented as efficient alternatives to keep the balance
between fulfilling clients’ specific needs and maintaining reasonable prices in housing by focusing on value
generation. Moreover, there are limited ways of increasing value generation in housing considering its trade-
off with product cost, emphasising the need for the delimitation of a set of options (i.e.: solution space)
adequate to customers’ preferences. Some research opportunities highlighted in the literature for adopting
mass customisation in housing include solution space clear definition and the need for methods to explore
the value perceived in product alternatives and reduce trade-offs between preferences and choice
complexity. Accordingly, the main aim of this investigation is to propose a method for capturing customers’
preferencess and supporting customer integration in mass customisation strategies for housing. The design
science approach was used as methodological underpinning for building the solution in this investigation.
This thesis was structured in three academic papers. The first paper provides an overview of the available
practices in house building and focuses on developing a framework of customer integration and core
decision categories that support the definition of mass customisation strategies. In the second paper, a
method for identifying customers’ preferences and support solution space definition was proposed, based
on preference modelling and willingness-to-pay approaches regarding customer value and its balance with
operations costs. In paper 3, another method is presented by adapting menu-based choice for housing and
its implementation in an empirical study. The main contributions of this thesis include the method for
capturing customers’ preferences, a framework of decision categories, and approaches for modelling

customers willingness-to-pay for customised housing.

Keywords: Mass Customisation. Solution Space. Customers. Stated Preference. Willingness-to-Pay.
Housing
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13

1 INTRODUCTION

1.1 RESEARCH CONTEXT

Over the last decades, society is evolving rapidly, resulting in different lifestyles and a growing
diversity of housing customer needs and expectations (JANSEN, 2014, 2020). This means that
customers are becoming more demanding, and making their housing choices based on their
preferences, economic and social contexts (JANSEN, 2014; JUN et al., 2020; OLANREWAJU;
WONG, 2019). By contrast, many housing developers still adopt the mass production paradigm as
a key strategy for delivering affordable housing, especially in developing countries, like Brazil,
Mexico and Ecuador (MARTINEZ; TOMMELEIN; ALVEAR, 2017; NOGUCHI,
HERNANDEZ-VELASCO, 2005). By using traditional strategies for cost reduction and a standard
product, the sector neglects the changing lifestyles and different household profiles, resulting in
requirements not being fulfilled (FORMOSO, 2015; KOWALTOWSKI; GRANJA, 2011;
NOGUCHI; HERNANDEZ-VELASCO, 2005), making value generation ineffective in this sector
(BONATTO; MIRON; FORMQOSO, 2011). The frustration with housing units motivates dwellers
to make several changes after occupation (FORMOSO; LEITE; MIRON, 2011; HENTSCHKE,
2014; OLANREWAJU; WONG, 2019).

According to Jansen (2014) and Jun et al. (2020), housing developments must be based on both
customers preferences and project constraints (e.g. price, market, regulations). Nevertheless,
achieving different stakeholders' expectations and considering the trade-offs related to product cost
is challenging (BONATTO; MIRON; FORMOSO, 2011; KOWALTOWSKI; GRANJA, 2011).
Previous research, such as Leite (2005) and Noguchi and Herndndez-Velasco (2005), suggest
alternative ways for reducing costs, such as using standardised components, industrialised
construction systems, strategies for lead time reduction and application of Mass Customization
(MC). MC is a business strategy that aims to offer products that fulfil customers’ specific

requirements, potentially adding value, through flexible process and structure, with costs and
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delivery time similar to mass production (Hart, 1995; Jiao, Ma, & Tseng, 2003; Pine, 1993;
Fogliatto, da Silveira, & Borenstein, 2012).

The MC concept was born in manufacturing, and several successful application examples have
been reported in the literature (KUMAR; GATTOUFI; REISMAN, 2007; PILLER, 2007; SUZIC
et al., 2018). Although MC has been a success in different sectors, several authors consider that
this strategy still is challenging to be implemented in manufacturing due to context particularities
(FETTERMANN; ECHEVESTE, 2014; PILLER; MULLER, 2004; SUZIC et al., 2018). Piller,
Moeslein, & Stotko (2004) argue that using the concept of value creation in different production
systems and strategies, such as agile, lean and MC, has the common goal of increasing cost-
effectiveness and ability to react to heterogeneous and constantly changing market demands.
However, even implementing those alternative strategies to increase value generation can be
challenging due to limited market and requirements’ understanding, technology availability and
production system constraints (FETTERMANN; ECHEVESTE, 2014; SALVADOR; HOLAN;
PILLER, 2009; WIKBERG; OLOFSSON; EKHOLM, 2014). Therefore, understanding and
considering customers’ requirements in developing customised products is essential for the success
of the MC strategy in manufacturing (FOGLIATTO; DA SILVEIRA, 2008; FRANKE; PILLER,
2004; HART, 1995; OGAWA; PILLER, 2006).

The application of MC has been suggested as an alternative for balance fulfilling clients’ specific
needs and maintaining controlled costs in housing (NOGUCHI; HERNANDEZ-VELASCO, 2005;
ROCHA, 2011; SCHOENWITZ; NAIM; POTTER, 2012; SHIN et al., 2008). This strategy has
been applied in housing production in different countries such as Brazil (ROCHA, 2011;
TILLMANN, 2008), Mexico (NOGUCHI; HERNANDEZ-VELASCO, 2005), Ecuador
(MARTINEZ; TOMMELEIN; ALVEAR, 2017), Germany (SCHOENWITZ et al., 2017), UK
(BARLOW et al., 2003), Korea (SHIN et al., 2008) and Japan (LINNER; BOCK, 2012). Its
adoption in housing can bring several benefits, such as increasing dwellers’ degree of satisfaction
(FRUTOS; BORENSTEIN, 2004; LEE et al., 2018; MARTINEZ; TOMMELEIN; ALVEAR,
2017); increasing market share (SCHOENWITZ et al., 2017); establishing long-term customer
relationship and improving loyalty (BARLOW; OZAKI, 2003; KAUR SAHI; SEHGAL,;
SHARMA, 2017); and creating competitive advantage (SHIN et al., 2008). Additionally, some
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studies have suggested that customers are willing to pay a premium price in order to obtain a
customised product that better fulfils their needs instead of purchasing a standard product
(FETTERMANN; TORTORELLA; TABOADA, 2019; FRANKE; HADER, 2014; LARSEN et
al., 2019).

The main challenges to housebuilders to apply MC are capturing customers’ requirements
(BARLOW; OZAKI, 2003; FETTERMANN; TORTORELLA; TABOADA, 2019; FORMOSO,
2015; MARTINEZ; TOMMELEIN; ALVEAR, 2017) and keeping the balance between offering
variety and maintaining housing affordability (MARTINEZ; TOMMELEIN; ALVEAR, 2017).
Additionally, MC in housing can be bounded by the regulatory and funding boundaries
(BARLOW; OZAKI, 2003; FORMOSO, 2015), additional costs and extending construction time
(MARTINEZ; TOMMELEIN; ALVEAR, 2017; SHIN et al., 2008), and use of integral product
architecture and structural restrictions (FORMOSO, 2015).

When considering the increasing product variety, companies should be able to manage additional
costs, keeping benefits similar to mass production, and maintaining a level of competitive
advantage (FETTERMANN; TORTORELLA; TABOADA, 2019; MARTINEZ; TOMMELEIN;
ALVEAR, 2017; SCHOENWITZ et al., 2017). With that aim, companies should plan their
processes and design their MC strategies effectively, considering their target market and most
value-adding product attributes for customers (FETTERMANN; TORTORELLA; TABOADA,
2019).

Customer integration is often achieved during the product configuration and design phases, but its
extent depends on the level of customisation® offered, varying from a simple configuration of
predefined options, to genuine co-design (PILLER; MOESLEIN; STOTKO, 2004). It initially
relies on companies” abilities to identify market segments and explore customers’ needs and
preferences to translate these trends into requirements and product specifications that support the
development of customised goods (FOGLIATTO; DA SILVEIRA; BORENSTEIN, 2012;
FRUTOS; BORENSTEIN, 2004; PILLER; MOESLEIN; STOTKO, 2004). Therefore, in this

1 The level of customization or taxonomies of customization refer to the strategy that companies adopt for satisfying
different markets through the value chain (FOGLIATTO; DA SILVEIRA; BORENSTEIN, 2012), and it is closely
related to the customer order decoupling point (CODP).
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investigation, the definition of customer integration includes different types of customer-company
interactions enabled by different practices such as modular design and configurators (Kummar et

al., 2008) and capturing customers preferences and needs to define such interactions and practices.

Furthermore, customer involvement in new product development (NPD) is critical to MC adoption
and can also be regarded as a value-adding source and cost-saving potential, so-called “economies
of integration” (PILLER; MOESLEIN; STOTKO, 2004). According to those authors, besides the
possibility of charging premium prices, the economies of integration enables companies to acquire
deeper market knowledge and enhance value generation, reducing waste along the value chain and

potentially identifying sources and opportunities to counter-balance MC additional costs.

Information about customers’ preferences, confronted to customisation costs and customers’
willingness to pay, can be used for the definition of the solution space, as it involves establishing
the connection between requirements and customisable attributes so that viable products can be
proposed (PILLER; MOESLEIN; STOTKO, 2004; SALVADOR; HOLAN; PILLER, 2009). The
solution space is a set of customisation units? and rules for combining them to be offered to
customers, which is crucial to define product variants in a MC strategy (ROCHA, 2011;
SALVADOR; HOLAN; PILLER, 2009). Some authors (FERGUSON; OLEWNIK; CORMIER,
2014; PILLER, 2007; VON HIPPEL, 1998) argue that MC's economic feasibility depends on a
clear solution space definition by establishing limits within production capabilities and a range of
product alternatives from which customers can choose according to their preferences. Furthermore,
the solution space's definition involves a series of decisions, which should balance the variety of
customisation units for the customers, based on their needs and the need to minimise operational
costs (FOGLIATTO; DA SILVEIRA, 2008; SCHOENWITZ; NAIM; POTTER, 2012).

Companies should understand what generates value to customers to support the solution space
definition and offer the customised product, according to economic limitations, to increase
perceived value (FERGUSON; OLEWNIK; CORMIER, 2014; HART, 1995; PILLER, 2004).
Moreover, a large number of options can confuse and overwhelm customers, creating the so-called

“burden of choice” and leading to a postponement in purchase decisions (HUFFMAN; KAHN,

2 The customization units are the customizable attributes of the product and their range of options to be choose by the
customers (ROCHA,2011)
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1998; SALVADOR; HOLAN; PILLER, 2009; SCHOENWITZ et al., 2017). Thus, companies
should reduce choice complexity and guide customers to define products that better suit their needs
(PILLER; MOESLEIN; STOTKO, 2004; SALVADOR; HOLAN; PILLER, 2009), for example,
by using choice menus®. They are transitional devices to guide customers through the customisation
process by capturing information regarding their requirements and making them available to
operations (PILLER, 2004; SLYWOTZKY, 2000). Customisation units are presented to customers
through a choice menu, defining what can and cannot be customised in the product, based on the
solution space (ROCHA, 2011; SALVADOR; HOLAN; PILLER, 2009).

1.2 RESEARCH PROBLEM

Although there are several successful MC adoption examples in the literature, its body of
knowledge still disperse and growing (KUMAR; GATTOUFI; REISMAN, 2007). Even though
there are many mechanisms to reduce complexity, counterbalance additional costs, and solve other
MC challenges, companies still struggle to implement those practices* and generate value
(ECHEVESTE; ROZENFELD; FETTERMANN, 2017). Some gaps between research and practice
have been pointed out in the literature: (i) lack of in-depth understanding of implementation
strategies (PILLER, 2004; SUZIC et al., 2018), (ii) difficulty of identifying, selecting and
incorporating MC practices in NPD (FETTERMANN; ECHEVESTE, 2014), and (iii) the shortage
of prescriptive research and guidance for adopting such practices (FETTERMANN; ECHEVESTE,
2014; ROCHA, 2011).

MC strategies' success depends on the coordinated efforts of Marketing, Product Design and
Operations (FERGUSON; OLEWNIK; CORMIER, 2014; ROCHA, 2011). Such areas should
collaborate towards a common goal of satisfying customers by effectively capturing customer
requirements to deliver what the market expects while also focusing on the internal processes
(SCHOENWITZ et al., 2017). Therefore, some authors (FERGUSON; OLEWNIK; CORMIER,

3 The choice menu can be also called choice boards, configurators, toolkits and catalogues.

4 Practices are the methods, tools and techniques, successfully used in real-life situations to solve problems and
support the performance of activities during NPD (FETTERMANN; ECHEVESTE, 2014), that can be adapted to
other companies facing similar challenges (KAHN; BARCZAK; MOSS, 2006).
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2014; FETTERMANN; ECHEVESTE, 2014; PILLER; MOESLEIN; STOTKO, 2004) suggest the
combination of different practices and strategies to deliver mass custom goods and propose the use
of IT tools to facilitate some phases of the customisation processes. In fact, several studies related
to customer integration have focused only on the development of digital tools, such as choice
menus and configurators (FERGUSON; OLEWNIK; CORMIER, 2014; FETTERMANN;
ECHEVESTE, 2014; PILLER, 2007). Still, achieving success through MC strategies requires an
organisational context and processes that foster continuous improvement, learning, and knowledge
creation, besides technologies and tools (KOTHA, 1995). Thus, a strategy focused approach is
needed (PILLER, 2007).

MC's adoption in housing is still latent (LARSEN et al., 2019), focused on operations and
enhancing productivity (FETTERMANN; TORTORELLA; TABOADA, 2019; JENSEN;
NIELSEN; BRUNOE, 2018; LARSEN et al., 2019). Furthermore, many research opportunities
related to customer integration have been mentioned in the literature, such as defining a solution
space and providing support for customer decision-making during product configuration
(JENSEN; HAMON; OLOFSSON, 2009; KHALILI-ARAGHI; KOLAREVIC, 2016; LARSEN et
al., 2019).

The choice menu can be regarded as a strong source of information about customers’ requirements
and potential basis to refine the solution space and NPD (PILLER, 2004; SALVADOR; HOLAN;
PILLER, 2009; SCHOENWITZ et al., 2017; SLYWOTZKY, 2000) but there is still a gap on how
to design, implement, and manage choice menus (PILLER, 2005; FOGLIATTO; DA SILVEIRA,
2008). Khalili-Araghi and Kolarevic (2016) point out that there is a need for new methods and
tools for customer integration that reduce trade-offs between customer perceived value and
complexity resulting from customisation. Furthermore, the definition of the solution space and
customisation units based on customers’ perceived value is not a common practice in either
manufacturing or housing (FOGLIATTO; DA SILVEIRA, 2008; HENTSCHKE et al., 2014;
ROCHA, 2011). According to Schoenwitz et al. (2017), identifying consumers” preferences and

the impacts of considering them during housing NPD seems to be a fruitful research opportunity.

Ogawa and Piller (2006) state that the primary source of failure on the launch of new products is

the faulty understanding of customers needs and preferences. To avoid this risk, companies should
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understand customers’ perceived value, meaning the trade-off between benefits and sacrifices of
customisation, for defining which customisation units to offer in the solution space (HART, 1995;
HUFFMAN; KAHN, 1998; PILLER, 2004; SILVEIRA; BORENSTEIN; FOGLIATTO, 2001;
SQUIRE et al., 2004; SVENSSON; BARFOD, 2002; WILLIAMSON; WESTBROOK, 1993).
Furthermore, it is necessary to find ways for systematically translate clients’ requirements into
product specifications, according to the market segment (WIKBERG; OLOFSSON; EKHOLM,
2014) and to understand the economic impact of considering this information as a key enabler to
MC (PILLER; MOESLEIN; STOTKO, 2004). Ferguson, Olewinik and Cormier (2014) suggest
that companies should establish their solution space aiming to minimise the trade-off between the
customers’ ideal product and the ones available in the menu by systematically considering

customers preferences.

Some authors have suggested the use of stated preference (SP) techniques to support decision-
making towards essential elements in MC strategies, such as defining a choice menu
(FOGLIATTO; DA SILVEIRA, 2008), and outlining product platforms (COLOMBO et al., 2020;
TAN et al., 2020). SP techniques focus on measuring customers preferences and purchasing
intentions regarding hypothetical products through surveys (ORTUZAR; WILLUMSEN, 2011).
According to Fogliatto and Da Silveira (2008) and Schoenwitz et al (2017), new methods based on
SP can help companies redesign their products, change business strategies, and reconfigure

processes and reconsidering their market position.

In housing research, SP techniques can be used to describe and predict customers’ choices based
on their responses to a specific set of hypothetical multi-attributes alternatives and on the choice
of the housing solution that offers major utility (Louviere & Timmermans 1990; Molin et al. 2001).
It also enables house building companies to forecast return of investment (Molin et al. 2001), and
estimate WTP (MOLIN, 2011). Moreover, the identified customers preferences can provide
support for housing design and development (JANSEN, 2020; JUN et al., 2020; KAM et al., 2018).
Recent developments have been reported in housing research to support decision making related
to MC, such as: (i) the solution space refinement (HENTSCHKE et al., 2020); (ii) definition of
the product and component’s level of customisation (SCHOENWITZ et al., 2017); and (iii)

proposition of recommendation systems (JUN et al., 2020). Nevertheless, there is still a need to
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understand further how customers preferences and other information can support decision-making
regarding essential elements of the MC's strategy, such as the solution space and interfaces with

customers.

1.3 RESEARCH QUESTIONS

Accordingly, the main research question of this doctorate thesis is:

“How to identify customers needs and preferences for mass customised housing projects and

consider such information to support solution space definition?”
The specific research questions are:

e How to define a mass customisation strategy that integrates customers into development of

mass customised housing projects?
e How can stated preference techniques be used to identify customers needs and preferences

regarding housing attributes and target the customisation offer according to market segments?

1.4 RESEARCH OBJECTIVES

The main aim of this research is:

e “Devise and evaluate a method for capturing customers’ preferences for mass

customisation of housing projects and support solution space definition”.
The specific aims of this doctorate research are:

e Propose a framework of decision categories for customer integration and for devising the

scope of customisation to support the definition of housing MC strategies;

e Devise a method to capture customers’ demands for customisation of housing projects, by

combining a choice-based experiment, a WTP approach, and estimation of operations costs;
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e Propose a method for capturing customers’ demands for housing customisation based on
MBC.

1.5 THESIS STRUCTURE

This doctorate thesis is divided in six chapters: (i) introduction, (ii) research method, (iii to v) three
journal papers, and (vi) conclusion. The first chapter presents the research context, problem,
questions and objectives. In the second chapter, the adoption of DSR and the connection between
the papers is explained. The development of the thesis was divided into three journal papers,
respectively chapters 3 to 5, from which two have been published, and the third one is soon to be

submitted to an international journal.

Paper 1 involves the development of the framework for customer integration and devising the scope
of customisation. Paper 2 presents a method for identifying customers’ housing preferences to
support the solution space definition by balancing it with operations costs, based on stated choice.
In Paper 3, a method for identifying customers preferences for customised housing is developed
based on MBC, which is implemented in an empirical study in a residential building company. The

last chapter contains an overview of the research contributions and suggestions for future work.
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2 OVERVIEW OF THE RESEARCH METHOD

2.1 METHODOLOGICAL APPROACH AND RESEARCH OUTCOMES

Design Science Research (DSR) is a methodological approach that has been largely applied in
several fields of knowledge such as information systems, management, operations management,
engineering (HOLMSTROM; KETOKIVI; HAMERI, 2009), information technology (MARCH,;
SMITH, 1995), medicine (KASANEN; LUKKA; SIITONEN, 1993). It aims to build an innovative
solution for a real-world problem class and, at the same time, make a scientific contribution to a
specific field of knowledge (KASANEN; LUKKA; SIITONEN, 1993; LUKKA, 2003). According
to Holmstrom and Ketokivi (2009), the artifact devised is a mean to solve practical or ill-structured
problems. Thus, DSR often addresses managerial and theoretical questions about decision making
situations in which goals are uncertain, conflicting or unknown by decision-makers and require a
solution design (HOLMSTROM; KETOKIVI; HAMERI, 2009). This investigation has adopted
DSR to address the question of how to manage customer integration into the development of mass
customised housing. More specifically, how customer integration practices can support decision-
makers to define a MC strategy and improve value generation for customers.

Differently from traditional sciences that seek to explore, explain, and describe natural phenomena,
in DSR the focus is on prescribe, propose and design artifacts to tackle classes of problems
(DRESH; LACERDA; ANTUNES JUNIOR, 2015). The prescriptions made along the
investigation are embodied on an artifact (MARCH; SMITH, 1995) or a solution concept, the main
outcome of this research type. According to Kasanen, Lukka and Siitonen (1993); Dresh, Lacerda
and Antunes Junior (2015), the artifact must have a strong connection with a real problem, showing
its practical relevance. Holmstrom, Ketokivi and Hameri (2009) argue that both solution and
problem are built during DSR process instead of discovered. Additionally, is essential to
demonstrate the innovation and utility of the proposed solution and point out its contribution
towards the advancement of theoretical knowledge (KASANEN; LUKKA; SIITONEN, 1993). In

summary, solution building is both an exploratory process, involving proposing, testing and
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refining the solution, and an explanatory process, as the theoretical relevance of the solution must
be assessed (HOLMSTROM; KETOKIVI; HAMERI, 2009).

The solutions for managerial problems resulting from DSR can be organisational procedures,
models, diagrams and plans (KASANEN; LUKKA; SIITONEN, 1993). March and Smith (1995)
suggested four categories of outcomes: models, constructs, methods, and instantiations. Constructs
are specific language terms used to characterise problems and describe solutions, while a model
refers to a set of constructs and their relationship statements which are used to describe situations,
problems or solutions (MARCH; SMITH, 1995). Methods are set of steps to perform a task
targeting a goal, usually associated with how to apply constructs and models (MARCH; SMITH,
1995), and their application enables the transformation and improvement of a context (DRESH;
LACERDA; ANTUNES JUNIOR, 2015). The same authors mention instantiation as an
operationalisation of constructs, models and methods that display their feasibility and
effectiveness. Moreover, they can also guide the artifacts utilisation and indicate an implementation

time. Table 1 presents the main outcomes of this investigation according to the DSR outputs.

Table 1 Research outcomes

DSR Outputs Research Outcomes

CONSTRUCTS Proposed and refined customer integration and core decision categories
list of practices for customer integration and for defining the scope of customisation

MODEL A framework for customer integration and customisation scope definition to support
devising MC strategies

A hierarchical model for housing attributes

METHOD Method to capture customers’ preferences for mass customised housing projects and
support solution space definition, based on choice-based experiments, preference
modelling and willingness to pay approach

Method for capturing customers’ demands for mass customised housing projects and
support solution space definition, based on menu-based choice and willingness to pay
approach

INSTANTIATIONS | Instantiation of the first method in an exploratory study

Instantiation of the second method in an empirical study

A Method For Capturing Customers’ Preferences For Housing Customisation
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2.2 RESEARCH DESIGN AND PAPERS

The development followed the main steps of DSR proposed by Kasanen, Luka and Siitonen (1993)
and Lukka (2003), as depicted in Figure 1. These were: (i) find a relevant real-world problem to be
solved, with investigation potential, and obtain an in-depth understanding of the topic; (ii) Build
an innovative solution to address the problem; (iii) Implement the solution to test its practical
applicability; (iv) Reflect upon the scope of applicability of the solution and identify and present
the theoretical contribution to the research field. A literature review also supported this
investigation. This investigation was divided in Stages A, B and C. The DSR steps occurred

iteratively during the research stages, as suggested by Vaishnavi and Kuechler (2007).

Figure 1 Research Design

Literature Review
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Stage A encompasses all four steps of DSR, and is closely related to the development of an
empirical study in Company P. The empirical study was part of a research collaboration project
between UFRGS and the House Building Company P, within a 2 year time frame. The aim of the
project was propose and refine mass customisation practices and tools to improve the management
of residential building projects. During the initial stages of collaboration, semi-structured
interviews were carried out to understand the empirical context and identify the practical problem

related to the MC strategy and process.

A literature review on customer integration and MC practices was carried out to understand the
topic deeply and resulted in the main research question of how to manage customer integration to
support the MC strategy definition and improve value generation for customers. Initial
developments of the solution included identifying the relationship between practices and decision
categories and refining some decision categories.

More intense discussions with Company P customisation team were carried out to test and refine
the solution by assessing the use of practices and decision categories and further understand their
underlying ideas. Diverse documents analysed, nine semi-structured interviews with different
company representatives and one meeting were considered sources of evidence to identify MC
practices used during the NPD process. Simultaneously, a list of MC practices for customers
integration compiled from the literature was compared to the ones adopted by the company, and
improvement opportunities were identified. These improvement opportunities were discussed with

company P’s representatives in two meetings, motivating company P to implement some of them.

A year later, another assessment of Company P’s MC strategy was carried out based on a refined
list of core and customer integration decision categories and practices. The customisation team of
Company P accessed each practice by rating it according to a 5 point scale, from not applicable to
fully applied, during three meetings. The utility of the solutions was assessed by the customisation
team and manager during meetings and discussions. The main outcome of this stage was a
conceptual framework of decision categories for customer integration and for devising the scope
of customisation, which can also support MC strategy definition. Further details about Stage A and

its outcomes are given in Paper 1.

A Method For Capturing Customers’ Preferences For Housing Customisation
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Stage B was the first cycle of development of the method, and it started by obtaining an in-depth
understanding of customers’ requirement diversity in housing, which may cause many product
changes after occupancy, based on a literature review. It also included a more specific analysis of
former studies to identify key customisable attributes in housing. SP was identified as a potential
set of techniques to understand and measure customers’ preferences in housing. The solution was
developed based on stated choice, preference modelling and WTP approaches, resulting in a
method for identifying customers’ demands and supporting solution space definition for mass
customised housing projects. This method is divided into four phases: (i) Context understanding,
(i) Experiment Planning, (iii) Customers preference modelling (iv) Balancing customer
preferences and operational costs. The method was applied in an exploratory study, including all
four phases to a small sample of potential customers of the My House My Life program from
Brasil. Finally, an internal assessment of the method’s utility was carried out. Thus, stage B
encompasses the solution incubation and refinement phases of Holmstrom, Ketokivi and Hameri

(2009), focusing in the exploratory part of the research.

Stage C of the research was the second cycle of development of the solution, which resulted in the
second method. It was developed in close collaboration with company W, in a second empirical
study, which was carried out during the COVID 19 pandemic. This stage started with a further
understanding of the practical problem of how to identify customers demands and preferences for
housing customisation and consider this information in NPD and MC strategy definition. It was

based on a literature review and semi-structured interviews with company W’s representatives.

The second method emerged from the further understanding of the practical problem, custom
design of the solution for Company W’s context and attempted to address limitations identified in
the first version of the solution. As suggested by Kasanen, Lukka and Siitonen (1993) the artifact
not only solve problems but also can make new ones to emerge, which was a motivation for refining
the solution in this investigation. One of the structural changes proposed was the adoption of Menu-
Based Choice instead of SC, which shifts the focus from limited product alternatives into a larger
group of attributes available for individual configuration. Additionally, the extended housing
product is considered and structured from a hierarchical perspective in the second version. Finally,
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this version of the method was applied to a sample of Company W’s potential customers through

an online survey.

The practical contributions of Stage C were assessed in meetings with company W’s
representatives. In Chapter 5, the outcomes of Stage C are presented, as well as the theoretical

implications.

The results of this thesis are presented in three academic papers. Each academic paper has been
produced with a particular aim by using different sources of evidence and focusing on different

topics of literature review, as shown in Table 2.

Table 2 Papers structure summary

Research objectives’ Sources of Evidence Literature Review
Propose a framework of decision categories for ~ Semi-structured -Mass customisation;
customer integration and for devising the scope interviews; Document

-MC decision categories

of customisation to support the definition of analysis; Discussions; .
and Practices;

housing MC strategies;

Chapter 3
(Paper 1)

-Customer Integration.

Devise a method to capture customers’ demands Secondary Data -Mass customisation;
for customisation of housing projects, by Analysis; .
combining a choice-based experiment, a WTP -Stated Choice;

approach, and estimation of operations costs; Online Survey;

-Willingness to Pay;

Chapter 4
(Paper 2)

-Solution space;

Propose a method for capturing customers’ Semi-structured -Mass customisation;
preferences for housing customisation based on interviews; Document -Menu-Based Choice
MBC. analysis; Discussions;

Online Survey; models ;

Chapter 5
(Paper 3)

-Solution space;
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Abstract: Mass customisation is a business strategy that aims to deliver a variety of products that fulfil
customer requirements and, at the same time, keep price and delivery time within acceptable limits.
It has been adopted in different sectors to increase value generation, including house building. A major
challenge in mass customisation is customer integration, i.e., how to improve value generation by
understanding and considering requirements from different customers, and defining their involvement
in product development. Most studies on this topic tend to be technology-focused, often being limited
to methods and digital tools to generate and display product alternatives. The aim of this paper is
to propose a framework of decision categories for customer integration and for devising the scope
of customisation to support the definition of mass customisation (MC) strategies. Design science
research was the methodological approach adopted in this investigation. It was based on a literature
review about mass customisation practices and also on an empirical study developed in a residential
building company from Brazil. The main contribution of this paper is a framework for customer
integration, which contains a set of decision categories related to the definition of the scope of
customisation and customer integration, and a list of practices that are applicable to house building.
A secondary contribution of this investigation is a set of constructs that have been used to describe
the decision categories and their relationships.

Keywords: mass customisation; customer integration; residential; practices

1. Introduction

In the current scenario of the house building industry, there is a fierce market competition in
different countries, primarily concerned with costs, demanding strategies to increase productivity [1,2]
and, at the same time, to consider customers heterogeneous demands [3]. Understanding customers’
needs and preferences is a challenge due to their changing lifestyles and different family structures [4—6].
Therefore, customer requirements must be appropriately understood and communicated to decision-
makers, such as investors, developers and designers; otherwise, value generation may be compromised [4].
The progressively increasing diversity of customer requirements has created business opportunities
related to product customisation in several different sectors [7,8], including house building [9].
According to Wang et al. [10] this shifting focus from company to customer demand is a driving force
in industrial innovation.

Mass customisation (MC) is a strategy that aims to fulfil customer requirements [11-13], and, at the
same time, achieve high efficiency and competitive advantage [2,11], through flexible processes and
supply chain integration [1,14]. Therefore, companies combine elements of mass and craft production
to improve value generation for specific market segments [15-17]. In the house building industry,
besides contributing to competitive advantage, the adoption of MC can provide benefits related to
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environmental and social sustainability, by avoiding waste caused by product changes made after
occupancy by users, as well as by increasing their perceived value and sense of ownership [5,18].

Several successful applications of MC in the manufacturing industry have been reported in the
literature [7,19,20]. However, its body of knowledge is dispersed and is still growing [7]. According to
Piller [21] and Suzic et al. [20], there is a lack of in-depth understanding of the strategies for implementation.
Other authors [22,23] argue that the further expansion of the field depends on the development of
models and tools to support companies in new product development (NPD). A major challenge in MC
is customer integration, i.e., how to improve value generation by understanding and considering
requirements from different customers, as well as defining their degree of involvement in NPD [22,24].
Most studies on this topic tend to be technology-focused [19], being often limited to methods and
digital tools to generate and display product alternatives, such as configurators and choice menus [22].

In the house building industry, the implementation of MC is still latent [1,25], sparse and more
focused on operations [1]. A critical challenge for the adoption of MC in housing is capturing customers’
requirements [3,14,25-27], and establishing a balance between offering variety and achieving efficiency
and, consequently, housing affordability [1,9,25,27]. Several research opportunities on this topic
have been pointed out in the literature, such as the definition of solution spaces, and the support to
customers’ decision-making during the configuration process [1-3,22,25]. However, Khalili-Araghi and
Kolarevic [3] suggest that new methods for customer integration are needed to reduce the trade-offs
between customers perceived value and the complexity that results from customisation. Kotha [17]
argues that technologies and tools alone are insufficient to achieve MC goals, as the adoption of
this strategy requires an organisational context that fosters continuous improvement, learning and
knowledge creation.

Some studies have associated the use of MC strategies with prefabricated or industrialised
construction methods (e.g., [1,28,29]). However, this strategy has also been explored by companies that
adopt traditional construction methods (e.g., [6,9,25,26]). In fact, some of the potential improvements
related to MC are not directly related to the type of technology used, such as understanding customer
requirements, customer interaction, and visualisation approaches [2,6,25,30]. Rocha [30] suggests that
the definition of an MC strategy can be divided into decision categories, and should start by making
some core decisions related to the scope of MC, and then move to other areas, including customer
integration. Wikner [31] defines decision categories as ways to classify decisions and support the
segmentation of complex decision problems into a structured and relatively independent way to
facilitate decision-making.

A possible starting point to understand key decision categories is to analyse practices implemented
in the industry [20,32,33]. Those practices can be regarded as methods, tools or techniques that have
been successfully used in real-life situations for improving performance or solving problems [32].
By understanding the underlying ideas of those practices, they can be adapted to other companies
facing similar challenges [33]. This research seeks to further understand practices as an expression of
tacit knowledge that can be applied for learning, working, innovating and organising [34].

Therefore, this research study aims to answer the question: How can customer integration
in the NPD of mass-customised house building projects be managed? The main outcome of this
investigation is a framework of decision categories for customer integration and for devising the scope
of customisation to support the definition of MC strategies. It is based on practices identified in the
literature and also on an empirical study carried out in a house building company. The framework is
meant to be used by companies to support the definition of MC strategies. A secondary contribution
of this investigation is a set of constructs that have been used to describe the decision categories and
their relationships.

This paper is structured into six sections, including the introduction. In the theoretical background
section, MC is discussed, emphasising its core concepts, especially the ones related to customer
integration. In the third section, the research method is presented, including the methodological
approach and research design. Then, the results of the empirical study are presented in the fourth
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section. In section five, the framework for customer integration is presented and evaluated. Finally,
in section six, the main conclusions and opportunities for future research are presented.

2. Theoretical Background

2.1. Mass Customisation and Related Concepts

According to Silveira et al. [35], the success of MC strategies relies on several internal and external
factors, such as customers demand for customisation, market and value chain readiness, technology
availability, and knowledge sharing. Other studies [22,28,30] point out that the implementation of MC
depends on the coordinated efforts from three different areas of the company: customer integration,
product design and operations management. After requirements are captured, the design area must
focus on developing product alternatives by translating those requirements into specifications. Finally,
operations management is concerned with producing and delivering customised goods, by managing
resources and the supply chain to achieve time and cost-effectiveness [22,30].

MC depends strongly on the company’s ability to translate customers’ demands into new products
and services, in which knowledge creation and information sharing play a key role [22,35]. According
to Kotha [17,36], knowledge creation in the MC strategy has two primary sources of information:
(i) external, from customers, and (ii) internal, related to internal processes and workers” experiences.

Customers inputs into NPD can be communicated in different ways, such as desires and needs,
suggestions towards product solutions, and even insights that may lead to radical innovations [37].
According to Piller et al. [24], by translating customer preferences and needs into product requirements,
companies are able to transform subjective information into explicit knowledge. This knowledge can be
used to understand customer demands and inspire new developments [17,24,36]. Besides, feedback from
customers and previous choices can be used by companies to introduce innovations and also provide
guidance on whether to limit or expand product variety [17,36]. Furthermore, Wang et al. [10] discuss
emerging methods for collection and storage of customers inputs based on “Big Data” and other IT tools
to support decision-making. Therefore, different practices can be used to capture such knowledge [37].

The level of customisation is concerned with the range of customisation options to be offered in order
to satisfy different customers [13]. However, this decision needs to be based on the analysis of trade-offs
between the company’s capabilities and customers” demands [7,35,38]. Moreover, customisation can
occur at various points in the value chain, from a minor product adaptation to full customisation
defined at the design stage [35,39]. Each one of these points may be related to a specific level
of customisation, and requires the definitions of how and when customers’ needs are translated
into product specifications. A number of taxonomies of customisation types have been proposed
in the literature based on the level of customisation, such as the MC generic levels proposed by
Silveira et al. [35]: design, fabrication, assembly, additional custom work and services, package and
distribution, usage and standardisation. Another example is Barlow et al.’s [40] set of strategies for the
house building industry (Table 1), which is based on Lampel and Mintzberg [15].

Table 1. House building strategies.

MC Strategies in House Building [40] Description of the Customisation Level

Pure standardisation Standardised product. No possibility of changing products

Limited choice focused on aesthetic elements and or based on

Segmented standardisation . , .
aggregate knowledge regarding customers’ requirements

Balance between cost, lead time and choice, associated with

Customised standardisation .
postponement and modular practices

High variety or availability of choice. The product is fabricated

Tailored customisation by combining a set of standardised design elements

Pure customisation Infinite choice, relatively high costs and lead time

Source: adapted from Barlow et al. [40].
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The location of the customer order decoupling point (CODP) is essential to define the customisation
level [41,42]. It divides the value chain in processes based on forecasts (mostly standardised) and on
customer demands (customised according to orders) [24,38,39] (see Figure 1). The CODP also defines
which activities are postponed until the customer’s specific requirements are captured, and an order
is placed [24].

Ship-to-stock Make-to-stock Assemble-to-order Make-to-order Engineer-to-order

2 Design
g
5_ % - T
28 = Fabrication Fabrication | O
S8 & g
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‘g Customisation Distribution Distribution Distribution
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Point of delivery Pushed Production

customisation Pull Production

Add. services

Usage

Figure 1. Customer order decoupling point (CODP) in housebuilding. Source: adapted from
Barlow et al. [40] and Silveira et al. [35].

Therefore, the extent of customer integration is closely related to the level of customisation [24]
and the CODP definition [39]. In fact, the level of customisation usually defines the intensity of
customer—company interaction during NPD [24,38]. Moreover, a high customisation level should
rely on collaboration with customers from early design stages, while a low one requires less intense
participation of customers [38].

When defining the level of customisation, companies should bear in mind that offering too many
options not only can make operations inefficient, but also cause customers frustration and confusion,
the so-called burden of choice [43,44]. Thus, the definition of a limited solution space plays a key role
in MC. The solution space consists of a combination of different customisation units (i.e., customisable
attributes and their available options) and rules to combine them, limiting the set of possible product
alternatives [30,44]. However, even if there is a limited number of flexible processes, a large number of
features and product alternatives may be generated [7,19,21].

Previous studies [14,23,28,30] have pointed out that devising a solution space must be based on
the identification of customers’ needs and preferences for product customisation, and decide whether
and how those will be meet [2,28,44]. It must also be highlighted the importance of post-occupancy
evaluations (POE) to capture requirements and provide feedback for the NPD of future house
building projects [14,26].

Rocha [30] proposed three core decision categories to define the scope of an MC strategy in house
building: (i) the solution space; (ii) customisation units; and (iii) classes of items, which are specific
properties of options offered in the customisation units [30]. Additionally, Amorim [45] proposed a
decision category named communication of customisation information that defines how the information
is made available, when and for whom. This is strongly supported by previous studies [9,25-27,45-47],
that highlight the need to improve the effectiveness of information flows between different sectors of
the company, in order to facilitate collaboration and improve value generation.

Rocha [30] suggests that the level of customisation should be considered as an operations
management related decision category, as it is related to the definition of when and how customisation
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units are defined. However, Schoenwitz et al. [28] suggest that customers’ preferences play a key role
in the definition of the customisation level, indicating that there is an interaction between customer
integration and operation management decisions. The same authors also pointed out that the definition
of a single CODP neglects the possibility of choices to be made separately for different components
and attributes, which are made feasible by prescribing multiple decoupling points.

2.2. Customer Integration

According to Franke, Keinz and Schreier [48], the value delivered by mass customised products is
driven by the fit, style and functionality, or utility perceived by customers, and the uniqueness of a
product. Customers are often willing to pay extra to obtain customised goods [1,21,38]. Furthermore,
Piller [21] argues that the willingness-to-pay (WTP) reflects the value perceived in the increment
of utility that they gain from a product that better fits their needs rather than the best standard
product available. Therefore, customer integration should start from capturing needs and preferences,
and estimating the WTP for a customised good [22].

Kumar et al. [7] argue that customer integration embraces not only co-design but also other
types of interactions between companies and customers, which can be enabled by modular design,
configurators, and elicitation of needs. It means that customers can have an active role in product
definition, configuration or modification within a given solution space [19,21]. Thus, premium prices
are charged to cover additional costs resulting from customisation, such as higher costs of sales [17]
and operations [24]. Moreover, customer integration can also bring some cost-saving results from
collecting consistent market information and establishing a close customer—company relationship [24].

In this context, new relationships must be established between customers and companies [3].
Thus, companies can benefit by expanding the use of traditional customer relationship management
(CRM) tools [49] to relational marketing ones [50]. These are means to build long-lasting relationships
with customers, by improving value generation through interactions, creating trust and increasing
loyalty [49-51]. According to Tommaso [50], relational marketing is based on a logic of exchange and
learning. It can potentially improve customer experience, which refers to the combination of a number
of personal impressions (considering cognitive, affective, behavioural, physical and social aspects of
the response), resulting from interactions between a customer and a product or service [50].

According to Silveira et al. [35], the customer—-company interface must be tailored to each unique
context. Fetterman et al. [25] proposed a set of steps to outline a customer—company interface for the
house building industry, which is built on a proposition by Silveira et al. [35]: (i) defining a solution space
to be offered to customers; (ii) collecting and storing information on customers choices; (iii) transferring
data from retail to production; (iv) translating customers choice into product design features and
manufacturing instructions; and (v) delivering customised products and offering post-occupation
customisation. In step two, effective ways to present the solution space for customers are needed [30,35],
enabling them to deal with the variety of alternatives, avoiding the burden of choice [43].

Rocha [30] suggested two decision categories for customer integration, namely, configuration
sequence and visualisation approaches. These are concerned with how the customisation units are
presented to customers and how they engage in creating the product. The first one involves defining
a sequence of decisions to be made by customers when configuring their product alternatives [30].
The visualisation approaches decision category defines how the customisation units will be displayed
and to whom (i.e., customer, company or both), being divided into three types: collaborative, transparent
and do-it-yourself [30], similar to the approaches proposed by Gilmore and Pine [16]. For example,
in the collaborative approach, both customers and companies are aware of the customisation process
and can be applied through choice menus and or a dialogue between the company and customers [30].
However, Rocha [30] only proposed a broad definition of those three approaches, without discussing
how to implement or combine them for effectively presenting the solution space to customers.
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3. Research Method

Design science research (DSR) was the methodological approach adopted in this investigation.
This approach typically involves the development of innovative solution concepts, named artefacts,
to solve classes of practical problems, and at the same time contribute to the development of mid-range
theories, i.e., theoretical models that apply to a limited range of situations [52,53]. The main reason for
choosing DSR is the prescriptive, rather than descriptive character of this investigation. The practical
problem addressed by this research work is how house building companies can use customer integration
concepts to support the definition of MC strategies and improve value generation for customers.

There are different types of outcomes in DSR, such as models, methods, constructs, instantiations [54]
and technological rules [55]. The artefact proposed in this research is a conceptual framework which
prescribes a set of core and customer integration decision categories that can be used to support the
definition of MC strategies in house building companies. This research work also proposes new
constructs and adapts existing ones, which are useful for describing those decisions categories.

Figure 2 provides an overview of the research design, in which the activities are organised similarly
to the DSR steps proposed by Lukka [53]: (i) identify a practical problem and understand it from a
theoretical perspective; (ii) devise the solution; (iii) test and refine the solution in an empirical study;
(iv) analyse the utility of the solution and discuss the theoretical contributions of the investigation.

Literature Review

Identify a relevant practical Analyse the utility of the
problem and deeply Devise a Test and refine the solution in solution and discuss the
understand the topic from the solution an empirical study theoretical contributions of
theoretical perspective the investigation.
__ - Propose and adapt Understand customisation process,
Find the practical problem > decision categories —> Identify improvement opportunities
and practices and recommend available practices
B
Understand Customer J / )
integration and Identify best . N 0 e
erati fV — Adapt the solution Assess the level of Analyse and Assess the utility and
practices and decision . . . ; .
- p into a data collection —> implementation of Reflect upon  —> applicability of the
categories in the literature . . .
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Figure 2. Research design.

A literature review on customer integration and MC practices was carried out in order to obtain a
deep understanding of the topic, in the first step of the research (Figure 2). The aim was also to find
descriptions of practices that were successfully used for customer integration, by using the snowballing
technique, complemented by an advanced search in the Scopus repository. The search was undertaken
in journal and conference papers, from 1998 to 2018 and its results were limited to areas relevant for
house building such as engineering, management, and environmental science, from which 24 papers
were selected. As a result, two sets of practices were identified, one related to the MC core decision
categories and the other to customer integration. Information about those practices was stored and
further categorised in a database, according to authors, and country of adoption.

In the second step of the research, the selected practices were associated with decision categories
(Figure 2). Some of the decision categories considered were identified in the literature review
(see Section 2), such as solution space, visualisation approaches, and configuration sequence.
Furthermore, the processes of classifying practices into decision categories available in the literature
brought to light some gaps, which resulted in the proposition of some additional decision categories.
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The third step of the research consisted of the development of an empirical study in a house
building company, named Company P, in which the implementation of MC practices and decision
categories was assessed (Figure 2). The aim of this study was to understand further the underlying
ideas of practices and to test the utility of the proposed decision categories. It was part of a broader
research project, in which the MC strategy of the company was assessed, and some improvements
were implemented by the company, which took approximately two years.

Company P was founded in the 1970s as a family company, being currently one of the largest
construction companies of the South Brasil, with 252.312 m? built so far. They have over 20 years of
experience in delivering customised residential building projects for upper-middle and middle-class
customers. Their products are made from a combination of traditional methods of construction with
industrialised components, such as internal drywall partitions and precast facades. This company was
chosen because its business strategy was strongly based on the customisation of products to obtain
market differentiation. Moreover, the company was willing to take part in this project and had a
department entirely dedicated to customising residential projects. The customisation team (CT) had
six architects, including a coordinator.

The focus of the empirical study was on a relatively new market segment explored by the company
in which a limited solution space was offered to customers. Within this context, the productivity—
flexibility trade-off had to be managed carefully in order to increase the perceived value for customers
without substantially increasing costs and lead time.

The empirical study started by assessing and analysing the customisation process adopted by
Company P, based on multiple sources of evidence (see Table 2). Several semi-structured interviews
were carried out with representatives of different departments of the company. These interviews
were divided into three sections: (i) company’s general information (e.g., business model, customers,
competitors, history); (ii) description of NPD and customisation practices; (iii) description of products
and customisation options. Additionally, one open-ended interview was carried out with the customers
and customisation manager about the role of the customisation department and the MC strategy.
Based on the interviews and documents analysis, a customisation process map was devised by
researchers and discussed with the CT. Simultaneously, the existing customer integration practices were
compared to a preliminary list of practices extracted from the literature, and a gap analysis was then
carried out, resulting in the identification of some improvement opportunities. Those improvements
were discussed with Company P’s representatives in two meetings. Then, the company decided to
implement some of the suggested improvements.

Table 2. Sources of evidence used to understand the customisation process and identify improvement opportunities.

Source of Evidence Details and Participants Duration
O.p en—epded Customers and Customisation Manager (civil engineer) 1h 6 min
interview

Customisation Coordinator (architect), and Customisation Architect 1 h 6 min

Customisation Architect 58 min
Project Coordinator (architect), Project Analyst (civil engineer) 1h 2 min

Product Development Analyst (architect) 34 min

Semi-structured ; — ; :

interview Production Manager (civil engineer) 50 min

Product Intelligence Manager (civil engineer) 40 min

Marketing Manager (administrator) 53 min

CRM department coordinator (marketing) 40 min

Customisation Architect in charge of “point of delivery customisation” 53 min
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Table 2. Cont.

Source of Evidence Details and Participants Duration

Proposed solution space

Product catalogues

Presentation of customisable attributes for customers

Company web site

Document analysis
Contracts

Post-occupation evaluation questionnaire

Project customisation management spreadsheet (containing dates for
decision making, residential units customised by customers,
customisation units chosen, etc.)

Customisation status on-site communication

Participant observations of the interaction between the CT and

Observations customers during the construction site open day promoted by the 1 h 30 min
CRM department
One meeting with the CT to discuss their processes, identified practices 1 h22 min
and improvement opportunities
Meetings One meeting with the CT to discuss research findings 1h

One meeting with the CT, manager and professionals from other
departments of Company P to discuss research findings and the utility ~ 1h 30 min
of the artefact

Approximately one year later, after the implementation of some improvements by the company,
a data collection protocol was used to assess Company P’s MC strategy regarding core and customer
integration categories. This data collection protocol was based on the final set of decision categories
and on the full list of practices, being used as a reference to discuss the adoption of practices with the
CT (Table 3). This assessment was based on a 5 point scale. Besides, data about the perspective of
customers were captured qualitatively during three open days in construction sites, bringing another
perspective to the discussions.

Table 3. Sources of evidence used on the assessment of the level of implementation of practices.

Source of Evidence Details and Participants Duration

. Customised units database
Document analysis

Simplified choice menu

) Two participant observations of the interaction between the 4h
Observations CT and customers during the construction site open day
promoted by the CRM department 5h

Ten interviews with customers during events promoted by

the CRM department regarding the customisation service, Approx. 15 min

i- . . o - . h
Ser.m strt.lctured interaction, visualisation tools and customisation units eac
interviews
Four interviews with architects from the CT regarding core During the
and customer integration practices and decision categories discussions
One meeting with the CT to discuss core decision categories .
. o 1h 56 min
and related practices, and their utility
Meetings One meeting with the CT to fhscuss core.deqs.lon categories 1 h 45 min
and related practices and their utility
(@) ti ith the CT to di t int ti .
ne meeting wi e o discuss customer integration 1 h 39 min

decision categories and related practices and their utility
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Analysis and reflection of the research findings were carried out in the fourth step of the research
study. The utility of the research outcomes, i.e., decision categories and MC practices, was assessed
based on the following criteria: (i) provide underpinnings to the assessment and monitoring of core
and customer integration decision categories; (ii) provide support to understand MC related concepts
and its underlying ideas; (iii) support decision-making for defining the MC strategy, particularly in
terms of integrating customers in customisation processes. The assessment of utility was carried out in
six meetings with representatives of the customisation department, as shown in Tables 2 and 3. Finally,
the conceptual framework of decision categories for customer integration was devised.

4. Results

4.1. Identification of Practices from the Literature

Table 4 presents the 44 MC practices that were identified in the literature review concerned with
core and customer integration areas, organised according to decision categories. It is noteworthy that
35 of those practices were discussed in up to three different papers out of the twenty four reviewed.
The maximum number was seven papers per practice. Therefore, this investigation provides a much
broader view of customer integration practices than previous studies. Furthermore, these practices do
not overlap with each other, so they can be combined to formulate strategies. Some of the practices
provide support to decision making regarding the definition of strategies, while some other practices
support the operationalisation of the strategic decisions undertaken.

Table 4. List of Practices.

n Description of the Practice Authors

Decision Category: Knowledge Management

1 Present effectively customisation options [30,45]
2 Establish a protocol to register and manage customer order changes [25,26,45]
Carry out routine construction site visits to check customers’ orders
3 . . [26,45]
compliance by the design team.
4 Use product prototyping to test and communicate technical and design [45]
solutions to stakeholders
Create a database of customers orders for housing units customisation
5 o [30]
shared within departments
6 Standardise project documentation and communication between [6,30]
customer and developers from the company !
7 Use specialised information systems for managing production [9,11,27,45,56]
management of customised products
Carry out post-occupation evaluation to understand customers’ needs,
8 : [14,57-59]
capture new requirements and feedback the new product development
9 Establish a complaint management system and definition of continuous [14]
improvement procedures
Adopt methods for identifying the demand for customisation and
10 . . [2,25,28,30]
consumers preferences to define solution spaces
1 Manage information about customisation orders to create knowledge [2,30,47,58,59]

for the company

Carry out product and service research to understand which factors
12 contribute to customers satisfaction regarding the housing unit and [14,46]
customisation process

Use choice menus as a learning tool, to understand customers’ needs

13 and preferences and provide feedback to new product development

[2,3,27]
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Table 4. Cont.
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n° Description of the Practice Authors
14 Map the customisation process to find improvement opportunities and [28,30]
potential areas of economy !
15 Create metrics that can b‘e }1§ed to analy'se' the trade-offs between [18,25,46]
flexibility—productivity

Share information about the customisation sales and profitability

16 o [46]
performance within different departments
Decision Category: Level of Customisation
17 Define different leve.ls .of customisation according to 'customers [25,26,28,46,59]
preferences, distinct market segments, and projects

Offer of different customisation units and level of customisation

18 according to the project stage, i.e., a multiple customer order [28,59]
decoupling point approach.
19 Use modular components that a%low product variations according to [6,40,46,60]
customers’ requirements
Decision Category: Solution Space
Assess the alignment between the solution space and customer
20 demands to improve the cost-effectiveness of the mass [27,28,60]
customisation strategy
21 Define customisation units based on the region and local needs for the [46,58]
projects and their target customers g
22 Define a limited solution space to achieve economies of scale [6,14,30,40,60]
23 Offer of additional services related to the built environment [14]
24 Offer extra customisation units at the product delivery [11,14,40,46]
25 Offer innovative customisation units, such as related to sustainability (58]
and automation
Promote multidisciplinary discussions, among different stakeholders,
26 .. . . [46,60]
for defining the solution space and level of customisation
o7 Refine the solution space according to previous experience in [25]
other projects

Define the customisation units based on the balance between the

28 potential value-adding to customers and its feasibility and [25,28,57,59,60]

operations costs

Adopt information technology tools or a choice menu to support
29 customers’ choice and product configuration, which is well integrated
into the new product development

[3,6,11,25,27,40,56,61]

Offer additional customisation units post-occupancy or substitution of

30 previously chosen components according to customers emerging needs [25,58]
Decision Category: Customer Interaction and Relationship
Aduvertise the possibility of customisation to customers as a competitive
31 : SN [26,59]
differentiation in the market
32 Co-design [6,40,46,58]
33 Define interactions Wth customers and dl.splay them in a customer [14,5,61]
journey representation
Identify potential customers for new projects to establish effective
34 o . . [47,59]
communication with the target audience
35 Have meetings with clients for product configuration and [30]

cost estimation
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n° Description of the Practice Authors
36 Offer customers precise product specifications and information [59]
regarding the customisation status
Establish a dialogue between customers and the company’s
37 . - ! . [6,27,40,61]
representatives for configuring the product according to their needs
38 Adopt methods and tools to collect cu§tomer orders in a standardised [11,25-27 45,46]
and systematic way
Promote customer interaction with product prototypes to learn about
39 : . [6,40]
them, their needs and capture requirements
Use product catalogues for advertising and informing customers about
40 o [6,25,40]
the product and customisation process
Decision Category: Visualisation Approaches
Use tools, lists, databases of that communicate additional costs for
41 customisation to support customer decision-making during [6,11,30,45,61]
configuration, enabling negotiation and increasing transparency
1 Build a prototype or show1j00m for showing the customisation units [26,30,58]
available to customers
Present standard product specifications through images
43 : : [30]
and information
a4 Use virtual prototyping, e.g., building information management (BIM) [2,3,11,56]

models, to show product alternatives to customers

The descriptions of the decision categories proposed in this investigation are presented in Table 5.
Some of them were subdivided into sub-categories or decision domains that characterise sets of
processes that depend on similar preconditions [31].

Table 5. Decision categories, source and research contributions.

Categories Source New Definition or Adaptation
The solution space decision category was adapted to consider
. Adapted from both customisation units and classes of items due to the
— Solution Space . -
o Rocha [30] interdependency among those decisions. They can be
S regarded as decision domains.
g This decision category is concerned with the definition of the
= Level of Adapted from levels of customisation to be adopted by the company. It is
é Customisation Rocha [30] closely related to the customer order decoupling point,
g customer integration and product variants definitions.
(2]
S This new decision category addresses how to manage
5 knowledge created by the company, considering customers,
% Knowledge Proposed in this processes and.workers inform.atio.n, as sgggested. by
3 Management investigation Kotha [17], including the communication of information and

knowledge created. It allows companies to continuously
update competencies, apply practices and routines, promoting
organisational learning and continuous improvement [17,36].
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Table 5. Cont.

Categories Source New Definition or Adaptation

Customer based knowledge decision domain: it aims to
define approaches to assess customers demand for
customisation to establish a solution space and to evaluate the
delivered products for understanding emerging and evolving
requirements. Additionally, it is necessary to establish how is
this information will be used to feedback the new product
development. It is strongly related to customer integration
and value generation.

Organisational knowledge decision domain: it is concerned
with how to make explicit tacit knowledge from workers and
processes, and translate it into practices to be adopted. It also
encourages the reflection upon practices for disseminating
them and refining the MC strategy.

Communication of customisation information decision
domain: it embraces practices that promote transparency and
continuous improvement by making relevant customisation
information available to stakeholders during new product
development. In this research, it is considered as a way to
disseminate information and knowledge created, and not
limited to the interface between product design and
operations, explored by Amorim [45].

Further than just defining who is aware of what is happening
in the customisation process, visualisation approaches
decision category regards the definition of how the solution

§ \gsuilgzacﬁgg A(Ij{i}z;f:[%(]m space and the customisation units will be presented to

"é PP . customers. Therefore, the “visualisation tools” decision
o0 domain was proposed with that aim, specifically for defining
E tools that portray the solution space.

g Configuration Proposed by

k] Sequence Rocha [30]

2]

5’ It regards the definition of approaches to interact with clients

Customer o during the new product development and develop a close
. Proposed in this ; L . o
Interaction and investisation relationship with them throughout their entire journey,
Relationship & for achieving loyalty [49-51]. This decision category is closely
related to planning the customer experience [50].

Four core decision categories for MC in house building were defined in this investigation (Table 5).
In relation to the previous literature, a new core decision category related to knowledge management
was proposed, which is concerned with how to establish a knowledge-creating system to support MC.
This decision category was based on contributions from several authors [17,22,24,35,36]. Three decision
domains were proposed within the knowledge management category: customer-based knowledge,
organisational knowledge, and communication of customisation information.

Three customer integration decision categories were defined, including “visualisation approaches”
and “configuration sequence”, based on Rocha [30]. The “customer interaction and relationship
category” was proposed to address decisions regarding how companies interact with customers,
when and for which purpose, and establish a trustworthy relationship, during NPD. By contrast,
the decision categories proposed by Rocha [30] were focused on defining the customer—company
interface, by broadly specifying who visualises what during the customisation process, and the
sequence of decisions to be made by customers when configuring a product. The adapted version
of visualisation approaches decision category includes the decision on whether to use visualisation
tools for displaying the solution space. Additionally, there seems to be a gap in the literature regarding
configuration sequences, since no practices for the house building industry have been found.
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4.2. Empirical Study in Company P

4.2.1. Understanding the Customisation Process and Identifying Improvement Opportunities

Company P offers six different product types; each one of them focused on a different market
segment with different customisation levels (Table 6). Most of the company’s previous experience on
customisation is related to A and B product types, which can be classified as tailored customisation.
In those market segments, customers may hire their own architects to develop the interior design
of their units. However, the focus of this investigation is on the D, E and F product types, in which
customers can customise only a limited set of elements, mostly related to the finishings and fixtures of
the residential unit. Product types D and E could be classified as a “segmented standardisation” level
of customisation and F as a “point of delivery customisation”.

Table 6. Company P product types and levels of customisation.

Product Types F C,Dand E A and B
Developmept stage of Delivery Construction Fabrication
Customisation
Point of delivery Segmented

Level of customisation Tailored customisation

customisation standardisation

Drywall partitioning,

fixed furniture, floo'r flmsh ings, double finishings, water and
glazing, kitchen counter

air-conditioning, kitchen . electricity services,
and bathroom sink - A
counter and bathroom air conditioning and

sink stones stones, and the internal finishings
laundry tub

Floor finishings, Internal layout, ceiling

Available customisation
units

The customisation department is in charge of defining the solution space for each project within
the boundaries established for each product type by the NPD department. During the conceptual stage,
representatives of both departments discuss which customisation units regarding layout and finishings
will be offered to customers. At the end of that stage, two customer decision-making deadlines for the
layout and finishings are established at the project launch meeting, which involves several departments
of the company. These deadlines are included in a brief that is delivered to the project designers.
After the project launch into the market, the CT defines different alternatives to be offered as finishings.

The customisation offered involves four main touchpoints with customers, in which different
customisation units are available and portrayed by different visualisation tools (Figure 3). At each of
these points, the customisation department is in charge of: (i) establishing a dialogue with customers;
(ii) collecting and processing customer orders; (iii) making design changes; and (iv) delivering that
information to the construction site. The CRM department promotes open days for visits to construction
sites by the clients. In those open days, the CT is available at the housing unit prototype to offer
customisation services. The CT guides customers through the solution space by using different
visualisation tools, such as illustrated blueprints and finishing material catalogues, and informs prices
of product alternatives by using simulations based on a simplified choice menu. The visualisation
tools highlighted in yellow were, in Figure 3, improvements carried out during the empirical study.

The display of product prototypes in the construction site open days was identified as a key
element for the customisation strategy of Company P. These enabled the CT to guide customers to make
decisions within the solution space offered, and provided an opportunity for creating a relationship
with clients. The CT may also arrange individual meetings in case open days cannot be undertaken or
if customers show an interest in product customisation after those events. If the customer opts for a
customised unit, an additional contract is signed. During construction, the CT carries out routine visits
to the site to check whether customers’ orders have been fulfilled in the construction site.
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Point of Delivery Customisation

Open day or meeling
(30%)

Laundry tub, kitchen
and bathroom counters

Open day or meeling § o

(80%) On stock units
Laundry tub , kitchen

and bathroom counters

Laundry tub, kitchen
and bathroom counters

Layout

Customisation units

Floor finishings

Standard Unit blue Standard Unit
print Hlustrated blue print

Matlerials Catalogue

Floor finishings
Air-conditioning and
fixed furniture
Standard Unit

Illustrated blue print

Materials Catalogue

Floor finishings

Air-conditioning and
fixed furniture

Materials Catalogue

Standard product

.g prototype
[-8‘ Product alternative Product alternative Simplified choice
.5 illustrated blue prints illustrated blue prints menu
-'s Standard product Standard product Customised product
g prototype prototype prototype
Simplified choice Simplified choice
menu menu

Customised product

Customised product

prototype prototype
. . - Available due to
Figure Available to customers in :
Code: the CODP Improvements made during

collaboration

Figure 3. Touchpoints and customisation units.

In Company P, customers initiate their journey with the company when they purchase a housing
unit, being registered at the CRM department. That department has three communication channels
with customers: (i) an area in the company’s web site, (ii) an APP, and (iii) a call-centre that connects
customers to different departments. Besides being in charge of promoting construction site visits and
events with customers, the CRM department is responsible for carrying out customer satisfaction
surveys in different moments: (i) in construction site open days; (ii) post-occupancy evaluation
undertaken one-year after project delivery; (iii) after the response of the company to complaints
after project delivery; and (iv) when completing five years, considering the possibility of providing
references of the company to friends or family.

Table 7 summarises the identified improvement opportunities as well as the improvements
implemented by Company P during this research study. Those opportunities were classified according to
decision categories and practices. For instance, regarding the “knowledge management”, the company
carries out a POE, yet, it is mostly concerned with the overall customer satisfaction with the product,
but no questions are asked about customised items. Another example is facilitating, standardising
and digitalising customer order collection, which was carried out by the CT, who used to handwrite
customers’ requests during open days, before processing these back at the office and e-mailing them to
be confirmed by customers. This opportunity, for instance, inspired the development of a simplified
choice menu, which enabled the use of a digital tool for registering customers’ orders and simulating
the product alternative costs in real-time.

A critical barrier for improvements, identified in interviews and participant observations, was the
lack of communication between departments, which occasionally confused customers. For instance,
the sales department offered the “point of delivery customisation” of residential units that have not been
sold yet, while the customisation department offered other options at different touchpoints. Moreover,
different customisation units are offered in each touchpoint, so by making the early announcement of
the “point of delivery customisation”, the sales department has confused customers regarding the
available customisation units, the timing and to whom report their decision.
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Table 7. Improvement opportunities identified during the understanding of customisation process.

Decision Improvements
Category Improvement Opportunities Practices P
Implemented
Related
Ability to better inform customers regarding
the customisation offer and configuration 31,34,40
process
. Cust(.)mer Facilitate, standardise and digitalise customer
interaction and . . S
relationshi order collection, reducing the processing time Development of a
p of the information and rework 29,37, 38, 41 simplified
Tool for simulation of product alternatives costs choice menu

to negotiate with customers during open days

Solution space is defined based solely on CT
expertise; there is an opportunity to enhance its
definition by considering customers’
preferences and other departments views

Solution Space 20, 21, 26, 28

Customised units
Incentive communication and collaboration 5 7 database shared
between departments ! in the company

intranet
Develop graphs and presentation regarding the 15.16 Starting to report
customisation department performance ! to the manager
Better understand the customisation process of Customisation
. . . . P process map and
residential projects and identify improvement 14 - -
o service blue print
opportunities .
in development
Knowledge
management Improve the market research to understand the
demand for customisation of housing, 3
providing insights to NPD and definition of a
solution space
Improve POE assessment methods by
including customised items and aiming to 10.12

understand more deeply customers perception
regarding product and service

Process available information regarding
customisation of projects and housing units to 11,13
transform into knowledge

Lastly, the use of traditional construction methods and the outsourcing of product design
created barriers for Company P in the adoption of modularity-related practices. As discussed by
Fettermann et al. [25], the customisation of buildings that use traditional construction methods usually
has little support from modularity, limiting the advantages of scale.

4.2.2. Assessing the Level of Implementation of Practices

The level of implementation of practices was assessed by the CT considering a five-point scale:
not applicable (1), not applied with intended adoption (2), partially applied (3), partially applied with
intended improvement (4), applied (5). This assessment is presented in Figure 4. It is noteworthy that
the adoption of practices depends on the context of each organisation. Therefore, practices that are
“not applicable” are the ones that were not considered to be useful to Company P, while the practices
that are “not adopted with intended adoption” are the ones that the company recognises the need to
implement shortly. Some practices were assessed as “partially applied with intended improvement”,
meaning the company has adopted it, but there is still room and motivation to improve.
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Figure 4. Practices by decision categories according to CT’s assessment.

The number of fully applied practices is noticeably low. However, there was evidence that the
company is motivated to continue improving, considering that many of the recommended practices

changed to partially applied within the time frame of this research project. Further details on each

decision category assessment are discussed in subsequent sections.

During the assessment of the level of implementation of MC practices, other improvement
opportunities were identified (Table 8). Although many improvement opportunities remained from the
previous research stage, the CT seemed motivated to improve. For example, the use of three-dimensional
models to display product alternatives as a visualisation tool for meetings with customers was suggested
during the discussions and shortly adopted two weeks later.

Table 8. Improvement opportunities identified during the assessment of the level of implementation of

MC practices.
Decision Improvements
Category Improvement Opportunities Practices P
Implemented
Related
Continuous improvement of the customers
Customer .. . o
. . decision support tools and techniques, Use of a simplified
interaction and e . . 29, 37,38 .
relationshi facilitating the configuration process and choice menu
P increasing its transparency
s . Started processing
Solution space Improve the delimitation of the solution space 2 27 28 data regarding
and establish borders to the flexibility offered T :
some projects
Knowledge Create cost indexes, based on past projects 15
management percentages, to manage loss risk
Need for complementary visualisation tools to Three-dimensional
aid the solution space and standardised m model of the housing
. L. product explanation during meetings unit and
Visualisation . - .
with customers customisation units
approaches
Customers have presented some difficulties to New customised
envision and understand how the customised 42

product will be delivered

product prototype

The CT mentioned some barriers that they face in the adoption of MC practices such as financial
and human resources, and tools to develop and implement new solutions. Moreover, a challenge for
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the customisation department is to be perceived as an innovation and customer-oriented sector as the
development of new product ideas is often assigned to them. Thus, the CT must embrace activities
that were not always related to their scope of expertise, such as customising non-residential projects.
Moreover, the uncertainty of the new product types and attempts to improve the existing ones can be
overwhelming, since their scope is continuously increasing.

4.2.3. Analysis of Decision Categories

Knowledge Management

Knowledge management was one of the decision categories which had the largest number of
improvements during the empirical study and the highest number of “partially applied with intended
improvement”. One of the most significant improvements implemented was to share customisation
information among departments, by using a customised units database. Initially, data regarding
the customisation of housing units were held on by the CT and operations only. After that change,
the CT compiles that information and shares it in the company intranet, making it available to sales
and other departments. Additionally, any changes in customers’ orders are also registered in that
database. These improvements resulted in a high level of implementation of practices related to the
“communication of customisation information” decision domain (see Table 4 practices one to seven),
yet with room for improvement.

Even though the CT considered that many of the partially adopted practices of the “customer
based knowledge” decision domain (see Table 4 practices eight to 13) had to be improved, there was
much concern with how to operationalise the proposed practices, due to limited resources, and fear of
exhausting customers with too many questions.

When discussing practice eight, “POE to understand customers’ needs, capture new requirements
and feedback the NDP”, the CT stated that it would be beneficial to know customers’ desires
and preferences by including questions related to the scope of customisation on the existing POE.
This improvement would avoid the initial concern to overload CT with an additional task and
overwhelm customers with too many questionnaires.

Practices 14, 15 and 16 are related to the “organisational knowledge” decision domain, and for
the last two of them, the company has plenty of data. However, the data have not been processed to
create knowledge. For instance, practice 16, “share information regarding customisation performance

. 7, is at its early adoption stage. Another example is practice 15, related to the creation of metrics:
the CT argued that they have a large amount of data, but have not been able to establish any metrics
yet. The reflections regarding strengths and shortcomings of the company strategy also inspired the
proposition of a new practice, named “use methods and discussions to learn from practices adopted in
other departments and levels of customisation”, fostering the creation of a knowledge creation system
and continuous improvement.

Level of Customisation

Practices 17 to 19 (see Table 4) are related to the definition of the level of customisation. The CT
reported that they offer options for the attributes defined by the company, according to market segments
and CODDPs, yet the variation of the solution space offered in different projects is small. Nevertheless,
the CT argued that they intend to offer more variety (e.g., painting services), as this would probably
contribute to increasing customer satisfaction. However, the decision about the solution space should
be carefully defined, as this would also affect operations. Furthermore, the decisions regarding the
level of customisation are more strategic, once it might affect different departments, being out of the
scope of the CT to be undertaken.
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Solution Space

The solution space was identified as a critical area for improvement in the gap analysis. The CT’s
partially apply six practices that could still be improved. Regarding the assessment of practice 28,
“define the customisation units based on the balance between the potential value-adding to customers
and its feasibility and operations costs”, the CT defines the solution space based on their previous
experience with customers, considering general definitions made by the company for the segment and
the return of investment. However, Company P has no systematic way to assess the value-adding
potential of customisation units, neither discuss its feasibility and operations costs with all stakeholders.
This criticism corroborates the findings of Fettermann et al. [25].

Practice 29, “IT tools and choice menu to enable customers to choose, configure and be integrated
into the NPD”, was assessed as partially applied with improvements to be done. Its application has
evolved significantly during this research study, by the development of a simplified choice menu.
However, some additional improvements opportunities were identified, regarding the visualisation of
the product alternatives.

Some of the identified practices provided insights on how to overcome improvement opportunities.
For instance, “Promote multidisciplinary discussions, among different departments and stakeholders”
(practice 26), should be used to overcome the poor communication among stakeholders regarding
customisation issues. The CT suggested some inter-department seminars to increase awareness
about their work. As discussed by Kotha (1995), the information exchange between coworkers and
cross-training can support the conversion of tacit into explicit knowledge and foster the adoption of
practices and organisational learning. Another practice that was poorly adopted by Company P was
“refine solution space according to previous experience in other projects” (practice27), meaning that
lessons from previous projects were only learned informally.

Customer Interaction and Relationship

The practices related to customer interaction and relationship have significantly evolved over
the empirical study. In fact, this decision category was concerned with an important role played by
the customisation department, as the CT had the mission of establishing a good relationship with
customers, as well as dealing with some reported problems related to customisation during NPD.

A strength of Company P’s customer integration strategy was to “establish a dialogue between
customers and the company’s representatives for configuring the product... ” (practice 37), which was
mentioned by customers in the interviews and by the CT during the meetings. Customers mentioned
that having a dialogue with the CT and engineers was an important source of information, which made
it easier to choose customisation units and created trust. Additionally, several customers seemed to
like the customisation service because of its convenience, reducing the time to move in and the need
to deal with further construction works. At the end of the empirical study, this dialogue was aided
by the combination of different visualisation approaches, such as the product prototype (practice 42),
finishing material samples and the choice menu (practice 41).

The CT pointed out that practice 35, “have meetings with customers for product configuration”,
was implemented for product types D and E during the collaboration period. During those meetings,
the architects explained the solution space and established a dialogue for configuring the unit,
but without having the chance to show the prototype for customers.

Three improvement opportunities related to three practices that were considered as “not applied
" (practices 31), “use product catalogues
for advertising and informing customers about the product and customisation process” (practice 40),
and “clearly define interactions with customers and display them in a customer journey” (practice 33).
In fact, the possibility of customisation was timidly mentioned in project information at the company
website, and it was not always announced in the open day invitations. Interviews and observations

but intended”: “advertise the possibility of customisation ...

in open days confirmed this fact, as several customers had only been informed of the possibility of
customising their housing unit during that day, being surprised and confused.
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Therefore, the company could improve communication regarding the possibility of customising
residential units, to avoid confusion and increase transparency and trust in the relationship with
customers. These shortcomings are also related to the lack of clarity about customers’ involvement in
the customisation process.

Visualisation Approaches

Several improvements have been made to embrace practices related to the visualisation approaches
decision category. Currently, the CT offers more precise information regarding the customised units
through the customised product prototype (practice 42), and the use of the simplified choice menu to
simulate product alternative additional costs (practice 41). During the discussions, the CT architects
revealed that they were trying to adapt the choice menu to product type B, in which the range of
options is broader than in other product types, highlighting the opportunity of tailoring practices for
different market segments.

An intended adoption by the CT can be seen in regard to practice 44 “Virtual prototyping,
e.g., building information management (BIM) models, to show product alternatives to customers
and ease choice”. The initial step was developing three-dimensional models to illustrate product
alternatives to be used in meetings with customers.

According to customers, some additional visualisation tools supported decision making during
the open days such as standard housing unit prototype, finishing materials catalogue, and, in the third
open day, the comparison between the standard and customised housing unit prototypes.

4.2.4. Analysis and Reflection

A low level of implementation of MC practices was identified in Company P, similarly to the
results carried out by Fettermann et al. [25] on the MC practices of three Brazilian house building
companies. The main improvement opportunities identified in this investigation were also similar to
that study, being concerned with the solution space and visualisation decision categories, and customer-
based knowledge decision domain. Jensen et al. [2] argue that by understanding customer’s needs and
preferences and making product recommendations based on the available solution space, companies
can save much time in the configuration process, and also increase quality and reduce rework.
Additionally, the implementation of MC practices enabled Company P to provide a better service for
customers and to improve efficiency in some internal processes.

The CT has pointed out in the discussion meetings that some practices could be adapted for other
product types that had a higher degree of customisation. However, this would require the analysis of a
different context, in which the complexity of interactions with stakeholders would be much higher.
These considerations reinforce the need for devising context-specific practices and implementation
guidelines, as suggested by Suzic et al. [20].

The lack of communication, according to Andujar-Montoya [9], can be attributed to the fact that
the NPD in housing is often divided into stages, which are not properly integrated. Beyond that,
Schoenwitz et al. [60] suggest that this disconnection reflects different degrees of awareness regarding
the customisation strategy, similar to what was observed in Company P. For example, the sales
department was willing to extend the list of options with the aim of signing a contract, in opposition to
the production management team. This often occurs due to different mindsets, concerns and nature of
the job [60]. According to CT members’, this reflects the lack of a common understanding in Company
P of the role and impacts of customisation in house building projects. Thus, by encouraging better
communication between departments, companies should be able to build up relationships based on
trust, mutual commitment and understanding of others expectations, which might avoid extra costs
and delays [9].

According to Gherardi [34], a shared understanding is needed to apply MC practices,
i.e., a minimum agreement is necessary for the practice to be adopted and continue to be used.
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Therefore, there must be opportunities for increasing the awareness of different stakeholders regarding
MC, as well as for negotiation when deciding to adopt MC practices as a way to promote innovation.

4.3. Assessment of the Utility of the Solution

The utility of the proposed decision categories and the list of practices was tested in two different
stages of the empirical study, both in terms of identifying improvement opportunities and assessing the
evolution of the MC strategy. The decision categories were also used to increase the CT awareness and
understanding regarding key concepts, enabling them to provide numerous examples and opinions
during the discussions. In fact, the CT stated that through the discussions they were able to perceive
underlying ideas that they overpass in daily routine, and that this can also be useful as arguments
when discussing with other departments, which contributes to improve collaboration.

The discussions regarding practices and decision categories were also useful to understand
the scope of the MC strategy of Company P, and, more specifically, to identify gaps and limits for
implementation. For instance, some of the solution space practices were immediately rejected by the
CT, due to limitations of MC scope that were defined by existing capabilities, and focus on specific
market segments. Moreover, the customer and customisation manager highlighted that the practices
identified in this investigation could be useful to support decision making, such as, for refining the
solution space based on the choice of users from previously delivered residential projects. Furthermore,
the participants pointed out the need to improve the identification of customers’ needs and to provide
feedback to NPD as two major gaps in the MC strategy of the company, highlighting the importance of
the customer based knowledge decision domain.

Several improvement opportunities provided further evidences of the utility of the customer
integration and core decision categories. After the first presentation of research findings,
many improvements were undertaken, regarding the communications with other departments,
customer interaction and relationship, and visualisation approaches. Furthermore, the refinement of
the strategy was also influenced by lessons learned from other segments, projects and experiences.
An example is the simplified choice menu that was adopted for some market segments, in which the
team had more experience. That successful solution inspired the customisation department to adapt
it to A and B product types. This example reinforces the need for creating a knowledge system that
enables continuous improvement and organisational learning.

The discussions with the CT also brought to light many relevant customer integration aspects.
The CT coordinator highlighted the utility of customer integration decision categories in terms of
making explicit what the company offers, and how the customer is involved, which makes the
decision-making process as straightforward as possible. In fact, some practices related to product
visualisation approaches that were implemented by the company along the study, such as the choice
menu, the customised product prototype, and 3D models had a positive impact in terms of explaining
the solution space to customers.

5. Discussion

The aim of this research was to devise a framework to support the definition of MC strategies by
house building companies regarding customer integration. The framework was initially based on a
set of practices obtained from the literature review and on some existing MC conceptual frameworks
(e.g., [24,28,30,36]). Furthermore, new MC decision categories and some adaptations on the existing
ones have been proposed, for the context of house building projects. This research work has two main
contributions in terms of new decision categories, namely “knowledge management” and “customer
interaction and relationship”. The first one sheds light on the relevance of creating knowledge and
disseminating it within the company as a core element of an MC strategy. The second decision category
expands the vision of previous research, concerned with defining an interface, to establish a long-lasting
relationship with customers, by planning interactions and building trust. Tommaso [50] states that
comprehensive knowledge about customers is essential to create relationships and manage customers
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experience, by anticipating behaviour and needs. This statement brings up the inherent connection
between those two decision categories.

The resulting set of decision categories and practices, as well as their relationships, are the building
blocks for the proposed framework on customer integration. Figure 5 provides an overview of the
framework. It is noteworthy that the framework also includes a set of core decision categories at a
higher abstraction level, as customer integration and core decision categories are connected by decision
making refinement cycles.

of C usto;;,,'sﬂf '
,O,/
Level of
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Figure 5. Customer integration framework for customised housing projects.

Firstly, decisions regarding customer based knowledge must be undertaken (Figure 5). Moreover,
the definition of the level of customisation and of the solution space must be made, based on
understanding the demand for customisation [21,28]. In this research, the level of customisation was
assumed to be a strategic decision, being part of a broad definition of product types.

In the construction industry, there are often multiple CODPs, and the level of customisation and
the customisation units must be defined for each of them. Therefore, the definition of the solution space
follows the level of customisation by specifying the customisation units to be offered in each CODP.
The solution space is outstandingly a core element of the MC strategy, as it influences the decisions
regarding customer integration. Moreover, both visualisation approaches and configuration sequence
decision categories are related to operationalising the solution space offer and supporting customers
decision-making regarding the customisation units and product configuration. The customisation
level and solution space definition provide directions on how should customer and company interact
and establish a relationship.

The development of the framework can also be regarded as a contribution in terms of understanding
of MC concepts, decision categories and domains, and their relationships in more detail, as shown
in Table 9.
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Table 9. Main research contributions—decision categories, source and relationship.

Categories Main Authors Key Relationships with Other Decision Categories

Group

The solution space decision category includes the
customisation units and classes of items decision

Solution space [7,19,21,30,44] domains. A different set of customisation units are
offered at each CODP defining precisely a level or
different levels of customisation.

The level of customisation has a great influence on
the level of customer integration and on operations.
Level of The level of customisation can vary by adopting
customisation [7,21,28,30,35,38,40] different CODPs. Each customisation level defines
boundaries for the solution space and defines
a CODP.

The definition of a customer integration strategy
relies on understanding customers demand for
customisation, a concern of the customer based
knowledge decision domain. Furthermore, the same
domain influences the definition of the customisation
level and solution space, by providing systematic
information regarding customers needs, preferences
and perception of the product in use. Additionally,
discussions between departments regarding internal
Knowledge [9,17,24-27,36,37,45-47] competences ar'ld }?erformance of customisation can
management produce organisational knowledge related to the
company’s capabilities, in order to limit the
solution space.
The communication of customisation information
decision domain depends on the amount of
information produced by the MC strategy, which is
closely related to the level of customisation.
The higher the level of customisation, the higher is the
need for sharing information and more intensive
collaboration.

Core categories

The visualisation approaches used to present the
solution space for customers are defined accordingly
to the customisation level and customer interaction
and relationship.

Visualisation

approaches [6,30]

The customisation units can be organised and
[30] presented in different configuration sequences to
facilitate customers’ choice.

Configuration
sequence

The level of customisation establishes limits and
Customer underpins the customer interaction and relationship
interaction and [14,19,21,22,24,49-51] decision category. Visualisation approaches and
relationship tools provide support for the implementation of this
category.

Customer Integration

Finally, as pointed out by some previous studies, customer integration needs to be aligned with
operations and product design areas [22,28,30]. Although these areas are not represented in the framework,
it is recognised that interactions between decision categories from different areas must be considered
when defining strategies. This connection between areas becomes explicit when considering practices,
such as, for example, the application of practices 28 and 36 requires information and actions from
both customer integration and operations management teams. It means that communication and close
collaboration between areas are essential for the successful implementation of practices.



51

Sustainability 2020, 12, 8901 23 of 26

6. Conclusions

The main outcome of this investigation is a framework of decision categories related to customer
integration and the definition of the scope of customisation, considering the context of house building
projects. These decision categories emerged from a list of MC practices that were identified in the
literature and refined in an in-depth empirical study carried out in a Brazilian company that adopted
some MC ideas as part of its business strategy. Some of the decision categories have been proposed
in previous studies, and refined in this investigation, while two of them, knowledge management,
and customer interaction and relationship, have been originally proposed in this research study.

The main theoretical contributions are concerned with exploring the underlying ideas of those
practices, which have been used to explain the decision categories and their relationships. Additionally,
the list of practices can be used to assess the degree of implementation of core and customer integration
practices in house building companies in order to identify gaps in the existing strategy.

This exploration portrays the fruitful context of MC in construction. There are plenty of
opportunities to improve value generation, not only for companies that use industrialised construction
methods but also in the case of traditional ones. Customer integration seems to be a key area of
improvement in house building companies, demanding efforts from different areas, which are not
limited to the development of configurators or digital tools.

A major limitation of this investigation is that it was based on a single empirical study. More insights
about customer integration could be obtained if other in-depth empirical studies were carried out
in companies from other market segments or countries, providing opportunities for refining the
framework and the assessment method.

Some opportunities for further research emerged from the discussions of the framework, such as the
need to explore the interfaces between functional areas (customer integration, operations management
and product design) and also between decision categories. Those interfaces need to be considered
as it is expected that effective MC should have a holistic character. Other opportunities include
the development of specific frameworks for product design and operations management for mass
customised housing.

Another theme to be explored is how the customisation level contributes to different challenges
and issues on the adoption of different sets of practices for customer integration. The higher the level
of customisation and the degree of integration, the higher the complexity that needs to be dealt with
due to the increasing number of stakeholders and product customisable items. Therefore, different
types of MC strategies should be explored by considering the need for using different sets of practices
or adapting some of them to specific contexts.

Finally, some other future research opportunities were identified regarding specific decision
categories. For instance, not much has been explored regarding the configuration sequence decision
category and the interdependences between customisation units that need to be considered in the
design of choice menus. Another opportunity is the relationship between the solution space and the
level of customisation, which has been superficially explored in the literature. Regarding the customer
based knowledge decision domain, there are still many opportunities to explore approaches based on
information-driven decision making and recommendation systems. Finally, the customer interaction
and relationship decision category represents a fertile ground for the further exploration of experience
design in mass customised housing.
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Abstract

Mass customisation is a business strategy for house building companies to improve value
generation and obtain a competitive advantage by offering the product variety that meets
customers’ needs and, at the same time, maintaining costs and delivery time within mar-
ket expectations. Companies aiming to define product variety should be able to assess the
value of customisable attributes, as well as, estimate additional costs for both customer and
themselves. This paper proposes a method for capturing customers’ demands to support the
definition of the solution space in mass customised housing projects, based on preference
models and the willingness-to-pay approaches that regard customer’s value, and its trade-
offs with operations costs. The method was applied in an exploratory study with potential
customers of the main social housing program from Brazil for initially testing its utility.
The method was useful for identifying the most relevant housing customisable attributes
and for estimating customers’ willingness-to-pay for different housing alternatives based
on the preference model. The findings were summarised to support the definition of the
solution space by indicating customers’ propensity to buy according to operations costs
and profitability for each product alternative.

Keywords Housing - Mass customisation - Stated choice - Preference modelling -
Willingness-to-Pay

1 Introduction

Many housing programs in developing countries, such as Brazil (Kowaltowski & Granja,

2011), Chile (Greene & Ortizar, 2002), Ecuador (Martinez et al., 2017), and Mexico
(Noguchi & Hernandez-Velasco, 2005), have adopted mass production ideas, such as
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repetition and large scale standardisation, aiming to simplify financial procedures and
reduce production costs. The adoption of such ideas tends to reduce product variety sub-
stantially, neglecting the fact that there is an increasing diversity of requirements between
dwellers (Formoso et al., 2011; Hentschke et al., 2014; Kowaltowski & Granja, 2011; Mar-
tinez et al., 2017; Noguchi & Hernandez-Velasco, 2005). Furthermore, the large scale of
those programs makes it difficult for customers to have a high level of involvement in the
development of housing projects (Baldauf et al., 2020; Kowaltowski & Granja, 2011; Kow-
altowski et al., 2018).

By contrast, society is rapidly changing, and there is a growing diversity of customer
requirements in housebuilding, due to different household profiles and lifestyles (Jansen,
2014). Therefore, the perception of value of housing attributes is continuously changing
due to evolving family profiles, lifestyle and the subjectivity involved in the assessment of
housing products (De Medeiros et al., 2016; Greene & Ortizar, 2002; Jansen, 2014). More-
over, customers are becoming more demanding: they make their housing purchase deci-
sions according to expectations and preferences, based on the economic and social con-
texts (Greene & Ortdzar, 2002; Jansen, 2014; Jun et al., 2020; Olanrewaju & Wong, 2019).
Therefore, the misfit between housing products and individual requirements of households
lead to dissatisfaction and encourages them to make several changes in dwellings after pro-
ject delivery (Hentschke et al., 2014; Olanrewaju & Wong, 2019). According to Baldauf
et al. (2020), managing customers’ requirements can play a key role in social housing pro-
grams, due to constraints in the purchasing power of dwellers, and to the limited resources
available for funding, and often poor identification of households’ needs. Therefore, both
customer preferences and real-world constraints, such as price, regulations, market and
availability, must be considered in the development of housing projects (Jansen, 2014; Jun
et al., 2020).

Mass Customisation (MC) is a business strategy that has been used to increase the value
of different types of products, by delivering products that fulfil specific customers’ require-
ments through flexible processes with delivery times and costs similar to mass production
(Pine II, 1994; Silveira et al., 2001). It has been adopted in different sectors to increase
value generation, including house building (Hentschke et al., 2014; Noguchi & Hernéndez-
Velasco, 2005). Some potential benefits of MC in housing are, from one hand, increasing
satisfaction due to the proper consideration of households’ requirements into new product
development (NPD) (Frutos & Borenstein, 2004; Lee et al., 2018; Martinez et al., 2017),
and lead to the “ I designed it myself” effect (Lee et al., 2018). On the other hand, pre-
mium prices that can be charged by developers for products that meet specific customers’
needs (Larsen et al., 2019) and establishing close relationships with customers to build
trust (Kaur Sahi et al., 2017).

In MC, it is assumed that product variety must be limited, and should be determined
from a deep understanding of customer demands (Fettermann et al., 2019; Fogliatto &
da Silveira, 2008; Fogliatto et al., 2012; Frutos & Borenstein, 2004). In other words, it
is essential to know which are the most relevant customisable attributes for costumers, to
support the definition of the solution space (Barlow & Ozaki, 2003; Ferguson et al., 2014;
Franke & Hader, 2014; Piller et al., 2004). The solution space defines a set of customisa-
tion units (i.e., customisable attributes and their options), which can be combined in spe-
cific ways, and the feasible alternatives may be offered to customers through choice menus
(Salvador et al., 2009).

Over the last decades, research on MC has evolved, and new topics have been explored,
such as customer integration and relationship (Ferguson et al., 2014; Fogliatto et al.,
2012; Larsen et al., 2019). Nevertheless, some aspects have received little attention in the
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literature, such as: (i) understanding customers’ demands (Fogliatto et al., 2012) and will-
ingness-to-pay (WTP) (Hentschke et al., 2020a); (ii) design and implementation of choice
menus (Franke & Hader, 2014); and (iii) the definition of solution space (Larsen et al.,
2019; Salvador et al., 2009).

The focus of this investigation is on customers’ preferences, with the aim of provid-
ing support decision-makers in the development and design of housing projects, such as
architects, house building developers, and funding agencies (Jansen, 2014; Jun et al., 2020;
Kam et al., 2018). Two different perspectives may be considered when studying those pref-
erences: the actual choice and the original preference, termed, respectively, revealed pref-
erence (RP), and stated preference (SP) (Jansen, 2014; Jun et al., 2020; Vasanen, 2012),
although the factors that affect those preferences may be the same (Jun et al., 2020).
According to Jansen (2014), SP represents an unconstrained evaluation of attractiveness,
e.g. when answering a survey, while RP represents actual and observed choices made by
individuals (Ortizar & Willumsen, 2011).

SP techniques, such as conjoint analysis (CA) and stated choice (SC), have been sug-
gested to support the definition of the solution space by estimating consumers’ preferences
and choice regarding product alternatives (Ferguson et al., 2014; Fogliatto & da Silveira,
2008). In fact, they have been applied in several studies to estimate housing preferences
providing contributions concerned with: (i) understanding preferences regarding value-
adding attributes (Granja et al., 2009; Greene & Ortizar, 2002); (ii) providing relevant
information to support NPD by house building companies (Molin et al., 2001); (iii) hous-
ing recommendation systems (Jun et al., 2020); and (iv) definition of customisation level
(Schoenwitz et al., 2017).

One of the main challenges regarding the definition of a solution space is finding a
balance among the variety of options offered and operations costs. Both Fogliatto and da
Silveira (2008) and Schoenwitz et al. (2017) pointed out the need for methods to define
solution spaces, considering customers’ demands and preferences, and trade-offs between
variety and complexity. However, none of the previous SP applications has considered cus-
tomers” WTP or explored trade-offs in the definition of the solution space regarding cus-
tomers’ value and operations costs. In fact, some previous applications of SP to estimate
housing preferences have considered price as an independent factor or a product attrib-
ute with limited levels (e.g.Brandli & Heineck, 2005; Greene & Ortdzar, 2002; Jun et al.,
2020; Molin, 2011). Nevertheless, a key factor that influences the choice of customers is
their WTP for a specific product alternative, i.e. they seek the highest value when choosing
a combination of attributes that configure an alternative, considering price elasticity (De
Medeiros et al., 2016). Thus, within the context of MC, one of the most attractive benefits
of applying this technique is to find out which are the customers’ preferred alternatives
and how much they are willing to pay for them. By indicating customers’ WTP, preference
models can be used to estimate the customers’ buying propensity based on a price range.

The aim of this paper is to devise a method to capture customers’ demands for cus-
tomisation of housing projects, by combining a choice-based experiment, a WTP approach,
and an estimation of operations costs. The proposed method seeks to provide an overview
of the customers’ preferences and their WTP for housing alternatives to support decision-
making regarding the solution space. The proposed method relies on three core elements:
(i) a choice-based experiment designed for understanding customers preferences regarding
customised housing projects; (ii) an adaptation of a logistic regression model for estimating
customers’ WTP for housing alternatives; and (iii) a graphical tool for displaying trade-offs
between value for customers and additional costs resulting from customised housing alter-
natives. An additional contribution regards the demonstration of the utility of the method
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in an exploratory study. This research work is part of a doctoral thesis, from which the ini-
tial findings were published in Hentschke et al. (2020a).

This paper is structured in eight sections, including the introduction. Section 2 presents
the theoretical background, including MC related concepts, such as solution space, per-
ceived value and choice menu, and preference modelling and WTP. In Sect. 3 and 4, the
research approach and the research stages are described. The proposed method is described
in Sect. 5, followed by an exploratory study carried out to test its utility, presented in
Sect. 6. Then, in Sect. 7, the utility of the method and its limitations are discussed. Sec-
tion 8 addresses the conclusions and opportunities for future research.

2 Theoretical background
2.1 Definition of the solution space

The adoption of MC strongly depends on the company’s ability of translating customers
demand into products and services (Ferguson et al., 2014; Silveira et al., 2001). It means
that knowledge about customers’ needs, desires and expectations should be captured and
communicated during NPD (Zogaj & Bretschneider, 2012). Besides providing an under-
standing of their demand, knowledge acquired from customers can inspire new develop-
ments and product innovation, and also provide guidance to limit or expand product variety
(Kotha, 1995; Piller et al., 2004).

Companies must define a solution space, based on the customers’ demands and feedback
regarding the product in use, and establish whether and how those will be meet (Fetter-
mann et al., 2019; Salvador et al., 2009; Schoenwitz et al., 2017). Thus, companies should
define their solution space by identifying what generates value for customers regarding
customised products (Hart, 1995; Piller, 2004; Squire et al., 2004). According to Wood-
ruff (1997), customers perceived value is an assessment carried out through a comparison
between received benefits (e.g. utility, quality) and sacrifices made to obtain the product
(e.g. time, price, effort). In other words, customers’ perception of value increases when
they can choose from a range of product attributes, foreseen as benefits, for which they are
willing to pay for, according to their cognitive and economic limits (Ferguson et al., 2014)
and reflecting the augmented utility of such products (Piller, 2004).

The solution space is often presented to customers by a choice menu, which can guide
the decision-making process involved in the configuration of a product (Piller, 2004).
Beyond that, choice menus can also be regarded as learning tools, as they provide feed-
back to the company by guiding customers through the configuration process to define
a solution that better meets their needs and improves value generation (Franke & Hader,
2014). Indeed, companies can refine their solution space, by providing better options for
the attributes often chosen by customers, and eliminating the ones that are rarely demanded
(Salvador et al., 2009; Schoenwitz et al., 2012).

Choice navigation refers to supporting customers to identify or to configure products
based on their preferences and needs, while minimising the burden of choice (Salvador
et al., 2009). This means that, although customers seek product variety, it is recommended
that companies limit their set of customisable attributes to achieve economies of scale in
processes (Fettermann et al., 2019; Martinez et al., 2017) and to avoid overwhelming cus-
tomers and confuse them with a large number of options (Salvador et al., 2009; Schoenwitz
et al., 2017). These limits are particularly important in housing, due to a large number of
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customisable attributes that can make the decision-making process for customers highly
complex (Frutos & Borenstein, 2004; Hentschke et al., 2014; Nahmens & Bindroo, 2011;
Schoenwitz et al., 2012).

2.2 Stated preference and willingness-to-pay

SP techniques are concerned with the collection of data regarding customers buying inten-
tions towards hypothetical product alternatives (Ortizar & Willumsen, 2011). The most
commonly used SP techniques are contingent valuation (CV), conjoint analysis (CA), and
stated choice (SC) (Ortizar & Willumsen, 2011). Those techniques measure consumers’
preferences based on decision trade-offs: the respondent (i.e. customer) should state a
choice facing a set of product alternatives, which vary across attributes assessed in a sur-
vey (Green et al., 2001). It means that customers’ decision-making process depends on the
mental assessment of trade-offs between product or service perceived benefits (e.g. utility
of the product) and sacrifices (e.g. undesired attributes and costs) (Rietveld, 2018).

Differently from other multi-attribute techniques, in which the relevance of each attrib-
ute is independently evaluated, in SP product alternatives are assessed as aggregate solu-
tions by equalising trade-offs between the perceived value of the attributes (Molin, 2011).
It is also useful for market segmentation, enabling the investigation of the relevance of
the attributes and consumption behaviour of different customers groups (Fogliatto & da
Silveira, 2008; Kalantari & Johnson, 2017). However, the results of this technique should
be carefully considered, as these are not absolute predictions of market shares, but reflect
a probability of the choice of a good by a sample of respondents (Molin, 2011). Another
limitation of those techniques is the dualism between assessing a large number of attributes
and product alternatives possible in the survey and considering the limits of human cogni-
tive capacity for assessing them at the same time (Kalantari & Johnson, 2017; Louviere
et al., 2000; Rose & Bliemer, 2009). Furthermore, Ortuzar and Willumsen (2011) argue
that traditional CA is limited by the use of rating or ranking scales, because “respondents
in real life do not rate or rank alternatives and, even if they did, different people would
approach such scales in psychologically different manners”.

The differentiation between SP and CA in the literature is somewhat controversial. CA
was devised in the area of statistics (e.g. Luce & Tukey, 1964) and expanded to be used
in the field of marketing (e.g. Green et al., 2001; Green & Wind, 1975). It has evolved
over the years to be applied in the area of transportation, being more commonly called
SP (e.g. Ortizar & Willumsen, 2011; Rose & Bliemer, 2009). In this investigation, the
definition proposed by Orttizar and Willumsen (2011) was adopted: SP is an umbrella
of techniques to measure customers’ preferences regarding hypothetical product alter-
natives. The main difference between SC and CA is the response scale: while in CA
respondents should rank or rate the given alternatives, in SC, respondents must choose
their preferred alternative from a choice set (i.e. a block of product alternatives) (Ortizar
& Willumsen, 2011). The same authors state that, in SC, few product alternatives are
shown at the same time, and then changed, demanding from the respondents to repeat the
choice task. Furthermore, Louviere et al. (2000) argues that the traditional CA should be
carefully used in economic applications, as ranking or rating scales do not readily trans-
late into choice or matching data (e.g. direct expression of WTP), the premises on which
utility theory is based.

According to Orzechowski et al. (2005), SC is the technique most similar to real choice-
making processes in MC, being a suitable alternative for this context. Franke and Hader
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(2014) suggest the application of SP in that context, because of the similarity between the
process of decomposing products into attributes and levels to define the solution space,
and the preference measurement based on the effect of the attributes in product alternatives
chosen by customers. Fogliatto and Da Silveira (2008) proposed a method to design choice
menus, based on SP, which can support the development of market-responsive strategies.
Thus, in this investigation, SC was chosen because of its potential to assess perceived value
in mass customised housing, based on the trade-offs done between attributes, for choosing
product alternatives.

Preference models are based upon the premise that customers’ SP are estimates of the
purchasing intentions, resulting from the combination of the relevance of product attributes
(Jansen et al., 2011). According to Earnhart (2002) and Greene and Ortuzar (2002), SC
can be used to estimate discrete choice models (DCMs), in which dwellers choose a house
from a large set of product alternatives by finding the maximum utility, through a combina-
tion of attributes. Such models provide a decision protocol for selecting the best alternative
available for an individual, who is assumed to behave as a rational consumer (Greene &
Ortiazar, 2002).

WTP can be assessed by different RP and SP techniques, such as market data and
experiments (Breidert et al., 2006); CV [e.g.(Lermen et al., 2020; Ortizar & Willumsen,
2011)] and SC (e.g.Molin, 2011), respectively. After collecting data, according to Sillano
and Ortazar (2005), there are different methods that can be used to estimate the WTP of
respondents from the discrete choice models, such as ratios of population means, log-nor-
mal distribution for WTP, and fixing the cost coefficient. Discrete choice analysis can be
used to assess customers’ WTP by estimating the latent structure of customers’ preferences
regarding product alternatives, which is commonly done by applying a logit model (Brei-
dert et al., 2006; Kalantari & Johnson, 2017), or mixed logit models, which better consid-
ers profile and taste heterogeneity (Molin, 2011; Ortizar & Willumsen, 2011; Sillano &
Ortuzar, 2005).

3 Research method
3.1 Research approach

Design science research (DSR) was the methodological approach adopted in this investiga-
tion. It consists of devising an innovative solution concept (or artefact) to solve a class of
real-world problems, and, at the same time, providing a prescriptive scientific contribution
(Lukka, 2003). According to March and Smith (1995), there are different types of out-
comes in DSR: models, constructs, methods and instantiations. In this research work, the
artefact is a method to capture customers’ demands regarding customised housing projects,
to support the definition of solution spaces. This method is meant to be used by house-
building companies in the design or refinement of the solution space, by aligning the offer
of customisable attributes with customers’ expectations, and considering the operations
costs involved.

Similarly to the DSR process suggested by Lukka (2003), this investigation was divided
into three main stages: (i) identification of a relevant practical problem and understanding
the theoretical background; (ii) design and test of the solution (iii) assessment of the solu-
tion and discussion of the theoretical contribution.
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4 Research stages

Stage 1 started by understanding the context of affordable housing in Brazil, based on a
literature review on social housing, as well as on secondary data from a previous study that
have assessed customer’s preferences and changes made after occupancy in social housing
projects (Hentschke et al., 2014). The main outcomes of this stage were an understand-
ing of the diversity of customers’ requirements in social housing, and knowledge about
additional costs of customisation, based on the most frequent changes of product attributes
demanded by customers.

In the second stage, the artefact was developed, by combining SC, preference modelling
and a WTP approach, as detailed in Sect. 6. The method was based on a literature review
on SP and WTP approaches, and on studies that have previously adopted those approaches
in housing. The four phases of the proposed method were applied in the exploratory study
with potential customers of housing projects. These were: (i) Context Understanding; (ii)
Experiment Planning; (iii) Customer Preference modelling; and (iv) Balancing customers”
preferences and operations costs. In the context understanding phase, documents from the
current main Brazilian housing program, My House My Life (MHML), as well as, some
studies regarding customers demand in housing were reviewed, to define the purpose of the
application, identify the target audience and define the sampling criteria.

During the experiment planning phase, the relevant attributes were identified and
their levels were defined based on data gathered in previous studies (Hentschke, 2014;
Hentschke et al., 2020b). The stated choice with two-stage stimulation method was cho-
sen, due to its ability to reduce the number of product alternatives to be considered by
respondents by blocking them into choice sets, and at the same time, confirm the respond-
ents preference in a more extensive set at the second stimulation stage (Battesini & Caten,
2005). Furthermore, within a choice set, the product alternatives compete with each other
as occurs in the real purchase situation. In the first stage, respondents make a preliminary
choice for a product alternative and, at the second stage, respondents refine their choice by
selecting one of the previously chosen product alternatives from the first stage (Battesini
& Caten, 2005). Then, a full factorial design of the experiment (DOE) was carried out,
and the resulting alternatives were blocked and randomised to distribute the probability
of choice in each choice set and to enable the first stimulation stage. A full factorial DOE
consists of all possible choice situations: it enables the estimation of the main effects of
attributes and their interactions, being influenced only by the number of attributes and lev-
els (Rose & Bliemer, 2009). This step was followed by the definition of nominal price (np),
the development of the questionnaire, and survey planning.

The questionnaire devised for the survey was structured in three sections as follows:
(i) introduction and filtering (six questions); (ii) product alternative preferences (five ques-
tions); (iii) profile of respondents (seven questions). The first section includes questions
about the interest of the respondent in buying a new home, location, type of home and fam-
ily income. These questions enable the selection of respondents by filtering them according
to the sample criteria. In the second section, respondents express preferences for different
product alternatives by choosing the favourite one in each choice set. Afterwards, respond-
ents refine their choice by answering the fifth question (i.e. second stimulation stage), in
which they state their preference regarding one of the previously chosen product alterna-
tives. In the third section, questions related to the profile of respondents were asked, such
as gender, age, level of education, number of family members, among others. The proposed
questionnaire was tested face-to-face to refine its language and structure, taking from 20
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to 30 min to be completed. Then the questionnaire was tested online by approximately ten
respondents in Survey Monkey® before being effectively used for collecting data.

The survey was available online for a month, being disseminated by using university
social media and e-mail focusing on MHML potential buyers. Altogether, 344 question-
naires were returned, from which only 80 respondents fulfilled the sampling criteria of: (i)
income from U$642,57 up to U$2.141,12 (3—10 minimum wages); and (ii) willingness to
buy a new home in the metropolitan area of Porto Alegre in the next 2 years. Due to the
exploratory character of the study, this small sample was considered as sufficient for an
initial assessment of the utility of the proposed method. However, due to the small sample
size, the results cannot be generalised.

A descriptive analysis of the survey results was initially undertaken to obtain a gen-
eral understanding of data, and a logistic regression was applied to estimate attributes
relevance. The logistic regression technique was chosen due to its potential to model cat-
egorical variables and explain the occurrence of a specific event, by relating a categori-
cal response variable to explanatory variables (Hosmer & Lemeshow, 2000). The response
variable considered was the product alternative frequency of choice, and the model relates
the attributes, which are categorical variables, with the choice of the product alternative
that is represented by a dichotomy: 1 for the chosen one and 0 when not chosen. In other
words, the response variable can be regarded as the probability of choice of the product
alternative when a specific attribute is customised. Afterwards, customers’ preference
modelling was undertaken by applying the proposed regression model to estimate WTP,
according to the propensity to buy. Finally, the information was summarised in a WTP pro-
file graph, meant to support decision-making on the solution space.

Stage 3 involved an internal assessment of the method’s utility, based on the follow-
ing criteria: (i) support decision-making regarding the definition of the solution space; (ii)
support the identification of improvements for standard housing products; and (iii) support
decision-making regarding the balance between customer value and operations costs.

4.1 My house my life program

The target population of the exploratory study was the potential beneficiaries of MHML
program. This housing program was launched in 2009 to reduce housing shortage in the
country for households that earned from O to 10 minimum wages (Kowaltowski & Granja,
2011; Valenca & Bonates, 2010). More than 4.1 million dwellings were delivered, and 10.5
million people have been beneficiated by the program between 2009 and 2019 (Moreira
et al., 2017; BRASIL, 2019). Its main focus is to deliver affordable houses and apartments,
usually including the necessary infrastructure for a housing estate (Kowaltowski & Granja,
2011). Differently than previous housing programs in Brasil, MHML involves private com-
panies in the development of low-income housing projects (Kowaltowski & Granja, 2011).

The Ministry of Cities and National Savings Bank establish additional regulatory
requirements for MHML program to guide the design of urban and housing develop-
ments, complementing other applicable regulations, such as city master plans and build-
ing codes (Baldauf et al., 2020; Kowaltowski & Granja, 2011). The set of minimal
requirements for MHML projects includes the minimum floor area (39 m?), internal and
external finishings, windows and external doors, and guidance regarding furniture to be
installed among others (Ministerio das Cidades, 2017). Figure 1 presents two examples
of housing units, the two-bedroom apartment with 47 m? and the three-bedroom apart-
ment with 61 m? approximately.
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\ 4
2s 171

Fig. 1 MHML FGTS Housing unit examples: a two-bedrooms apartment; b three-bedrooms apartment

5 Proposed method

Figure 2 provides an overview of the proposed method, which is divided into four
phases, as mentioned in the previous section. The sequential relationships between
activities are pointed out, as indicated by arrows.

5.1 Context understanding

The aim of the context understanding phase is to clarify the aims of the study and to
define the objects of interest, as suggested by Ortuzar and Willumsen (2011). Differ-
ent sources of evidence can be used, such as literature review, interviews with repre-
sentatives of house building companies, results of surveys with potential customers, and
observation of housing changes made after occupancy in similar projects. The primary
outcomes of this phase are the definition of the purpose of the application (i.e. whether
it is a new solution space or the refinement of an existing one), the identification of the
target audience, and the definition of the sampling criteria.

According to Ortizar and Willumsen (2011), after obtaining a deep understanding
of the context, researchers need to identify and understand the population of interest.
Therefore, the definition of the target audience and sampling criteria must carefully
defined. Moreover, characteristics from this population that could influence decision-
making, such as income, gender, and number of family members, should be identi-
fied and considered in the definition of the sample. Furthermore, this first phase of the
method provides insights for the selection of relevant attributes, definition of the type
of questionnaire and experimental design as suggested by Hentschke et al. (2020b) and
Ortizar and Willumsen (2011).

5.2 Experiment planning

The experiment planning phase consists of an adaptation of SP. Based on Green et al.
(2001) and Molin (2011), SP was divided in five steps, as shown in Fig. 2. In step 4, a com-
bination of attributes relevant for customers (i.e. factors) is identified as well as the levels
in which they can vary are defined. Louviere et al. (2000) and Green et al. (2001). The
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Fig.2 Method for capturing demands for housing customisation

definitions of attributes, levels and product alternatives should be based on reliable sources
of information, such as surveys with customers, business expertise and qualitative research
on the topic (Green et al. 2001; Louviere et al., 2000; Ortizar & Willumsen, 2011).

In step 5, the measurement scale to be used must be defined, usually from choice (e.g.
SC or CBCA), rating or ranking (e.g. CA) (Greene & Orttizar, 2002; Molin, 2011; Ortazar
& Willumsen, 2011) as well as the stimulation method. An important adaptation made in
this phase was the definition of a choice scale and two-stage stimulation, in order to simu-
late a realistic residential acquisition process and reducing respondents’ effort for choos-
ing, without compromising the capacity of modelling consumers’ preferences, respectively,
based on the method proposed by Batesini and Ten Caten (2005).

In step 6, the experiment is designed by combining attributes and levels into product
alternatives, establishing which set will be presented to customers (Ortizar & Willum-
sen, 2011; Rose & Bliemer, 2009). The decision regarding the DOE depends on the num-
ber of factors and levels, to combine attributes in product alternatives. The application of
DOE techniques assures to the researcher the estimation of attributes effect on customers’
choice (Echeveste & Mossé, 2017). Several design techniques might be considered (Rose
& Bliemer, 2009), such as full or fractional factorial DOE (Green et al., 2001; Louviere
et al., 2000; Ortizar & Willumsen, 2011). This process results in an experimental matrix to
be translated by researchers into meaningful information for respondents so that each line
represents a product alternative to be tested (Ortizar & Willumsen, 2011; Rose & Bliemer,
2009).

At step 6, another adaptation proposed by this investigation was made related to the esti-
mation of operations costs and nominal prices for product alternatives. Furthermore, the
operations cost estimates must consider both direct costs (e.g. material, labour, equipment)
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Ceramic tiles flooring in the Standard sanitary ~ ware, Housing unit without doors Standard size rooms without $ 0.00
kitchen, laundry and laundry tub and standard and window bars any possibility of change .
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Fig. 3 Prop cards examples

and indirect costs (e.g. administrative costs, site costs, risks) and the nominal price of
product alternatives embody the cost of the standard housing unit, additional costs of cus-
tomisation units, and a profit margin. Therefore, this phase should be based on detailed
cost estimates carried out by the company. The resulting product alternatives and nominal
prices are used in the questionnaire design and preference model.

Then, in step 7, the questionnaire is devised, the survey is planned, and the data is col-
lected from a sample of customers or potential customers considering the defined criteria.
Each product alternative is illustrated in a prop card (see Fig. 3) which combines short
paragraphs with graphic elements. The prop cards can reduce ambiguity, facilitate under-
standing and support choice-making (Green et al., 2001; Orzechowski et al., 2005).

In step 8, data is analysed by using statistical techniques and estimation methods. Firstly,
a general understanding regarding customers’ preferences regarding product alternatives
must be obtained with the aim of defining the relevance of each attribute. Customers’ pref-
erences regarding product alternatives and attributes can be estimated by: (i) decomposing
the overall utility through a utility function (Breidert et al., 2006; Green et al., 2001; Molin,
2011), (ii) applying statistical techniques such as LOGIT (Breidert et al., 2006), multi-
nomial logit models (MNL) (Molin, 2011; Ortizar & Willumsen, 2011) and mixed logit
models (Ortizar & Willumsen, 2011; Rose & Bliemer, 2009). Results from this phase,
such as DOE, nominal prices of product alternatives and frequency of choice are used to
model customer preferences.

5.3 Customers’ preference modelling

The customers’ preference modelling stage consists of the estimation of the WTP and pro-
pensity to buy mass customised housing by applying an adaptation of the logistic regression
model. Firstly, the propensity to buy is estimated according to the choice frequency from the
data collected converted in a proportion (%) of customers who have chosen a given product
alternative. Then, for modelling customers’ preferences, the presence or absence of customis-
able attributes are considered as independent variables (X), and the customers’ stated prefer-
ence through the observed propensity to buy (%) is the response variable (Y), as detailed in
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Eq. (1). In this model, the expected value of Y is a Logit (), as explained in Eq. (2). The
unknown parameters are estimated by applying a logistic regression (Eq. 1).

Logitr = a + 1 X; + f,X, + p3 X5+, ... .0 X, (D)

Logit(n) = Log(L) =a+ ) BX, 2)

1—-7x

It is noteworthy that <ﬁ> represents the odds ratio, which is the probability of a product

alternative, a combination of X’s, being chosen. In this case, the logit function was used for
modelling the best fit of purchasing decision, agreeing with initial results of the regression into
an S-curve, in which the expected values are probabilities varying from O to 1. This model is
expressed in Eq. 2, in which the beta coefficients (B, B;, B,, P3-.- By) can be regarded as esti-
mates of the part-worth utility and the response variable used is the observed propensity to
buy.

The proposed model considers customers’ preference and monetises this function by con-
sidering two constants seeking for the nominal price best fitting (K, and K,), based on the
maximum likelihood estimation method. This method seeks to obtain the parameters of the
population that is most likely to have generated by the collected sample (Hosmer & Leme-
show, 2000). The economic perspective is reinforced by considering the nominal price of the
product alternative as the response variable and a monetised form for considering customers’
WTP in the model.

The constants K1 and K2 are calibrated according to the indicators of goodness-of-fit
model and included in the model to achieve the best prediction error of regression estimates.
K, is the constant that adjusts the propensity to buy according to the optimum price (i.e. that
every customer would pay for the customisation) and represent the WTP. The second constant,
named K, converts the values back on an estimated propensity to buy regarding the product
alternative. It also indicates the steepness of the curve, which illustrates how fast the decision
changes from Y =0 para Y=1. It means that the higher slope factor has the curve, the faster
is the change in the decision of buying the property. The estimated propensity for choosing a
product alternative is determined by the observed proportion of choice of each product alter-
native, adjusting the preference model to what is observed in the real sample. The constants
and beta coefficients of the model should be obtained considering the objective function:
(i) maximising the coefficient of determination %; and (ii) minimising the error between the
observed propensity to buy and the estimated propensity to buy for the S-curve. This results in
the S-curve function of customers” WTP expressed by Eq. (3).

x = exp — [max(0;f (s))]

K1 "
fs) = ( lYprice - Ky * lz ﬂka]] * 1/K2> 3)
k=0

where: B, B, B, B ....By: angular coefficients that represent the utility of each factor, K;:
elasticity coefficient, K,: Steepness of the curve, n: asymmetry coefficient, X, : presence or
absence of the attribute k in the product alternative, 1 or 0, Price A;: is the estimated nomi-
nal price of product alternative A;.

This equation must be applied for each product alternative to estimate the correspond-
ing customers’ WTP. According to De Medeiros et al. (2016), customers’ WTP can be
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illustrated by an S-curve, involving the price elasticity and percentage of customers that
would buy the product. In this case, the S-curve is built upon the estimated propensity to
buy and a price range, defined for each product alternative, establishing the limits X, ;. and
X nax- Furthermore, X, ;. is the nominal price that every customer would probably pay for
the property (= 100%), while X, represents the value that no consumer would pay for,
meaning that the probability is 2 0%.

5.4 Balancing customer preferences and operations costs

This phase aims to support the definition of the solution space for housing projects, con-
sidering the balance between customers’ preferences and operations costs regarding prod-
uct alternatives. It considers the operations cost and nominal prices defined in step 6, and
customer preferences and propensity to buy that is compared in a WTP profile graph and
a table. These devices are developed by combining the S-curves for product alternatives
assessed by customers and operations costs limits and profit margins. An example is pro-
vided in the results section.

6 Results

The results of the exploratory study are presented, following the four stages and 13 steps
presented in Fig. 2.

6.1 Context understanding

The target population of this exploratory study was potential beneficiaries of MHML from
the Metropolitan Region of Porto Alegre, where the price limit for housing units is R$
200,000.00 (Lis & Amaral, 2017) or US$ 48,661.80. The exploratory study was limited
to bands 2 and 3 of MHML, which beneficiates people with monthly income between
U$642,57 and U$2.141,12 (3-10 minimum wages) (CAIXA, 2018). The housing unit can
be financed to the households up to 30 years, with an interest rate of five per cent, and the
monthly payment cannot exceed 30% of the family income (CAIXA, 2018). In these bands
of the program, there is less involvement of the local authorities and lower subside of the
federal government that in the lowest income band (Klink & Denaldi, 2014). Thus, MHML
provides loans for house building companies to buy land and develop housing projects,
considering the 22% margin for covering indirect costs and profit (CAIXA, 2015). All the
information regarding the program was used to define the attributes of standardised prod-
uct alternatives and nominal prices.

A previous study on changes made by users of social housing projects after occupancy
(Hentschke, 2014) was used as a source of evidence to understand the demand for customi-
sation in this context, especially regarding the frequency of changes made and desired in
affordable housing.

6.2 Experiment planning

The definition of factors (i.e. a set of attributes) was based on two previous studies, one
that established a ranking of the most frequent changes made after occupancy in MHML
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projects (Hentschke, 2014), and another that identified preferred attributes regarding cus-
tomised low-income housing (Hentschke et al., 2020b). The four factors considered were:
(F) finishings; (W) water and electricity services; (S) security; and (D) dimensions and lay-
out. The levels defined were the presence of customised attributes (+ 1), in which a set of
product characteristics that could be customised; and the absence of customised attributes
(1), representing a standard option of the attribute delivered by house building compa-
nies, as presented in Table 1. In this investigation, the attribute security is concerned with
the protection of people or buildings against robbery and violence (Cambridge Dictionary,
2020), by using physical elements, such as bars in doors and windows.

As mentioned before, SP with two-stage stimulation method was selected, and the
defined measurement scale was ‘choice’. The experiment was designed by applying a full
factorial of 4 two-level factors, 2*, resulting in 16 product alternatives to be assessed by
respondents. Considering that choosing from 16 different product alternatives at the same
time would overwhelm respondents, those alternatives were randomly blocked into four
choice sets of four product alternatives, meant to be shown in the first stimulation stage.
Then, after performing four choice tasks, in the second stimulation stage, the respond-
ents selected one alternative among the four previously chosen. The product alternatives
were named according to the customised attributes considered, through the combination
of the respective factor letter and the absent attributes (—1) represented by a zero “0”. For
instance, Aggo represents a standardised apartment, and Ay, represents the fully custom-
ised one. Thus, each alternative resulting from the experimental design was then presented
in a prop card (Fig. 3).

Besides the attributes, the prop cards included the nominal price (np) of the product
alternatives. The np and operations costs of each product alternative were estimated, based
on the housing program rules and local market practices. First, the cost of each attribute
was calculated by considering both a minimum estimate of direct cost,' plus a margin of
60%, which embodies indirect costs and a profit margin. Afterwards, nominal prices were
estimated, considering the presence or absence of each attribute in the product alternative,
adding it to the price of the standardised unit, which was US$ 48,661.80. The price of the
standardised unit embeds direct costs, 2% of indirect costs and a profit margin of 20%.
Thus, operations costs of each product alternative result from its nominal price minus a
20% rate that would represent only the profit margin. These nominal prices and operations
costs represent general estimates as they were based on hypothetical housing projects eligi-
ble for MHML program. The DOE and np are further detailed in Table 2.

Considering eighty completed questionnaires, half of the households had a monthly
income from U$642,57 up to U$1.284,67 and half earned from U$1.284,81up to
U$2.141,12. Sixty-six respondents would buy a two or one-person home, mostly couples
(37) (Fig. 4d). Regarding household gender, 50 respondents (63%) were female (Fig. 4a).
The age of respondents varied from 20 to 65 years old, and most of them were from 20 up
to 29 years old (Fig. 4b). The level of education of the households was balanced between
graduate and postgraduate (Fig. 4c). The respondents’ age and the high level of education
seem to have been influenced by the dissemination methods used in this exploratory study
by promoting the survey via social media and contacts made mostly by postgraduate and
undergraduate students.

! The minimum cost of construction work was established based unitary costs estimated by on SINAPI (a
Building Cost Index System run by the Brazilian Government) and an average amount of construction work
in housing units of MHML Program.
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Table 2 Design of the experiment and absolute frequency of choice from the second stimulation stage

Choice set Product  Finishings Water and ~ Security (S) Dimensions Nominal Choice
alterna-  (F) electricity and layout price frequency
tive services (D) inUS$ (np) ()

W)

1 Agwso -1 +1 +1 -1 $50,501.95 1
Agoo +1 -1 -1 -1 $50,255.47 1
Agood +1 -1 -1 +1 $50,705.60 6
Agwsd -1 +1 +1 +1 $50,961.07 4

2 Agwod +1 +1 -1 +1 $51,946.47 15
Agosa -1 -1 +1 +1 $49,720.19 3
Agwoo +1 +1 -1 -1 $51,496.35 6
Agoso -1 -1 +1 -1 $49,270.07 1

3 Agwoo -1 +1 -1 -1 $49,902.68 1
Afped +1 -1 +1 +1 $51,313.87 5
Agwod -1 +1 -1 +1 $50,352.80 6
Agoso +1 -1 +1 -1 $50,863.75 0

4 Afys0 +1 +1 +1 -1 $52,104.62 4
Agooo -1 -1 -1 -1 $48,661.80 3
Ay +1 +1 +1 +1 $52,554.74 21
Agood -1 -1 -1 +1 $49,111.92 3

Design of the experiment

= female

® undeclared
m20-29
m40+

m Highschool graduates

m Postgraduates

"1to2

0 20 40 60 80

Fig. 4 Demographics of respondents absolute frequency of: a gender of the household; b age of the house-
hold; ¢ level of education; d number of house users

@ Springer



73

Method for capturing demands for housing customisation:...

i) 60.0

5 50.0 52.5

2 50.0

a

@ 40.0 35.0

:1__: 33.8 313

g_ﬁ 30.0 26.3 27.5

o o

§ﬁ 20.0 15.0 188

o

2 100 I L5 I 5.0 88 50 6.3

2 o | ]

§ e} © o o © el o o hel © o o el © o o

® g 28 2 ¢ & ¢ & & ¢ ¢ 8 2 g ¢ s
< < < s(’ < 2 < ?( < b b4 < < 2 < 2

Choice Set 1 Choice Set 2 Choice Set 3 Choice Set 4

product alternatives

Fig.5 Absolute frequency of the first choice by choice set

Figure. 5 presents the frequency of the choices made by respondents in each choice set.
Alternative Ay, represents half of the choices in the second choice set. In the third choice
set, the alternative Ay, Was chosen by more than 50% of the respondents. Finally, the
alternative A, representing a standard apartment, was chosen only by five respondents
(6.3%), which reinforces that offering a choice menu is relevant for most of the potential
customers. Furthermore, the frequency of choice for different housing alternatives and the
low rate of choice for the standardised unit corroborates the need for offering flexibility in
affordable housing, as suggested by Greene and Ortuzar (2002).

The choice frequency (f) results of the second stimulation stage are presented in Table 2.
Agyoq (15) and Ay, 4 (21) were the most frequently chosen among all 16 product alterna-
tives, shedding light to the relevance of offering customisable attributes. Agyg0. Agpoq and
Ay,0q shared third place, being chosen by six respondents. It is noticeable that the least
frequently chosen alternatives (e.g. Agys0o Agosos Aowoos and Agyge) do not offer custom-
ised finishings or dimensions and layout, highlighting the importance of those attributes for
potential customers, pointed out previous studies (i.e. Hentschke, 2014, Schoenwitz et al.,
2017 and Olanrewaju & Wong, 2019). Table 2 also indicates that potential customers are
willing to pay a premium price to customise their housing units, as the frequency of choice
is distributed in different product alternatives despite their additional cost, and only three
respondents chose the cheapest one. It means that, although the price is considered in deci-
sion-making, customers seek for the best utility, making trade-offs between benefits and
sacrifices when choosing a product alternative.

The top five product alternatives chosen by respondents were associated with their
socio-economic profile in Table 3. The potential customers that have chosen the most pop-
ular product alternative Ay, 4 (the fully customised product alternative) were mostly young
females, highly educated and who live alone or with their partners. From the respond-
ents who chose Ay,oq (product alternative with finishings, water and electricity services,
and dimensions and layout customised), the second most chosen alternative, 63% earns
from U$642,57 up to U$1.284,67 monthly, most of them live alone or in couples, are
young, females and graduated. Most of the households that chosen Ay, (product alterna-
tive with finishings and dimensions and layout customised) have a higher family income,
live alone or in couples, are females, have a postgraduate level of education and are up to
40 years old. Ao (product alternative with finishings and water and electricity services
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Table 3 five most chosen product alternatives and socio-economic characteristics of the respondents

Socio-economic profile characteristics Relative frequency of choice (%) of
product alternatives

Al‘wsd Afw()d Al'()Od Afw()() AOWOd

Family income U$642,57 up to U$1.284,67 56 63 40 60 50
up to U$2.141,12 44 38 60 40 50
Number of households 1-2 83 81 60 100 83
34 17 19 40 0 17
Household Gender Female 72 63 60 100 33
Male 28 31 40 0 67
Household Age 20-29 50 69 40 80 50
30-39 28 19 40 20 50
40+ 22 13 20 0 0
Household education level Highschool 0 6 0 0 0
Graduate 44 56 0 40 33
Postgraduate 56 38 100 60 67

customised) has been chosen only by female households, mostly young and postgraduates,
with a lower income, and that live alone or with their partners. Meanwhile, male house-
holds are a majority in those who chosen A, (product alternative with water and elec-
tricity services and dimensions and layout customised), most of them are live alone or with
their partners, and are postgraduates.

6.3 Customers’ preferences modelling

As described in Sect. 5, the Beta coefficients from the sample were obtained by apply-
ing a logistic regression model to estimate the relevance of each attribute, in which the
response variable was the frequency of choice for each alternative and the independent
variables were the presence or absence of attributes. Based on that regression, the most rel-
evant attributes were: dimensions and layout (D), finishings (F), and water, and electricity
services (W), respectively. Some respondents argue that they feel already safe by living in a
residential condominium, justifying the irrelevance regarding security devices in this study.
This fact corroborates the findings from Olanrewaju and Wong (2019) regarding custom-
ers’ preference for gated residential developments because they feel safe.

Table 4 presents the results obtained when the values obtained in the study were
replaced in the function expressed in Eq. (3) to model the S-curve for each product alter-
native, estimating customers’ WTP. The beta coefficients were p,=0.0000, p,;=0.12394,
B,=0.12986, P;=0.02029, p,=0.11807. Given constants were K,;=19,870.38;
K;,=34,170.59 and n=15.3745. Finally, the Y. used was the nominal price of each
product alternative.

An individual S-curve for each product alternative was produced to illustrate custom-
ers” WTP. The horizontal axis of the graph presents the price range for the corresponding
housing alternative. In the vertical axis, the buying propensity scale corresponds to the
estimated proportion of customers that are willing to buy the product. Figure 6 illustrates
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Table 4 Consumer preference modelling

Choice set Product Nominal Constant (c) Choice Observed Estimated Error
alterna-  Price (np) frequency propensity to  propensity to  (0.003) (E)
tive ® buy (p) (%)  buy (B) (%) (%)

1 Ajwso $50,501.95 1 1 14 13 0.0

1 A0 $50,255.47 1 1 1.0 1.3 0.4

1 Agood $50,705.60 1 6 7.0 7.5 0.2

1 Apwsa $50,961.07 1 4 53 5.0 4.6

2 Agyod $51,946.47 1 15 18.3 18.8 0.9

2 Agosd $49,720.19 1 3 3.7 3.8 1.2

2 Afvoo $51,496.35 1 6 7.6 75 2.9

2 Agoso $49,270.07 1 1 1.0 1.3 1.1

3 Agwoo $49,902.68 1 1 1.0 1.3 0.4

3 Agosd $51,313.87 1 5 6.5 6.3 0.2

3 Agwoa  $50352.80 1 6 8.0 75 3.7

3 Agoso $50,863.75 1 0 0.0 0.0 0.6

4 Afyso $52,104.62 1 4 5.3 5.0 1.3

4 Apoy  $48,661.80 1 3 3.1 3.8 3.6

4 Agysd $52,554.74 1 21 26.5 26.3 8.8

4 Agood $49,111.92 1 3 4.3 3.8 0.5

the example of Agyoq S-curve, in which approximately 20% of the customers are willing to
pay the nominal price for the product alternative.

6.4 Balancing customers’ preferences and operations costs

Figure 7 presents the final outcome of the method, represented by a set of S-curves for
product alternatives, making explicit the relationship between the nominal price and oper-
ations costs of each housing alternative, and the estimated propensity to buy of MHML
potential customers. Two critical limits were established in this profile graph, to support
the definition of the solution space: the mean of operations costs (red line), and the maxi-
mum price for the standardised unit (yellow line). The red, yellow and green areas iden-
tify the zones in the graph where offering mass customised solutions are, respectively: (i)
unfeasible, (ii) a transition between operations cost and price of the standardised unit, and
(iii) profitable. Within the transition area, the company might consider offering some level
of customisation embedded in the maximum price of the housing unit, working inside their
profit margin by considering the trade-offs to attract customers and at the same time main-
taining affordability.

In Table 5, detailed price information is provided to support solution space definition.
All product alternatives that need to be offered by a price lower than $ 43,800.00 to be
attractive to customers, for example, most of the alternatives to be appealing for 90% of
the customers, represent values lower than the standard housing unit’s price and operations
costs, making them unfeasible. The product alternatives with prices between 43,800.00
and 49,000.00 must be further analysed regarding costs and trade-offs, such as Ay to
become a probable choice for 50% of the customers. Moreover, if a product alternative
does not represent a high impact in cost for the company and increases the attractiveness
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Fig.7 Willingness-To-Pay profile graphic

of the product for customers, it should be further analysed before included in the solution
space, to check whether an acceptable level of profitability is achieved. Finally, the product
alternatives that could be offered by more than $49,000.00 and still would be of customers
interest represent the most profitable ones, for which customers are willing to pay a pre-
mium price for customisation in comparison to the standardised housing unit.
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Table 5 Balance between operations costs and willingness-to-pay

Product ~ Nominal price Percentile 10% Percentile 50% Percentile 90% Operations cost Profit
alterna-
tive

Ajuso $50,501.95 $48,500.00 $45,100.00 $40,000.00 $42,092.00 $8,418.95
Ao $50,255.47 $48,000.00 $44,600.00 $39,500.00 $41,880.00 $8,375.47
Agooa $50,705.60 $50,400.00 $47,000.00 $42,000.00 $42,255.00 $8,450.60
Agysd $50,961.07 $50,900.00 $47,500.00 $42,500.00 $42,468.00 $8,493.07
Agyoa $51,946.47 $53,000.00 $49,500.00 $44,500.00 $43,289.00 $8,657.47
Agosa $49,720.19 $48,500.00 $45,000.00 $40,000.00 $41,433.00 $8,287.19
Agwoo $51,496.35 $50,000.00 $47,200.00 $42,300.00 $42,914.00 $8,582.35
Agoso $49,270.07 $46,000.00 $42,500.00 $37,500.00 $41,058.00 $8,212.07
Agwoo $49,902.68 $48,100.00 $44,700.00 $39,800.00 $41,586.00 $8,316.68
Agpsa $51,313.87 $50,700.00 $47,500.00 $42,500.00 $42,762.00 $8,551.87
Agwod $50,352.80 $50,500.00 $47,000.00 $42,000.00 $41,961.00 $8,391.80
Agso $50,863.75 $48,500.00 $45,000.00 $40,000.00 $42,386.00 $8,477.75
Agyso $52,104.62 $51,000.00 $47,500.00 $42,500.00 $43,421.00 $8,683.62
Agooo $48,661.80 $45,500.00 $42,000.00 $37,000.00 $40,552.00 $8,109.80
Afysa $52,554.74 $53,500.00 $50,000.00 $45,000.00 $43,796.00 $8,758.74
Agood $49,111.92 $47,900.00 $44,500.00 $39,500.00 $40,927.00 $8,184.92

The three most profitable product alternatives to be offered are respectively Agyoq, Afysa
and Ay, for which approximately 10% of the potential customers are willing to pay over
the nominal price. It is also noteworthy that both alternatives Ay, and Ag,q Would attract
50% of the respondents if offered by 49.500,00 and 50.000,00, resulting in highly recom-
mended alternatives to be included in the solution space.

Other product alternatives (Agogs Agwsor Afosas Arwoo) are profitable, as indicated in
Table 5. However, they do not reach their nominal price, so the company can further ana-
lyse the trade-off of offering them so that 10% of the customers are satisfied in exchange
for losing some profitability. Moreover, several product alternatives customers would only
consider buying if they were offered by prices between 43,000.00 and 49,000.00, which
means embedding the customisation in standardised unit price. The inclusion of those in
the solution space could increase customers’ perceived value of the product and represent
a competitive advantage for the company in the affordable housing market, yet require fur-
ther analysis.

7 Discussion

A method for capturing the demand for customisation of housing projects was proposed
combining a choice based experiment for understanding customers’ preferences, and a
logistic regression model for the estimation of customers’ WTP. The proposed method was
tested in an exploratory study, in which the four phases were systematically applied, indi-
cating that the results provide support to the definition of solution spaces. This method
compared to traditional applications of SP, this method has a context understanding phase
before its application, as well as uses the two-stage stimulation method, and considers the
definition of the price of the product alternatives in the experiment planning.
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In the exploratory study, several different product alternatives were chosen regardless
of their price, corroborating the results of other studies that customers are often willing to
pay premium prices for customised goods (e.g. Hankammer et al., 2016; Kalantari & John-
son, 2017). However, the preference modelling results indicated that a limited number of
consumers are willing to pay premium prices for customised alternatives, and this should
be considered in decision making. This fact reflects some concerns from potential custom-
ers related to the money invested in the acquisition of a new home, and reinforce the need
to maintain a variety of affordable product alternatives in this market segment to attract
different customers. Moreover, as discussed by Lermen et al. (2020), the limited number
of customers willing to pay for products might result from the lack of reference regarding
the fair price of the attributes offered, highlighting the need for providing more informa-
tion and increasing their awareness of the products. By contrast, the diversity of product
alternatives should be carefully considered as this increases the complexity of operations
and the need for information exchange during the NPD, as discussed in other studies (Da
Rocha, 2011; Schoenwitz et al., 2017).

Regarding the identification of improvement opportunities, the results corroborate
results of previous studies (Greene & Orttizar, 2002; Jansen, 2014; Jun et al., 2020; Molin
et al., 2001; Olanrewaju & Wong, 2019) which pointed out the potential of SP to provide
information for the planning and design of housing alternatives. Accordingly, the findings
of the exploratory study reinforce the relevance of offering customisable attributes in hous-
ing to increase consumers’ value perception, indicating which attributes should be priori-
tised, e.g. finishings, and dimensions and layout. This type of information can be used to
define the customisation units to be considered within the solution space and also indicate
which ones should be offered in a wider variety for customers. Additionally, the lack of
preference for specific attributes, such as security devices in the exploratory study, indi-
cates that some customisation units can be eliminated, while others should be incorporated
as an improvement in the standard product. Consequently, the method can potentially pro-
vide insights for defining both customised and standardised parts of the product. Accord-
ing to Jun et al. (2020), this type of quantitative data provides a basis for design decision-
making, instead of solely professionals’ knowledge and previous experience as traditionally
done, can potentially influence the quality of buildings and definition of the market price.

According to Jansen (2014), understanding and considering lifestyles and underly-
ing values of residential preference and choice solve only a part of the puzzle, as many
other factors might affect preferences, such as budget constraints, availability of housing
and concerns from other members of the household. In order to support decision-making
related to the balance between customer value and operations costs, the WTP data displays
in the form of a graph (Fig. 5) or a table (Table 5) were devised, bringing to light the trade-
offs of different product alternatives and enabling the selection of a set of customisation
units to be offered to customers. They provide an overview of how many customers are
willing to pay for a set of product alternative and how profitable are these for the company.
Based on that, the limits for customising housing alternatives can be established, as well as
the best combination of customisable attributes to be offered to customers.

For example, a company might decide that at least 10% of customers willing-to-pay are
necessary for a product alternative to be offered in the choice menu, similarly to what was
suggested by Schoenwitz et al. (2012). Establishing such a limit would depend on the goal
of the company, either to reach more customers or to increase profitability. Moreover, this
information also allows companies to identify product alternatives which should be further
analysed regarding its feasibility, i.e. the ones that add much value for customers but have a
tight profit margin. Additionally, this overview enables companies to devise more than one
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solution space, as suggested by Da Rocha (2011), considering different types of customers
which may lead to a product family.

One key limitation of this exploratory study is that the socio-demographic variables
were not considered within the preference model and WTP analysis, due to the focus of the
study on exploring a balance between operations costs and WTP for customisation. Train
(2016) argues that the problem of not considering socio-demographic variables in logit
functions is that the utility coefficient varies over people. Moreover, the use of mixed logit
models to overcome this limitation by considering two logit function at the same time: (i)
one for specifying a person’s probability to choose a product alternative, which depends on
parameters considered in the person’s utility function; and (ii) other for specifying distribu-
tion over people (i.e. mixing distribution), by the selection parameter for the decision mak-
ing (Train, 2016).

Although many authors discuss the estimation of WTP, there is no consensus on the lit-
erature regarding how its distribution occurs among the population. According to Train and
Weeks (2005), utility parameters in mixed logits can represent a person’s WTP, rather than
coefficients from the person’s utility. According to Sillano and Ortuzar (2005), linear mod-
els have a limited capability of portraying WTP and its distribution in the population, they
suggest an alternative method based on a Bayesian estimation. Such an approach considers
the parameters as stochastic variables so, by applying Baye’s rule of condition probability
(i.e. defined by previously known parameters regarding the population) (Sillano & Ortazar,
2005). The same authors argue that the proposed approach has some advantages over the
classical ones, such as: (i) the approach easily handles more attributes and full covariance
matrix; (ii) it reduces effects and confusion on the model caused by insufficient sample
points; and (iii) it better fits population parameters at the individual-level in small samples.

8 Conclusions

The main outcome of this investigation is a method for capturing customers’ demands and
supporting the definition of the solution space for affordable housing. This method was
built on three contributions to this field of knowledge: (i) the combination of choice-based
preference models, and a WTP approach, which considers cost estimates of customisation
units; (ii) the development of a logistic regression model for estimating customers’ WTP
for mass customised housing; and (iii) the development of a visual device to support deci-
sion making regarding the balance between customer value and operations costs, in which
trade-offs for several customisation units can be simultaneously analysed.

An important limitation of the exploratory study is the fact that a small sample of
respondents was used to assess the utility of the artefact, which means that the results of
the survey cannot be generalised. Moreover, the survey was based on a hypothetical pro-
jects, rather than a real choice, due to limitations of time and resources. This may have
affected the propensity-to-buy of respondents. In this respect, future testing and applica-
tiossn of the method to other contexts it should be carried out using information provided
by house building companies, so that the context of specific projects could be consid-
ered, which would be useful also for testing the applicability of the proposed artefact. The
method can also be refined to consider socio-demographic variables into the preference
model and WTP approach by the use of more flexible techniques (e.g. mixed logit models
and Bayesian estimation approaches) as suggested in the literature (Ortizar & Willumsen,
2011; Rose & Bliemer, 2009; Sillano & Ortazar, 2005; Train, 2016).
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Customers’ WTP for housing customisation has been initially explored in this study for
the affordable housing market segment in Brazil. An opportunity for future research is the
application of the method in different market segments and distinct countries, in which
there might be differences related to the diversity of requirements, or propensity to buy.
It would also be insightful to test in in projects that use different types of technologies or
supply chain configurations, in which the trade-offs between the variety of products and
operations costs are different.

Furthermore, customers WTP for housing customisation could be further explored by
understanding how value is generated and perceived by combining the proposed method
and other value modelling techniques such as laddering (e.g. Hentschke et al., 2014) and
Schwartz Value Survey (e.g. Jansen, 2014; Nijénstein et al., 2015).

Finally, the proposed method can be regarded as a starting point to integrate customers’
and house builders’ perspective for making MC strategies feasible in housing. The initial
definition of a solution space might be used as a trigger to a set of other decisions towards
customer integration in NPD. Therefore, future studies should explore processes related to
the definition of choice menus and decoupling points, and their impacts on customer inte-
gration and operations management.s

Acknowledgements The authors would like to thank CAPES for partially funding this research. The authors
would also like to thank Jodo Soliman Junior, Luciana Gheller, Cristiane Schvarstzhaupt, Angélica Segala,
Angela Silva and Mariana Nolde, for their collaboration in the initial steps of this research.

References

Baldauf, J. P., Formoso, C. T., Tzortzopoulos, P., Miron, L. I. G., & Soliman, J. (2020). Using building
information modelling to manage client requirements in social housing projects. Sustainability (Swit-
zerland), 12(7), 1-21. https://doi.org/10.3390/su12072804.

Barlow, J., & Ozaki, R. (2003). Achieving ‘customer focus’ in private housebuilding: Current practice and
lessons from other industries. Housing Studies, 18(1), 87-101. https://doi.org/10.1080/0267303032
000076858.

Battesini, M., & Caten, C. S. (2005). Andlise conjunta com estimulacdo em duas etapas. Produto e
Produgdo, 8, 31-51.

Brandli, L. L., & Heineck, L. F. M. (2005). As abordagens dos modelos de preferéncia declarada e revelada
no processo de escolha habitacional. Ambiente Construido, 5(48), 61-75.

BRASIL. (2019) Boletim Mensal dos Subsidios da Unido avalia resultados do Minha Casa Minha Vida, [
published in Portuguese] https://www.gov.br/economia/pt-br/assuntos/noticias/2019/08/boletim-men-
sal-dos-subsidios-da-uniao-avalia-resultados-do-minha-casa-minha-vida . Accessed 21 Dec 2019.

Breidert, C., Hahsler, M., & Reutterer, T. (2006). A review of methods for measuring willingness-to-pay.
Innovative Marketing. https://doi.org/10.3111/13696998.2011.644408.

CAIXA. (2015). Caderno de Orientacéo técnica.

CAIXA (2018). “Minha Casa Minha Vida”. http://www.ademi.org.br/docs/CartilhaCaixa.pdf

Cambridge Dictionary. (2020). Security. https://dictionary.cambridge.org/us/dictionary/english/security.
Accessed 30 Oct 2020.

Da Rocha, C. G. (2011). A conceptual framework for defining customisation strategies in the house-
building sector. Ph.D. Thesis, Universidade Federal of Rio Grande do Sul, Porto Alegre, Brazil.

De Medeiros, J. F., Ribeiro, J. L. D., & Cortimiglia, M. N. (2016). Influence of perceived value on purchas-
ing decisions of green products in Brazil. Journal of Cleaner Production, 110, 158-169. https://doi.
org/10.1016/j.jclepro.2015.07.100.

Earnhart, D. (2002). Combining revealed and stated data to examine housing decisions using discrete choice
analysis. Journal of Urban Economics, 51(1), 143—169. https://doi.org/10.1006/juec.2001.2241.

Echeveste, M. E., & Mossé, D. (2017). A method for measuring customer value: a case study. In //E annual
conference. Proceedings, institute of industrial and systems engineers (pp. 1235-1240).

@ Springer


https://doi.org/10.3390/su12072804
https://doi.org/10.1080/0267303032000076858
https://doi.org/10.1080/0267303032000076858
https://www.gov.br/economia/pt-br/assuntos/noticias/2019/08/boletim-mensal-dos-subsidios-da-uniao-avalia-resultados-do-minha-casa-minha-vida
https://www.gov.br/economia/pt-br/assuntos/noticias/2019/08/boletim-mensal-dos-subsidios-da-uniao-avalia-resultados-do-minha-casa-minha-vida
https://doi.org/10.3111/13696998.2011.644408
http://www.ademi.org.br/docs/CartilhaCaixa.pdf
https://dictionary.cambridge.org/us/dictionary/english/security
https://doi.org/10.1016/j.jclepro.2015.07.100
https://doi.org/10.1016/j.jclepro.2015.07.100
https://doi.org/10.1006/juec.2001.2241

81

Method for capturing demands for housing customisation:...

Ferguson, S. M., Olewnik, A. T., & Cormier, P. (2014). A review of mass customization across marketing,
engineering and distribution domains toward development of a process framework. Research in Engi-
neering Design, 25(1), 11-30. https://doi.org/10.1007/s00163-013-0162-4.

Fettermann, D. D. C., Tortorella, G. L., & Taboada, C. M. (2019). Mass customization process in companies
from the housing sector in Brazil. In G. Cortés-Robles, J. L. Garcia-Alcaraz, & G. Alor-Hernandez
(Eds.), Managing innovation in highly restrictive environments lessons from Latin America and emerg-
ing markets (pp. 99-118). http://www.springer.com/series/11690

Fogliatto, F. S., & da Silveira, G. J. C. (2008). Mass customization: A method for market segmentation and
choice menu design. International Journal of Production Economics, 111(2), 606—622. https://doi.org/
10.1016/j.ijpe.2007.02.034.

Fogliatto, F. S., da Silveira, G. J. C., & Borenstein, D. (2012). The mass customization decade: An updated
review of the literature. International Journal of Production Economics, 138(1), 14-25. https://doi.org/
10.1016/j.ijpe.2012.03.002.

Formoso, C., Leite, F., & Miron, L. (2011). Client requirements management in social housing: A case
study on the residential leasing program in brazil. Journal of Construction in Developing Countries,
16(2), 47-67.

Franke, N., & Hader, C. (2014). Mass or only ‘niche customization’? Why we should interpret configuration
toolkits as learning instruments. Journal of Product Innovation Management. https://doi.org/10.1111/
jpim.12137.

Frutos, J. D., & Borenstein, D. (2004). A framework to support customer—company interaction in mass cus-
tomization environments. Computers in Industry, 54(2), 115-135. https://doi.org/10.1016/j.compind.
2003.09.004.

Granja, A. D., Catharine, D., Knatz, C., Affonso, L., Barros, F., Paoli, D. D., & Jacomit, A. M. (2009). A
natureza do valor desejado na habita¢do social. Ambiente Construido, 9(2), 87-103.

Green, P. E., Krieger, A. M., & Wind, Y. (2001). Thirty years of conjoint analysis : Reflections and pros-
pects. Interfaces, 31(3), 56-73.

Green, P. E., & Wind, Y. (1975). A new way to measure consumer judgments. Harvard Business Review,
75404, 107-117.

Greene, M., & Ortiizar, J. D. D. (2002). Willingness to pay for social housing attributes: A case study from
Chile. International Planning Studies, 7(1), 55-87.

Hentschke, C. dos S. (2014). Método para identificar atributos customizdveis na habitagcdo baseado no
modelo conceitual Cadeia Meios-Fim. Universidade Federal do Rio Grande do Sul.

Hankammer, S., Wang, N., & Guo, J. (2016). Consumption trends in china and germany in comparison: An
empiricial cross-cultural study on the role of sustainability and customizability. Proceedings of the
7th international conference on mass customization and personalization in central Europe (MCP-CE
2016), 110-117.

Hart, C. W. L. (1995). Mass customization: Conceptual underpinnings, opportunities andlimits. Interna-
tional Journal of Service Industry Management, 6(2), 36-45. https://doi.org/10.1108/0956423951
0084932.

Hentschke, C. S., Formoso, C. T., & Echeveste, M. E. (2020a). A customer integration framework for the
development of mass customised housing projects. Sustainability (Switzerland), 12(Special issue:
ZEMCH International research 2020), 1-26.

Hentschke, C. S., Formoso, C. T., Rocha, C. G., & Echeveste, M. E. S. (2014). A method for proposing val-
ued-adding attributes in customized housing. Sustainability (Switzerland), 6(12), 9244-9267. https://
doi.org/10.3390/su6129244.

Hentschke, C. S., Tillmann, P. A., Formoso, C. T., Martins, V. L. M., & Echeveste, M. E. S. (2020b). Using
conjoint analysis to understand customer preferences in customized low-income housebuilding pro-
jects. Ambiente Construido, 20(1), 247-262.

Hosmer, D. W., & Lemeshow, S. (2000). Applied Logistic Regression (2nd ed.). New York: Wiley. https://
doi.org/10.1002/0471722146.

Jansen, S. J. T. (2014). Different values, different housing? Can underlying value orientations predict resi-
dential preference and choice? Housing, Theory and Society, 31(3), 254-276. https://doi.org/10.1080/
14036096.2013.867279.

Jansen, S. J. T., Coolen, H. C. C. H., & Goetgeluk, R. W. (Eds). (2011). The measurement and analysis of
housing preference and choice. Springer, 272 pp. https://doi.org/10.1007/978-90-481-8894-9.

Jun, H. J., Kim, J. H,, Rhee, D. Y., & Chang, S. W. (2020). *“ SeoulHouse2Vec ”: An embedding - based
collaborative filtering housing recommender system for analyzing housing preference. Sustainability,
12(6964), 1-24. https://doi.org/10.3390/sul2176964.

@ Springer


https://doi.org/10.1007/s00163-013-0162-4
http://www.springer.com/series/11690
https://doi.org/10.1016/j.ijpe.2007.02.034
https://doi.org/10.1016/j.ijpe.2007.02.034
https://doi.org/10.1016/j.ijpe.2012.03.002
https://doi.org/10.1016/j.ijpe.2012.03.002
https://doi.org/10.1111/jpim.12137
https://doi.org/10.1111/jpim.12137
https://doi.org/10.1016/j.compind.2003.09.004
https://doi.org/10.1016/j.compind.2003.09.004
https://doi.org/10.1108/09564239510084932
https://doi.org/10.1108/09564239510084932
https://doi.org/10.3390/su6129244
https://doi.org/10.3390/su6129244
https://doi.org/10.1002/0471722146
https://doi.org/10.1002/0471722146
https://doi.org/10.1080/14036096.2013.867279
https://doi.org/10.1080/14036096.2013.867279
https://doi.org/10.1007/978-90-481-8894-9
https://doi.org/10.3390/su12176964

82
C.dos S. Hentschke et al.

Kalantari, H. D., & Johnson, L. (2017). Australian customer willingness to pay and wait for mass-custom-
ised products. Asia Pacific Journal of Marketing and Logistics, 30(1), 106—120. https://doi.org/10.
1108/APJIML-01-2017-0006.

Kam, K. J., Lim, A. S. H., Al-Obaidi, K. M., & Lim, T. S. (2018). Evaluating housing needs and preferences
of generation y in Malaysia. Planning Practice and Research, 33(2), 172-185. https://doi.org/10.1080/
02697459.2018.1427413.

Kaur Sahi, G., Sehgal, S., & Sharma, R. (2017). Predicting customers recommendation from co-creation of
value customization and relational value. Vikalpa, 42(1), 19-35. https://doi.org/10.1177/0256090916
686680.

Klink, J., & Denaldi, R. (2014). On financialization and state spatial fixes in Brazil. A geographical and
historical interpretation of the housing program my house my life. Habitat International, 44, 220-226.
https://doi.org/10.1016/j.habitatint.2014.06.001.

Kotha, S. (1995). Mass customization : Implementing the emerging paradigm for competitive advantage.
Strategic Management Journal. https://doi.org/10.1002/smj.4250160916.

Kowaltowski, D. C. C. K., Atélia, E., Muianga, D., Denis, A., Moreira, D. D. C., Bernardini, S. P, et al.
(2018). A critical analysis of research of a mass-housing programme. Building Research & Informa-
tion, 3218, 1-18. https://doi.org/10.1080/09613218.2018.1458551.

Kowaltowski, D. C. C. K., & Granja, A. D. (2011). The concept of desired value as a stimulus for change
in social housing in Brazil. Habitat International, 35(3), 435—446. https://doi.org/10.1016/j.habit
atint.2010.12.002.

Larsen, M. S. S., Lindhard, S. M., Brunoe, T. D., Nielsen, K., & Larsen, J. K. (2019). Mass customiza-
tion in the house building industry: Literature review and research directions. Frontiers in Built
Environment, 5(October), 1-12. https://doi.org/10.3389/fbuil.2019.00115.

Lee, X. S., Khamidi, M. F., Kuppusamy, S., & Heng, C. T. (2018). Client-oriented building mass cus-
tomization (CoBMC). IOP Conference Series: Materials Science and Engineering. https://doi.org/
10.1088/1757-899X/291/1/012011.

Lermen, F. H., Ribeiro, J. L. D., Echeveste, M. E., Milani Martins, V. L., & Tinoco, M. A. C. (2020).
Sustainable offers for drying and storage of grains: Identifying perceived value for Brazilian farm-
ers. Journal of Stored Products Research. https://doi.org/10.1016/].jspr.2020.101579.

Linner, T., & Bock, T. (2012). Evolution of large-scale industrialisation and service innovation in Japa-
nese prefabrication industry. Construction Innovation, 12(2), 156-178. https://doi.org/10.1108/
14714171211215921.

Lis, L., & Amaral, L. (2017). Governo amplia Minha Casa, Minha Vida para familias com renda de até R$
9 mil. [published in Portuguese]. https://gl.globo.com/economia/noticia/governo-amplia-minha-casa-
minha-vida-para-familias-com-renda-de-ate-r-9-mil.ghtml. Accessed Jan 2018.

Louviere, J. J., Hensher, D. A., & Swait, J. D. (2000). Stated choice methods: Analysis and applications.
Port Chester: Cambridge University Press.

Luce, D., & Tukey, J. (1964). Simultaneous conjoint measurement: A new type of fundamental measure-
ment. Journal of Mathematical Psychology, 1, 1-27.

Lukka, K. (2003). The constructive research aproach. In Ojala, L. & Himola, O-P.(eds) Case study
research in logistics (pp. 83—101). Turku School of Economics and Business Administration, Series
BI.

March, S. T., & Smith, G. F. (1995). Design and natural science research on information technology. Deci-
sion Support Systems, 15, 251-266.

Martinez, E., Tommelein, I. D., & Alvear, A. (2017). Integration of lean and information technology to
enable a customization strategy in affordable housing. In Proceedings of the 25th annual confer-
ence of the international group for lean construction (IGLC), Heraklion, Greece, 9—12 July 2017
(pp- 95-102). https://doi.org/10.24928/2017/0136.

Ministerio das Cidades. (2017). PORTARIA N° 269, DE 22 DE MARCO DE 2017.

Molin, E. J. E. (2011). Chapter 6 : Conjoint Analysis. In The Measurment and analysis of housing pref-
erence and choice (pp. 127-156).

Molin, E. J. E., Oppewal, H., & Timmermans, H. J. P. (2001). Analyzing heterogeneity in conjoint esti-
mates of residential preferences. Journal of Housing and the Built Environment, 16, 267-284.
Moreira, V. de S., Silveira, S. de F. R., & Euclydes, F. M. (2017). Minha Casa, Minha Vida em niimeros:
quais conclusdes podemos extrair? IV Encontro Brasileiro de Administracdo Publica, 594-613.

http://www.ufpb.br/ebap/contents/documentos/0594-613-minha-casa.pdf

Nahmens, I., & Bindroo, V. (2011). Is customization fruitful in industrialized homebuilding industry?
Journal of Construction Engineering and Management, 137(12), 1027-1035. https://doi.org/10.
1061/(ASCE)C0.1943-7862.0000396.

@ Springer


https://doi.org/10.1108/APJML-01-2017-0006
https://doi.org/10.1108/APJML-01-2017-0006
https://doi.org/10.1080/02697459.2018.1427413
https://doi.org/10.1080/02697459.2018.1427413
https://doi.org/10.1177/0256090916686680.
https://doi.org/10.1177/0256090916686680.
https://doi.org/10.1016/j.habitatint.2014.06.001
https://doi.org/10.1002/smj.4250160916
https://doi.org/10.1080/09613218.2018.1458551
https://doi.org/10.1016/j.habitatint.2010.12.002
https://doi.org/10.1016/j.habitatint.2010.12.002
https://doi.org/10.3389/fbuil.2019.00115
https://doi.org/10.1088/1757-899X/291/1/012011
https://doi.org/10.1088/1757-899X/291/1/012011
https://doi.org/10.1016/j.jspr.2020.101579
https://doi.org/10.1108/14714171211215921
https://doi.org/10.1108/14714171211215921
https://g1.globo.com/economia/noticia/governo-amplia-minha-casa-minha-vida-para-familias-com-renda-de-ate-r-9-mil.ghtml
https://g1.globo.com/economia/noticia/governo-amplia-minha-casa-minha-vida-para-familias-com-renda-de-ate-r-9-mil.ghtml
https://doi.org/10.24928/2017/0136
http://www.ufpb.br/ebap/contents/documentos/0594-613-minha-casa.pdf
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000396
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000396

&3

Method for capturing demands for housing customisation:...

Nijénstein, S., Haans, A., Kemperman, A. D. A. M., & Borgers, A. W. J. (2015). Beyond demographics:
human value orientation as a predictor of heterogeneity in student housing preferences. Journal of
Housing and the Built Environment, 30(2), 199-217. https://doi.org/10.1007/s10901-014-9402-9.

Noguchi, M., & Hernidndez-Velasco, C. R. (2005). A ‘mass custom design’ approach to upgrading con-
ventional housing development in Mexico. Habitat International, 29(2), 325-336. https://doi.org/
10.1016/j.habitatint.2003.11.005.

Olanrewaju, A. L., Wong, Hw., & C. . (2019). Evaluation of the requirements of first time buyers in the
purchase of affordable housing in Malaysia. Journal of Housing and the Built Environment. https://
doi.org/10.1007/s10901-019-09681-z.

Ortazar, J. de D., & Willumsen, L. G. (2011). Modelling Transport (fourth edi.). Chichester: Wiley.

Orzechowski, M. A., Arentze, T. A., & Borgers, A. W. J. (2005). Alternate methods of conjoint analysis
for estimating housing preference functions : Effects of presentation style. Journal of Housing and
the Built Environment. https://doi.org/10.1007/s10901-005-9019-0.

Piller, F. T. (2004). Mass customization: Reflections on the state of the concept. The International Jour-
nal of Flexible Manufacturing Systems, 16, 313-334.

Piller, F. T., Moeslein, K., & Stotko, C. M. (2004). Does mass customization pay? An economic
approach to evaluate customer integration. Production Planning & Control, 15(4), 435-444. https://
doi.org/10.1080/0953728042000238773.

Pine, B. J., II. (1994). Personalizando produtos e servigos : Customizag¢do maciga. . Makon Books do
Brasil.

Rietveld, J. (2018). Creating and capturing value from freemium business models: A demand-side perspec-
tive. Strategic Entrepreneurship Journal, 12(2), 171-193. https://doi.org/10.1002/sej.1279.

Rose, J. M., Bliemer, Mi., & C. J. . (2009). Constructing efficient stated choice experimental designs.
Transport Reviews, 29(5), 587-617. https://doi.org/10.1080/01441640902827623.

Salvador, F., De Holan, P. M., & Piller, F. (2009). Cracking the code of mass customization. MIT Sloan
Management Review, 50(50315), 70-78.

Schoenwitz, M., Naim, M., & Potter, A. (2012). The nature of choice in mass customized house building.
Construction Management and Economics, 30(April), 203-219.

Schoenwitz, M., Potter, A., Gosling, J., & Naim, M. (2017). Product, process and customer preference align-
ment in prefabricated house building. International Journal of Production Economics. https://doi.org/
10.1016/j.ijpe.2016.10.015.

Sillano, M., de Ortizar, J., & D. . (2005). Willingness-to-pay estimation with mixed logit models: Some
new evidence. Environment and Planning A, 37(3), 525-550. https://doi.org/10.1068/a36137.

Silveira, G. D., Borenstein, D., & Fogliatto, H. S. (2001). Mass customization : Literature review and
research directions. International Journal Production Economics, 72(49), 1-13.

Squire, B., Readman, J., Brown, S., & Bessant, J. (2004). Mass customization: The key to customer value?
Production Planning & Control, 15(4), 459—471. https://doi.org/10.1080/0953728042000238755.
Tillmann, P. A., & Formoso, C. T. (2008). Opportunities to adopt mass customisation — a case study in the
Brazilian house building sector. Proceedings for the 16 Annual Conference of the International Group

for Lean Construction, 447-458.

Train, K. (2016). Mixed logit with a flexible mixing distribution. Journal of Choice Modelling, 19, 40-53.
https://doi.org/10.1016/j.jocm.2016.07.004.

Train, K., & Weeks, M. (2005). Discrete choice models in preference space and willingness-to-pay space.
In: A. Alberini & R. Scarpa (Eds.), Applications of simulation methods in environmental and resource
economicsa (pp. 1-17). Dordrecht: Springer.

Valenca, M. M., & Bonates, M. F. (2010). The trajectory of social housing policy in Brazil : From the
National Housing Bank to the Ministry of the Cities. Habitat international, 34, 165—173. https://doi.
org/10.1016/j.habitatint.2009.08.006.

Vasanen, A. (2012). Beyond stated and revealed preferences: The relationship between residential prefer-
ences and housing choices in the urban region of Turku, Finland. Journal of Housing and the Built
Environment, 27(3), 301-315. https://doi.org/10.1007/s10901-012-9267-8.

Woodruff, R. B. (1997). Customer value: The next source for competitive advantage. Journal of the Acad-
emy of Marketing Science, 25(2), 139-153.

Zogaj, S., & Bretschneider, U. (2012). Customer integration in new product development: A literature
review concerning the appropriateness of different customer integration methods to attain customer
knowledge. ECIS 2012 - Proceedings of the 20th European Conference on Information Systems.
doi:https://doi.org/10.2139/ssrn.2485240.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer


https://doi.org/10.1007/s10901-014-9402-9
https://doi.org/10.1016/j.habitatint.2003.11.005
https://doi.org/10.1016/j.habitatint.2003.11.005
https://doi.org/10.1007/s10901-019-09681-z
https://doi.org/10.1007/s10901-019-09681-z
https://doi.org/10.1007/s10901-005-9019-0
https://doi.org/10.1080/0953728042000238773
https://doi.org/10.1080/0953728042000238773
https://doi.org/10.1002/sej.1279
https://doi.org/10.1080/01441640902827623
https://doi.org/10.1016/j.ijpe.2016.10.015
https://doi.org/10.1016/j.ijpe.2016.10.015
https://doi.org/10.1068/a36137
https://doi.org/10.1080/0953728042000238755
https://doi.org/10.1016/j.jocm.2016.07.004
https://doi.org/10.1016/j.habitatint.2009.08.006
https://doi.org/10.1016/j.habitatint.2009.08.006
https://doi.org/10.1007/s10901-012-9267-8
https://doi.org/10.2139/ssrn.2485240

82

5 Menu-Based Choice models as a strategy to support value generation in

housing customisation (Paper 3)

Submited to the Journal of Housing and the Built Environment in 06 October 2021.

Cynthia dos Santos Hentschke (cynthiahentschke@gmail.com). Porto Alegre: UFRGS/EE/PPGCI, 2021



117

6 CONCLUSION

The divergence between the increasing diversity of customer's requirements and the adoption of
traditional housing provision strategies is the practical problem addressed in this investigation. MC
strategies and customer integration were chosen as the theoretical background to tackle such
problems. This investigation has focused on providing decision making support to enable customer
integration in MC rather than on the development of configurators or digital tools. Therefore, the
objectives of this doctoral thesis encompass: (i) to propose a framework of decision categories for
customer integration and for devising the scope of customisation to support the definition of
housing MC strategies, (ii) to devise a method for capturing customers demands to support the
solution space definition by combining a stated choice, a WTP approach, and cost estimation (iii)
Propose a method for capturing customers’ demands for housing customisation based on MBC and

a WTP approach.

One of the outcomes of this investigation was a framework of decision categories related to
customer integration and defining the scope of MC strategy (Chapter 3). Such a framework was
built upon an overview of essential decisions and practices for integrating customers and defining
the scope of MC for housing. Some of the decision categories were proposed by previous studies
and refined in this investigation (e.g. solution space, level of customisation, visualisation
approaches), and some were original contributions (e.g. knowledge management and customer
interaction and relationship). In addition, a list of practices was compiled, which can support the
assessment of MC strategies and customer integration and serve as guidance for refining or defining
new strategies. This research stage provided background knowledge considered in the development
of the artifact.

The main outcomes of this investigation are two methods for capturing customers demands for
housing customisation; their similarities and differences are explained in Table 7 comparison
between Method 1 and Method 2. The first method was developed based on stated choice,
preference models and a willingness-to-pay approach and proposed a way for balancing customer
value and operations costs (Chapter 4). It was tested in an exploratory study with a sample of

potential customers from MHML program. Its limitations included assessing a small number of

A Method For Capturing Customers’ Preferences For Housing Customisation



118

attributes focussing exclusively on the customisable ones, a limited number of product alternatives,
a small sample size, and the implementation in a hypothetical context. However, a key advantage
of the first method is the WTP profile graphic, which enables decision-makers to see all product
alternatives, their buying propensity, prices, cost, and profitability to support solution space

definition.
Table 3 comparison between Method 1 and Method 2
First Method Second Method
Stated preference Stated Choice Menu-Based Choice
technique
Focus Product alternatives Attributes

Context understanding Based on the literature and Based on Semi-structured interviews,

secondary data document analysis, meetings
Identification of Based on the literature and Identification based on semi-structured
Relevant attributes secondary data interviews, document analysis, and in the
literature;

Organisation and prioritisation of attributes
in a hierarchical way and rated on a scale

based on Kano’s model.

Experiment planning Full factorial, Blocked Three experiments
Choice Choice
Two stimulation stages One choice task per menu
Data collection Online survey Online Survey
Survey monkey Sawtooth Software
Customer  preference Logit model Aggregate Logit model
modelling Hierarchical Logit Model
WTP Estimation Logit-based model applied by Price sensitivity analysis
product alternative
WTP Representation S-Curve Profile graph of all product Interaction Plots of the price sensitivity
alternatives analysis by attribute

The second artifact was based on MBC, preference models and another WTP approach (Chapter

5). The adoption of MBC is still recent and sparse, so it was adapted and applied in housing for the
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first time in this investigation. It was tested and refined in an empirical study with potential
customers from a residential building company from south Brazil. Focussing on the attributes has
a twofold effect on the contributions of the second method: it enables the assessment of each
attribute’s value and effects; however, it limits the perception of the housing product as an integral
solution. Another limitation of the method included the decompositional approach adopted for cost
and price estimates, which might need more robust cost models to be adequate for housing products

peculiarities.

Another contribution that emerged from the implementation of the second method was the
hierarchical structure of attributes. New categories of attributes regarding the surrounding areas
and the residential environment were combined with some categories regarding the housing parts
existing in the literature, assisting the organisation and grouping of attributes according to the scale
of the product part and decision sequence for a new home. The hierarchical structure supported the
experiment planning, enabled the hierarchical modelling of customers preferences, and can be used

to assess different housing solutions from other companies and contexts.

The two approaches for modelling customers willingness-to-pay from both methods, resulting in
profile graphs (see figure 7, Chapter 4) and price sensitivity interaction plots (see figure 10, Chapter

5), configure other contributions to the field of knowledge of this investigation.

For evaluating the utility of the solution, some criteria were defined for each research outcome.
The decision categories and practices were accessed during discussions with company P according
to some predefined criteria regarding its potential for (i) underpinning the assessment of decision
categories, (ii) supporting the understanding of MC related concepts and fundamental ideas and
(iii) defining MC strategies, in terms of customer integration. Both decision categories and
practices enabled the assessment of the strategy in two different moments during the empirical
study, resulting in the identification of improvement opportunities and incentive to refine the
strategy. Discussions with the company representatives reflected on improving their understanding
of MC underlying ideas, facilitating their daily routine and collaboration between sectors.
Furthermore, the discussions regarding decision categories brought to light many relevant aspects
of customer integration, including (i) making explicit the customisation offers for customers and

their role in the customisation process, and (ii) how professional guidance during configuration can
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help to increase satisfaction and to building a trustworthy relationship between customer and

company.

The utility of the methods was evaluated based on the following criteria: (i) support decision-
making regarding the definition of the solution space; (ii) support for identifying improvements
and defining standard housing products or parts; and (iii) support decision-making regarding the
balance between customer value and operations costs. The first method was evaluated internally,
and the second one based on discussions with company W, perceptions from the leading researcher,
and existing literature. Furthermore, the second method was also evaluated regarding its utility to
support the development of recommendation systems, and applicability. The applicability
evaluation concerned the ease of use and reuse of the questionnaire and hierarchical model for

housing attributes.

Both methods successfully identified the preferred customisable attributes, and for each of them
customers were willing to pay, considering their respective samples. Such information compared
with operations costs and prices supported the suggestion of items to compose case-specific
solution spaces. In terms of the support for defining stardardised parts of the housing product, the
second method has a major potential by considering the housing solution from a holistic perspective
and identifying preferences regarding different levels of the housing solution. According to
company W representatives, the identified attributes and preferences can support the process of
defining new residential developments in early phases such as briefing and architectural
programming. A limitation of both versions' instantiation was their small sample sizes, and
consequently, the results have limited potential for creating recommendations. Nevertheless, the
utilities and relationships found can be confirmed by applying the method in larger samples of
customers or extrapolated by simulating data or using machine learning tools, as Tan et al. (2020)

suggested.

The theoretical contributions of this investigation have been discussed regarding the existing
literature in chapters 3, 4 and 5. Most of the contributions emerged during the empirical studies,
inspired by the literature aiming to solve practical problems identified. For instance, the knowledge
management decision category was strongly related to practical problems identified in the

empirical study in company P, such as the lack of communication between sectors and with

Cynthia dos Santos Hentschke (cynthiahentschke@gmail.com). Porto Alegre: UFRGS/EE/PPGCI, 2021



121

customers. Another example regards the adaptation of MBC for housing and the proposition of the

hierarchical structure of housing attributes, which emerged during the implementation in company

W. By contrast, the first version of the method for identifying customer demands for mass

customised housing was more heavily grounded in the existing literature. Especially regarding the

proposition of a combination of choice-based preference models and a WTP approach and the

development of the logistic regression model.

Some suggestions for future research that emerged from this investigation:

Vi.

To implement the method for capturing customers’ demands for customised housing to

support the solution space definition in other contexts, companies and markets.

To further investigate customers' perception of value for customisation, including
expanding the understanding of their willingness to pay and the underlying values and
motivations for choice. Also, to explore the effects of enjoyment and “authorship” of

configuring your own product on the perception of value.

To develop further guidance for implementing the framework of decision categories for

customer integration and definition of MC scope.

To further explore the interfaces between customer integration, design, and operations to
obtain a holistic perspective of the MC strategies. This investigation proposed a specific
framework for customer integration; therefore, there are still opportunities for developing

product design and operations specific frameworks.

To further explore and assess existing relationships between decision categories, such as
the solution space and level of customisation categories. Another opportunity would be to
investigate more deeply newly proposed decision categories and or ones that have been

little explored in the literature, such as knowledge management and configuration sequence.

To devise and refine recommendation systems for housing based on customers' preferences

that can be embedded in choice menus, configurators, or based on surveys.
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vii.  To explore new concepts and tools that can provide support for customer integration and
facilitate the adoption of MC strategies in construction, such as big data, information-driven

decision making, and industry 4.0.
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