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Abstract
Purpose — This study aims to facilitate consistency of information in building information modelling (BIM)
and address the current BIM gaps through the perspectives of the productization concept and product
structure (PS).
Design/methodology/approach — The study follows a conceptual research approach in conjunction with a
single case study. First, the previous studies on BIM implementation, productization and PS are reviewed.
Further, a case study is used to analyse the current state of productization in the construction sector and
develop a functional PS for construction.
Findings — A Part-Phase-Elements Matrix is proposed as a construction-specific PS to facilitate consistency in
information and to enhance BIM. The proposed matrix provides new avenues to facilitate consistent
information exchange through the interconnection between conceptual PS and standard building objects
library, and encourage collaborative communication between stakeholders.
Originality/value — This study explores the core of the productization concept and PS as means to facilitate
consistency of information and thus address the current gaps in BIM. This as building projects progressively
move towards systematic modular and prefabricated construction where the flow of reliable information about
product and construction offerings becomes increasingly important.
Keywords Productization, Product structure, Information management, BIM, Construction management
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1. Introduction

The construction industry is fragmented and complex with only modest productivity
development (Boton et al,, 2016). The industry is inherently a loosely coupled system in which
it is difficult to develop components and systems that are suited to the situations at specific
sites because of a lack of clarity in specifications, lack of consistency and the unpredictably
changing environment (Dubois and Gadde, 2002, p. 622). There are challenges specifically
concerning the collaborative side of activities.

Building information modelling (BIM) is expected to support the digitisation of
construction and improve interoperability via structuring and managing design
information (Eastman and Siabiris, 1995; Torregrosa-Jaime et al., 2018). BIM promotes a
common environment for all information defining a building with its common parts and
activities (RICS, 2015). However, BIM has remained ineffective in practice (Azhar, 2011; Cao
et al, 2015) and many challenges rooted in processes, technology and people-related issues
prevent BIM implementation (Eastman ef al, 2008; Ma ef al., 2020). Despite continued global
standardisation efforts to assist BIM implementation, existing standards have some
shortcomings in delivering their advantages, and BIM implementation suffers as a result of |
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their inefficient application (Aram and Eastman, 2013; Patacas et al, 2015), poor
interoperability (Marzouk and Othman, 2020; Meng ef al, 2020; Stoyanova, 2020) with
other enterprise systems like Geographic Information Systems (GIS), enterprise resource
planning (ERP) and product lifecycle management (PLM) (Aram and Eastman, 2013;
Marzouk and Othman, 2020; Stoyanova, 2020); insufficient compatibility of BIM and
consistency with the needs, values and competencies of the potential adopter (Shirowzhan
et al., 2020; Son et al., 2015); unreliable data exchange (McGraw-Hill Construction, 2012); and
data ownership issues (Ghaffarianhoseini et al, 2017). Despite recent high-tech field data
acquisition systems that enable efficient access to building data (Park et al, 2021), their
integration into the BIM process to enable information flow throughout the construction
phases is complicated (Jia ef al., 2022; Schiavi et al., 2022). BIM necessitates to be enhanced to
allow consistent handling of data and to improve system integration.

Construction projects are divided into phases with their own sets of data requirements.
Versatile stakeholders and suppliers use a variety of systems (Bryde et al, 2013) where
information loss and data corruption are inevitable. Current BIM modelling often includes a
restricted set of building component data, mainly created during the design process and data
are currently collected in discrete information silos isolated and stored in different places and
formats (Costa and Madrazo, 2015). Thus, many construction firms operate in silos rather
than encouraging a more collaborative culture (Neff et al, 2010; Oraee et al, 2019).
Consequently, stakeholders and systems are not integrated and many of the key advantages
of collaborative BIM use remain unexplored, while it is emphasised that BIM’s value lies in
collaborating and optimising the information flow across project lifecycles (Eadie et al., 2013;
Razali et al,, 2019). To achieve the stated benefits, BIM requires the right type of data at the
right time for use by all stakeholders throughout the lifecycle of a construction project.

Although several BIM guidelines have been published, comprehensive plans for data use
are lacking throughout the project lifecycle and stakeholders lack access to the information
required to run the BIM efficiently (Halttula, 2020). Construction is a multidisciplinary
industry with groups of professionals who use distinct terminologies (Handford and Koester,
2019), which makes information communication challenging. As a result, a consistent data
interchange mechanism is required.

Learning from discrete manufacturing experiences is a valuable way to increase
construction industry efficiency (Bajjou and Chafi, 2020; Jupp, 2016) and achieve concurrent
construction by advanced BIM (Luo et al.,, 2020; Succar, 2010). This as the current situation in
construction is quite similar to that experienced by complex manufacturing some decades
ago (Jupp and Nepal, 2014). We attempt to address these gaps inspired by methods that have
been effectively implemented in manufacturing. Product Structure (PS) and productization
principles look very promising avenues with good potential to enable an information-centric
management approach to design and construction, enabled by BIM.

A well-designed transactional framework and concrete integration strategies, together
with information exchange between project parties play a crucial role in successful BIM
implementation and productivity improvement (Azhar, 2011; Heravi et al, 2019; Radl and
Kaiser, 2019). PS as a structured product information repository is seen as the missing link
between the BIM approach, disconnected construction processes and IT (Boton et al, 2018;
Harkonen et al.,, 2018; Holzer, 2014). PS is a structural representation of a product, giving
the outline for linking to product’s information and the backbone data, which provides
a core entity for transmitting crucial information among collaborative enterprises
(Boton et al, 2018; Liang et al., 2010); it enables platform-based production and strengthens
stakeholder engagement and cooperation from product development to marketing
(Gunzenhauser and Bongulielmi, 2007; Kiichenhof and Krause, 2020). In other words, PS
bridges the development and the offering of new products (Harkonen et al., 2015; Simula et al.,
2008). The product structure allows different types of products to be productized via a similar



logic (Lahtinen et al, 2021). PS will enable the consistent handling of data, allow transactions,
enable trust in data, and supports system integration, something not supported by
current BIM.

Productization is the systematisation of the product description, and PS is one method of
doing so. The productization concept originated from managerial texts mainly used in service
and software industries (Valminen and Toivonen, 2012). Productization is defined as the
process of converting ad hoc offerings into well-defined products using a systematic
approach (Wirtz et al, 2021). Productization also refers to the commercial and technical
modelling of the offerings according to a consistent PS (Harkonen et al,, 2017). Productization
and PS with effective production management show promising potential to consider
construction offering and improve the BIM efficiency.

Productization and PS are successful practices in the manufacturing industry, which
differ from the nature of the construction industry. Building on recent developments in the
research on the role of PS in improving BIM, and consequently PLM-ERP integration (Boton
et al., 2018; Harkonen et al., 2018, 2019a; Holzer, 2014), this study proposes a PS applicable to
the construction context as already called for by Aram and Eastman (2013) and Babic et al.
(2010). This study looks into the potential of PS and the barriers to productization and BIM
implementation while keeping in mind the fundamental characteristics of construction
projects. We propose a conceptual framework for PS. It is expected that the proposed PS will
integrate and share trustworthy information from all construction phases systematically and
consistently. The proposed PS addresses the collaborative use, something that a traditional
PS may not acknowledge enough.

The framework is developed in two stages; First, a general PS is enhanced with a
predefined building object library that allows for consistent data handling and can be
interpreted equally well by stakeholders with various professional backgrounds. This is
followed by considering collaborative stakeholder engagement as a crucial issue in successful
BIM implementation. This is addressed by demonstrating the relation between product parts,
building elements and users, to facilitate the integration of stakeholders and systems. Hence,
we propose a literature review-based framework that, when coupled with research into
productization and BIM challenges, results in a practical and effective PS for the construction
setting. The above discussion can be framed into the following research questions (RQs):

RQ1. How do the cornerstones of productization and product structure promote
information consistency and address current gaps in BIM implementation in the
construction context?

RQ2. What are current productization challenges in the construction context and how
can the existing gaps in BIM implementation be addressed?

RQ3. How can a specific PS be formed to support productization and BIM
implementation by enabling reliable information sharing between different
stakeholders?

This qualitative study is realised as a combination of conceptual research and a single case study
to collect data and review the state of the art of productization, PS and BIM implementation
gaps to shed light on how productization and PS concepts can potentially support BIM.

The article proceeds as follows: we first review the literature on BIM, productization and
product structure in Section 2 to highlight the potential of productization and product
structure to address challenges of successful BIM implementation. The above-mentioned
concepts are combined in the literature synthesis to offer foundations for a PS framework.
The research process and applied methodology are outlined in Section 3. Based on literature
results and empirical data, we propose a new conceptualisation for PS on both a general and
construction applicable level. The framework’s potential practical applicability is then
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discussed, with a focus on its contribution to successful BIM deployment (Section 4). We
conclude by outlining some key results and directions for future studies in Section 6.

2. Literature review

2.1 Challenges and gaps in BIM implementation

“BIM as a powerful but complex technology” (Kaner ef al., 2008, p. 321), is assumed to be a
solution to the inefficiencies in the construction industry (Terreno et al, 2019; Zuppa et al.,
2009). Using BIM as an object-oriented design tool can enhance component production
consistency (Wen et al., 2021) and productivity (Durdyev et al., 2021; Eastman et al., 2008). The
promise involves new opportunities by enhancing information exchange and knowledge
management (Antwi-Afari ef al, 2018) and improving executive efficiency (Eadie et al, 2013).

BIM digitally expresses the physical and functional characteristics of construction
processes and the offering but has still many challenges hindering the implementation: Issues
with information interoperability (Pauwels et al, 2017), lack of defined standards and
technical integration requirements (Eastman ef al, 2008; Gerges et al., 2017; Sun et al., 2017),
data ownership, information quality, technical interfaces, data entry accuracy and sharing of
data (Azhar, 2011; Olanrewaju ef al, 2020) are some of the technical and process-related
challenges. People-related challenges rooted in the lack of experience among project teams
and external organisations (Bryde et al., 2013; Eadie et al, 2013; NBS, 2016), the need for
responsibility in the distribution of operational development, identifying suitable times for
stakeholder engagement (Azhar, 2011), employees refusing to learn (Bryde et al, 2013;
Gardezi et al,, 2014) and cultural resistance (Eadie et al., 2013; Olanrewaju et al., 2020).

The challenges call for a well-designed transactional structure and guidelines for
information integration and exchange among involved parties (Azhar, 2011; Gerges et al.,
2017), and interoperability with other enterprise systems (Ghaffarianhoseini et al., 2017,
McGraw-Hill Construction, 2012; Sun et al., 2017) like Geographic Information Systems (GIS),
enterprise resource planning (ERP) and product lifecycle management (PLM) (Aram and
Eastman, 2013; Marzouk and Othman, 2020; Stoyanova, 2020). It is widely understood how
the collaboration of multidisciplinary and geographically separate project members through
continuous, reliable and real-time information exchange plays a key role in conflict resolution
and keeping projects on schedule and budget (Becerik-Gerber and Rice, 2010; Tang ef al.,
2020). As evidenced, a common data environment as a standardised information exchange
platform facilitates project-wide collaboration and BIM advancement (Bucher and Hall, 2020
Radl and Kaiser, 2019) Efficient BIM implementation necessitates unifying solutions for
acquiring, managing and utilising information and processes from the diverse project and
enterprise-level systems, as well as integrating them with building models (Aram and
Eastman, 2013).

The similarity between the current situation in construction and earlier with the
manufacturing industry motivates the application of well-established manufacturing
principles to construction. Well-established production methods may, however, flatten the
BIM implementation (Aram and Eastman, 2013; Dave and Sacks, 2020). Earlier studies
suggest that BIM improvements are based on Product Lifecycle Management (PLM) (Aram
and Eastman, 2013; Jupp and Nepal, 2014; Li et al., 2021; Pourzarei et al., 2020); the adoption of
Industry Foundation Classes (IFC) as the data model standard for delivering integrated
building information (Dimyadi et al, 2016; Fu et al., 2006); the implementation of situation-
based management approaches such as Last Planner (Bertelsen, 2005; Maraqa et al, 2021;
Shiti et al., 2021; Schimanski et al, 2020); proposing a central information repository as a
multi-disciplinary collaboration platform (Ding and Kohli, 2021; Hamidavi et al, 2020; Ng
et al., 2020; Singh et al,, 2011), and modularisation through conceptualising buildings as
products (Bertelsen, 2005; Sharif et al., 2022). These methods have common goals with BIM,



including process fluency, and product data integrity among multiple systems through
standardised information repository across building (product) lifecycles. Opportunities for
advancements in the way that product and productrelated data is structured in the
construction industry have the potential to provide standard contextual building blocks
similar to those found in PLM domains (Boton et al., 2018).

2.2 Productization

Productization is often used interchangeably with standardisation, systematisation,
productivisation, industrialisation and commercialisation. Productization is the
standardisation of elements of an offering (Guvendiren ef al, 2014) and concerns all
activities before a product is ready commercially (Pyron ef al, 1998). Productization is seen as
a delivery-oriented concept (Kuula ef al, 2018) that enables optimal balance between
customisation and standardisation as well as the ability to make and sell (Zhang et al.,, 2017). It
provides the necessary systematics to bring the offering under control so that company
processes can perform (Harkonen, 2021).

Productization refers to the transformation of custom, or incidental products rather
than standard ones (Leenen et al, 2012). Productization is a transformational process
where product information and materials are streamlined (Suominen ef al., 2009; Wirtz
et al., 2021), systematised and standardised through replicable methods and transparent
formats (Kankaanpaa and Isomaki, 2013). The integration of design information and
material flows into the rhythm of production has proven critical to productization
(Lehtovaara et al., 2021). Productization is seen as a process that bridges inputs and
outputs. The Transformation-Flow-Value theory proposed by Koskela (2000), sees
transformation from inputs to outputs as a flow towards fulfilling customer needs
and adding value. Productization is also defined as a transformation process from
customer-specific products (low-productized) to standard, mass-market products
(high-productized) (Morschel et al, 2007; Simula et al, 2008), where rationalisation is
necessary to produce deliverables from individual-level, tacit, abstract knowledge to
organisation-level, easier-to-communicate knowledge (Heusinkveld and Benders, 2005;
Simula et al., 2008; Valtakoski and Jarvi, 2016; Zhang ef al., 2017). The increase in the level
of productization increases the clarity over offerings, and they become more
understandable and communicable to customers (Simula ef al., 2008) and stakeholders.
Productization refers to the systematisation that enables analysing the offering and
enables dealing with the related data (Lahtinen et al, 2021).

In a product-centric view, productization covers both new product development and
marketing (Figure 1). Product management literature (Harkonen et al, 2018; Simula ef al,
2008; Tolonen et al, 2014) further split productization into technical and commercial
perspectives, or capacity-to-produce (inbound) and capacity-to-sell (outbound) activities.
Inbound activities harmonise and systemise the offering delivery process, while outhound
productization aims at improving product value for customers and providing wider product
families to satisfy needs (Simula et al, 2008). There are related needs for active product
portfolio management, including both, technical and commercial perspectives to cover
products, and product families, optimise value and strategic fit and balance the portfolio
(Tolonen et al, 2015).

Productization is strongly connected to module-based product development.
Modularisation refers to product and process structures where design elements are
divided into modules with well-defined interfaces and formal architecture (Kuula et al, 2018).
The key to achieving efficiency in the productization process involves consistent and
standardised PS (Harkonen ef al, 2017). Companies cannot make full use of their existing
systems without consistent PS and supportive data models (Hannila et al., 2019).
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Figure 1.
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2.3 Product structure (PS)

PS is commonly used in various fields as product architecture (Belkadi et al, 2016),
configuration model (Li et al, 2010; Mannisto et al., 1998), PS tree (Li et al., 2013) and modular
PS (Windheim et al, 2017). A generic PS is an organised hierarchical and structural
representation (Briere-Coté ef al., 2010; Chu et al., 2009; Heimes et al., 2020; Pinquié et al., 2015)
illustrating product’s composition and assembly relationships (Belkadi et al, 2016; Binbin
etal,2011; Christ et al., 2013; Lu et al.,, 2011; Senaltun and Cangelir, 2013). PS consists of either
abstract or physical elements (Riesener ef al, 2020; Sarinko et al., 2005), cover entire product
families, show which modules and part types or classes are used in products or product
families (Christ et al, 2013; Magnusson and Pasche, 2014; Mannisto et al,, 1998; Venkatesh,
2015). PS forms a consistent unit that can be identified and its elements replaced (Belkadi
et al., 2016), and supports managerial decision-making (Binbin et al, 2011; Zhang et al, 2017)
and collaborative workflow by maintaining up-to-date design details (Senaltun and Cangelir,
2013) so that they remain dynamic and reusable.

PS is a context-dependent basis for all product component information, including
characteristics, technical objects and product-function requirements (Christ et /., 2013; Holle
and Lindemann, 2014; Pinquié et al, 2015); where instantiated data is managed and stored
(Harkonen et al, 2019b; Tichem and Storm, 1997; Wei et al, 2019) to realise product functions
(Wu and Kimura, 2007). PS offers information on possible implementations of existing
elements in a wide variety of similar products (Christ e al., 2013). To ensure that product data
can be well handled and that change can be monitored and recorded, the product data should
be managed according to the PS (Binbin ef al, 2011).

Bill-of-Material (BOM) is the most common specific/precise PS, representing parent—child
relations between product components. BOM consists of a list of all sub-assemblies,
intermediates, parts and materials that form a parent assembly and show the quality of each
assembly needed to produce complete products (Garwood, 1997; Liu and Wang, 2013). The
terms PS and BOM can be used interchangeably in spoken language, however, “the definition
of PS is more comprehensive” (Briere-Coté et al., 2010, p. 54) and BOM generally refers to
single-level component lists required for manufacturing products (Boton ef al, 2018;
Saaksvuori and Immonen, 2008). At some point during product development, BOM is
regarded as a basic, filtered PS snapshot (Pinquié ef al, 2015).

BOMs tend to fall into two main types: Engineering Bill-of-Material (EBOM) and
Manufacturing Bill-of-Material MBOM). EBOM is the cornerstone of “as designed” PS, which
describes “what” a product is (Elhariri Essamlali et al, 2016; Tekin, 2014) and is later
converted into an MBOM. MBOM describes “how” the product is produced and assembled
(Elhariri Essamlali ef al, 2016) by maintaining manufacturing interactions through the



planning of production processes (Tekin, 2014). The processes and implementation practices
related to BOM significantly affect the integrated operation of systems like CAD, Product
Data Management (PDM), PLM and ERP (Shih, 2014). PS has been described as the most
important unit for data exchange among collaborative enterprises (Liang et al, 2010; Liu et al.,
2021) and the basis for PDM implementation. PDM enriched by a unified PS serves as a
central information repository for process and product history and facilitates integration and
data sharing among all business users dealing with products (Shih, 2014).

2.4 Literature synthesis

The existing literature on productization, PS and the gaps in the effective BIM
implementation demonstrates the embedding capabilities of product structures and
productization, which show significant potential to address BIM gaps (Figure 2).
Productization enables reliable transformation and handling of information through a
structured data model. PS provides the structure as a consistent information unit, and base
for design, building and sales processes, further enhancing the collaboration and integration
of people and systems.

2.5 PS in construction project context

PS and productization principles seem very promising avenues with good potential to enable
an information-centric management approach to design and construction, enabled by BIM.
Given that the construction industry has similarities to other discrete manufacturing
industries. This regardless of some notable differences. Despite the considerable potential of
productization and PS concepts, only a few researchers have studied them in the construction
context. A standardised product structure as an information repository has been argued to be
the missing link between the BIM approach, disconnected construction processes and
information systems (Boton et al., 2018; Harkonen et al., 2018; Holzer, 2014).

Kit-of-parts type product structure is proposed as a pre-designed and pre-engineered
digital model to provide usability for building products, flexibility for design solutions and
integration with metadata processes (Cao et al, 2021). Modelling technical and commercial
offering also suit the construction project context (Harkonen ef al, 2018). Something is needed
as BIM implementation suffers from the lack of well-designed transactional structures,
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Figure 3.
The research processes

concerns about reliable information flow and the lack of integration among stakeholders and
systems. The shortcomings need to be addressed through a construction-specific PS. The
dearth of studies in this field, and the potential of productization and PS in conjunction with
BIM challenges (Figure 2) encourage to analyse the productization concept in a real case to see
how productization and PS are defined and implemented in everyday work.

3. Method

The research method is qualitative. A qualitative study takes an interpretative, naturalistic
approach to its subject with emphasis on the socially constructed nature of facts (Wilson,
2010). Qualitative research entails the investigation and collection of a wide range of
empirical materials, including case studies, interviews, observational, historical and visual
texts. This qualitative study is realised as a combination of conceptual research and a single
case study.

The conceptual research yielded a literature synthesis on productization, PS and BIM
implementation gaps which allows interpreting the potential of productization and PS in
filling the BIM implementation gaps. Given the necessity for detailed, in-depth data collection
involving multiple sources of information (Wilson, 2010), the study follows a single case
study. The study applies the knowledge from the literature review and investigates the
potential of productization and PS in a case company. This refers to methodological
triangulation (Carter ef al, 2014) where the results from the conceptual research approach and
a case study are compared to assure the validity of the findings. Additionally, investigator
triangulation (Denzin, 2017) was used, where multiple investigators debated the
interpretation of findings during the data analysis, bringing together different
perspectives using by Gioia methodology (Gioia ef al, 2013). Building on the knowledge
acquired from the literature review and the case study, we come up with a list of challenges in
BIM and productization implementation. We used the list as criteria for developing a
construction-specific product structure in a way that fulfil the requirements stated in both
literature and case study. Then conclusions were drawn. Figure 3 depicts the key research
activities and phases.

3.1 Conceptual research
This study aims to explore the core of productization and the application of PS to facilitate
BIM implementation. To this end, the conceptual research began with a literature review on
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BIM implementation challenges. Then the potential of productization and PS were reviewed Productization

to see how those could fill the gaps in BIM implementation, as well as relevant linkages
required for the research purpose.

A procedure for identifying, selecting, assessing and synthesising literature was followed
in this study. As a result, first, a search was conducted to identify the relevant studies in line
with the research objectives. In this case, Scopus has been used as the principal bibliographic
database for article search because, with most scientific, technical and medical disciplines,
Scopus is frequently suggested as a platform for collecting and assessing quality articles
(Cavacini, 2015). Scopus includes highly selective and well-organised transdisciplinary
abstracting and citation-tracking databases and offers more advanced methods for assessing
academic publishing trends than other databases (Gasparyan et al, 2013). Despite the
advantages of the Scopus, this study uses Google Scholar as a complementary database to
reduce the publication bias (Thomé et al, 2016). For example, when evaluating collected
articles, there were cases when references in a particular publication were in good alignment
with the research objectives but did not appear due to Scopus’ search string limitations. The
authors utilised the Google Scholar database to maintain them in the research. The search
keywords were determined through brainstorming among researchers and were based on the
concepts under investigation; productization, PS and BIM implementation challenges.

Regarding productization, the keywords utilised are related to and include variations as
well as semantically relevant terms of productization, so that the keywords should appear in
the papers’ title, abstract or keywords and be limited to the final public stage and English
language. The following search strings are used to identify the relevant articles. There was no
restriction to the date and exclusion criteria for research in this area and searches were
conducted on 24th January 2020 and 208 papers are identified in this process. The process
was repeated in December 2021 to ensure the inclusion of very recent articles.

“Title” OR “Abstract” OR Keyword (“Productization” OR “Productisation”) AND (LIMIT-TO
(PUBSTAGE, “final”)) AND (LIMIT-TO (LANGUAGE, “English”)),

In addition, we built our knowledge on the concept of Productisation on the foundation of a
comprehensive systematic literature review (Harkonen ef al,, 2015) conducted previously.

Because the phrase PS is commonly used in articles whose primary focus is not on PS
itself, but rather on disciplines and purposes beyond the scope of this research, the search was
conducted in such a way that the term PS appears in the title, referring to the focus of study on
this concept. Furthermore, irrelevant subject areas are excluded to avoid misunderstandings
about PS. The following search strings are used to identify the relevant articles. There was no
restriction to the date for the research in this area and searches were conducted on 20th
February 2020 and 172 papers are identified in this process. The process was repeated in
December 2021 to ensure the inclusion of very recent articles.

“Title” (“Product Structure”) AND (LIMIT-TO (LANGUAGE, “English”)) AND (EXCLUDE
(SUBJAREA, “MATH”) OR EXCLUDE (SUBJAREA, “CHEM”) OR EXCLUDE (SUBJAREA,
“BIOC”) OR EXCLUDE (SUBJAREA, “PHYS”) OR EXCLUDE (SUBJAREA, “PHAR”) OR EXCLUDE
(SUBJAREA, “MATE”) OR EXCLUDE (SUBJAREA, “CENG”) OR EXCLUDE (SUBJAREA, “AGRT”)
OR EXCLUDE (SUBJAREA, “MEDI”) OR EXCLUDE (SUBJAREA, “PSYC”) OR EXCLUDE
(SUBJAREA, “ARTS”) OR EXCLUDE (SUBJAREA, “IMMU”) OR EXCLUDE (SUBJAREA, “NEUR”)
OR EXCLUDE (SUBJAREA, “NURS”))

Concerning the BIM implementation challenges, the same steps followed, and the following
search strings were used to ensure that the keywords appeared in the title, abstract, or
keywords of the articles and that the search was limited to the final public stage and English
language. There was no restriction to the date for the research in this area and searches were
conducted on 20th February 2020 and 178 papers are identified in this process.
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“Title” OR “Abstract” OR Keyword (“Building Information Model* implementation” OR “Building
Information Model* use” OR “Building Information Model* adoption” OR “BIM implementation” OR
“BIM use” OR “BIM adoption” AND “challenges”) AND (LIMIT-TO (PUBSTAGE, “final”)) AND
(LIMIT-TO (LANGUAGE, “English”))

After the first search phase, the abstract, main results and conclusion of all identified papers
were initially reviewed to determine their relevance to the research questions. To this
purpose, the following exclusion criteria were applied: papers that did not refer to the
research topic or were duplicate items. The retrieved articles have been read in detail and
used as the theoretical foundation of this research. A synthesis of the key concepts reviewed is
drawn as illustrated in Section 2. The synthesis contributed towards forming the initial
Sframework for a conceptual PS, the formulation of interview questions and supported during
case study interviews.

Two researchers conducted an in-depth analysis of the publications and came to an
agreement on which studies should be considered in drafting potential interview questions to
be utilised in the next stage of the research. The study applies the knowledge from the
literature review and investigates the potential of productization and PS in a case company.
As a result, the content of articles in the Productization and PS areas was reviewed to
determine how productization and PS potential may be used to improve BIM implementation.
The literature synthesis presented in Figure 2 also sheds light on the development of
interview questions 1 to 5.

Table 1 summarises the studies, including the number of identified articles and relevant
articles based on exclusion criteria, retrieved references and interview questions.

3.2 Case study
The case company was chosen based on a common interest in understanding the role of
productization and product structure in successful BIM implementation. The possibility of
gaining access also contributed. The case company is a large Finnish construction enterprise,
operations consisting of construction, and residential and commercial property development.
The company use standardised concepts and construction methods, including factory-made
modules and elements to improve the construction process and to enhance quality. Most
importantly, they apply the productization approach to their construction projects. Using
both primary and secondary data acquired from the case company, the current status of
productization and the application of product structures were thoroughly examined.
Primary data were gathered through semi-structured interviews to narrow down inquiries
(Rocco, 2003). The interview questionnaire (Table Al) was formulated based on literature
findings (Figure 2) (Mason, 2004). The semi-structured interview template was divided into
three sections. The first section consists of introductory questions on product and product
development definitions that aim to focus the interviewees on the under-discussed themes
and pave way for the study’s key objectives. The second section consists of three broad sub-
sections that examine the productization concept from its definition, content, process,
practices and outcomes from both technical and commercial standpoints. In addition,
challenges of product development and productization in construction projects were
discussed, with a particular focus on the importance of a consistent product and production
information repository. The third part of the semi-structured interview was designed to
investigate under-discussed topics as an open discussion to gather interviewees’ thoughts
and opinions on not-yet-discussed but critical issues in the construction industry regarding
challenges of productization and the lack of centralised product/production information.
The interviews concluded interviewees’ suggestions for productization improvements.
Interviewees were provided with the interview guide beforehand to allow preparing for
discussion. The interviews were recorded and transcribed to allow detailed analyses.
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Table 2.
Interviewee details

Conceptually driven purposive sampling (Farrugia, 2019) was used to select the
interviewees. This purposive sampling approach aimed to find the most information-rich
cases to provide a solid answer to the research question. To pick initial candidates for
interviews, the researchers met with the case company’s Chief Development Officer (CDO),
who has led several productivity improvements projects in the case company. The research’s
emphasis has been discussed, and potential subprocesses and activities associated with
productization and centralised product data have been identified. Then the CDO proposed a
list of potential interviewees with detailed information regarding their qualifications, their
experience and role in the case company. Researchers reviewed the list of candidates to
ensure that we are interviewing a diverse range of people with varying backgrounds and
experiences who are familiar with the topic of the research and may have differing ideas or
experiences with it. This helped to ensure that our data are balanced and accurately reflect
the opinions and experiences of the population being studied. The potential individuals were
then asked if they wanted to participate in the interviews, resulting in a rather limited pool of
candidates.

Snowball sampling (Farrugia, 2019) was therefore applied: suggestions for possible
candidates were requested from the initially identified participant pool. Suitable sample size
for a qualitative study is necessary to adequately answer the research questions (Marshall,
1996), hence four interviews were conducted with selected interviewees, including top-level
managers with extensive experience in design, procurement, construction, prefabrication and
BIM. The more specific list of interviewees’ specialisations in terms of qualification, years of
experience and current role in the case company is presented in Table 2.

The amount of gathered primary data from the interviews is seen adequate to answer the
research question. Nevertheless, the supplementary information provided by the case company
is used to support the primary data including internal materials—internal publications and
documents—and public information. The secondary material is used indirectly in search of
information related to the study objectives, which may be stated unintentionally in the
available sources. The assessed documents included the product-related bill of materials
through with the researcher had access to see how a product structure is designed in different
products and let them evaluate details about both technical and commercial perspectives.
A variety of product modules, from customer-specific to standard, are analysed to determine
the function of the unified information unit in the productization process. In this section, the
product structure and manufacturing processes of kitchen and bathroom modules, as well as

Years of experience

Years of regarding the area of

Role Qualification experience study
R&D and productization e R&D 26 26
project manager e Productization

e Product development

o BIM
BIM manager e BIM 12 7

@ Design and cost calculation
Chief Procurement officer e Sourcing and procurement 23 20

e Productization
e Product development
Factory manager e Premanufacturing at factory and 15 15
construction at the site
o Productization
 BIM




some completely finished apartments manufactured on the production plants, are reviewed Productization

for over ten products. Through related information systems such as PDM, ERP and CRM, the
company allowed access to their product and production information. This provided a full
perspective of a product’s productization, including the development phase, technical
components and commercial procedures. Furthermore, the case company’s annual report for
the past five years was studied to follow the case company’s productization and industrial
prefabrication strategies from a commercial standpoint. These reports are publicly available
and contain comprehensive information regarding industrial manufacturing and the level of
productisation of the case company’s products based on information gathered from their
factories. Overall, the product structures of 10 products are studied in detail, as well as five
annual reports totalling more than 500 pages. In addition to extensive discussion interviews,
the researchers have attempted to use the available data in connection with the study’s
objective. When additional data did not affect the coherence of the emerging concepts, clarity,
or linkages, the data collection was deemed as saturated.

3.3 Empivical data and analysis

A systematic approach was applied for analysing the gathered data to enhance the
qualitative rigour. The Gioia methodology is a systematic conceptual and analytical
discipline aligned with the grounded theory that enhances the reliability of data
interpretation and boosts plausibility and defensibility of conclusions for readers. Gioia
methodology consisting of three sequential steps shows the data structure, explaining how
the collected data were analysed in this study. The collected data were analysed by following
three sequential steps to conduct a pattern from empirical data. Data analyses were carried
out using NVivo software following the guidelines for node-based thematic analysis (Bergin,
2011) to ensure process rigour and to facilitate data management (Bazeley and Jackson, 2013).
NVivo facilities reliable coding of quotations collected from the interviews and speed up the
process of building themes across the qualitative data analyses.

A comprehensive summary of responses was produced from interview transcripts
coded and classified into a manageable number of groups based on quotation similarities.
The identified groups were given phrasal descriptions which develop “Discussed
Concepts”. Quotes in line with the research objectives were extracted, coded by phrasal
descriptions and categorised based on similarities as “Categories”. Coding focused on
determining productization challenges from both a technical and a commercial
perspective, as well as the role of centralised product/production information in
supporting productization. Finally, based on the linkages found among the identified
Categories in the previous stage, aggregate dimensions were developed to construct wider
classes that bring relevant concepts together as “synthesised productization challenges”.
Multiple investigators discussed the interpretation of the findings iteratively over the
consecutive phases of the Gioia methodology. Eventually, they all formed a data structure
(Figure 4). The empirical data from both the introductory and focused questions are
presented in the five sections that follow. Within the productization challenge section, the
data structure of the important findings of the study’s key objectives is presented and
analysed in detail.

3.3.1 Product definition. Product and related terms were defined based on the interviews,
at both industry and company levels. The product was defined mainly as a building, such as a
house, for simplicity reasons. Some gave broader definitions and mentioned the end-product
and the end-result of company activities. Each individual component, building block and
building element can also be seen as a product (sales item). Customer-oriented products were
defined as anything manufactured for customers. The products in construction projects were
primarily seen as something non-service related.

and product
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3.3.2 Product development definition. Product development is seen as the starting point of
production that aims to add value to end-products based on identified needs. Product
development is distinct from product design and is a broader concept. Product design is
known as a product-specific concept in construction that is implemented once for a particular
end-product and is not repeatedly useable for other products. Product development also
occurs once but can be used repeatedly in many end-products. Interviewees emphasised how
manufacturability, cost and a product’s commercial aspects need to be continuously
considered during the product development process.

3.3.3 Productization definition. Productization was characterised as an ongoing process in
the construction business. Productization deals with end-products’ technical, commercial and
cost aspects, starting with the concept to be produced, and continuing with designing the
required parts to create a volumetric product before it is commercially available. The
interviewees’ answers to the introductory questions demonstrated their basic understanding
of products, product development and productization, and paved the way for discussing the
study’s key objectives.

3.3.4 Productization challenges. Productization challenges in construction projects were
categorised into four main groups during the discussion: general level, lack of information
flow and reliable knowledge, managers’ incompetence, and the amount of required work and
resources.

The main productization challenges identified from a technical standpoint include lack of
standards, scattered systems, inconstant workflow and required materials. The main
commercial productization challenge was seen to involve inaccurate information provided by
distributed systems in construction projects. Such information is difficult to trust.

In addition to the identified challenges, it was mentioned that too many official criteria
result in blind offers to customers. The root causes for productization challenges were seen to
involve lack of rules for common databases, believing in one-off construction, and
fragmentation of firms within the industry.

3.3.5 Centralised product/production information. The interviewees acknowledged the
centralised product/production information unit as a key concept for productization.
An information unit including product and production information promotes productivity in



construction sites. It enhances decision-making, enabling people to learn from previous
experiences.

The main challenges of productization in construction projects recognised from empirical
data include unreliable information flow, lack of standards, scattered systems,
disintegrations, incompetent personnel and excessive criteria (Figure 4).

3.3.6 Summary of challenges hindering BIM and productization. Table 3 shows the
challenges hindering successful BIM implementation as discussed in the literature (first
column) and emerged productization challenges from empirical evidence (second column).
The results gathered from both the literature and the empirical study show similar concerns.
The challenges outlined in Table 3 could be used as criteria for evaluating the concept and
developing PS capabilities to facilitate BIM implementation.

The only challenge hindering BIM implementation that was not detected in the interviews
involves integration among stakeholders. Since the study’s objective is to propose PS to
improve both the use of BIM and productization in construction, stakeholder involvement
was also deemed in the scope. Lack of managerial competence is outside the scope and is not
addressed further. The identified common challenges clarify the expectations for the solution
to fill the gap. The following requirements (the list as criteria) represent the most important
criteria expected from the framework:

The PS shall have a standardized transaction structure that allows for logical and
consistent data flow.

The PS Facilitates the integration of people and systems.

3.4 Findings

3.4.1 Conceptual framework for PS. This research draws from both the literature and
empirical evidence to develop conceptual PS at both, general and construction-specific levels.
General PSis first presented based on the content, structure and capabilities discussed in the
literature. The general PS is further cross-checked against the literature findings and
empirical evidence to ensure the most suitable solution to the presented challenges. The
following sub-sections discuss the PS concept and the development of the construction-
specific model.

3.4.2 General-level PS. The content and essence of product structures have been discussed
in the literature in terms of hierarchical elements containing information from technical and
commercial perspectives. Figure 5 shows PS, including the hierarchical elements of the
product (left) and their respective units of information (right). This two-dimensional view of
PS provides insights into the PS through the information-flow lens.

The utilised product part of the hierarchy structure starts with the product family,
including different products, and displays alternative modules and components that could be
used in products or the product family. Depending on the detail level, the product element
could refer to various product configurations or versions. Information units correspond to the

Productization challenges (see
Gaps in BIM implementation (see Figure 2) Figure 4)

o Lack of well-designed transactional structure e Lack of standards

o Excessive criteria
e Concerns about data quality, accuracy and reliable exchange of e Unreliable information flow
info

e Lack of integration of systems and stakeholders o Disintegration
o Scattered systems
e Lack of competence and compatibility e Incompetent personnel
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Table 3.
Comparing
productization and
BIM implementation
challenges
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PS elements illustrated on the right side of Figure 5. Information on possible product variety
(product data layer) is stored as a generic PS. The next level is the assembly process layer that
includes the component descriptions required to build or order a part. At this level, BOM,
including EBOM and MBOM, describe “what” the product is and “how” the product is
produced and assembled. Detailed information on the parts that specify the characteristics
used for grouping or separating them is stored within the properties layer.

The findings indicate that PS consists of comprehensive information regarding a product
and production process with a clear structure of relations between units of detailed
information. A centralised and standardised PS makes consistent information units
accessible and easy to follow for all the stakeholders involved over the construction
project lifecycle. PS enables timely and reliable information exchange between technical and
commercial parties in an integrated and well-designed manner. These aspects show potential
to address the lack of standardised transaction structure and issues about reliable
information exchange, which have been identified as BIM and productization challenges.
Furthermore, system and stakeholder disintegration could be tackled with standardised PSs
that are simple to access and follow for all the stakeholders. This should improve the
productization of construction products. Meanwhile, the information in a PS can be tracked
and reused to enhance the flow of information between the technical and commercial sides of
the business and increase the level of productization.

3.4.3 Construction-specific PS. The case study results and the literature review support the
creation of construction-specific product structures. The capabilities of PS and the challenges
hindering BIM and productization build expectations for assessing the applicability of a
construction-specific PS. The proposed PS is expected to fill gaps in BIM and productization
by allowing for a consistent information exchange structure that will enhance stakeholder
collaboration and integration through a standard approach.

Consistent information exchange as an inherent feature of PS is discussed in this study at
a general level. Detailed, well-organised product information on parts and assembly orders
offers a consistent technical source of information and strengthens the ability to benefit from
productization. A harmonised development process, with minimal confusion and duplication
of tasks by existing systems and modules, is enabled by consistent technical information. The
flow of reliable information from technical to commercial sides of business enhances the
ability to sell the commercial aspects of construction products. This is an iterative and
dynamic information flow process from technical to commercial sides, and vice versa. With
regards to BIM implementation, the need for a well-designed transactional structure for
information integration and exchange among involved parties could be well addressed by PS.

To standardise, a general-level PS could be enriched by a construction object library.
Standard, hierarchically organised databases called “Construction Classification Systems”
that are used to provide standardised technical building objects. The objectives of the
UniFormat classification systems are in line with the objectives of this study, as they
“enhance reporting of design program information, especially for preliminary project
descriptions and performance specifications, and provide a basis for systematic filing
information for facility management, drawing on details, BIM objects, and construction
market data” (UniFormat, 2010, p. 1). In this classification system, building elements are
hierarchically grouped into three levels (Charette and Marshall, 1999) that need to be
acknowledged simultaneously to ensure that coherent, reliable and structured knowledge is
shared by various stakeholders in the construction project lifecycle.

Inspired by the Part-Template-Matrix (Christ et al, 2013), the integration of PS into a
classified object library improves the consistency of information exchange and knowledge
re-use. The Part-Element Matrix (Figure 6) is distilled from the Part-Template-Matrix (Christ
et al., 2013, p. 5) and shows PS dimensions and their interactions with the classified object
library. The approach provides the basis for systematic information flow across projects and
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adds a standard classification of elements. As a result, a consistent and standardised
database supports the PS, and simultaneously processes are integrated with information flow
traceability. The targeted standard library of construction objects consists of three layers,
including major group elements, group elements and individual elements. These levels
correspond to the PS hierarchy of products, modules and parts. The major elements of
Substructure and Shell were used based on the UniFormat classification system as examples
while illustrating the developed matrix. The red line shows which library elements are used in
specific parts. Hierarchically structured, the standard library of building objects further
facilitates efficient information exchange among stakeholders. A well-organised PS has the
potential to be used as a shared coordination unit among internal and external parties.

As illustrated in Figure 6, the line from element no. B2020 (exterior windows) goes to part
(b2) of the PS, meaning that element no. B2020 is used in part b2 to form module (b) of
product 1.

The Part-Elements Matrix can improve the reliable exchange of information and
integration to some extent, but the collaborative stakeholder engagement is also an issue in
successful BIM implementation and productization. Hence a third dimension regarding
stakeholder/user engagement might be necessary to involve different disciplines within the
construction phases (Figure 7).

The addition of a user dimension could improve the collaborative use of the proposed Part-
Elements Matrix. A new dimension referred to as the phases layer is included in the proposed
matrix. As a result, a three-dimensional Part-Phase-Elements Matrix has been formed to
demonstrate the relationships between parts, elements and users. Part-Elements Matrix
capacities form the basis and allow stakeholder engagement (phases) to enhance BIM. The
traceability of processes is improved and the need for responsible operators to ensure data
accuracy is addressed. Figure 7 illustrates the same example, adding a phases layer that
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shows stakeholder engagement in the connection between elements and the PS. In this
example, element no. B2020 is used in part b2 by User (x) in the Design phase.

4. Discussion

BIM as a common environment for construction-related information throughout the lifecycle
of a construction project shows a great promise to improve productivity. Nevertheless,
specifically the challenges in terms of the collaborative side of activities and allowing
consistent handling of data to improve system integrations should be addressed. The right
type of data at the right time for use are required for all the stakeholders throughout the
construction project. A consistent data interchange mechanism would be required. This
study provides new insights into how to facilitate BIM implementation. BIM and the evident
gaps in BIM implementation are approached through the perspectives of product structure
and productization to enable an information-centric management approach to design and
construction.

The PS and productization concepts seem to have inherent potential to address BIM
implementation challenges from the information management perspective. Specifically,
information consistency would be possible via the consistent handling of data. Trustworthy
information is necessary from all construction phases in a systematic and consistent manner.
The consistency is enabled by the structural consistency when the construction offerings are
productized according to the same logic and the structure is considered. This will further allow
transactions, enable trust in data and support system integrations, which are not supported by
the current BIM. This realisation has strengthened our hypothesis in that PS seems a promising
starting point for addressing BIM challenges in the scope of this paper. The indication that PS
acts as a standardised data model with a logical structure and is possible to be understood
equally by all seem to truly facilitate collaborative information transactions. These findings
support Boton ef al (2018) in that a central structuring backbone is required for the BIM
approach. Several concepts for structuring information are used in building projects, but the
linkage between them remains unclear. This can be seen in the challenges that BIM
implementation is facing. In this respect, this study is novel by offering a systematic view
(Input, Process, Output) over the productization definition. Productization systematises
product description and streamlines product information and materials via the product
structure. This realisation may benefit BIM implementation and the construction industry.
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The findings highlight how productization has the potential to contribute to the
systematization of the construction offering and the improvement of the efficacy of
construction activities via the PS. This may enable the integrating and sharing of
trustworthy information from all construction phases in a systematic and consistent manner.
The current BIM has been lacking in enabling consistency and truly collaborative use. The
results provide new empirical evidence to support Holzer (2014) in that PS is a central piece of
every integration system and is seen as the missing link in the BIM approach. It is in line with
Pauwels ef al (2017) in making it possible to link diverse information based on different
formats by forming a basic data structure. Similarities between the challenges hindering BIM
implementation and productization have further strengthened our confidence in PS as an
effective method of facilitating consistency in information and addressing the current BIM
gaps. The findings represent outstanding criteria expected from the PS framework. This
appears to pave the way for a gap-filling solution based on the requirements outlined in the
literature and the findings of the case study. The results point to the need for a standard
transaction structure that allows people and systems to collaborate in a rational and
consistent manner.

The development of PS seems to support productization and BIM implementation. We
created a PS at a general level first, to represent PS from the perspectives of hierarchical
product elements and the respective information units. The general level PS represents the
productization approach in the created framework from both the technical and commercial
aspects. We believe that such different lenses allow us to selectively focus on any aspect of the
PS. As far as we are aware this is the first time that the PS has been considered in detail using
the abovementioned lenses. The PS was further enhanced with aspects to make it more
functional in the construction context. A general level PS with UniFormat construction object
library was merged to respond to the need for standardized information transactions. This
resulted in a two-dimensional matrix, named as Part—Element Matrix. The Part stands for the
PS side, and the Element stands for the construction object library. UniFormat was chosen as
it serves as a common classification system for representing construction objects and allows
for the standardisation of consistent data flow. UniFormat also presents construction objects
in three levels of building elements that are well-matched to the three-layered PS on the
matrix’s other dimension. Adding to Costa and Madrazo (2015), The Part-Element Matrix
allows for more consistent parametric descriptions of products, easing their integration and
processing by BIM. The Part-Element Matrix seems to address concerns regarding lack of
defined standards (Aram and Eastman, 2013), insufficient BIM-compatible content for
integration with other enterprise systems (Bernstein, 2012) and data incompleteness
(Ghaffarianhoseini et al, 2017). The findings also facilitate more predictable and systemic
implementation of takt production in construction (Lehtovaara et al, 2021) by increasing
transparency, stability and reliability of information and process flow.

Further to address the collaborative perspective, to allow people and systems to
collaborate in a rational and consistent manner, we propose a third dimension. The three-
dimensional matrix, Part-Phase-Element Matrix, consisting of general level PS, users from
distinct phases, denoted by phase, and standard building elements dimensions. By
employing a well-structured standard library element and adding a phases layer to the
framework, this study adds dual value to the original Part-Template-Matrix (Christ ef al,
2013) by making it standardised, equally useable by all, and allowing observation and
tracking of changes. This is a significant contribution. The results share a number of
similarities with Binbin et al. (2011) by indicating that PS aids in handling product data and
monitoring and recording changes. The PS approach also supports Hall et al (2020) in
platformisation of digital manufacturing in construction, allowing the transfer and reuse of
technological and process information while promoting an integral and collaborative
approach to handling projects. The phase dimension of the Part-Phase-Element Matrix could



also add new insights into the interoperable common data environment proposed by Bucher
and Hall (2020). However, the flexibility of building and product lifecycle data descriptions
have not been investigated in this study and further studies are needed in this regard.

5. Conclusion

A unified structured unit of information is essential in BIM implementation. The value of
the proposed Part-Phase-Elements framework is derived from its conceptual and scalable
structure for defining, managing and integrating project information, which should be
transparent to everyone to address information flow issues of the BIM approach. The
proposed framework is unique in multiple ways. Existing BIM implementation standards
and protocols have a limited conceptual framework, which makes their application
challenging. The ease of use of our framework is critical for its implementation in
complicated projects by users of various backgrounds and skill levels. The proposed
framework gives a scheme of building blocks for a consistent information flow in
construction projects and simplifies the extant complex mechanism to cause fewer errors.
The framework’s uniqueness stems from using already known concepts to produce a
unified entity. The framework highlights the importance of synergy, emphasising how to
adopt a system-based perspective with the right concepts—PS — a standard building object
library — and the users — in a combination can promote flow. The framework is developed
upon empirical requirements articulated in the literature and the investigated case. Each of
the framework’s aspects, however, could be expanded to the utmost level of sophistication
to facilitate the flow of information while remaining easy to users. An additional but not
unexpected finding, not considered in the original aim, was that Productization and BIM
implementation in building projects reveal essentially identical challenges, which could be
due to their common mission in enabling integrity among multiple systems. This highlights
the importance of a unified information unit in the successful implementation of
integration-oriented approaches. More definite conclusions will be possible via further
in-depth studies.

Our framework aims to pave way for developing unique means to combine cross-
industry concepts in a systematic way, advancing the literature on productization and BIM
implementation in the construction context. We expand concurrent construction and
prefabrication literature from an information management perspective by incorporating
ramifications of productization into the BIM implementation approach. The findings
provide practitioners and researchers with a conceptual foundation for defining, managing
and integrating building project information in real-world construction projects, allowing
to investigate the validity further. While the limitations of conceptual findings and the case
study approach are recognised, this study reveals new cross-industry insights to aid
collaborative information flow in building projects. Examining more cases might be able to
further reveal the true applicability of the framework. However, the analysed company has
taken steps to achieve an industrialised operational model and have e.g. structural design
office and element factory within the same group. The proposed framework has only
undergone weak validation through discussions with relevant practitioners. In addition to
testing and validating the framework, future studies could include topics such as imposing
restrictions on user access levels and exploring the balance between individual
requirements of various stakeholders (differentiation). Also, ensuring the
standardisation and commonality of product components might prove an interesting
topic to study further. Consistent with Dubois and Gadde (2002), it is possible to further
expand on the standardisation aspect of the proposed PS to promote standardised
activities, as has tended to be the norm in other industries. A longitudinal follow-up study
will be conducted when the case company begins implementation of the industrialised
operational model.
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Appendix
Theme Main questions In view of
Productization  1- How do you define product? - in construction
- In your company
2- How do you define product development? - in your company
3- How you define productization in construction project? - Content
- method
- Process
- Practices
- Outcomes
- Challenges
4- What are challenges in product development journey and - Capacity to make
those for improving product value for customers moving froma  (fechnical side)
core product into extended product? - Capacity to sell
(commercial side)
5- How does productization suffer from lack of centralised - Content
product/process information? - Process
Table Al. - Outcomes
Interview Your ideas 6- Are there anything else that you think we should know to
questionnaire facilitate productization and information flow?
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