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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 28th CIRP Design Conference 2018. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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grouped into 29 module driver categories spanning 6 value chain steps.

© 2021 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
Peer-review under responsibility of the scientific committee of the 54th CIRP Conference on Manufacturing System.

Keywords: module driver; modular function deployment (MFD); modularity; product design; review

1. Introduction

With the increased fragmentation of markets into ever
smaller segments, companies must be capable of efficiently ac-
commodating this need for more variants to stay competitive.
Designing products made up of interchangeable modules have
proven to be a successful approach to offer high product va-
riety at relatively low costs in a multitude of industries [e.g.
14, 7, 21, 23]. One such approach to modular product design is
the Modular Function Deployment (MFD) method, originally
developed by Erixon [6] and colleagues. This method is ar-
gued as being particularly useful for practitioners [8, 4, 12] and
has seen successful adoption in industry [7]. The central part
of this method is the generation of module candidates based
on expected benefits, so-called module drivers (MDs). In MFD,
product designers take outset in selected technical solutions and
rate these against the MDs. The objective is to identify pos-
sible modules by integrating or isolating technical solutions.
In its original form MFD includes 12 MDs spanning a typi-
cal product life cycle. [6] Since the original research on MFD
and MDs, numerous studies have been published applying [e.g.
15, 5], adapting [e.g. 22, 10] or extending [e.g. 3] the method for
various purposes. Despite the interest in adapting MFD, many
of these studies rely on the original 12 drivers, although some
propose additional drivers [e.g. 1, 20]. The addition of more

MDs to MFD points to an apparent need to cover motivations
for design of modules not covered by the original drivers. As
these additional MDs are spread across numerous publications,
researchers and practitioners embarking on a modular product
design project may not be aware of these other drivers nor be-
come aware of them without extensively reviewing the liter-
ature. While Erixon [6] has always argued that MFD should
be adapted to the specific context, including the specific MDs
adopted, the knowledge of practitioners and researchers may
impose limitations regarding how comprehensive a set of po-
tentially relevant MDs they may identify. Thus, to aid practi-
tioners and researchers alike, a comprehensive set of MDs may
result in both the identification of relevant drivers not immedi-
ately considered by the design team as well as facilitate probing
of alternative MDs based on inspirations from such a collection
of MDs.

The objective of this study is, therefore, to synthesise a com-
prehensive set of MDs relevant to anyone pursuing modular
product design through MFD, or modular product design in a
broader sense, through a review of previous research on MDs.
To accomplish this, the remainder of this paper is structured as
follows. Section 2 describes the methodology applied for this
study followed by Section 4 which presents the findings from
the analyses described in the former section. Lastly, Section 5
and Section 6 discuss and conclude on the findings of this study,
respectively.2212-8271© 2021 The Authors. Published by Elsevier B.V.
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2. Methodology

To gather and synthesise the knowledge on MDs generated
since the introduction of the MFD methodology, a literature
review on the subject was performed and the results analysed
to form a revised set of generic MDs applicable to companies
seeking to design or re-design modular products. The method-
ology for this study is structured according to the following ma-
jor aspects:

1. Perform literature review
2. Define module driver grouping framework
3. Analyse and map MDs to individual categories
4. Summarise results as revised set of MDs

The following subsections describe the approach applied for
each of the listed steps.

2.1. Literature review methodology

The literature search was done in Scopus and Web of Sci-
ence using the search string ”((module OR modular) NEAR/3
driver) AND product AND development”. In total, 62 papers
were retrieved across both search engines. Backwards refer-
ence search of selected papers produced an additional 7 results
for a combined 69 papers. Following title-abstract screening of
these, 27 papers were deemed relevant for further review. This
set was subsequently reduced to 19 papers following full paper
screening. An additional 2 papers, not identified by the liter-
ature search, were added based on the authors’ knowledge of
the topic. In total, the literature pool for this study comprised
21 papers. The papers were then subjected to full paper reviews
and relevant module driver data was extracted and coded into an
Excel database. Key data points extracted include module driver
categories, MDs, and module driver descriptions. The database
consists of 230 MDs from 21 papers published between 1996
and 2020.

2.2. Module driver grouping framework

The first step in the creation of a revised list of generic MDs
is to define the overall framework within which the MDs are
to be grouped. Whereas Erixon [7] originally structured MDs
along the product life cycle, this study takes a slightly different
approach by adopting a value chain perspective on MDs. The
value chain was introduced by Porter [17] in the 1980s and rep-
resents “the full range of activities which are required to bring a
product or service from conception, through the different phases
of production [...], delivery to final customers, and final disposal
after use.” [9] The benefit of adopting a value chain perspec-
tive, as opposed to the original categories proposed by Erixon
[6], is the closer relation to the individual steps of the product’s
life cycle and the corresponding organisational functions and
how they might relate to product design decisions. This likewise
provides a potentially greater coverage when forming module
driver categories. The following generic value chain steps are
adopted:

• Product development
• Inbound logistics
• Manufacturing
• Outbound logistics
• Marketing and sales
• After sales

Module drivers in the “Product development” value chain
step are naturally concerned with how product design decisions
may impact development activities. Likewise, the “Inbound lo-
gistics” value chain step focuses on reasons for designing mod-
ules, which may impact this aspect of logistics in the company.
The same reasoning applies to the rest of the value chain steps
and demonstrate their relation to modular product development
decisions.

2.3. Mapping and analysing module drivers

Categorisation of the more than 200 module drivers col-
lected was performed according to the following process: First,
existing module drivers and their containing categories from lit-
erature were mapped into their relevant value chain step. Then,
for each of the six value chain steps, duplicate and redundant
MDs were identified and removed from the data set. Still focus-
ing on the individual value chain step and its comprising MDs,
the next step grouped related drivers to form new module driver
categories. The analysis of relation between MDs was based on
their focus. For example, MDs focusing on different product
customisation aspects such as performance or aesthetics would
be grouped into an overarching “customisation” category.

2.4. Synthesising driver categories and individual drivers

The final aspect is the combined hierarchical representation
of MDs within their module driver categories. The hierarchy
can be described as: a module driver belongs to a module driver
category which belongs to a value chain step. Visually, this
generic structure can be illustrated as in Figure 1.

Service and 
maintenanceUpgrading Material

Module driver 
category n

Value chain 
step 6After sales

Product re-
invigoration

Product 
end-of-life

...

...

...... Module driver nService and 
maintenanceUpgrading Material

Module driver 
category n

Value chain 
step 6After sales

Product re-
invigoration

Product 
end-of-life

...

...

... Module driver n

Fig. 1. A generic representation of a module driver category and individual
driver hierarchy.

Figure 1 demonstrates how the “After sales” group origi-
nally proposed by Erixon [6] contains the individual MDs “Up-
grading”, “Service and maintenance”, and “Material”. These
individual MDs could, for example, be consolidated into the
module driver categories “Product end-of-life” and “Product re-
invigoration”. This hierarchical representation provides an eas-
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ier overview of MDs and their relation to individual organisa-
tional aspects and facilitates a broader perspective on the poten-
tial benefits from adopting modular product designs.

3. Distribution and development of module drivers

This section presents descriptive analyses of the literature
reviewed in terms of the coverage and trends of the identified
module drivers. The distribution of MDs across the six different
value chain steps is shown in Figure 2. It is evident that there is
an uneven distribution of the number of MDs within each cate-
gory. Most represented are the drivers related to Product devel-
opment, accounting for 37 % of the total. This is significantly
more than the second most frequent category, After sales, with
25 %. By far, the least frequent category is Outbound logistics
with only one MD identified.

Fig. 2. Distribution of identified number and different phrasings of MDs across
the value chain steps.

Figure 2 shows a clear difference between the total number
of MDs identified and the number of unique drivers across the
six value chain steps. This is primarily because several stud-
ies merely adopt the same 12 MDs and names as Erixon [6],
even though their descriptions may vary slightly. This also im-
plies that the value chain steps with the largest number of new
and diverse MDs are the ones where the ratio between the to-
tal number of MDs and different descriptions of these is closest
to 1,0. The interesting steps from this perspective are the Mar-
ket and Inbound logistics categories with ratios of 1,0 and 0,87,
respectively. This indicates that the MDs in these steps varies
considerably more than is the case for e.g., Product develop-
ment with a ratio of only 0,52.

Although it is perhaps not surprising that the frequency dis-
tribution of MDs is heavily skewed towards the Product devel-
opment step, the After sales step is the second most represented,
even surpassing manufacturing-related MDs. The increased fo-
cus on sustainability in recent years, would corroborate an in-
creased attention to such aspects. Nevertheless, Figure 3 shows
that despite a volatile first decade, the number of unique After
sales drivers follow the trend of the other drivers relatively close
over the remainder of the period covered. Consequently, there
are no indications of a markedly increased attention towards

this category of MDs in recent years. The relatively higher num-
ber of After sales MDs is interesting as the typical benefits, and
thus underlying motivation for pursuing modular product de-
sign, relate to product development and manufacturing aspects
in particular [e.g. 21, 14].

Fig. 3. The trend in rate of new module driver introductions over the period
analysed. Year 1996 represents index 100.

4. A revised set of module drivers

In this section, the results from categorising and grouping
MDs into existing as well as novel categories according to the
hierarchical framework, shown in Figure 1, are presented.

4.1. Product development

The MDs related to product development are plentiful in lit-
erature. In total, 6 different categories comprising 16 underlying
drivers have been identified:

Customisation If components are used to accommodate vari-
ety in the product based on customers’ needs, forming a
module from these components may be beneficial [23, 1].
This customer-driven product variety may concern differ-
ent technical specifications [e.g. 6, 12, 5] or aesthetically
driven attributes [e.g. 6, 3]. Variety may also be achieved
along a third dimension: different functionality [11].

Technological evolution For components affected by continu-
ing evolution of their fundamental technology, isolating
these into modules may prove beneficial [e.g. 6, 16]. This
refers mainly to external forces innovating technologies
[e.g. 12, 1] and is furthermore relevant for risk manage-
ment in product development [1].

Product planning Relates to incremental changes due to cost
reductions [12, 11], performance improvements [5, 12],
introduction of new product options [6, 3] or product
innovation [20]. Regardless of the underlying cause, if
changes are planned for components, forming modules
from these may prove beneficial.

3
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Carry-over Focuses on reusing technologies [12] or compo-
nents [e.g. 6, 5] over multiple product or platform gener-
ations. Components that are feasible to re-use over time
are considered beneficial and would benefit from forming
a module.

Time-to-market Formation of modules from components that
can be developed separately or in parallel [1] would have
a positive influence on the product development lead time
[11]. This may also be positively affected by forming
modules from components that have similar product de-
velopment lead times [20].

Regulations Components which are affected by different reg-
ulatory requirements [13], for example concerning safety
[10], may be beneficial to group into modules.

Of the above-listed drivers, 13 have been proposed after the
publication by Erixon [6]. These newer drivers are mainly ex-
tensions to the original driver categories, yet Regulations and
Time-to-market appear as new categories. Thus, a relatively
small fraction, 19 %, of drivers in this value chain step stem
from the original work by Erixon [6]. This could indicate that
researchers have identified additional or more specific benefits
of modular product design, which may impact the development
phase in particular.

4.2. Inbound logistics

The inbound logistics category represents the second least
populous value chain step, with just two driver categories and
three individual drivers.

Strategic supplier available The use of a trusted [23] or
strategic supplier which may possess specific capabilities
or can take advantage of developing and/or manufactur-
ing complete modules can be beneficial [e.g. 6, 12, 3].

Purchasing Dealing with a single large supplier rather than
multiple smaller ones for components may reduce ad-
ministrative costs associated with purchasing and logis-
tics [6, 5], thus grouping components into modules deliv-
ered by a single supplier may be beneficial.

Among the 57 % of papers in the study mentioning the use
of strategic suppliers, there is considerable consensus of the fo-
cus of this MD. All descriptions appear as variations on the
same theme i.e., to outsource development and manufacturing
of multiple components and in return purchase a single com-
plete module. Only Erixon [6], and later Borjesson [5], note the
potential for reducing administrative and logistics costs associ-
ated with sourcing complete modules from suppliers.

4.3. Manufacturing

Related to manufacturing, 8 different module driver cate-
gories and 15 individual drivers were identified, covering var-
ious aspects such as quality assurance, processing capabilities,
and inventory management. The MD categories and individual
drivers are:

Common process Components that rely on a similar manu-
facturing technology [11, 25] or process [6] may benefit
from being combined into a module. This may also apply
to components for which the work content is suitable for
a group or team [12, 6].

Common unit If components can be used across the entire
product assortment, improved economies of scale in
manufacturing are expected [11]. Consequently, forming
modules from such components would be beneficial [e.g.
6, 23, 16, 5].

Separate testability Individual and separate testing of product
functions prior to product assembly is considered benefi-
cial [e.g. 6, 12, 1] and is thus a driver for forming modules
to facilitate product quality assurance.

Special process requirements For components that require
special handling, skills, tools [2], or processes [16, 2],
isolating these to individual modules may prove benefi-
cial.

Automation If automated assembly of components is possible,
grouping these into a module may facilitate automated
production [6, 2].

Production lead time For components which have a signifi-
cantly longer lead time than average, delegating these to
an individual module may prove beneficial [6, 2].

Storage If components have special storage requirements
forming a module from these components may be ben-
eficial [2].

Late differentiation point If components may be used to dif-
ferentiate the product late in the production process,
forming a module from these would facilitate delayed
differentiation strategies [1].

Of the above-listed drivers, almost half, 47 %, are not men-
tioned by Erixon [6], yet most fall under existing MD cat-
egories. Only Storage and Late differentiation point are new
driver categories.

4.4. Outbound logistics

For outbound logistics, a single MD and driver category has
been identified.

Transportation Wee et al. [24] suggests transportation of
components as a MD. It would be beneficial to form mod-
ules from components which have similar transportation
requirements.

This value chain step is sparsely covered in literature, as in-
dicated by the single MD and single source. The MD relates
originally to construction industry [24], yet no definition of the
driver is presented. It would, however, be expected that this
driver could see use in industries using hazardous materials or
physically large structures.
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Carry-over Focuses on reusing technologies [12] or compo-
nents [e.g. 6, 5] over multiple product or platform gener-
ations. Components that are feasible to re-use over time
are considered beneficial and would benefit from forming
a module.
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Time-to-market appear as new categories. Thus, a relatively
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of modular product design, which may impact the development
phase in particular.
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three individual drivers.
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or can take advantage of developing and/or manufactur-
ing complete modules can be beneficial [e.g. 6, 12, 3].

Purchasing Dealing with a single large supplier rather than
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ministrative costs associated with purchasing and logis-
tics [6, 5], thus grouping components into modules deliv-
ered by a single supplier may be beneficial.

Among the 57 % of papers in the study mentioning the use
of strategic suppliers, there is considerable consensus of the fo-
cus of this MD. All descriptions appear as variations on the
same theme i.e., to outsource development and manufacturing
of multiple components and in return purchase a single com-
plete module. Only Erixon [6], and later Borjesson [5], note the
potential for reducing administrative and logistics costs associ-
ated with sourcing complete modules from suppliers.
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Related to manufacturing, 8 different module driver cate-
gories and 15 individual drivers were identified, covering var-
ious aspects such as quality assurance, processing capabilities,
and inventory management. The MD categories and individual
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Common process Components that rely on a similar manu-
facturing technology [11, 25] or process [6] may benefit
from being combined into a module. This may also apply
to components for which the work content is suitable for
a group or team [12, 6].

Common unit If components can be used across the entire
product assortment, improved economies of scale in
manufacturing are expected [11]. Consequently, forming
modules from such components would be beneficial [e.g.
6, 23, 16, 5].

Separate testability Individual and separate testing of product
functions prior to product assembly is considered benefi-
cial [e.g. 6, 12, 1] and is thus a driver for forming modules
to facilitate product quality assurance.

Special process requirements For components that require
special handling, skills, tools [2], or processes [16, 2],
isolating these to individual modules may prove benefi-
cial.

Automation If automated assembly of components is possible,
grouping these into a module may facilitate automated
production [6, 2].

Production lead time For components which have a signifi-
cantly longer lead time than average, delegating these to
an individual module may prove beneficial [6, 2].

Storage If components have special storage requirements
forming a module from these components may be ben-
eficial [2].

Late differentiation point If components may be used to dif-
ferentiate the product late in the production process,
forming a module from these would facilitate delayed
differentiation strategies [1].

Of the above-listed drivers, almost half, 47 %, are not men-
tioned by Erixon [6], yet most fall under existing MD cat-
egories. Only Storage and Late differentiation point are new
driver categories.

4.4. Outbound logistics

For outbound logistics, a single MD and driver category has
been identified.

Transportation Wee et al. [24] suggests transportation of
components as a MD. It would be beneficial to form mod-
ules from components which have similar transportation
requirements.

This value chain step is sparsely covered in literature, as in-
dicated by the single MD and single source. The MD relates
originally to construction industry [24], yet no definition of the
driver is presented. It would, however, be expected that this
driver could see use in industries using hazardous materials or
physically large structures.
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4.5. Market

Market-related MDs are divided into 7 driver categories
comprising 17 individual drivers, covering different demo-
graphic parameters.

User perception Similarities in attitude or loyalty towards a
product, or perceived benefits [16] of said product, can
provide beneficial reasons for forming modules from
product elements. [18]

User geographic Consumer needs may differ depending on
their specific area, region, or even the size of the city
they live in. Thus, forming modules based on groups of
consumers sharing similar geographical features can be
beneficial. [18]

User skills Grouping elements based on the proficiency of
users may provide benefits. The proficiency or skills of
a user can be related to their level of instruction, use fre-
quency, or knowledge level of the product. [18]

User biologic parameters It may be beneficial to form mod-
ules from elements for which users share age or gender
[18].

User social status The social status of a user may provide ba-
sis for beneficial grouping of product elements. The so-
cial status of a user can be related to their occupation, life
style, or life cycle phase. [18]

Culture and tradition The specific culture or traditions of
users may provide a beneficial basis for grouping prod-
uct elements. [18]

User financial status Grouping product elements based on the
income of users or their households may prove beneficial.
[18]

Whereas the Inbound logistics category had widespread
recognition in literature, but only few drivers, the Market cate-
gory appears opposite as this category is comprised of only two
papers with a relatively high number of proposed MDs.

4.6. After sales

The following 5 driver categories and 16 individual MDs re-
lated to After sales have been identified:

Material recycling Forming modules from components may
be beneficial in relation to recycling for different reasons.
Drivers include similarity of type [12, 1], compatibility
[25, 26, 6], value [3], hazardousness [6, 12] or recycla-
bility of component materials [6, 26].

Service and maintenance Components considered wearing
parts could benefit from being grouped into modules. The
main drivers are to facilitate replenishment [1], mainte-
nance [6, 11], or repairs [1, 6, 5].

Upgradability Performing after-market upgrades on a prod-
uct is facilitated if relevant components are grouped into
modules [1, 6]. Such product upgrades relate mainly to
product performance increases [5, 12, 3] and may be
achieved through changing existing modules [5] or by
adding additional modules [1].

Component re-use Not all components in a product wear at
the same rate. For components with a similar service life
in excess of the product they are embedded in, grouping
them into modules may be beneficial [25, 26]. This is
related to re-use of the components in other products [1],
either directly or following re-manufacturing [26]

Component disposal Components which are to be disposed at
product end-of-life, may benefit from being grouped into
modules. Drivers include components destined for incin-
eration [1] or landfilling [1, 20].

Despite nearly half, 43 %, of all papers reviewed propos-
ing unique MDs related to After sales, a majority of these can
be considered extensions of categories already proposed by Er-
ixon [6]. Even so, the two categories Component re-use and
Component disposal represent different perspectives on After
sales MDs. While Erixon [6] focuses on recycling of materials,
the Component re-use drivers consider re-use of complete func-
tional units in other products, e.g., through re-manufacturing of
automotive turbochargers [19] or re-use of mobile phone sub-
systems [20].

5. Discussion

This section present discussion related to the results from
Sections 3 and 4, as well as the methodology, described in Sec-
tion 2, from which this study was realised.

In relation to Market-related MDs, these can perhaps be ar-
gued to simply be variations or elaborations on drivers from
the Product development step, such as technical specification
or styling. Nevertheless, these Market-related MDs present a
more nuanced perspective than the drivers in the product devel-
opment category. Moreover, as any successful product devel-
opment project relies on integrating various functions within
a company, including sales and marketing, these tailored MDs
may assist in translating product design motivations and poten-
tial impacts across department and professional boundaries.

The search string applied has focused on papers explicitly
focusing on drivers of modularity. This has produced a rela-
tively limited amount of papers, despite the general amount of
literature concerned with modular product design. It can be ar-
gued that an alternative search string utilising a broader per-
spective on drivers - or perceived benefits - of modularity would
have produced a larger body of search results. For example, Mo-
gensen et al. [15] investigated the applicability of MFD in the
process industry and found that certain industry specific drivers
might exist. It is, therefore, reasonable to suggest that additional
MDs could be identified by focusing on different industries.
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The aim of this review and synthesis of MDs for product
development was to be relevant for both practitioners and re-
searchers. In this perspective it can be argued whether the num-
ber of MDs identified would be infeasible for any product de-
velopment projects, as the resources required to evaluate prod-
uct designs against all MDs could prove prohibitive. It is, there-
fore, believed that to better support product designers a struc-
tured and efficient method for delimiting large sets of MDs
should be investigated.

6. Concluding remarks

This study has identified, analysed, and synthesised a com-
prehensive set of module drivers (MDs) across organisational
functions, which may impact product development decisions
and is, to the best knowledge of the authors, the first study to
contribute this.

In total, 68 different drivers of product modularity were de-
fined and categorised. To encompass as broad a scope of poten-
tial impacts from modularising products, the MDs were cate-
gorised according to a generic value chain, comprised of 6-steps
ranging from Product development to After sales. The number
of MDs identified per value chain step was between 15 to 17
for all but the Inbound and Outbound logistics steps, which pro-
duced just 2 and 1 MDs, respectively.

Researchers and practitioners alike interested in modular
product design may take outset in this comprehensive set of
MDs when investigating potential benefits from modularising
products across organisational functions. The value chain per-
spective on MDs enable practitioners to focus and prioritise
their efforts by quickly relating design decisions to organisa-
tional functions, thereby facilitating: (1) identification and se-
lection of stakeholders to include in the design process and (2)
rapid delimitation of the comprehensive number of MDs iden-
tified.

Furthermore, the relatively high discrepancy in number of
MDs for the six value chain steps may point to interesting areas
for further research into potential impacts from product design
decisions for the related organisational functions.
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