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Featured Application: Products based on modular design for users who design, manufacture or
assemble part of their products, such as prosumers and makers.

Abstract: Modular design is the design based on independent and connectable modules to achieve
product variety. It is an ideal tool that could facilitate the inclusion of prosumers in the creative
process. However, its evolution has focused on product development and not on end users. The
creation of a new modular design model for prosumers could respond to their needs while exploiting
the advantages of modularity. The present work analyzes the applicability of modular design in the
prosumer scope and defines a guideline for the creation of the new model. To this end, prosumer
and modular design methods are collected and analyzed throughout the previously defined design
process. The intersection between both terms is analyzed through a series of real cases and design
methods that show what the objectives of prosumers are and if the present products and methods
meet their needs. These results will establish the current and potential link between modular design
and prosumers. Finally, the objectives and stages to develop the design model based on previous
results are presented. The paper presents relevant findings such as the lack of methods in the
conceptual design phases and a guideline to ensure that the prosumer benefits from modular design.
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1. Introduction

Since the term prosumer was first coined to refer to users who assume the role
of a producer and consumer [1], several decades have passed until the technological
and social context has propitiated the development of this concept. Factors such as the
emergence of digital manufacturing, the growing trend of maker culture or the progressive
network of platforms and services have allowed the end user to be included in the creative
process through the co-creation, customization and manufacture of their own products [2].
Currently, prosumers use numerous digital tools, both individually and collectively, to be
increasingly involved in the design or manufacturing process of a product [3,4]. These
actions often respond to needs and wants related to the user, such as self-realization, but
also to external causes, such as the development of new technologies [5].

By providing users with effective and intuitive ways of production, the advances
in ICT have enabled consumers to create goods in the digital field, thus initiating their
transformation to prosumers [6]. From self-consumption to mass customization, we can
differentiate several profiles depending on whether consumption (consumer) or production
(prosumer) predominates [7]. This work focuses its attention on those users who seek the
balance between consumption and production: they create their own physical products
by buying part of them and designing/manufacturing the rest. Thanks to this balance,
this user profile does not need advanced design and manufacturing knowledge as the
product is not developed in its entirety (self-consumption). On the other hand, the level
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of production is adequate to facilitate the intervention in the creative process instead of
making only a selection of characteristics (mass customization).

Nevertheless, the use of physical tools by prosumers has been practically limited to
3D printing technologies, which have the potential to do the same as digital tools but in the
world of physical objects [6]. In this regard, modular design is design based on independent
and connectable modules that allow the configuration and variation of a product, making
the participation of the end user in the product possible. In this way, it is an ideal physical
tool that could facilitate the inclusion of the user in the creative process [8,9]. It can be
applied as a design approach tailored to build products with multiple components that
enable rapid replacement and customization. In terms of sustainability, modular design
can have a positive impact in areas such as environmental management or by prolonging
the product life cycle by offering post-market modules [10]. If we focus on the end user,
the inclusion of modular design and modules in eco-design principles has proved to be
well-received from the consumer’s perspective [11,12].

Recent studies show that the key to resolving the conflict between customization
and low cost is to implement modular design in physical products and services with the
objective of meeting user needs [13,14]. Combined with tools from the prosumer field,
such as Open Access, modular design can allow the users to produce only the modules
they need [15]. However, its benefits are not restricted only to the pre-consumption phases.
Modular design also allows changes to the product through an adaptable interface that
enables the inclusion of future updates or accessories [16]. In this way, the prosumer could
take advantage of all these characteristics to intervene in the product through the design,
manufacture or assembly of his own modules.

Despite the obvious benefits that modular design can provide in the prosumer field, the
possibility of focusing its application on this type of user has not yet been studied. Instead,
previous research and methods developed for modular design have been geared toward
developing and manufacturing the product from the company’s point of view [17-19]. This
leaves the modular design hidden from the end user, meaning that they can hardly exploit
its benefits for their own purposes either in the pre-consumption phase or during its life
cycle. When they do, it is only a consequence of modularization in which the user can
benefit from some aspect such as customization or component replacement. However,
this does not allow a high level of intervention where the user obtains a unique product
designed or manufactured by themselves.

The objective of this work is to analyze the current context in both areas and establish
a guideline to develop a model for prosumers based on modular design. This is intended
to respond to the need to cover the prosumer field from modular design by creating a new
design model that allows the end user to design or manufacture their own modules.

To achieve this, the investigation is divided into three sections. First, the process of
modular design and the creation of products for prosumers is defined. Moreover, the
current methods and tools developed in both areas are analyzed. The second section shows
the current and potential application of modular design in the prosumer scope through
a series of real cases and design methods developed in recent years. The link between
modular design and the prosumer is also defined in this section. Finally, in the third
section, guidelines are established for the creation of a new design model based on the
previous results.

2. Materials and Methods

The present work aims to show the benefits and importance of the creation of a model of
modular design focused on prosumers. The investigation begins with the separate analysis
of the modular design and prosumer methods developed to date. The compilation of these
methods was carried out in both cases through review articles of modular design [8,20] and
prosumers [21]. In the case of methods for the prosumer, due to the limited literature and
the date of the review, it was decided not to extend the search, concluding that the reference
was recent and complete enough. However, in the case of modular design, the selection of
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methods was more complex. In this case, the literature is very extensive, going beyond the
limits of this study, so it was necessary to filter the methods. To begin the selection, those
cited in the review articles were included, excluding those that were repeated. A search was
made through more reference articles; then, those that other authors considered essential for
the application of the modular design were added to the selection. After that, an absence of
methods in the conceptual design phases was detected, so the search was broadened to find
modular design methods in these phases. However, the search ended without any results.

To define the applicability of modular design in the prosumer scope, a series of
real cases and design methods were exposed. To search for cases, we started from two
previous academic works developed in this line of research that collected cases of modular
design [22] and prosumer users [3] separately, identifying those that had both in common.
Since the resulting number of cases was not representative, the search was extended
using keywords such as “customization” or “modular” in technology, industrial design
and crowdfunding platforms, such as Kickstarter, Yanko Design, Xataka and Google.
Regarding the search for methods, we established as search criteria that the method used
modular design to involve the end user in the products, whether to customize, adapt or
develop them. We conducted an exhaustive search through different databases (Scopus,
Google Scholar, Web of Science, MDPI, Science Direct) with combinations of two groups of
keywords: the first on modular design (modular product, modularity, modular design) and
the second, in reference to the prosumer (end user, prosumer, lead user, personalization,
adaptability). During the search, all results obtained under these criteria were from the
last decade because methods with these objectives had not previously been developed, so
the search was filtered by years to optimize the results found. Both the real cases and the
design methods were analyzed to finally establish the current and potential link between
modular design and the prosumer user, taking into account the needs of the prosumer and
the advantages of modular design.

3. Results

The research results are presented in three sections: the analysis of current modular
design and prosumer methods, the use of modular design in the prosumer scope and guidelines for
the creation of the new design method. Each one has its own subsections as be introduced at
the beginning of each section.

Section 3.1 analyzes separately the prosumer and modular design methods and tools
that have been developed to date. This section does not establish a direct relationship
between them but serves as a preamble to show the current context in each of the two areas.
At the beginning of the section, the design process is defined for both cases.

Section 3.2 covers the current and potential modular design—prosumer relationship.
To do this, first a series of real cases where modular design has been focused on prosumer
users is presented. Various design methods that meet the same characteristics are also
presented, encompassing modular design and prosumer from the same perspective. The
section concludes with the definition of the relationship between both terms based on the
benefits of modular design and the needs of the prosumer user.

Section 3.3 establishes a series of objectives and stages for the development of future
modular design methods focused on prosumers. The objective is to make a series of
recommendations that facilitate the creation and implementation of new design models in
this area. This section is a preliminary result—a proposal based on the previous results
that must be explored and experimented upon.

3.1. Analysis of Current Modular Design and Prosumer Methods

This analysis is carried out with a double objective: to verify in which phases of the
design process there is currently a lack of modular design and prosumer methods and to
identify what current methods can serve as a reference to correctly apply both terms. To
achieve this, the design process is defined for each case (modular design and prosumer)
and subsequently the methods are situated in these phases to perform an analysis.
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3.1.1. Definition of the Modular Design and Prosumer Processes

A diagram has been drawn up that defines in detail the process of modular design and
product creation for a prosumer (Figure 1). Some models have been taken as a reference
that divide a product’s life cycle into various phases [23-27]. Specifically, the eight phases
defined by Asimow [25,27] have been used because they provide a greater precision within
the process than the sub-phases of the general stages (preliminary design, production
and consumption) defined by other authors [23,24,26]. Specific objectives of both design
processes have been assigned to each phase. This allows us to differentiate between the
use of the methods within each general phase based on identified objectives. Thereby,
Figure 1 is the basis used to classify the modular design and prosumer methods according
to the different phases of the product life cycle in the next sections. This can facilitate the
combination of methods from different phases to create a model, but not all sequences are
valid. The feasibility of each model must be analyzed since the diagram is only a first step.

PRODUCT PRELIMINARY DESIGN PRODUCTION CONSUMPTION
LIFE CYCLE
PRIMARY | FEASIBILITY | PRELIMINARY | DETAILED FENNINLEOR
HEEDS A uE LESGH MANUFACTURING | DISTRIBUTION |CONSUMPTION| REMOVAL
MODULAR Standarization Measure Search for Optimize Transfer | Perceive | Recycla-
DESIGN modularity modularity manufacturing | by parts | brand bility
i) _ Functional and assembly |(modules)| image analysis
functional md(sg%r:jc{ggce Variety of Service Reuse
groups systems) products optimi- and
. . zation recycling
Identify modules| Creation of
Development Biluch
of propduct platforms
architectures Praduct family
Optimize
multifunction
systems
PROSUMER Identify  |Choose { vote a Generate Develop parts | Select features Share | Adaptthe| Reuse
new needs new product new ideas of a product project product and
and wants ) (3D, CAD) Manufacture at | gpline recycling
Identify and Innovate home or Update
take advantage . Customize workshop (DIY)
of trends Exchange_|deas uniquely Hao_:k
{co-design) Learn functions
Prototype Analyze and manufacturing
Transform (Trial |and/or assembly
Study new and Error)
releases

Figure 1. Phases of the product life cycle and the relationship to modular design and prosumer goals.

As can be seen in the modular design product life cycle (Figure 1), the phases with
most design objectives are the detailed design and the manufacturing plan phases. We also
found goals in the feasibility study, the consumption plan and the removal plan, while there
are no objectives for the primary needs and the preliminary design. On the other hand, in
the process of creating products for prosumers, we detected that there is a large variety
of objectives and tools in all phases of the design process due to their ability to intervene
at all levels. However, its presence is greater in the manufacture and transformation of
the product. Specifically, in the pre-design phase, most objectives focus on studying the
feasibility of developing a product in order to ensure its success rather than meeting the
real needs of the prosumer. This is because these analyses seek to obtain an economic
benefit rather than optimize the emotional and social aspect of the product.
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3.1.2. Analysis of Modular Design Methods

The relationship between modular design methods and the design phase in which each
one is used is analyzed. In addition to locating each method in its phase of use, in Figure 2,
we have used three colors to differentiate the essential, interesting and potential methods
to achieve the objective set in this research. First, those methods that are considered
essential to apply the modular design methodology because they are the basis of the other
methods or because of the frequency of their use appear in red. In the case of developing a
methodological model, the presence of these methods would ensure the correct application
of modular design. Secondly, those methods considered interesting if they are adapted
with small modifications to the objective of this research have been highlighted in yellow.
Finally, those methods that can potentially be used for both modular design and prosumers
at the same time have been highlighted in green.

Quality function
deployment (QFD)

Deisgn Structure
Matrix (DSM)

The modularization
function

FAS Method (Function,
Assembly, Space)

Modular Function
Deployment (MFD)

the product platform|

Method to redesign a
product eliminating,
reorganizing or changing
compenents and modules

Function Structure
Heuristics

The Holonic Product |

Design Methodology |

Method focused on the
product platform and the
design of product families

Quantitative
functional model

Design For Variety
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Optimization-based
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R-IGTA (based
on DSM and MFD)

Engineering Change
Forecast (ECF) matrix

Multi-objective
particle swarm

optimization (MOPSO} |

Method for
medular and
changeable design
architecture

Multi-objective madular
design methad for
creating highly distinct
independent modules

Modular product |
family concept
development

Multi-objective
optimization
framework

Methodology for
modular products
(with DFA)

PRELIMINARY DESIGN PRODUCTION CONSUMPTION
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153k UL Rl S MANUFACTURING CONSUMPTION REMOVAL
Cluster Method for evolutionary | Design for Manufac- : " i

identification developmentand change | ture and Assembly Biciie mot?ulanty FISth.me diagrans

algorithm of characteristics (DFM/DFA) matrix for disassembly
Function Analysis Ulrich and Eppinger Object-process Conceptual model | Method to help group
Systems Technique Modular Product Design| methodology (OPM) for madular service | the components into

(FAST) ! platforms separable modules

Method centered on|

l:‘ Potential use for prosumer

l:‘ Interesting if it is adapted

l:‘ Essential for applying
modular design

Figure 2. Analysis of current modular design methods according to the phases of the process.

Figure 2 shows a total of 31 modular design methods that have been previously
compiled in other review articles on this field [8,20]. The methods presented are not the
most relevant at a global level in the field of modular design but are the most present
in the cited review articles. As can be seen, an absence of methods is detected in the
phases of the identification of primary needs, preliminary design and distribution plan.
However, some of the cited methods indirectly affect the distribution phase, although it is
not their main objective. The same is not true for the preliminary design phase, where no
method has been developed with the aim of being applied in the conceptualization of the
product. Instead, most methods operate in the design development phase with an equitable
presence between the detailed design and manufacturing planning phases. Finally, we
also observe that the presence of methods in the consumption phase is limited, concluding
that the end user can hardly take part in the transformation of their own products through
modular design.
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Four essential methods to apply modular design are detected as they are the basis
for the creation of other methods, such as Design Structure Matrix (DSM) or Modular
Function Deployment (MFD) [19,28]. This fact is also supported by the number of citations
and year of publication of these methods. We observe that two of these aim to identify
functional groups (feasibility study), while the other two seek the development of modules
to modularize products (detailed design). On the other hand, most of the interesting and
potential methods are located in the manufacturing planning phase. Three methods have
been identified that could be of interest if they are adapted to other objectives or design
phases [29-31]. Two of them are located in the planning for manufacturing phase, and their
objectives include developing interchangeable accessories and creating modular products
that are user-friendly for the customer. Both methods would be interesting if they evolved
to be applied in the consumption phase by the end user. The other method identified is
located in the consumer phase and focuses on the brand and sensory esthetics, but it could
be of interest if the objective were also functional. Finally, three methods with potential
use for prosumers have been detected that can improve their relationship with modular
design through product variety, attention to consumer demand and the creation of product
families [32-34].

3.1.3. Analysis of Methods and Tools for the Prosumer

Figure 3 includes a total of 29 methods and tools used in the creation of products for
the prosumer collected in a previous investigation [21]. As in Figure 2, a series of colors
has been used to highlight some of the identified methods. In this case, essential methods
for the prosumer are highlighted in red, interesting methods in yellow and methods that
have a potential use with modular design are highlighted in green. Unlike Figure 2, in
Figure 3, there are several methods highlighted in more than one color because they fulfill
more than one condition at the same time.

PRELIMINARY DESIGN PRODUCTION CONSUMPTION
PRIMARY FEASIBILITY | PRELIMINARY DETAILED ELANNINGEOR
NEED! TUDY DESIGN DESIGN
J ST =G e MANUFACTURING DISTRIBUTION CONSUMPTION REMOVAL
Crowdfunding, 3 Open Access Adaptation to a
= J New ideas, 3D and CAD Mass s = Reuse of
F i R : Ao .
CEUSIouD voting and innovation design software | customization and digital (RPN TTonment pieces
competitions platforms or way of use
Guidelines for Finding
Lead User Lilee Lead-User Exchange of Digital tools to DIY Component Recycling
Behavior for Latent Method ideas (co-design) | create / customize upgrade {second life)
Need Discovery
: Method to optimize Hacking of pieces
Rapid R Trial and error 3D Print and functionalities
prototyping industrial product ( )
in early design phase rEr s
Virtual environ- : Tutorials and
: ; Redesign i :
ments, simulations s instructions
Method to work with
User-centered end users to create
translation methad personalized products
by CAD modelling
. P New Service
Mixed reality tool for
end-users participation Deveftop;nent Hiethod
in early design tasks QrLrosumer
Environments
Using elderly as lead
users for universal
engineering design I:‘ Potential use for modular design
Design Evaluation Interesting if it is adapted
and Assessment I:‘ = =
System |:| Essential for prosumer

Figure 3. Analysis of current methods and tools for the prosumer.
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As previously observed in Figure 1, there is a variety of methods throughout all phases
of the process. A greater presence is detected in the feasibility study, detailed design and
production plan, with these last two phases belonging to the product development stage.
The phase with the greatest absence of methods is that of the distribution plan, where
only a method based on sharing resources through online platforms and open access is
identified—something deeply rooted in the maker philosophy. On the other hand, most of
the academic methods are located in the feasibility study, since their objective is to analyze
the feasibility of the development of a product through the study of the end users.

Numerous essential methods for creating products for the prosumer have been iden-
tified by the high frequency of their use. Although they cannot be considered to be
completely essential, they are of great relevance to achieve products aimed at this user
category. It is necessary to take this into account if we aim to create a methodological
model, since these tools, such as DIY and tutorials, and methods such as redesign are very
present in the prosumer methodology. Six methods of interest have also been identified
for the future model or design method to be developed, among which 3D printing and
methods focused on end consumers stand out. Finally, there are 10 methods and tools that
can potentially be used in conjunction with modular design, where five of them are at the
same time essential methods. For this reason, we can conclude that the implementation of
methods and tools that are both essential and potential are necessary to unite prosumer
and modular design in a future method or model. These five methods and tools are new
idea/innovation, DIY, adaptation, upgrade and reuse. Specifically, these last three methods
are also identified later in Modular Design—Prosumer Relationship as common design goals
between prosumers and modular design.

3.2. Use of Modular Design in Prosumer Scope

These results are presented in three sections: real cases, methods and the relationship
between modular design and prosumer. In the first two sections, the information collected is
synthesized in tables (Tables 1 and 2) that show the following information: the name of
the product or method, author and creation date, brief description, objective pursued and
the phase in which the user makes use of modular design. Four possible objectives have
been differentiated: personalization (P), if the user introduces changes in the product that
respond to a desire rather than a need; adaptation (A), if the product is modified to meet a
need during use; evolution (E), if new complementary modules are added or existing ones
are updated; or cost (C), if the objective is to lower the final price of the product by allowing
the user to purchase only the modules they need. Each case or method can meet several
objectives at the same time. On the other hand, two phases in which the user can intervene
have also been differentiated: previous phase to the acquisition of the product (P), which
includes stages such as the design, development and manufacture of the product; or use
phase (U), starting when the user purchases the product until its end of use.

3.2.1. Real Cases

Next, Table 1 shows a series of real cases of modular design for prosumers. During
the search, it was identified that the cases found could be grouped into four industrial
sectors: home automation (H), textile (T), toy (Y) and electronics (E). In this search, all those
that only used modularity to optimize manufacturing and product development have
been discarded. A total of eight cases have been analyzed—two for each sector. Despite
the fact that in toy [35] and electronic [36] sectors, some more cases were found, no more
cases have been included because they coincide with those cited in their objectives and
intervention phase as they are similar products, so they did not provide more information
for the analysis. Finally, the presented cases show examples of products where the end user
can intervene in part of the process (design, assembly, evolution, replacement, etc.) through
modular design. There are other industrial sectors that have not been included because
they do not have a large presence in the market but are in development in the academic
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field. This is the case in the automobile sector [32,37] and the medical sector [38,39], which
use modular design in order to adapt the product to the end user.

Table 1. Modular design real cases for prosumer.

Product Author, Date Description Objective Phase
(H) Swidwet Swidget Corp., 2018 Smart home device with configurable smart
[40] (Kanata, ON, outlets, wall switches and inserts with a A+E P
Canada) compatible connection
(H) Freecube Avatar Controls, 2017 Cqmmand center with interchangeable modules:
- wireless charger, LED sensor, Bluetooth speaker, P+E+C p
[41] (Irvine, CA, USA)
power base, etc.
(T) Ki Ecobe INNUS Self-assembled modular shoe with 5 combinable
[42] KOREA Co., 2017 (Busan, modules (strap, boot, sole, laces and insole), P P
South Korea) colors and styles
Backpack with pockets of various sizes that are
(T) Blogbag Bloql?ag, magnetically attached to a base and can be used P+A+E P+U
[43] 2017 (Jersey City, NJ, USA) e
as individual bags
(Y) Cubelets  Modular Robotics, 2012 RoPot blocks that help teach problem-solving
. skills with software packages within each A U
[44] (Pittsburgh, PA, USA)
hardware modules
(Y) Makeblock Distintiva $.Coop., 2017 Modular robotics kit based on 8 modules: battery,
. X Bluetooth, gyroscope, motor, controller, sound A U
Neuron [45] (Vitoria, Spain)
and touch
(E) Youmo Youmo Power, 2016 Modular multiple charging strip with eleven
(Munich, modules of different energy options (powerline, A+E P+U
[46] .
Germany) multi-USB, etc.)
. Fairphone B.V.,, 2015 Mobile with replaceable, configurable and
(E) Fairphone
[47] (Amsterdam, upgradeable modules: battery, camera, screen, E+C P
The Netherlands) speaker, case, etc.
Table 2. User-focused modular design methods.
Method Author, Date Description Objective Phase
Design of modular services from a standardized
Conceptt}al model for modular Lekkegaard, M. et al., core of modules in order to increase flexibility A P+U
service platforms [48] 2016 .
and adaptability to market changes.
Method to optimize Favi. C.: Use of modular design in the initial phase to
assemblability of product earlier Germa‘;\;l’M./ 2012 improve manual assembly with the objective of P+A P
[49] Y creating adaptable and customizable products.
Methodologv for module Methodology focused on the product-service
008y for Li, H. et al.,, 2018 system (PSS) that contemplates the construction P+C P+U
portfolio planning [13]
of a modular structure.
. Method based on modular and scalable design
Personalized product Zheng, I’ of the product platform to achieve P+A P
configuration system [50] etal., 2017 o . .
customization and configuration of the product.
Framework that considers three key
Mass customization based on Zheng, P. characteristics of mass customization: user P+A P
user-experience [16] etal., 2017 experience, co-creation and product change

(modular design).

3.2.2. Methods

Table 2 shows a series of user-focused modular design methods. In total, five meth-
ods have been found that met both requirements at the same time. Numerous modular
design methods have been developed over the past decades, but it was not until the
past decade that prosumer-oriented methods began to be developed. For this reason, the
methods presented below correspond to recent research in recent years. Several of them
have in common their orientation to personalization and mass customization through

modular design.
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3.2.3. Modular Design-Prosumer Relationship

Through the prior analysis of real cases and modular design methods, the existing
and potential relationship between the two areas can be established. Modular design must
be treated as a critical tool through which prosumers can achieve specific objectives. We
must consider what modular design can offer throughout the life cycle of a product and
what the prosumer needs in each phase of this cycle. For this, Figure 4 graphically shows
this approach, where the product life cycle has been divided into three main phases [23,24]:
preliminary design phase, including feasibility study, conceptual design and detailed design;
production phase, which includes manufacturing and distribution; and the consumption
phase, which includes the consumption of the product and its disposal. For each phase, we
show what modular design can offer, what the prosumer needs and the common points of
benefits—-needs between the two fields. Within these characteristics, two types of adaptation
have been differentiated: permanent, which refers to the modifications prior to the purchase
made by the user so that the product adapts to the same needs throughout its use life cycle;
and ephemeral, which corresponds to changes to the product during the consumption phase
to adapt to a specific situation, such as changing the lens of a camera.

PRODUCT LIFE CYCLE

PRELIMINARY DESIGN

PRODUCTION

CONSUMPTION

- Permanent adaptation
- Personalization
- Variety of products
- Subsequent updates
(innovate in separate modules)

- Cost reduction
- Ease of assembly
- Flexible production
- Time reduction

- Ephemeral adaptation
- Evolution / accessories
- Multifunctionality
- Recyclability / Reuse
- Maintenance

- Personalization
- Permanent adaptation
- Co-creation (not only
choice of modules)

- Ease of assembly
- DIY manufacturing

- Ephemeral adaptation
- Evolution / accessories
- Maintenance
- Personalization

BOTH |PROSUMER | D. MODULAR

- Permanent adaptation
- Personalization

- Ease of assembly

- Ephemeral adaptation
- Evolution / accessories
+ Maintenance

Figure 4. Relationship between modular design and the prosumer field.

3.3. Guideline in the Creation of the New Design Model

Defining a series of objectives and stages allows a fixed direction to be established and
prevents the result from deviating from the main purpose. In addition, these objectives
form the basis on which to evaluate whether the final result meets the established goals.
This section compiles a series of basic guidelines that the model must comply with so that
its application is as effective as possible and takes into account the needs of the prosumers
as well as the context in which the modular design is located.

3.3.1. Objectives

e  Modular design as a design objective: It has been detected, both in design methods
and in real cases of application, that modular design tends to be used as a tool to
solve a problem during product development. In other situations, the product is
modularized to make manufacturing more flexible and standardized or to make
the production process more economical. Thus, many projects are not conceived as
modular design from the beginning, but this design appears as a consequence. It
is necessary to consider modular design as a critical Product Design Specification
(PDS), conceiving the project as a modular product from the start and, above all, in
the conceptualization phase. A correct definition and understanding of the modular
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design will make it easier for the user of the model to apply and evaluate it correctly,
ensuring that the result is a product based on the modular design process.
Conceptual phase of product design (preliminary design): As shown in Figures 2
and 3, the current presence of prosumer and modular design methods and tools in
the preliminary design phase is limited. There are various reasons for this, such as
the search for economic benefits for the manufacturer or the frequent intervention of
prosumers and makers in the manufacture and consumption of their products. To
cover this niche, the model must be conceived for its application in the conceptual
phase of product design. This is the most suitable due to the absence of other methods
and the need to apply the modular design from the initial stages. In addition, the con-
ceptual phase allows the prosumer to bring more significant and innovative changes
and transformations to the final result than during the development, manufacture and
use of the product.

Relationship with the end user (prosumer): As has been shown in previous stud-
ies [51], prosumers and makers participate in the design and/or manufacture of their
products and, subsequently, they continue to evolve them during their use. For this
reason, the model should not only take into account the design, manufacturing and
assembly phases, but also the later phases of the life cycle. In this regard, modular
design gives the products the ability to be upgradable, repairable and adaptable—
characteristics directly related to the prosumers and that report important sustainable
benefits [10]. Thus, a high usability of the modular design by the end user must
be empowered and eased, making it accessible and universal. The objective is that
the user can use modular design to intervene throughout the process of creating,
producing and using their product, which also implies the design and manufacture of
their desired modules.

3.3.2. Stages

Conception: The consolidated presence of modular design methods makes it possible
to create a model that evolves current methods towards the creation of products for
the prosumer. However, the absence of these in certain phases of the process makes it
necessary to create new methods that cover these niches and contribute to the creation
of new models focused on these phases. In any case, to reach a new method, it is
necessary to first experiment with a model. On the other hand, the homogeneous
presence of tools for the prosumer throughout the process means that the combination
of prosumer methods (Figure 3) and modular design (Figure 2) in a model may be ideal
for covering all aspects of the process. For these reasons, the result can be conceived
as a new modular design model aimed at prosumer users whose application will be
carried out in the conceptual phases of product design.

Development: Considering that the target user is the prosumer, the model must be
able to be used on the one hand by product design professionals and on the other
hand by makers and prosumers not specialized in this field. For this reason, the
result should not have a high level of complexity—it must be easy to understand and
not require advanced knowledge. To achieve this, the result can be presented as an
instruction manual, such as a design toolkit [52,53], since it is a format that many
users are already familiar with. The manual will be capable of being represented as a
tutorial to facilitate its understanding and dissemination, using the graphic resources
that are considered necessary for it. As a result, it is proposed to develop a manual
in which graphic representations predominate, using, if necessary, a real example to
illustrate the model.

Application: According to a previous field study, the majority of prosumers and mak-
ers would be willing to use a design model with these characteristics [51]. However,
we must ensure that the result is able to meet their expectations in order to consolidate
its use. In order to effectively introduce it to the community, the model should pass
into the public domain and, therefore, to makers and prosumers. In addition, it must
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generate enough interest to facilitate its dissemination among users. On the other
hand, to meet the expectations of the users, the result has to be generic enough to be
able to be used in various fields. The objective is that the result could be extrapolated
so that its use is as wide and adaptable as possible to the needs of each user. This in
turn would allow the prosumer to expand their knowledge of product design, making
them increasingly specialize until they adopt a more professional profile.

4. Discussion

The results show that the methods and tools of modular design are not currently
aligned with those of prosumers (Figures 2 and 3). Their exit objectives differ in relevant
aspects such as the beneficiary profile (industry vs. consumer) or the level of intervention
(massive vs. particular). Figure 4 also shows only some common characteristics between
both. Why are there not more points in common? Modular design could include more
prosumer-related areas such as co-creation or DIY. However, its current development
has not evolved in those directions, although it has the potential to do so due to the
benefits it offers. Despite this, it is increasingly common to use modular design as a way to
achieve the goals of the prosumer not only in customization, but also in the adaptation and
evolution of their own products. It is detected that the boundary between adaptation and
personalization is diffuse, since it is difficult to detect the changes that respond to a need
(adaptation) from those that respond to a desire (personalization).

Although they are scarce, the current common aspects between modular design and
prosumer can form the basis for building a model. It is detected that some connections are
influenced by the process or by the design group to which they are directed. While modular
design is primarily aimed at professional designers and companies, both individually and
collectively, prosumer tools are mostly aimed at individual users. This raises questions
such as why there are not more relationships or why there is not a method for this yet.
Nevertheless, there is the possibility that there will be more points in common using a new
model that poses new relationships. There may still be relationships to be covered between
modular design and prosumers due to the lack of connection points that are not currently
covered, or others that have not been detected for lack of references.

The design model must take into account the link between modular design and
prosumers. It is observed that modular design already covers certain basic needs of the
prosumer such as customization, adaptation, evolution or sustainability. However, it still
does not allow co-creation by offering only a selection of modules. For this reason, the
creative phases are currently not collective. In the case of industry, there may be co-creation
by business decisions, although this is not the most common approach. On the contrary, in
the case of prosumers, design decisions are mainly individual, and ideas are not shared
with others with the same frequency as in the maker field. Could there be an intersection
between both that leads to collaboration? Simplifying the design by employing several
users or sharing modules could be two possible methods of collaboration. To achieve this,
it would be necessary to remove the border between industry and prosumers through a
global vision of co-creation.

Considering the topics presented in this work, there are different future research
directions that can be continued. The most obvious is the complete development of the
proposed model following the guidelines set out. For this, it would also be necessary to
define how to introduce it effectively to users by analyzing other similar models [53,54]. On
the other hand, the possible limitations of the model should also be analyzed, answering
questions such as the proximity to the user/prosumer, applicability in multiple sectors of
the industry or its operation with very complex elements, among others. In this regard,
the feasibility of applying the method only to the prosumer or to the industry should also
be analyzed.



Appl. Sci. 2021, 11, 10620

12 of 14

5. Conclusions

The analysis of the current context regarding the methods and tools of modular design
and prosumers shows a clear lack of methods in the phases of primary needs, preliminary
design and distribution plans. While the distribution benefits from some of the methods
despite not being the main objective, no method covers the conceptual design phase. This
lack is also perceived in the definition of the modular design process, where there are
currently no design objectives for these phases. This evidences the need to create a model
aimed at these phases, as they are also the phases that allow greater intervention and
innovation in the final design of the product. The creation of a new design model in this
line would also contribute to the generation of new design objectives in the modular design
process that have not been covered until now.

In the real cases analyzed, the most common objectives were the adaptation and
evolution of the product, while it was less common to use modular design to reduce costs
or customize the product. However, each objective has a certain relationship with each
industrial sector analyzed. It has been detected that, in the textile sector, customization
is sought-after, and in the home automation and electronic sectors, evolution prevails
more; in all sectors, the adaptation to the needs of the user is appreciated. On the other
hand, all sectors allow the user to intervene in the phase prior to the acquisition of the
product, except toy manufacturers, which only allows this during the useful life cycle. This
is because they are ready-made kits that can only be handled once purchased. Some of
the cases analyzed also allow the user to intervene in the product during the use phase to
respond to ephemeral and variable needs that allow them to better cope with the different
situations of use of the product [43,46].

Most of the modular design methods focused on prosumers pursue the customization
and adaptation of the products prior to their acquisition. This is because many are focused
on applying modularity in mass customization, with the goal that the users may personalize
the product, adapting it to their needs and wants before purchase. Only two of the methods
contemplate the adaptation of the product or service by the prosumer during the use phase,
in which the user can apply modifications, make ephemeral adaptations and evolve or
improve the maintenance of the product. Current methods are totally oriented towards
customization, but, as has been verified in the case analysis, this is not the main objective
of prosumers.

The results show that the new design model must meet three main objectives in order
for the prosumer to benefit from modular design. The first is to treat modular design as a
design objective (PDS) and not as a tool to solve a problem during the development. The
second is to cover the conceptual phases of product design as they are—those in which the
user can make a more significant intervention. The third objective is to contemplate the
relationship with the prosumer before and during the consumption of the product. On the
other hand, to guarantee the effectiveness of the model, it is recommended to present it as
an accessible and universal design toolkit. To ensure its consolidation, the model must be
applicable in multiple areas and easy to use by non-specialized users.

Author Contributions: Conceptualization, L.A.-S. and L.L.-F; methodology, L.A.-S. and I.L.-E,; inves-
tigation, L.A.-S.; writing—original draft preparation, L.A.-S.; writing—review and editing, I.L.-F.;
visualization, L.A.-S.; supervision, I.L.-F. All authors have read and agreed to the published version
of the manuscript.

Funding: This work was supported for publication by the “Conselleria de Innovacioén, Universidades,
Ciencia y Sociedad Digital” of the “Generalitat Valenciana. The authors would like to thank also to
the INGEGRAF association.

Conflicts of Interest: The authors declare no conflict of interest.



Appl. Sci. 2021, 11, 10620 13 of 14

References

1.  Toffler, A. The Third Wave; Wiley: New York, N, USA, 1980.

2. Val Fiel, M. Prosumer and 3D printing: Democratization of the creative process. Revista 180 2016, 37, 17-22. [CrossRef]

3. Asioén-Sufier, L.; Lopez-Forniés, I. Prosumer and Product Design Through Digital Tools. In INGEGRAF 2019, LNME; Cavas-
Martinez, F,, Sanz-Adan, F., Morer Camo, P.,, Lostado Lorza, R., Santamaria Pefia, J., Eds.; Springer: Cham, Switzerland, 2020;
pp- 23-30. [CrossRef]

4. Lee, ]J.G;; Seo, ].O.; Abbas, A.; Choi, M. End-Users” augmented reality utilization for architectural design review. Appl. Sci. 2020,
10, 5363. [CrossRef]

5. Kotler, P. The Prosumer Movement: A New Challenge for Marketers. In NA-Advances in Consumer Research; Richard, J.L., Provo,
U.T.,, Eds.; The Associaton For Consumer Research: Columbus, OH, USA, 1986; Volume 13, pp. 510-513.

6. Rayna, T, Striukova, L.; Darlington, J. Co-creation and user innovation: The role of online 3D printing platforms. J. Eng. Technol.
Manag. 2015, 37, 90-102. [CrossRef]

7. Bldttel-Mink, B.; Hellmann, K.U. Prosumer Revisited: Zur Aktualitit Einer Debatte, 1st ed.; VS Verlag fiir Sozialwissenschaften:
Wiesbaden, Germany, 2010. [CrossRef]

8. Bonvoisin, ].; Halstenberg, F; Buchert, T.; Stark, R. A systematic literature review on modular product design. J. Eng. Des. 2016,
27,488-514. [CrossRef]

9. Fettermann, D.D.C.; Echeveste, M.E.S. New product development for mass customization: A systematic review. Prod. Manuf. Res.
2014, 2, 266-290. [CrossRef]

10. Ma, ].; Kremer, G.E.O. A systematic literature review of modular product design (MPD) from the perspective of sustainability. Int.
J. Adv. Manuf. Technol. 2016, 86, 1509-1539. [CrossRef]

11.  Vezzoli, C. Design for Environmental Sustainability: Life Cycle Design of Products; Springer: London, UK, 2018; ISBN 1447173643.

12.  Maccioni, L.; Borgianni, Y.; Pigosso, D.C.A. Can the choice of eco-design principles affect products” success? Des. Sci. 2019, 5, e25.
[CrossRef]

13. Li, H; Ji, Y,; Li, Q.; Yang, M.; Evens, S. A methodology for module portfolio planning within the service solution layer of a
product-service system. Int. ]. Adv. Manuf. Technol. 2018, 94, 3287-3308. [CrossRef]

14. Siiskonen, M.; Malmqvist, J.; Folestad, S. Pharmaceutical Product Modularization as a Mass Customization Strategy to Increase
Patient Benefit Cost-Efficiently. Systems 2021, 9, 59. [CrossRef]

15. Faifia, A.; Nejati, B.; Stoy, K. Evobot: An open-source, modular, liquid handling robot for scientific experiments. Appl. Sci. 2020,
10, 814. [CrossRef]

16. Zheng, P; Yu, S.; Wang, Y.; Zhong, R.Y.; Xu, X. User-experience Based Product Development for Mass Personalization: A Case
Study. Procedia CIRP 2017, 63, 2-7. [CrossRef]

17.  You, Z.H.; Smith, S. A multi-objective modular design method for creating highly distinct independent modules. Res. Eng. Des.
2016, 27, 179-191. [CrossRef]

18. AlGeddawy, T.; EIMaraghy, H. Reactive design methodology for product family platforms, modularity and parts integration.
CIRP ]. Manuf. Sci. Technol. 2013, 6, 34—43. [CrossRef]

19. Eppinger, S.D.; Browning, T.R. Design Structure Matrix Methods and Applications; MIT Press: Cambridge, MA, USA, 2012.

20. Gershenson, J.K. Product modularity: Measures and design methods. J. Eng. Des. 2004, 15, 33-51. [CrossRef]

21. Asidén-Sufier, L.; Lopez-Forniés, 1. Review of Product Design and Manufacturing Methods for Prosumers. In Advances on
Mechanics, Design Engineering and Manufacturing III, Proceedings of the International Joint Conference on Mechanics, Design Engineering
& Advanced Manufacturing, Aix-en-Provence, France, 2—4 June 2020; Roucoules, L., Paredes, M., Eynard, B., Morer Camo, P, Rizzi,
C., Eds.; Springer: Cham, Switzerland, 2021; pp. 128-134. [CrossRef]

22.  Asién-Sufier, L.; Lopez-Forniés, I. Modular Design: Product Design Opportunities and a Case Analysis. In Advances on Mechanics,
Design Engineering and Manufacturing II, LNME; Cavas-Martinez, F,, Eynard, B., Fernandez Canavate, F., Fernandez-Pacheco, D.,
Morer, P, Nigrelli, V., Eds.; Springer: Cham, Switzerland, 2019; pp. 596-609. [CrossRef]

23. Jones, J.C. Design Methods, 2nd ed.; John Wiley & Sons: New York, NY, USA, 1970.

24. Cao, H.; Folan, P. Product Life Cycle: The evolution of a paradigm and literature review from 1950-2009. Prod. Plan. Control. 2012,
23, 641-662. [CrossRef]

25.  Asimow, M. Introduction to Design; Prentice-Hall: Englewood Cliffs, NJ, USA, 1962.

26. Ledyard Stebbins, G. The Evolution of Design. Am. Biol. Teach. 1973, 35, 57-61. [CrossRef]

27. Abowardah, E.S. Design Process & Strategic Thinking in Architecture. In Proceedings of the 2nd International Conference on
Architecture, Structure and Civil Engineering, London, UK, 26-27 March 2016; Zhou, P, Chen, S., Chen, K., Eds.; Springer: Cham,
Switzerland, 2016; pp. 32—45. [CrossRef]

28.  Erixon, G. Modular Function Deployment: A Method for Product Modularisation; Royal Institute of Technology: Stockholm, Sweden,
1998; ISBN 9175483211.

29.  Wixson, ].R.; Cvs, C.M.E. Function analysis and decomposistion using function analysis systems technique. Proc. Int. Counc. Syst.
Eng. Annu. Conf. INCOSE 1999, 9, 800-905. [CrossRef]

30. Simpson, TW.; Maier, ].R.; Mistree, F. Product platform design: Method and application. Res. Eng. Des. 2001, 13, 2-22. [CrossRef]

31. Martin, M.V,; Ishii, K. Design for variety: Developing standardized and modularized product platform architectures. Res. Eng.

Des. 2002, 13, 213-235. [CrossRef]


http://doi.org/10.32995/rev180.Num-37.(2016).art-5
http://doi.org/10.1007/978-3-030-41200-5_3
http://doi.org/10.3390/app10155363
http://doi.org/10.1016/j.jengtecman.2015.07.002
http://doi.org/10.1007/978-3-531-91998-0
http://doi.org/10.1080/09544828.2016.1166482
http://doi.org/10.1080/21693277.2014.910715
http://doi.org/10.1007/s00170-015-8290-9
http://doi.org/10.1017/dsj.2019.24
http://doi.org/10.1007/s00170-016-9976-3
http://doi.org/10.3390/systems9030059
http://doi.org/10.3390/app10030814
http://doi.org/10.1016/j.procir.2017.03.122
http://doi.org/10.1007/s00163-016-0213-8
http://doi.org/10.1016/j.cirpj.2012.08.001
http://doi.org/10.1080/0954482032000101731
http://doi.org/10.1007/978-3-030-70566-4_21
http://doi.org/10.1007/978-3-030-12346-8_58
http://doi.org/10.1080/09537287.2011.577460
http://doi.org/10.2307/4444220
http://doi.org/10.17758/ur.u0316313
http://doi.org/10.1002/j.2334-5837.1999.tb00241.x
http://doi.org/10.1007/s001630100002
http://doi.org/10.1007/s00163-002-0020-2

Appl. Sci. 2021, 11, 10620 14 of 14

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.
48.

49.

50.

51.

52.

53.
54.

ElMaraghy, H.; AlGeddawy, T. A Methodology for Modular and Changeable Design Architecture and Application in Automotive
Framing Systems. J. Mech. Des. 2015, 137, 121403. [CrossRef]

Stone, R.B.; McAdams, D.A.; Kayyalethekkel, V.J. A product architecture-based conceptual DFA technique. Des. Stud. 2004, 25,
301-325. [CrossRef]

Otto, K.N. Modularization to Support Multiple Brand Platforms. In Proceedings of the International Design Engineering Technical
Conferences and Computers and Information in Engineering Conference, Pittsburgh, PA, USA, 9-12 September 2001; American
Society of Mechanical Engineers: Pittsburgh, PA, USA, 2001; Volume 4, pp. 125-138.

Modular Instruments in Yanko Design. Available online: https://www.yankodesign.com/2020/11/02/magnetic-modular-
instruments-join-together-to-help-kids-produce-their-own-music/ (accessed on 26 July 2021).

PhoneBlocks Homepage. Available online: https://phonebloks.com/ (accessed on 26 July 2021).

Escribano-Garcia, R.; Corral-Bobadilla, M.; Somovilla-Gémez, E.; Lostado-Lorza, R.; Ahmed, A. A theoretical model with which
to safely optimize the configuration of hydraulic suspension of modular trailers in special road transport. Appl. Sci. 2021, 11, 305.
[CrossRef]

Kumar, S.; Wohrle, H.; Trampler, M.; Simnofske, M.; Peters, H.; Mallwitz, M.; Kirchner, E.A.; Kirchner, F. Modular design and
decentralized control of the RECUPERA exoskeleton for stroke rehabilitation. Appl. Sci. 2019, 9, 626. [CrossRef]

Ramirez-Rios, L.Y.; Camargo-Wilson, C.; Olguin-Tiznado, J.E.; Lépez-Barreras, ].A.; Inzunza-Gonzélez, E.; Garcia-Alcaraz, J.L.
Design of a modular plantar orthosis system through the application of TRIZ methodology tools. Appl. Sci. 2021, 11, 2051.
[CrossRef]

Swidget Homepage. Available online: https://www.swidget.com/ (accessed on 26 July 2021).

Freecube in Kickstarter. Available online: https://www.kickstarter.com/projects/1470062165/ freecube-the-worlds-first-
modular-tech-command-cen (accessed on 26 July 2021).

KI Ecobe in Kickstarter. Available online: https://www.kickstarter.com/projects/1121278858 /ki-ecobe-customizable-self-
assembled-footwear (accessed on 26 July 2021).

Blogbag Homepage. Available online: https:/ /www.blogbag.com/ (accessed on 26 July 2021).

Modular Robotics Homepage. Available online: https://www.modrobotics.com/ (accessed on 26 July 2021).

Makeblock Neuron. Available online: https://www.makeblock.es/productos/neuron/ (accessed on 26 July 2021).

Youmo Kickstarter. Available online: https://www.kickstarter.com/projects /1300499319 / youmo-your-smart-modular-power-
strip (accessed on 26 July 2021).

Fairphone Homepage. Available online: https://www.fairphone.com/es/ (accessed on 26 July 2021).

Lokkegaard, M.; Mortensen, N.H.; McAloone, T.C. Towards a framework for modular service design synthesis. Res. Eng. Des.
2016, 27, 237-249. [CrossRef]

Favi, C.; Germani, M. A method to optimize assemblability of industrial product in early design phase: From product architecture
to assembly sequence. Int. J. Interact. Des. Manuf. 2012, 6, 155-169. [CrossRef]

Zheng, P; Xu, X.; Yu, S.; Liu, C. Personalized product configuration framework in an adaptable open architecture product
platform. J. Manuf. Syst. 2017, 43, 422-435. [CrossRef]

Asion-Suiier, L.; Lépez-Forniés, I. Adoption of Modular Design by Makers and Prosumers. A Survey. Proc. Des. Soc. 2021, 1,
355-364. [CrossRef]

Gardan, J. Definition of users’ requirements in the customized product design through a user-centered translation method. Int. J.
Interact. Des. Manuf. 2017, 11, 813-821. [CrossRef]

IDEO Design Kit. Available online: https://www.designkit.org/ (accessed on 26 July 2021).

Hasso Plattner Institute of Design at Stanford University D.School. Available online: https://dschool.stanford.edu/ (accessed on
26 July 2021).


http://doi.org/10.1115/1.4031549
http://doi.org/10.1016/j.destud.2003.09.001
https://www.yankodesign.com/2020/11/02/magnetic-modular-instruments-join-together-to-help-kids-produce-their-own-music/
https://www.yankodesign.com/2020/11/02/magnetic-modular-instruments-join-together-to-help-kids-produce-their-own-music/
https://phonebloks.com/
http://doi.org/10.3390/app11010305
http://doi.org/10.3390/app9040626
http://doi.org/10.3390/app11052051
https://www.swidget.com/
https://www.kickstarter.com/projects/1470062165/freecube-the-worlds-first-modular-tech-command-cen
https://www.kickstarter.com/projects/1470062165/freecube-the-worlds-first-modular-tech-command-cen
https://www.kickstarter.com/projects/1121278858/ki-ecobe-customizable-self-assembled-footwear
https://www.kickstarter.com/projects/1121278858/ki-ecobe-customizable-self-assembled-footwear
https://www.bloqbag.com/
https://www.modrobotics.com/
https://www.makeblock.es/productos/neuron/
https://www.kickstarter.com/projects/1300499319/youmo-your-smart-modular-power-strip
https://www.kickstarter.com/projects/1300499319/youmo-your-smart-modular-power-strip
https://www.fairphone.com/es/
http://doi.org/10.1007/s00163-016-0215-6
http://doi.org/10.1007/s12008-012-0147-y
http://doi.org/10.1016/j.jmsy.2017.03.010
http://doi.org/10.1017/pds.2021.36
http://doi.org/10.1007/s12008-015-0275-2
https://www.designkit.org/
https://dschool.stanford.edu/

	Introduction 
	Materials and Methods 
	Results 
	Analysis of Current Modular Design and Prosumer Methods 
	Definition of the Modular Design and Prosumer Processes 
	Analysis of Modular Design Methods 
	Analysis of Methods and Tools for the Prosumer 

	Use of Modular Design in Prosumer Scope 
	Real Cases 
	Methods 
	Modular Design–Prosumer Relationship 

	Guideline in the Creation of the New Design Model 
	Objectives 
	Stages 


	Discussion 
	Conclusions 
	References

