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ABSTRACT

The growing tendency for end users to get involved in the design and manufacturing phase of their
own products has led to the proliferation of makers and prosumers. The tools available for this have
been adapted to be used by non-specialized users who seek to meet their own needs and wants.
Modular design offers a series of advantages directly related to the needs of current users, but which
has hardly been used to benefit them. Instead, its development has geared towards aspects that are
hidden to the consumer, such as flexible production.

This work presents a survey, part of a wider research, whose objective is to develop a methodological
model for the prosumer to benefit from modular design. The survey was open for several months and
was only aimed at makers, prosumers and designers. A dissemination plan was drawn up where the
current communication channels of these users were taken into account. The results show what the
current prosumer is like, what their needs are and how they relate to modular design. Finally, the
conclusions provide information on how to develop a model proposal to ensure its correct usability
and acceptance.
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1 INTRODUCTION

Evolution in consumer habits is one of the main social challenges that product designers and makers
must deal with. Certain factors such as circular economy or new technologies are conditioning the way in
which products and services are designed (den Hollander et al., 2017). In this regard, there is a tendency
for end users to get involved in the design and manufacturing phase of their own products, leading to
phenomena such as the growing current maker (Papavlasopoulou et al., 2017). In the same way, the tools
available for this have evolved and have been adapted to be used by non-specialized users who seek to
create their own solutions (Asion-Sufier and Lopez-Forniés, 2020). These solutions respond to latent
needs that may appear before acquiring the product or during its life cycle, giving rise to the search by
the user for adaptable and customizable products that are even capable of growing (Zheng et al., 2017).
It is necessary to adapt the design process to these new users who seek to create their own products,
whether as a hobby or necessity, through the evolution of the resources that we already have.

Some technologies, such as Arduino or 3D printing, have become popular among users for their easy
access and usability (Souza and Sato, 2019). However, there are still design methods that could satisfy
these users but have not evolved in this direction. This is the case of modular design, the design based
on independent and connectable modules that allow the variability of a product. It offers advantages
related to the needs of current users as it has already seen in some examples (Swidget, 2020)
(Fairphone, 2020). Nonetheless, its development has been geared towards flexible production and
reducing manufacturing times and costs (Favi and Germani, 2012) (AlGeddawy and ElMaraghy,
2013) (You and Smith, 2016), aspects that are hidden from the consumer’s eyes. Therefore, currently
the modular design rarely meets the needs of the user that occur in the life cycle of the product, such as
maintenance or updates. When it does, it is in a superficial way that responds more to an aesthetic than
a functional aspect. Modular design can offer much more, so we must study the current consumer and
observe the trends of the users with the aim of providing products that adapt to the current context.
This work presents a survey that is part of a doctoral thesis whose objective is to develop a
methodological model to design modular products focused on prosumer users, those who assume the
role of producer and consumer getting involved in the design, manufacturing or assembly process of
their own products (Toffler, 1980). Previous work carried out under this line of research shows that
modular design has a series of intrinsic characteristics that provide benefits to products related to the
needs of prosumers and makers, such as adaptability or customization (Asion-Sufier and LOpez-
Forniés, 2019). Nevertheless, no modular design method developed to date focuses on these users, so
there are no previous studies that analyse the current and potential relationship of makers and
prosumers with modular design. On the other hand, the methods found are aimed at specialized
profiles without taking into account the end users who could benefit from them and the subsequent
usability that they will give to the product. Before this context, we hypothesize if a field study focused
on the end user will help us to obtain a series of conclusions that ensure the success of the
methodological model. To approach it correctly, we formulate the following research questions: Do
these users currently use modular design? Do they follow any design method? Would they be willing
to use the method to be developed?

The field study in which this survey is framed analyzes what the prosumer is like currently and their
environment with the aim of knowing their main needs. In addition to the survey, the study also
included interviews with experts and attendance at a maker event (Maker Faire Bilbao, 2019). The
conclusions obtained in the interviews offered macro level information about the prosumer and its
potential relationship with modular design. These answers inquire into the philosophy and trends of
this sector from an abstract point of view that provides information about what the user is like and how
we should approach him. On the other hand, conducting a global survey focused on the same users
provides information at a micro level on how to develop the methodological model to ensure its
correct usability and acceptance. Thus, the survey was formulated with the main objective of obtaining
information that would reveal the requirements to create a methodological model of modular design
for the prosumer. Prosumer is an emergent group linked to 14.0 that may vary the future market
expectations. This survey can reveal how prosumers and makers are currently using modular design,
showing what the model should look like. These results can contribute to the design research domain
interested in prosumers, including companies seeking to obtain prosumers’ characteristics. The results
can also be applied in creating other prosumer-focused design methods.
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The survey was open for several months and was only aimed at users who were fond of creating,
modifying, redesigning or customizing their own products, such as makers or designers. Otherwise, a
dissemination plan was drawn up so that the survey reached the maximum number of respondents
possible with the aim that their answers were agreed upon, providing truthfulness to the final results. For
this, the current communication channels of these users were taken into account and we collaborated
with associations and maker groups, not only at the local and national level, but also worldwide.

2 METHODOLOGICAL DESCRIPTION

In order for the results to be detailed and well defined, each individual question was posed to be
guantitatively analyzed. In this way, the survey is structured around four main questions:
e  Defining the figure of the prosumer, to know its terminology, behaviour and objectives.
e  Establishing the characteristics of modular design, to find out how respondents use it, for what,
how often and if they understand the term correctly, taking advantage of its benefits.
e Knowing the use of design methodologies, to analyse what basic methods they use in their
projects, if they already use design methods and in which aspects of the product they work.
o Identifying how is real and potential application of modular design in the prosumer field.
To ensure that the survey was only completed by users who were related to prosumer field (makers,
product designers, etc.), a verification question was introduced at the beginning of the survey. Thus, if
the respondent didn’t belong to any maker organization (either physical or a digital) and wasn’t a
designer, the survey ended. The fact that the survey was focused on such a specific type of user made
it difficult to disseminate it. Only responses from prosumers, makers or designers were accepted, so
many users were discarded from the beginning. For this reason, it was of great importance to plan the
dissemination process through the channels frequented by the target user to reach the largest number
of prosumers possible. These channels were identified thanks to the previous investigation carried out,
reinforced by the interviews with experts, that confirmed which were the most common
communication channels. Thus, the dissemination strategy began with a series of basic steps to which
new actions were added according to the results that were obtained. Taking into account the high level
of communication and collaboration between makers, a good way to start with the dissemination of the
survey was by sharing it among maker associations and for these, in turn, to send it to their members.
The first step was to send the survey to national prosumer experts who had previously been contacted to
be interviewed. Most were part of or directed makerspaces or associations and belonged to maker groups
among which they disseminated the survey. After attending the Maker Faire Bilbao 2019, we also sent
the survey via email to the organizations that were contacted there. It was considered to send the survey
to other associations, but it was discarded after achieving better results through dissemination to
interviewees. After this, the first part of the dissemination was concluded, reaching various groups and
associations both local and national. Due to the presence of makers in social networks and forums, the
dissemination continued through these channels. First on Twitter, where the highest participation was
obtained until then. Given the high rate of national responses, dissemination continued through maker
groups present on other social networks and digital platforms for dissemination worldwide.
Therefore, despite that initially the survey only contemplated a national dissemination, two more
versions were developed: one aimed at users in Latin America and the other worldwide. The objective
was to analyse whether the results varied as the origin of the users changed. The global version of the
survey differed from the other two in that it was not directed only at maker users, but also at professional
designers. This profile can also provide relevant information to these issues and many of the platforms
users are designers. After finishing the dissemination on social networks, the survey was shared on the
most common digital platforms where makers and designers share projects. Finally, the survey was sent
by email to multiple organizations of industrial design professionals in different countries. After
following the diffusion process, the sample of results obtained was larger than expected.
After finishing the survey, the most effective communication channels according to each version were:
e National (Spain): Twitter. The spread on Twitter began when two of the interviewees tweeted
the survey on their personal profiles. This resulted in being retweeted by other public profiles
with numerous followers, thus reaching many more users.
e Latin America: Facebook Groups. Despite the fact that this version of the survey was also
shared at the XV Encuentro Latinoamericano de Disefio, the most effective responses were those
obtained in Facebook groups dedicated to maker culture.
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e  World: Thingiverse Groups. Due to the format and rules of other forums, the most effective in
reaching the largest number of survey participants was Thingiverse. The main reason is that on
other websites the survey could only be shared once.

The dissemination strategy is summarized in the following infographics:

—e e ~—

To send the survey to the To spread the survey It is ruled out to send it

T e

Of the analyzed asso-

experts interviewed, since via email to the to associations present
most are part of some associations contacted in other Maker Faires due
maker space, group or at the Maker Faire to the low participation
association. Bilbao 2019. obtained via email.

ciations, it was sent to:

v Local
v National
X World

) ThesurveyreachesouttoLOCAL 72
» and NATIONAL maker associations «
SOCIAL NETWORKS
TWITTER (ESP) FACEBOOK (LAT) LINKEDIN (ENG)
Interviewees tweet Aversion of the survey for The English version is
the survey on their Latin America is made and posted on worldwide
respective profiles. shared in maker groups. LinkedIn groups.
___________ > DESIGNERS are included 7,
¢ inthe survey profile

DIGITAL PLATFORMS

The survey in English is spread across some of the most common global platforms for makers and designers.

¥ e D

GITLAB INSTRUCTABLES SKETCHUP RASPBERRY ARDUINO THINGIVERSE

- Less participation

More participation +

y
WORLDWIDE DESIGN ORGANIZATIONS

EUROPEAN WORLDWIDE
Finally, the
survey was sent GERMANY HUNGARY CHINA
to multiple AUSTRIA IRELAND JAPAN
A BELGIUM ITALY SOUTH KOREA

organizations of DENMARK  LITHUANIA TAIWAN
industrial design SLOVENIA  NETHERLANDS  TURKEY

rofessionals in SPAIN POLAND CANADA
earious countries. ESTONIA UK

g FINLAND SWITZERLAND

FRANCE

Figure 1. Infographic of the dissemination strategy.

Finally, a report was developed with the results of the survey, detailing all the responses to the questions.
The report was sent to all respondents who provided their email, as well as the experts interviewed who
collaborated in its dissemination. The document also included other relevant information such as the
objective of the survey, the line of research in which it is framed and the scope it obtained.

3 RESULTS

A total of 289 responses were obtained: 124 nationally (Spain), 142 worldwide and 23 in Latin
America. The survey was conducted in 34 different countries, among which the highest number of
responses was obtained in Spain (135), USA (40) and Germany (15). Regarding the profiles of the
respondents, in the Spanish and Latin American versions the survey was directed only at makers.
However, in the world version, 58% were designers compared to 37% who were makers. Furthermore,
the majority of respondents were familiar with both physical and virtual maker organizations (63% in
Spain, 87% in the world and 39% in Latin America). Among them, the most cited were Thingiverse,
particular Makerspaces and Fablabs, Arduino and Cults 3D. Below is a summary of the results
obtained. These have been divided according to the main structure of the survey.
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3.1 The figure of the prosumer
This section presents the results of the block of the survey that deals with the figure of the prosumer.

3.1.1 How do you call users who create, modify, redesign or customize their own products?

39% 22% 7%
MAKERS 7,7%

10,5%
|:| PROSUMERS

7,6%
B Hackers %/
T SPAIN 7

DESIGNERS

% OTHERS* \ 80,8% 71% / \ 100%

*Others: creatives, innovators, engineers, DIY ers, design engineers, customizers, artists, 3D modellers.

3,5%

LATIN

Figure 2. Terminology around the figure of the prosumer.

3.1.2 What does the term “prosumer” mean to you?

59% 54% 44,5%

12.8% 16,7% 25%

3

Defender of a brand that User who participates Semi-professional consumer who I don’t
generates content about it in some phase of the gets informed about the products know the
through the use of various production process of the he consumes and uses complex term
communication channels products he consumes equipment destined to professionals

Figure 3. Meaning of “prosumer” according to respondents.

3.1.3 Do you share the projects you do?

53,8%

44,5%
2,8%
LATIN
Yes, I do them Yes, I do my No, I do them Sometimes I share them
individually and then I projects in a sharing individually only with people from the same
share them on the net use workshop for my own use field, but it is not usual

Figure 4. Ways to share projects.

3.1.4 What is your main objective as a maker/designer?

39,7% //////////// 39,7% //////////// 44,5%
/ //// 7,8% A //// 5,7% ]
7 7

SPAIN

WORLD

1,5%
24,8% /

l:l Acquire new knowledge It is a hobby where the process To create functional and useful % All of the above

19,2% /

21,8%

of both my discipline matters more than the result products that meet a need *
and others disciplines [l Others

Figure 5. Main goals of prosumers.
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3.2 Definition and use of modular design
The results of the survey dealing with the definition and use of modular design are presented below.

3.2.1 Do you know what “modular design” is?

YES

B no

84,6% /

15,4%

SPAIN

92,2% /

7,8%

WORLD ‘_
77,8% /

22,2%

LATIN

Figure 6. Knowledge of the term “modular design”.

3.2.2 If so, which of the following characteristics do you think best describe it?

B worLp SPAIN
INDEPENDENT | I 15,9% INDEPENDIENTE 14,9%
CONNECTABLE | [ 66,7% CONECTABLE 52,2%
VARIABLE | I 40,2% VARIABLE 25,4%
MULTIFUNCTIONAL | I 43,2% MULTIFUNCIONAL 46,3%
ECONOMIC | I 25% ECONOMICO 26,9%
ADAPTABLE 68,9% ADAPTABLE 77,6%
INTERCHANGEABLE | I 68,9% INTERCAMBIABLE 38,8%
STANDARDIZABLE | [ 34,8% ESTANDARIZABLE 32,8%
FLEXIBLE | I 53% FLEXIBLE 67,2%
UPGRADEABLE | I 58,3% ACTUALIZABLE 46,3%
CUSTOMIZABLE | I 75% PERSONALIZABLE 59,7%
REUSABLE | I 49,2% REUTILIZABLE 56,7%

Figure 7. Characteristics that describe modular design.

The features that respondents most associate with modular design are adaptable, customizable and
connectable, while those that least are independent, economic and standardizable. The results of the
Latin American version are not included in this question as it is a very small and not representative
sample (7 answers) compared to the national (67) and world (134) version.

3.2.3 Have you ever used modular design to create or modify a product?

YES
51,3% 34%
W o m— wﬁ
SPAIN WORLD

48,7% / 66% /

Figure 8. Use of modular design by respondents.

3.2.4 How did you apply it?

55,3%

SPAIN WORLD LATIN
N 53,8% . J 333%

It emerged as a solution to a problem or
need during the development of the project

46,2%

66,7%

Premeditated, as it was a project
specification from the beginning

Figure 9. Ways to apply modular design in product design.
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The respondents had previously applied modular design in numerous types of products such as supports,
prosthetics, furniture, architecture, automotive, robots, toys, 3D printers and home automation, among
others. On the other hand, some of the main reasons for its application were: adaptation to the end user,
future updates, customization, product variety, multifunctionality and product flexibility.

3.3 Application of product desigh methodologies
The following sections expose the results about the application of product design methodologies.

3.3.1 Which of the following work methods do you use most frequently?

. WORLD - SPAIN LATIN
vewoes | I W s o
REDESIGN I | 67,9% 69,8%
cory (NG ) 57~ 24,4%
PERSONALIZATION i 45,3% 62,8%
new use | |G B 25% 34,6%

Figure 10. Most frequently used working methods.

The most used methods are new ideas, redesign and customization. Other respondents also stated
that they were based on the combination of existing ideas or products.

3.3.2 Do you follow any design methodology to create your own products?

YES

B vo

62,4% 44.4%

LATIN

\ 37,6% \ 55,6%

Figure 11. Use of desigh methodologies to create products.

Some of the more general design methods cited by respondents were: design thinking, research +
development, function before form, inclusive design, eco-design, trial and error, bottom-up, user
experience and the identification of needs.

3.3.3 What aspects of the product do you work on?

3,7%

48,7% 7 66,6%
Electronic / Aesthetic / Assembly / I take into account and integrate all % Others
Computer Formal Manufacturing aspects of the production process

Figure 12. Aspects of the product most worked by the respondents.

As can be seen, the majority of respondents take into account all aspects of design and development of
the products they work on, followed by those who only focus on the electronic/computer part.
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3.3.4 Do you think that modular design could be an advantage in the development of your own
products?

YES

16,3% 100%
B o 9% Y /
SPAIN f WORLD

\ 91% \ 83,7%

Figure 13. Advantages of modular design in product development.

3.3.5 It there was a methodology to create your own modular products, would you use it?

YES

B no

25,5% 1%

7,7%
SPAIN ( WORLD
\ 92,3% \ 74,5% \ 88,9%

Figure 14. Potential use of a modular design methodology to prosumer.

Among the most cited reasons why respondents would use the described methodology are: functionality,
saving time, flexibility, speeding up the process, more accessible design, facilitating innovation,
creativity, customization, adaptation, interaction, durability and usefulness for non-specialized users.

4 DISCUSSION

The objective profile of respondents would be non-specialized users who intervene in the process of the
products they consume to satisfy their needs and wants. Despite the fact that at the beginning the survey
was only aimed at this profile because it was who would benefit from the result, it was necessary to take
into account a more professional point of view. For this reason, the decision to include industrial and
product design professionals in the survey profile was crucial to provide advanced knowledge of
modular design and methodologies as well as increase the number of valid answers. As a result, in the
world version 58% of respondents were designers and 37% were makers. In addition, it is also a type of
user susceptible to using the methodological model because, despite the fact that the prosumer is not
used to utilize design methodologies, a designer can use a methodology focused on prosumer.

The research outcome focuses on the prosumer user by including in the term all users who produce part
of the products they consume, such as “makers”. However, although the term is used in the academic
field, its use is not frequent in the real field of application. In fact, as the survey shows, the term used
instead is “maker” (~75%). In addition, the results show that more than half of those respondents have
never heard of the term “prosumer” and only around 20% associate it with the meaning we give it in this
research because it is a term with several meanings. This fact had already been identified during previous
research, so the dissemination process was devised primarily with makers in mind. The reason is that
they have a deeply rooted philosophy based on sharing knowledge, so communication between them is a
fundamental pillar of their culture. This was of great help when it came to disseminating the survey, thus
facilitating that it also reached prosumers with a lower level of communication than makers.

There is a certain confrontation between the terms maker and prosumer. Both coincide in their objective,
but are far apart in the way of achieving it. While a prosumer intervenes in a product individually and
without taking other prosumers into account, a maker has an opensource philosophy based on sharing
and cooperating with others, which marks a clear contrast between the two terms. Can one term be
encompassed within another? Initially, we consider “prosumer” as a general term that encompasses a
wide scale of users including terms such us self-consumption (high level of intervention) or massive
customization (low level of intervention). Along this scale would be makers, designers or hackers,
among others. However, since there are coincidences and differences between prosumer and maker,
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could we consider prosumer as a specific maker that acts on its own? It is clear that both terms go hand
in hand, but the question of whether one of them encompasses the other can lead to discussion. On the
other hand, due to the terminological confusion and the theoretical definition of prosumer, it is difficult
to know if we really know the current prosumers. In recent years, numerous terms have emerged to refer
to these users. From the DIY movement to the maker trend, these currents arise in response to the
technological and social context which affects the needs and way of working of the prosumer.

The goal that prosumers pursue when creating their own products is diffuse. In the three surveys,
almost half of them (~40%) seek to learn and be entertained while creating functional products.
However, few of them create their own products only with the objective of learning (~10%), while it is
more frequent that they do it as a hobby (~20%) or necessity (~20%). Despite this, the results have a
great coincidence between the three surveys, so we can conclude that most prosumers seek to benefit
from the different aspects that creating their own products offers: learning, entertaining and solving a
need. It is also observed that the most common way to share projects is to do them individually and
then upload them to the internet, something common in maker culture. However, 20% of surveyed say
that they sometimes share it with people in the same field, but not regularly, which is more related to
the prosumer habits. On the other hand, according to the results of the survey, the least common is that
users do the projects individually and only for their own use, without sharing them later.

Prosumers and makers don’t adopt design methods, proven to be valid and effective, probably because
they don’t use methods. This may be due to the fact that they are non-specialized users who create
their own methods or unconsciously imitate others, so they don’t consider that they follow a specific
one. It could change with users who have a more theoretical base and a greater relationship with the
use of methodologies, such as designers. Makers and prosumers have been observed to act with
freedom and without rules, although they follow instructions as with the tutorials. If we try to establish
a canon with a rigid methodological model, then we will fail. The survey shows conflicting results:
users don’t usually use methodologies, but most would be willing to use one based on modular design.
Users may be willing to make the effort to use a new methodology in order to take advantage of its
benefits and results. To ensure the success of the model, it should not only adapt to the needs and
characteristics of prosumers and makers, but also generate great interest in them.

5 CONCLUSIONS

The results obtained in the survey can be considered totally valid and truthful mainly due to three factors.
The first is that it has been answered by users related to the objective of the research (prosumers, makers
and designers), so the answers are reliable because they are responded by users with experience in the
field of application. The second is that there is a high level of agreement between the three surveys in
most of the questions. Therefore, it can be concluded that there is a consensus according to the opinion of
the respondents on the topics covered. In this regard, when comparing results, the version of the survey
for Latin America has not been taken into the same consideration because it has a much lower response
rate than the other two versions. And, finally, the third factor is that the different geographical origin of
the respondents, and therefore the socio-cultural context, has not affected the results. This aspect was
especially critical in the case of the worldwide survey, where it would have been more difficult to
identify possible differences despite having recorded the country of origin of the respondents.

The percentage of users who knew about modular design was much higher than expected, being
around 90% of those surveyed. In addition, its characterization was highly consensual, especially in
the worldwide survey where it was associated with connectivity, adaptability, interchangeability and
customization of the product. We can thus conclude that the respondents know how to recognize
modular design and know its advantages in product design. In fact, more than half had ever used it to
create or modify their own products in order to adapt, customize, update or add features, among other
design goals. However, the way in which users use modular design is not clear, making it evident that
there are two ways to do it: one as a design specification from the beginning of the project, and
another as a tool that provides a solution to a problem that has arisen during its development.

The most frequently used work methods by prosumers are new ideas and redesign. These are methods
that require more intervention on the product than in the case of personalization or copying. For this
reason, we can affirm that prosumers apply creativity in the products they design to achieve new
solutions through free intervention without restrictions. However, they are not used to using design
methodologies to achieve this: only around 30% of those surveyed do so. Previous research, as well as
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feedback from respondents, support the fact that makers and prosumers follow a pattern to work. Despite
not considering it as a methodology, the real application is based on observation, analysis, trial and error.
The development of a methodological model for non-specialized users can be a great challenge when it
comes to knowing if the end user would really be willing to use it. In this particular case, we found that
the majority of respondents would not only use the method, but also think that modular design is an
advantage for product design. Despite this, the model must be adapted correctly to them to ensure its
correct usability and acceptance. For this, it is necessary to know how to interpret the responses obtained
in this study. In this regard, we can see that users, despite not being very familiar with the use of design
methodologies, are used to following instructions and guidelines, so the future model should be a hybrid
that presents a methodology through of a series of steps. In addition, it should also be an easy method to
understand by users who belong to different disciplines and are not specialists in product design.

In view of the survey results, modular design should be treated as a design specification in the
methodological model, so that the end user takes it into account from the beginning of the project. Its use
will be focused mainly on the conceptual design phases, which are those in which the prosumer has
greater freedom of intervention on the product and where they can apply a higher level of creativity. On
the other hand, we found that more than half of those surveyed take into account all aspects of the
product, including its electronics, aesthetics, manufacturing and assembly, among others. This means
that they are interested in being involved in the entire design process, which is why the future
methodological model shouldn’t be focused on a single aspect. Finally, it should be noted that the model
can also be used by designers. Thus, although not all prosumers are capable of interpreting and using a
product design method, any designer should be able to use the methodological model to be developed.
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