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Spontaneous Design in Industrial Shopfloors
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Although the work of operators in industrial shopfloors tends to be thought of as monotonous and devoid of creativity, ethnographies of work

have documented examples where this is not always the case, finding cases of inventions by operators while at work. In design research,

the study of spontaneous design, i.c., design made by non-designers, has looked into communities defined by geography, socioeconomic

status, or abilities to inform design researchers and practitioners alike about users’ needs and aspirations, but has not explored the context

of industrial shopfloors. However, studying spontaneous design in industrial shopfloors, namely what motivates them and how they are

crafted, could be a way of informing the better design of shopfloor equipment to ultimately improve work conditions. We conducted an

investigation in the shopfloors of 11 factories in Portugal across seven industry sectors, which rendered 205 examples of spontaneous

design. Our analysis of these examples denotes that workers engage in spontaneous design to improve ergonomics, performance and

product quality, having as underlying values the quests to save time, material and equipment. We argue that studying spontaneous design

in industrial shopfloors can be a form of user research to inform better workplace design in the future.
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Introduction

The workplace has been a traditional domain of intervention for
design, from the design of furniture, equipment (tools, machinery)
and interiors (Myerson et al., 2010) to the design and critique of
digital technologies that manage work (Cheon, 2023; Spektor et
al., 2023). The need to design for the workplace was accompanied
by research to understand it, leading to a variety of studies ranging
from understanding territoriality practices (Brown, 2009) and how
workers use equipment (Bannon & Bedker, 1989), to exploring
how well-being at work could be promoted through appropriate
design of workplace technology (Laschke et al., 2020).

Despite significant advances, industrial settings are
underrepresented in these kinds of studies. A possible explanation
might be that these settings are comparatively more challenging to
access and research (Ardito et al., 2014; Cheon & Khovanskaya,
2024). However, industrial shopfloor workers are historically
underprivileged when it comes to working conditions, being
subjected to demanding and dangerous jobs (Govaerts etal., 2021),
which shows the pertinence of research to inform appropriate
design for industrial settings. Furthermore, manufacturing work
has witnessed periods of significant changes which have impacted
workers; the last one being the introduction of computers in
the workplace (Zuboff, 1989). Currently, the changes brought
about by digitalization and connectivity are expected to, again,
significantly impact how people work, requiring new designs of
interfaces and interactions. However, although a lot of research
has been centered on technology, there is scarcer research centered
on workers’ practices of interacting with artifacts, which is critical
to informing design (Bannon & Bedker, 1989).
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A counterargument is that the digitalization process will
cause industrial shopfloor workers to be replaced by machinery
and software, therefore rendering obsolete the investment into
designing equipment that is easier, safer, or more rewarding
for workers to use. This strand of thought also assumes that
industrial shopfloor work is simple and repetitive, with no leeway
for creativity (Pfeiffer, 2018). However, this view is questioned
by observational research, which reveals that manual work in
industrial shopfloors is highly complex in terms of embodied and
tacit knowledge (Fisher & Botticello, 2018; Stein, 2021; Zuboff,
1989), which, by definition, is difficult to build, capture, and
replace—a measure of that complexity being the number of years
required for an industrial operator to become a specialist (Pfeiffer,
2018). Adding to this complexity, researchers doing observations
of skilled and experienced workers have found signs of creativity
among operators in the form of inventions or adaptations made
to tools and processes, ranging from maintenance workers of
photocopier machines (Orr, 1996) to shopfloor operators in
diamond (Cross, 2012) and furniture (Juravich, 2017) factories.
Documented by researchers in anthropology, sociology, and
ergonomics, these inventions were, in most cases, not the main
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subject of their research, but analyzed as a way to understand
a phenomenon of worker agency. In existing literature, worker
inventions seem to be motivated by workers’ intention to improve
work equipment towards efficiency, effectiveness (Cross, 2012;
Juravich, 2017; Narimoto et al., 2020; Pfeiffer, 2016), satisfaction
(Lynch, 2012) and safety (Narimoto et al., 2020). This counters the
common notion that industrial equipment is always conforming
to standards and, like the pre-conception about human industrial
workers, with no leeway for adaptation, and also calls into
question the replaceability of operators on industrial shopfloors
by digital tools.

So we see that there is a body of work dedicated to fieldwork
observation of industrial workers which opposes the ideas of total
automation, with workers’ inventions coming about as evidence
of how industrial work runs counter to prescribed work modes
(Morike, 2022), at times to improve efficiency and effectiveness,
which are arguably valuable to employers as well. However, there
are no systematic studies analyzing these worker inventions with
the goal of understanding why it is that workers engage in this type
of behavior and what characteristics these artifacts exhibit, which
design researchers and design practitioners could learn from.
A glimpse into this possibility is given by Fisher and Boticello
(2018), who called into question the established frontiers between
what is craft and what is industrial work. To do so, they brought
forth evidence from an ethnographic study that showed how
industrial shopfloor workers interacted with machinery in ways
akin to the definition of craftwork, heavily reliant on tacit and
distributed knowledge, and with interventions made to machinery
so that it would meet workers’ purposes better. These types of
interventions are designs made by non-designers.

Designresearch has been interested in design by non-designers
for many years, but has tended to stay away from the world of work,
especially from the world of industrial work, instead focusing
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more on the personal and domestic realms (e.g., Nur et al., 2019;
Wakkary & Maestri, 2008). Our research contributes to this body
of knowledge by seeking, documenting, analyzing, and classifying
examples of such inventions—which we call spontaneous design,
after Loschiavo dos Santos’ definition (2000)—on industrial
shopfloors in Portugal, a country where most of the manufacturing
industry is traditional, and whose recent Governments have been
doing significant investments so that factories can digitalize and/or
automate their processes and operations.

Analyzing examples of spontaneous design as a form of
user research could be a way to let objects speak for themselves;
it could help trace histories of practices within a particular
environment by looking at artifact interventions left by people
who are no longer at work, it could help counter the challenges of
participatory design processes in demanding work environments,
it could provide insights into workers’ needs and practices, and
it could be a way to give visibility to workers’ inventiveness and
skills, thus dignifying human work, and, with it, help to critically
analyze the processes of digitalization of industrial shopfloors.

In this paper, we present the results of a study which
aimed at understanding how research into spontaneous design
in industrial shopfloors could be a source of information for the
design of industrial shopfloor equipment. In so doing, we present
the characteristics of the spontaneous design examples we found,
what their purposes are, i.e., why shopfloor workers created
them, how they can provide insights for designers, and how their
analysis reveals aspects of workers’ values. Indeed, through the
method of artifact analysis, common in anthropology (Miller,
2009), but focusing on spontaneous design examples only, we seek
to demonstrate how spontaneous design can be a rich source of
research for designers working in the field of industrial equipment
design. The study is part of a larger research project, which has
been described elsewhere (Correia de Barros et al., 2024).

Before we move into the methods, we will delve a bit deeper
into the topic of spontaneous design, since the understanding of
the concepts and the theories around it will be important to frame
our methods and place our contribution.

Spontaneous Design

The relevance and extent of spontaneous design are demonstrated by
the fact that many communities have terms to describe it, referring
to the created design, the process of designing, or both. Examples
are the terms desenrascango (Portugal), jugaad (India), gambiarra
(Brazil), kludge or thingamyjig (USA), cacharreo (Colombia),
or halletmek (Turkey). These words carry an implicit allusion
to contexts deprived of time, financial resources, market offer, or
ergonomic fit (Boufleur, 2013). Similar contexts are what cause
spontaneous designs to be abundant within the disabled and chronic
patient communities, with the added purposes of avoiding stigma
and supporting human functionality (Correia de Barros et al., 2010;
Correia de Barros & Duarte, 2009; Hirsch et al., 2000; Jacobson &
Pirinen, 2007; Mayer, 2007; Oliveira et al., 2015; Rosenberg, 1968).

How non-designers (or users) use, adjust, repurpose, or
create new physical or digital designs has been a matter of interest
in Design Studies, Human-Computer Interaction (HCI), Science
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and Technology Studies (STS), and other fields (Kohtala et al.,
2020). This is reflected in the multitude of terms that exist within
academia to describe the phenomenon, e.g., spontaneous design,
vernacular design, popular design, do-it-yourself, adhocism,
re-invented design, design-in-use, design by use (Botero et al.,
2010; Boufleur, 2013; Brandes et al., 2009; De Bozzi & Oroza,
2002; Jencks & Silver, 2013; Kohtala et al., 2020; Loschiavo dos
Santos, 2000; Von Hippel, 1976; Wakkary & Maestri, 2008). In
our view, the study of spontaneous design falls into wider studies
on the phenomenon of appropriation, such as the work of Akrich
(1998), Dourish (2003), Dix (2007), Botero et al. (2010), or
Kohtala et al. (2020). These studies, routed in STS (Eglash, 2004),
are interested in how non-designers behave in relation to artifacts
and how they adapt them for their own needs.

There is a body of research analyzing spontaneous
design regarding different geographies, different user groups,
and different categories of artifacts. Boufleur (2013) analyzed
spontaneous design in financially deprived contexts in Brazil,
by looking at the circumstances in which it emerged, the
characteristics of the artifacts, and the motivations behind their
creation. De Bozzi and Oroza (2002) documented and categorized
popular inventions in Cuba, mostly within the domestic space,
from analogical to electrical devices. Angelo (2003) illustrated
prisoners’ inventions. Arkhipov (2006) documented homemade
everyday devices in Russia, later doing the same for Europe.
Jencks and Silver (2013) studied spontancous design from
products to architecture with a keen interest on the motivations
behind these creations. Storni (2010) has documented how people
with chronic diseases appropriate digital technology for self-care.
Another example is the work by Wakkary and Maestri (2008),
who did not seek to design new products but advocated for
everyday domestic practices as privileged sources to understand
user behavior and inform future technology design. Related to this
research on human behavior to inform design is the inventory of
thoughtless acts, by Jane Fulton Suri and Ideo (2005), which are
indeed forms of appropriation.

In industrial shopfloors, workers adapt and build their
own workstations and tools (Cross, 2012; Fisher & Botticello,
2018; Juravich, 2017; Morike, 2022). These examples are less
well documented than those related to personal realms, including
coping with disability and chronic disease. Whilst there has been
work exploring embodied knowledge, appropriation, and creativity
in shopfloors (Maiden et al., 2017), to the best of our knowledge,
there has been no research on building designerly knowledge
from spontaneous design in these contexts, to inform the design of
appropriate, safe, and inclusive industrial work equipment.
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There are also different taxonomies created for the
phenomenon of appropriation, as summarised in the work of
Kohtala et al. (2020). In this paper, we will frame appropriation
examples using the categories created by Akrich (1998) since they
are based on an analysis of the degree of intervention to form and
function, two dimensions which we considered would be relevant
to analyze when trying to derive implications of spontaneous
design analysis to design practice. Akrich (1998) proposes the
categories of displacement, adaptation, extension, and detour
(Table 1). Displacement involves no changes made to the product,
and it occurs when one object is used with the same function for a
different purpose than the one intended by the designers. Adaptation
implies some changes to the product without interfering with the
original function, such as changes to increase product accessibility.
In an Extension, the product maintains its original functions but is
changed to accumulate other functions. Defour involves the greatest
degree of change from the initial product and results in a new object
with a different function than the original one. To the artifacts that
result from these interventions/appropriations, we call spontaneous
design, as used by Loschiavo dos Santos (2000), because the term
captures the meaning that these designs often emerge based on
need, on what is at hand (concurring with the Lévi-Strauss’ (1966)
concept of the bricoleur) and often in non-mainstream situations,
as illustrated in the examples above. Such examples also show
that spontaneous designs emerge within different user groups,
in different cultures, and regarding different product types, from
analogic to digital technology.

Methods

The study was favorably assessed by the ethics committee of
the University of Porto (reference 134/CEUP/2023). For factory
recruitment, we prepared a project leaflet explaining the purpose of
the project and the involvement requested by the factories in terms
of time and human resources. We used a purposive sample based on
prior established relationships with factories in Portugal. Factories
were contacted by e-mail and/or telephone. Given the exploratory
nature of the research, recruitment was sector-agnostic. Agreement
to take part in the study was formalized via e-mail, and individual
worker participation was formalized via informed consent forms.
Before the first fieldwork visit, the first author held a
training session with the remaining authors to explain Akrich’s
(1998) categories, providing examples for each. The first author
also gave instructions about the importance of trying to collect
data during the fieldwork about the underlying motivations for
the creation of any spontaneous design examples we might come
across and to try to identify the workers behind these examples.

Table 1. Scheme explaining Akrich’s (1998) categories with examples.

Categories Displacement Adaptation

Extension Detour

» Same configuration

Characteristics -
» Same function

Sticking labels on keyboard
for faster typing

Examples Using hair drier to dry paint

« Different configuration
» Same function

« Different configuration
« Added function

« Different configuration
« Different function

Attaching cup holder to

C letel thi
baby stroller Sl iz
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For the documentation of spontaneous design examples
at the shopfloor level, we engaged in free non-participant
observation, documenting the examples in photographs, videos,
drawings, and notes. The choice of methods allowed us to
document the data for later analysis. In fieldwork visits, factories
appointed one or more employees who would tour the factory
with the researchers and introduce workers who had created or
adapted equipment. In collecting these data, we used contextual
inquiry to provide additional context to each spontaneous design
example (e.g., industry, product, materials, job tasks). To do this,
we either asked questions about the artifacts to the person from
the factory who was guiding us or, if possible, to the person who
had created a spontaneous design that we had found.

After each fieldwork visit, the research team gathered the
pictures and videos in a shared folder, naming each document
using a convention that was defined at project onset in order to

prepare the dataset for future release in open-source. The team
also produced two documents after each visit: 1) a catalog of
the pictures taken, together with descriptions of each example,
motivations for the creation of certain objects as described by
participants or quotes from participants (Table 2), and 2) a report
about the visit, where the contextual data found its place, as well
as general quotes or information collected from participants, as
shown in the example of the researcher’s note below:

PO1 (...) states that the motivation to create these tools arises from
necessity, depending on the clients and on the products they have.
If they want to change machinery, they always have to talk to
manufacturers first. PO1 says they build the tools they need, but in
a way that does not impact productivity. They also only build what
is worthwhile building there—if it is cheaper to buy it outside,
they won’t do it inhouse. (Notes from the report of a visit to C04,
translated from Portuguese to English)

Table 2. Example of entries in the catalog created after the visit to one of the industrial units (C04). The original is in Portuguese.

Area Images Notes Participant
Using markers to annotate pieces. Indications of piece’s axis.
The motivation for this is that all pieces are made from an axis
Molds and it's important to respect it in machine and piece assembly. Co4 PO1
(pre-assembly) The annotations include piece code (same as in the CAD -
system) and indicative functioning values. Later, serial numbers
are laser engraved.
Tools changed by workers. The bronze ingot is cut and then the
Molds extremity is changed as needed. Some ingots have operators’ co4 POt
(pre-assembly) names on them. Bronze is used because it is softer than steel -
and, thus, not damaging to the mold.
C04_P04

Asked about it,
P04 comments ‘A

Molds We noticed a decorative element (Sheriff).
little joking in the
workplace always
feels good’
In this area, packages like tuna cans and cookie boxes are
used to store tools.
Finishing C04_P05

Various sectors

The operator showed pride in their organization and in the fact
that theirs’ was a highly manual task.

There were mirrors in several workstations (some with

operators’ names on it, some not). The motivation to use this
accessory is the need to see the mold even when it is inside
the machine. It allows operators to see all faces of the mold.
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After this, we used a shared workspace in MURAL (https://
app.mural.co/) where we placed all photos taken according
to Akrich’s (1998) categories. The categorization was made
individually, and the team would meet weekly to discuss the
placement of each photograph and reach a consensus. During the
team’s discussions for consensus, we found the need to create
two extra categories—affordances and handmade replicas—not
because they were found to be new categories of appropriation, but
because they seemed to reveal something about the motivations/
goals of user agency, as well as about the process to do so.

Afterward, we conducted an analysis of the motivations/
goals behind each example, crossing the data from our catalogs,
reports, and photographs and identifying the function of each
example. Each team member assigned tags to each picture with a
verb about the function of each spontaneous design example, e.g.,
store, protect, inform, organize. The team members discussed
these tags regularly in weekly meetings to reach a consensus.
Once all photographs were tagged, we grouped the photographs

DISPLACEMENT

Organize / Store

Organise Organise Organise. Organise Organise

Store. Store Store Store Store

image

Organise

Store

image

Organise

Organise

Clean

Clean

Reuse

image

Classify
image

Organise
store

Display
ge

Economize

Organise

Organise

Clean

image

Categorize

image

Organise
store

Display
image

Store

Store

Clean

image

image

Organise

Store

image

Store

image

Store

Clean
Economize

Relieve
image

image

Organise

image
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by tag or tag proximity within affinity diagrams (Figure 1). The
result was the identification of what we called purpose categories
described in the Findings section.

Context and Participants

Industrial Settings

Eleven industrial units (from small to large) were visited for this
research, all of which are located in Portugal, in the sectors of
lighting (n = 1), ceramics (n = 2), metallurgy (n = 3), polymer
molds and injection (n = 2), textile (n = 1), woodworking
(n = 1), and cardboard packaging (n = 1). Our dataset consists
of 943 photos. In the lighting sector we were not allowed to take
photographs, but were given a tour by one of the employers to
some areas of the factory. We did not find or document examples
of spontaneous design, although we were told older operators
engaged in this kind of practice.

ADAPTATION

Organize / Store

Organise Organise Organise Store
Store Store store

mage image Accommodate image

Clean

Reach

Clean

image

Figure 1. Representation of how affinity mapping was made by grouping photographs with similar or proximal tags.
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Participants

Not all spontaneous designs found on the shopfloors could be
associated with a worker because they were no longer with the
factory or because the person(s) assisting the research team with the
tours could not identify who had created the spontaneous designs.

We interacted with 14 workers who were identified as
creators of spontaneous designs (Table 3). All workers in this
sample are male, the majority (11 in 14) have 16 or more years of
experience in the job, and the majority (12 in 14) are aged 46 or
older. Although the number of spontaneous designs per participant
was well-distributed, there is an outlier in participant C04 POI,
from whom we have identified 19 examples of spontaneous designs.

Findings

We found 205 examples of spontaneous design, which we grouped
under Akrich’s (1998) categories of Displacement (n 34),
Adaptation (n = 53), Extension (n = 73), and Detour (n = 45). We
have also found 24 examples of appropriation of objects for new
purposes through affordances, as well as 49 examples of handmade
replicas of existing objects, e.g., dustpans or step stools.

In this section, we present our analysis of the examples
of spontaneous design. First, we present an analysis according
to Akrich’s categories. We then explain in more detail and

give examples of artifacts we categorized as affordances and
homemade replicas. Finally, we present the categories of purpose
that emerged from our affinity mapping based on artifacts’
functions. When possible, we illustrate these categories with
photographs from our dataset, however, not all of the pictures
in the dataset can be revealed to preserve confidentiality issues
agreed with the factories. Two of the industrial units did not
allow the photographs to be shared, and one restricted some
photographs, which potentially revealed trade secrets.

The photographs that were authorized for dissemination
(696 in total) were uploaded to a public repository (Correia de
Barros et al., 2023) and can be accessed free of charge. They
include examples of the spontaneous designs we found, as well
as other pictures of the industrial units that the team captured but
which were not later categorized as spontaneous designs (such as
the examples in the section of other interventions). The dataset
was curated by doing the following: 1) eliminating pictures
that were of poor quality, 2) editing pictures to obfuscate the
identities of operators, factories, or their clients via pixelization
of selected areas, and 3) adding metadata to the following fields:
Creator, Description, Alt text, Keywords (used as tags for type of
spontaneous design (when applicable) and industry to which the
example belonged), Country and Copyright status (Figure 2).

Table 3. Characteristics of workers who created spontaneous designs.

Total nr. of

Participant Age Yea(s of Profession Industry Gender spontaneous Displace- Ad.apta- Extension Detour Hand!‘nade
code group experience . ment tion replicas
designs
C02_PO1 56-65 16 or over Tile maker Ceramics M 3 - - 1 2 -
C02_P02 56-65 16 or over Tile painter Ceramics M 5 - - 2 8 -
Ceramic
C03_PO1 56-65 16 or over piece Ceramics M 4 - 1 1 2 -
developer
CO3_P02 2635 1-5 Mold Ceramics M 1 = = 1 - -
developer
C03_P03 56-65 16 or over Modeller Ceramics M 1 - -- 1 - --
C04 P01  46-55 16orover  Or9MZT htiurgy M 19 4 8 4 3 =
molds section
C04_P02 46-55 16 or over CNC operator Metallurgy M 1 -- -- 1 -- --
C04_P03  46-55 16 or over Erosion s otallurgy M 1 - - - 1 -
operator
C04 P04 4655 16orover SN yiilurgy M 6 1 1 1 3 -
operator
C04_P05  36-45 6-10 Malntenance =y iyt M 4 3 - - 1 -
worker
CO5 P01 4655 16orover Mantenance . Polymer M 1 - 1 - - -
- worker injection
C05_P02 4655 1145 ~ Maintenance  Polymer M 1 = = = 1 =
- worker injection
C06_PO1  46-55 16orover  Polisher | oYMer M 2 - - - 2 -
- injection
C08_PO01 46-55 16 or over Foreman Metallurgy M 1 - - - - 1
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General:
More Info:
Keywords: adaptation, Polymer industry
Dimensions: 4032x3024

Device make: Apple
Device model: iPhone SE (2nd generation)
B

Description: Inscriptions to help use the piece, e.g. piece axis
and annotations identical to the CAD system
Alpha channel: Yes
Red-eye: No

Metering mode: Pattern
F number: /1,8

Exposure program: Normal
Exposure time: 1/33

Region: Portugal

Name & Extension:
Comments:

Open with:
Preview:

Sharing & Permissions:

You can read and write

Figure 2. An example of metadata filled in for

photographs of the dataset.

Dataset available at: https://doi.org/10.5281/zenodo.10182679
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Appropriation by Type

Table 4 shows a matrix of the spontaneous design examples found
according to Akrich’s categories and grouped by sector. Most of
the examples fall into Extension (35.6%) and Adaptation (25.8%).
The sectors of polymer injection and molding and ceramics were
the ones with the most examples of spontaneous design—30.2%
and 28.3%, respectively. However, we must note that these sectors
are represented in our matrix with a different number of industrial
units, so we cannot conclude that one sector is more prone to
spontaneous design than another.

Other Types of Interventions

In this section, we provide examples of user interventions in space
and in artifacts, which we documented, but did not consider as
examples of spontaneous design, as per Akrich’s categories.

Figure 3 shows examples of what we categorized as
affordances, in this case, in the sectors of cardboard packaging and
metallurgy. These are situations in which operators use objects’
properties (e.g., form, texture, size, weight) to their advantage to
serve a purpose other than what the object was designed for.

We also found several examples of what we called
handmade replicas. Figure 4 shows three such examples in the
Textile and Metallurgy sectors. We can see in Figures 4a and
4c how the materials used to build these replicas were leftovers
of materials used, transformed, or produced in the respective
industrial units. Later, when we discuss underlying values in
spontaneous design, we will return to this choice of materials.

Table 4. Number and type of spontaneous design examples found per sector.

Industry (nr. of industrial units)  Displacement Adaptation Extension Detour Total number of spontaneous design examples
Ceramics (2) 3 21 22 12 58

Polymer mold and injection (3) 17 14 18 13 62

Metallurgy (2) 1 7 6 5 19

Woodworking (1) -- - 15 6 21

Cardboard packaging (1) 9 10 12 7 38

Textile (1) 4 1 - 2 7

Total 34 53 73 45 205

<

Figure 3. Examples of affordances: A) Heavy cart used to block cardboard plates being thrown by the machine; B); Welding
glasses resting on wall-mounted structure for monitors; C) Cap resting on a protection bollard.
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o

Figure 4. Examples of handmade replicas: A) Anti-fatigue mat; B) Tailor’s chalk sharpener; C) Dustpan for fillings.

Purpose Categories

In this section, we present the results from the analysis of
spontaneous design examples in terms of purposes. Our affinity
mapping led to the emergence of five categories of purpose,
which are individually described below, along with examples of
implications they bring to design.

Organizing and Displaying Utensils and Materials

There is a prominence of examples where the main function is to
organize/display materials and utensils on the shopfloor (Figure 5).
This is done through the reuse of lidless boxes made with different

materials or using rod-like elements to hang utensils within easy
reach. If materials or utensils are in adapted boxes, they may have
a label naming the department/area or describing the content.
However, the label and the content might not match for long, as is
the case with Figure 5H, where the label reads pens and markers
but is actually storing something else. Labels with department
names are intended to avoid missing utensils. This concern can
also be noticed in Figure 5L, where a broom is seen locked to a
cabinet. This cabinet example is interesting, as it also contains
handwritten inspirational messages related to a specific worker,
pointing at aspects of territoriality in the workplace, which is the
subject of many studies (Brown, 2009).

Figure 5. Examples of spontaneous designs to organize and display tools (photo descriptions in Appendix I).
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In individual workbenches, where operators need to do
manual work over a flat surface to work on a piece, there were
spontaneous design examples that followed a design pattern of
perforated objects where tools can be inserted and easily accessed.
It seems to be important that materials and utensils being
organized/displayed are all visible with a glance and positioned
so that they can quickly be picked up.

Most of the examples of spontaneous designs to organize/
display fall into Akrich’s categories of Displacement and
Extension. In the former case, there is a strong effect of the
affordance fo insert and even more so of the affordance 7o hang.
Many of these instances bear similarities to thoughtless acts
documented by Jane Fulton Suri and IDEO (2005).

Implications for design. Direct implications for practice
are that the design of utensil and material storage at the industrial
shopfloor should be versatile due to changing demands; it should
promote glanceability and easy approach and use, akin to the
seven principles of universal design (Mace et al., 1991).

The characteristics of the examples in this purpose category
can also be reflective of efficiency practices, accountability
(having one’s name inscribed in an artifact signals the owner
and forces a duty of return when the artifact is borrowed), and
territoriality. A story we heard about an experienced operator in
one of the factories illustrates this notion of territoriality to an
extreme: this worker, whose workplace was next to a door leading
outside, planted his own vegetable garden and a fig tree behind
that door.

Figure 6. Examples of spontaneous design to inform (photo descriptions in Appendix II).
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Providing Information

Having timely and concrete information is also a significant
motivation for engagement in spontaneous design. In some
factories, we have noticed the need to create specific information
systems with codes that are learned and recognized by the
workers involved. There were two instances of this: in one case,
the workers developed a color convention for technical drawings
of injection molds which helps represent hot and cold channels
(Figure 6QG); in another case, the factory created a set of icons and
color codes for factory areas (e.g., operations area, storage area).

Often there is equipment with manuscript information
made with markers (Figure 6F&H). There is also a need to label
utensils with the worker or the factory sector name to avoid
misplacement and loss. These labels might even be inscribed as
warnings directly over the equipment, as in Figure 61-K. Examples
of spontaneous design in this category are the result of Adaptation
and Extension, as per Akrich’s framework.

Machinery brings instructions that are not always understood
by workers who need to operate that machine. For this reason,
workers often place a new layer of text through manual annotations
on paper tapes or embossed labels. Even if the language on
machine labels is understandable, additional layers of information
might still be required to provide instructions on how to operate
certain parts of the machine or to provide workers with timely
safety instructions. There are also instances in which the original
machine does not come with all labels required, and so workers

A s .
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superimpose them—examples of this might be seen in Figure
6E, where two buttons were newly labeled (open and close). A
variation of this is to insert redundancy in the machine, as in the
case of Figure 6B, where workers have added the label energy
to an on/off switch button, even though the format I/O is quite
common, at least in the geography where this study took place.
Some of these examples on added layers of information have the
goal of protecting user safety in human-machine interaction. The
category of protection, however, goes beyond information, which
is what we explore in the following purpose category.

Implications for design. The analysis of the examples in
this purpose category allows us to identify flaws with existing
industrial machinery: it is often not adapted to multiple uses,
multiple languages, multiple cultures, or multiple jargon.
Ultimately, this flaw in design has an impact on workers’ safety
and is a potentiator of errors in human-machine interaction.

Looking at implications at an organizational level, we can
see that, as noted by other authors (e.g., Fisher & Botticello, 2018;
Morike, 2022), a shared understanding is critical in an industrial
shopfloor and operators seem to engage in spontaneous design to
facilitate this.

Protecting People and Equipment

Through spontaneous design, workers augment human physical
and sensory abilities, improve comfort, and protect themselves
physically and cognitively. In our sample, they did so through
Adaptation, Extension, and Detour. Having good visibility
is important for many operations, which requires workers to
repurpose or reposition lights. Mirrors are repurposed to counter
lack of visibility, for example, to see the rear of machines or
so that operators can quickly see their own reflection in case a
particle jumps into their eyes. Physical protection from poor
body positions leads to changes made to seats and tables (Figure
7K or the example we saw of a worker who was using a block
of extruded polystyrene on her seat as a cushion). The need for
physical protection from poorly designed tool handles is often
shown by extra material layers to improve grip comfort (Figure
7H&I). Workers also engage in spontaneous design to protect
themselves from carrying heavy weights (Figure 7G depicts a
lever for heavy steel) and add layers of information to machinery
to guarantee that they are able to operate the machinery properly
and to do so without exposure to physical hazards.

Figure 7. Examples of spontaneous design to protect people and equipment (photo descriptions in Appendix Ill).
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To protect equipment, the predominant technique is to
cover it with an extra layer of material (Figure 7D, E, O). In one
instance, we found the use of another layer of material (a glove)
placed between two pieces of equipment to block electric current,
which in the long term could damage the equipment (Figure 7N).

Implications for design. Of all the categories, this is the
one where we can establish more links to traditional concerns
in ergonomics. Analyzing the images from the lens of the seven
universal design principles (Mace et al., 1991), we can see that
there are design flaws. This category of purpose reveals, for
instance, that the aspect of visibility of objects and processes
is often overlooked in machinery design, leading the workers
to unnecessary strain and potential errors or hazards. A broader
implication for design research is that workers feel compelled to
protect the equipment they work with and to extend its lifetime.

Cleaning Machinery, Utensils, and Products

It is often the case that machinery, utensils, and products need to
be cleaned on the shopfloor. Most of the examples of spontaneous
design we found to achieve this goal were created by Displacement
(e.g., using a toothbrush) or Detour so that workers could reach small
and deep areas. However, we have also found an example of an
Extension to a machine for continuous cleansing of a conveyor belt

A. C. de Barros, R. Moutinho, I. Magalhaes, and C. Correia

that works through the steady application of weight. Unfortunately,
the photographs we have for this category cannot be shared.

Although not an example of spontaneous design, we found
a myriad of rags in all industrial units that we visited, standing on
workbenches, inside machinery, on top of machinery, or hanging
from rods. This shows the prevalence of the task of cleaning as
part of industrial manufacturing work.

Implications for design. Although there might be a
tendency in design to consider primary functions only, this purpose
category brings to light the secondary activity of cleaning, which
is of relevance to both employers and employees. Equipment that
is self-cleaning or easy to clean will likely bring additional value
to industrial shopfloors.

Improving the Craft

This category is made of examples of spontanecous designs
created to improve workers’ performance in the job. Whilst some
spontaneous design examples improve performance by efficiency,
as is the case of having utensils at hand, as shown in the first
category, here the examples revolve around crafting (Figure 8).
The examples in this category are of tools usually for
individual use. For example, the artifacts in Figures 8B and 81
were created to careful eliminate excess material. In the first case,

Figure 8. Examples of spontaneous design to improve workers’ performance (photo descriptions in Appendix V).
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the object was created by adapting a pre-existing sander with a
blade. In the latter, a thin sheet of metal was added to a pre-existing
handle. Figures 8J and 8K show examples of what operators call
levers to move pieces in injection molding. These levers are
created out of softer material, so as not to damage the pieces
being produced, and are tailored by each individual worker, often
having operators’ names engraved on them. The interventions can
also improve the craft by improving the workflow. This is shown
by Figure 8H, where sand paper was attached to a table placed
underneath a conveyor belt, so that the operator could more easily
sand the pieces as they came out of the conveyor belt.

There are several examples in which operators devise
completely new tools based on existing artifacts (Detour) or
perform Extensions and Adaptations to existing tools and
machinery to improve the quality of their work, which will have
an effect on the quality of the final product. Spontaneous design
in this case tends to have the purposes of improving task rigor and
improving flexibility to use the same tools in different products.
Often operators create the artifacts themselves, but there was one
case in which, based on one operator’s idea for an adaptation
to an industrial machine, the factory initiated contact with the
manufacturer in order to implement the change to the machine.

Implications for design. This category evidences that
operators found the need to create bespoke tools that mediate their
interactions with the products they are producing. An implication
for the design of individual tools is that they should take into
account this needs to personalization and adaptation to one’s
own way of working. This category also hints at implications for
organizations. It suggests that experienced workers will find ways
of creating their own tools to suit their own personal needs in
pursuit of achieving what for them is a job well done.

Discussion

With this study, we found several examples of spontaneous
design in industrial units, which evidences that industrial
shopfloors constitute fertile ground for spontaneous design.
The examples we found were dispersed across all categories
defined by Akrich, although we did not find categories that were
clearly more prominent than others and we did not conclude that
there were sectors which were clearly more prone than others
to show examples of spontaneous design. We found examples
of spontaneous design in all industrial settings, except in the
industrial unit in the lighting sector—we had the indication from
one of the workers that there were examples of spontaneous
design, especially made by older workers in the industrial unit, but
we could not see or document them. We also found examples of
appropriation which we categorized as affordances and handmade
replicas, and we noticed that these interventions hinted at human
behavior and human values inside the industrial units.

The artifact analysis of spontaneous design, as a design
and user research method, allowed us to identify flaws in existing
equipment in industrial shopfloors, as well as opportunities for the
design of more appropriate equipment, therefore confirming the
usefulness of studying spontaneous design examples to inform
practice. Several instances of machinery with superimposed button
labels, safety warnings, and instructions showed that the design of
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machinery was not optimized for usability—this is the identification
of design flaws. Examples of opportunities for design were those
where spontaneous designs mediated or added to human-machine
interaction, something that had also been reported by Fisher and
Boticcello (2018), such as the case of mirrors used to look inside
the machine while it is working, or the frequently observed need of
naming equipment’s owners. This reduces the chance of equipment
being lost and supports territoriality (Brown, 2009).

Beyond this, the exercise of affinity mapping of spontaneous
design examples also allowed us to identify large themes, which,
in turn, help us understand the extent to which industrial workers
are willing to appropriate their surroundings, as well as to tap
onto the underlying motivations to engage in this type of practice.
These findings were summarized into five prominent purpose
categories: organizing and displaying utensils and materials,
providing information, protecting people and equipment, cleaning
machinery, utensils and products, and improving the craft. All of
the examples intend to improve a certain situation into a desired
state (Simon, 1996), which directly benefits the worker (e.g.,
protection from hazards), but also benefits the employer (e.g.,
improving product quality). To do spontaneous design, workers
tend to use whatever materials and utensils are around—this is
similar to what Loschiavo dos Santos (2000) found in contexts
deprived of resources. This was evident in metallurgy industrial
units, where the majority of spontaneous design examples were
built out of metal, ranging from step stools and dustpans to
tennis tables. We also noted how the characteristics of operators’
spontaneous designs tend to align with universal design principles
(Mace et al., 1991), such as flexibility in use, perceptible
information, low physical effort, or size and space for approach
and use.

Through spontaneous design workers improved their
working conditions, protecting their bodies from dangerous
movements or from dangerous machine interactions. Workers
also engaged in spontaneous design to protect the equipment
they work with so that it functions correctly and for a long time.
Through spontaneous design operators found ways of improving
their performance as workers of a certain trade. Workers created
space for carrying their tasks more efficiently, created artefacts and
processes to enable flexibility and created artefacts or processes
to improve rigor in their actions. The creation of means to clean
machinery and products, as well as the tailoring of machinery and
utensils to improve production of a certain work order evidence
that workers also engaged in spontaneous design to improve the
quality of the products being manufactured in the shopfloor.

Therefore, we can derive a model of purposes, actions and
values behind the spontaneous design examples we found in our
study (Table 5). Our study, using a design research perspective
and artifact analysis, corroborates previous research in the social
sciences suggesting that that workers engage in spontaneous
design to reach efficiency, effectiveness, satisfaction and safety
(Cross, 2012; Juravich, 2017; Lynch, 2012; Narimoto et al.,
2020; Pfeiffer, 2016). Spontaneous design is used to improve
ergonomics, performance and product quality. Furthermore, we
add to the existing literature by evidencing that these creations are
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not exempt from values. Analyzing these examples, we can see
that workers engage in spontaneous design with the underlying
values of resource efficiency: spontaneous design examples are
created to save time, to reuse materials and to preserve equipment.

Table 5. Summary model of purposes, actions, and values
behind spontaneous design in industrial shopfloors.

Purposes Actions Values

Lighting

Seeing

Grabbing

Working position
Protecting from
hazards

Moving (displacing)
Understanding

...Ergonomics

...Saving time,
material and
equipment

Improve...

Space
Rigor
Flexibility

...Performance -

.+ Clean
...Product quality Taylor

To the best of our knowledge, ours was the first study
conducting a systematic inquiry into spontaneous design in
industrial shopfloors. As a relevant output, we have also released
our photographic database in open source so that other researchers
can analyze it or increase it (Correia de Barros et al., 2023). Our
analysis of spontaneous design examples revealed immediate
opportunities for the design and redesign of industrial equipment.
Furthermore, by revealing industrial workers’ values, current
practices and how they created spontaneous design to improve
human-machine interaction, our findings have a potential to add
to current debates on the digitalization of industrial shopfloors and
the implications thereof.

There are limitations in the study. Although we were able to
build a rich dataset, our sample is made of industrial units where
automation goes hand in hand with highly manual tasks, which
might or might not be representative of most industrial sectors.
The sample of workers engaging in spontaneous design that we
were able to address is not large. We could not interact with many
of the workers who did the spontaneous design, and so we lacked
contextual information about the stories behind many artifacts.
On the other hand, even without further contextual data, we were
able to collect insights from several spontaneous design examples,
which suggests that this method holds value even when there are
no pre-conditions for participatory design, i.e., when workers are
not available to take part in design research due to own will or
force maijeure.

The fact that only 14 workers could be identified as
creators of spontaneous design contrasts with the number of
examples of spontaneous design found in our research. There
was also, even in this small sample, an outlier of a participant
who created many more spontaneous designs than the others. It
is possible that some workers or some functions are more prone
to the creation of spontaneous designs than others, but our study
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does not allow us to draw conclusions in this regard. In all visits
we did, the employees doing the fieldwork tour with researchers
were struck by the quantity of spontaneous design they had
never noticed, as well as by the levels of creativity behind them.
That we could not find most creators behind the spontaneous
design examples we collected is another limitation of our work.
However, one suggests that, despite the long-lasting practice of
Kaizen (continuous improvement) in manufacturing, engagement
in spontaneous design is not generally valued (with the exception
of one industrial unit in our sample, which awarded prizes for
certain types of such inventions), at least not to grant recognition.
However, the sheer number of examples found, together with the
purposes that they serve and their underlying values, lead us to
conclude that engaging in spontaneous design is highly valuable
for workers and employers. Future investment on providing
visibility to industrial workers’ spontaneous design could help
provide recognition and help dignify industrial operators’ work.

Future work could expand the analysis of spontaneous
design by including other industrial sectors and other geographies,
as well as compare engagement in spontaneous design between
less automated and more automated industrial units. Since
Akrich’s (1998) framework is based on form and function, it was
easy to implement it by a team of design researchers. Analyzing
the functional aspects of the spontaneous design examples
facilitated the identification of purposes, and the analysis of
configuration brought to our attention the techniques and materials
that were employed by the workers. However, we also found the
need to analyze other objects that did not fit the description of
spontaneous design to address our study aim. Therefore, although
we have used Akrich’s framework, future research could use
different frameworks and compare findings.

Conclusion

We found that, within industrial shopfloors, there are several
examples of spontaneous design. Our analysis revealed that
workers engage in all types of appropriation described by Akrich
(1998), the category of Extension being the most prominent one.
This shows that workers find the need to intervene on the work
equipment to add functions to it. We also found that spontaneous
design in this context is motivated by a will to improve
ergonomics, performance and product quality, following a certain
set of values. We found that many spontaneous designers were
unrecognized, but those who were tended to be older and more
experienced workers.

From the analysis of spontaneous design examples, we were
able to distill insights for design practice, therefore indicating that
this type of artifact analysis might be useful for user research in
design (research).
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Appendix

Appendix |. Descriptions of photographs shown in Figure 5.

Photo Description Industry
A Perforated block as storage for markers and other objects Polymer mold and injection
B Piece of hollow board glued to workstation board to be used as pen holder Metallurgy
C Perforated surfaces to store tools Polymer mold and injection
D Perforated circular tool holder with layers in different heights Polymer mold and injection
E Pen holder attached to workbench with tape-glue Polymer mold and injection
F Box with plastic pieces and labelling on the outside (label reads: “Injections”) Polymer mold and injection
G Wooden bock with handmade compartments to store specific tools Polymer mold and injection
H Cardboard box reused for storage, labelled “Pens” and “Markers”, but used to store other materials Cardboard packaging
| Portable radio placed on top of cardboard pieces and covered with a paper sheet Cardboard packaging
J Rod to hang handmade tools Metallurgy
K Metallic mesh fence used to store tapes Cardboard packaging
L .Sto.re e.md Ilocl.( system for broom in an operator’s workstation. The workstation has two pieces of paper glued to ey

it with inspirational messages
Appendix Il. Descriptions of photographs shown in Figure 6.
Photo Description Industry

A

Machine controls with added worn-out labels to gauges and buttons. From top-left corner, the labels read:
“Wait, Left”, “Counter”, “Displacement”, “Wait”, “March”, “Manual, Automatic”, “Tuning”

Machine controls with added labels to buttons. From left to right, the labels read: “Energy”, “Length” and “Reset”
Machine controls with added labels to buttons. From top to bottom, right to left, the labels read: “Overall cut,
transfer”, “Transfer”, “Turn off, turn on, Transfer”, “1 —Arm 2, 0 — Arm 1+2”, “2 — Arm 1”, “Displacement of

transfer to the left”, “Manuel sheet expulsion”, and “Displacement of transfer to the right”

Numbers handwritten over electricity plugs to identify circuit breaker phase to help maintenance workers
identify them in case of short circuit

Machine buttons labelled as “Close” (left) and “Open” (right)
Inscriptions to help use the piece, e.g., piece axis and annotations identical to the CAD system
Color coding to understand hot and cold channels

Inscriptions to help use the piece, e.g., “Rotate the CMUCK 180° so that it stays the same as the others”. The
side of the piece reads “Alignment pallet”.

Cart with name of sector: “Polishing / Laser”

Pallet truck with handmade inscription reading “Table 5/6”. There are not pallet trucks for everyone, so they
are marked with their respective factory area. The person guiding the industrial unit observation tour told
researchers that “Sometimes there is some fuss when the pallet trucks are used by people from different areas”

Broom with handwritten inscription indicating the area to which the broom belongs

Cardboard packaging

Cardboard packaging

Cardboard packaging

Cardboard packaging

Polymer mold and injection
Polymer mold and injection

Polymer mold and injection

Polymer mold and injection

Polymer mold and injection

Cardboard packaging

Cardboard packaging
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Appendix lll. Descriptions of photographs shown in Figure 7.

Photo Description Industry
A Transparent layer to protect worker from machine Polymer mold and injection
B Metallic mesh to protect workers from filings coming out of the machine Polymer mold and injection
C Transparent layer to protect worker from machine Polymer mold and injection
D Foam to protect tip of machine Polymer mold and injection
E Body of mach|ne standing over workbench area. The machine is wrapped in bright yellow tape with red Polymer mold and injection
exclamation mark
Metal sheets covering plasma cutter openings to protect workers from falling when cleaning the machine and the
= ! h ” Metallurgy
pieces. Metal sheet steps added to help operators climb on top of machine
G F-shaped lever to help lift heavy pieces Metallurgy
Metallic rod with handle made out of several layers of cardboard and duct-tape used to remove excess )
H Cardboard packaging
cardboard
| Hand tool with layers of duct-tape on the handle Metallurgy
J Missing keys replaced by cork cylinders (cork stoppers) Textile
K Metallic bench used to elevate welder Metallurgy

Aluminum table elevator feet created for all the tables on the industrial unit. The person guiding the tour told
L us that they bought these tables to a renowned Italian manufacturer expecting them to be very good, but their Metallurgy
dimensions were not anthropometrically suited to Portuguese operators

M Temperature controlled chamber with thermometer created by operators to store fragile materials Metallurgy
N Glove inserted at the top of chain to block electric current to move upwards and destroy engine located above Metallurgy
o Workstation with filer protected from dust with plastic sheet Metallurgy

Appendix IV. Descriptions of photographs shown in Figure 8.

Photo Description Industry

Operators call them “coppers”. Each operator has several handmade tools made of copper or bronze to execute

A actions, such as hammering or removing material Polymer mold and injection
B Topl madg from sander, with blade attached to the extremity. It is used to remove excess material from sides of Polymer mold and injection
finished pieces

C Operators call it the “LN”. It is a setup to hold the device that measures surface roughness Polymer mold and injection
D Gap measurement tools and bespoke box to store them Polymer mold and injection
E Brush to clean woolen woven fabric. It is made out of rosemary sticks and duct-tape Textile

F Tools to remove extra burr from deep and small places in the pieces Polymer mold and injection
G Array of handmade tools for different purposes Polymer mold and injection
H Sand paper attached to work table to help sand pieces that come from the conveyor belt Polymer mold and injection
| Tool to remove extra burr from deep and small places in the pieces Polymer mold and injection
J Handmade lever Polymer mold and injection
K Handmade lever Polymer mold and injection
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