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DISCLAIMER: This document is a translafion/adaptation of a peer-reviewed conference article originally
published in French in July 2022 and available at hitps://hal.archives-ouvertes.fr/hal-03598525 (Martin, A.,
Gaultier, A., & Colin, C. (2022). Cartographie du concept low-tech : Guider la conception vers des
techniques plus justes. Proceedings of the 56th SELF Conference. 56th SELF Conference, Vulnérabilités et
risques émergents : penser et agir ensemble pour fransformer durablement, Geneva, Switzerland).

This English franslation is provided by the authors from the French original and has not been peer-
reviewed. Some slight adjustments have been made (e.g., in this version some book references have
been changed from the French to the English editions, when possible, in order to be more informative to
the English-speaking reader). Finally, “low-techs” might be more familiar to the English-speaking readers
as “appropriate technologies”, we consider the two terms as almost interchangeable.

ABSTRACT

The current exposure of societies to climate risk is largely due to the evolution of our technical culture.
Ergonomics has encountered difficulties to mifigate the impact of this technical culture (automation,
specialization, efc.) on human well-being. Low-techs propose a reconfiguration of our relationship to
technology but suffers from being ill-conceptualized. In order to map this field, and to initiate a debate
within our community, a study was conducted with 26 experts. The results revealed that 8 categories of
criteria can contribute to frame low-techs: Empowering/Emancipating, Renewing Design Practice,
Critical, Demechanized, Situated, Psychologically Transformatfive, Radically Useful, and Technically
Sustainable.

This study shows that the low-tech approach is more than an opposition of technical degree with high-
techs, that ergonomics is legitimate to act within this framework and that low-techs offer a technical
perspective that empowers the ergonomist.

Keywords: History and future of ergonomics, Political comment and ethical considerations, Use of expert opinion, User's
model, mental models and cognitive map.
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The “low-tech” concept has been popularized in
France in the 2010s by Philippe Bihouix (Bihouix, 2014,
2020) and the creation of the Low-tech Lab
association. Often used in confrast with high-tech, the
termis in line with the techno-critical works of the XXth
century which showed the situations of vulnerability
(economic, ecological, social) and illusions created by
technological progress (e.g.. Ellul, 1964; lllich, 1973b;
Mumford, 1967; Weil, 1958) by giving them a concrete
answer.

Like "high-tech”, the concept has been described as
destined to remain blurry and its boundaries destined
to remain permeable (Bihouix, 2021, p. 94). The most
widespread definition in France might be the Low-tech
Lab’s, according to which low-techs are "objects,
systems, techniques, services, know-hows, practices,
behaviours and even ways of thinking that use
technique and technology according to three
principles: Useful. Accessible. Sustainable.” (Low-tech
Lab, n.d.). "Useful' being understood in the sense of
meeting priority needs. To illustrate this definition we
can compare a safety razor (usefulness: allows
shaving, accessibility: affordable price, handling is
simple for people who are not comfortable with digital
technology; sustainability: easy to repair and recycle,
has only three different components, is made of
homogenous materials) and a connected razor
(usefulness: allows shaving and receiving shaving
advice; accessibility: razor and blades are both
expensive ; sustainability: is impossible to repair by the
general public, made of heterogeneous materials that
are hard to separate and to recycle, suffers from
numerous potential sources of failure). Low-techs are
therefore of twofold interest, i.e., for their respect of i)
human beings (technology becomes affordable
again, the human being remains master of it since he
can understand/repair it, etc.) and i) of the
environment in which they live (frugality in terms of
resources, reparability, recyclability, etc.). Less and less
a utopia, low-techs are spreading in society as a
credible solution to the societal and environmental
crisis  (e.g., da major French sporting brand
manufactures a low-tech hiking stove, bakers and
roasters are equipping themselves with solar ovens
etc.).

A certain consensus exists on the sterility of opposing
low and high-techs, evenif one is conceived in relation
to the other (Grimaud et al., 2017a, p. 13). For
example, it is possible fo imagine a low-tech digital
artefact (e.g., Decker, 2017; Nova & Roussilhe, 2020).
The relative aspect of low-techs is important, for
example an electric bike wil seem ‘“low-tech”
compared to an electric car, on the other hand this
same bike will be less “low-tech” than a regular bike.
Research on low-techs are rare even if they have
developedinrecent years (e.g., Grimaud et al., 2017b;
Martin & Colin, 2021; Meyer, 2021; Nova & Roussilhe,
2020). Funding are indeed sfill rare for a topic that goes
against the dominant industrial paradigms.

What is the interest for ergonomics to be concerned
with low-techs? We can identify atf least three reasons:
regain some power to act, seize its disciplinary
legitimacy and contribute fo the fight against the
environmental and societal crisis.

Contemporary Western ergonomics was built in the
context of industrialization (Guérin et al., 2021, p. 49;
Laville, 2004, pp. 41-44) and is financially supported by
it. It is therefore constantly struggling with its paradigms
(specialization, division of labour, quantitative
approach to work, opfimization, standardization,
automation, prescription and subordination efc.). It
has noted the resulting damages without always being
able to respond to them other than by proposing
adaptations, “passive revolutions in the face of the
waves of ftransformation that workers frequently
endure” (Guérin et al., 2021, p. 380) and, in the worst
case, by acknowledging it powerlessness ('it can do
little to remedy alienations [...], a science of human
work, it loses its rights when the latter has disappeared"
Briand & Cazamian, 1996, p. 537). Low-techs therefore
offer a new perspective to ergonomics. By integrating
them fo its practice (lab and field work), ergonomics
would perhaps find a new power of action allowing to
free ifself, in part, from the “sfrong dependence fo the
way ergonomics has been built: by the experience as
it has been set up in an industrial economy and in big
companies” (Cerf, 2021).

On a more theoretical level, low-techs question key
conceptfs such as needs, actual behaviours or
cognitive aspects of handling artefacts that are not or
slightly digital (Colin & Martin, 2021). In the case of
behaviours, they lead, for example, the ergonomist to
think about the environmental impact of the actual
behaviours generated by the artefacts (ibid.).

Finally, low-techs are very much situated at the
crossroad of "classic" ergonomics areas: work (already
mentioned previously), accessibility, and usability.
Regarding the latter, one thinks in particular to their
“undeniably cruder and more basic, maybe a little less
powerful” characteristics (Bihouix, 2020, p. xiv) which
raises questions of discoverability, signifiers, constraints
etc. The practitioners of the low-tech movement
themselves recognize the need for ergonomics. One
of the co-founders of the Low-tech Lab stated: “there
is a lot of work to do regarding [their] design fo make
these systems more aesthetic and (especially) more
ergonomic” (Nahmias, 2019).

Faced with the environmental and societal crisis,
design ergonomics has entered a stage marked by
ethics (Bastien & Brangier, 2021, p. 231) where low-
techs seems a promising avenue. Indeed, by dealing
with our relationship with technology, low-techs are a
way to sustainably transform our societies, and even to
respond fo new risks (notably shortages of raw
materials).

The study took place in the context of a “PRC" (for
“Projet de Recherche Collaborative”, Collaborative
Research Project) entitled “Viabilité low-tech” (Low-
tech viability) funded by the EcoSD association. The
goal of the PRC was double: 1) to carry out an
inventory in France regarding the low-tech concept
and 2) fo create tools to facilitate the development of
low-tech inifiatives as well as their funding and
recognition.

The study articulates two card sorting experiments, on
the basis of a bibliographical analysis, in order fo map
the mental representations of low-techs among
experts of the field. Card sorting is a widely used
method in the humanities, especially for building web
architecture (Lallemand & Gronier, 2016). It seeks to
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highlight the categorizations used by individuals as an
indicator of their mental representations (Fastrez et al.,
2009). This method is based on the mental capacity of
individuals to organise information into hierarchical
structures according to their common properties
(Collins & Quillian, 1969) and relies on “the assumption
that an important part of people's knowledge lies in
the categories they use” (Fastrez et al., 2009). This
method was chosen because it is effective in
organising a large number of criteria. More
specifically, it is relevant both for studying mental
representations and for producing a mapping that is
easy to reuse, modify, discuss etc.

In concrete terms, the participants were asked to
organise a series of criteria used fo describe low-techs
and previously extracted from the literature. The
freatments made it possible to extract an "average"
cartography that could serve as a basis for the
ergonomics community to appropriate and debate
the low-tech concept.

The method we used is summarized in Figure 1.

Step 1: Extraction of the criteria through
bibliographical analysis
The goal of the bibliographical analysis was o identfify,

as objectively and comprehensively as possible,
criteria that could describe the low-tech concept.

the coders divided the texts among themselves.
Sentences for which the individual coders had
difficulties to make a decision were subjected to
discussion until an agreement was reached.

Processing the criteria

Each exiracted verbatim was then reframed as a
criterion (e.g., ‘“low-fechs are tfechniques that
consume little energy” became “energy efficient”).
Similar and duplicate criteria were merged. Finally, the
64 criteria obtained in this way were validated by 3
researchers (two ergonomists and an engineer in eco-
design). The aim was to check that the criteria were of
the same level of granularity and that they were
understandable. Definitions were written for each of
them using their verbatim as basis.

Step 2: Organization and validation of the
criteria through card sorting experiments

The goal of the card sorting experiment was to enrich
and validate the relevance of the criteria identified
during the literature review while identifying the
structure and organization of these criteria according
to the mental representations of community experts.
The card sorting experiment was composed of a first
"open" phase followed by a "closed" phase.

Phase 1: Open card sort
In this first phase, the aim was both fo validate the

Figure 1. Summary of the method used.

53 potential criteria & 10

1. Bibliographical analysis

1. Document collection

2. Extraction of the criteria

64 potential criteria categories
[ }
2. Open card sort 3. Closed card sort
(N=7) (N=19)

1. Collection of the definition
of the “low-tech” concept

2. Reading of the definition
of the criteria

3. Grouping of the criteria

4. Naming the resulting
categories

5. Questionnaires (socio-
demo + expertise)

1. Collection of the definition
of the "low-tech” concept

2. Grouping of the criteria in
the 10 categories

3. Questionnaires (socio-
demo + expertise)

l

5] criteria & 8 categories

Document collection

The documents were identified via an Internet search
engine. They were scienfific articles, news articles and
technical notes. The search took place in 2020,
documents were included if they contained the
keywords "low-tech" or "low technologies" in their text
and if they were post-2000; thus 17 documents were
identified and included in the study.

Extraction of the criteria

The textual fragments that characterized the low-tech
concept were extracted by 3 coders (two engineering
students and one eco-design engineer). After
"initializing" the coding on a text (coding the same text
separately and resolving coding conflicts together),

criteria collected in the literature review (by adding
missing criteria or by removing irrelevant ones) and to
identify the names of the categories according to
which these criteria can be organised.

A total of 7 French-speaking participants took part in
the open card sort, 2 women and 5 men aged
between 29 and 49 (M = 34.50; SD = 7.48). The
participants were identified within the "low-tech"
community; they were people whose job fitle clearly
mentioned low-techs (e.g. "Low-tech project
manager”), leaders of associations dedicated to low-
techs or people working to conceptualize low-techs
(i.e.. having published books or research articles on the
subject). Parficipants' perceived expertise was
collected using a 5-point Likert scale (inspired by
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Johanna & Heijden, 2000). Their mean perceived
expertise in the low-tech field was high (M = 4.07; SD =
0.76). They had been invested in the low-tech field for
several years (M = 4.33 years; SD = 2.07 years).
Participants did not receive a financial compensation
and gave their informed consent before participating
in the study.

The card sorting experiments were done individually
and were conducted via video conference under the
guidance of a researcher. After giving their definition
of low-techs, participants were asked to read the 64
potential low-tech criteria and their definition. They
then had to group these criteria according to their
own logic and name the resulting groups of criteria.
They were given the opportunity fo add or remove any

the end of the first phase.

A total of 19 French-speaking participants took part in
the closed card sort, 4 females and 15 males between
the ages of 23 and 55 (M =28.00; SD = 5.37). Asin phase
1, participants were low-tech experts and were
identified for their professional low-tech expertise. Their
average perceived expertise in the low-fech field was
high (M = 4.03; SD = 0.81). They had been invested in
the low-tech field for several years (M = 4.81; SD = 6.21).
Participants were not compensated and gave
informed consent prior to participating in the study.
The card sorting experiment took place individually
and autonomously on the KardSort website
(kardsort.com).

After giving their definition of low-tech, participants

Figure 2. Extract from the dendrogram for the categories "Psychologically tfransformative” (purple) and
"Critical" (green). The red line indicates the selected classification level.

Propose une vision du monde

Propose de nouveaux imaginaires

0,82

Permet une réflexivité sur les cang

Suscite un mode de vie simplifie

Génére des usages sobres

Donne du sens

Produit du bien étre

Redéfini nos modes de productior

En rupture avec le mode actuel de

Remet en cause des modeles cultt

Alternatif aux modéles économigL

Alternatif aux modéles sociétaux

Militant

|7

criteria, for example, if they seemed irrelevant or
redundant with each other.

New criteria proposed by participants were added to
the list and criteria with more deletions than the
median number of deletions per criterion (2) were
removed for the next phase. In total, 4 potential criteria
were added by participants. In contrast, 11 potential
criteria were removed.

Finally, the names of the categories of criteria given by
the parficipants were grouped thematically by 2
researchers (ergonomists) to form meaningful and
exclusive categories. This analysis resulted in the
emergence of 10 categories of criteria. It should be
noted that 4 criteria were transformed into categories
because their meaning completely covered the
content of a category established by the participants,
thus avoiding any recursion.

Phase 2: Closed card sort

In this second phase, the goal was to quantitatively
validate the organization of the criteriac and the
existence of the categories of criteria as identified at

were asked to group the 53 potential low-tech criteria
(presented in random order) into the categories
identified at the end of phase 1. Again, they were
given the opportunity to delete any criteria.

Results were analysed with the CaSolysis 2.0 software
(see Figure 2). The analysis of the hierarchical clustering
produced by this software led us fo identify the groups
of criteria that would allow us to validate the structure
of their categorisation. We then wused the
category/criteria matrix, which allowed us to observe
in which category each criterion was predominantly
classified, to verify the denomination of the categories.
Thus, 2 categories were added and 5 categories from
phase 1 were combined to form 2 new categories. In
addition, 1 category and 2 criteria were deleted.

Our analyses allowed us to identify 51 low-tech criteria
that have been structured in 8 categories by the
participants (see Figure 3).
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Categories

Definitions

Criteria

Technically sustainable

Psychologically
tfransformative

Critical

Situated

Empowering/Emancipating

Radically useful

Renewing design practice

Demechanized

Have the least negative
possible impact on the
environment by providing a
moderate technical
response.

Generate psychological
changes.

Question the dominant
technical and social
practices.

Address the specific problems
of a territory and uses local
resources.

Give back some power to
act, develop capabilities and
enable growth.

Functions meet priority needs.

Question design practices.

Favour manual energy while
being as little automated as

possible.

Ecological - Does not produce waste massively -
Recyclable - Sustainable - Respects planetary
boundaries - Reusable - Energy efficient - Resilient -
Robust - Repairable - Contrary to the logic of
exploitation - Sober design - Low complexity - Sober
in materials - Modular - Responds to a design under
constraints

Proposes a vision of the world - Proposes new
imaginaries - Generates a simplified way of life -
Generates sober uses - Allows a reflexivity on social
consequences - Gives meaning - Produces well-
being

Alternative to economic models - Alternative to
societal models - Breaking with the current mode of
consumption - Redefining our modes of production -
Challenging cultural models - Militant

Interstitial - Locally repairable - Locally produced -
Locally adaptable - Decentralized

Inclusive - Fits into the notion of "commons" -
Collaborative - Open - Controllable - Reproducible -
Simple to use - Accessible manufacturing - Allows for
the democratic reappropriation of production tools
Questions the degree of usefulness - Functional -
Efficient - Versatile

Resourceful - Implement new design methods

Labour intensive - Based on ancient techniques and
know-how

Figure 3. Classification of the 51 criteria in 8 categories that can be used to describe low-techs.

Limits

We can identfify two limits to the study:

- the probably high cognitive load generated by the
experiment. The participants had to organise between
50 and 60 criteria, which raises the question of the
quality of their ranking and of the instrumentation of
card sorts involving a high number of items.

- the exhaustiveness of the bibliographical sources
used: with 17 documents, we cannot claim to have
exhausted all possible criteria, only fo have found a
compromise allowing for the feasibility of the study by
covering the majority of them.

Discussion

Although it developed with a view to accompanying
industrialisation, ergonomics has produced numerous
works critical of its effects. By proposing to reconfigure
our relationship with fechnology, low-techs enable
ergonomics to imagine a future in which it is not merely
a secondary actor of technical culture, present only to
mitigate degraded work and usage situations.
Ergonomics could therefore commit itself, with its
theories and methods, to making low-techs easier to
use for everyone and therefore more widely available.
For example, by developing new tools (needs analysis
grid, ergonomic criteria for low-techs, etc.). In
addition, low-techs, as circumscribed by the 8
categories of criteria presented in this article, also
enriches the themes freated by ergonomics by
bringing to it relatively absent concepts, such as
emancipation (Béguin, 2021).

Low-techs also question the future of design
ergonomics: joining the dominant practice in “user

experience design”, consisting in  “opacifying”
artefacts (i.e., by concealing the “wheels of the
machine”) and to aim for optimal comfort and
performance, even if it means creating a “techno-
cocoon” (Damasio, 2010) around userse Or, with low-
techs, to participate in unveiling the infrastructure of
the industrial economy, the “material reality of our
economic system” (Bihouix, 2020, p. xvi), which "can
highlight complex issues that are very hard fo see in a
frictionless world"” (Morozov, 2013, p. 327). Thus,
contributing to making people masters of their own
lives, aware of their needs, their choices and their
conseguences.

The term “low-tech” also raises questions. Intuitively it
points to the rustic, uncomplicated aspect of these
artefacts, and much less to the human aspects
described in this article. Should we change it2 Perhaps
the first thing to do is to update its definition. Using the
results of the card sort, we propose to define low-techs
as "artefacts whose design is constrained by the
necessity to care for humans and the environments of
production/use of which they are part". In fine, low-
techs appear to be part of a concern for the
compatfibility of technology with "the permanence of
an authentically human life on Earth” (Jonas, 1985).
The reading of this definition and of the 8 categories of
criteria identified above, leads to the observation that
the term "low-tech" isinadequate and to reflect on the
use of more open and representative terms such as
"convivial fools" (lllich, 1973b) or “fair fools” (llich,
19730, p. 27). However, this is difficult to envisage in
France, where “low-tech” has been widely adopted,
unlike in Anglo-Saxon countries, where it is rarely used.
A worldwide mapping of the terms used to describe
techniques could enrich this reflection.
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Finally, there is the question of the relatfionships
between the 8 characteristics identified in this study.
Do they have causal relationships?2 Which ones?2
Answering these questions would help guide their
implementation. In order to equip ergonomists wishing
fo contfribute to the development of low-tech
artefacts, this study was followed by work on user
problems with the aim of proposing design principles
for low-techs (Colin & Martin, in press).

This cartography leads us to affirm that low-techs are
not reserved to engineering sciences and that
humanities, and particularly  ergonomics, are
legitimate and competent in this area. Indeed, low-
techs require a ftechnical fransformation but also a
human and social one (psychological change,
usefulness, autonomy, accessibility, usability,
controllability, etc.), for which ergonomics is well-
suited. Low-techs are also relevant objects of study for
ergonomics because they allow us to adopt a critical
approach of fechnology. Finally, working on low-techs
is a way for ergonomics to position itself as a more
important actor of the technical culture, to contribute
to a transition fowards a world that is more respectful
of humans and their environment by offering a
credible and alternative vision to that of green growth.

The authors thank the 26 participants to the study. We
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