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In our contemporary technology-driven societies, every aspect of life connected to our 
bodies — such as birth, reproduction, sexuality, gender, and aging — is profoundly in-
fluenced by technoscientific advances. The body is no longer a fixed entity but a dynamic 
battleground, constantly reshaped by technologies.
This compelling book delves into the evolving interface between human bodies and tech-
noscience, exploring themes like technoscientific imaginaries, the cyborg concept, bodily 
transformations through technologies, datification, and biomedicalization. Approaching 
these topics from a Science and Technology Studies (STS) perspective, the book poses 
essential questions about the relationship between technology and the body: What are 
the consequences of our increasingly mutable physicality? What analytical frameworks 
can we use to study this ever-changing, hybrid body? How does STS help us understand 
the material and discursive construction of corporeality through technoscience? And how 
do our bodies, in turn, help shape the very nature of technoscience?
This book is of interest for scholars and students in Science and Technology Studies 
(STS), Sociology of the Body, and Social Theory, offering fresh insights into the crucial 
interplay between scientific knowledge, technology, and bodily experience. It invites read-
ers to reconsider the essential questions regarding the interplay between technoscience 
and corporeality.

Simone Arnaldi teaches sociology in the Department of Political and Social Science 
at the University of Trieste. His main research interests include responsible innovation, 
science policy, and science diplomacy.

Stefano Crabu, Ph.D. in Social Sciences is a science, technology and medicine sociologist 
at the Department of Philosophy, Sociology, Education and Applied Psychology of the 
University of Padova. His research and publications focus on the sociomaterial and epis-
temological aspects of knowledge-making practices, laboratory practices and innovation 
from below.

Assunta Viteritti, Full Professor in Sociology of Education at Sapienza University of 
Rome, researches the interplay between education, learning, science, technology, and so-
ciety. She is a former President of STS Italia, editorial board member of Tecnoscienza - 
The Italian Journal of Science and Technology Studies, and serves on the Council of the 
European Association for the Study of Science and Technology (EASST).



BIBLIOTECA DELLA SOCIETÀ APERTA 
STUDI E RICERCHE 16



Opera sottoposta a peer review secondo 
il protocollo UPI – University Press Italiane 

Impaginazione
Verena Papagno 

© copyright Edizioni Università di Trieste, Trieste 2024.

Proprietà letteraria riservata.
I diritti di traduzione, memorizzazione elettronica, di
riproduzione e di adattamento totale e parziale di questa
pubblicazione, con qualsiasi mezzo (compresi i microfilm,
le fotocopie e altro) sono riservati per tutti i paesi.

ISBN 978-88-5511-490-5 (print)
ISBN 978-88-5511-491-2 (online)

EUT Edizioni Università di Trieste
via Weiss 21, 34128 Trieste
http://eut.units.it
https://www.facebook.com/EUTEdizioniUniversitaTrieste

BIBLIOTECA DELLA SOCIETÀ APERTA
Studi e ricerche

DIREZIONE EDITORIALE / EDITORS
Diego Abenante, Serena Baldin, Giuseppe Ieraci, Luigi Pellizzoni

COMITATO SCIENTIFICO / SCIENTIFIC BOARD
Francesco Battegazzorre (Università di Pavia), Matthijs Bogaards (Jacobs University Bremen), 
Bernardo Cardinale (Università di Teramo), Ian Carter (Università di Pavia), Marco Clementi 
(Università di Pavia), Giovanni Delli Zotti (già Università di Trieste), Paolo Feltrin (già Università 
di Trieste), Danica Fink-Hafner (University of Ljubljana), Damian Lajh (University of Ljubljana), 
Luca Lanzalaco (Università di Macerata), Liborio Mattina (già Università di Trieste), Leonardo 
Morlino (Luiss Guido Carli Roma), Damiano Palano (Università Cattolica Milano), Lucio Pegoraro 
(Università di Bologna), Franca Roncarolo (Università di Torino), Guido Samarani (già Università 
Ca’ Foscari Venezia), Mauro Tebaldi (Università di Sassari), Michelguglielmo Torri (già Università 
di Torino), Luca Verzichelli (Università di Siena)

logo design: Pierax



Bodies and 
Technoscience. 
Practices, 
Imaginaries and 
Materiality

Simone Arnaldi 
Stefano Crabu 
Assunta Viteritti

EUT EDIZIONI UNIVERSITÀ DI TRIESTE





Table of Contents

Introduction
Exploring the Intersection of Bodies and Technologies in Social Theory 
and Science and Technology Studies: An Introduction
Stefano Crabu, Simone Arnaldi, Assunta Viteritti	 7

Part I. The Body Visible

1. 	 Technologies in “making the invisible visible”
	 Federico Neresini	 23
2. 	 Seeing through Machines: Algorithms and the Pursuit 
	 of Mechanical Objectivity in Embryo Imaging
	 Manuela Perrotta	 41
3. 	 «How ugly is this coronary!». Technoscientific Imaginaries 
	 and Body Metaphors in the Biomedical Field
	 Barbara Pentimalli	 61

Part II. The Body Proper

4. 	 A “Restored” Female Body: Practices and Imaginaries 
	 in Breast Cancer Treatments
	 Valeria Cappellato, Valentina Moiso	 83
5. 	 The body professional. How do AV developers acquire their bodies?
	 Mariia Kiseleva, Andrei Kuznetsov	 101
6. 	 Sizing Bodies and Making “Others”: Standardising 
	 and Appropriating Apparel
	 Chris Hesselbein, Paolo Volonté	 125



Part III. The Cyborg Body

7.	 Theorising Cyborg Communities and Visual disabilities. 
	 Case Study of V(irtual)Eyes
	 Bianca Rumore	 145
8.	 Science Vs. «Nature». Uncanny Technological, Aesthetic, 
	 and Political Implications of Plastic Surgery Practices
	 Sara Casartelli	 167
9.	 Dead Bodies. Living Boundaries Towards Socio-Technical 
	 Imaginaries of Plastination
	 Stefan Nicolae	 183

Part IV. The Digitised Body

10. Technological Practices of Multiple Bodies: Self-tracking 
	 in an Overworking Culture
	 Elise Li Zheng	 203
11.	Digitamorphosis of feminine bodies on affective dating applications
	 Jessica Pidoux, Pascale Kuntz	 225

Part V. The Body In and Beyond Science

12.	Bodies by other means: Challenging the prevailing biomedical 
	 discourses within refused knowledge-based communities
	 Stefano Crabu, Barbara Morsello	 247
13.	Designing life in the (in)visible world Stem-cells as epistemic objects 
	 and bio-objects in the interpretive flexibility perspective
	 Assunta Viteritti, Letizia Zampino	 271

Postface
Guido Nicolosi	 287

Notes on Contributors	 291



125

Introduction

Technoscientific studies of the body often focus on emerging technologies and how these 
reconfigure social roles as well as our bodies in terms of their perceptions, abilities, and 
experiences. Prosthetic and medical devices as well as reproductive, computational, and 
biotechnologies as much problematise the boundary between the natural and the hybrid 
body as they reinscribe existing social structures (Haraway 1991; Martin 1987; Treichler 
et al. 1998). Studies of technology from the perspective of gender and race, in particular, 
have noted how gendered and racial divisions of labour and social inequality play out on 
the level of everyday life through domestic objects, urban infrastructures, and computa-
tional technologies (Benjamin 2019; Cowan 1983; Wajcman 1991, 2004). One category 
of technology that has not yet received much attention in technoscientific studies of the 
body, however, is that of clothing, which is surprising considering the inseparability of 
body and clothes in the clothes-body complex (Klepp 2011) as well as the crucial role 
clothes play in naturalising the body and social identity.

In contemporary societies, the relationship between clothing and the body as well as 
the experience of wearing clothing are strongly informed by standardised manufacturing 
processes and the categories of inclusion and exclusion that underpin these processes of 
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production. Anyone who has ever gone in search of a pair of jeans, for example, knows 
that finding one’s “size” does not necessarily result in finding one’s “fit”. In mass manu-
facture, clothes are prototyped by the pattern maker on an “abstract” body (Corrigan 
1997: 64) – that is, on a fit model’s body and a mannequin – which is theoretically 
representative of all possible customer bodies. As might be expected, the use of this im-
personal body has led to a gradual splitting of clothes from actual bodies because now 
clothes “encounter” the body only after they have been manufactured. The results of these 
standardised manufacturing processes, namely the clothes that are eventually presented 
to and bought by consumers, embody or “materialise” the sociotechnical decisions and 
considerations that underpin such production processes. However, these are not necessa-
rily the same considerations that consumers might have, and particularly for those who 
have “non-standard” bodies. In other words, the problem of finding apparel that fits is 
considerably more difficult for those whose bodies are more divergent than standardised 
production processes have taken into account.

In this chapter we will focus on the role of technology and mass production in the 
normalisation of the female body within the fashion system and in the resulting exclusion 
of bodies or body parts that do not fit on the basis of seemingly “objective” reasons. By 
means of two case studies of apparel production that lead to the naturalisation of “other” 
categories of bodies, we show not only how technologies standardise the female body, 
delimit its variability, and therefore “other” a significant number of women on the basis 
of “technical constraints”, but also how women attempt to negotiate or work around such 
constraints and exclusions.

Our first case study focuses on the exclusion of fat bodies1 in the mass production 
and standardisation of clothes in the fashion industry. The sizing system employed in 
the production of clothing strives to find a balance between two challenges, namely the 
variability of consumers’ bodies as well as the complexity and costs of producing and 
distributing clothing for all possible body sizes. However, the abstractions and generali-
sations that manufacturers rely on are inherently imprecise and ill-suited to many bodies, 
particularly when attempting to move beyond a certain size threshold. We will show that 
the development of the sizing technique incorporates the normalisation of thinness as an 
essential characteristic of female beauty and fashionable bodies, and the resulting exclu-
sion of fat bodies from the domain of fashion. 

Our second case study focuses on the standardised sizing and manufacturing systems 
used in women’s footwear production. Similar to the previous case study, footwear pro-
ducers face a dual challenge in finding an economically optimal solution to a wide variety 
of bodies and feet. In contrast to the previous case, standardised and mass-manufactured 

1 	 In many languages, “fat” has a negative connotation, which means that people often resort to a wide 
range of euphemisms when referring to fat bodies. However, using such euphemisms only confirms and 
reinforces the fat stigma. Therefore, we will here use “fat” and “fatness” in their neutral, merely descrip-
tive, and stigma-free meaning.
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women’s footwear results not in the exclusion of entire bodies but instead of body parts, 
namely small and irregular or otherwise non-standard feet belonging to adults. Finding 
appropriate women’s shoes is therefore an everyday challenge for those women who wish 
to wear fashionable, professional or “feminine” footwear2. We will show that these chal-
lenges are negotiated and circumvented through a variety of appropriation techniques 
and tinkering practices that consumers use to adapt and make their shoes “work” for the 
idiosyncrasies of their particular feet and bodies. The composition of the two case studies 
illustrates in a complementary way how standardised forms of production result in a si-
tuation in which apparel is rarely, or only poorly, suited to most bodies, and that women 
are often required either to modify their apparel or their bodies.

The two case studies were conducted separately by the two authors at different times 
and places. The study of the exclusion of fat bodies in the mass production of fashionable 
clothes is mainly based on secondary data and analysis of media content (texts and ima-
ges). The study of the standardised sizing and manufacturing systems used in women’s 
footwear was carried out through in-depth interviews and ethnographic observations in 
New York City during 2016-2019.

Bodies, clothes, and sociotechnical standards

According to Cavallaro and Warwick, «it is dress that has time and again been assigned 
the responsibility of transforming the incomplete body into a complete cultural pack-
age» (Cavallaro and Warwick 1998: 3). Although we are used to talking about dress and 
the body as two different and separate entities, the body in social life is a dressed body 
(Entwistle, [2000]2015: 6), and only exceptionally appears “undressed” or “naked”. 
Dressing is therefore one of the primary ways of making bodies appropriate and acceptable 
to social situations in such a way that they can “fit in” according to their assigned roles 
and expectations. Consequently, bodies that are not dressed according to perceived role or 
identity are seen as transgressive, inappropriate, and out of place. Jennifer Craik observed 
that clothes «are activated by the wearing of them just as bodies are actualised by the 
clothes they wear» (Craik 1993: 16). The human body, therefore, and particularly the body 
as a social entity, is always an assemblage of flesh and matter, nature and technology, hu-
man and non-human elements (Haraway 1991). Fashion scholars have highlighted this re-
lationship as a clothes-body complex, fashion-body-hybrid, body-clothes assemblage, or as 
dressed embodiment (see Klepp 2011; Haller 2015; Ruggerone 2017; Hesselbein 2021a).

One of the primary cultural functions of the clothes-body complex is to structure, 
differentiate, and maintain forms of social identity, such as gender, class, ethnicity, and 
sexuality. For example, as Elizabeth Wilson notes, «fashion is obsessed with gender, [it] 

2 	 The inverse is the case for, among others, drag queens and trans* women, who often struggle to find 
women’s shoes that fit their larger-than-standardised-for feet.
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defines and redefines the gender boundary» (Wilson, [1985]2003: 117). Clothing is often 
used both to highlight and to obscure bodily differences between men and women as well 
as other groups. In doing so, it not only draws attention to such bodily differences, but it 
also imbues these differences with social meaning. Clothes separate individuals in terms 
of their appearance but at the same time draw them together into common categories. 
Even though clothing is often viewed as an individual and voluntary choice or expression 
of identity, especially in a Euro-American context, it can also be considered a tool of de-
differentiation, homogenisation, and disciplining in which there is relatively little room 
for choice. Michel Foucault made it clear that fashion, as a practice of disciplining bodies, 
is a fundamental tool of power in today’s societies, where power produces its effects not 
only through censorship and repression, but also through the stimulation of desire. By 
imposing an ideal of beauty that is far from real bodies and substantially unattainable, 
fashion subjects especially women to constraints based on self-monitoring and adaptation 
to a construct of “normality”. This is a new mode to cope with power, he writes, «which 
presents itself no longer in the form of control by repression but that of control by stimula-
tion. “Get undressed – but be slim, good-looking, tanned!”» (Foucault, [1975]1980: 57).

The fraught character of “choice” is all the more apparent when certain groups and 
bodies are excluded from being granted the ability to choose. This is the case for bodies 
for which no, or very little, apparel is being produced, as they are too distant from the 
standards established by the industrial production system and therefore cannot be ac-
commodated by the main tool of such standardisation, that is, the sizing system: fat, tall, 
short, curved, pregnant bodies, etc. 

Clothes are therefore one of the most effective means of drawing and redrawing, and 
naturalising, the boundaries between biological and social categories of differences, and 
for example, making bodies appear as “masculine” or “feminine”. The important role of 
clothing in structuring and naturalising gender roles, often to the detriment of women, 
has caused early feminist analyses to be relatively hostile towards fashion. That is to say, 
fashion and femininity were considered as instruments of oppression through which wo-
men were turned into passive and sexualised objects of the male gaze (Brownmiller 1984). 
More recent feminist appraisals of fashion have signalled a change in that they have more 
positively re-evaluated fashion as providing avenues for self-expression, creativity, and 
pleasure (Evans and Thornton 1989; Wilson, [1985]2003). Indeed, from this perspecti-
ve, the process of continuously changing one’s appearance through clothing can be seen 
as liberatory insofar as it “denaturalises” the body and highlights its malleability. The 
high heel – often seen as the epitome of femininity – nicely captures this ambiguity. On 
the one hand, high heels are derided for being frivolous, impeding, and harmful, on the 
other, they are praised as a potent symbol of sexual independence, female empowerment, 
and professional success. The transformational quality of high heels for enacting and 
subverting “natural” gender roles is further underscored by their popular use among drag 
queens and trans* women.
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Fashion is, of course, not only a highly effective means of gender differentiation, but 
also a powerful technique for assigning various social roles as well as defining certain 
categories of “others”. An important aspect to the normalisation and naturalisation of 
certain bodies is the exclusion of “other” body categories, which by nature of their exclu-
sion highlight the normality of those categories and bodies that are “naturally” included. 
Every naturalisation involves the creation of classes of unnatural occurrences, that is, 
exemplars of diversity with respect to the standard. And very often this construction of 
diversity brings with it the exclusion of what is non-conform in the spectrum of oppor-
tunities reserved for what is conform. The exclusion of certain categories of “others” has 
been most notable in fashion runway shows where, now still, people of colour, people 
with disabilities, and fat people are only occasionally allowed to participate as exceptions 
that confirm the rule. However, this is just the tip of the iceberg. The exclusion takes also 
place at a much earlier stage, namely during design and manufacture as well as through 
processes of technical standardisation and mass production. In the next section we will 
demonstrate how this is the case for fat bodies.

Sociotechnical standards are a crucial yet relatively invisible and taken-for-granted 
means of streamlining procedures, regulating behaviours, and coordinating complex 
infrastructures, people, and things (Lampland and Star 2009). As such, standards are 
often nested inside one another, interlocked with other standards that are found across 
organisations, countries, or technical systems, relative to certain communities of prac-
tice, and therefore «distributed unevenly across the sociotechnical landscape» (Ivi: 5). 
Classification systems, moreover, always have “residual” or “other” categories assigned to 
those things, objects, or people that do not fit (Bowker and Star 1999). A classification 
cannot comprise of everything; one size never fits all. In other words, standards always 
codify, embody, prescribe certain values and ethics, often with great consequences for 
those whose identity, body, or practice does not “fit” well with such standards. Those that 
remain outside of such systems help us see the boundaries of classifications and standards 
as well as the ethics and values that these embody or ignore. The exclusion of these resi-
dual categories is frequently presented as justified because their inclusion would decrease 
the efficiency of the sociotechnical system for those already included. Unlimited diversity 
and inclusion, in short, is never seen as a practical or economical option. Such exclusions 
eventually become normalised, particularly when they are embedded in bodies, practices, 
or technologies, and thus reproduced on the level of production and consumption as well 
as broader cultural discourse (see Bordo 1993; Volonté 2019; Hamraie 2016; Roulstone 
et al. 2017). In other words, examining standards of apparel production and the clothes 
they produce, which fit some bodies but certainly not other bodies, highlights whose 
bodies and identities are presented as natural or normal and whose are not. 

Classification system and standards are not, however, simply passively accepted and 
incorporated by all. Perhaps the most notable examples of this are the success of the 
women’s rights movement against the standard “male” body in medical research, and 
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the relative success of the disability rights movement in changing the standards used in 
design and construction by architects and urban planners so that people with mobility 
impairments are no longer (or at least less often) excluded (see Epstein 2009; Hamraie 
2016). Similarly, in fashion, runways have become significantly more diverse in terms of 
the variety of bodies that are allowed to model clothes, and high heels are no longer an 
official part of women’s professional dress codes in many countries. 

In the following sections we will discuss the consequences that standardised produc-
tion processes have within the fashion system, with its fundamental need for classifica-
tion, and what this involves for those with non-standard bodies and body parts, that is in 
particular, for those with fat bodies and small feet. How does manufacturing technology 
give rise to the exclusion of certain consumers such as fat women from the range of 
clothing opportunities offered by the fashion system? How might consumers interact 
with the classifications and standards that are built into production techniques as well as 
embedded in items of apparel such as women’s footwear, and how do they adapt shoes 
that do not fit well so that they work better for their particular feet?

Standardising women’s clothing

Historical research has shown that there is a link between the rise of the thin ideal in 
fashion and the industrialisation of clothing production (Wissinger 2015: 108-140). The 
transition from custom-made to ready-made clothing necessitated the standardisation of 
sizes, and this has resulted in a reversal of the relationship between dress and the body. 
Clothes are no longer adapted to the bodies that wear them, instead bodies are required to 
adapt to the standardised dimensions of clothes manufactured and retailed by the fashion 
industry. The technique of standardisation has made it possible to consider clothing as 
a self-sufficient artifact that is separated from the concreteness of the personal body, an 
independent object that is available for mass consumption by a number of body types 
(Bertola 2014: 117-121).

A sizing system is designed with the intention of offering the best fit for purchasers 
of ready-made clothes, thus «providing enough variation to accommodate all customers 
but limiting the number of sizes for efficiency of production and distribution» (Ashdown 
2014: 17). The smaller the number of sizes, the lower the accommodation rate of custo-
mers. The larger the number of sizes, the higher the manufacture and retail costs and the 
complexity of the purchasing process. The goal of a sizing system is to identify the best 
balance between these two opposing needs. The efficiency of the sizing system originates 
from a specific technique called size grading (Moore et al. 2001). Size grading reduces 
the need to repeat body measurements for each size because measurements for larger-size 
garments are obtained through incremental changes to the base size. The processes that 
inform the size grading algorithm generally have a proportional characteristic, that is, 
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they reproduce the shape of the base pattern by proportionally enlarging all of its parts. 
However, the enormous reduction in costs made possible by this technique results 

in a concomitant reduction in the variability of garment sizes and shapes. The range of 
available sizes will only fit customers whose bodies might be different from the fit model 
in overall body dimensions but that are identical in body proportion. Ashdown describes 
the system as follows, «Different companies have fit models of different proportions; 
therefore each company provides [a] good fit for those customers whose body shape most 
resembles their fit model» (Ashdown 2014: 27).

This makes clear how the sizing system reconstructs the unity of the clothes-body 
complex by adapting the body to clothes, and not vice versa. In principle, sizing should be 
a tool for making garments fit bodies. In practice, it ends up “manufacturing” bodies that 
adapt to clothes. Inadvertently, it is not the consumer who chooses the brand, but the 
brand that chooses the consumer. Each brand constructs its own audience by deselecting 
(“othering”) certain bodies. 

The general outcome of the standardisation and marginalisation processes employed 
by the sizing system is even more powerful if we consider those who are regularly unable to 
find the right fit while purchasing clothes, such as fat women and women of ethnic groups 
with non-Caucasian body morphologies (Bougourd 2007: 108). In fact, the size grading 
technique produces not just standardisation, but a standardisation that favors slim as op-
posed to average body sizes. The technology that lies at the basis of the mass production 
of apparel results in a constraint that excludes fat bodies from fashion. Size grading can 
only be extended to larger bodies up to a certain size, as shape and size differences between 
bodies belonging to a range of slim sizes are more likely to conform to similar proportions 
than bodies that are above a certain weight. Let us quote a pattern maker:

We know pretty well what a [US] size 6 woman will look like if she edges up to a 10; her bust 
line might increase an inch. But if a woman goes from a size 16 to a 20, you just can’t say with 
any certainty how her dimensions will change. […] You’ll have some people who gain weight 
entirely in their trunk, some people who will gain it in their hips. […] There are so many vari-
ables; you never win. (Kathleen Fasanella, quoted in Bellafante 2010)

For the apparel industry this means that, up to (US) size twelve, proportional size grading 
enables a large proportion of the population to be accommodated. However, the accom-
modation rate falls steeply beyond size twelve because then most of the variation is typi-
cally found outside the proportions of the original model: more on the hips, bottom, bust 
or belly (Boorady 2014). Size grading below the size-twelve threshold, especially when it 
has been automated and digitised, is quick, profitable and effective. Larger sizes require 
the creation of a dedicated pattern for each specific size and body shape, which makes it 
much more complicated and harder to standardise the mass production of clothing for 
these groups. 
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As a result, a significant proportion of apparel created by the fashion industry is ne-
ver manufactured for average and overweight bodies. Very few items offered by brands 
participating in, for instance, Paris Fashion Week are retailed in sizes larger than twelve 
(Volonté 2021: 148). The fashion industry restricted itself during the process of indu-
strialisation to a limited range of body sizes through its own technological development. 
The culture of slenderness is difficult to fathom if we disregard its hybrid character as a 
combination of symbolic values and material constraints. The thin ideal did not appear 
out of nowhere and induce the fashion industry to limit itself to slim sizes. Rather, the 
thin ideal evolved alongside a system of industrial production that was technologically 
discouraged from producing large sizes, and therefore developed practices that were tech-
nically within its possibilities.

However, technology is not independent of social processes but embedded in and 
informed by such processes, as technological innovations and cultural values are mutually 
co-produced (Jasanoff 2004). Like all technologies, size grading incorporates the needs, 
expectations, beliefs, habits, and idiosyncrasies of various relevant social groups (Bijker 
1995). The fact that there is an upper threshold for the applicability of this technique 
– above which it becomes inefficient – is not an incidental consequence of how it was 
developed, but an inherent condition of the fact that it was developed in the first place. 
The threshold is a central aspect of the technique because it is a major part of its deve-
lopment; it is both one of the reasons the technique was adopted and one of the reasons 
for its success. The crucial point is that the size grading technique was able to establish 
itself only because it adequately responded as a whole, including the intrinsic technical 
“limits”, to the needs of various relevant social groups. The exclusion of large sizes did 
not occur after an “objective” design and implementation process but was a condition for 
this technology to develop.

The technique of size grading informed – through its material process of clothing 
manufacture (e.g., the physical machinery and its performance, forms of master patterns, 
size of dummies and models, algorithm-based rules, etc.) – the standardisation of gar-
ment shapes and sizes, the consequent standardisation of clothes-body complexes, and, 
accordingly, the decision to sacrifice the capacity to accommodate fat bodies to the effi-
ciency of the production process. Sizing is a powerful instrument for the normalisation 
of bodies as it places bodies within a hierarchical system of classification that actually 
excludes individuals on one end of the continuum, ipso facto stigmatising their bodies 
as substandard. 

Negotiating women’s footwear

Fat women frequently indicate having great difficulty in finding clothes that meet their 
needs. They feel excluded from the fashion system, as they are often forced to resort to 
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unfashionable multi-brand stores and clothes that cover rather than enhance the body. 
Yet, protest and complaint, or the creation of so-called fat fashion brands, are not the 
only ways that “othered” people can negotiate the standardisation of bodies in fashion. 
We now turn to the case of high-heeled shoes to discuss how consumers experience and 
negotiate the relationship between non-standard feet and standardised footwear.

Similar to apparel production, the transition from custom-made or self-made footwe-
ar to mass-produced shoes necessitated the standardisation of sizing and manufacturing 
techniques. Earlier, relatively loose definitions and measurements of length3 eventually 
became codified into more accurate and specified systems of sizes for feet and footwear 
that were determined with standardised measurement devices, such as the Ritz Stick and 
the Brannock Device (Morgan 2016). However, there remains today a high degree of va-
riability in shoe sizes – as well as in clothes sizes – across and within countries and between 
(and even within) brands. There are several major shoe sizing systems that differ in what 
they measure (i.e., the foot, the shoe, or the “last”), what unit of measurement they use 
(i.e., sizes correspond to different intervals of measurement, which results in different in-
crements between “half” and “full” sizes), and where they start measuring from (different 
systems “place” or “start” with measuring 0 or 1 in different locations, which means size 
can be proportional either to the foot or the shoe). This complexity is further exacerbated 
by differences between conversion tables, which create overlaps and gaps between sizing 
systems, and by the fact that only few systems take the width or girth of feet into account 
even though these are just as crucial determinants for insuring fit and comfort as length. 

Footwear’s range of sizes is based on the most common sizes and shapes of feet in a 
consumer population as well as the differences between regions and genders (Jurca et al. 
2019). An essential part in the manufacture of shoes is the last, which is a human-foot 
shaped form on which shoes are constructed and that therefore is the primary determi-
nant of the size and inner shape of a shoe. Shoes and lasts are initially developed in one 
size and width, namely the “sample size”. Similar to clothing manufacture, a complete 
size range of shoes is developed by means of grading, that is, by scaling up (or down) 
from the sample size to develop other sizes and widths (Luximon 2013). Scaling factors 
are defined by means of grading tables that are well defined for each sizing system by the 
International Organisation for Standardisation, but it is unclear on what data these gra-
ding tables are based on, and furthermore, they have not been updated in decades. What 
is more, grading tables only provide scaling factors for width and girth, which means 
that these scaling factors are kept constant across entire size ranges even though there are 
several other significant variances in feet, such as instep height as well as forefoot and heel 
width, that would ideally be considered (Jurca et al. 2019). The failure to accommodate 

3 	 Interestingly, many common measurements that are still in use today are based on the lengths of 
body parts or bodily actions, and particularly on the parts and actions of the lower body. For example, 
both the “foot” and the “step” or “stride” have been used across multiple eras, cultures, and countries to 
standardise units for measuring length.
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for such variances is particularly pernicious in the case of high heels, which are compara-
tively complex not only in their construction, but also their wearing because they angle 
one’s foot and often have smaller toe boxes4.

The diversity and complexity of sizing systems and the implications these have for 
manufacturing processes, which are generally more determined by economic costs and 
benefits than the actual needs of customers, result, once again, in a situation in which bo-
dies are either forced to conform to apparel that poorly approximates their size and shape 
or are otherwise excluded. Because currently almost all commercially available high heels 
are mass-produced, most shoes do not fit perfectly even if they are one’s “normal” shoe 
size. The potential consequences of ill-fitting footwear, particularly high heels, are not 
only discomfort and social embarrassment, but also long-term foot deformity and acute 
trauma (Branthwaite and Chockalingam 2019). In other words, feet that fall outside of 
the standards used in footwear manufacture are forced to bear the consequences imposed 
by industrial mass-production.

Consumers who cannot afford the considerable cost of a bespoke high heel must 
therefore make do with off-the-rack shoes and adapt them to the singularities of their 
own feet or vice versa. The abundance of brands to choose from, combined with un-
certainty about what is suitable for one’s feet (given the ever-changing nature of the 
interactions between foot and shoe) often leads consumers to believe that their feet are 
unusual, different, or abnormal in some way (Curwen and Park 2014). Because of such 
bodily differences and the variance in shoe sizes and designs, each pair of shoes run the 
risk of rubbing one’s foot the wrong way. The results of such friction can be painful, so 
it is hardly surprising that high-heel consumers go to great lengths to avoid such pain. 
The problem of fit and the risk of painful friction lead many people to modify their shoes 
and feet to keep adverse effects to a minimum. In short, standardised and mass-produced 
high heels do not simply work, that is to say, they are negotiated and made to work by 
consumers, and often with tenacious creativity and resourcefulness.

The remainder of this section provides two examples of how high-heel wearing wo-
men experience the encounter between standardised footwear and non-conforming feet, 
and what techniques women might resort to in order to improve the encounter between 
body and shoe5.

In order to minimise the risk of buying uncomfortable and painful high heels, women 
often resort to a variety of testing and “breaking in” mechanisms either during the moment 
of buying high heels or right after. Such strategies go some way in allowing consumers to 

4 	 The high heel is relational: its definition not only varies according to context and wearer, but also 
depends on the wearer’s intention and physical ability. One person might find a pair of high heels im-
mobilising, while another wearer might find them laughably easy to walk in. 
5 	 The interview accounts introduced in this section are based on research conducted by one of the au-
thors during their dissertation fieldwork in New York City during 2016-2019. For more on the strategies 
and techniques that are employed in high-heel wearing, see Hesselbein 2021b.
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ascertain, and to some extent ameliorate, the relationship between mass-produced shoes 
and the particularities of their feet. More importantly, to correct the perceived mismatch 
between the particularities of their feet and standardised shoes, wearers frequently resort 
to a variety of “fixes” or “hacks” to address the idiosyncrasies of their feet and to improve 
wearing comfort. Many women who wear high heels anticipate some degree of discomfort 
and take precautions, such as applying bandages to their feet before going out. But some 
shoes – and some feet – are more complicated. One interviewee, a dance instructor with 
particularly high foot arches, likes to wear open-toed shoes. The commonly available gel 
inserts are not high enough to support her arches; insoles, which are larger and more 
supportive, are unwieldy and too large for the shoes that she likes to wear. To provide her 
arches with more support, she places a folded sanitary pad on the arches of shoes in which 
she needs more support, and tapes it down to ensure that it stays in place. 

Minor adaptations to shoes and feet are a common way for high-heel wearers to nego-
tiate and “correct” the gap that exists between their shoes and their feet. Most adaptations 
to high heels focus either on increasing the padding or cushioning below the foot or on 
decreasing the pressure and friction caused by shoes that are too slippery or snug. High-
heel wearers frequently alleviate or even prevent painful friction by using baby or talcum 
powder, anti-blister sticks, candle wax, and even roll-on deodorant. 

Although most footwear adaptations are designed to remedy problems caused by sho-
es that are too tight, sometimes the opposite is true, and wearers must modify shoes that 
are too loose. Women with relatively small feet, for example, are often forced to buy 
shoes that are too large, because only children’s shoes are available in their size. Similarly, 
feet that are unequal in size or an in-between size or wider than average will need to be 
accommodated in some way (people with these issues often opt for shoes that are a size 
larger than called for by the length of their feet). 

Another interviewee – a senior operations manager with a short stature and a parti-
cularly youthful demeanour – often wears shoes that are too big. Most of the shoes in 
her size are children’s shoes, which, needless to say, she refuses to wear. She goes to great 
lengths to assert her maturity and authority in the workplace, and she considers high he-
els an essential part of her fashion arsenal. As a result, she must often wear shoes that are 
too large. This complicates walking, because high heels already require a degree of skill, 
even without a heightened chance of their falling off. She wears large, full-sized insoles in 
most of her shoes, and when possible, socks too, but even this is sometimes not enough 
to fill the additional space. Certain makes of shoes, such as D’Orsay or slingback heels 
and sandals, make it hard to use insoles, or to hide them from view. This problem calls 
for other solutions. On the day of our interview, she showed me how she had stuffed a 
sock into the toe box of her shoe: «I’ve tried using cotton balls and newspapers before, 
but they squish and become flat very quickly. I usually stuff two sockettes into the front 
of my shoe, which works perfectly». For her, socks are not only an item of clothing; they 
are also a means of adapting adult-sized shoes to her diminutive feet.
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Standardised sizing and manufacturing techniques in footwear production, and the 
classificatory systems and grading scales that inform these techniques, can be a problem 
for anybody with feet that do not conform or “fit” into these systems. However, the pro-
blem is exacerbated for women with smaller than average feet who wish, or who might 
even be required, to wear feminine footwear, such as high heels. This issue is particularly 
difficulty for them because high heels are often thought to be the most appropriate fo-
otwear for a range of social events as well as for the performance of professionalism and 
authority in workplaces. However, although standardised sizing and classification systems 
can be exclusionary to those who have non-standard feet, consumers can, and frequently 
do, rely on a range of creative adaptations and hacks that allow them to adapt and appro-
priate such mass-produced items to their own specific needs. 

Conclusions

This chapter has discussed the role of fashion in the normalisation of female body shapes 
and sizes by leveraging three of the key interventions that Science and Technology Studies 
has to offer to the study of technoscience: first, to make visible the co-construction of so-
ciality and materiality, second, to denaturalise the implicit political and ethical aspects 
of this process, and third, to show how things might therefore be constructed otherwise 
either by manufacturers or users/wearers. By applying this approach to the study of two 
mundane technologies – clothing and footwear – we sought to highlight how methodo-
logical tools and concepts that are usually applied to complex sociotechnical systems and 
computational technologies can fruitfully be expanded to include objects that are not 
usually thought of as technology but that nonetheless play a similar role in naturalising 
certain bodies and social norms. 

The size grading technique is an indispensable tool for the mass production and ma-
nufacture of both clothing and footwear. But this technique has two important impli-
cations for the social perception of the human body: its shape and size are standardised 
in line with the goods sold by apparel companies; the standardised shape and size of the 
body are further normalised through a production system that favours manufacturing 
needs rather than consumer needs. As a consequence, the fashion system employs a clas-
sification of human bodies that involves the categorisation of “normal” and “abnormal” 
bodies, and that posits “abnormal” bodies as being in need of correction, adjustment, and 
realignment with supposed normality.

We have discussed the marginalisation of fat bodies in the fashion system to show that 
the current normalisation of the female body – as young and slender – is mediated by the 
incorporation of the thin ideal in the size grading technique. That is to say, the materiali-
ty, obduracy and efficiency of manufacturing technologies contribute to the creation and 
maintenance of categories of “other” bodies that are not deemed to be beautiful, desira-
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ble, or cool. Further, we have highlighted how people with relatively “normal” as well as 
“abnormal” feet can be hindered, and to some extent even excluded, from wearing a type 
of shoe that many deem essential to the performance of feminine desirability, professio-
nalism, and authority. Having a body that falls outside of standardised modes of produc-
tion does not, however, need to prevent one from wearing high heels necessarily. High-
heel wearers can successfully negotiate their “otherness” and avoid being marginalised by 
standards of mass production by employing a range of mundane techniques and “hacks”. 
Both cases, in other words, highlight how the co-construction of body and technology 
can result in the creation and naturalisation of the human “natural” body, and exclusion 
of certain “other” bodies. The case of footwear adaptations shows, however, the extent 
in which the power and obduracy of standardised mass-production techniques can be 
subverted and appropriated, and therefore that sociotechnical “things” can be otherwise.
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