5. The body professional.
How do AV developers

acquire their bodies?

MARIIA KISELEVA, ANDREI KUZNETSOV

In this paper, we explore the bodily dimension of the professional within the process of
development of technological innovation. We have finished ethnographic research on
the Russian-based startup called Trali which developed a self-driving truck and ADAS
(Advanced driver-assistance systems) software. The technological startup came out as
a place where «fluid ontology» was revealed, and the processes of acquiring the body
could be observed. This is relevant for both humans who became professionals and
gained a qualification during their working process and technologies (self-driving cars
and software), which, starting from scratch, gradually acquired their bodies. We want
to use gathered data to analyse how the body of an autonomous vehicle (AV) developer
could be acquired. We want to elaborate on the notion of the body and talk about why
did we chose this particular concept in the rich field of innovation studies and how this
concept could contribute to our research. We will give an overview of our fieldwork in
Trali and present cases from our study that will help us understand how AV developers

acquire their bodies.

101



TOWARDS THE BODILISATION OF TECHNOSCIENCE. WHAT DOES IT MEAN — TO ACQUIRE
AN AV BODY?

Recent innovation studies have come to the understanding of innovation as an «interac-
tive learning process» (Lundvall 2016; Edwards-Schachter 2018; Moulaert et al. 2013;
Johnson and Andersen 2012). Based on this understanding researchers suggest social
learning as a new framework of innovation politics that is an alternative to the regulation
approach (De Vries and Horstman 2007). The social learning approach to innovation
politics is particularly relevant in the case of AV technologies (Stilgoe 2017; Stilgoe and
Cohen 2021) to which our research is related. In this paper, we want to add a bodily di-
mension to this common understanding of innovations and their politics as a multi-level
learning process. Drawing on the ethnography of the AV startup we will take a close look
at how developers acquire their professional bodies through their innovation activities
understood as a learning process. To do this we turn to Bruno Latour’s conception of the
body as a «process of learning to be affected» (Latour 2004).

Before we turn to the theoretical discussion below it is instructive to ask why do we
put the body at the centre of our study of AV technologies? Our research intentions to
make this move are the following. First, we want to highlight that the technosciences and
particularly sociotechnical innovations always imply embodied subjectivities (Mol 2008).
It’s not merely that the body serves as a constantly transforming battleground influenced
by technoscience, as the editors of this volume accurately point out; rather, these bodily
dynamics are integral to technoscience itself. Hence, we advocate for the bodilisation of
technoscience.

Second, the focus on the body allows us to go beyond dualistic reflections on human
nature, and to work directly with different non-material and material bodily impedi-
ments. Traditional definitions tend to separate the body from the material equipment
that makes it sensitive to the world. Instead, drawing on the ethnography of an AV
startup we will look closely at how the bodies are affected and what kind of humans and
non-humans accompany employees’ learning practices, what makes them change and
how they change.

Third, we look for links between the sociology of the body and Science & Technology
Studies (STS), between research on embodied subjectivities (Gomart and Hennion 1999;
Mol 2003, 2008) and the studies of sociotechnical innovations (Laurent and Tironi
2015; Marres 2020; Stilgoe 2017; Stilgoe and Cohen 2021). To be compatible these ap-
proaches should take into account dynamic, shifting and fluid natures of both bodies and
innovation projects. In this chapter, we focus on the approaches that understand these
transformations of bodies and innovations through the concept of learning.

Finally, we opt for the focus on the learning trajectories of bodies and innovations not
least because the idea of learning is at the centre of the field of AV technologies. Neural

networks, the software responsible for the solution of the problem of so-called autono-
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mous driving, are developed through machine learning. So AVs are machines that are
supposed to learn from their environment and from one another. Passions and efforts of
AV developers are focused on the process of training their vehicles to take into account
more and more differences in the mobile world around them. But in the meantime de-
velopers themselves acquire some professional bodies that make them sensitive to more
and more of these differences. It is this process we are going to study. Now let’s turn to
the concept of innovation as learning.

What does it mean to think of innovation as a learning process? This shift in under-
standing implies at least two crucial consequences. First, it puts an end to a firm-centric
approach to innovations. Crucial actors and resources necessary for successful innovation
are located outside the firms. To innovate firms had to learn to recognise these crucial
agents and resources in their environment and to interact with them. It is not an isolated
firm that innovates but a firm plus its environment that it is capable of taking into ac-
count and learning from. Hence the research focus shifts from a firm to an innovation
system. Second, this new focus on the interactive learning process between innovating
organisations and their environments highlights the shifting character of their bounda-
ries. The distinction between “the inside” and “the outside” is less relevant than the con-
nections between heterogeneous actors, capacities and resources whatever their location.

To closer examine a firm-centric approach, we decided to refer to the field that we
found relevant: the studies conducted in the domain of organisational research where
ethnography was used as the main method. The authors we studied concentrated mainly
on the activities of certain firms. Although the main subject was not innovation itself,
they provided us with some insights into the functioning of technological companies.
Early researchers of the incipient IT industry indicated the new type of working culture
that one can discover inside high-tech companies (Kunda 1995). In this emerging cul-
ture, employees were no longer attached to the strict dress code and schedule. On the
contrary, workers’ decision to work extra hours was perceived as the new routine, the
generally accepted norm. Although this description appeared in the mid-nineties, it still
corresponds with the modern everyday life of the tech industry, be it a corporation or
a startup. Interestingly, the author pointed to the blurred boundaries between self and
company among the traces of this new culture. Here the questions arise: do these bounda-
ries actually have to be established or reestablished? Can we make do with the shifting self
a worker obtains in the emerging tech industry?

These questions will be answered by describing the bodies workers obtain in our
cases. Further, the research where ethnography was used as the main method of studying
tech collectives highlight the key role of communication and distribution of knowledge
among the workers (Grimm 2012; Obstfeld 2017; Whitson 2018; Rahman 2016). The
dissemination of knowledge and search for solutions happen during joint work. Faced
with a certain complex task, developers tend to work in groups and solve problems to-

gether. Despite its importance, this topic is considered to be an under-investigated one:
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«social work, negotiation and collaboration play a fundamental but too little discussed
role in game development literatures» (Whitson 2018). Although attributed to game
development, we argue that this case can be extrapolated to other domains in the IT in-
dustry. In addition, researchers have discovered that innovative and creative work in the
tech industry has a «collaborative and distributed nature of development work» (Whitson
2018) and have also found the «unexpected social character of programming» (Grimm
2012). Hence, the link between soft and hard skills lies in the basis of workflow in tech
companies. Also, during our ethnographic study, we faced developers working together,
sitting close to each other and literally taking the keyboard from one another. Examining
real working conditions, the importance of hard skills turns out to be overrated (Darrah
1996). The importance of communication results in the prevalence of soft skills over hard
skills: hard skills are developed while sharing knowledge and learning together.

Thus, the ideas we found relevant for us in the organisational literature are the im-
portance of communication and the distribution of knowledge within the collectives that
have become an integral part of the high-tech innovation industry. However, here we
are missing the employees’ identities that they obtain while working in tech companies.
Using an ANT and especially Latour’s concept of the body, we offer language that de-
scribes the acquisition of a body.

Importantly, instead of emphasising connections or dialectics between techno-
logical content and social context, or simply between technology and society (Jasanoff
2004), researchers in the Science and Technology Studies (STS), Actor-Network Theory
(ANT) and particularly Bruno Latour (Latour 1990, 1996) came to similar insights on
innovations though from another more radical perspective. Latour reconceptualises “the
inside” and “the outside” of the innovation project as a script or program of action and
its anti-program. In between these two adversarial programs of action is the frontline of
controversy that accompanies the development of an innovation. One key theoretical
consequence here is that on both sides of the frontline we can find elements generally
considered technical, social, scientific, legal, semiotic, material, economic, political, etc.
Another one is that the frontline between a program and an anti-program of action is
shifting. Yesterday’s enemy of an innovation project might be its today’s ally and vice
versa. So Latourian theory of sociotechnical innovations focuses on following or tracing
the dynamic shape of the frontline of the controversy around innovation. It is the in-
teraction between programs and anti-programs and not between technology and society
that helps us to understand the dynamics of innovations. And only once the frontline
is stabilised and the innovation project is black-boxed it makes sense to talk of the late
outcomes of this stabilisation, i.e., of society and technology. ANT is interested not in
the success or failure of innovation projects but in their description and understanding
of their dynamics. However, it helps to switch between different standpoints within this
process. For our purposes, it is important to note that from the standpoint of the inno-

vator success depends on the capacity of proponents of the innovation to learn positively
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from the environment, which also includes the actors who are hostile or indifferent to
the project.

Contrary to what has usually been assumed, ANT is not content with a description
of innovations. In the late 1990s, a large EU-funded PROTEE project guided by Latour
provided policy suggestions for evaluations of radical innovations drawing on the results
obtained previously in ANT and STS (Latour 2000). One of the main conclusions of
the report is that «innovations fail to explore their environment, and thus gain a positive
learning curve for four basic reasons» (fvi: 12). Two of them are particularly relevant
to our discussion. First, «the project has been conceived in “ballistic” terms, that is as
something that goes from an original idea to reality without learning in the process what
should be done» (ibid.). And second, «the project has been unable to generate a coher-
ent picture of its opposition and has considered opponents as obstacles instead of taking
them strategically as occasions to entirely renegotiate what the project is about» (bid.).
To remedy these pathologies of radical innovations PROTEE report suggested a set of
procedures and indicators to organise interactions between innovators and decision-mak-
ers or evaluators so as to diagnose the quality of the learning curve in the project.

Interestingly, nowadays some innovators proceed as if they have drawn a lesson from
the PROTEE report. AV projects tend to break up with the “ballistic” understanding
of the project and explore their environment. These changes in innovation practices are
called a new «experimental mode of industrial innovation» (Laurent and Tironi 2015;
Marres 2020). Innovators «use sociotechnical instruments in order to explore social and
technical uncertainties and produce public demonstrations» and do not «pretend that
they could craft a workable technical solution within the boundaries of the company»
(Laurent and Tironi 2015: 209).

The point of this discussion is to show the connection between Latour’s theory of
sociotechnical innovations and his conception of the body. The latter is an extension
of the former and not just an isolated foray into the field of study where he is not an
expert. The keywords describing this connection are «shifting frontlines or boundaries»
and «learning process».

Talking about the body Latour starts from the discourse on cyborgs (Haraway 1991,
1997; Gray 1995; Pickering 1995) and sorts it out. He discerns two meanings of the
word “cyborg”. The first one is «technophiliac, science fiction, masculinist cyborg» de-
fining the «prosthetic character of our post-human, post-modern... existence» (Latour
2002: 127-128). The second one is a «feminist, polemical, political meaningy that points
to «uncertainty about body limits, body fates, body components» and defines the «front
line, or, more exactly, highly contrasted pattern of many front lines» (Zvi: 128). It is upon
this second feminist meaning suggested particularly by Donna Haraway that Latour
builds his discussion of the politics of the body and incarnation. Just as Latour dispenses
with the dichotomy society / technology in his theory of innovation, he disincarcerates

(Latour 2012) the talk about the body from a series of deadlock oppositions, i.e., Mind/
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Body, Culture/Nature, subjective phenomenological body/objective physiological body.
To regain this freedom of speech Latour puts the body into new opposition. The anto-
nym of the word “body” is not “mind” or “soul”, but “death”. This semiotic translation
highlights a stark difference between the two aforementioned meanings of cyborg. While
technophiliac cyborgs feed the dreams of a life freed from the imperfect cage of the body
(e.g., Hans Moravec), feminist cyborgs point to the situatedness and embodied character
of technosciences. «If the opposite of being a body is dead, there is no life to expect apart
from the body, especially not an after-life, nor a life of a mind: either you have, you are a
body, or you are dead...» (Latour 2004: 205). From this “patho-logical” definition Latour
comes to a more positive one based on Vinciane Despret’s study of William James’ theory
of emotions (Despret 2004). «[T]o have a body is to learn to be affected, meaning “effectu-
ated”, moved, put into motion by other entities, humans or non-humans. If you are not
engaged in this learning you become insensitive, dumb, you drop dead» (Latour 2004:
205, emphasis in the original).

What are the implications of this understanding of the body for the studies of tech-
nologies, particularly AV technologies? For sure, the implications are numerous. Below

we discuss the ones we consider the most interesting for our study.

T0 BE OR TO HAVE: TOWARDS A VARIABLE ONTOLOGY OF THE BODY

Latour is talking about having and not being a body. What difference does this make?
Ontology based on the verb “to be” provides a poor vocabulary for talking about the body,
particularly the bodies articulated and configured by technosciences. A body either exists
or does not. In this ontology entities alternate between total and unquestionable existence
and no less total nothingness. On the contrary, ontology based on the verb “to have” al-
lows the description of qualitatively and quantitatively variable existences (Latour 1996a:
173-175). It allows accounting for partial and unstable existences. Within this ontology,
it is possible to have more or less body or to have multiple qualitatively different versions
of a body coexisting together (Mol 2002). The variable ontology of the body is constituted
by the learning process: transformations of its boundaries, components and competencies
through engagement with a multiplicity of heterogeneous entities. Hence it makes sense to
speak of the gradual acquiring or loss of a body. That is why the ontology based on the verb
“to have” is more adapted to the description of «entanglements among bodies, scientific
knowledge and technologies» that the editors of this volume invited us to explore.

But variable ontology of the body also makes our method of approaching technologies
vary. Does some sociotechnical entity, for instance, AV, posited by an innovation project
have a body? Is this body alive and real? Given what we already said about Latour’s theory
of innovations, we will not be able to answer these questions if we do not trace how this
AV project learns to be affected by its environment and look only at one snapshot of its
trajectory. «The body is... what leaves a dynamic trajectory by which we learn to register

and become sensitive to what the world is made of» (Latour 2004: 206). In fact, the ques-
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tion we just posed is at the heart of every AV project. All of them are struggling to train
their vehicles to acquire bodies suitable for the so-called “autonomous driving” (Stayton
and Stilgoe 2020; Stayton et al. 2017). Developers teach their vehicles to be affected by
the complex environments in which they drive and not to be just immutable objects
transversing uniform and abstracted space. To do this innovators should become more
sensitive and take into account more and more differences in the world. That is how they
acquire their own professional bodies within the same learning process in which their

vehicles get their ones. Below we will focus on this particular aspect.

ALTERNATION OF ACTIVITY AND PASSIVITY

It is crucial to note that Latour’s definition of the body combines verbs both in the active
(t0 learn) and passive (t0 be affected) voices. The body’s perception of the environment and
sensitivity to it might be deemed as the passive states are its active achievements. Having
a body is not just undergoing causal effects that come from the external world but learn-
ing to be affected by these effects, that is, learning to take into account new entities and
differences. It makes sense to link this aspect of Latour’s conception of the body with his
theory of action. «To do is to make happen. When one acts, others proceed to action.
[...] One can only share in the action, distribute it with other actants» (Latour 1996:
237). When can we say that an AV developer acts? It is when a vehicle she or he trains
to be affected by, for instance, certain terrains (e.g., Hind 2019), proceeds to act without
her or his immediate presence or intervention (see also Latour 1992: 248-249). The ac-
tion of an AV developer is shared with its vehicles and thus is distributed between various
places and times. This link between two usually unrelated parts of Latour’s work, on the
one hand, helps to bring back bodily dimension into the general theory of action. On the
other hand, it highlights that active bodies are shared between entities, including human
actors, dislocated and distributed across various times and places. That is why the body is
«an interface that becomes more and more describable as it learns to be affected by more and

more elements» (Latour 2004: 206, empbhasis in the original).

BODY AND ITS MATERIAL SETUPS

The definition of the body as an interface and a dynamic learning trajectory makes it
possible «to give back to the body all the material impedimenta that make it sensitive
to differences» (ibid.). Traditional approaches tend to demarcate body and material set-
ups that make it sensitive to the differences in the world. Latour’s approach to the body
makes these set-ups coextensive with the body itself (Zvi: 207). Talking about the body
as a trajectory of learning to be affected we necessarily come to the description of the
heterogeneous and distributed equipment and apparatuses folded into the practices of
technosciences, disciplines and industries. Thus, purely organic or biological skin-bound
bodies of flesh and bone give way to the assemblages that cut across the boundaries be-

tween the organic, technological, semiotic, and social. Just as the dichotomy society /
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technology hinders an understanding of the learning trajectory of innovation projects,
so the oppositions between nature and culture, the organic and technological, the physi-
ological and phenomenological are useless for the description of these changeable and
hybrid bodies. So, on the one hand, we come to the understanding that the interface of
learning to be affected is always imbued with practices and devices of technosciences and
not only in the case of intervention (e.g., prosthesis, surgery, or therapy). And, on the
other hand, we become sensitive to the multiplicity of partially connected bodies (Mol
2002) that are coextensive with the material set-ups and that might be attached to one

and the same person.

SYMMETRICAL DESCRIPTION OF AFFECTS AND EFFECTS

The last crucial aspect of Latour’s approach to the body we would like to discuss is that
affects and effects align in one definition. Let’s look at it again: «[T]o have a body is to
learn to be affected, meaning “effectuated”, moved, put into motion by other entities»
(reference?, emphasis is ours — MK, AK). It helps us to describe symmetrically, that is,
with one analytical repertoire, the instances of learning to be sensitive to both emotional
and physical influences. We acquire bodies when we learn the differences in the world
that make us do, speak, feel, or experience something. Affects and effects not only can be
described symmetrically, but they are also a part of the same process of having a body.
As Latour clarifies «effect and affect come from facere and are cases of what I have called
factishes, that is something that includes an active act of construction in “facts” as well
as in “fetishes” (Latour 2004: 207, emphasis in the original). Latour’s conception of
factishes (Latour 1999) revolves around the concept of attachment that is also applicable
to emotional, social and physical ties. All this helps to bring emotional and bodily dimen-
sions to the analysis of learning processes of socitechnical innovations.

We hope that by now it is clear that Latour’s approach to the body opens up many
interesting lines of research on the dynamic interfaces between body, action, knowledge
and technologies. For instance, we might bring the implications of this approach back
to the theory of sociotechnical innovation. Here we could talk about technological pro-
jects and their entities, particularly AVs, as living bodies and modes of life in a manner
that is less metaphorical and more meaningful than before. Or we might delve into the
complexities of general sociological theory and explore what implications Latour’s poli-
tics of body and incarnation have for the relations between physical movement, moral
action and social interactions. Another opportunity is to learn from critical supplements
that were made to Latour’s theory by studies of the «politics of being unaffected» (Bissell
2022) and to explore (in)securities of embodied action of people working in the digital
environments, particularly those outsource workers who markup huge datasets so crucial
for the development of AV technologies. But below, we will take another path. We will
look at the learning processes that took place in the company that specialised in autono-

mous driving. We will see how the mentioned aspects of a variable ontology of the body
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could be traced in the everyday life of the startup. We will try to trace the shifting trajec-
tory of the workers’ transformation from yesterday’s university graduates to AV specialists
by following the learning trajectories of developers and will answer the question of how

employees acquire their (professional) bodies.

TRALIL: A STARTUP FOR AV TECHNOLOGIES

From December 2020 to April 2021 one of us was doing an ethnography of AV tech-
nologies in a company called Trali'. It was a Russian-based startup which developed a
self-driving truck and ADAS (advanced driving-assistance system) software. The history
of Trali began in the summer of 2018 and ended in the spring of 2021. Partly due to
the turmoil of the COVID-19 pandemic, the startup team did not manage to find an
investment to continue their work. However, Trali was able to present several projects
and products and became quite famous within the Russian AV community during almost

three years of its existence.

TEAM DESCRIPTION

At the time of our research, the company consisted of ten people: six of them were IT
developers (in a wide sense), one was a hardware engineer and three of them were manag-
ers (CEO included). Our main focus was directed at the developers of the AV and their
experience in the startup.

The company’s staff who was in charge of technology can be divided into catego-
ries: two neural network engineers (Timofey, Pavel), three software developers (Evgeni,
Maksim, Ivan), one simulation engineer (Lev), and one hardware engineer (Kirill).
However, the differentiation was not strict. According to Timofey, a neural network
engineer, duties were actually flexible: «We were divided into two teams — those who
deal with algorithms and those who deal with neural networks. But our paths were still
crossing each other» (an interview with Timofey). Evgeni, a software developer in Trali,
described his job interview in the following way: «No one had any experience, no one
knew what they wanted. We were just chatting to show the CEO that I'm a smart dude
and that’s i> (an interview with Evgeni). When we tried to ask him how his duties were
changing, he answered: «I did everything. I did a lot of things really» (ibid.). Here we
should note that most of the interviewees described their working experience in the same
way: «In a startup everyone does everything» (an interview with Timofey). We can as-
sume that this is the specifics of working in a startup.

We will go a bit deeper into this topic, but now we want to present some facts about

the company’s employees, which allow them to switch roles easily. All of them came from

' To do our study we had to sign an NDA, so the company name and the names of the employees are

fictitious.
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similar backgrounds. They received bachelor’s degrees in Natural Sciences and Applied
Sciences (degrees vary from Astrophysics to Applied Mathematics). They mostly studied
in Russia (except for one who did his studies in Western Europe). The average age of the
Trali employees (except the CEO and other managers) was 24. For most of them, it was
their first job. For all team members, it was their longest work experience by the time we

conducted this study: everyone had their positions for more than a year.

STARTUP PROJECTS

We will also note that the end product that the company was going to produce had
changed several times during the lifetime of the company. Along with the transformation
of the product, the staff duties were changing too. Besides the two main projects men-
tioned above (a self-driving track and ADAS software) Trali also participated in many
other collaborations.

Constantly changing end-products and tasks resulted in different kinds of expertise
employees have to acquire quickly. The challenges they faced varied from “ordinary”
coding-related tasks to preparations for meetings and presentations with partners and
potential investors. Once two of the company’s software developers even had to travel
overseas to the Caribbean region to sign a contract with an investor. Maksim, one of the
participants of this journey, explains: «Some rich dude found us and invited us. CEO
was too lazy to go and he sent us. I still don’t understand why. That’s the story. We just
talked with him and then left» (an interview with Maksim, a software developer). Limited
by the time of research, we did not manage to observe all the twists and turns within the
three years of the company’s story. However, with the help of our interviews, we tried to

reconstruct how the company changed its products and how the duties were changed.

METHODS AND MATERIALS

Now, having the startup described, we can address the questions we will focus on in this
chapter. Concentrating on the definitions of learning and obtaining the body, we will
have a closer look at employees’ personal stories in order to find out how the startup
members became developers, especially emphasising the role of their working processes.
To do so we have to ask the following questions. What were their duties? What was their
working routine? How did they solve problems? What kind of tools did they use? How
did they collaborate with each other?

To answer these questions, we choose ethnography and interviews as the primary
methods to rely on in our research. Ethnography started in December 2020 and finished
in April 2021. During our stay in the company, we kept a diary that included photo,
video and audio fixation. Also, we conducted in-depth semi-structured interviews with
seven startup participants excluding managers. This selection is explained by the fact
that we concentrated on IT engineers (in the widest sense) and their work. The length

of the interviews varied from 30 to 90 minutes. The interviews were guided by questions

110



about their educational and professional trajectories. The main focus was their experience
in Trali, e.g., history of getting into a startup, what they did at the beginning of their
employment and how their responsibilities had changed. We let participants talk freely
about important events and relationships within the company. Through their interviews,
we also restored the chronology of the startup and found out what engineers did in each
project they were engaged in.

The diary and interviews were encoded. In both sources, we indicated three catego-
ries: first was dedicated to the general information about startup lifetime, number of staff,
projects and partners. Some of the employees shared their reflections upon the startup
closure. In this category, we also put sketches from meetings and teamwork (mainly
found in the diary). The second was about self-driving: what it consists of and how it
works; special attention was paid to neural networks. The third category received the
name “personal”. It contained the background of employees, their responsibilities and
duties, and the resources they used while working. The transcribed video, audio and
photo data was also divided into these categories. To fit a huge number of situations,
practices, stories and surprises that we came across during our research of the team of
developers, we work with excerpts related to the “personal” category, with an additional
focus on collective work from the first category. From an analysis, we decided to choose 3
cases illustrating different sides of the process of specialisation. It was hard to make a clear
distinction and assign specific traits to each situation, so sometimes traits will be repeated.
Thus, it will demonstrate the circulating nature of these traits.

In the first case, we will trace an individual trajectory of specialisation. We will try to
follow the personal history of becoming a developer. In the second case, we will analyse
one scene that we observed where the task was solved together. In the third case, we will
see the steering column manufacturing process. Sometimes we will go beyond the cases
under consideration, involving different statements of others and other situations that we

have observed in Trali in order to confirm our assumptions and findings.

THE ROLE OF ARTICLES

In Trali Evgeni was in charge of path planning”. Namely, he was developing a planner.
The purpose of the motion planner is «to analyse everything that is around it [the vehicle]
and draw a line along which the vehicle will drive and determine its speed» (field diary,
08.12.2020).

The first day we observed Evgeni working he explained to us how the planner should
work and what he had already done. During an interview, Evgeni said that throughout
the entire working period the planner was his main project.

Here (see Figure 5.1) are the curves which stand for different trajectories of the car.

Ideally, the car should reach each point. Both in simulation and in real life, cars should

2 Path planning, alongside with car localisation and object detection and recognition, represent the

main tasks developers are called to solve in order to create an AV.
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drive along different trajectories. AVs have to know not only how to drive in a straight di-
rection or turn at an intersection but also to avoid obstacles, which can suddenly occur eve-

rywhere on the road. The planner is a crucial and integral part of the whole AV enterprise.

Fig. 5.1 — An Evgeni’s planner. The curves stand for different trajectories of the car (Field diary,
08.12.2020).

First time we met Evgeni he sat in front of three monitors. One screen had a Wikipedia
page open, which stated Newton’s method (minimisation and maximisation problem).
The second had a code. On the third monitor, an article about planning methods for
autonomous on-road driving’ was opened. Evgeni himself was writing on a sheet of paper

and counting formulas that had no numerical values, only letters. He explained:

There’s a lot of math involved here. I read articles and look at methods that can be used to solve
my problem. I steal different formulas from them, but I still have to count almost everything
myself. I mostly read article reviews and then go deeper for some more specific materials. (Field
diary, 08.12.2020)

In addition to technical and material mediators we could distinguish an emphasis Evgeni

placed on scientific articles. Articles could be named as a vital part of obtaining a profes-

> Katrakazas, C., Quddus, M., Chen, W.-H., Deka, L. (2015). Real-time motion planning methods
for autonomous on-road driving: State-of-the-art and future research directions. Transportation Research
Part C: Emerging Technologies, 60, 416-442.
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sionalised body. We would also note additionally that “to steal” was a significant recur-
rent verb in developers’ narratives. Later, we will come back to this word.

However, Evgeni was not the only person who worked with scientific articles. All
the team members worked with such literature, most commonly taken from archive.org.
Other digital tools were also involved (except Wikipedia mentioned above): YouTube
educational videos? as a source of information (Timofey, Pavel, Ivan, Kirill) and even
Telegram channels about Machine Learning (Timofey).

Evgeni mostly worked with algorithms, so for him the connection with mathematics
was extremely important. In the interview he described his previous experience which
in his opinion led him to IT development: «I studied programming from a very young
age, starting when I was 8. Then I studied at the math school, then at Mathematics
and Mechanics study program at the university». Speaking about learning, he also made
a distinction between learning and task-solving. He attributed learning to self-learning
processes and named all working relation processes “task-solving”. The obtaining of the
body, following Evgeni’s logic, occurs as a gradual task-solving. It has a cumulative na-

ture. However, Evgeni said:

You look at how these tasks were solved before you, and the only source of solving such prob-
lems is some university work done by different people. You look at what approaches they used,
their pros and cons, try to combine them, try to see what ideas they implement, and then you
just do something. (An interview with Evgeni)

Although Evgeni insisted on the differentiation between learning and task solving it brings
us back to the role of the articles which were mentioned earlier. For him, articles were the
main tool in task-solving.

For Evgeni Trali was his first workplace, where he spent 2 years. Evgeni left Trali
several months before the company was closed. Now he is working in a big electric vehi-
cle manufacturing company. He says: «I was just snapped up. I passed all the interviews
here in a week. This is nonsense. Usually, it takes a month. I was pushed at the speed
of light. They really didn’t want me to run away somewhere else. It all happened thanks
to hanging out at Trali». Here the dichotomy of having/being come to the scene. The
process of getting into programming was gradual. He did not say that he was already
born with outstanding planner-developing skills. On the contrary, he came a long way,
which started in childhood. Together all steps (programming courses, university, Trali)
made him sensitive to the planner he worked on. Only after, when this sensitivity was
obtained, it led him to new career opportunities. Also, in Evgeni’s specialisation process
articles took a significant part as well as the mobilisation of different tools. He also defines

his duties as task-solving, which is a cumulative process.

* For example, Timofey and Pavel watched a math YouTube channel 3BluelBrown.
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ELABORATION ON EVGENI'S PLANNER: LEARNING AND STEALING
Many of the company’s members worked together in teams. However, it was related not
only to the division of responsibilities and the integration of different parts of their work
into one system. Collaborative work and the process when everyone learnt to be affected
and affect one another accompanied their duties and were also recurrent practices within
the company.

This hypothesis was proved again during an interview series. For example, Maksim, a

software developer, explained why and how they worked together:

Everyone knew what other’s work tasks were and how they were coping with them. Everyone
spoke the same language. At this point, there were no disagreements. Someone could have

read something somewhere and shared it with the others. Someone could have said the op-
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posite, like, «<what an you are and what are you doingp. [...] Although the tasks vary

everywhere, math is always the same. So when there were discussions, anyone could be a part
of it and everyone knew who was speaking and what. (An interview with Maksim, a software

developer)

According to Maksim’s words, the tasks could differ, but math, as their fundamental
basis, helped them to manage tasks and cope with difficulties. It was also crucial that eve-
ryone worked with additional sources (for example, with the articles mentioned above)
and was aware of everyone’s duties. To share the same language means to share the same
background and work closely.

Now we dive deeper into their actual work to understand what collaborative learning
means and also to share other findings. When Evgeni left Trali the team faced certain
difficulties. Ivan became responsible for the planner Evgeni previously was in charge of.
Ivan was the youngest person in the team. He was in the last year of his bachelor’s. He
joined the team one year ago (in the spring of 2020). Previously he had no working expe-
rience, and actually made his first steps in coding while working in Trali. Meanwhile, the
company was invited to participate in an AVs racing competition. To make this happen,
the team should have improved their planner.

For Ivan alone it was hard to figure out how Evgeni’s planner was working, so Lev,
a simulation engineer, and Timofey, a neural network engineer, also joined the work
on the planner. They made this decision at the team meeting on March 19th, 2021.
However, understanding what was happening in the Evgeni planner and making it work

well was also a comprehensive task for them. Lev told me on the same day:

Evgeni’s planner is a good one, but I don’t understand what’s going on in it. Just to keep you
informed, this is the best planner that we had so far. (Field diary, 19.03.2021)

Moreover, they had to solve the task of an integration of planner and MPC. MPC, which

stands for model predictive control, is responsible for turning the steering wheel and
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wheels both in an online simulator and on real roads. Further, we will present excerpts
from the field diary dedicated to collaborative work on this planner that took place on
the following days.

Kirill [an engineer] is sitting with Timofey (for the first time I see this). They read articles, and
there are papers with equations on the tables. Timofey says: “I don’t understand the scientific
idea of the article”. Timofey says that he reads an article for the needs of the competition. (Field
diary, 23.03.2021)

Now let’s move on to the working session which was described in the diary on April 1st.
Timofey, Ivan and Lev started to work approximately at 16:00, when Timofey and Ivan

came to the office.

Lev sat down next to Timofey, they were discussing MPC. Lev says: “If it’s all got to be written
from scratch, we won’t write it. It will take longer than stealing it”.

Lev codes, Timofey observes. Ivan came to them, and asked several times what they were doing,
but did not receive an answer.

Lev continues to write a code, and Timofey carefully looks at his screen.

Ivan asks again what they are doing. Lev says: “Increase the delay”.

Ivan says that there are very complex formulas, but MPC does not want to do so. Timofey said
he wants to do MPC on torch [PyTorch] and rewrite it for C++.

Timofey: “For MPC, you need to count the derivative”.

Now Timofey is writing code, Lev says: “Nothing will work here”.

Lev takes the keyboard from him and says: “Oh, that’s how it will work”. He says: “Wow, I'm
shocked, everything works. You [Timofey] are just a God of C++”.

Lev says: “Look at how it compiles, and if it goes, then it’s okay”.

Ivan looks at the computer and asks clarifying questions all the time: “What does it mean?
What does it stand for?” They look on GitHub at what each new variable means.

Lev and Timofey continue to code, and they say to me: “We have a very sweaty coding session
here”. They show each other something all the time, Timofey writes on a piece of paper, Ivan
keeps asking questions, and usually, Lev answers his questions. 17:38 Timofey says: “I'm going
to bed”. Lev says: “I won’t write without you”.

Ivan: “I will write, where is this article [the article they examine and exploit]?”

I leave at 18:40, Ivan, Timofey and Lev are still sitting in front of the screens». (Field diary,
01.04.2021).

What can we learn from these examples? Countless times we observed them working in
groups of two and three people. They were writing code together, using the keyboard one
after another, or just looking at the co-worker’s screen and making comments on one’s
work (sometimes jokingly or even sarcastically). However, the presented task could not
be solved solely in a short time. Watching them working, we noted that collaborative
working and learning could be necessary to solve tasks. It also enables learning (in its
most ordinary sense) processes, as in the presented scene Ivan was trying to understand

what was going on and make a contribution. Here we can observe him learning through

5. THE BODY PROFESSIONAL 115



watching others coding and asking questions. What does it mean for this team — to work
collaboratively? From the materials presented above we can identify several practices, set-
ups or commonplaces for all participants involved: to share materials, to share the same
background, to share one space physically (and sometimes to use one shared material
setup — a keyboard), to alternate passivity and activity (to observe someone working and
to ask questions) and to find joint decisions. Everyone and everything benefits from this
process. Developers try to find solutions, and the software undergoes changes.

There are also other examples of alternation of passivity and activity. For instance,
Timofey described his routine tasks in the interview in the following way: «You sit, do
research, read articles, stare at the wall» (an interview with Timofey, a neural network
engineer). Even in his facetious narration, he describes the alternation of passivity and
activity, which allows him to solve tasks and elaborate on new ideas.

However, this example covers not only collaborative learning in the company. They
were constantly using the verb “to steal”. However, it is unlikely to have a connection with
the theft. Actually, it was a work with different resources. «It will take longer than stealing
it» says Lev in the field diary excerpt above. It obviously does not mean that he is going to
thieve the technologies somewhere, but to use the schema of MPC and planner integration
which was already used in the article. They just used all available resources (and setups):

articles, forums, YouTube videos, open-source materials and other different sources.

SOLVING ENGINEERING TASKS

Yet another case describes how the body develops alongside the materiality of a technical
setup. The case is based on a completely different story which was outside the timeframe
of our study. This situation took place in the autumn of 2019 and we learned about this
story through one of our interviews.

Now we will look at the work of the only hardware engineer in the team. Kirill, an
engineer, is in charge of the task proposed by the investor. His responsibility is high: if he
pulls the task off, he will start attracting financing for the project. His task was to make a
steering column that would be able to connect to a computer for a well-known Russian
van manufacturer. He was given a month to do it, then two additional months were sup-
posed to be given to create software for the van, but it was not his responsibility.

However, Kirill immediately encountered difficulties arising from the side of the in-
vestor and the van manufacturer. The investor promised to provide the scheme of the
steering column, but the manufacturer refused. Kirill was outraged: «And what should
I do? They [investors] told me: “You’re an engineer here, so you must know how to do
it?”» (interview with Kirill, a hardware engineer). As was mentioned above, the given time
was strictly limited and the engineer decided to mobilise the available resources and his
competencies: «I decided to take the steering column from the existing van. I did reverse
engineering of the steering column, redesigned it and added elements of the servo system»

(ibid.). He removed the steering column from a van in a city in the northwest of Russia
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(hundreds of kilometres from the startup headquarters!), where the production factory
was located and transferred it to the Trali office. He did all measurements independently
and digitised them at home. He sent the documentation, a 3D model of the steering
columns and all details to the factory that produces the column. Then he sent the original
column back to the manufacturer.

When faced with such a task for the first time, Kirill had no idea how much time it
could take: «I was so afraid of not being on time that I did the main part of digitising and
initial estimation over the weekend» (ibid.).

The previous time he had already made schemas for the shuttle, so he already had
some expertise. The material setups that he worked with and was learning from to become
sensitive mobilised all his resources to complete the task.

In addition, he had a specialised engineering education:

I wanted to be an engineer of all and everything. My speciality is electrical power engineer-
ing and electrical engineering, but my specialisation is the technique of high voltage electrical
insulating cable capacitor technology. (ibid.)

Now his expertise was challenged again. However, several sources helped him to handle
it. Below we provide an excerpt from an interview in which Kirill describes how he ac-

quired the skills to cope with various engineering tasks.

- I have read a lot of articles about electric vehicles and propulsion systems.

- Scientific articles?

- Sure. Textbooks on automotive engineering, on the calculation of suspensions of kinematic
circuits, on which centers of mass are, calculations, all of this. I found a lot of articles on pro-
pulsion systems and batteries. I had a lot of materials. And there were also my own assumptions
and hypotheses, but they were all supported by calculations and theory. When I look at some
technical cases, I immediately imagine what’s happening here and why. And the logical chain,
and spatial thinking. It’s the same for everyone else [at the startup], but with the code. Code is a
path from an idea to implementation. In my case, this [an implementation] is cutting systems.
I came up with an idea, and my hands went to design it in 3D programs.

- And where did you learn how to use these programs?

- I studied and got into it all by myself. (ibid.)

Although the area of Kirill’s work differs from others, we can find commonplaces here
— articles and different external sources. Here he also made an emphasis on his personal
interests (to become an engineer) as well as described his way of thinking and building
logical chains, enabling sort of technical/engineering imaginaries. He also was in charge
of the contacts with the 3rd parties: he found manufacturers who produced all the details

(and also the self-driving truck earlier).
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Fig. 5.2 — The steering column that was made according to Kirill’s schemas. this photo was provi-
ded by Kirill

Through this task, his engineering competence was challenged: «It was a great moment
when I put this steering column in, and it stood up perfectly, like a factory one. And they
started the car, and everything worked» (#6id.). Despite the initial fear, Kirill managed

to do the steering column. Further, with the help of software, the steering column was
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able to turn the van in the right direction and avoid obstacles, in other words, it made
the van sensitive to the environment. The story of working with the steering column and
learning from it is the story of making Kirill sensitive to it, accumulating all his previous
knowledge and trying to make something he was not sure he would manage. Alongside
the acquisition of new competencies, such as the selection of details (servomotors, and
power supplies) and making calculations in a short time, he proved that he could solve

complex engineering tasks.

CONCLUSIONS

The definition of the body as an interface and a dynamic learning trajectory was applied
within the framework of studying the innovation. With the help of ANT and organisa-
tional studies, we explored the startup Trali’s workflow. Thus, the concept of learning lies
at the core of innovational activity, and the bodily dimension adds different implications
to the innovational studies. Here we explored the changing boundaries of the body and
the transformation that engineers have undergone: from university graduates with no
work experience to AV engineers.

However, can we say that professionalisation happens even though the startup is not
successful in the end? Yes. Despite the fact that Trali could not maintain its existence, for
all participants of the startup, it became a springboard into a future career. All ex-Trali
participants continue to work in IT in different prominent companies. Some of them
continue their path in the field of autonomous mobility.

Four aspects in the Latourian concept of the body we found relevant for studying
technologies, particularly AV technologies. When these aspects were taken into account,
they revealed practices and setups that came to the scene during the process of profes-
sionalisation. First, the body can be obtained. It is not predestined and not given from
birth, so professionalisation can be viewed as a process of obtaining a body, that is a body
of AVs specialist. All Trali employees started with almost zero working experience and
surely did not know how to develop a self-driving truck or ADAS software that will po-
tentially allow each car to be transformed into an autonomous one. Second, alternation
of passivity and activity is crucial in this process of obtaining the body. This alternation
was shared with others. For all of them, collaborative working and learning and exchang-
ing different things were also crucial in their ways to acquire professional bodies. Third,
this approach takes into account the body and its material setup. So what we can say for
sure is that cyborgs (actors that acquired yet another body) are born in relation to, in this
case in relation to autonomous vehicles’ software and hardware. Here professionalisation
is possible only when we look at it in its connection with autonomous vehicles. Through
all cases we have learned that the role of literature and other sources was extremely impor-

tant. Numerous times all employees used scientific articles, some of them used YouTube
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videos, Telegram channels, forums, etc. For them, it was a source of inspiration as well as
a help to cope with challenges. We also observed that they highlighted math as their com-
mon background that allowed them to «speak the same language» and work with each
other. They combined both material and digital sources. They wrote code, read literature,
solved equations on paper and took away each other’s keyboards. Thus, different material
and non-material setups accompanied employees’ specialisation. Fourth, a symmetrical
description of affects and effects makes us turn to emotional reactions (e.g., in the last
case of Kirill, a hardware engineer). We acquire bodies only when we learn the differences
in the world. They make us act, feel and experience.

This approach allows us to trace dynamics, which is necessary to take place in all inno-
vation enterprises. Thus, this notion of the body and a dynamic learning trajectory allows
us to study not only human actors, but also non-humans, such as emerging innovations
and how their bodies can be acquired from an idea to its incarnation, including all kinds

of changes and difficulties.
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Evgeni, Maksim, Ivan, Lev, and Kirill. December 2020 — April 2021.
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