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Abstract

In recent years, the media as well as vehicle manufacturers presented a vision for autonomous
driving (AD) as a smart mobility future: as safe and convenient as possible and completely
connected with the environment, the autonomous car would bring its passengers to their
destination. The self-driving car would thereby reduce environmental impacts and provide more
personal and private spare time for the passengers, to be enjoyed during their stress-free trip.
Meanwhile, it is not clear whether the rollout of such a technology might have impacts on society
— and if so, which ones. These and other issues are part of the activities of technology assessment
(TA). TA in general evaluates scientific and technological developments with a focus on socio-

technical impacts and possible systemic and unintended effects.

Working in the field of TA as a historian, parallels and links to historical topics and scientific
historiography — normally unconsidered by TA — attract ones attention. Hence, we want to
examine them in this contribution and highlight possible intersections between TA and (academic)
history. For this purpose, AD serves as an appropriate case study to investigate the possible
linkages between history and TA from an interdisciplinary perspective. It will be shown how TA

could deal with AD and at which point history might join in.

The overall aim of the following contribution is to outline where linkages between both disciplines
can be found and to sketch how a possible convergence of them could look like. To this end, a
generalized overview on TA, its historical origins and basic concepts will be given. This will be
followed by a short introduction to AD and its state of the art as well as TA research questions
related to it. We will then give thought to these questions from a historical perspective and will
also address visions and expectations. This will lead to a reflection about interdisciplinarity in TA

and the possible role of history in this.
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Technology assessment — a brief introduction to what it is and where it
comes from

TA was developed between the 1960s and 1970s as a research-based discipline for policy advice.
This led to the foundation of the Office of Technology Assessment (OTA) in the USA in 1972}
according to the Technology Assessment Act (Congress of the United States 1972. The
Technology Assessment Act: Public Law 92-484):
“The basic function of the Office shall be to provide early indications of the probable
beneficial and adverse impacts of the applications of technology and to develop other
coordinate information which may assist the Congress.”
Today this scientific and analytical methodology developed by OTA is known as ‘classic TA’
approach. Grunwald (2010, 89) summarized this approach as *‘value-free, state-oriented,
systemic, expert-orientated, scientistic and technological deterministic [...]””. Shortly after the
idea of TA was born, it began to spread out over the world. Soon, in the mid-80s, fourteen
European TA facilities joined the European Parliamentary Technology Assessment (EPTA)
network? (Grunwald et al. 2014, 18f.).
Outlining the following and ongoing research discussions about definitions, concepts, and
methods of TA would go beyond the scope of this contribution. Nevertheless it should be
mentioned that conceptual discussions on the subject split it into two main branches in the 1970s.
Policy analysis is an instrumental approach, while public deliberation follows a discursive
approach (Grunwald et al 2014, 19f.). Grunwald pointed out that:
“The history of TA can be recounted as a history of experimenting with concepts and of
learning by testing or deducing from relevant conceptual debates.* (Grunwald 20009,
1142)3
The question what TA might be is still controversially discussed as there are different
interpretations of its self-understanding and there is no consensual definition (ibid. 1104).
Nevertheless, Decker and Ladikas proposed a definition that is widely accepted:
“Technology assessment (TA) is a scientific, interactive and communicative process which
aims to contribute to the formation of public and political opinion on societal aspects of
science and technology.” (Decker & Ladikas 2004, 14)

This was taken up by Grunwald to explain the limits of TA as following:

! For more detailed information on the history of TA see Vig and Paschen (1999) quoted by Grunwald (2009), Grunwald (2010);
Saretzki (2014), and Grunwald et al. (2014).

2 Cf. European Parliamentary Technology Assessment, http://eptanetwork.org/index.php.

3 In Germany, the first step of historical analysis of TA was made by the thesis of Brinckmann (2006). She analyzed the history
of the Study Group for Systems Research (SfS) in Heidelberg in a historical perspective. See also Brinckmann (2006b).
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“This definition stresses that TA contributes to problem-solving, but does not pretend to
provide actual solutions. TA provides knowledge, orientation, or procedures on how to
cope with certain problems at the interface between technology and society but it is
neither able nor legitimized to solve these problems. Only society can do this, through its
institutions and its decision-making processes.” (Grunwald 2009 1113)
According to him, some general characteristics of TA can be defined: it takes into account
(foreseeable or presumable) side effects of new and emerging technologies with regard to
uncertainty and risks. Its work is value-related and analyzes normative positions. Its approach is
systemic with a broad understanding of innovation and it encourages reflections on alternatives.

TA research is done on an interdisciplinary and transdisciplinary basis (Grunwald 2009 1111f.).

In this contribution we will focus on the technology-induced approach of TA to highlight possible
side effects of AD by providing a state of the art overview related to the existing socio-
technological system. In the following paragraphs we will frame questions on how new and
emerging innovative technologies are linked to autonomous driving from the perspective of TA.
The first step is to draw a sketchy image of expectations and visions regarding this technology and
its linkages to the socio-technological system into which this new technology aims to fit in. This
will be based on broad desktop research, including all kinds of media sources from scientific
articles to press releases and existing studies. In a next step this will be presented from a TA
perspective to investigate crosscutting relations to other fields, like culture, ecology, economy,

society, and politics, in order to detect intended and unintended systemic effects.

Autonomous driving — state of the art

While the dream of autonomous cars (cf. Kroger 2014) or flying cars (cf. Meyer-Soylu et al.
2014) is very old, the usage of autonomous systems, like autopilots in aviation, did not spread
before the mid-80s. The trends towards automatized transportation vehicles (e.g. trucks, ships, and
rail bound vehicles) and an increased level of automatization up to full autonomous systems are
still unbroken, as the proliferation of drones illustrates.* These developments are based on further
improvements of existing driver assistance systems (e.g. anti-lock braking system or speed
control) and sensor technology as well as computer-based interfaces between these systems and
the environment. Most of these inventions are general efforts to make car driving safer and more

convenient, especially in situations in which human reaction may be too slow. Along with the

4 Cf. successful landing operation of autonomous drone on aircraft carrier in 2013: Cf. Weber (2013).
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progress of miniaturization, the increase of computer capacity, and wide-scale production of such

components, many major car manufacturers are involved in research projects on AD.’

Today the basic idea is to imitate human senses by using different sensors as basic equipment of
AD systems, as the following explanation shows: Depending on manufacturers and technical
requirements, an AD system basically consists of redundant sensor packages (e.g. optical and
infrared sensors, near and far radar, ultrasonic), as well as GPS navigation or car-to-car external
communication systems (cf. Litmann 2014, 5). The heart of AD is the interaction, controlling, and
steering of the processes between the sensors, the executing Advanced Driver Assistance System
(ADAS) as well as the human-machine interfaces (HMI). Huge amounts of data have to be
handled simultaneously by a computer, which has to steer all relevant components. Here,
algorithms and software play a key role, too (cf. Dettmer & Tietz 2014). During the last few years
remarkable developments in research could be recognized, especially the technical feasibility of
part and full AD of personal cars, which Google demonstrated with its research project. Both the
media (e.g. technology blogs)® and vehicle manufacturers (e.g. IAA 2013; CES in Las Vegas
2014) now hype and present visions for AD as a smart multi-connected mobility future.

Technology assessment of autonomous driving

Observing the broad discussion about AD, one could assume that the technology is ready for use
and the real challenge lies within some regulative aspects. A classification of autonomous cars
and regulation aspects was carried out by the responsible National Highway Traffic Safety
Administration (NHTSA 2013 and cf. Smith 2014) for the US’ for Germany. The legal basis was
laid down in the Vienna ‘Convention on Road Traffic’ (1968). The great challenge is to find clear
common positions on the interpretation of the driver itself and his intended “ability to control his
vehicle all the time’ which is defined under the terms of the Vienna agreement. The issue of how
to deal with this question is widely discussed (cf. Smith 2014 and Lutz 2014). Do the regulations
have to be adapted to the technical possibilities or, vice versa, the technical possibilities to
existing regulations? How much R&D and technological progress are necessary to identify or
close the gap in the human-machine interaction? These are key challenges which have to be

addressed. The above-mentioned debate about regulative aspects due to the introduction of new

° Recent examples are two projects from the 1990s — VaMoRs and VaMP — which were developed within the European
research project Eureka Prometheus, joined by several car manufacturers and universities. According to Vanderbilt the engineer
Dickmanns initiated this series of projects “that eventually earned him the sobriquet ‘the pioneer of the autonomous car’”, quoted
from Vanderbilt (2012); cf. Diekmanns (2007); http://www.dyna-vision.de/.

®ct. http://www.theverge.com/; http://www.wired.com/; http://arstechnica.com/; http://www.heise.de/.

! For classification of AD in Germany see the Federal Highway Research Institute (BASt 2012).
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technologies touched an unsolvable problem of technology assessment in general, the so-called

Collingridge dilemma (cf. Collingridge 1980):

Because of high uncertainty possible effects cannot be envisaged, especially during the
research and development stage at the moment of transition into the mass market.

If a technology is then once used and adapted, it will be difficult — if not impossible — to
enforce modifications to prevent possible unintended effects, especially in the moment of

transition.®

This dilemma describes the above implied question related to legal aspects: would it be better to

set some regulations before the introduction of a technology (ex ante), or, once it is introduced,

observe the developments and readjust the regulations based on experience (ex post)?°

The focus on regulative aspects is a first sketch to show the difficulties and challenges that come

with AD. But TA takes many more aspects into account. Some examples of possible TA research

questions are:

Legal aspects: Who will be responsible in incidents of damage or loss? Who will be the
owner of and responsible for the data collected by the AD car? Will it be the driver, the
owner or companies? Who will be the person responsible in case of hacking or spoofing
attacks?°

Environmental potentials: Will potential environmental benefits (e.g. expected CO2
reduction) be offset by ‘more’ traffic and a more intense use of the existing
infrastructures? Will availability and comfort lead to more traffic demand (changing travel
behaviors)?'

Human-machine interaction: Will further technology developments really be able to solve
the key problem of ‘in or out of the loop’?*? Will in some cases an alternative approach
like highway platooning with specially trained drivers not be sufficient at the stage of
technology introduction? How could a communication between other non-AD traffic
participants look like in a mixed traffic situation (predictable AD systems and ad hoc
decisions by non-AD systems)?

Market-related aspects: Does AD really have the potential to attract end consumers while
depriving them of the emotions linked with driving such as liberty, fun, and power? Will

AD be a promoter for alternative propulsion systems? Will AD open up the ‘automotive

8 This transition could be described by the transition theory of Geels (2005).

9 Here, the limits as well as the aims of TA will become more precise and visible. TA may provide knowledge, but does not solve
technology problems itself; eventually the decision will be referred to the society.

10 For examples see: Horchert (2014) and Shepard, Humphreys & Fansler (2012).
M see the example of Smith (2012).

12 On the problem of ‘in or out of the loop’ see Parasuraman & Riley (1997) and Bainbridge (1983).
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market” for other companies (e.g. Google) and alternative business models like car
sharing?

e Social aspects — jobs: Which kind of implications will a wide usage of AD systems have
on transport-related jobs? **

e Social aspects — travel behaviors: What kind of rebound effects induced by changing
travel behaviors may be possible?

e Cultural aspects: If there exist some linkages between technical cultures (technical
positivism vs. skepticism/constructivism), how could they be described and assessed
regarding this technology?**

From a broader perspective, this leads to the question if AD will be a “disruptive technology’ and
be able to trigger a ‘radical’ innovation process in the transportation system? And what will this
change in the transport system mean for business regimes, like car manufacturers and their

suppliers (cf. Christensen 1997)?

History and technology assessment — common objects of research
In order to show how the daily work of TA could be affected by historical points of view, we will
concentrate on two of the above-mentioned aspects TA is investigating concerning AD: the legal

debate and the issue of user expectations and visions.

As already shown, the legal aspect of AD is an important and much discussed topic. Closely
connected to this regulation is an ethical and moral discussion. Therefore it is essential to see this
not as a new and unprecedented case: There have already been debates on automated and
autonomous systems — and there are already rules and regulations for them. Histories of the legal
regulations of autonomous or automatic machines™ like, for example, industry robots, automatic
pilots, or even the lately discussed drones could help to understand contemporary regulations,
their limits, and where they need elaboration. Historical science could provide insights into the
handling of specific situations in the past, as for example the problem of operators ‘in and out of

the loop’ (like pilots flying on autopilot) and how this situation has to be treated in legal terms.

Also the controversy about the responsibility of chauffeurs in the very beginning of the

automobile era (and even before with horse-drawn carriages) can serve as an example for the

13 Cf. the controversy over mobility applications: Hagler (2014) or Zacharakis (2014).
14 see further Davies (2014) and Gleich (2014).
15 See e.g. on the history of industrial automation: Fraunholz (2012), Noble (1984) and Steiner (1988).
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debate on AD vehicles today.'® Back then it was discussed who should be in charge if an accident
occurs: The owner of the carriage? The driver? In which cases was the owner to be held
responsible? In which cases the driver? How could owners make sure that the drivers were not
negligent? And how could drivers be assured that their employer provided the means to maintain
the vehicle in good condition? Of course the solutions to the difficulties of that time cannot be
simply transferred to AD today, but being aware of these discourses can help a lot in identifying
and understanding positions and actors in the debate as well as envisioning trends and
characteristics of the upcoming (or already ongoing) discourse.

Historical contribution on visions, expectations, and scenarios

Many ideas and visions of laypeople as well as engineers are related to autonomous locomotion —
be it driving or even flying (cf. Kroger 2012). These visions are likely to play a role in the
development of AD today, but they are not new and the historical point of view can help to
explain and understand them in this field. How, why, and in which contexts imagined people self-
driving cars or self-flying aircraft and which hopes were related to that? Have these desires been
satisfied in the meanwhile or are they still the same? At this point the interrelation to social
sciences is very obvious as the subject matter is located in the present. These and many other
questions may lead to a better understanding of the expectations regarding AD.

As far as visions and expectations can be explained by historians, the results may contribute to the
generation of future scenarios that are often used in technology-induced or technology-related TA.
These scenarios may in general terms be described as a device to think about possible futures and
how they could look like, “if ...”. In the context of AD, scenarios will be helpful to summarize the
discourse about it, to structure the various arguments and options related to possible AD futures,
and to support a broad debate in society between different groups of interests.” The scenarios
thereby often have a narrative form and are told like stories. So in both disciplines, history as well
as TA, consistent narratives occur and similarities can be found: the sources and data used have to
be analyzed, contextualized, and interpreted; the facts have to be connected coherently, the text

has to follow a reasoned structure, so that the underlying sense will become clear.

16 On this controversy from an actor-network point of view, see Wetmore (2004).

1 In recent years a number of studies were published on the subject of AD. Several of these studies like Silberg (2012; 2013)
are working with different scenario methods. For examples for the usage of scenarios in TA Projects see: Meyer-Soylu et al.
(2014); Schippl et al (2012); and for scenario methodology in more detail see Kosow el al. (2008) and Steinmdiller (2010).
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Conclusion and outlook: An approach to interdisciplinarity

For generating possible future scenarios, TA relies on knowledge supplied by other disciplines.
Usually these are natural science, engineering, sociology, philosophy, geography, and
environmental science — just to name some of them. History is normally not represented — at least
not in person. Even though TA is a downright inter- and transdisciplinary attempt, historians are
usually not part of the team.' If historiographical knowledge is taken into account (often
sociologists bear that perspective in mind), it is done in an unstructured, coincidental, and
intuitive manner. For a historian — rather accidentally working on TA — this approach appears
slightly unhistorical, given the fact that the historic dimension of many aspects of TA work is so
obvious and strong. Therefore it is hard to understand why it is not included more intentionally.
But there will also be challenges for historians who are part of a TA workgroup: they will not only
have to work on topics of interest for TA studies (as e.g. in the form of preliminary studies), but
they will also have to present the outcomes of the historical activity in a way that is compatible
with and comprehensible for other disciplines. This could be realized by the use of common
methods, theories, and approaches. There is already common ground with other researchers in TA
from the humanities and social sciences. Methods to catch up with TA may for example be
discourse analysis (as substantially defined by Foucault 1972), actor-network theory (e.g. Latour
1987) or the theory of the social construction of technology (SCOT; Bijker/Pinch/Hughes 2012).
These all are quite well-known and (at least time and again) applied in historiography — as well as
in TA®

In any case it is crucial that the historical knowledge is provided by scientific historiography to
make sure that it does not only provide contingent and fragmentary or even misleading insights
into past circumstances. Preparation, compilation, and appraisal of the historical data should thus
be conducted by professional historians — also to guarantee that if history is more taken into

account, no imprudent “learning” out of simple analogies occurs. %°

Using the example of TA on AD, this contribution intended to give some leads on how the fields
of history and TA interrelate and where possible starting points for cooperation could be. Anyway
there is a lot of work left to be done on this issue — and many practical experiments to be

conducted.

18 Cf. Grunwald (2010) p.134f. and p. 203ff. on the disciplines in TA and their contribution to TA studies.

19 Science and Technology Studies (STS) that are partially engaged in similar topics as TA may be seen as a link between
history and TA since they intentionally work with (academic) history, especially history of technology. STS publications are
received by historians as well as TA researchers.

20 Reinhard Koselleck showed this elaborately in his work on futures past (2004). His thoughts on the relationship of “future”
and “past” can be fruitful also for TA considerations.
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