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This position paper argues that the field of cognitive
science can make valuable contributions to understand
human interaction with autonomous vehicles.
Specifically, cognitive science can provide: (1) tools
and methods, (2) theoretical frameworks, (3)
simulations and models. I will illustrate each of these
aspects with examples of my own recent research.
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Introduction
The CHI 2018 workshop on Autonomous vehicles
focuses on what researchers and practitioners in the
field of autonomous vehicles can learn from other
domains. In this position paper, I argue that these
people can also learn more from disciplines that are
already involved in the design and evaluation of

autonomous systems. Specifically, I illustrate how the
field of cognitive science can help in three ways, by
providing: (1) tools and methods, (2) theoretical
frameworks, (3) simulations and models. Each of these
three aspects will be illustrated with examples from my
own recent research.

Tools and Methods
The fields of cognitive science and psychology provide a
wide set of tools and methods for experimentally
testing hypotheses and designs. The methods range
from neuroscientific methods such as EEG-ERP [7] to
behavioral methods such as reaction times [6].
Importantly, the field of cognitive science has extensive
experience in creating paradigms that systematically
control for confounding (or nuisance) factors, such that
more confidence can be gained regarding the causality
of effects in a user test or experiment. Systematic
control is important in the design and evaluation of
autonomous systems, as it allows systematic testing of
theory and intuition. It complements other approaches,
such as observational and ethnographic approaches, in
that the experimental methods typically are aimed at
deriving general principles that generalize beyond a
specific context.

Theoretical Frameworks
The application of tools and methods in various settings
and domains has helped the development of larger
theoretical frameworks about human behavior and
thought. The deployment of autonomous vehicles on
the road is still in relative early stages. Although there
are theoretical frameworks that are specifically aimed
at autonomous vehicles, these are few in number and
not yet widely tested. Therefore, the field benefits from
applying other, earlier developed frameworks from for

example the field of cognitive science to autonomous
driving scenarios.
In my own research, I have recently investigated how
the paradigm of interruption research can be applied to
understand the transition of control in autonomous
vehicles in a more systematic way. There exist many
detailed frameworks for understanding interruptions in
other settings, such as desk-top computing (e.g., [1]).
Such frameworks consider the switching of tasks – for
example, being interrupted by an in-car alert to take
over the wheel – as going through a series of explicit
stages. For each stage, there is a wealth of
experimental data and theoretical predictions available.
The stages of an interruption, as specified in theoretical
frameworks, can be quite easily adapted for an
autonomous driving scenario [5]. The adaptation
highlights that a transition of control scenario also goes
through a series of stages. For each of these stages,
predictions about behavior are available – for example,
what factors make it relatively easier or harder to
switch to another task such as driving. The theoretical
predictions help in the systematic study and design of
human behavior in autonomous vehicles. Moreover, the
theory allows identification of gaps in our
understanding that require further research from our
community.

Simulations and Models
Theoretical frameworks can be taken one step further
by specifying them as computer simulations.
Formalizing theory in computational frameworks has a
long standing tradition in HCI [3], and has also been
applied to study regular driving and driver distraction

[2]. Simulations and models can be used for different
purposes. I will discuss three purposes.
A first purpose is to use them as a formalization of
theory and as a general framework for describing and
predicting human behavior. For example, in my recent
work I have used the framework of Hidden Markov
Models to describe human mode errors in a systematic
way [4].

thought. After this specification, one can measure how
these factors affect output measures of the model, such
as predicted reaction time or standard deviation of lane
keeping performance. These measures can then be
compared to human behavior (e.g., experimental
results), to give further insight on how these hidden, or
latent, variables affect behavior. For multiple examples,
see [2].

General Discussion
A second purpose for the use of models is to translate
findings from a controlled (lab) setting to a more
realistic (on-the-road) setting. For example, in recent
work we measured human lane change reaction time to
a visual warning in a simulated driving setting [6]. Our
setting was kept simple by design, to allow for
measurement of small effects in lane change reaction
time. However, in the lane change task we did not
include additional factors that we expect to affect
reaction time, such as effects of glancing in a mirror or
due to driving on busy roads. As these factors have
been measured before, we could use those measures
(i.e., the expected distribution of reaction times) to
compare how our results might transfer to on-road
conditions. In this process we simulated what reaction
times would emerge when our measured times were
combined with the predicted effect of the other factors.
The results showed that the late reaction times that we
measured in the lab might have an even stronger
impact in on-the-road situations.

In this position paper, I have illustrated how we can
learn even more from disciplines that are already
involved in the design and evaluation of autonomous
systems. Of course, the design and evaluation of
autonomous systems requires an interdisciplinary
approach. Therefore, all of the work discussed above is
not solely informed by Cognitive Science research. In
fact, some of the broader theoretical work that I
described [4,5] has benefitted tremendously from
researching it together with researchers from other
fields of study.

A third purpose for the use of models is in studying,
through simulation, how factors that are not directly
observable (for example: mental distraction, priorities)
affect human behavior. In a simulation model, one can
specify how the unobservable factors influence human

References

Acknowledgements
I was supported by a Marie Sklodowska-Curie
fellowship of the European Commission (H2020-MSCAIF-2015, grant agreement no. 705010, 'Detect and
React'). I would like to thank the co-authors of the
papers that I referred to in this paper for the valuable
discussions.

1.

Deborah A Boehm-Davis and Roger W Remington.
2009. Reducing the disruptive effects of
interruption: a cognitive framework for analysing
the costs and benefits of intervention strategies.
Accident Analysis & Prevention 41, 5: 1124–1129.

2.

3.
4.

5.

6.

7.

http://doi.org/10.1016/j.aap.2009.06.029
Duncan P Brumby, Christian P Janssen, Tuomo
Kujala, and Dario D Salvucci. 2018. Computational
Models of User Multitasking. In Oulasvirta,
Kristensson, Bi, & Howes (eds): Computational
Interaction Design. Oxford University Press.
Stuart K Card, T Moran, and Allen Newell. 1983.
The psychology of human-computer interaction.
Lawrence Erlbaum.
Christian P Janssen, Linda Ng Boyle, Andrew L.
Kun, Wendy Ju, and Lewis L Chuang. Submitted. A
Hidden Markov Framework to Capture HumanMachine Interaction in Automated Vehicles.
Christian P Janssen, Shamsi T Iqbal, Andrew L.
Kun, and Stella F Donker. Submitted. Interrupted
by my Car? Implications of interruption and
interleaving research for automated vehicles.
Remo M.A. van der Heiden, Christian P Janssen,
Stella F Donker, and Chantal L Merkx. 2018, in
press. Visual In-Car Warnings: How Fast do Drivers
Respond? Transportation Research Part F: Traffic
Psychology and Behaviour.
http://doi.org/10.1016/j.trf.2018.02.024
Remo M.A. van der Heiden, Christian P Janssen,
Stella F Donker, Lotte E S Hardeman, Keri Mans,
and J Leon Kenemans. Submitted. Susceptibility to
audio signals during autonomous driving.

