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Self-driving vehicles have been heralded as a dramatic new advancement in personal mobility. This emerging
technology, beyond potentially improving driving safety, also represents a redefined relationship between
the human driver and the vehicle. As this artificial intelligence-based vehicular technology becomes more
intelligent, conventional interaction design methodologies may be challenged in their ability to fully encompass this redefined relationship. This problem may be even more pronounced for specific populations like
older adults (60+) whose perspectives, we argue, have been underexplored in the self-driving vehicle context.
Within this report we describe an emerging methodology, user enactment, and explore its use as a generative
design process in two studies focused on older adults. This work adds additional support to the contention
that user enactment may be an effective methodological tool for researchers in exploring the relationship
between humans and intelligent technologies.
INTRODUCTION
With advances in artificial intelligence (AI) and machine
learning, computing-based technologies are gaining increasingly advanced capabilities and greater degrees of autonomy.
While this trend is represented across a broad range of technologies, it is especially pronounced in the automotive domain.
A host of automotive and technology companies are making
rapid advances in the development of technologies that will,
in varying forms, minimize the role of arguably error-prone
human beings in the driving process while giving the vehicle
greater agency (Walker, 2019). The resulting technologies, at
their most advanced, will see the human occupant act less as an
active driver tasked with manipulating safety critical controls
(e.g. steering, braking, acceleration) and more as an operator
working in concert with an AI (SAE International, 2018; Winner, Hakuli, Lotz, & Singer, 2016). This increasingly intelligent
vehicle creates challenges for designers tasked with suggesting
new ways for people to understand and interact with these new
systems. In the new paradigm of human- machine interaction,
there are now, in essence, two actors, the human and the intelligent machine. This new and emerging reality in an automotive context poses challenges for designers who must reconcile
conflicts between the system and the user while being tasked
with understanding this redefined human- machine relationship.
Conventional automotive interaction design methodologies may
be insufficient in capturing the increased agency of the system
and the realities of this redefined human-machine relationship
(Pettersson & Ju, 2017; Schmidt & Herrmann, 2017). The challenges in this regard may be even more profound when special populations like older adults and persons with disabilities
are considered. Persons within these groups may have special
needs with respect to largely nonexistent technologies like selfdriving vehicles that are not easily captured by existing user
research and design methodologies.
Within this work we explore the emerging methodology of
user enactment (UE) as a methodological tool for understanding human-machine interactions in an automated system context. We argue that UE may be an effective strategy for exploring design spaces where large knowledge gaps exist, such

as the self-driving vehicle context and the specific use of this
technology by older adults and persons with disabilities. We
survey works which described the use of UE in the self- driving vehicle context and describe our use of UE in two studies
involving a total of 40 older adult (60+) participants. We conclude with recommendations for the use of user enactment in
similar contexts. This work contributes to the understanding of
the rationale for UE and may benefit designers and researchers
interested in understanding how to capture user needs in the redefined human-machine relationship. Further, this work may
benefit researchers interested in universal and inclusive design
broadly.
USER ENACTMENT
User enactment is a flexible and often low cost means of
exploring future technologies(Buchenau & Suri, 2000; Burns,
Dishman, Verplank, & Lassiter, 1994). While design techniques
like storyboarding, scenario creation and low fidelity prototyping may prove effective at exploring new or emerging technologies, these techniques may be insufficient at assisting designers in understanding a range of interaction modalities in a
previously unexplored context (Kun, 2018; Norman & Ortony,
2003). In UE, involving participants in a process that involves
gesturing and physically expressing interactions may help to
better capture the possibilities of human-machine interactions
(Pettersson & Ju, 2017). The user enactment process typically begins with developing conceptual designs of a technology, normally carried out in brainstorming and bodystorming
sessions with the design team (Odom, Zimmerman, Davidoff,
et al., 2012). The team then organizes the derived design concepts into thematic groups to obtain a larger picture of the many,
perhaps different, desirable features of the technology under design. Next, the team will filter through the concepts using predefined criteria established by the team until a preferred number of
design concepts remains. Following this activity, a series of scenarios are developed and centered around the design concept.
The development of the scenario will rely on several factors:
the questions to be answered, the level of control participants
have in the UE, the level of fidelity needed, and the contextual
“risk factors” to be examined (Odom, Zimmerman, Forlizzi, et

al., 2012).
User enactment has been previously used in exploring interactions with autonomous vehicles, specifically as a means of
exploring user expectations regarding interaction (Ive, Sirkin,
Miller, Li, & Ju, 2015; Jorlöv, Bohman, & Larsson, 2017; Pettersson, 2017; Strömberg, Pettersson, & Ju, 2020). Our approach is differentiated from what may be readily found in the
literature, given our focus on older adult participants (60+) and
persons with disabilities. We theorize that UE may be especially
beneficial in understanding the interactions, needs, and preferences of older adults and persons with disabilities beyond even
the benefits of the approach in exploring user needs generally.
It may be argued that the design of self-driving technologies
currently is focused on applying what may be learned from the
ideal driver of the present who in all cases is sighted and has
few to no physical limitations. Emerging self-driving vehicle
operators, however, may be blind or may have age-related cognitive or physical limitations which would prevent manual driving. Methodologies like user enactment may be useful, therefore, in exploring this design space, given its use as a generative
design approach.

were compensated with a $10 prepaid gift card for their participation.
Findings
For our first study, we applied the user enactment method,
which captures participant reactions and insights about a presented scenario (Odom, Zimmerman, Davidoff, et al., 2012), to
explore older adults’ interactions with an autonomous vehicle
(AV). We created an enactment stage, the space in which the
enactment takes place, by using blue masking tape to delineate
the outer edge of a sport utility vehicle (SUV) with dimensions
of 190 inches in length by 75 inches in width (Figure 1). Within
the stage we placed six plastic side chairs, in three rows of two,
recreating the basic seating arrangement of an SUV with seating for six. Thus, we prepared the scene for our participants to
interact with a representation of an AV. While we just as easily
could have presented our participants with a real six-seat SUV,
we believed this might limit creativity by presenting a finished
product, even if it did not have autonomous capabilities.

USING USER ENACTMENT WITH OLDER ADULTS
To explore the use of user enactment as a methodological
tool to support the design of inclusive self-driving vehicle technology, we conducted two studies involving older adults.
Research Question and Goal of the Studies
The primary research question from both studies is: “How
do older adults envision interacting with a fully autonomous or
self-driving vehicle?” To answer this question, two user enactment studies were designed around the self- driving vehicle context, leveraging what we gleaned from the literature on similar
studies with specific modifications to support the access needs
of older adult participants (Ive et al., 2015; Jorlöv et al., 2017;
Pettersson, 2017; Strömberg et al., 2020).
Participants
In both studies, we invited interested individuals to participate if they were aged 60 or older. We recruited participants
by email and flyers at centers serving older adults. Participants
expressed their interest by calling or emailing study staff for additional information or scheduling. In study one, we conducted
two sessions in one day at a center serving older adults in central South Carolina. In total, 10 individuals participated in the
study, separated into two groups of five people. Study participants had a mean age of 65.5 years (range = 57 to 71 years
old) and a household annual income that ranged from under
$15,000 to $55,000. In study two, we conducted seven sessions
over seven days at a center serving older adults in northwestern
South Carolina. In total, we had 30 participants in the study,
split into seven groups of three to six people. This group’s participants had a mean age of 85.5 (range = 73 to 93 years old) and
a household annual income that ranged from under $11,500 to
$76,500. The Institutional Review Board of the authors’ university approved both studies and each participant provided written
informed consent the day of his or her session. All participants

Figure 1. Initial enactment stage setup

While working with the enactment stage, most of our participants interacted with the AV as if it were a currently available, manually-driven vehicle. This tendency towards the familiar is consistent with previous work (Huff, DellaMaria, Posadas,
& Brinkley, 2019; Molnar et al., 2017; Schoettle & Sivak, 2015)
that shows a desire by older adults to keep familiar devices and
controls in autonomous vehicles. However, our study found one
main area of difference, which lay in the AV seating design. In
this aspect, creating a representation of an AV with masking
tape and plastic side chairs trumped bringing in a real-world
vehicle. Our participants were easily able to move the plastic
side chairs to create new seating arrangements with which they
could immediately explore and interact. One group of participants turned the seats from the current forward-facing design so
that “everybody gets the opportunity to see” (Study 1, Group 1,
Participant 5). Because the seats were removeable, our participants could experience how having either removable or foldable seats would provide extra space when fewer passengers are
traveling in the AV.
“And for the people [that] go with me, they won’t
be so crowded with more seats. And if they’re not
going, I can always fold it down.” – (Study 1,
Group 1, Participant 5)
At the end of this first study, we reflected on the user enactment method and the data we collected and discussed the benefits of limiting the fidelity of the enactment stage. We noted

of a lift system, helper handles both inside and outside the vehicle, and seats that could swivel for easier ingress and egress
(Figure 4). These props were represented by the name of the
prop being written on foam board and then placed either onto
the item it was modifying or along the outside edge of the enactment stage. Participants made use of these props throughout the
enactment process by acting out how they would use or interact
with the prop within the self-driving vehicle context (Figure 5).
Figure 2. Participants interacting with the enactment stage

that our participants mentioned many things they would bring
with them on trips in an AV, as well as specific parts of the AV
with which they would interact. Based on these observations,
we determined that our next enactment study would include
more props for our participants to interact with on the enactment stage, in hopes of gathering deeper insights regarding our
participants’ interactions with the self-driving vehicle.
When preparing for our second enactment study with older
adults, we included more props, based on the items discussed
in the first study. These props included a camera bag to represent a purse, fabric to represent seatbelts, a cell phone, and a
book (Figure 3). Knowing we could never bring enough physical props to cover every eventuality, we procured foam board
to represent additional items, onto which we could write the
prop’s name. Additionally, instead of starting with the same
static design for each group session, we implemented an iterative process so that each group session built upon the vehicle
design created during the previous group session.

Figure 3. Props

The use of additional props proved both useful and ineffective. The ineffective props were almost entirely connected
to items the participant stated they would bring with them for a
trip in a self-driving vehicle (i.e., purses, golf clubs, shopping
bags, etc.). These props did not provide useful interactions as
these items were either held by or placed at the feet of the participant while sitting in the vehicle. The exception to this was
when a participant needed to bring a walker. The introduction
of the walker prop, physically brought in by the participant, led
to important interactions regarding how and where the walker
would be stored in the vehicle, since there would be no driver to
assist with putting the walker in the trunk where it is typically
stored. Participants worked through various systems and options for the vehicle to assist individuals needing to travel with
a mobility aid.
The props that proved consistently useful were ones that
applied to the vehicle itself. Some of these props took the form

“So, I swivel to get out, I hold the bag, I hold on to
the handle, I get out and hold on to the door, turn
around and get my cane...”S2:G2:P3

Figure 4. Vehicle modification props

The review of our second enactment study showed that the
increased use of design iteration and props that added to or modified the vehicle were successful in producing more detailed interactions. The continued use of a low fidelity enactment stage
allowed participants the freedom to easily add or remove props
as they explored how to use and interact with a self-driving vehicle. While the iterative design process and additional props
provided more useful data, we observed that participants consistently broke the immersion of the enactment to look to the
researcher for response to stated actions or verbal commands.
As we prepare for our next enactment study, we plan to
introduce a microphone and speaker Wizard of Oz (WOz) system (Mok, Sirkin, Sibi, Miller, & Ju, 2015; Salber & Coutaz,
1993). The goal with this approach is to encourage participants
to interact directly with the “AV” itself, instead of looking to the
researcher to fill this role. We hope this addition will increase
the immersive quality of the enactment, allowing participants to
further explore their needs when interacting with an AV.

Figure 5. Enacting entering the AV using helper handles

DISCUSSION
As level 4 and 5 fully autonomous vehicles (SAE International, 2018) are not currently commercially available, con-

ducting research into the vehicle design needs of individuals
requires the use of another system or proxy to represent the vehicle. This is a near necessity in that it is important to provide
participants with something tangible with which to interact. Our
research revealed that user enactment is a useful method for
obtaining qualitative data on the feature and design needs of
older adults, the interaction between the older adult and the selfdriving vehicle, and the general thoughts and opinions of older
adults on autonomous technologies.
Application of the user enactment method for self-driving
vehicle research requires the creation of an enactment stage, a
stand-in for an actual self-driving vehicle, with which participants can act and speak out their interactions. The enactment
stage can be anything that assists the participant to imagine they
are interacting with a self-driving vehicle, but we have found
that a low fidelity enactment stage increases participant engagement. This also helps avoid the risk of the participant just accepting the stand-in self-driving vehicle as is, hence the reason
for not just using a current production conventional vehicle.
Our research found that props have the potential to increase
participant interaction with the vehicle. Props that add to or
modify the vehicle tend to have the best results for increasing
interactivity with the self-driving vehicle, as these props change
the enactment stage. Personal object props, unless used frequently within the self-driving vehicle context or require the
need for new additions or modifications to the vehicle, do little
to increase interaction. Finally, we found that props, like the enactment stage, work well when they are low fidelity and thereby
engage the participant’s imagination when interacting with the
prop.
When providing the self-driving vehicle with commands,
participants from both our studies preferred entering those commands via a voice recognition system with verbal responses
from the vehicle. Due to this, our participants’ interaction immersion was broken by having to turn their attention to the
researcher who provided generalized responses to the participants’ verbal utterances. To counteract the breaking of enactment immersion, we will implement a WOz system in our next
enactment study, where one of our researchers will be in another room with a speaker and microphone and will be able to
accept voice commands and provide verbal responses to the participants. We expect these WOz interactions to provide greater
immersion which will result in better data on the interactions
between participants and the vehicle.
While the user enactment method can provide good qualitative data, the quality of this data can be affected. Participants
must buy into the idea that the enactment stage is a self-driving
vehicle, otherwise the data collected will be limited. In addition, the enactment stage must be flexible and relatively low
fidelity which promotes the imagination and ideation process.
Finally, like in other methods in which multiple participants interact at the same time, a single group member can drastically
limit the thinking and direction of the whole group. Therefore,
the researcher must attempt to draw out participants that have
not spoken up much and ask for more feedback, interactions,
and/or needs.

TAKEAWAYS
To support others interested in using UE as a generative
design strategy, we make the following recommendations:
• Keep the enactment stage as flexible as possible, allowing
participants to use their imagination and make changes to
the stage.
• Low fidelity enactment stage and props engage the participants’ imagination, providing better qualitative data on
interactions.
• Use props to help immerse participants into the enactment, but only when requested or when used to present
the current iterative design.
• Encourage participants to interact directly with the enactment stage and props.
• Props do not need to be the exact physical object, but
instead the name of the prop written on foam board is a
successful representation of the object.
• Use of a WOz system can help participants focus on and
interact with the enactment stage, allowing the researcher
to observe and facilitate the study.
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