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Autonomous vehicles (AVs) potentially change the journey experience, allowing occupants to partake in non-driving-related tasks (NDRTSs)

such as using electronic devices. To support human-centered design, it is important to understand the types of NDRTs and consider

ergonomic interior vehicle layouts to optimize carrying out such activities. An exploratory study was conducted using a vehicle buck: data

on seat position, discomfort, posture, and observations of both space use and NDRTs were collected. Participants (n = 16) took part in three

simulated commutes with different car interior scenarios, allowing for various levels of space availability and design features (e.g., laptop

table, armrest). Using laptops, phones, and tablets was the most frequent activity, followed by reading and sleeping. Overall discomfort

levels were low for all scenarios. Still, head/neck, upper back, and lower back discomfort were lower in the co-designed scenario where

participants had both flexibility of space usage and additional design features. A high frequency of neck flexion was observed but was

lower in the co-designed scenario for postures held over ten minutes; this was partly mitigated by the design features. This research

explores the in-vehicle space usage of occupants in AVs to guide and evidence future design decisions for supporting NDRTSs.

Keywords — Autonomous Vehicles, Driving Simulator, Ergonomics, Human-Centered Design, Vehicle Interiors.

Relevance to Design Practice — To understand occupant needs and requirements for Autonomous Vehicles, it is important to investigate the

potential user experience. This people-centered research imagines the opportunities with AV design and different usage of vehicle space

(within expected vehicle space constraints). This will help to inform future design decisions.
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Introduction

Autonomous vehicles (AVs) offer the opportunity to free up the
driver to take part in non-driving activities, optimizing the use of
time and requiring designers to rethink the driving experience.
Several studies have identified potential future Non-Driving
Related Tasks (NDRTSs) that could take place within the vehicle
during a journey. For example, Large et al. (2017) found
participants engaged in demanding cognitive tasks such as using
their phone or laptop, although it was noted that the space available
to participants was restricted by the use of a current production
car in the simulator. Earlier studies, such as Schoettle and Sivak,
(2014) found through a survey that watching the road was the
most preferred activity (41% of participants), compared with
activities such as reading (8.3%) or working (5.3%). Kyriakidis
et al. (2015) and Bansal et al. (2016) also found that passive tasks
were rated more highly among their participants whereas Wadud
and Huda, (2019) found clear differences in activities when the
journey type was considered (e.g., commute, business, or leisure)
and also differences between inbound and outbound journeys.
However, these studies were limited through methodological
decisions (underdefined survey questions) or physical constraints
through the use of a simulated environment using current
production vehicles.
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Previous research has investigated additional features such
as work surfaces or a seat that allows for out-of-driving position
seating arrangements. Salter et al. (2019) investigated the effects
of rearward and inward-facing seats on motion sickness. They
found that rearward-facing seats increased symptoms of motion
sickness but found no significant effects of motion sickness for
seats angled inwards up to 10°. Fiorillo et al. (2019) also found
rotating seats inwards (evaluated at 11.25°, 45°, and 60°) toward
another passenger created better conversations and more comfort,
which would be desirable in an AV. It is also important to ensure
participants can carry out NDRTs comfortably to reduce the risk
of long-term musculoskeletal symptoms (Genaidy & Karwowski,
1993; Smulders et al., 2019)

Interior space is dictated by several factors including vehicle
architecture (powertrain location, floor shape), interior safety
technology (airbags, rollover protection) as well as the overall
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vehicle dimensions. It could be expected that future privately
owned AVs will be restricted in size to conform to regional
legislation, regulations and local customs, city architecture, and
road planning. For example, vehicle sizes in North America are
larger than typical passenger vehicles driven in Europe. The
European Commission limits passenger vehicle width to 2550mm
(Council Directive 96/53/EC, 1996) however, most privately
owned vehicles will be narrower due to personal preference, road
widths, and parking bay sizes. For reference, a 2022 Range Rover
has a maximum width of 2209mm, and a 2022 Ford Fiesta has a
maximum width of 1941mm (Range Rover Models, n.d.; Parkers,
2021). This overall width restriction in passenger vehicles could
significantly influence the NDRTSs that can be carried out, and how
occupants use the space provided.

To ensure that the design of the vehicle interior provided
the necessary space, support, and adaptability to accommodate
a broad range of NDRTs in future vehicles, a human-centered
design (HCD) approach was taken for this research. One of the
main principles of this approach is that end users are involved
in the design process and understanding is gained by asking and
observing people. Human-centered knowledge and practices have
evolved to be a core quality of design and provide opportunities
to drive innovation (van der Bijl-Brouwer & Dorst, 2017). As
indicated by Giacomin (2015), HCD is distinct from traditional
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design practices as the focus is on user (the driver) of the product
(the car) rather than the creative processes of the designer or the
materials/technology, in this case the seat, lap-table, armrest,
head/neck support, etc.

Research was conducted to explore opportunities and
different usage of vehicle space in AVs (within expected vehicle
space constraints) to inform and evidence future design decisions.
The scenario of a regular commute was used in a simulator study
involving 16 participants (8 males, 8 females) whom each took part
in three simulated 45-minute driving commutes. Each participant
experienced three different driving scenarios, which allowed for
various levels of space usage and access to new design features
such as armrests, a laptop surface, and a headrest (Table 1). The
study explored (1) what NDRTs were carried out on the driving
commute, (2) what the space requirements for these NDRTs, (3)
what additional design features are needed to support carrying
out these tasks, and (4) what is the impact of these on reported
discomfort. These can provide Original Engineering Manufacturers
(OEMs), designers, researchers, and legislators with evidence to
make informed decisions about future autonomous vehicle use. In
a survey by Wilson et al. (2022), it was found that participants
who were more likely to own an Autonomous Vehicle in the
future would carry out productive activities such as using a mobile
device or working on a laptop, as well as leisure activities such
as reading and sightseeing. In this survey, it was also found that
the commuting journey involved the most diverse range of NDRTs
(working, exercising, sleeping, and applying makeup), therefore, it
was decided that this would be the context for the research. This
research is also part of a larger project examining the AV journey
experience, comfort, and well-being.

Method

Study Design

A bespoke full-size vehicle buck (Figure 1) was built, which
was a physical representation of the interior and the dimensions
representative of a typical C-segment SUV for interior width,
step-over height, roof height, and floor height. This was placed
inside a three-screen driver simulator (running SCANeR Studio
software version 1.9), and together with the buck, they enabled
a simulation of possible future AV scenarios. The seat was
positioned at a representative H-point height and the steering
wheel, pedals, pillars, forward vision, and instrument panels (IP)
were all estimated in terms of size and position. The length of the
interior was 2480mm (measured from the front of the IP to the
rear vertical panel), which allowed the participants to use the full
interior floor space of a car. The interior width of the vehicle buck
was 1444mm. These dimensions were chosen as they represented
a realistic and feasible vehicle interior package without restricting
movement and space utilization. To allow the participants to fully
utilize the interior space, the seat base was designed with four
ball transfer units in each corner, which allowed the seat to move
freely in all four directions. On top of the seat base, a car seat was
fitted with an integrated seat belt mount—drivers wore a seat belt
for all scenarios. The simulator itself provided surround sound of
road noise and passing vehicles and no external light sources were
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visible in the vehicle buck to increase immersion (apart from a
rear light strip to aid seat tracking). Two GoPro cameras were
placed inside the vehicle buck: a front-facing camera, positioned
on the IP next to the passenger A-pillar, captured the participants’
activities; the second camera positioned at the rear in the center of
the vehicle buck tracked the participants’ positions.

Participants took part in three simulated journeys (commutes)
with the same autonomous drive but with different vehicle interior
scenarios. The first drive was designated as Standard, the second
as Customize, and the third as the Co-design scenario (Table 1
and Figure 2). Each participant experienced all three scenarios in
the same order, approximately 1 week between each. The rationale
was that the interior design for each scenario evolved for each
participant, both with experience of autonomous driving and in
terms of supporting their individual NDRT needs. Therefore,
features for the Co-design scenario were co-developed in response
to individual needs identified from the Standard and Customize
scenarios. Experience of automated driving (albeit a simulation) also
improved confidence in understanding the types of NDRTSs selected.

For each scenario, the vehicle remained at a steady speed
of 105km/h on a two-lane dual carriageway with no entries or
exits. Participants were informed that the vehicle would drive them
autonomously and that they would overtake other vehicles as well as
be overtaken by them. Each of the three commutes was identical in
length, and the journey simulated SAE level 4 autonomous driving
(SAE International, 2021). Prior to the study, participants were told
that they would be taking part in a simulated commute and to bring
any items they believed they would use on such a journey. They
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were asked to start each journey in their usual driving position (with
their seat belt buckled), and then a visual and audio cue indicated
that the autonomous driving mode had begun and that they were
free to detach from the task of driving for 45 minutes while the
vehicle was in autonomous mode; the seat belt remained buckled
for the entire commute. At the end of the 45-minute commute,
participants were asked to resume their driving position.

Study Protocol

Several data types were captured during this study: position data,
measured with a Cartesian coordinate system; NDRT observations
(primary and secondary activities); and posture and discomfort
data. The methods of measurement are detailed below.

Position Data

Position data was captured by tracking two fixed points on the car
seat using the rear camera (GoPro Hero 7). The video footage was
processed using Kinovea v0.8.27 (Charmant, 2019; Puig-Divi et al.,
2019) and tracked the position of the two points on a calibrated plane,
which was dimensionally and positionally defined in the software
(using the four calibration markers in Figure 3), as well as correcting
for lens distortion. These two sets of coordinates were then used to
calculate a third reference point, which is in line (vertically) with the
H-point location for the production seat, using basic trigonometry
and calculated in Microsoft Excel. From this method, both coordinate
data and the angle of rotation can be captured.

Table 1. Scenario descriptions.

Figure 1. The vehicle buck and the simulator running SCANeR Studio.

Scenario Autonomous Drive Description

Conventional vehicle layout - fixed center console and passenger seat. Participants can partake in NDRTs and be free to move forwards,
Standard . o :

backward, and rotate their seats within a restricted space.

. The passenger seat was removed providing more space for participants. They could move the center console to the side and consequently

Customize s .

move more freely laterally within the vehicle and rotate the seat much further.

The interior was co-designed with each participant to support their NDRTs. Features were co-developed in response to individual needs
Co-design identified from their Standard and Customize scenarios, and consequently, configurations were different for each participant. Additional

features available were surfaces (swivel table, lap table, shelf), armrests, head supports, cushions, and the ability to move the central display.
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Figure 2. lllustrations and photographs to show the three driving scenarios.

O Calibration Markers
O Seat Markers

Figure 3. Calibration marker and seat tracking locations.

Primary and Secondary Activities

The duration time (seconds) of primary and secondary activities
(NDRTs) were measured using the front camera video by noting
down every time the task/activity changed with a timestamp.
Primary activities are the main tasks that were judged by the
researcher to involve sustained attention and effort, such as
working on a laptop or reading. Secondary activities are brief,
intermittent actions that occur alongside the primary task, like
quickly checking a phone, adjusting clothing, removing shoes or
taking a sip of a drink. Multiple secondary activities can happen
during a single primary activity.
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Discomfort, Wellbeing and Posture

The discomfort was measured at 2 time points during each
simulator session using the Body Part Discomfort Scale (Corlett
& Bishop, 1976), which involves a 6-point Likert scale ranging
from ‘Not Uncomfortable’ to ‘Extremely Uncomfortable.” This
was administered remotely, with participants verbally giving their
ratings during the trial. The well-being questionnaire used was
adapted from Ahmadpour, Robert, and Lindgaard (2016), which
asks a range of questions relating to the feeling of stiffness, freedom
to move, and numbness and is rated using a 5-point Likert scale
between ‘Strongly Agree’ and ‘Strongly Disagree.” The posture
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assessment was carried out using an adapted method from Kamp et
al. (2011) where postures were observed and matched to a posture
reference (Table 2). Posture was monitored using the front and rear
video camera footage, and a new posture was recorded when the
participant held a new posture for greater than 30 seconds.

Anthropometry

Five key anthropometric measurements were taken to ensure a
wide range of anthropometry - stature, sitting height, buttock-
heel length, forward grip reach, and bi-deltoid shoulder breadth
(Pheasant & Haslegrave, 2018). These were selected as they could
be measured utilizing social distancing or by the participants
themselves using a sitting height table and stadiometer (due to
COVID-19 restrictions).

Simulation Autonomous Drive

All three scenarios involved an identical simulated commuter car
journey with the weather (light fog), time of day (early morning),
traffic, and road conditions held consistent. A central display in
the vehicle buck was used to show a journey progress bar’ as well
as visual prompts (in time with the audio prompts) to start and end
the autonomous drive mode. The central display was moved to the
front passenger A pillar (located within the windscreen area) for
the Co-design scenario, as it was possible for participants to use
it by connecting their laptops and using it as a secondary display.
The timeline for each condition is shown in Table 3.

Table 2. Posture assessment reference codes.

D. Gyi, C. Wilson, A. Morris, and R. Bateman

Sampling Strategy

A purposive sampling technique was used to select participants
with the aim of achieving a broad range of anthropometry and
gender balance. They were also screened for motion sickness
as this was a simulator-based study. They were required to
hold a valid driver’s license and be familiar with driving a car.
Participants under the age of 18 and over the age of 50 were
excluded (the latter due to COVID-19 restrictions). The study was
approved by the Loughborough University Ethics Committee and
conformed to GDPR.

Data Analysis

Two main sources of data collection were used for this study. The
front camera captured participants’ activities and postures, and the
rear camera captured the participants’ movement by tracking two
fixed points on the seat. The two databases were combined so that
spatial data could be analyzed with added variables such as the
activity performed, items used, and features used.

To analyze the spatial data, the Getis-Ord Gi* statistic was
used for each zone in the tracked area (Bivand & Wong, 2018),
which calculates a Z score and P value for each. Generally, the
Gi* statistic can be described as a ratio of the total of the values
in a specified area to the global total. The tracked area, in this
instance, the floor of the vehicle buck, was divided into different
zones (for this study, S0mm x 50mm squares), and a statistical
calculation was used to determine if there were significantly more

Head Legs Trunk Arms
Free of Support 1 Stretched 1 Fully Supported 1 On Lap or Resting on Body 1
Against Headrest 2 Neutral 2 Reclined 2 Raised and Unsupported 2
Looking Down 3 Close 3 Upper Back Detached/Twisted 3 Raised and Supported 3
Raised R Slouching 4 Extended/Stretched E
Crossed C

Table 3. Simulated commuter car journey timeline.

Timestamp Description

00:00.00 Start of trial in manual drive mode (driving position)

00:00.30 The ‘Starting autonomous mode’ message is displayed. Participants are free to disengage from the driving position and start
Non-Driving Related Tasks (NDRTs) of their choice.

00:10.30 Participants complete a Comfort questionnaire stating their scores verbally. Audio and visual prompts were used.

00:35.30 Participants complete another Comfort questionnaire using the same audio and visual prompt.

00:40.30 The audio and visual prompt “The autonomous zone will end in approximately 5 minutes”, is played.

00:45.00 Participants asked to resume the driving position within 30 seconds.

00:45.30+ End of simulated drive - participants are in the driving position.

B¢ www.ijdesign.org

International Journal of Design Vol. 19 No.2 2025


http://www.ijdesign.org

Re-inventing the Daily Commute: Exploring Space Usage And Interior Design Requirements to Support Non-Driving Related Tasks in Autonomous Vehicles

data points in one zone compared to neighboring zones. This
generated a hotspot grid that could be further analyzed, creating
new variables (see Table 4).

The analysis was carried out in R studio (http:/www.
rstudio.com/) with several additional packages used to plot
and present the data (Bivand & Wong, 2018; Wickham, 2016;
Wickham et al., 2019). JASP (ver. 0.16.1, https://jasp-stats.org/
download/) was used to analyze the comfort data and Wilcoxon
signed rank tests were used to compare different body areas
between conditions. Posture data were analyzed in Microsoft
Excel to determine the frequency of held postures.

Results

In total 16 participants (8 females, 8 males) took part in all three
scenarios (48 simulated drives). There was a diverse range of
ages (male M = 34.0, SD = 11.2; female M = 29.6, SD = 3.6),
and anthropometric measurements (Table 5) in the sample. Eight
participants were in full-time employment, six were doctoral
researchers, and two were undergraduate students.

Primary and Secondary Activities

Twenty-two primary activities were identified, and time spent
on activities recorded for more than one minute are shown in
Figure 4 for each scenario. Similar activities were grouped together;
for example, ‘sightseeing,” ‘looking out of the window,” and ‘looking
around the cabin’ were grouped as ‘observing.” In addition, ‘packing,’
‘unpacking,” ‘moving around the cabin,” and ‘moving features’ were
grouped under the primary task of ‘rearranging.” Using a device was
the most prevalent activity, with most of the participants spending
time either using a phone, tablet, or laptop (both for work and

Table 4. Description of hotspot grid variables.

non-work). Activities recorded for less than a minute were ‘eating,’
‘drinking,” ‘using a smartwatch,” ‘making a phone call,” ‘checking
their phone,’ ‘stretching,” and ‘playing with the steering wheel.’

Decisions about which activities to carry out evolved with
the experience of autonomous driving. For example, laptop use
was for 20% of the time in the Standard scenario and up to 46% in
the Co-design scenario, whereas the opposite trend occurred with
mobile phone use (34% in the Standard compared to 22% in the
Co-design scenario). Some participants commented that they had
underestimated how long they could keep themselves entertained
with only a mobile phone and took the opportunity to partake in
more engaging and interesting activities in the Co-design scenario.
This differs from the literature (e.g., Bansal et al., 2016; Kyriakidis
et al., 2015), which suggests passive tasks (such as listening to
music) would be more frequent in Autonomous Vehicles.

Secondary activities shared a timestamp with the primary
ones, and this was used to calculate secondary activity duration.
For example, if a participant was using a laptop as a primary
activity, and during that activity, they observed their surroundings
frequently (every two minutes), then the entire duration of the
primary activity was used to calculate the proportion of time on
the secondary activity. Of the secondary activities, ‘observing’,
either the cabin or the simulated environment, was the most
frequent activity (47% of primary activity), followed by ‘drinking’
(19%) and ‘on phone’ (14%). Other secondary activities included
adjusting their seat, taking their shoes on or off, and being on a
video call. The majority of participants focused on their primary
activity while occasionally observing their environment, but
some balanced up to five activities at once (e.g., phone use,
laptop use, drinking, painting nails, reading notes). The latter
indicates the need for the vehicle interior design (surface space)
to accommodate these activities simultaneously.

Variable Description

1) Distance to Hotspot The distance (measured in a straight line) from the identified driving H-point to the zone with the most significant use.

The angle between a line drawn perpendicular to the direction of travel and the line created between the identified driving H-point

2) Angle to Hotspot
and the hotspot.

3) Seat Rotation Mean The mean seat angle of rotation is measured from the line drawn perpendicular to the direction of travel.
4) Overall X Mean The mean distance travelled in the X-axis

5) Overall Y Mean The mean distance traveled in the Y-axis

6) Total Area The total number of significant zones multiplied by the area (25 cm?)

Table 5. Anthropometric measurements of participants (n=16).

Measurement Total Male Female
(n=16) (M £ SD) (n=8) (M + SD) (n=8) (M + SD)
Stature (mm) 1706 + 112 1785+ 75 1628 + 84
Sitting height (mm) 889 + 90 947 + 43 830 + 87
Buttock — sole of foot (mm) 1060 + 78 1110 £ 59 1009 £ 60
Bi-deltoid shoulder breadth (mm) 439 + 35 463 + 28 416 £ 24
Forward grip reach (mm) 650 + 47 678 + 38 623 + 41
‘( www.ijdesign.org 34 International Journal of Design Vol. 19 No.2 2025
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Reading Notes EREAl
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Doing Nails B Co-design
00:00:00 01:12:00 02:24:00 03:36:00 04:48:00 06:00:00

Time (Hours:Minutes:Seconds)

Figure 4. Time spent on NDRTs for each scenario.

Discomfort and Posture

Overall discomfort levels were low in all scenarios, with the mean
discomfort score across all body areas being 1.3 (falling between
‘Not Uncomfortable’ and ‘A Little Uncomfortable’). A two-tailed
Wilcoxon signed rank test was conducted to examine whether
there was a significant difference between the measurements at 10
minutes and 35 minutes for each body area (Figure 5). Table 6 shows
that in both the Standard and Customize scenarios, participants
reported significantly or near significantly more discomfort for the
head/neck, upper back, and lower back after 35 minutes (based on
an alpha value of .05). In the Co-design scenario, no such changes
in discomfort levels were reported. No significant differences were
observed in all other body areas for all scenarios.
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Figure 5. Body areas used for discomfort scores.
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Table 6. Results of the Wilcoxon Signed Rank test (n = 16, Alpha value of .05).

Scenario 10 Minutes 35 Minutes w z P
Head/Neck Head/Neck 4 -1.89 0.058
Standard Upper Back Upper Back 0 -2.53 0.011
Lower Back Lower Back 3 -1.933 0.053
Head/Neck Head/Neck 3 -1.93 0.054
Customize Upper Back Upper Back 0 -1.342 0.18
Lower Back Lower Back 0 -2.53 0.011
Head/Neck Head/Neck 5 0 1
Co-design Upper Back Upper Back 1.5 0 1
Lower Back Lower Back 2 -0.577 0.564

Wellbeing was measured at the same time as discomfort using
a questionnaire, but there were no differences between scenarios.
However, for the Co-design condition, there was a reduction in
“feeling confined’, which was not found in the other two conditions.

An analysis of participants’ posture was performed based on
the method shown in Kamp et al. (2011). In total, 98 unique postures
were recorded across all three scenarios. In the Standard scenario,
43 unique postures were observed; this increased to 49 in the
Customize scenario and to 53 in the Co-design scenario, indicating
more movement. Figure 6 (and referring to Table 2) shows the most
frequent postures held throughout all three scenarios.

Neck flexion was observed in the more frequently held
postures, and the Body Part Discomfort scores showed the back
and neck areas were of greatest concern in terms of discomfort.

Posture 3113

Looking down

Posture 3112

Looking down

By comparing the subjective discomfort reports with the objective
posture data, it was identified that neck flexion was linked with
higher discomfort scores for the neck and back areas. Although
no statistical correlation was calculated, less neck flexion was
observed in the Co-design scenario, and there was no significant
increase in reported discomfort during the simulated commute,
which suggests that reducing/minimizing neck flexion can
mitigate discomfort.

As the most frequent activity and likely cause of neck
flexion, laptop usage was examined further. Table 7 shows the
percentage of time neck flexion was held while using a laptop for

greater than 30 seconds, 3 minutes, 5 minutes, and 10 minutes.
Neck flexion was lowest in the Co-design scenario and decreased
over time regardless of the scenario.

Posture 1122

Free of support

Figure 6. The most frequent postures observed.

Table 7. Percentage of time in neck flexion during laptop use (n = 16).

Condition 30 Seconds 3 Minutes 5 Minutes 10 Minutes
Standard 88% 82% 79% 60%
Customize 64% 55% 49% 44%
Co-design 42% 39% 39% 32%
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Space Utilization

Space utilization was measured using the constructed variables
that are outlined in Table 4. The data points are measured at a
calculated H-point plotted on a 2-dimensional X-Y plane for the
simulator sessions. One participant in the Standard scenario could
not be included in this analysis as they chose to face rearwards
and rotate the seat beyond the ability of the tracking method.
Figure 7 shows the hotspot plots for each scenario, with
the variables calculated and detailed under each plot. A clear
difference can be seen between each. The Standard scenario, where
participants were most restricted by their environment, involved

D. Gyi, C. Wilson, A. Morris, and R. Bateman

the most limited movement. In the Customize scenario, participants
moved further rearwards and inwards and were often observed
searching for a place to rest their items (such as a laptop). In the
Co-design scenario, participants were offered additional features,
such as lap tables and pivoting central tables (Figure 2 and Figure
8) to support their activities—they moved further rearwards and
rotated their seats than in the Standard scenario. In the Co-design
scenario, participants moved 342mm rearwards on average, with
the majority moving at least 255mm rearwards. For comparison, a
typical C-segment SUV would have a rearward travel distance of
roughly 40mm from the nominal H-point position and a maximum
travel distance in X of roughly 280mm.

Standard
All Activities (n = 15)

Customize
All Activities (n = 16)

’ [ Co-design ’

All Activities (n = 16)

O

Dist. to Hotspot 200mm
Angle to Hotspot 0°
Seat Rotation Mean: -0.2°

Overall Y Mean: -13mm
Overall X Mean: -244mm
Area Covered: 0.076m?

Dist. to Hotspot 100mm
Angle to Hotspot 0°
Seat Rotation Mean: 9.4°

Overall Y Mean: -155mm
Overall X Mean: -374mm
Area Covered: 0.203m?

Dist. to Hotspot 255mm
Angle to Hotspot 11.3°
Seat Rotation Mean: 4.2°

Overall Y Mean: -55mm
Overall X Mean: -342mm
Area Covered: 0.128m?

Figure 7. Hotspot analysis for each scenario.

Figure 8. Participant using a laptop with individually co-designed support features.
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Figure 9 shows a similar analysis of the data relating
to the more frequent activities (i.e., using a laptop, using a
mobile phone, and resting/sleeping). Participants rotated
their seat the most during laptop use (M = 4.38°, SD = 12.81°,
Maximum = 22°) compared to mobile phone use (M = 3.39°, SD
= 6.36°, Maximum = 24°) and resting/sleeping (M = 0.65°, SD
=2.90°, Maximum = 4°). This indicates that the tasks that need
more space caused participants to rotate the seat inward in search
of that space. Although the mean seat rotation for each activity
is modest, the maximum recorded angle and standard deviation
show greater differences between the activities. Interestingly,
participants who rested or slept were comfortable moving the seat
rearwards only a little (SOmm compared to 100 mm mobile phone
and 255 mm laptop), remaining close to the driver controls. The
brightest hotspot (most significant) for laptop users was positioned
255 mm (at an 11.3° angle from the X axis) away from the driving
position, allowing participants to stretch their legs forwards and
fully disconnect from the driving activity. This study indicates that
laptop users are the most demanding with regard to the amount of
space needed; users of AVs could expect new interior layouts to
accommodate these activities.

Notes were made on key observations and participants’
verbatim during the sessions. One observation was the dependence
on flat, stable surfaces to support NDRT objects such as mobile
phones, tablets, and laptops. Laptops were supported using the
center console, the passenger side dashboard, and the surfaces
provided (in the Co-design scenario). Mobile phones were mostly
placed face-up on flat surfaces but occasionally propped up against
the door (supported by the armrest) for video calls. It is interesting
that space utilization was reported to be influenced by the other

vehicles on the road, with some commenting that they felt safer
sitting towards the center of the buck and so rotated their seats
inwards. Indeed, some suggested that the centrally positioned
display meant that they were forced to sit on either side of it (to
use it as a secondary display), although they would have preferred
to sit more centrally in the buck.

Discussion

This simulator study took a holistic approach to understanding
potential space use and which NDRTs are likely to take place
during a future autonomous driving commute in a single-
occupancy commuter vehicle. The research focused on overarching
requirements (e.g., space utilization, NDRTs) rather than more
detailed requirements/specifications (e.g., seat design, detailed
feature design). Therefore, this work will provide an understanding
of how autonomy could affect design decisions involving vehicle
architecture, which will influence interior car design.

Using a device was the most prevalent activity, with most
of the participants spending time either using a phone, tablet, or
laptop (both for work and non-work). A previous study by Wilson
et al. (2022) found that during a commuting journey, occupants
also reported that they would want to carry out a broad range of
tasks/activities. Observation data gathered during train journeys
found that reading, staring/gazing, or sleeping, and working on
a laptop were the three most frequently observed activities, but
working on a laptop involved the longest average duration (53
minutes) (Groenesteijn et al., 2014). Another survey conducted
in the UK theorized that there could be ‘a possible travel duration
threshold” below which there was no time to do anything other

Co-design Condition
Using a Laptop (n = 10)

Co-design Condition
Using a Mobile Phone (n =12)

Customise and Co-design
Resting / Sleeping (n = 4)

Dist. to Hotspot 255mm
Angle to Hotspot 11.3°
Seat Rotation Mean: 4.38°

Overall Y Mean: -80mm
Overall X Mean: -463mm
Area Covered: 0.075m?

Dist. to Hotspot 100mm
Angle to Hotspot 0°
Seat Rotation Mean: 3.39°

Overall Y Mean: -29mm
Overall X Mean: -271mm
Area Covered: 0.100m?

Dist. to Hotspot 50mm
Angle to Hotspot 0°
Seat Rotation Mean: 0.65°

Overall Y Mean: -13mm
Overall X Mean: -84mm
Area Covered: 0.048m?

Figure 9. Hotspot analysis for different activities.
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than window gaze/people watch (Lyons et al., 2007). Lyons et al.
also found that for business journeys, working or studying was the
most frequent activity and surmised that, as first-class travelers
spend most of their time working or studying, this could indicate
that the increased space available enabled a positive and more
comfortable working environment. Petterson (2017) conducted a
case study to understand future users’ expectations of AVs and
surmised that they would have to make a tangible difference to
their lives to be adopted, such as improving the daily commute
and being able to be completely immersed in other activities while
being transported. They acknowledge that for this, the car design
needs to allow the user to seamlessly go from conscious handling
to allowing the car interfaces and interactions to fade into the
background, and so let new habits and practices emerge.

Seat rotation is often a key feature of concept AV displays
by Original Equipment Manufacturers (OEMs), and suppliers
tend to showcase seats that can rotate to face rearwards during a
journey. This research has found that only a minimal amount of
seat rotation would be required to satisfy occupants (mean seat
rotation 4.38°, standard deviation of 12.81° for laptop users). This
aligns with findings from Salter et al. (2019) those who found that
seat rotation angles of below 15° did not significantly contribute
to motion sickness for a simulated city or motorway drive.
However, they also found that rearward-facing seats significantly
contributed to symptoms of motion sickness.

There is strong evidence to suggest comfort research
should be measured within the context of the environment and
activity (Smulders & Vink, 2021). The current study aimed to
achieve this by noting the posture alongside a discomfort score and
measuring these in a controlled environment. Previous research has
demonstrated that taking walking breaks from long-term driving can
improve comfort (Sammonds et al., 2017), and similarly, freedom
to move and stretch within the car seat has been shown to have a
positive effect on comfort and well-being as well as reducing the
risk of musculoskeletal symptoms (Gyi, 2013; Varela et al., 2019).
The research presented in this paper has shown that by allowing
participants more space in the vehicle, a greater number of postures
were observed, resulting in more movement. This increased from 43
observed postures in the Standard scenario to 53 in the Co-design
scenario, which is likely to positively impact reports of discomfort.
There is a large body of work that highlights neck flexion as an
issue for tablet and laptop users (Gold et al., 2012; Shin & Zhu,
2011; Young et al., 2012). A noticeable increase in neutral postures
(reduced neck flexion) was found in the current study, likely due
to a more adaptable space and additional supporting features such
as raised surfaces and armrests. It has been proven that deviating
from the neutral posture can lead to joint discomfort (Genaidy &
Karwowski, 1993), even when there is no significant difference
in physiological measures (Smulders et al., 2019; Van Veen et
al., 2014). Overall discomfort levels were low, but a significant
improvement was observed in the Co-design scenario.

This research has some inherent limitations. The sessions
were conducted in a simulated environment using a vehicle buck,
which affected the space available, with a further implication that
only one set of interior dimensions could be tested. There will
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be differences and different challenges to consider for smaller
and larger spaces, but the vehicle chosen for this study was
a typical family car (and utilized the maximum space possible
for this vehicle class). The latter was realistic for this research
as, ultimately, car sizes are dictated by legislation and regional
architectural and city planning restrictions. The low-mid fidelity
design of the vehicle buck and additional features could also
influence space utilization; however, a decision was made to
keep the design of the buck simple with few distractions and
the features as portable as possible so as not to limit movement.
This flexibility of space available in the buck was preferable to a
fully integrated feature solution (e.g., a fixed deployable surface
in the center of the buck) as it allowed more freedom for co-
designing discussions. Indeed, the unusual vehicle interior is
likely to have impacted on participant choices, but this flexibility
was encouraged as it is likely that the utilization of space in
future vehicles will change in future Autonomous Vehicles. A
further limitation was the number (and age range) of participants,
which could impact the variety of NDRTs undertaken and space
requirements. This was partly due to the timing of the study,
which took place during the COVID-19 pandemic. Further to
this, structuring the study around a commuting journey is likely
to limit participants’ motivation to carry out leisure activities.
Different simulated environments (towns and cities), and multiple
occupancy journeys (friends, strangers, family dynamics) were
also not explored.

The research design meant that it was not possible to
randomize the order of the scenarios as decisions about which
activities to carry out evolved with the experience of automated
driving. Although there may be a confounding effect when
comparing scenarios, the experience of autonomous driving NDRTs
allowed more confidence in our findings, i.e., which NDRTSs, the
space requirements, and additional design features are needed.

Multiple occupancy of AVs was not explored, but clearly,
individuals will have different needs/requirements during
journeys, so designing solutions that allow all users to utilize
the shared space is desirable. In the scenario of shared driverless
vehicles, Wu et al. (2024) also propose that design research
focuses on users’ subtle feelings and personal preferences, such
as being able to report security issues and seating, which allows
them to have the flexibility to interact or disconnect with other
passengers as needed. Stromberg et al. (2018) advocate that
for exploration of the social aspects of AVs, methods that offer
a contextualizing dimension enabling consideration of future
scenarios could be particularly useful. Pink et al. (2020) conducted
ethnographic research that revealed the complexities of ensuring
that future AVs fit with human needs and feelings of trust and
comfort, which can include familiarity, routines, expectations,
and associated anxieties. They advocate a design anthropological
approach because it puts potential future users at the center and
gets under the surface of what is actually happening. This is an
interesting consideration for future AV simulation studies.

Finally, the use of a simulated environment did not
replicate driving dynamics, and therefore, it was not as immersive
as a real drive. However, due to the nature of the study and the

International Journal of Design Vol. 19 No.2 2025


http://www.ijdesign.org

Re-inventing the Daily Commute: Exploring Space Usage And Interior Design Requirements to Support Non-Driving Related Tasks in Autonomous Vehicles

current maturity of autonomous vehicles, a driving simulator was
necessary for SAE Level 4 autonomy. Re-engagement with the
driving task was not the focus of the study, although the authors
fully acknowledge that a range of driving positions and seating
configurations may impact a driver’s capability to fully regain
control of the vehicle if a handover is requested by the autonomous
vehicle. Eriksson and Stanton (2017) found quite large variations
in takeover time (between 1.9 seconds and 25.7 seconds)
depending on whether a secondary task was being performed at
the time a handover request was made by the vehicle. Therefore, it
is difficult to generalize from this study on how much time should
be allocated. However, given that the takeover can take up to 26
seconds, a relatively long takeover time should be factored into
the operational design domain of any vehicle that encourages
secondary task performance during autonomous driving.

Conclusions

This study has identified new findings that have not been
addressed in the literature, as well as expanded on areas that have.
In the context of this research, these are:

1. Participants chose to undertake a mentally and physically
engaging task for a simulated 45-minute commute. Using
electronic devices such as mobile phones, laptops, and tablets
was the most frequently conducted activity; for example,
laptop use made up 20% of the total time spent in the Standard
and increased to 46% in the Co-design scenario. This differs
from the literature, which suggests passive tasks (such as
listening to music) would be more frequent in AVs (Bansal et
al., 2016; Kyriakidis et al., 2015; Schoettle & Sivak, 2014).
When participants selected to use a laptop, this was by far the
most dominant use of the time during the commuting journey.
In contrast, mobile phone users were more likely to undertake
different types of activities (e.g., texts, reading, calls).

2. Future AVs should consider new seat layouts that allow
rotation and extended rearward travel. Laptop users moved
inboard as well as rearwards, suggesting a non-parallel seat
rail arrangement; this would require major changes to the
current vehicle architecture to accommodate both the new
seating positions and safety in a collision.

3. Participants used more space (a larger footprint) to carry
out NDRTs than would be possible in current production
seats and interior designs. This increase in space would
allow freedom to move and stretch within the car seat,
which has a positive effect on the body, reducing the risk of
musculoskeletal symptoms.

4. Laptop users use the most interior space, which enables
them to use the device comfortably. This is to be expected as
laptop use would require more space than would be provided
normally (255mm to hotspot, 4.38° mean seat rotation).
However, mobile phone users also require additional space
over a current production vehicle (100 mm to hotspot, 3.39°
mean seat rotation).

5. There is a possibility that seating postures in AVs could cause
discomfort if NDRTs are not adequately supported. This
research found high levels of neck flexion during autonomous
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driving due to device use with some reduction when using
supporting features such as work surfaces (e.g., lap tables),
which raised the device to a more comfortable level.

By understanding how occupants use space and what they
require, designers, researchers, policymakers, and OEMs can
design a better AV experience that is safer and more comfortable.
This study also showed the importance and impact that additional
features (e.g. armrests, laptop table) will have on interior space
use and minimize discomfort.

A gap in the literature has been clearly identified, which
pertains to understanding user (driver) needs in terms of AV
interior requirements in more detail, for example, the larger
structural considerations (e.g., overall footprint) and supporting
NDRT preferences. Further research is needed to investigate
different vehicle sizes, journey types, and multiple occupancies,
which will contribute to the growing body of knowledge in
autonomous vehicle interior design.
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