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Abstract: Automated driving frees users from the task of driving, allowing them to engage in new
activities. Using keywords related to Non-Driving-Related Activities (NDRAs) and automated
vehicles (and their variants), with reference to the Society of Automotive Engineers (SAE) levels
3, 4, and 5, the authors identified 2430 studies from various databases and sources. Of these,
47 were included in this study, with 39 included in the meta-analysis. The meta-analysis of the
included studies shows a positive correlation between automation levels and the diversity of NDRAs.
Communication and interaction with passengers are the most common activities, followed by media
consumption, rest, and relaxation. Food and drink consumption slightly surpasses working and
productivity, while personal habits and hygiene are less prioritized. Although some users still
value vehicle monitoring, this need decreases with higher automation levels. Key activities such
as communication, laptop use, and sleeping are highlighted as significant benefits of automation,
as users transition away from situational awareness and are able to perform cognitively intensive
tasks. The review also addresses potential design implications to support these NDRAs and discusses
related regulatory challenges.

Keywords: automated vehicles; NDRAs; interior design

1. Introduction

Automated driving has been growing rapidly over the past decade. The Society of
Automotive Engineering (SAE) has defined a widely accepted classification of automated
driving, ranging from Level 0 (L0), fully manual driving, to Level 5 (L5), fully automated
driving [1]. Among these levels, Levels 3 (L3) to L5 are generally considered automated
vehicles. At L3 (Conditional Automation), the vehicle handles all tasks under certain
conditions and a human must be ready to take over. At Level 4 (L4, High Automation),
the vehicle manages all tasks in specific conditions without human intervention, though
human control may be needed in other situations. At L5 (Full Automation), the vehicle can
perform all tasks in all conditions without any human input. By 2030, 12 percent of new
passenger cars are expected to be equipped with L3 or above automated technologies, and
automated driving could create $300 billion to $400 billion in revenue by 2035 according
to a McKinsey analysis [2]. The safety benefits, value of time, and resource optimization
provided by self-driving cars are crucial drivers of this boom. Chao [3] reported that the
major factor in 94 percent of all fatal crashes is human error, making it possible for self-
driving cars to save lives and reduce injuries by reducing human error. Automated driving
offers significant opportunities by relieving drivers of their responsibility for operating
the vehicle, enabling them to engage in activities that were previously unfeasible during
manual control. This shift allows travel time to be utilized efficiently, transforming it
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into productive time or leisure activities. Technologies such as environmental perception,
navigation, and path planning empower self-driving cars to optimize resource allocation,
enhancing road capacity, alleviating traffic congestion, and minimizing manpower and
fuel waste [4].

However, achieving widespread deployment and commercialization of automated ve-
hicles (AVs) presents several challenges that stakeholders must navigate, such as regulatory
frameworks, public acceptance, infrastructure compatibility, cybersecurity risks, insurance
and liability, and technological integration [5]. One of the major challenges is designing
the interior layout of future self-driving vehicles to accommodate new user activities. As
these vehicles reach higher levels of automation, users will increasingly have more time for
non-driving-related activities (NDRAs).

Numerous studies using methods such as questionnaires, interviews, and Wizard-of-
Oz experiments have explored different non-driving-related activities (NDRAs) during
L3 and above automated driving. Given that L3 and above automated driving is a novel
experience for most people, Schoettle & Sivak [6] found that participants expressed more
concerns about fully self-driving vehicles compared to partially automated ones. Nearly
half of the participants indicated they would prefer to watch the road, even when not
driving. However, this behavior may change in the future. For instance, Large et al. [7]
conducted a driving simulator study and discovered that as participants spent more time in
an AV, their visual attention shifted away from the road and increasingly towards secondary
activities over the course of a week.

The ability to perform secondary activities is one of the key factors influencing the
acceptance of, and willingness to purchase, higher levels of automated driving [8], as it
allows passengers to use their travel time more productively [9,10]. Moreover, Li et al. [11]
found that as the level of automation increases, the frequency of engagement in nearly
all secondary tasks also rises, particularly for potentially risky NDRAs such as sleeping
and playing video games on a smartphone. Supporting this, Reimer et al. [12] noted that
higher levels of automation quickly enhance driver comfort and willingness to engage in
NDRAs. This shift is likely to significantly increase engagement in visually and physically
demanding NDRAs in AVs compared to manually driven ones [13]. However, each study
found different NDRAs due to varying participants, research methods, contexts, and other
factors, and the evolution of NDRAs across Levels 3, 4, and 5 automation remains fuzzy
as well.

A better understanding of NDRAs and their evolution across Levels 3, 4, and 5 is
crucial for car interior design, as interiors will need to be adapted to align with these
user activities [14]. For instance, the current car seat is optimized for driving [15], but as
automation increases, new interior designs will be required to accommodate a broader
range of activities. Large et al. [16] found that people adopt different postures in automated
cars compared to traditional driving situations, highlighting the need for these adaptations.

This review examines the prioritization of NDRAs in which consumers wish to engage
within self-driving vehicles at Levels 3, 4, and 5. Evidence from existing research was
synthesized into a meta-analysis highlighting the importance of different NDRAs and
the transition from L3 to L5. Potential changes needed in car interior design are also
emphasized. The prioritized list aims to provide clear guidance for car manufacturers and
designers, helping them create vehicle interiors that enhance user comfort and optimize
the in-car experience in future AVs.

2. Methods
2.1. Information Sources, Search Strategy

The search followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA, [17]) guidelines. The study utilized “Scopus”, “IEEE Xplore”, “Web of
Science”, and “PubMed” to retrieve relevant literature, with the search terms detailed in
Table 1. The search was restricted to English-language publications only. Additionally, the
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references cited within the retrieved literature were examined to ensure that no significant
studies were overlooked. The search covered all publications up to 18 March 2023.

Table 1. Search terms.

Search Terms

(“automated car” OR “automated cars” OR “automated vehicle” OR “automated vehicles” OR
“self-driving car” OR “self-driving cars” OR “self-driving vehicle” OR “self-driving vehicles” OR
“automated driving” OR “autonomous driving” OR “vehicle automation”) AND (“non-driving
activity” OR “non-driving activities” OR “non-driving-related activity” OR “non-driving-related
activities” OR “non-driving-related task” OR “non-driving-related tasks” OR “ancillary activity”
OR “ancillary activities” OR “secondary activity” OR “secondary activities”)

2.2. Inclusion and Exclusion Criteria

The titles and abstracts of all eligible studies were imported into Rayyan [18] for
selection via a Delphi process. The inclusion criteria required studies to investigate or
experiment with various NDRAs that users might perform or have performed in the context
of conditional, highly, or fully automated driving (L3, L4, and L5, referred to as automated
driving). Participants in each study needed the freedom to choose or engage in natural
NDRAs, rather than being limited to pre-designed activities. This analysis included all
publications found up to the search date in the selected topic.

Excluded studies were those reporting activities in public transportation (e.g., trains,
buses), those focused on consumer activities in manual or partially automated driving
(LO, L1, L2), those requiring participants to perform mandatory pre-designed activities
for other purposes (e.g., comparing takeover times after different NDRAs), and those not
involving NDRAs.

2.3. Selection Procedure

Initially, 2421 articles were identified, with 2315 remaining after duplicate removal.
These were screened against the inclusion criteria, resulting in the exclusion of 2097 articles.
The full texts of the remaining 218 were reviewed, leading to the exclusion of 180 that did
not meet the eligibility criteria, leaving a total of 38 articles. A review of their references
and citations added nine more articles (19% of the total), bringing the total to 47. Of these,
39 studies dating from 2014 [6] to 2023 [9,11,13] were included in the meta-analysis, with
one study excluded for not differentiating between target groups, markets, or automation
levels. The Critical Appraisal Skills Programme (CASP) qualitative research checklist [19],
designed to help researchers and practitioners evaluate the quality and rigor of qualitative
research studies, was used to assess potential bias in the studies, and all included research
was deemed valuable. Figure 1 outlines the selection process.

Records identificd

Identification | Records identified from Databases (n = 2421) through experts (1-9)

Y

Records after duplicates removed (n=2315) [

Records excluded
(0=106)

y

Screening Records after screening abstracts (n=218) -

Records excluded
{(n=2097)

y

Eligibilitv | Full text articles assessed for eligibilitv (n=38)

Full-text articles
excluded (n=180)

y

Included Studies included in the review (n=47} -4

Figure 1. Study selection process.
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2.4. Meta-Analysis

All selected studies were thoroughly reviewed, and the extracted data was organized
into a table. A meta-analysis was then conducted using this tabulated data. In the meta-
analysis, a categorization was performed, which is presented in Table 2. This classification
was based on the various needs and setups required to accommodate different activities
within the vehicle’s interior. The findings are intended to guide the design of adaptable
vehicle interiors that can support new postures and activities associated with automated
driving cars, as discussed by Large et al. [16].

Table 2. Categories of different activity types.

Z
o

Category

Media Consumption and Online Activities (smartphone/tablet usage)
Rest and Relaxation

Work and Productivity (laptop usage)

Communication and Interaction with Other Passengers

Food and Drink

Personal Hygiene, Grooming, and Beauty

Personal Habits and Leisure

Vehicle Monitoring Activities

PN U PN

The categories “doing nothing” and “other” were excluded from the meta-analysis due
to the ambiguity in their definitions. For instance, Pudane et al. [20] categorized activities
such as watching scenery, thinking, and listening to music under “doing nothing”, and
included sleeping, shopping, service, and household tasks under “other”. These activities
overlap with those in other studies, leading to potential inconsistencies.

The data types considered in the meta-analysis include the percentage of frequency
and percentage of duration. Since most studies reported percentages of frequency, only
that type of data was included in this meta-analysis. If both quantitative and qualitative
data were available in the literature, only quantitative data were considered. Data from
the meta-analysis by Fitzen et al. [21] were excluded to avoid the potential duplication of
results in this analysis.

3. Results
3.1. Automation Level and Research Methodology

The eligible 47 studies that were selected through this process were categorized based
on their automation levels and research methodologies, shown in Table 3. The number of
studies on L3 was greater than those on other levels, which might affect the meta-analysis.

Table 3. Eligible studies from which to extract outcomes.

Classification Type Number of Studies
L3 (conditional automation in SAE, highly automated driving in VDA, highly automated
driving in BASt, limited self-driving automation in NHTSA (National Highway Traffic 24
Safety Administration))
. L4 (highly automation in SAE) 5
Automation level L5 (fully automation in SAE, automated driving with train sets, driverless driving in 19
VDA, driverless cars)
L3 & L4 (SAE) 5
L4 & L5 (SAE, completely self-driving automation in NHTSA, based on the scenario
whereby vehicles can drive autonomously, fully automated driving in BASt, did not 9
have any operator controls)
L3 & L4 & L5 (Avs) 3
Online survey 29
Driving simulator study 18
Research methodology Participatory Design (such as focused groups) 6
Real-world Wizard-of-Oz study or simulated car or Pilot site 11

Literature review with meta-analysis 1
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3.2. Meta-Analysis Results

Preliminary analysis showed that the sample sizes in different studies were signif-
icantly different. Some studies had a large sample size of more than 3000 participants,
e.g., [22,23], while others had only 20 participants, e.g., [24]. Additionally, some stud-
ies used surveys, while others employed experiments. To address the methodological
differences and disparity in participant sizes across the studies, only the percentage of
occurrences of NDRAs from each study was selected and averaged. This meta-analysis
also distinguishes between different levels of automation. For studies that reported results
across multiple automation levels, we included the data for each level separately. However,
some studies combined automation levels (e.g., L3 & L4, L4 & L5). In such cases, we ana-
lyzed them as two distinct categories: L3 & L4 and L4 & L5. Table 4 presents the activities
in each category along with their occurrence percentages.

Figure 2 shows the mean occurrence percentages of different NDRAs. The val-
ues increase from L3 (27% =+ 17%) to L4 (41% =+ 20%) and then decrease slightly at
L5 (39% =+ 15%). For group activities, the percentages are 33% =+ 23%, 52% =+ 8%, and
56% £ 10% for L3, L4, and L5, respectively. For personal activities, the percentages are
26% =+ 16% for L3, 40% =+ 21% for L4, and 38% =+ 14% for L5. However, when L3 and L4 are
combined, the mean occurrence percentage decreases to 27% = 26%. Similarly, combining
L4 and L5 results in a lower mean occurrence percentage of 28% =+ 19%. This suggests that
merging these levels in the study may reduce the observed mean values.

60

—— All Activities
50 Group Activities
—— Personal Activities

S
o

Percentage (%)
w
o

\

N
o
[l
T

[

o
I
r

!

T

L3 L3&L4 L4 L4&L5 L5
Automation Levels

Figure 2. The mean occurrence percentages and standard deviation of different NDRAs regarding
automation levels.

Figure 3 provides more details on personal activities. The mean percentages of different
categories are 28% £ 7%, 38% =+ 11%, and 36% =+ 7% for L3, L4, and L5, respectively. While
the results follow a similar trend to the occurrence percentages, it is notable that in L4,
the variation in activities is the highest, and in L5, personal activities increase. It is worth
mentioning that “Vehicle Monitoring Activities” and “Rest and Relax” decrease from L4 to
L5. However, within the “Rest and Relax” category, “Rest and Relax—Looking at scenery”
drops significantly at L5, whereas “Rest and Relax—Sleeping” continues to rise, as shown
in Table 4.
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Table 4. Occurrence percentages of NDRAs in L3, L4, and L5 automated driving cars.
Category Average Activity Type § L3 L3 & L4 L4 L14&5 L5
Communication G 29% 46% 56% 52%
s . . o Interaction with other passengers G 67% 47% 68%
Communication and Interaction with Other Passengers 41% Taking care of children G 13%
Games G 24% 5% 57% 19% 48%
* Use smartphone P 36% 100% 67% 4% 15%
* Use tablet P 31% 8% 24% 46%
Take selfies P 2% 15% 16%
Social media P 35% 3% 39% 61%
Media Consumption and Online Activities 37% Passive entertainment (e.g., watch movies) P 31% 9% 78% 20% 51%
Online Shopping p 32% 57%
Texting/Messaging P 45% 8% 44% 71% 65%
Phone call P 39% 2% 34% 37% 58%
Listening to entertainment P 65% 31% 38% 61% 33%
Relax/rest P 26% 44% 21%
Sleep P 24% 31% 28% 47%
- 0,
Rest and Relaxation 37% Looking at scenery P 39% 80% 58% 26%
Wellness/praying /meditation P 17% 46%
Watching the road/other vehicles P 64% 46% 44% 23%
Vehicle Monitoring Activities 34% Communicate with other vehicles P 12%
Maintenance activity P 18%
. Eating/drinking P 46% 27% 36% 40% 41%
Food and Drink 31% Prepare meals P 19% 8%
* Laptop use P 12% 19% 26% 49%
Work P 33% 12% 20% 28%
Learn language p 12%
Analyzing/thinking P 11% 64% 43% 12%
Make to do list/writing/editing P 4% 56%
Work and Productivity 29% Reading book p 24% 29% 18% 29% 29%
Video call P 9% 24% 38%
Trade stocks P 2%
Product information P 44% 45%
Consultations P 35% 39%
Emails/browsing internet P 40% 28% 48%
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Table 4. Cont.

Category Average Activity Type § L3 L3 & L4 L4 [4&5 L5
Personal hygiene p 13% 46% 17% 29%
. . o Make up P 12% 12% 17% 33%
Personal Hygiene, Grooming, and Beauty 27% Change clothes P 13% 35%
Organizing/clean up p 49% 47%
Smoking P 13% 19% 6% 21%
Knitting P 1% 5%
Artistic activities P 22% 30%
. . . o Fitness P 14% 5% 37%
Personal Habits and Leisure ** 19% Play musical instruments P 39% 6%
Singing p 4%
Health P 39% 43%
Training P 36% 41%

* These activities may overlap with other activities. ** Scratching was mentioned in one study, but no specific numbers were provided. § G = Mainly group activities, P = Mainly personal

activities.
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100
—— Media Consumption and Online Activities
—— Rest and Relaxation -
—— Vehicle Monitoring Activities
80/ —— Food and Drink
—— Work and Productivity
Personal Hygiene, Grooming, and Beauty
—— Personal Habits and Leisure -
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20 I ==
0
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Automation Levels
Figure 3. Changes in the occurrence percentages of personal NDRAs from L3 to L5, with shaded
areas representing the standard deviation for each activity in the corresponding color.

4. Discussion

The automotive industry is driven by safety, automation, electrification, comfort,
and sustainability within regulatory frameworks. As NDRAs become central in L3 and
above vehicles, significant changes are reshaping car interior design, especially in seating
support engineering to accommodate less driving and more NDRAs. There is also a
growing focus on designing interiors that enable smooth transitions between automation
levels L3 to L5. This underscores the importance of better understanding NDRAs and the
transition process.

The diversity of NDRAs, represented by mean occurrence percentages (Figure 2),
increased from 27% to 41% between L3 and L4, but remained nearly unchanged at 39% in
L5, indicating significant changes from partial to full automation. As driving responsibilities
are gradually removed from users, they have more time to engage in a wider range of
activities, enhancing travel efficiency. Meanwhile, the variation in occurrence percentages
is highest at L4 (Figure 3), reflecting the complexity users face in selecting NDRAs when
both driving and full automation contexts coexist.

4.1. Group NDRAs

Among all activities, communication and interaction with other passengers, as a group
activity, had the highest percentage, increasing from 29% in L3 to 46% in L4 and 52% in
L5. While passenger car occupancy in Europe ranges from 1.20 to 1.90 persons [25], Yang
et al. [26] found that the presence or absence of additional passengers, whether strangers
or acquaintances, was the most influential factor in choosing an NDRA(s).

When an acquainted passenger is present, interacting with them becomes a highly
preferred activity in self-driving cars [14,27-31], particularly during long-distance travel
with family [32]. Users are also willing to pay more to fulfill this communication need in
AVs [33]. For example, Cyganski et al. [34] found that when an acquaintance is present,
users may overlook the value of productive time and prefer to converse with the other
passenger. Besides verbal communication, AV users also prefer engaging in shared activities
with fellow passengers, such as playing video games or board games [35]. This meta-
analysis found a positive correlation between the prevalence of playing games and the
levels of automation, with game-playing being much more common in L4 (57%) and
L5 (48%) cars compared to L3 (5%), even with strangers.
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4.2. Personal NDRAs

In the study by Wilson et al. [36], it was found that AV owners are more likely to
be young, male, and early adopters of technology, primarily using their cars for personal
travel. Unsurprisingly, the demand for media consumption and online activities in AVs is
high, with 37% of users engaging in these activities. Popular NDRAs include smartphone
features such as texting, calling, web browsing, reading, and using social media [24,37,38].
Consequently, users of automated cars prefer to freely use their smartphones during
travel [39—42]. This meta-analysis also found that social media usage increased as the level
of automation rose, from 35% in L3 to 61% in L5. Additionally, some users expressed a
desire to watch movies on an onboard device, similar to in-flight entertainment systems
in airplanes [43], which could be a potential focus for future car interior designs. This
preference for “passive entertainment” was also found to be higher in L4 and L5 compared
to L3.

Laptop use is also a popular need for working on the go. This meta-analysis found
that the demand for laptop use grew from 12% in L3 to 49% in L5 cars. Productivity, such
as working during daily commutes, was preferred by participants [10,44,45]. Working
and writing emails require visual and manual resources, as well as a high cognitive load,
making high-level AVs an ideal solution for these tasks [46]. Users are even willing to pay
more if AVs enable them to enhance their productivity [47].

Many users still consider it important to monitor their vehicle. This study found that
the percentage of participants needing to monitor their car’s driving activity decreases
as the level of automation increases, dropping from 64% in L3 to 23% in L5. This trend
aligns with existing literature [48], though individual human characteristics remain the
most influential factor.

Rest and relaxation are important activities that should be accommodated in AVs.
This need is as prevalent as media use, with both activities occurring in 37% of cases.
Resting, which involves being idle while gazing outside the car, is sought by many
users [31,34,39,40,44,49-51]. This might be partly due to the strong need to monitor driv-
ing tasks to enhance situational awareness, as automated driving is a new experience for
users [52], particularly for those driving alone [35] and for older drivers [53]. However, it is
important to note the influence of L4 (High Automation) and L5 (Full Automation). While
the steering wheel is present (L4), more than 80% of users select looking outside as a rest
and relaxation activity, and this number drops to 26% in L5. Part of the reason is that while
“Looking at scenery”, users can still maintain situational awareness, while users develop
trust at L5 and choose sleeping to make travel more efficient.

The percentage of users who prefer sleeping increased from 24% in L3 to 31% in L4
and to 47% in L5, reflecting a growing trend with advancing automation levels. In higher
levels of automated driving, users are increasingly expected to fully engage in secondary
activities. Li et al. [11] found that the frequency of sleeping, a NDRA that completely
eliminates situational awareness, increases with higher levels of automation. In lower
levels of automation, sleeping is considered dangerous. This finding aligns with Worle
et al. [43], who observed that sleeping is more common in L4 compared to L3. Additionally,
Becker et al. [33] found that users were willing to pay 50% more for a fully automated car
that allows for deep sleep.

Eating or drinking in an AV was selected by 31% of participants in this meta-analysis,
which is higher than the percentage for working and varies with travel duration. For longer
trips that include mealtimes, the need for eating and drinking in a car becomes more signif-
icant compared to short daily commutes. Additionally, mealtimes are relevant regardless
of the presence of other passengers, whereas activities like working and communication
are influenced by the number of passengers and their level of acquaintance [41,45].

Solitary leisure activities categorized under personal habits and leisure (19%), such
as sports [28] and personal hygiene, grooming, and beauty (27%), including activities like
applying make-up [10], were less frequently reported in this meta-analysis. Despite their
lower initial prevalence, these activities do increase with higher levels of automation. This
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trend underscores the growing diversity of human needs and preferences as automation
advances, highlighting the expanding role of NDRAs in high-level AVs.

4.3. Categorization Methods in Research

Different categorization methods were used to investigate NDRAs in automated
vehicles. In Figure 2, it is evident that the mean occurrence percentages drop significantly
when L3 and L4 are combined, as well as when L4 and L5 are combined. Humans remain
central to NDRAs in automated vehicles. The key difference between L3 and L4 is that
in L3, humans are required to take over control, while the difference between L4 and
L5 is that in L4, the driving context is still present for users. Therefore, such combined
categorizations may not be optimal, as participants in the research are navigating two
distinct contexts rather than one. It is recommended that future research addresses each
automation level separately.

4.4. Implications for Future Interior Design

Automotive interiors are designed to support various activities of drivers and pas-
sengers while ensuring safety. As automation levels advance from L3 to L5, these changes
are shaping the way car interiors are designed. Below, we explore the key implications for
interior design based on the trends of NDRAs.

Group activities: As passengers engage in social interactions, automotive interiors
will need flexible seating arrangements. Studies show that a 140-degree seat angle is optimal
for communication between passengers [54,55]. However, privacy and safety remain im-
portant, especially when traveling with strangers [14,56]. Although rotating seats enhance
interaction, current safety standards address mainly frontal seating positions [57], making
it challenging to ensure the safety of such seating configurations [58]. Therefore, interiors
that support social interaction through adaptable seating layouts must balance passenger
communication with privacy and safety, particularly in shared autonomous vehicles.

Smartphone usage: With the increasing prevalence of smartphones and tablets, vehi-
cle interiors should integrate dedicated spaces for these devices to enhance media usage [59].
Features like angled armrests [60] may be beneficial in supporting comfortable smartphone
use, allowing passengers to engage with their devices more easily during travel.

Working with laptops: As working becomes more common in higher levels of au-
tomation, vehicle interiors should be designed to accommodate laptop use. However,
motion sickness remains a concern [61], though mitigation technologies are advancing [62].
Laptops up to 3 kg are often used in vehicles, but there are usually no specific fixtures to
secure them, posing potential safety risks in collisions, particularly given current standards
that focus on frontal seating. Future interiors should incorporate stable surfaces or fixtures
for laptops while also addressing the issue of motion sickness.

Sleeping: Adapting the car interior to support sleeping is essential, especially for
L4 and L5 cars. Although a small car space may not be as comfortable as a large bed,
research indicates that sleeping in limited spaces is feasible [63,64]. Since up to 70% of
people prefer side sleeping [65], vehicle interiors should be designed to accommodate this
common posture. Recent research indicates that a backrest with a 50° recline angle might
be the most comfortable position for sleep [66], though this could pose safety challenges
for passenger restraint systems design, as reclined seating increases the occurrence of
submarining (sliding underneath the lap belt) in case of a crash [67]. Future interior designs
of automated vehicles, particularly for L5, should prioritize reclining options for various
sleeping positions while integrating safety features to mitigate these risks.

Personalization: As automation advances, the variety of NDRAs increases, necessi-
tating personalized and customizable car interiors for specific use cases [68,69]. However,
considering the lengthy certification processes involved in vehicle design and produc-
tion, the feasibility of full personalization becomes questionable. It may be more practical
to adopt a standardized approach with limited customization options that still cater to
user preferences while ensuring compliance with safety regulations. Since cars are costly,
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long-term assets, creating personalized designs without diminishing their value presents a
significant challenge. This trade-off between personalization and practicality will be central
in shaping the future of vehicle designs.

Special user groups: This study primarily focuses on NDRAs for adults, but elderly
individuals, children, and special groups such as pregnant women, visually impaired
people, and people with reduced mobility (PRM) may have different needs and activities
in AVs. For example, Mosaferchi et al. [70] suggest that AVs could lower the driving age
limit, while Park et al. [71] highlight the need for customizable in-vehicle support systems
to assist cognitively impaired elderly users. The inclusion of these groups may introduce
new activities and demands, warranting further research.

Safety: The meta-analysis results show a positive correlation between NDRA diversity
and automation levels. As automation advances, the use of AVs by children, the elderly,
and PRM users is expected to rise as well. This presents significant safety challenges in
interior design to accommodate diverse activities, including both physical posture and
the potential (full) reduction in situational awareness. Current safety standards focus on
conventional driving environments, but flexible interior configurations for NDRAs will
require updated regulations. New guidelines will be necessary for seat design, restraint
systems, crashing tests, and advanced in-vehicle support systems, e.g., in-cabin monitoring
systems [72] and human digital twins [73]. These guidelines will be crucial to ensure the
safety of passengers, particularly vulnerable groups like the elderly, children, and PRM,
especially regarding fall prevention during egress and ingress [74,75].

4.5. Limitations

This meta-analysis includes studies with diverse methodologies (interviews, observa-
tions, questionnaires), which may affect results [76]. Variations in activity categorizations,
data collection methods (frequency counts vs. time percentages), and sample sizes might
introduce inconsistencies. For example, assigning weights to different studies is challeng-
ing due to methodological differences. Socio-demographic characteristics such as region
and age were not included because of inconsistencies across studies; for instance, not all
studies accounted for older adults in their surveys or experiments. Additionally, special
groups such as pregnant women, individuals with visual impairments, and PRM were often
overlooked, as they were not included in many studies. Future research should address
these methodological and sample size disparities, as well as differences in target groups, to
achieve more accurate results. Additionally, the limited availability of L3 to L5 vehicles
means that many participants are speculating about potential NDRAs, highlighting the
need for ongoing research as these technologies become more prevalent. In terms of design
implications, we highlighted key activities that require greater attention from future interior
designers. However, a more in-depth review is needed to explore potential solutions that
also consider safety concerns.

5. Conclusions

This review explores changes in Non-Driving Related Activities (NDRAs) across self-
driving vehicle levels L3, L4, and L5. The meta-analysis indicates that as automation
increases, both the range and occurrence percentages of NDRAs expand. The results
show that communication and interaction with passengers are the most frequent activities,
followed by media consumption, rest, and relaxation. Food and drink activities slightly
exceed working and productivity, while personal habits and hygiene are less commonly
prioritized. Although some users continue to value vehicle monitoring, this need decreases
as automation levels rise. Major challenges for interior designers and regulatory bodies
include accommodating communication, laptop use, and sleeping needs while ensuring
safety. As automation advances and users place greater trust in the vehicle, they are more
likely to engage in cognitive-intensive activities in the posture they were used to, potentially
shifting their focus from situational awareness to leveraging the new advantages offered
by the vehicle.
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