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ARTICLE INFO ABSTRACT

Keywords: Creating successful future mobility products and services requires a deep understanding of user values and re-
Mobility quirements. Past research studies are limited in that they have predominantly focused on a single mobility
User value

context, such as private car use, leaving areas like shared mobility services and air travel insufficiently explored.
The lack of comprehensive understanding of how user values and requirements vary and interrelate across
different mobility contexts creates a significant knowledge gap. This gap impedes not only the design of context-
specific user experiences but also the cohesive integration of various mobility forms at a systemic level.
Addressing this, this study delved into the user values and functional requirements across four distinct mobility
contexts: private cars, shared mobility services, airplanes, and public transportation. Through expert interviews,
unique user values with corresponding functional requirements were identified for each mobility context. The

User experience
Functional requirement

study findings would inform the user experience design for future mobility systems.

1. Introduction

Digital technologies, such as IoT, AI/ML, cloud computing, robotics,
etc., are providing new opportunities for the UX design in the domain of
mobility products and services. Some examples of new technologically
enabled mobility experiences include the vehicular integration of
various mobile applications, such as Google Maps, Wave and Spotify,
and, the current autonomous ride-hailing services, such as Alphabet's
Waymo and General Motors' Cruise. New technologies, whilst enabling
new product/service functions, may also be utilized to create novel in-
terfaces to innovate human-vehicle interaction.

It should be emphasized that for any product/service domain, the
ultimate goal of the UX design is to address user needs and thereby
support realizing user values. New technologies and creative design are
the means to this goal. Thus, identifying user needs and values has a
fundamental importance in the UX design research (Boztepe, 2007; Park
and Han, 2013). According to the Merriam-Webster dictionary, the term
‘need’ refers to ‘a lack of something requisite, desirable or useful’ and
the term ‘value,” ‘something desirable or valuable.’ Since user needs and
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user values are very similar and closely related concepts, the term “user
value” will be used in this study to refer to both.

Given the importance, numerous studies have investigated user
values. Some of them were concerned with basic user values relevant to
a wide variety of products and services (Laugwitz et al., 2008; Brooke,
1996; Kirakowski and Corbett, 1993; Thielsch and Moshagen, 2011;
Minge et al., 2017; Gediga et al., 1999). Others, user values specific to a
particular product/service domain (Maslov et al., 2021; Ike et al., 2021;
Park and Han, 2013; Park et al., 2013). Some of the domain-specific
studies attempted to determine the user values for future mobilities
(Lee et al., 2020;Lee et al., 2022; Wolf et al., 2018; Hildén et al., 2016;
Pfleging et al., 2016). Lee et al. (2022) examined the user values for
future autonomous vehicles and identified increasing demands for
continuity, personalization, and social activity. Wolf et al. (2018)
investigated far-future mobility-related customer needs by analyzing
short stories gathered from creative writing workshops. Hildén et al.
(2016) explored the domain of future public transportation, reporting
that user values for future public buses encompass informative and
entertaining bus stops, a relaxing atmosphere, subtle opportunities for
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social interaction, a sense of luxury, and ecological sustainability.
Pfleging et al. (2016) investigated the non-driving-related activities that
drivers/occupants wish to engage in while inside highly or fully auto-
mated vehicles. These activities included daydreaming, writing text
messages, eating and drinking, browsing the internet, and making calls,
as well as traditional activities such as talking to passengers and
listening to music.

Despite previous research, gaps remain in understanding user values
for future mobility. One notable gap is the limited examination of
different mobility contexts in assessing these values. Most studies,
including those by Lee et al. (2022), Hildén et al. (2016), and Pfleging
et al. (2016), focus on a single context, leaving areas such as shared
mobility services and air travel insufficiently explored. Additionally, the
similarities and differences in user values across various mobility con-
texts, as well as their interrelations, are not well understood. This
knowledge gap is problematic, hindering not only the design of user
experiences for individual contexts (Axsen and Sovacool, 2019) but also
the integration of different mobilities at the system level (Ceder, 2021).

To address the research gap outlined above, this study is guided by
the following three research questions:

RQ1. What user values are associated with future mobility experi-
ences across four distinct contexts (private car, shared mobility ser-
vices, airplane, and public transportation)?

RQ2. Which user values are commonly important across all mobility
contexts, and which user values are particularly salient in specific
contexts?

RQ3. What functional requirements are associated with these user
values in each mobility context to inform future mobility user
experience design?

To answer the abovementioned research questions, experts profi-
cient in both user values and technical aspects of mobility products were
interviewed. They were asked about the types of products, systems, and
services they would prefer to experience in the future within each
mobility context.

2. Methods

A set of basic user values was prepared as a reference for the sub-
sequent user value identification process — this user value set (hereafter,
the reference user value set) was to help the researchers label and
organize the user values from the interview script data.

The reference user value set was primarily developed based on the
UX aspects of the UEQ + framework (Schrepp and Thomaschewski,
2019). The UEQ + framework offers a comprehensive catalog of gen-
eral UX aspects, totaling 16 in number, many of which align with user
values. The 16 UX aspects were: attractiveness, efficiency, perspicuity,
dependability, stimulation, novelty, trust, aesthetics, adaptability,
functionality, intuitive use, value, trustworthiness of content, quality of
content, acoustics, and haptics. As for the UX aspect ‘value,” Schrepp and
Thomaschewski (2019) used the term to refer to craftsmanship ('of high
quality and professional design’).

The UEQ+ was created through an analysis of research papers and
the UX evaluation scales of the existing UX questionnaires (Schrepp and
Thomaschewski, 2019). Only the aspects that align with user values
were included, leading to the exclusion of haptics and acoustics. Also,
three new user values (comfort, safety, and maintainability) were added
because they represent some fundamental user values for mobility and
transportation. The modifications were based on an expert discussion —
three UX experts participated. As a result, the reference user value set
was constructed with a total of seventeen user values, which were:
attractiveness, efficiency, perspicuity, dependability, stimulation, nov-
elty, trust, aesthetics, adaptability, functionality, intuitive use, value
(craftsmanship), trustworthiness of content, quality of content, comfort,
safety, and maintainability.
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2.1. Interviewees

A total of ten interviewees, with an average of 5 years (Min: 2 years,
Max: 18 years) of professional experience in the mobility industry
participated in the study. They were from four different countries: the
Netherlands, Sweden, South Korea, and the United States. The partici-
pants’ working experience in the mobility industry and their roles at the
time of the interview are described in Table 1.

This study intentionally employed expert interviews rather than end-
user interviews to explore user values associated with future mobility
experiences. The participating experts were selected based on their
extensive professional experience, enabling them to reason beyond
current practices and consider emerging technological and systemic
conditions.

2.2. Interview procedure

In each interview, after collecting basic information (work experi-
ence, occupational background, and job description) about the in-
terviewees, detailed descriptions of the four different mobility contexts
(private car, shared mobility services, airplane, and public trans-
portation) were first presented to them. An identical starter question was
utilized for all of the four mobility contexts, and, follow-up questions
were determined using the laddering technique. The starter question
was as follows: “Let's imagine that you are living in a world where all the
IoT devices are connected with mobilities so that all kinds of information
are accessible while moving around. Wherever you are you can always
get the information or the services that you want. In this connected
mobility world, what kinds of products, systems, and services would you
like to experience? Please think of the situation where you are on (a
mobility context).” The order of the four contexts presented to each
interviewee was randomized. Each interview took approximately 1 h.

All the interviews were conducted using a video conference call
platform. For subsequent data processing and analysis, the entire round
of interviews was recorded by a Voice Recorder application, with the
participant's agreement. The interview protocol was approved by the
institutional Human Research Ethics Committee (HREC).

2.3. Data collection and analysis

All the recorded interview content was transcribed. Then, each in-
terviewee's interview script was segmented and coded into minimum
meaningful topics and relevant user values using Atlas.ti. Five experi-
enced coders independently reviewed each interview script and made
notes about the topic of each text segment. During this phase, coders
annotated each segment with (1) a short descriptive topic label
capturing the main theme of the segment and (2) one or more candidate
user values that the segment reflected. In cases of disagreement, the
coders jointly reviewed and discussed the issues to reach agreements.
After several offline workshops, all disagreements were resolved.

Table 1
Detailed information of interviewees.
Interviewee Working experience (years) in the Roles
code mobility industry
1 2.5 years UX lead
2 3.5 years Senior research
engineer
3 18 years UX/UI manager
4 2.5 years System safety
engineer
5 10 years Strategy manager
6 2 years Interaction engineer
7 2.5 years Product designer
8 3.5 years Product designer
9 4 years Product manager
10 5 years UX designer
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Based on the analysis results, the reference user value set was iter-
atively refined based on the coding results. First, user values from the
reference set that were not mentioned by any interviewee (i.e., attrac-
tiveness and aesthetics) were removed. Second, when interviewees’
expressions consistently reflected a value conceptually aligned with an
existing one but expressed using slightly different language, the corre-
sponding value labels were revised through careful discussion among
the coders. Specifically, the user values of stimulation, intuitive use,
trustworthiness of content, and quality of content were renamed as
immersiveness, intuitiveness, transparency, and informativeness,
respectively, to improve consistency across value labels and to convey
more specific and precise meanings. Third, when interviewees repeat-
edly raised themes that could not be adequately mapped onto any
existing value in the reference set, new user values were added. Through
this process, three user values (continuity, human connection, and
anthropomorphism) were identified and incorporated into the final user
value set.

The interview scripts were carefully re-reviewed with respect to each
of the four mobility contexts. For each context, a user value was
considered relevant if an interviewee explicitly mentioned or implicitly
expressed that value while discussing experiences or expectations spe-
cific to that context. The relevance of each user value was quantified
through frequency analysis by counting the number of interviewees who
referenced the value within each mobility context. In parallel, functional
requirements were extracted from context-specific interview segments
that described desired system capabilities, features, or behaviors. Each
functional requirement was subsequently mapped to one or more user
values based on the underlying need or concern expressed in the
segment from which it was derived. These functional requirements
define the design problems to be addressed, delineating what a mobility
system must accomplish in future UX design endeavors.

3. Findings and insights
3.1. User value set for future mobility design

A total of nineteen user values were identified as the user value set
for future mobility. They were: adaptability, anthropomorphism, assis-
tance, comfort, human connection, continuity, controllability, effi-
ciency, immersiveness, informativeness, intelligence, intuitiveness,
maintainability, novelty, pleasure, privacy, safety, alert/warning, and
functionality. Descriptions of the nineteen user values are provided in
Table 2. Note that each user value in the set was mentioned by at least
one expert for at least one of the four mobility contexts.

For each user value, the expert response frequencies for the four
mobility contexts are presented in Fig. 1. Whilst some user values were
relevant to multiple mobility contexts, others were not (Fig. 1). Conse-
quently, the four mobility contexts differed substantially in the expert
response frequency distribution for the 19 user values, and, also, in the
set of relevant user values (the user values with expert response fre-
quency greater than 0) (Fig. 1). Private car was associated with 18 out of
the 19 user values. Airplane, shared mobility services, and public
transportation, 13, 11 and 10, respectively.

The nineteen user values cover a diverse range of human values. This
is thought to reflect that mobility is now more than simply moving from
one place to another and the range of things that the users want to
accomplish and experience through in-vehicle interactions is continu-
ally expanding.

The frequency analysis highlights both commonalities across all
mobility contexts and salient differences specific to individual contexts,
thereby providing important implications regarding which user values
require greater design attention. In terms of similarities, among the 19
user values, adaptability, efficiency, informativeness, and continuity
were the ones that were relevant to all four mobility contexts and at the
same time had a relatively larger magnitude of overall relevance than
the other user values. These user values in combination seem to indicate
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Table 2
User value set of future mobility.
User value Description
Adaptability Providing personalized experience mainly by adapting system

features to a user's characteristics
Users having an impression that they are interacting with
human-like agents

Anthropomorphism

Assistance Assisting users with physical/cognitive impairments to
perform tasks by providing useful functions
Comfort Providing emotionally comforting and physically relaxing

experiences

Users having an impression that they are being socially
connected to an external community

Providing seamless user experience across different vehicles,
devices and places

Users feeling that they have some proper level of control over
mobility functions

Human connection
Continuity

Controllability

Efficiency Saving time and cost in achieving a user goal

Immersiveness Providing immersive and interactive experience

Informativeness Providing useful information in real-time

Intelligence Providing the most apposite assistance and information to
users

Intuitiveness Allowing simple, intuitive, and user-centered interactions

Maintainability Providing proper notifications about the mobility's
maintenance status

Novelty Providing novel and original experience

Pleasure Providing hedonic and interesting experience

Privacy Users feeling that their personal data are being carefully

managed and protected
Safety Keeping a user's safety and security

Alert/warning Giving an alert/warning when drivers become distracted,
drowsy, or if an unexpected event occurs
Functionality Providing useful mobility functions

that providing optimal services based on contextual details (personal
and situational information) is becoming more important. The user
value ‘continuity’ is conceptually the same as the ‘continuity’ concept in
the domain of multi-device experiences (Levin, 2014; Sgrensen et al.,
2014; Brudy et al., 2019). The result on ‘continuity’ (Fig. 1) seems to
emphasize that the design of a mobility/transportation system (how to
physically move people around) cannot be separated from that of an
information system (how to virtually move information and knowledge
around) in the present-day world. Specifically, in the mobility domain,
continuity influences design by highlighting the need for seamless ex-
periences across different transportation modes as well as across tem-
poral phases of mobility, including before, during, and after travel. For
example, users often move across multiple mobility modes within a
single journey, and disruptions in information access, interaction flow,
or task state during these transitions can increase cognitive burden and
reduce overall experience quality. In addition, users increasingly expect
to continue ongoing activities such as working and communicating
throughout the mobility process, rather than treating travel as a
disconnected interruption. The prominence of continuity across all
mobility contexts, therefore, suggests that effective mobility design must
integrate physical transportation systems with digital information sys-
tems, ensuring that information, services, and user activities persist
seamlessly across modes, devices, and contexts.

It is interesting that the user value ‘safety,” which is a central concept
in transportation, had a relatively low overall relevance level (Fig. 1).
This does not necessarily indicate that safety is considered unimportant.
Rather, it may reflect experts' tendency to treat safety as a baseline or
assumed prerequisite for future mobility systems. Given the future-
oriented focus of the interviews, experts may have held an optimistic
view that future mobility systems would, in general, be safer than cur-
rent systems in terms of transportation accidents. For example, auton-
omous vehicles are considered to be a safer means of ground
transportation than traditional vehicles (Robert, 2019). Kalra and
Paddock (2016) estimated that introducing autonomous vehicles
sooner could save more than half a million lives over the next 20 years.

The differences between the four mobility contexts in the expert
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Fig. 1. Frequency analysis result.

response frequency distribution for the 19 user values (Fig. 1) could be
attributed to the fact that the four mobility contexts differ in terms of the
user goals and tasks, and, usage situations. Specifically, immersiveness
and informativeness were more strongly emphasized in the ‘airplane’
context, reflecting the increasing importance of in-flight content and
entertainment experiences. In the ‘public transportation’ context,
adaptability and intelligence were more salient. This is likely due to
growing user expectations for more user-aware and adaptive mobility
experiences enabled by advancements in IoT technologies that minimize
cognitive and physical workload during public travel. For ‘shared
mobility services’, maintainability emerged as particularly important, as
it directly influences the safety and efficiency of shared service use given
the operational characteristics of such systems. In addition, intuitiveness
was highly valued because intuitive service design directly reduces user
effort in using shared mobility contexts. Interestingly, the ‘private car’
context was associated with more user values than the other three
contexts (Fig. 1). In fact, almost all of the user values (18 out of the 19)
were found to be relevant to the context. This can be attributed to the
broad range of activities and use cases supported by private cars, which
span commuting, leisure, caregiving, and work-related tasks, thereby
eliciting diverse functional needs. In addition, unlike other mobility
contexts, the private car is typically owned by the user, resulting in long-
term and repeated interactions. This ownership-based relationship likely
lead to stronger expectations for personalization, control, and system
adaptation over time, allowing a wider spectrum of user values to
become salient. Relatedly, anthropomorphism was found to have an
association only with the private car context (Fig. 1). This is thought to
reflect the distinct user-vehicle relationship in the private car context. A
detailed discussion of why these user values are salient in each context
and how they can be operationalized through concrete functional re-
quirements is provided in Section 3.2.

Among the nineteen user values for future mobility, seven were from
the reference user value set based on the UEQ+ (adaptability, comfort,
efficiency, maintainability, novelty, safety, and functionality), nine were
modifications of some user values in the reference set (assistance,
controllability, informativeness, intuitiveness, immersiveness, intelli-
gence, pleasure, privacy, and alert/warning), and three were newly
added ones (anthropomorphism, continuity, and human connection).

As described above, the user value set for future mobility was sub-
stantially different from the reference user value set based on the UEQ+
(Schrepp and Thomaschewski, 2019). The difference was expected, as
different product/service domains would be associated with different
sets of user values. Relatedly, Schrepp and Thomaschewski (2019)
stated that the UEQ + does not cover all UX concepts (UX values) and it
should be viewed as an incomplete framework. The UEQ+, however, is

highly useful as a starting point for constructing a domain-specific user
value set. Indeed, multiple studies have derived domain-specific user
value sets utilizing the UEQ+ (Setiaji, 2020; Meiners et al., 2021; Klein
et al.,, 2020) and other domain-non-specific user value sets, such as
AttrakDiff2 and meCUE (Hassenzahl, 2004; Minge et al., 2017).

3.2. User values for each mobility context

Figs. 2-5 each present the expert response frequency distributions for
the four mobility contexts, in the order of airplane, public trans-
portation, shared mobility services, and private car. Tables 3-6 present
the sets of relevant user values for the four mobility contexts. In each
table, for each of the relevant user values, major functional re-
quirements, and representative user quotations identified from the
interview data are presented. For each mobility context, some notable
observations are discussed in what follows.

3.2.1. Context 1) Airplane

As for the context of airplane, the user values with the highest expert
response frequency were immersiveness and informativeness — 7 out of
the 10 experts mentioned the two user values. The user value ‘immer-
siveness’ pertained to the use of in-flight virtual reality (VR). Two
functional requirements were identified: providing real-time/near-real-
time location-based VR services (e.g., providing a 3-D flight map and a
virtual tour of a place/country when flying over it) and enabling VR-
based in-flight work collaboration (e.g., a virtual meeting with others
far away). The user value ‘informativeness’ was related to two types of
information: flight information (including in-flight environment infor-
mation) and information about the destination.

Immersiveness seems relatable to some characteristics (UX prob-
lems) of current air travel: 1) airplane journeys tend to be for longer
durations than travel by other transportation modes, 2) both physically
and digitally, passengers are more disconnected from the outside world
when inside an airplane than other vehicles. For example, most airline
passengers cannot see outside easily during a flight, and, internet
connection is typically unavailable, and 3) as passengers do not take part
in the driving/operation of the vehicle, they are left in a confined space
without much to do. For these reasons, different forms of in-flight
entertainment have been developed to improve the in-flight experi-
ence (World Health Organization, 2005; Liu, 2007). VR seems to offer
new possibilities for overcoming the problems of current air travel,
especially the problem of disconnection, and, improving the in-flight
experience.

The functional requirement of real-time/near-real-time location-
based VR services (e.g., providing a 3-D flight map and a virtual tour of
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Fig. 2. Frequency analysis result for the context of the airplane.

China when flying over China”) is interesting. This expert prediction
suggests that airline passengers would want to be continually updated
with the positional change during a flight and also would want to enjoy
experiences similar to the physical (mainly visual) experiences gained
from looking out through a window while traveling in a car or a train.
This functional requirement seems to represent the desire to restore the
physical connection with the external world, which is not well supported
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(e.g., a virtual meeting) suggests that in addition to the physical con-
nections with the physical world, maintaining and even increasing the
social connections with the rest of the world would be an important
human desire/need, and, technology and design need to be best utilized
to address the current state of social disconnection during air travel.

It should be further noted that entering a virtual place (e.g., entering
a virtual meeting) using VR technology is conceptually very similar to
physically moving to a place using a mode of corporeal mobility.
Relatedly, Kellerman (2011) has claimed that three categories of
mobility, that is, terrestrial (moving people), aerial (moving people) and
virtual (moving information) mobilities, are not separate entities but
should be viewed as categories of a single more general entity (mobility
at large) as they share a basic model of mobility cycles and are all
IT-based or IT-dependent. It seems likely that future passengers would
want to visit many virtual destinations to maintain social connections
while physically moving to a destination via an airplane (which itself is
in many cases socially motivated). How to manage all the concurrent
and successive, and, corporeal and virtual trips and activities at different
real and virtual places would become an important issue to many
airplane passengers and thus UX designers.

Regarding the practicality of providing real-time, location-based VR
services in the airplane context, it is important to note that such expe-
riences are becoming increasingly feasible given recent technological
advances. In-flight internet connectivity has already been widely
deployed on many airlines and routes, with improving bandwidth and
stability enabling real-time data transmission. In addition, VR hardware
has rapidly evolved from bulky head-mounted displays to lightweight,
glasses-like form factors, which are more compatible with in-flight
safety requirements and passenger comfort. While fully immersive,
high-bandwidth VR experiences may still face technical constraints,

in the current airplane journeys.

The functional requirement of VR-based in-flight work collaboration

Table 3

hybrid approaches offer a practical solution under current conditions.
For example, locally cached VR content (e.g., virtual flyover views,

User values and functional requirements for the context of the airplane.

User values

Functional requirement

Representative quotation

"I would prefer the content and information to be more curated and tailored to individual passengers."
"It would be great if passengers can concentrate more on their work with virtual reality head-mounted

"A lot of people also get anxious sitting in a confined space. So maybe there could be meditation tutorials or
something that would help them relax. A VR headset would be necessary for such meditation.”

"You can go sit in the first-class seat. So maybe you can use, like, some platform to connect with people on the
same flight. So, if there is somebody who is experiencing some physical or medical issues, and someone in the
first-class seat doesn't mind letting somebody else borrow the seat for one or 2 h, a match can be made
through the in-flight social networking system. "

"If you are going outside and want to take Uber, it would be great if you don't get confused on how and where
to take it. The connection between different mobilities would be highly important."

"Currently, you have to show your passport and boarding pass to different people and you don't really know
where to go and who wants to see the passport or the boarding pass. This inconvenience should be rather

"So it calculates your own boarding time. Yeah. Yo. Always it's like maybe boarding begins at 5pm. Yeah, but
it takes 20 min. So you may arrive 30 min before the boarding is closed. Getting the optimal boarding time
and the process would be helpful."

"I think I can see like a 3-D map of where I'm at right now. For instance, when we are flying around China,
having virtual tours of China would be great."

"If you have meetings during the journey, I want to still attend the meeting while in flight. Using VR
technology, for example, I would be able to take part in the virtual meeting."

"I would like some information about my flight including flight hours left and weather condition."

“I wonder if the weather of the flight destination isn't going to be too cold. And then before I arrive at the
airport, I would like to get informed about any important local news.”

“It would be nice if we could order in-flight meals through the touchscreen.”

“The entire process of security check usually takes so long. It would be better to make the security check
system smarter and improve efficiency by utilizing IoT technologies.”

“I want to get some more entertainment, like watching movies or reading interesting news.”

"I just want to know the risk of turbulence during the flight."

“I want to know about the unexpected situation in advance. For example, If the alarm goes off 10 min before
getting off the subway, I think it'll help a lot."

Adaptability Customization

Assistance Head-mounted device for improving
concentration and work performance display."

Comfort Meditation tutorial using a VR headset

Human In-flight social network platform

connection

Continuity Seamless connection of mobilities before and
after flight
Seamless boarding experience

fixed"

Efficiency Guiding passengers for improving boarding
experience

Immersiveness Unique flight experience through virtual reality
Working while traveling using virtual reality

Informativeness Information about flight environment
Information about destination

Intuitiveness Intuitive touchscreen interface for in-flight
services

Novelty Automatic security check system

Pleasure Diverse entertainment content

Safety Information about possible flight-related safety
concerns

Alert/warning Providing transparently and openly information
that a user needs

Functionality Wi-Fi service

"Having a high-speed WiFi service during flight would be awesome. "
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contextual destination previews, or location-based entertainment) can
be dynamically updated at specific designated times and locations.

The user value “informativeness” was mostly concerned with infor-
mation about multiple locations/places that a passenger must deal with,
such as the current location of the airplane, the cabin and the flight
destination. The user information needs related to locations and places
would likely increase in the future as future passengers are expected to
visit multiple virtual locations/places in addition to physical ones.
Electronically extending the self for more experiences and connections is
beneficial but would accompany an increase in the information pro-
cessing load.

Continuity was the user value with the third highest expert response
frequency (5 out of the 10 experts). It calls for seamless connection of
mobilities before and after flight and seamless boarding experience. For
example, pre-flight activities such as itinerary planning, seat selection,
entertainment preferences, or work-related tasks can be synchronized
across personal devices and airline systems through cloud-based user
profiles. During the flight, these states can be maintained and extended
via in-flight connectivity and entertainment systems. This would also
allow passengers to continue ongoing activities, such as working on
documents, consuming personalized content, or accessing contextual
information, without disruption. After landing, continuity can be further
supported by leveraging passengers' in-flight activities to enable
personalized post-flight tasks. It can also ensure seamless coordination
with ground transportation and navigation systems. Furthermore, if
disruptions such as in-flight delays or changes in a passenger's health
and mental condition occur, these factors can be reflected in subsequent
services, such as adjusting travel plans or recommending alternative
transportation options. The user value ‘continuity’ in the context of
airplane seems to be closely related to the observation that ‘““aero-
mobilities’ are related in several different and distinctive ways to other
forms of mobility, sometimes as rings in a chain of intermodal trans-
portation systems” (Cwerner, 2009). Indeed, before and after flight,
passengers perform various related work tasks (e.g., making a flight
reservation and calling an Uber) using virtual mobilities and move a lot
by terrestrial mobility modes, including walking (e.g., first and last mile
transportation) (Kellerman, 2011). Optimizing the flows of work tasks
and physical movements occurring in multiple digital and physical
spaces is thought to be crucial to reducing the physical and cognitive
workloads of the passengers, improving work productivity and effi-
ciency, and, enhancing the overall passenger experience. Given the
prediction that various VR destinations will be added to the passengers'
list of places to visit, the importance of continuity is expected to increase
even more. Continuity would greatly affect the ability to make con-
nections and extend self.

Adaptability (3 experts) and pleasure (4 experts) were also found to
be relevant to the airplane mobility context. The functional requirement
for adaptability was to curate and tailor entertainment and information
according to the needs of each individual passenger. The functional
requirement for pleasure was to provide a wide variety of entertainment
and information. These two user values are related to the importance of
in-flight entertainment. Different passengers have different tastes and
preferences. Thus, the availability of many entertainment options and
the ability to tailor them according to individual preferences would help
increase user satisfaction.

It is interesting that the user value ‘comfort” was associated with a
functional requirement of providing VR-based meditation tutorials.
Traditionally, physical elements, such as legroom, personal space, seat
dimensions, noise, climate, and hygiene, have been considered impor-
tant factors of in-flight comfort, along with the quality of airline crew
services (Vink et al., 2012). In addition to these factors, dimensions of
psychological comfort should also be considered to improve the pas-
senger experience. As mentioned earlier, VR seems to offer different
possibilities, including the provision of relaxing experiences.

International Journal of Industrial Ergonomics 115 (2026) 104002

3.2.2. Context 2) Public transportation

Four user values were found to be the major ones for the context of
public transportation. They were adaptability (7 experts), intelligence (6
experts), informativeness (5 experts), and efficiency (5 experts).

Adaptability was concerned with helping the users optimally use the
public transportation system by supplying relevant information. Infor-
mativeness was very similar to adaptability. The experts seem to suggest
that different users may choose different objectives (e.g., minimizing
travel time or maximize personal space) according to their personal
preference or the context. Intelligence and efficiency pertained to the
reduction of cognitive and physical efforts of users during the use of a
public transportation system.

The expert responses concerning the user values ‘adaptability’ and
‘informativeness’ have similarities with some of the core characteristics
of the ‘mobility-as-a-service (MaaS)’ concept (Hietanen, 2014;
Jittrapirom et al., 2017). Hietanen (2014) describes Maa$ as a mobility
distribution model that delivers users' transport needs through a single
interface of a service provider. MaaS combines different transport modes
to offer a tailored mobility package, like a monthly mobile phone con-
tract. The core characteristics of Maa$S include integration of transport
modes, tariff option, one platform, multiple actors, use of technologies,
demand orientation (user-centric), registration requirement, personali-
zation and customization (Jittrapirom et al., 2017). Future public
transportation systems may be in the form of a MaaS$ service or would
share some similarities with it.

It is quite interesting that ‘personal space’ was suggested as a po-
tential factor that could affect a user's choice among different public
transportation options (“It is possible to consider how many people are
in the bus or the subway when choosing the means of transportation™).
Factors affecting user-decision making and inter-individual differences
in decision-making need to be investigated to inform the design of future
public transportation systems. User segmentation and user modeling
(Fischer, 2001) will be important research topics. Additionally, research
studies are needed to understand how context affects user
decision-making.

The user values ‘intelligence’ and ‘efficiency’ emphasize the impor-
tance of reducing cognitive and physical efforts associated with the use
of a public transportation system. UX design techniques, such as
contextual inquiry and analysis and design ideation, and, design
knowledge from human factors and ergonomics would be important for
the realization of effortless interaction.

Related to intelligence, a design idea involving the use of a

Context 2) Public transportation

Count

User values

Fig. 3. Frequency analysis result for the context of public transportation.
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Table 4
User values and functional requirements for the context of public transportation.
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User values Functional requirement

Representative quotation

"The app suggests that you should leave 5 or 10 min later or earlier. So your way to the gym and afterwards to

"It is possible to consider how many people are in the bus or the subway when choosing the means of
transportation. And you are also able to choose a more preferred route or the most efficient way in the navigation

"The app may also include in the plan not taking the tram because it is really crowded, but may include taking the
"The app should be connected with the surrounding social communities before and after boarding.”

"If passengers use more than one means of transportation, it is important how seamless the transfer is."

"For example, you have to pull out the physical card for tagging in and out, but it seems completely redundant"
"If I need to go from point A to point B, the system should tell me the most efficient way."

"An alarm like vibration on the seat wakes you up when you're at your stop."

"I want to know easily which bus arrives next through the smartphone app."
" It would be best if public transportation was operated according to the set schedule, but in case of an unusual

Adaptability Adaptive time scheduling
home will be optimized "
Recommendation on optimal means of
transportation
system."
Comfort Comfortable ride experience
bus because it is not crowded"
Human Network connection with local
connection communities
Continuity Seamless connection of multiple means of
transportation
Efficiency Getting in and out of a vehicle without
tagging a physical card
Informativeness Information about optimal path
Intelligence Alarm when arriving at a place to get off
Intuitiveness Intuitive information delivery
Alert/warning Detailed information about traffic situation
event, I would like to be notified in advance."
Functionality Reduced waiting time

"It would be good to use public transportation with minimal waiting time"

vibrotactile alarm was suggested. The design of effective yet socially
acceptable (Vaananen-Vainio-Mattila et al., 2013; Koelle et al., 2020)
and privacy-preserving alarm displays would be an important issue for
future public transportation systems.

3.2.3. Context 3) Shared mobility services

The user values with relatively higher expert response frequencies
were adaptability (6 experts), efficiency (5 experts), and intuitiveness (5
experts). Also, human connection and maintainability had responses
from 4 experts, and, comfort, continuity, controllability, and privacy,
from 3 experts.

Regarding adaptability, two functional requirements were identified:
1) getting access to personal accounts and services while riding a shared
car, and, 2) automatically adjusting in-vehicle settings based on the
personal profile of the user.

Efficiency was concerned with minimizing the movements
(providing optimal departure and destination points) and the time
(minimizing the time for car searching and waiting) associated with the
use of shared mobility services. Intuitiveness pertained to reducing user
efforts while interacting with the system interfaces. Continuity
(“seamless pick-up service”), similar to efficiency and intuitiveness, re-
flects the user's need for minimizing the movements, time, and efforts.
The three user values are similar in that they are all related to the
reduction of user costs while using shared mobility services.

Human connection had two different aspects: connecting with the
other passengers in the same physical space (“passenger matching sys-
tem based on personality”) and connecting virtually with people in
distant places.

Maintainability was concerned with providing the users with the
vehicle state information of a shared car, such as fuel level, tire pressure,
etc., to help better maintain the vehicle. Informativeness (2 experts) also
touches on the user needs for vehicle state information.

Comfort involved implementing a driver/passenger matching system
that considers users' emotions or characteristics when using shared
mobility services. Controllability focused on allowing users to freely
select their preferred drivers. Privacy entailed carefully managing the
use of personal information. Specifically, users' private information,
such as their current location, should only be accessed with their explicit
consent.

The two functional requirements identified for the user value
‘adaptability’ were concerned with personalization - providing
personalized mobile app services and automatically configuring the
adjustable vehicle components (seat, steering wheel, pedals, and mir-
rors) according to an individual driver's preferred setting. In addition to

these two, another potentially useful vehicle function may be to provide
personalized human-vehicle interfaces (displays and controls) based on
a user model or user data. Such an interface personalization capability, if
realized, would greatly benefit driving safety and driver experience,
especially for those who must drive an unfamiliar vehicle in the context
of shared mobility services. Reconfigurable displays (Corsi and Sattler,
1989; Knoll, 2017) would be the enabling technology in realizing
interface personalization.

As in the other mobility contexts, the expert responses concerning
efficiency, intuitiveness and continuity indicate that minimizing the
system use costs (physical movements, time, and user cognitive/phys-
ical efforts) should be an important goal for the design of future shared
mobility services. The importance of cost minimization becomes more
evident when considering that shared mobility services are to compete
against private vehicles, which are generally superior to shared mobility
services in terms of the aforementioned cost elements at this time.
Widespread adoption of shared mobility services may be contingent
upon how well the cost minimization can be done. The vehicle functions
based on personalization mentioned earlier could contribute to the
reduction of user physical and cognitive efforts during the use of shared
mobility services.

The functional requirement “passenger matching based on person-
ality” of the user value “human connection” seems to be related to the
fact that ridesharing requires one to share long journeys with complete
strangers in close confines. The uncertainties involved in such in-
teractions can become a barrier to the adoption of ridesharing services
(Chan and Shaheen, 2012; ITS America, 2015). Passenger matching may
be an effective way for reducing uncertainties. Personality may be only
one of many dimensions in which passenger matching could be per-
formed. Various personal variables, including physical variables, may be
considered as possible dimensions for passenger matching. More studies
are warranted in order to identify relevant dimensions, determine pas-
senger types, and, develop effective passenger matching algorithms.

The user values “maintainability” and “informativeness” seem to
reflect the need for reducing the uncertainties about the vehicle pro-
vided during a carsharing or ridesharing transaction. Providing suffi-
cient, accurate and reliable vehicle information in a timely manner
would greatly impact the level of user trust and the service acceptance.

Similar to the concepts of 'passenger matching,' 'maintainability,' and
'informativeness,' controllability emphasizes the importance of reducing
uncertainties associated with shared mobility services. Specifically,
controllability involves enabling users to freely choose their preferred
drivers in the context of ride-hailing or ride-sharing, addressing con-
cerns about the driver's driving style and other service characteristics.
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Fig. 4. Frequency analysis result for the context of shared mobility services.

We authors concur with the notion that driving style is an important UX
factor affecting the level of user satisfaction. Developing an effective
driver recommendation system (or an effective driver-passenger
matching system) would require research studies on how to represent
different driving styles objectively and quantitatively, how to identify
and represent a user's preferred driver driving style, and how to quantify
the goodness of match between a driver's actual driving style and a
customer's preference.

It is interesting to note that the user value ‘human connection' has a
virtual mobility (Kellerman, 2011) component (“in-vehicle social
networking service”) similarly to the user value ‘immersiveness’
(‘working while traveling using virtual reality’) in the context of
airplane, although it does not involve the use of highly immersive VR.
Indeed, long-distance ridesharing appears to have some commonalities
with travel by air. The UX issues and design solutions found in one mode
of transportation may serve as useful references for solving problems
and improving the UX in the other.

Table 5
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3.2.4. Context 4) Private car

Again, the ‘private car’ context was associated with more user values
than the other three contexts (Fig. 1). In fact, almost all of the user values
(18 out of the 19) were found to be relevant to the context. This is likely
because a wider variety of user activities occur in the private car context
than in the others. Also, the private car context differs from the others in
the user-vehicle relationship in that in the context, the user owns the
vehicle. Relatedly, anthropomorphism was found to have an association
only with the private car context (Fig. 1). This is thought to reflect the
distinct user-vehicle relationship in the private car context.

The user value with the highest expert response frequency was
adaptability (7 experts). Efficiency, informativeness, intelligence, plea-
sure, and functionality also had 5 expert responses.

Similarly to the other mobility contexts, minimizing the user costs in
terms of movements, time, and cognitive/physical efforts was identified
as an important UX design goal for the private car context. The related
user values were efficiency (“determining optimal route”), intelligence
(“home secretary system”), intuitiveness (‘“one touch automated parking
system™), and functionality (“vehicle payment system”).

The user values ‘human connection’ and ‘continuity’ again reflect the
human desire to extend self and make connections (“driver-to-commu-
nity communication”), and, emphasize the notion that the design of a
mobility/transportation system (how to physically move people around)
cannot be separated from that of an information system (how to virtually
move information and knowledge around). Recent approaches to solv-
ing the “driver-to-pedestrian (vehicle-to-pedestrian) communication”
problem (a functional requirement identified for the user value ‘human
connection’) also show how the utilization of information technologies
is becoming important in addressing this old problem (Anaya et al.,
2014; Prattico et al., 2021).

Many of the user values in Table 6 collectively express a view that
future private cars would function as both an intelligent autonomous
agent and a versatile physical robot. These cars would perform a variety
of tasks for owners, including economic activities. The user values are
adaptability (“music recommendation system”), anthropomorphism,
assistance, comfort, intelligence (“home secretary system”), intuitive-
ness, maintainability (“automated fuel charging”), and functionality
(“delivery service through automated driving”). The “agent/robot”
analogy may be useful for stimulating ideation for various new car usage
scenarios. Also, it is thought that reviewing the current developments in
the fields of robotics and human-robot interaction may help understand
possibilities for future private cars. The notion that a privately-owned

User values and functional requirements for the context of shared mobility services.

UX value Functional requirement Representative quotation

Adaptability Getting access to personal accounts and services ~ "When I ride Uber, I want my Uber account and Spotify account to be linked, so that I can control Spotify in
while riding a shared car the car. Even if it's not my car, I want the car to be my personal space with the help of technology.”
Automatically adjusting in-vehicle settings “You have a digital profile of the position of your seat, steering wheel, etc. And the car would load the
based on personal profile personal profile and automatically adjust the mirrors and seat to fit you.”

Comfort Passenger matching system based on personality ~ “Like, you know matching you with people who are as talkative as you are.”

Human In-vehicle social networking service “I would like some social services so that I can keep in touch with people there that I'm heading to”

connection

Continuity Seamless pick-up service "I want to experience a more easy-to-use and convenient pickup service."

Controllability Enabling users to freely choose preferred drivers ~ "Yeah, so it means you can freely choose the riders that you prefer."

Efficiency Providing optimal departure and destination The mobility service recommends the best place to pick up and get off the vehicle considering my route.”
points
Efficient car matching “You don't have to waste so much time like searching and waiting for the car”

Informativeness Detailed and accurate car status information "I just want to know, for example, how much gas I have to put on. Also, I want to know if there is anything

Intuitiveness

Intuitive application user interface design

Simple interaction design for shared mobility
services

that I have to consider like the tire pressure or some other maintenance issues”

“In order for the overall experience of the ride to be good, application interface should be intuitive and easy
to use.”

“The idea is that you just have a simple button, you just press on it and the app says the car is available for
sharing.”

"Before renting a car, I would like to know all the details of any damage, such as scratches, and any odors

"If it is possible for people in one vehicle to communicate with others in other vehicles using the IoT
technology, it is likely to be used in the future."

Maintainability Detailed and precise car status information
present in shared cars.”
Novelty Vehicle-to-vehicle communication and social
networking
Privacy Privacy report and permissions

"It should be possible to check if my location is being tracked and choose whether to allow it or not."
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Fig. 5. Frequency analysis result for the context of private car.

Table 6

User values
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vehicle is a resource for economic activities seems to set this particular
mobility type apart from the others. Indeed, it may become a reason
some individuals would want to own private vehicles in the future
despite the current trend toward sharing economy — such individuals
and the services they provide may account for a significant portion of
future shared mobility services.

The functional requirement “parcel receiving system” of the user
value “novelty” reflects the unique characteristic of a private car that it
can serve as a storage space - the other mobility types do not seem
capable of providing this function. The parcel-receiving function, if
successfully implemented, may greatly improve the user experience
with product delivery and also could contribute to enhancing the effi-
ciency of future supply chains.

Many of the functional requirements described in Table 6 may be
relevant to the other mobility contexts. For example, although providing
driving assistance based on driver state monitoring (the user values
‘assistance’ and ‘comfort’) was mentioned only for the private car
context, such functionality could be made available to those who drive
unfamiliar vehicles via shared mobility services. Anthropomorphism
may also be useful for shared car users. The availability of the driver's
own voice agent in a shared car may greatly help the driver deal with the
unfamiliar vehicle. This could be understood as one aspect of person-
alization in shared mobility services. Healthcare monitoring (the user

User values and functional requirements for the context of private car.

User values

Functional requirement

Representative quotation

Adaptability

Anthropomorphism
Assistance

Comfort

Human connection

Continuity
Controllability

Efficiency
Immersiveness

Informativeness

Intelligence

Intuitiveness
Maintainability

Novelty
Pleasure

Privacy

Safety

Functionality

Allowing personalization/customization
Music recommendation system

Human-like in-vehicle voice user interface
Suggestion/recommendation based on driver
state monitoring

Driver state monitoring and automatic

adjustments of in-vehicle settings

Driver-to-community communication
Driver-to-pedestrian communication

Continuous use of external services inside a car
Direct vehicle control

Determining optimal route

Immersive driving experience through
augmented reality

Information about road conditions

Local information about destination
Home-connected digital assistant

Driving-related information support
One-touch automated parking system
Automated fuel charging system

Parcel receiving system
Diverse entertainment content

One-time permission system
Privacy protection of in-vehicle conversation
Healthcare monitoring system

Vehicle payment system

Delivery service through autonomous driving

"If it is a personalized car, basically the owner has the flexibility to set the settings or define what the car
should do in any way that he wants."

"I want my car to recommend music according to my mood. And it will be great if the car adjusts the seat or
the light of the car considering my mood."

"If the vehicle is equipped with a human-like voice agent like Siri, it will be more user-friendly.”

"When I lose the focus of driving, I want my car to tell me to take a rest."

"The car monitors the driver's condition and adapts the internal lighting system. For example, if the
monitoring results indicate that driver is nervous or stressed, the internal lighting system can be warmed to
help him/her relax."

"I want to get more in touch with the community or the social context around the car."

"I think there is a lack of communication between drivers and pedestrians. There should be a better way of
sending signals than honking when pedestrians interfere with the vehicle."

"In my car, I just want to continue to enjoy the movie that I was watching in the living room. Whether it is
listening to music or anything, I want to enjoy the activities that I was doing in my place."

"T usually prefer driving myself because I like the feeling of accelerating and braking. Even if autonomous
driving becomes available, manual driving would make me feel like controlling everything on my own."
"The vehicle can optimize travel routes based on traffic patterns or things like that"

"If I can get driving-related information while looking at the road ahead through augmented reality
technology, I will be able to fully immerse myself in driving."

"On the road I'm going to drive, accidents, such as a big tree falling on the road, can occur. If I could receive
such information in advance, I would be able to avoid a possible accident."

"It would be good if you can get information about restaurants or stores around your destination."

"It is necessary for the car to give you a warning so that you don't forget what food ingredients are
insufficient in the refrigerator and what to do today."

"If you get information, such as how long you have to wait for the traffic light to change, you will be better
prepared for driving."

"Whenever I'd have to pull my car outside the garage or I have to park my car, I would just let my car do it
itself by just pressing a button. I think that will be really awesome."

"When I'm sleeping at home, I think it'd be nice if the car goes to the gas station by self-driving, gets refueled,
and, then, comes back before I even know"

"People can deliver the packages to your car that acts as a kind of storage."

"While moving there is much content that I can watch such as Netflix, and YouTube. I think I will be
spending much of my time doing that."

"One-time permission is required for someone other than me to open the trunk of my car. The person can be
authenticated with the person's cell phone. This is for delivery storage."

"The car will listen to what people are talking about inside or outside the car. And how do you keep that
privacy?"

"It will be possible to check the health conditions of a seated person through monitoring bio-signals.
Medical feedback can be provided"

"When I go to get food from takeout or something, I don't have to pull up my credit card. They just can get
the payment by tapping the car that remembers my credit card information. I don't have to pull anything
out."

"I can program my vehicle to go to the restaurant or grocery store and bring food for me. It will be basically
like a robot that I own that can just go places and do things for me, right?"
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value of ‘safety’) could also be considered in airplanes, public trans-
portation, and shared mobility services in addition to private cars. These
extensions, however, require collecting and/or accessing individuals'
personal data from outside a driver's private vehicle; thus, privacy
protection and data security are prerequisites for such extensions.

4. Concluding remarks

In this study, expert interviews were conducted to identify the user
values and functional requirements relevant to the UX design of future
mobilities. Four different mobility contexts were considered: airplane,
public transportation, shared mobility services, and private car. Overall,
a total of 19 user values were identified from the four mobility contexts.
The four mobility contexts had some commonalities but differed sub-
stantially in the set of relevant user values and the expert response
frequency distribution.

Some key points from the analyses of the expert interviews are as
follows: The experts predict that future mobility users will want to make
physical and social connections across multiple real and virtual places
and extend their presence, and, in doing so, they will be simultaneously
utilizing physical and virtual mobilities. Individuals would have to
manage many concurrent and successive, and, corporeal and virtual
trips and activities. Thus, the amount of human information processing
would greatly increase, most likely in the form of multitasking and task
switching, and, obtaining situation awareness would become very
challenging. It is thought that interaction and interface design based on
sound human factors design principles will become even more important
in the future.

Many of the future scenarios that the experts presented, especially
those related to the user values of ‘human connection’ and ‘continuity,’
suggest that the design of a mobility/transportation system (how to
physically move people around) cannot be separated from that of an
information system (how to virtually move information and knowledge
around). More research is warranted to develop design methods that
facilitate the integration of the two design aspects.

Despite the new trends of shared mobility services and MaaS, private
cars would continue to be important in the future. Compared with other
mobility modes, privately owned vehicles offer a wider range of func-
tions (for example, receiving and storing delivery goods). Also, consid-
ering the current developments in the AI and robotics fields, future
private cars would likely function as intelligent autonomous agents and
also versatile physical robots; such agent/robot cars are expected to help
the owners with various tasks and even perform economic activities for
them. Indeed, for this reason, private cars can be regarded as a
component of shared economy/mobility. There seem to be many inno-
vation opportunities in this aspect.

Providing personalized user experiences was emphasized across the
four mobility contexts. Such personalization requires understanding
individual users’ unique preferences and personal characteristics,
including both physical and psychological. Human factors and ergo-
nomics, which traditionally dealt with individual differences in the
context of design, is expected to play an important role. Also, further
research on user modeling and user segmentation is warranted for each
mobility context.

Across all four mobility contexts, the expert responses highlighted
that the mobility system design must strive to minimize user costs in
terms of movements, time, and cognitive/physical efforts. Cost mini-
mization is thought to be especially important in the shared mobility
service context; widespread adoption of shared mobility services may be
contingent upon how well the cost minimization can be done. Cost
minimization would require the application of methods and knowledge
from the fields of industrial engineering and human factors and
ergonomics.

Through expert interviews, the current research study explored the
user values and functional requirements related to future mobilities for
each of four different mobility contexts (private car, shared mobility
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services, airplane, and public transportation). The study results helped
identify key user values for each mobility context and understand how
one context relates to another. The study findings and the insights
derived from them would help the UX design for future mobilities.

The user value set for future mobility and the functional re-
quirements provided in this study is by no means complete or compre-
hensive. Whilst these findings represent valuable information for the UX
design of future mobilities, they only represent the viewpoints of in-
dustry experts. In particular, the perspectives presented here may not
fully capture the lived experiences, emotional responses, or contextual
nuances of actual travelers. While experts can anticipate user needs and
values based on domain knowledge and prior evidence, their perspec-
tives may differ from those of end users in everyday mobility situations.
Future research should therefore complement expert insights with
empirical studies involving diverse traveler populations. Also, while the
interviewees of the study consisted of professionals from four different
countries (the Netherlands, Sweden, South Korea, and the United
States), this study did not examine possible regional differences in per-
spectives, mainly because the sample size did not allow such analyses.
Future studies may focus on each regional/cultural context so as to
provide more context-specific design information. In addition, there are
various types of mobility such as urban air mobilities and maritime
mobilities which were not covered in this study. Since novel types of
mobility continue to emerge, future research should examine them as
well.
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