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ABSTRACT

Prospective Ergonomics requires building a vision of the future, which can be achieved empirically
(e.g. analysing unmet needs) and/or creatively (e.g. creating future needs). We develop an
alternative way of imagining the future, through a model-driven approach. Based on several
developmental models, we provide a global picture of possible future(s) emphasising
higher-ordered motivations and values (e.g. meaningfulness, accomplishment). To implement
them, we then present a model of human accomplishment reinterpreting the concept of ikigai in
light of selected psychological theories (e.g. self-determination, eudaemonic well-being,
mindfulness). Finally, we apply it to an Industry 5.0 case study named ikigai robotics: we designed
an equipment for railway maintenance following a double design process — a functional design
loop and a motivational design loop. The process proved inspirational and the results both
original and promising, opening avenues for Prospective Ergonomics to develop a new approach
for designing the future.

PRACTITIONER SUMMARY: We provide a conceptual framework for Prospective Ergonomics and a
case study exemplifying how motivational needs can be diagnosed and addressed in a design
process. Psychological needs (self-fulfilment, meaningfulness) come as a new layer in addition to
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productivity needs (usability) and physiological needs (occupational health and safety).

1. Imagining the future

Prospective ergonomics aims to contribute to design-
ing products, systems and services likely to meet
future human needs (see Robert and Brangier 2024).
This challenge raises many methodological issues such
as: how to anticipate future users, future needs and
expectations, future values and activities, future tech-
nology and artefacts, or future organisation modes
(Robert and Brangier 2024)? Imagining the future also
involves antagonistic mechanisms: on the one hand, a
prospective approach requires projecting into a
long-term and high-level perspective (Ratcliffe 2006;
Godet and Roubelat 1996) breaking away from the
present; on the other hand, predicting or forecasting
the future often builds on the present or the past (e.g.
weak signals, trends analysis). Consistently, three para-
digms were identified for structuring a need-seeker
innovation strategy (Buisine, Taton, and Boisadan
2021): discovering future needs (which builds on the
present), recovering fundamental needs (which builds
on the past), and creating needs. The latter one is a

pure creative approach promoting a free-rider mode,
disregarding constraints. However, even in this mind-
set, imagining the future may be influenced by pres-
ent or past experiences and knowledge: at a
neurophysiological level, it was shown that imagining
the future activates the same brain areas as past rec-
ollection (Arzy et al. 2009). Researchers and practi-
tioners willing to implement prospective ergonomics
may still lack a conceptual and methodological frame-
work to imagine the future.

Our research aims to provide a model-driven
approach for prospective ergonomics to expand design-
ers’ toolbox in addition to existing empirical and cre-
ative approaches. We will successively present a
developmental model and a cognitive model of human
accomplishment, and then show how we applied them
to the design of an industrial equipment. A model-driven
approach may both support divergent thinking in imag-
ining the future (as it helps to break away from the
present and avoid design fixations) and support conver-
gent thinking (by avoiding overwhelming divergence
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resulting from creative free riding). Moreover, a model-
driven approach may enable designers and ergonomists
to give an intention (e.g. ethical, strategical, sustainable)
when designing the future. In the following sections,
we first present developmental frameworks structuring
a vision of the future, then a cognitive model support-
ing the implementation of such a vision, and finally a
case study named ‘lkigai Robotics’ in railway mainte-
nance application field.

2. Developmental models of humans and
society

Developmental models provide guidance to anticipate
how future users may view the world, what their needs
and expectations might be in the future, and what
solutions may meet their needs. Several models are
based on an analogy between the development of
individuals’ consciousness along the lifetime (psycho-
genesis) and the development of societies’ conscious-
ness along the history of mankind (sociogenesis). Both
processes are seen as building on successive value sys-
tems and worldviews which arise in response to solv-
ing problems of the previous system. For example,
several theories of human development (Graves 1970;
Beck and Cowan 2014; Wilber 2001) model individual
psychological growth during lifetime through an alter-
nation of individualist and collectivist stages progress-
ing from the satisfaction of physiological needs in
early childhood (e.g. survival, security) towards the sat-
isfaction of highest psychological needs in late life
(e.g. fulfilment, holistic view). The same may apply to
the development of human organisations (Wilber 2001;
Laloux 2014).

According to a recent model (Laloux 2014), the two
dominant stages of development of today’s organisa-
tions are labelled Amber and Orange. The Amber stage
(represented in e.g. administrations, military, religious
and political organisations) is collectivist and arose
with the agricultural revolution. It relies on enormous
organisations embracing long-term and ambitious
projects such as building pyramids or cathedrals.
Amber sociotechnical systems emphasise values such
as: conformity, quality, rigour, stability, security.

The subsequent stage, labelled Orange, appeared
with the industrial revolution. It is a more individualistic
stage, with meritocracy and innovation as core values,
and materialistic motivations (social and economic
growth). lts sociotechnical systems emphasise competi-
tivity and productivity. This stage represents the current
level of maturity of mankind and is still the dominant
paradigm in profit organisations and multinationals.
However, it may have reached its limits today with

excessive financialisation, inequality increase and climate
change. As these challenges may not be solvable in the
paradigm which created them, human organisations
may evolve to new stage(s). The Green stage following
Orange arose with the digital revolution and is charac-
terised by a deeper focus on values and a more system-
atic involvement of stakeholders. Its sociotechnical
systems support e.g. large-scale collaboration and agility.

Finally, the Teal stage is characterised by a self-
determined evolutionary Purpose transcending eco-
nomic concerns to achieve a positive impact on the
world. Its philosophy echoes popular stereotypes regard-
ing young generations (Mehra and Nickerson 2019;
Mahmoud et al. 2020), which give more prominence to
well-being and intrinsically motivating jobs matching
their personal values. However, the very concept of gen-
eration is still questionable, and large-scale analyses
support the hypothesis of the context impacting simi-
larly all age cohorts more likely than the hypothesis of
a differential impact on cohorts (Cucina et al. 2018;
Rudolph et al. 2021). Hence the tendency to expect an
intrinsically motivating job may concern the entire con-
temporary workforce, and not only younger ones.

This global and massive evolution is in line with
Inglehart’s seminal work on cultural and political
change in post-industrial democracies through mod-
ernisation and post modernisation (Inglehart 2020;
Inglehart and Baker 2000): when economic security is
satisfied, basic political priorities naturally shift towards
post materialism (e.g. rational, tolerant and participa-
tory values) and the fulfilment of individual psycholog-
ical needs (e.g. well-being, intellectual life, relatedness,
aesthetics). Societies are climbing the ‘freedom ladder’
(Welzel 2014) up to individual empowerment, which is
modelled as a universalist self-driven automatism by
which human mind adjusts to its existential condition
(Beugelsdijk and Welzel 2018).

These principles of modernisation and universalism
may be challenged by a multipolar, post-liberal world
order (Bettiza and Lewis 2020; Todorovi¢ 2022) and the
revival of authoritarian regimes (Gat et al. 2009).
Nondemocratic great powers such as Russia and China
provide an ideological counterbalancing by contesting
liberal norms and supporting ‘illiberal’ values such as
tradition, hierarchy and community (Bettiza and Lewis
2020). If alternative worldviews remain desirable (in
particular, the following section will address individual-
ist and collectivist cultures), nondemocratic powers
may not represent the far future, as they rely on inter-
nal tensions (e.g. corruption, poverty, illiteracy) which
are costly to maintain (e.g. knowledge blocking, repres-
sion of pro-democratic forces, Inglehart and Welzel
2010) and make them prone to implosion (Gat et al.



2009). Overall, despite the succession of surges and
declines, the growing emphasis on well-being and
self-expression is attested by time series data from val-
ues surveys worldwide, suggesting that freedom and
autonomy could well represent universal aspirations
(Inglehart and Welzel 2010).

In sum, several developmental models focusing on
individual, organisational, and cultural change are con-
gruent in suggesting that human aspirations evolve
towards higher-ordered motivational needs (e.g. pur-
pose, meaningfulness, relatedness) and post-materialistic
values (e.g. autonomy, sustainability). Prospective ergo-
nomics could play a role in supporting the evolution of
products and systems towards these aspirations. In
addition to stability and security (Amber values), to
productivity and efficiency (Orange values), to partici-
pation and agility (Green values), technology of the
future should also be fulfilling, support individual and
collective accomplishment towards a positive impact
on the world (Teal values). The developmental models
of humans and society provide us with a main orienta-
tion but to operationalise this vision we now need a
model of human accomplishment: in the following sec-
tion, we present a cognitive model of ‘Ikigai’ (purpose
in life) in the workplace.

3. A cognitive model of human
accomplishment

The question of accomplishment is not straightforward
and depends on when and where you live. For exam-
ple, meaningfulness at work was not a subject of inter-
est until the 1980s (Bernaud et al. 2020), i.e. very
recently in the history. This is consistent with the
abovementioned development of consciousness in
societies (Davies and Buisine 2024): when individuals
had no freedom of choice for their lives, fates and
occupations (i.e. social determinism), the very notion
of motivation was irrelevant and questioning the
meaning of life could even have been counterproduc-
tive for survival. Nowadays, the notion of accomplish-
ment also depends on your cultural background: in a
collectivist worldview, individuals have to fit into soci-
eties, while in individualist cultures, the aim of society
is to promote individual well-being (Oyserman and Lee
2008). Consistently, East Asian people value interde-
pendence (to friends and family), whereas North
Americans value independence. Cultures also have dif-
ferent definitions of achievement: collectivist cultures
value one’s contribution to the group (Markus and
Kitayama 1991) while individualist cultures focus on
personal needs and desires and value individual
accomplishment (Deci and Ryan 2000).
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To offer the broadest approach to human accom-
plishment, we develop a model attempting to inte-
grate both worldviews: starting from a Japanese
philosophy of life (ikigai), through its American inter-
pretation, to a proposal bridging the gap with theoret-
ical frameworks of self-determination and eudaemonic
well-being, among others.

Ikigai is a Japanese concept referring to a sense of
‘life worth living’ (Kotera et al. 2021), encompassing
well-being, purpose in life or reason for living (Mathews
1996). Having found one’s ikigai is said to improve
health (Nakanishi 1999) and longevity (Sone et al.
2008; Tanno et al. 2009) by reducing risks of all-cause
mortality. Ikigai was made popular in North America in
the form of Winn's diagram (Figure 1, Sartore et al.
2023), which is particularly inspiring because it articu-
lates personal factors (‘what | love’ and ‘what | am
qualified for’) and external rewards (‘what | am paid
for) to altruistic purposes (‘what the world needs’).
The conceptual interpretation of ikigai through schol-
arly literature emphasises three main building blocks
(Sartore et al. 2023): Self-determination theory (Deci
and Ryan 2000), Mindfulness (Ryan, Huta, and Deci
2008) and eudaemonic well-being (Seligman 2018).

Self-determination theory sets the existence of
three universal psychological needs: competence (feel-
ing efficient and mastering one’s environment), auton-
omy (being agent of one’s own behaviour), and
relatedness (experiencing meaningful connections with
other people). The motivational process sets the indi-
vidual in motion towards satisfying these needs. The
theory contrasts intrinsic and extrinsic motivation (Deci
and Ryan 2000), notably in a work context (Deci,
Olafsen, and Ryan 2017; Gagné and Deci 2005), along

Passion

/ What the
world
needs

What | am
qualified
for

What | am paid for

Figure 1. Winn's diagram of lkigai adapted by Sartore et al.
(2023).
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a continuum: extrinsic motivation (obtaining rewards
and avoiding punishment), introjected motivation
(seeking internal consequences such as self-esteem or
pride and avoiding guilt or shame), identified motiva-
tion (identifying with the perceived value of a
behaviour), up to intrinsic motivation (performing
activities for their own sake). The pleasure associated
to intrinsic motivation comes from the satisfaction of
one or several psychological needs (competence,
autonomy, relatedness).

In Winn's diagram of ikigai, ‘what | love' refers to
intrinsic regulation, ‘what | am paid for’ to extrinsic reg-
ulation, ‘what | am qualified for’ to introjected regula-
tion and ‘what the world needs’ to identified regulation.
However, there is an important difference between
self-determination theory and ikigai: consistent to an
individualist  approach, self-determination  theory
focuses on personal growth and intrinsic motivation as
the ultimate achievement. Consistently, it was stressed
that competitive individualism and capitalistic societies
may hinder altruism and prosocial purposes, as well as
lead to unsustainable attitudes and behaviours (Ryan,
Huta, and Deci 2008). In a more collectivist approach,
ikigai places meaningfulness, usefulness, and altruistic
goals above intrinsic pleasure and satisfaction. The
‘What the world needs’ area may therefore bring most
of the inspirational power of Winn's diagram, because
this idea of achieving something greater than one’s
own pleasure (self-transcendence) questions life/work
purpose.

Self-transcendence requires awareness of what is
worth doing, the desire to make meaningful choices
and align to one’s values. Mindfulness is an attentional
process characterised by an open and receptive pro-
cessing of both internal and external events (Ryan,
Huta, and Deci 2008). It includes self-awareness, which
is linked to the satisfaction of the need for autonomy
(Gagné et al. 2022), and the ability to feel and experi-
ence what is meaningful in life. As such, it is central to
eudaimonia or psychological well-being.

Models of well-being distinguish hedonic vs. eudae-
monic well-being: hedonism relates to short-term
affects and satisfaction (Diener 1984), i.e. how one feels
at the moment, while eudaemonic well-being relates to
long-term life experiences (Ryan and Deci 2001) such
as personal growth and purpose in life. Both from a
linguistic and a conceptual viewpoint, ikigai appears
closer to eudaemonic well-being (Kumano 2006). To
achieve eudaemonic well-being in the long-term, one
may have to overcome hedonic well-being in the short
term (e.g. make efforts, fail, endure and try again).
PERMA is a framework of the building blocks of
well-being (Seligman 2018) likely to cover both hedonic

and eudaemonic dimensions: Positive emotions (feeling
joyful), Engagement (interest and absorption in the
task), positive Relationships (satisfaction with one’s
social relationships), Meaning (the belief that one’s life
is valuable and connected to something greater), and
Accomplishment  (making progress, experiencing
self-esteem and sense of achievement). Positive emo-
tions and Engagement mainly generate hedonic
well-being, Meaning and Accomplishment mainly gen-
erate eudaemonic well-being and Relationships may
contribute to both.

In sum, ikigai provides a framework extending
self-determination theory and satisfaction of psycholog-
ical needs (competence, autonomy, relatedness), by
highlighting meaningfulness and eudaemonic well-being
as desirable outcomes, beyond pleasure and hedonic
well-being.

Although technological change can have a major
impact on people’s motivation and well-being at work,
these impacts are rarely taken into account in the
design process (Gagné et al. 2022). Some authors have
introduced the notion of motivational design to
improve technology (Szalma 2014) or work design
(Gagné et al. 2022). In both cases, self-determination
theory leads to focus on intrinsic motivation and psy-
chological needs (competence, autonomy and related-
ness). Our approach through ikigai extends the focus
to identified motivation, which refers to meaningful-
ness at work, and is included neither in intrinsic moti-
vation nor in basic psychological needs. Meta-analytic
results indicate that intrinsic motivation is the most
important for employee well-being, yet identified
motivation is more powerful in predicting performance
and organisational citizenship (Van den Broeck et al.
2021). Sensemaking is also an important issue by itself,
in particular in case of ‘career shocks’ that can be
caused by crisis or similar disruptive events including
technological change (Gagné et al. 2022).

Furthermore, ikigai encompasses the work sphere
as a whole. In contrast, motivational design focuses on
Human-Machine Interaction (Szalma 2014; Passalacqua
et al. 2024): it aims to support motivation to use tech-
nology (I like to perform this activity with this tool’),
while we aim to support motivation to work ('l like my
job’). Research on motivation to use the technology
highlights that “intrinsic motivation may not be a real-
istic goal for many applications” (Szalma 2014, p. 1458).
In contrast, our aim is to study intrinsic and identified
work motivation, and infer how technology can con-
tribute thereto.

This could shape the project of prospective ergo-
nomics: future products and technology should stimu-
late intrinsic motivation (contribute to meeting needs



for competence, autonomy and/or relatedness), stimu-
late identified motivation (raising awareness to
higher-ordered purposes and values), and generate
eudaemonic well-being. Consistent to a developmental
approach, this new layer of system requirements
arrives in complement (and not in replacement) of
previous layers dealing with security or efficiency.

In the following section, we present a case study in
which we applied ikigai framework to the design of an
industrial tool for railway maintenance: in addition to
specifying functional needs (e.g. safety, usability, pro-
ductivity), we put a special emphasis on workers’ moti-
vational needs in order to increase their sense of
purpose and eudaemonic well-being. We were in an
exploratory rather than a confirmatory approach and
had no a priori hypothesis either on maintenance work-
er's ikigai, on the methodological approach that was
implemented in a constructivist way, or on the solutions
to develop. We named this case study ikigai robotics.

4, Application to ikigai robotics

The fourth industrial revolution introduced advanced
technologies like artificial intelligence, bio- and nano-
technology, quantum computing and robotics in the
production process (Neumann et al. 2021). In Industry
4.0, humans become Operators 4.0 with enhanced per-
ceptive, cognitive, motor, collaborative and social
capacities (Kaasinen et al. 2020). The operator is not
fully separable from technological artefacts, entering a
human-automation symbiosis for enhancing workforce
capabilities (Rauch, Linder, and Dallasega 2020).

Industry 4.0 also brings employment issues (e.g.
threats of robots replacing humans and leading to
massive job losses) and questions the future of work
(Gormus 2019). Introducing robots for increasing per-
formance may result in a decrease in human engage-
ment (Molino, Cortese, and Ghislieri 2020) and a loss
of meaning. Industrial revolutions pushed operators
farther and farther away from the product (Fourquet-
Mahéo et al. 2019): while the artisan is in direct con-
tact with the product and the customer, the operator
in a production line is in contact with the machinery
and indirectly with the product. In Industry 4.0, the
operator controls the robot, which is in contact with
the machinery, which produces the product, which
one day attains to the customer. Operators may spend
their worktime only with a vague notion of their cus-
tomers, their needs, the purpose they serve and ulti-
mately the meaning of their job.

Industry 5.0 was launched to overcome the lim-
itations of Industry 4.0, acknowledged as mainly
technocentric (Neumann et al. 2021; Passalacqua
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et al. 2024; Kadir, Broberg, and Souza da Conceicao
2019) and based on economic thinking (Dixon-Decléve
et al. 2022). Industry 5.0 implements human-centricity,
sustainability, and resiliency to align with social val-
ues (Passalacqua et al. 2024), inclusion, and workers’
well-being (Dixon-Decléve et al. 2022). Consistent to
Industry 5.0, ikigai robots (Sartore et al. 2022) aim
to increase operators’ intrinsic and identified motiva-
tion, meet their needs for competence, autonomy
and relatedness, highlight their contribution to the
company’s purpose (values) and to a positive impact
on the world (meaningfulness).

4.1. Industrial context

To test the relevance of our prospective approach, we
implemented the ikigai framework in the field of rail-
way maintenance and participated in the design of a
powered tool for train roof inspection. Roof inspection
is a routine maintenance operation aimed is to check
the pantograph head (the part in contact with the cat-
enary, thereby highly subject to wear). Pantograph
heads generate the second highest maintenance cost
in trains after the axles. Their inspection can be per-
formed in the technical centre but there is also a need
for a mobile equipment enabling intervention teams
to inspect train roof in situ, and safely (risk of electric
shock with the catenary, risk of falling).

To design a prototype in the framework of ikigai
robotics, we ran two parallel design loops: A functional
design loop in a participatory mode with end users,
and a motivational design loop in which we generated
solutions for supporting operators’ ikigai.

4.2. Functional design loop

The inspection tool takes the form of a mobile deploy-
able probe in bistable material equipped with an aug-
mented reality device sending images and digital
measurements of the pantograph in real time to oper-
ators on the ground.

The functional design loop was based on a classical
User eXperience approach (Lallemand and Gronier 2018)
iterating around exploration, ideation, generation and
evaluation steps. This part of the project focused on:

«  Safety of use in particular with regard to electric
risk due to the catenary,

«  Easiness of conveying the inspection tool to the
site of intervention,

«  Speed and easiness of installation on the train,

«  Accuracy of data collected (visual diagnosis and
measurements of the pantograph head).
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Three end-users and their manager participated in
the design process. We conducted field observations
to analyse the activity of pantograph inspection at the
technical centre. Insights were gathered in the form of
an experience map including each step of the inspec-
tion journey, which were validated by end-users. User
tests of a first prototype enabled us to collect require-
ments on robustness, weather resistance, installation
and measurement options, protection during transpor-
tation and storage. An ideation phase led to 28 differ-
ent concepts for conveying, installing and deinstalling
the tool. They were evaluated by end-users, and con-
vergence was achieved by codesign. Finally, functional
solutions were iteratively refined through three rounds
of prototyping and user tests.

4.3. Motivational design loop

The search for motivational solutions to be integrated
into the inspection tool was separated from the func-
tional design loop, because end-users gave them a
very different status: as they did not catch the rele-
vance of motivational solutions, they were not engaged
in their design. We conducted this part of the process
in a transformational instead of a participatory mode:
building on a leading vision and pushing solutions to
test instead of making them emerge from the field.

4.3.1. First-step ikigai diagnosis

We needed to characterise the ikigai of railway mainte-
nance operators: their current state of self-determination,
mindfulness and eudaemonic well-being, meaningful-
ness, the mechanisms underlying their feeling of accom-
plishment, and the role of technology therein. To this
aim, we used a survey study, as described below. We

are aware of the limitations of this study, which was not
conducted under controlled laboratory conditions, and
consider that these results should be taken with caution
and may under no circumstances be generalised.
However, we also consider them as insightful for gain-
ing new knowledge on users, in the aim to innovate for
them and develop a new prospective approach.

4.3.1.1. Participants. The first survey round was designed
for general maintenance staff, which represents a parent
population of about 50,000 agents. We targeted teams
with specific technological environments: teams using
advanced technology (e.g. drones, robot, smart glasses,
exoskeleton) and teams wusing more traditional
technology for the same maintenance operations. About
400 agents were contacted via their managers. We
collected answers from 46 participants (11.7% response
rate) who were 93% men, and mainly technicians. N=21
participants belonged to the Advanced technology
group and N=25 participants to the Traditional
technology group.

4.3.1.2. Material. We built a survey questionnaire to
investigate ikigai using scales from the literature (Table
1) with 5-point Likert-type scales.

4.3.1.3. Procedure. The survey was circulated by
managers in their teams. Participants could take the
online or paper version at their convenience. The
survey had been pre-tested to take about 25min to
answer, including the consent form.

4.3.1.4. Results. We verified that our theoretical construct
of ikigai (i.e. Work motivation, Meaningfulness,
Engagement and Eudaemonic well-being) was statistically
reliable (Cronbach’s a = .788). Once aggregated, the
measure reveals a medium-to-high level of ikigai among

Table 1. Structure of the survey. lkigai construct was measured by aggregation of factors marked (¥).

lkigai factors Definition

Scales Example items

*Work motivation
along a continuum from extrinsic (rewards
and punishment) to intrinsic motivation
(pleasure).

Competence: mastering one’s environment.

Autonomy: being agent of one’s behaviour.

Relatedness: experiencing meaningful
connections with others.

Attentional process open and receptive to both
internal and external events.

Feeling of being valuable and connected to
something greater.

*Eudaemonic well-being Long-term life experience related to personal
growth.

Positive state characterised by vigour,
dedication and absorption.

Affective, cognitive and behavioural dimensions
of interaction with a product.

Evolution of one’s job, role or team.

Psychological needs

Mindfulness

*Meaningfulness

*Engagement

User eXperience with
work tools
Career development

Intraindividual force explaining one’s behaviour, Gagné et al. (2015)

Gillet et al. (2012); Van den
Broeck et al. (2010)

Baer et al. (2008)

Kern et al. (2015)
Schaufeli et al. (2002)

Lallemand and Koenig
(2017)

Wioland, Debay, and
Atain-Kouadio (2019)

Extrinsic: ‘I risk losing my job if | don't put
enough effort in it/
Intrinsic: ‘The work | do is interesting’

Competence: ‘I feel competent at my job!

Autonomy: ‘| feel free to do my job the way |
think it could best be done!

Relatedness: ‘At work, | feel part of a group.

‘| rush through activities without being really
attentive to them!

Steger, Dik, and Duffy (2012) ‘My work makes me make sense of the world

around me!

‘I am making progress towards accomplishing
my work-related goals!

‘When | get up in the morning, | feel like
going to work!

‘With the help of (tool), | will achieve my
goals’

‘Since | work with (tool), my job title was
changed!




our respondents (M=3.63 on a 5-point Likert-type scale,
SD = 47).

To identify ikigai drivers, we used the aggregated
measure as dependent variable and performed a mul-
tiple regression analysis, which highlighted three sig-
nificant predictors: satisfaction of the need for
relatedness (B = .484, t=3.499, p = .001), User eXperi-
ence with work tools (B = .499, t=3.067, p = .004) and
career development (B = .557, t=3.750, p = .001).

To investigate whether technology has an impact
on ikigai, we also performed a series of analyses of
variances contrasting the groups using advanced vs.
traditional technology. Advanced technology proved
to have a positive impact on User eXperience (F(1,41)
= 10412, p = .002, n?p = .203), work engagement
(F(1,41) = 4.213, p = .047, n?p = .093), alignment with
corporate values (which is part of meaningfulness,
F(1,41) = 4.213, p = .045, n?p = .094) and performance
(which is part of eudaemonic well-being, F(1,41) =
5.906, p = .020, n?p = .126).

4.3.1.5. Discussion. For our design project, we can build
on the following insights: advanced technological
solutions may be a good driver of ikigai in our
application field, as they are likely to support
engagement and performance while remaining aligned
to corporate values and culture. A good User eXperience
is key to nurture ikigai. Finally, the most original and
inspirational insight deals with the need for relatedness:
our search for ikigai drivers for maintenance operators
emphasised relatedness as a significant positive
predictor of ikigai. This provides evidence for an implicit
but strong contextual factor of railway maintenance: its
genuinely social and collectivist nature. Integrating this
dimension into the design of future technology is at
the same time meaningful (because everyone knowing
the company is aware of this cultural trait), highly
original (at least in Industry 5.0, viewing robotic
solutions as part of a collectivist system, or integrating
them into an organisational community, is infrequent)
and challenging (as nothing in the functional design
loop relates to a social or collective dimension).
Coactive design based on teaming requirements
(Johnson et al. 2014, Johnson, Vignati, and Duran 2018)
promotes the design of robots as interdependent team-
mates likely to engage in opportunistic relationships
with  humans (e.g. helpful behaviour, warning,
observations). We may build on such approach to
stimulate relatedness, and, consistent with ikigai, further
extend it to meaningfulness, social identity, sense of
belonging and so on.

4.3.2. Second-step ikigai diagnosis
4.3.2.1. Participants. We performed a second survey
round restricted to end-users, i.e. maintenance operators
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concerned with train roof inspection in the specific
technical centre which participated in the functional
design loop. N=8 operators took the survey.

4.3.2.2. Material and procedure

A shorter version of the previous survey was used
because we had a limited time with operators (only
15min dedicated to the survey). We circulated a paper
version during the kick-off meeting of the design project.

4.3.2.3. Results and discussion

We investigated the drivers of ikigai (a = .738) and
obtained a different pattern of results in this group:
here the positive predictors of ikigai were autonomy
(B = .611, t=21.188, p = .030) and mindfulness (§ =
.849, t=18.199, p = .035) whereas relatedness appeared
to be a negative predictor of ikigai (B = -.675,
t=19.866, p = .032). Although it was puzzling to find
relatedness as a driver of ikigai for generic mainte-
nance staff and a barrier to ikigai for end-users, we
decided to keep this paradox in the design process
and integrated Singularity as a new potential driver of
ikigai corresponding to the opposite of relatedness. In
the remainder of the design process, we defined sin-
gularity as ‘the feeling of being unique’ Thereby, it also
refers to an individualistic viewpoint while relatedness
refers to the collectivist culture of the company, but
both are interesting in a prospective approach open to
several possible cultural changes.

This double ikigai diagnosis resulted in the decision
to focus on four insights for the motivational design
loop: integrating into the inspection tool solutions
supporting relatedness, autonomy, mindfulness and
singularity.

4.3.3. Ideation/generation/evaluation of solutions
The following step consisted in generating ideas
responding to the motivational design brief. We imple-
mented several creativity workshops with the multidis-
ciplinary design team as well as Design students. As
previously mentioned, we did not run the ideation
phase with end-users, as motivational solutions seemed
too abstract to them and too far away from their daily
concerns. The diverging phase resulted in several hun-
dreds of ideas, which we iteratively sorted, combined
and evaluated to converge on 17 concepts.
Examples of ideas include:

«  Mindfulness: the inspection tool is capable of
detecting a danger (e.g. train approaching, mete-
orological trouble, problem with the catenary)
and alerting maintenance operators; the inspec-
tion tool augments operators’ senses and feeling
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(sight, touch, hearing, perception, emotion...);
the tool makes operators aware of their impact
on the world (e.g. This pantograph will be able to
run xxx km with xxx passengers and save xxx tons
of carbon; This month you have inspected xxx pan-
tographs, which represents xxx passengers).

«  Relatedness: the inspection tool leaves a tag on
the train for fellow maintenance teams and
train drivers (e.g. This locomotive was maintained
by Xxx); the inspection tool warns her user
when another operator/intervention team
needs help for whatever reason; possibility to
geolocate the tool; the tool wears social iden-
tity cues (e.g. team or company logo).

« Singularity: being able to customise one's
inspection tool, giving her a name and lifelike
(e.g. animal) features; the tool is equipped with
an ID card for security protocol like her fellow
human operators; ‘living’ tool which knows her
team-mates, learns, and evolves over time.

«  Autonomy: the inspection tool promotes opera-
tors’ expertise (humans can validate, fix, re-do,
complete the tool’s measurements); the inspec-
tion could be performed by a single operator
with his partner tool (instead of two opera-
tors +the tool).

The selected ideas were presented to end-users in
the form of storyboards. Almost all ideas were approved
although they were previously reluctant to discuss
motivational issues, considering them as pointless with
regard to functional issues. Their evaluations gave
pre-eminence to solutions supporting mindfulness,
then equally singularity and relatedness. Autonomy
was less supported, but we cannot decide whether it
is due to a lack of relevant solutions in our proposals,
or to a less desirable driver to ikigai.

4.4. Conclusion of the case study

The aim of this study was to upgrade technology for
railway maintenance in the spirit of Industry 5.0, i.e.
integrate advanced technology and design it for
human engagement. To meet performance during
train roof inspection onsite while supporting operators’
self-determination and meaningfulness, we conducted
two parallel design loops: one dedicated to functional
solutions, and one focusing on motivational solutions.
The originality of the study lies in the latter process: to
achieve the design and validation of motivational solu-
tions for railway maintenance operators, we first stud-
ied their ikigai profile. This step revealed interesting
and equivocal insights highlighting four potential

drivers to ikigai: satisfaction of the needs for related-
ness, autonomy, singularity (defined here as an indi-
vidualistic opposite to relatedness), and mindfulness.

We consider that the design of motivational solutions
for Industry 5.0 fully complies with the aims of prospec-
tive ergonomics, namely to design systems meeting
future human needs. The need for fulfilment is likely to
be more and more expressed by current workers, and
most importantly by future workers. In this study, this
need was neither expressed nor conscientized by
end-users, who felt free to tell us that the only solutions
making sense for them were functional solutions. For
this reason, we did not follow a participatory design
approach and studied ikigai through psychometric and
statistical means, because we may have had no answer
to an explicit questioning such as ‘What makes your job
fulfilling? How to increase your feeling of accomplish-
ment at work?’ and so on. At the current stage of devel-
opment of human consciousness, such mechanisms
remain largely implicit. This is also why we ran the ide-
ation phase offstage with experts and students. However,
once the solutions storyboarded, end-users found them
useful (not essential, but at least desirable). The lesson
to draw from this research for prospective ergonomics
relies on this motivational design loop.

The remaining question relates to the real impact of
these motivational solutions on operators’ ikigai. We
currently have no answer to this issue, for two main
reasons. Firstly, a design project is insufficient to con-
clude: we should instead run a controlled experiment
contrasting the use of two versions of the inspection
tool (with and without motivational solutions) in
matched groups of maintenance operators for a suffi-
cient amount of time (at least several months) to mea-
sure an impact on ikigai, i.e. on self-determination,
eudaemonic well-being, sense of purpose and so on.
The second and more theoretical reason is that by
nature, prospective solutions should be fairly evalu-
ated only in the future: whether a prospective solution
would be invalidated today does not mean that it
would not be validated in the future. Innovation liter-
ature is full of examples of disruptive solutions which
were rejected in a short term, then resulted in the cre-
ation of new paradigms (Christensen 2013). Time will
tell whether our innovative inspection tool for panto-
graphs inspired from ikigai robotics will pay off in
terms of industrial performance and operators’ ikigai.

5. Conclusion

As its mother discipline Ergonomics, Prospective
Ergonomics is mainly rooted in an empirical approach,
based on activity analysis, situated/grounded



observations and a deep understanding of the con-
text of use/work. This paradigm enables ergonomists
to inspire future products and systems on the basis
of unmet needs. To further imagine the future, cre-
ative approaches bring invaluable benefits to pro-
spective ergonomics, but also bear a few limits: the
implicit interference of present and past knowledge
(i.e. design fixation), and the risk of irrelevancy, as
purely creative ideas sometimes have no foundation.

Our aim was to promote a model-driven approach for
prospective ergonomics to support a vision of the future
including potential societal shifts and reduce the risk of
unsuccessful ideas. We described several developmental
models of humans and society, offering a consistent per-
spective on the future, towards higher-ordered motiva-
tional needs and post-materialistic values. Our general
recommendation for Prospective Ergonomics would then
be to focus on this overarching goal and contribute to
designing products, systems and services compliant to
such needs and values. To implement this vision, we
developed a cognitive model of human accomplishment,
based on scholarly literature on self-determination and
eudaemonic well-being, including engagement, related-
ness, and meaningfulness. This model also supports
self-transcendence and awareness to prosocial and sus-
tainable values. We provided a case study illustrating how
a railway maintenance equipment could become a
medium to meet motivational needs (in addition to
achieving its functional purpose, of course).

In terms of working climate, well-being and attrac-
tiveness, ikigai technology and systems alike seem
desirable and useful. However, from a pure economic
viewpoint and considering market competition, they
may be viewed as futile. Most of the population, in par-
ticular contemporary executives, may believe that such
concerns are inappropriate in today’s capitalistic world,
with continuous financial pressure. In this respect, the
developmental models we presented lead us to expect
that such initiatives, although marginal today, represent
the future of the workplace, and are consistent with the
sociocognitive development of mankind.

Note

1.  From a geometrical viewpoint, this representation is
incorrect (some intersections are not visible, e.g. ‘What
| love’ with ‘What | am paid for, excluding the 2 other
areas). For this reason, we discuss only the 4 areas and
do not develop the intersections’ conceptual meaning.
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