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There is talk about a “fourth industrial revolution” that will change how goods are
produced, itself a result of the underlying digital transformation and globall
economic shifts. Much of this has been a discussion of what manufacturing will be
like, and how this influences economic and social progress. However, an

understudied question is how this transformation can affect human well-being.
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Clearly past shifts in human modes of production and societal organization have
changed both the opportunities for living a good life, and how they can be
expressed. This paper aims to analyze how Industry 4.0 affects these factors, and in

particular note where research, technical or policy work is needed to ensure that it

enhances well-being rather than impairs it.

What is Industry 4.0?

The concept of Industry 4.0 is partially a description of an ongoing change in
industrial society, partially a marketing banner for particular technologies involved
in manufacturing, and partially a way of labeling a discourse of where manufacturing

is going.

The standard account argues that there have been several industrial revolutions or
transitions. The first one was marked by the transition from handmade
manufacturing to machine manufacturing, powered by water and steam. The
second one involved electrification and the construction of railroad and telegraph
infrastructure. The third one was using electronics to automate manufacturing. The
fourth one represents a fusion of digital and mechanical technology creating a

cyber-physical manufacturing economy.



This is dominated by interconnectedness between devices and people, large
amounts of information available to operators, assistive automation where software
augments human decision-making and decentralized decisions. This shift is
claimed to be fast, having a broad impact across many sectors, and requiring

paradigm shifts in technology policy in order to reap the benefits.

In particular, there is much talk about modular production of goods in “smart
factories” and 3D printing, smart objects (with both user-directed smart functions

but also predictive maintenance), robotization, customisation and sustainability.

There are many enabling and related technologies that matter in our context|1]. In

particular:

« The Internet of Things: smart, networked objects. This includes ubiquitous

computing, sensors, and methods for local connectivity.

« Cyber-physical systems: seamless integration of software and physical
components. This includes numerous mobile and wearable devices making

distributed computing and sensing intimate with people.

« Machine learning and Al: systems that behave in ways based on examples
or data rather than a fixed design, and exhibit various forms of “smart”

behavior with varying degrees of autonomy.
« Big analytics turning the large data flows into decision-relevant information.

« Recommender systems: systems that use customer and user feedback
beside other data to recommend products or actions in a personalized way.

This allows selecting from overwhelming numbers of options.

« |ldentity technology: technologies such as RFID tags or computer vision that
allows identifying objects and people automatically in an unobtrusive way. This

is closely linked to location detection technologies.

« Cryptographic technology: ensuring the integrity, authenticity, privacy (or

publicness) and security of interactions.

Others, such as business and industrial integration, simulation, digital twins, additive
manufacturing, and cloud computing are important for Industry 4.0 but maybe less

relevant here.
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Beyond manufacturing there are changes in economy and society interacting with
this trend: globalized and de-globalising supply chains, the shift to a full knowledge
economy, a fluidly wearable-centric society, and teleworking. Many of these
technologies and trends will have major effects on society. Just as the industrial
revolution led to the appearance of feedback loops enabling new forms of
economic and hence social organization we should expect the same in regard to
Industry 4.0. However, from our perspective what matters is the impact on

happiness and wellbeing.

What are the impacts on happiness, wellbeing and related
concepts?

Happiness is a very understudied topic in the Industry 4.0 domain, at least

compared to other issues such as the circular economy and privacy.

Most papers mentioning happiness and Industry 4.0 mainly explore it in the context
of work, entrepreneurship and human capital. There are often acknowledgments
that wellbeing has a far wider importance in society, but the focus tends
(understandably) to be on the industry/business part|?]. They are mostly
concerned with the here-and-now industrial issues rather than the large-scale
social effects. A 2021 review paper investigating the links between the circular
economy and Industry 4.0 stated|3]: “In our review, we found very few studies that
address the impact of CE in society, as well as the mechanisms used to measure
the effects that CE implementation generates in people. “ The same appears to be

true for Industry 4.0.

Happiness in the broad spectrum view|4| has a number of prerequisites. They are

not absolute, but when absent the chances of happiness decrease.

« Enough resources. This is both the prosperity needed to sustain a good life
and the recognition that one has enough. The spread of post-materialist

values|b|, partially as a result, may act to encourage such recognition.

« Lack of stress: having demands that overwhelm one’s capacity of coping,

especially on an everyday basis, is corrosive for happiness.

« Agency, a sense of control, is necessary for feeling one is in charge of one’s
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life and hence at least potentially able to be autonomous or an active,

responsible member of one’s community.

« Connectedness, a feeling that one both has external social contacts and a
link to one’s environment, and an internal sense of who one is, is another

prerequisite.

« Reflection, the ability to recognize and analyze one’s life and feelings, is
needed for noticing what works and what doesn’t. It is enabled by inner

connectedness and can drive autonomous action.

How does Industry 4.0 affect these?

Resources: to state the obvious: a wealthier, safer world is going to be somewhat
happier. Achieving prosperity and preference satisfaction does improve many
measures of subjective wellbeing. The effect is stronger for the most deprived and
vulnerable but it is nevertheless a pervasive effect. That there are forms of
contentment and meaning that are independent of, or even distracted by, prosperity

does not diminish the value of it.

However, even in Schwab’s influential article defining Industry 4.0 there is a
concern about inequality and disruption of labor markets. The inequality here is
twofold. On the one hand, there is a significant market concentration towards a few
players with better suited IP and resources.|6] On the other hand, automation and
the aim to increase profits can contribute to decreasing the number of skilled and
unskilled workers needed for production. These tendencies contribute to increases
in both poverty and inequality. Ensuring that the transition does not cause
widespread insecurity is a recognized goal for Industry 4.0 policy even disregarding

the negative effects on happiness.

Importantly, the inequality in resources due to Industry 4.0 are not just the financial,
but the social. Public social services, such as healthcare are in the hands of
individual governments, however, novel Industry 4.0 technologies are concentrated
in the hands of a few private companies. These technologies have the ability to
completely transform healthcare (through personalized medicine, 3D printed
surgical devices, to name a few), however, due to the lack of competition, they can

be sold at the highest prices imaginable and will not be widely available for all. This
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completely goes against the principles of public healthcare, that should be equally
available to all. The extent to which public healthcare is at the mercy of developer
companies can be illustrated best with the distribution of vaccines during the
CQOVID-19 pandemic. To remedy this, governments should focus on acquiring these
technologies and incorporate it into public healthcare, to offer an accessible

alternative for private companies.

Stress can be generated from both unavoidable demands such as risk and
material needs, by social demands from other people and other autonomous
agents, and by a feeling of inadequacy when facing a complex, uncertain, rapidly
changing or otherwise unmanageable world. While a functioning Industry 4.0 may
reduce actual material stressors and risk, it does not necessarily reduce the feeling
of these demands. Many people are today worried about low-probability but salient
risks despite the actual risk spectrum being fairly benign. The highly networked,
ML/Al infused world envisioned, makes avoiding social demands by being
unavailable hard, and introduces many non-human agents that can cause stressful
interactions whether by requests or security vulnerabilities. Most seriously, if there is

a perceived lack of control over one’s life, it can cause serious ongoing stress.

One big cause of stress is transformations of employment conditions. Industry 4.0
promises a transformation of many domains that will require significant adaptation
and acquiring new knowledge. While calls for a focus on life-long learning have
been made for decades, Industry 4.0 steps up the need significantly since many
jobs are likely to be transformed relatively quickly - and not just in the
manufacturing industry. Meeting these needs is important, and helped if they are

not seen as a stressful social challenge or a threat but opportunities.

Another source of stress is the always-on, highly interactive mode encouraged by
current communications methods where alerts and incoming messages can
interrupt lines of thought and there is a constant fear of missing out on important
things going on somewhere. Artificial autonomous agents can generate attention-
requiring signals at an arbitrarily high rate, and an Internet-of-things world
introduces such agents into nearly every part of life. While good design of
messaging may reduce the interruptions the fear of missing important background

processes remains.

In order to remedy this situation we need to find better ways of coping (both with a

more fluid working life and with a more interactive world), improve interaction to be



less stressful, and perhaps structure the lifeworld to reduce stress by giving a sense

of control.

A sense of control is, like security, a feeling rather than an actual objective state. A
person who is in control of their life feels that they can make autonomous decisions
that meaningfully result in change. At first glance Industry 4.0 seems ideally suited
for this: mass customisation allows getting products suited for whatever life projects
we have, machine learning allows outsourcing and expanding our decision/action
capacity to our extended self|7]. Unfortunately it also introduces hidden complex
dependencies, artificial agents with their own kind of autonomy or allegiances that
are hard to predict, large and changing sets of options, and decision making itself

contested and manipulable.

These complexities are also sensed by the general public and importantly, the
decreasing understanding of the increasingly complicated newer technologies
leads to reduced perceived control and can build a strong distrust. Here, it is
particularly important to emphasize the difference between perceived and actual
control, as many distrust issues can be redeemed with increasing perceived (but
not actual) control. For example, cryptocurrencies have undeniably been reshaping
the economic world, yet, understanding the blockchain technology they rely on in
sufficient depth is less obvious to the general public. Yet, people who have been
investing in them without in depth research have a generally more positive attitude

and more trust towards this instrument.

Decreased sense of agency and distrust are also heavily interlinked with issues
around privacy. Privacy is an important aspect of the sense of control, both as an
interaction-reducing choice but also as room for experimenting with views and

decisions that are as yet tentative and not open for public scrutiny.

Remedies involve methods of clarifying dependencies and making it possible to
change them, methods of establishing trust both in the technical sense, in the
sense of plausible incentive structures, and in the social way of being a trustworthy
partner in an interaction. They may also involve establishing chains or authorities of

trust, whether consumer information sources to certification systems.

Connectedness is again not a matter of information transmission - in principle
the majority of humanity could have called any other member over the phone the

past few decades - but a matter of having meaningful social relations: either deep
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ones with key people, weak but broad networks of acquaintances, or the general
tenor of one’s social environment (involving such feelings as trust, belonging, and
shared intentions). Social media demonstrates the tremendous power and demand
for social interaction but often do not necessarily lend themselves to supporting

connectedness.

Industry 4.0 is rarely framed as a social revolution, but many of the key promises are
strongly linked to social media. Sites such as Amazon, Etsy and Redbubble
demonstrate how recommender systems, social media and mass customisation
interact. Kickstarter and other crowdfunding systems allow specialized interests to
pool resources into projects and products. Phenomena like Pokemon Go make use
of the cyberphysical and interactive aspects of technology to produce augmented
reality social spaces. However, most of these systems have only incidentally caused
a stronger sense of connection. Conversely, much of the necessary data to train
recommender systems and machine learning requires public production of input.

Here Industry 4.0 rides on the coattails of the search for connection.

Achieving social connection requires the right kind of interactions. Knowledge
about how online relations, communities and institutions work is still forming, and
complex like any other human social structures. There are also great individual

differences in what forms of interaction are effective.

To improve connectedness there is a need to avoid maladaptive effects: “social
bulimia” where approval from distant people act as a strong motivator, fear of loss of
status, attacks or intimacy, how to manage multiple social personas etc. There is
also a positive need for establishing the spaces where human interaction can grow
into appropriate levels of connectedness, and ensuring that such spaces both
respect the need for control (e.g. privacy) and reduce stress (e.g. by acting as
separate social domains from work or public personas). It might also be possible to

develop tools for helping learn useful social skills or support existing sociability.

Internal reflection is fundamental for being a self-directed agent able to recognize
one’s needs, wants, and function. Actually being able to recognize one’s own mental
states, habits, preferences and, indeed happiness, is not automatic. Many people
lack the emotional vocabulary to express themselves even internally, find
introspection hard, and may not even recognize the benefit of reflection when so
much is going on in the external world. Reflection can equally be external, involving

thinking about one’s life situation, other people, and how they can be changed (plus



how this relates to the internal states, that are often meaningless without the

external world). Again there are issues of skill and motivation.

Industry 4.0 involves the assumption that massive data gathering from smart
sensors, devices and people’s online activity can help serve constructive goals for
different stakeholders. In a sense it involves “technical reflection”: cyberphysical
systems that are highly responsive to the world and their internal state and (within
the limits of their programming and machine learning) respond appropriately.

However, the needs for internal and external reflection appear less well satisfied.

Recommender systems allow filtering information, but even ones based on user
models rarely give users access to the model or help them refine and reflect on it.
Maintaining an environment free from interruption and distraction is not useful

against stress, but likely necessary for proper reflection: it represents deep work.

Can we make better tools for reflection? Some forms of reflection are based on
internal practices where people have varying skills and mindsets, yet many
psychological methods and training programs exist that might be amplified and
more widely disseminated using wearable devices, Al and validation using the
available data. Current external data also needs to be visualized, filtered and

presented in new ways to enable proper reflection: a profound design challenge.

What can we do to enhance wellbeing in an Industry 4.0 world?

Our argument is that while Industry 4.0 doubtless can improve many areas of life,
merely achieving the techno-economic framework does not necessarily help
happiness but is actually likely to introduce many situations inimical to a good life.
While normal adaptation and reaction doubtless will resolve such problems (just as
over time the worst aspects of the industrialized city were recognized and
mitigated) good foresight and design can reduce or avoid some of the problems if

undertaken at an early stage.

There is a vast literature on Industry 4.0, but surprisingly there is little that directly
considers human happiness and well-being as a result or goal for Industry 4.0. This
suggests that there are vast gaps in the current visions in relation to happiness, or

expressed more positively, major opportunities to research, shape and profit from



closing these gaps.

From a research standpoint, there is a need for understanding how Industry 4.0
technology and likely use impinge on happiness, both individually and collectively.
Current investigations of workplace happiness and how technologies affect
wellbeing are clearly relevant but need to be combined with careful technological
scenario analysis and domain experts to see what pitfalls and opportunities exist in
this domain. More lenses are needed than just the work or user lens: technology
plays a role in most human activity and we need to consider the often surprising

effects when it impinges on love, spirituality, ethnicity, play, self-definition, etc.

« Can we construct privacy-preserving ways of amassing social and personal
happiness data to detect successes and failures of happiness enhancement

on large scales?

« Are there ways of amassing self-reflective data at scale? What can be learned

from it?
« How do people self-reflect, and how can this be enhanced?

« What are the forms of control over their lives people desire, and do they

correspond to ethical and technical forms of control?

From a design and innovation standpoint, happiness represents a promising if
tricky goal. Designing for psychological health and stability is a new, little
investigated topic that is clearly both socially relevant and potentially promising.
Given the desirable nature of it, startups may find this an extremely scalable
domain. Established businesses on the other hand may possess data that can

enable happiness improvement.
« Can we create recommender systems that optimize for wellbeing?

« Can we create social media systems that optimize for connection?

« What interfaces reduce stress, promote a sense of control, and allow reflecting

on one’s actions?

« What ways of measuring happiness, satisfaction and wellbeing robustly can be

incorporated into products?

« Can products be constructed that give credible signals about their happiness



impact (e.g. controllability or lack of distraction)?

From a government standpoint, the rush towards Industry 4.0 is part of a more
general techno-economic change that requires careful governance - just as many
governments realize that achieving citizen mental health and wellbeing may be not
just nice to have, but a powerful competitive advantage, an election winner, and a

moral imperative.

How can a fruitful collaboration and careful control be established with

companies that hold the key to the most important Industry 4.0 technological

innovations and their products? What role can taxing play in this?

« Given that retraining and lifelong learning will become far more central, how
can these be supported in a way that both produces a good learning outcome
but is socially situated so that people feel they gain control and respect for

doing it?

» Different generations have increasingly disparate technological worlds, and
hence diverging social experiences. How can technology and policy produce

stronger links between generations?

» Culture and history matters for self-reported life satisfaction — an industry 4.0
world born out of our present world may have culture that helps or hinders
happiness. The scars from current pervasive traumas like wars and poverty will
remain, hindering happiness in some regions — unless we find ways of healing

them.

Happiness is not just a nice-to-have aspect of a product or system of production
but a long-term requirement for the social sustainability of them. Products that
leave users unfulfilled or frustrated will be dropped for others (unless they can
maintain cling through addictiveness, formal requirements, or competitive
pressures - not very good design criteria to aim at!), and systems that leave human
wellbeing at the side produce social disruption, ranging from micro-sabotage to
wholesale abandonment of the system (possibly years later, during a generational

shift, leaving large sunk costs).

In the end, the goal should be “value engineering”: a field dealing with the effective



design and creation of high human value states. We are far away from such a vision
today, much further away than Industry 4.0. But the current transition gives us the

opportunity to do the groundwork for a happier world.
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