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Abstract—In this article we argue that the disruptive social implications of skill-replacing
technological innovations are determined neither by human characteristics, such as “low skills”
or “low cognition,” nor by task characteristics, such as “routine,” as it is typically assumed in
the  predominant  economics  and  management  science  literature,  but  by  the  cybernetic
characteristics of the innovations.  We also propose that the negative effects of technological
disruptions  on  human  well-being  cannot  be  fully  understood  without  the  use  of  a
transdisciplinary approach involving cybernetics science and occupational science, and that it is
urgent that policymakers look beyond their narrow effects on productivity and on the labor force,
and consider  instead the  complexity  of  the  interactions  between cybernetic  technologies  and
meaningful human occupations. We offer as an example the case of the fast adoption of online
food delivery services and of remote work technologies during the COVID-19 pandemic. Ethical
implications are derived from the arguments.
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I. INTRODUCTION

In  this  article  we  employ  a  transdisciplinary  cybernetics  science  and  occupational  science
perspective to argue that the social implications of technological disruptions due to skill-replacing
technological innovations are defined by the cybernetic characteristics of the innovations, and not by
human characteristics, such as “low skills” and “low cognition,” nor by task characteristics, such as
“routine,” as it is usually assumed in predominant economics and management science approaches.
We also propose that  it  is  of  the essence to  broaden the study of  the effects  of  skill-replacing
technologies beyond a productivist and economistic approach by considering their effects on the
form, function and meaning of labor and nonlabor human occupations. We propose therefore that
implications of technological disruptions on human well-being cannot be fully understood without
the use of a transdisciplinary approach involving cybernetics science and occupational science. We
ask the reader to keep in mind that, in the context of this article and when used alone, the term
“occupation” means, as defined in the occupational science literature, any kind of labor or nonlabor
human occupation.

The article is organized as follows: in the “Human Skills, Cybernetics and Occupations” section,
we present our thesis’ arguments. In the “Online Food Delivery and Remote Work: A COVID-19
Pandemic Case Study” section we offer applications of our thesis. In the “The Future of Technology
and of Occupations” section, we speculate on the dangers of a limited and narrow understanding of
the social  implications of  technological  disruptions,  and derive ethical  implications.  Finally,  we
summarize the contributions of the article and perspectives for future research in the “Conclusions”
section.

II. HUMAN SKILLS, CYBERNETICS AND OCCUPATIONS

A. Automatic and Autonomous Systems
Among the latest contributions to the understanding of technological change, one that we believe

to  have been somewhat  overlooked in  the  economics  and management  science literature  is  the
importance  of  cybernetics  science  in  the  analysis  of  the  social  implications  of  technological
innovations  and  technological  disruptions.  The  existing  economics  and  management  science
literature is unquestionably aware of the developments in robotics, machine learning and artificial
intelligence [1]. We think however that a more careful look into cybernetics is necessary to improve
the understanding of how skill-replacing technologies affect societies.

We adopt  here  a  broad  definition  of  cybernetics  that  includes  all  fields  of  study  related  to
automatic or autonomous systems, therefore encompassing subjects such as automation, machine
learning  and  artificial  intelligence.  All  these  fields,  even  though  sometimes  following  different
epistemological approaches, are equivalent in what concerns their effects on social phenomena. That
is because they are all related to the study and creation of self-governing technological innovations
that, due to their automatic or autonomous nature and accelerated development pace, have been
associated  with  increasingly  disruptive  socio-economic  effects  [2].  These  technologies  typically
follow algorithms, which can range from static to adaptive, and simple (e.g. automation) to complex
(e.g. artificial intelligence).

As examples, consider a standard elevator that embodies static and simple cybernetics (automatic
technologies),  and  a  self-driving  vehicle  that  embodies  adaptive  and  complex  cybernetics
(autonomous or intelligent technologies). Both are capable of disrupting the socio-economic fabric,
but  the latter,  due to  its  decision-making capabilities,  must  be designed and certified following
uniquely  broad  and  stringent  ethical  standards  [3].  Notice  also  from  these  examples  that
technological disruptions are assumed here to always have the potential to impact society positively
or negatively, the outcome being a function not of the technology itself, but of how it is utilized and
managed: an automatic elevator and a self-driving vehicle can suppress the jobs of operators, but can
also extend the availability of services to a large range of contexts and users.



B. Cybernetic Characteristics of Technological Innovations
The predominant economics and management science literature on skill-replacing technologies

sees in human characteristics (“low skills,” “low cognition”) or in task characteristics (“routine”) the
determinants of technological impacts on society [4], [5], [6], [7], [8], [9]. We disagree with these
predominant perspectives. For us, it is the cybernetic characteristics of skill-replacing technologies
(their ability to self-govern in order to replace human skills) that determine their socio-economic
effects.

Most of the current economics and management scholarship on the socio-economic effects of
technological innovations turns around the disputes between so-called skill-biased technical change
(SBTC)  and  routine-biased  technical  change  (RBTC)  approaches  [10].  Both  approaches  were
however developed in hindsight as explanations to changes in data patterns that previous theories
could not predict. They also suffer from reductionism and poorly defined core concepts, as they try
to fit qualitative concepts to available quantitative data instead of admitting that quantitative data that
fit the qualitative concepts can only be obtained by excessive proxying. This happens because, in
those fields, research based on quantitative methodologies are frequently seen as superior to those
employing  qualitative  methodologies  [11].  In  the  cases  of  SBTC and  RBTC,  skills  tend  to  be
measured merely through quantifiable dimensions of training, education or experience, while task
routinization tends to be measured using data from narrowly defined sources based on industry and
labor  government  surveys  designed  to  achieve  objectives  not  necessarily  related  to  technology
studies.

Take  NASA's  Perseverance  rover,  a  self-governed,  complex,  adaptive  and  learning-capable
cybernetic system [12] as an example of the problems mentioned above. The rover does not replace
hypothetical  astronauts  in  the  exploration  of  Mars  because  astronauts  have  low  skills  or  low
cognition, or because of the routine nature of the tasks they perform. It does it because Perseverance
embodies a broad range of cybernetic characteristics that fully and adequately replace specialized
human skills needed for the tasks involved in planetary exploration, and despite the fact that those
tasks are arguably of a routine nature. In reality, due to their breadth and complexity, those routine
tasks do not fit well into typical measures of task routinization based on categorical proxying for
labor, as used in economics and management studies.

This point is driven home using as an example the recent rise of large language models (LLM)
that deliver cognitive automation [13]. One could argue convincingly that these models only perform
routine tasks. But routine and complex, although being two different characteristics of tasks, can
easily coexist. Many of the routine tasks a LLM perform can be daunting for the average human due
to  their  complexity,  for  example,  text  translation  in  unusual  languages,  or  rewriting  a  text
competently in different styles. Because core concepts such as task routinization are poorly defined
in the economics and management literature, they cannot adequately represent rigorously defined
cybernetics-based  concepts,  such  as  algorithmic  routine,  measuring  instead  some  misleadingly
similar concept, for example, task simplicity, which is then inappropriately used as a proxy for the
measurement of task routinization.

Moreover,  human  and  task  characteristics  specify  the  context  that  precedes  a  technological
innovation,  therefore  they cannot  be  the  determinants  of  the  skill-replacement  process.  A skill-
replacing technological innovation, on the other hand, is the new element in a preexistent context,
therefore  its  cybernetic  (self-governing)  characteristics  must  be  the  determinants  of  the  skill-
replacement process. In summary, we propose the following:

Proposition 1: the replacement of human skills by a skill-replacing technology is not caused by
human characteristics (such as low skills) nor by task characteristics (such as routine or simplicity)
but by the cybernetic (self-governing) characteristics of the skill-replacing technology in a given
context.

C. Human Skills, Tasks, and Occupations
Another contribution of this article is that we introduce knowledge from occupational science into

the analysis. The broadest meaning of the word occupation is that it is an activity in which one
engages. Collectively, occupations are defined as “the combination of everything that people do



throughout  their  lives” [14],  p.  117.  As such,  they constitute  the fabric  of  everyday living and
determine the way in which humans occupy their space-time continuum and use their skill set to
accumulate experiences over a life course. Furthermore, they provide personal and social meaning
and identities through humans’ interactions with their environment [15].

For instance, occupations can be categorized as maintenance occupations (structuring everyday
life),  work  occupations  (production-based  occupations  resulting  in  a  compensation),  play
occupations (exploratory and cultural activities), and recreational occupations (involving relaxation
and rest) [16].

What do we mean by that? Firstly, consider that labor is just one type of occupation among many
types  of  occupations,  meaning  that  occupational  choice  studies  need  to  consider  how  humans
allocate  their  time  between  labor  and  nonlabor  occupations.  Secondly,  consider  also  how
improvements in skill-replacing technologies will render many meaningful labor occupations forever
out of reach of most humans, and that, under a well-being perspective, the time freed up because of
the disappearance of these occupations shall be reallocated not only among other labor occupations,
but also among nonlabor occupations.

For example, consider a dishwasher. It replaces human skills related to dish washing, reducing the
amount of time humans devote to housekeeping as an occupation. By doing so, it allows humans to
devote more time to other nonlabor occupations, such as watching movies or sleeping.

Notice that human skills, and the tasks and occupations that they support, are environment and
meaning-making dependent [17].  As examples of nonlabor occupation technological  disruptions,
consider how senior people may remain unable to use smartphones for the rest of their lives, while
young people may find themselves in an embarrassing situation when asked to use a vintage rotary
phone. In both cases, technological characteristics are alien to humans’ contextual skills, differently
disrupting human occupations.

In  addition,  an  occupational  science  perspective  allows  us  to  go  beyond  the  productivist
perspective about “how much output is obtained” with labor occupations, e.g. [18], p. 329. Keeping
in mind that skills are needed to perform tasks [4], and that occupations refer to groups of tasks [19],
p. 34, this broader approach allows for a better understanding of how technological innovations can
create supportive or disruptive environments for humans as life resources [14], [17], and how they
affect their well-being. Therefore, with the help of the occupational substrates taxonomy [20], we
state the following:

Proposition 2: technological innovations destruct, disrupt, or create human occupations depending
on the characteristics of the technologies, altering the form (how it is done), function (purpose) and
meaning (human experience) of these occupations.

As an example, consider target shooting as a labor occupation (producing nourishment) or as a
nonlabor occupation (leisure). Some humans may find meaning in those occupations. Under a labor
occupation perspective, a rifle is a technological innovation when compared to a crossbow, and the
invention of a cyber-shooter (a shooting robot) may lead to the disappearance of target shooting as a
labor occupation. Nonetheless, under an existing leisure perspective, the crossbow and the rifle are
just different technological artifacts used in different sports, and in a sports context a cyber-shooter is
useless as a technological innovation. In addition, target shooting for nourishment could still  be
performed as a labor occupation, as long as it provides meaning or function to the human shooter,
despite the availability of cyber-shooters. At the same time, cyber-shooting could become a new
sport, as humans may play and compete using shooting robots as proxies.

In  summary,  in  order  to  better  understand  the  socio-economic  effects  of  technological
innovations, it is essential to look beyond their effects on productivity and on the labor force, and to
consider the complexity of the interactions between cybernetic technologies and human occupations.
In  particular,  skill-replacing  technologies  allow  artifacts  and  processes  to  perform  increasingly
complex tasks  as  alternatives  to  humans,  disrupting  the  form,  function  and meaning of  human
occupations, with the potential, if unmanaged, to reduce human well-being.



III. ONLINE FOOD DELIVERY AND REMOTE WORK: A COVID-19 PANDEMIC CASE STUDY

As an application of Proposition 1, consider how the previous availability of online food delivery
(OFD) services before the COVID-19 pandemic [21] created the right conditions for the explosive
growth of  OFD services during the pandemic,  as  lockdowns were imposed.  The pandemic was
naturally a major factor concerning the disruption of dine out restaurant services, but the availability
of  OFD services  also  contributed  to  the  intensity  and  speed  of  the  disruption  [22].  Using  the
predominant  economics and management  paradigm, one would propose that  the contribution of
technological innovations such as OFD services to the disruption of dine out restaurants was caused
or by low-skill workers (according to the SBTC approach) or by the routine nature of the tasks
involved in dine out restaurants (according to the RBTC approach). It is nonetheless clear that the
intensity of the disruption was not caused by either (think gourmet restaurants as a clear example).
Proposition 1 offers an alternative answer to the source of the disruption: OFD technologies were
disruptive because of the cybernetic characteristics of these skill-replacing technologies that were
well adapted to the context of the COVID-19 pandemic.

Now, as an application of Proposition 2, consider the fast adoption of remote work technologies
during the pandemic. It provides a good example of how important it is to look beyond labor when
studying technological disruptions. Analysis of available survey data about the phenomenon in the
US indicated that: (a) there was a significant increase in the number of employees using technology
to work from home during the pandemic;  (b)  commuting to  work was negatively correlated to
remote work, as expected; (c) remote work was more prevalent where COVID-19 infection rates
where higher; (d) young employees were more likely to remote work; (e) remote work was more
prevalent in information sectors of the economy; and (f) industries that adopted remote work more
intensely were also the ones that recurred the least to layoffs or furloughs [23]. 

Although the study as usual concentrates most of its attention on labor, it is evident from its
results that nonlabor occupations have played a role during the pandemic. For example, younger
employees were probably more exposed to remote technologies and remote nonlabor occupations
(consider as an example remote dating) before the pandemic started, making the transition to remote
work more natural than for older employees.

The COVID-19 pandemic has also been associated with broad social phenomena that has deeply
changed  perceptions  about  the  role  of  work  in  the  ensemble  of  human  occupations.  Stylized
examples of social shifts in perceptions are the Great Resignation [24], [25], which represents a
rising trend of more highly valuing meaningful nonlabor and labor occupations independently of
pay, and the quiet quitting [26], a loss of motivation at work due to decreasing levels of occupational
meaning. These trends are believed to have started before the pandemic, but remote work seems to
have triggered mass reevaluation of meaning and an acceleration of the trends, due in large part to
the effects of remote work on the reevaluation of the importance of nonlabor activities.

Periods of remote work have also put in evidence human social needs embedded in meaningful
work activities that are only indirectly connected to productivity or financial compensation but that
lead to improvements in well-being, for example, socialization routines at the workplace (such as
informal brainstorming by the coffee machine) or the need for physical interactions with coworkers.
On the other hand, remote working can create labor and nonlabor occupational benefits such as
reduced hours of tedious commuting and flexible schedules that allow for health-related activities
such as workout  routines and home cooking.  Some studies have identified trade-offs  that  favor
flexible  arrangements  combining  some  remote  work  with  some  physical  interactions  at  the
workplace as the most beneficial under a well-being perspective for the employee but also under a
productivist perspective for the firm [27].

IV. THE FUTURE OF TECHNOLOGY AND OF OCCUPATIONS

In this section we offer a few arguments of a speculative and ethical nature. We beg to disagree
with  the  typical  optimistic  neoliberal  economics  and  management  perspective  on  the  future  of
technological  disruptions  [1],  [28].  We  believe  instead  that  the  development  of  cybernetic
technologies  will  continue  to  accelerate,  and  that  the  social  implications  of  skill-replacing
technologies  may become,  if  unmanaged,  increasingly  detrimental  to  well-being,  as  it  becomes



humanly  impossible  to  continuously  adapt  to  broader,  faster  and  more  frequent  technological
disruptions.  Even if  disruptions  can  have  many positive  effects,  it  will  not  compensate  for  the
asymmetric  nature  of  the  negative  effects,  as  humans are  normally  risk  averse,  assigning more
weight to losses than to equivalent gains [29].

In addition, in the words of Economics Nobel laureate Robert Solow, “if a small class of owners
of wealth – and it is small – comes to collect a growing share of the national income, it is likely to
dominate the society in other ways as well” [30].  There is  by now ample evidence that  this is
happening, as technological control is held by a few cyber-entrepreneurs, suggesting that we should
heed Solow’s alert. And the wealth concentration resulting from the ownership of skill-replacement
technologies  is  paired  with  the  disruption  or  destruction  of  ever  larger  amounts  of  meaningful
occupations, at an accelerating speed, without necessarily or always providing meaningful labor or
nonlabor occupations as alternatives to humans, therefore with increasingly negative consequences
for their well-being.

Finally, attributing the malaise caused by unregulated technological innovations to hard-to-define
human characteristics (such as low skills) or occupational components (such as routine tasks) is
dangerous,  as  this  argument  can  be  ideologically  appropriated  to  turn  attention  away from the
necessary regulation of cybernetic technologies towards the unfair characterization of the victims of
negative disruptions as the only ones responsible for their own unfortunate fate. If this is true, we
should not be surprised if the result is widespread rage against the machine and the resurrection of
Luddism.

V. CONCLUSIONS

In this article we introduced knowledge from cybernetics science and occupational science into
the analysis of technological disruption to broaden its scope beyond the predominant productivist
and economistic labor paradigms and towards a comprehensive meaningful occupations framework.
We offered  two propositions:  the  first  one  establishes  that  it  is  the  cybernetic  (self-governing)
characteristics of skill-replacing technologies that drive technological disruptions, and not human
characteristics (such as low skills) or task characteristics (such as routine). The second one states that
technological innovations affect form, function and meaning of all types of human occupations. To
illustrate the two propositions, we presented a case study based on the growth of online food delivery
services and of remote work during the COVID-19 pandemic. Finally, we suggested that the current
state of social affairs may not be politically and socially sustainable. As disruptions seem to happen
at an accelerating pace, policymakers may need to urgently broaden their perspectives with the help
of a transdisciplinary cybernetics science and occupational science approach. We plan to address this
matter in more details in our future investigations.
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