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Change is inevitable,
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remain essential

While Al will transform labor markets through enhanced productivity
and efficiency, human capabilities will remain indispensable for tasks
requiring emotional intelligence, creativity and complex decision-making.
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This article is intended to promote discourse regarding the
interplay between Al and labor markets. The time frames
referenced are meant to provide an illustrative scaffold, and
certain concepts, including issues of distribution and governance,
and nuances between capital, material, labor and total factor
productivity, remain unaddressed here to maximize the reach of
this discourse. Those further issues will be the subject of robust
economic and policy analysis in additional S&P Global research.

merican folk hero John Henry is said to have

been “a steel-driving man,” a reference

to his job hammering a steel bit into rock
to make holes for explosives to excavate railway
tunnels. A song memorializing John Henry tells of
his race against a steam-powered drill, an avatar
of the industrial age, which he beats, but at the
cost of his life. The tale is one of determination
and fortitude, but it is also a warning about the
futility of resisting technological advancement.
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Highlights

Over time, Al’s impact on labor will become
increasingly evident across key areas such as
efficiency and productivity, creation of new
roles, transformative human-Al collaboration,
autonomous systems, and labor redistribution
and reskilling.

Across short-term (one to two years), medium-
term (four to six years) and long-term (seven
to 10 years) time frames, we expect Al's
integration with labor to progress through
distinct phases, each with unique challenges,
ethical considerations and risks to balance
against the technology’s benefits.

Our research suggests that Al’s effects will be
uneven across the employment landscape.
Roles most likely to be affected will be

those focused on information collection and
processing, data analysis, and machine or
process management.



Al and labor

As generative Al expands, it may be tempting to
view John Henry’s tale as a parable for the future
of labor, but this would be a mistake for two major
reasons. First, our analysis shows that while large
language models will prove effective at many tasks,
they will likely have little effect on the market for
manual labor. In this sense, the next John Henry is
more likely to be a paralegal or a computer systems
engineer than a construction worker. Second,
industrial-age technological disruptions fall short
of the upheaval that generative Al is likely to bring
about. Industrial machines replaced workers’ roles
within a defined task (like steel driving) but left

the process intact. We expect that within seven to
10 years, the use of generative Al will upend and
redefine many labor processes themselves.

A structured analysis of Al’'s effects on labor

Since the public launch of OpenAl's ChatGPT

in November 2022, conversations about Al and
the future of work have polarized, with fear and
exuberance in similar proportions. Both extremes

Al and labor: Key elements
Efficiency and productivity

reflect emotional responses rather than a practical
understanding of how Al will transform the labor
landscape. The reality is sure to be more nuanced.

To frame our analysis of Al's effects on labor, we
use three periods: the short term (one to three
years), the medium term (four to six years) and

the long term (seven to 10 years). Each phase will
present challenges, ethical considerations and risks
that must be balanced against the technology’s
potential benefits.

As we progress along this timeline, the effects of Al
on labor and labor markets will become increasingly
evident across a range of key elements.

Short term: Picking the low-hanging fruit

In the next few years, Al applications will likely focus
on enhancing labor efficiency and productivity

in existing workflows. This focus will be dictated

by employers’initial limited understanding of Al's
potential in the context of current processes and

Automation of repetitive tasks and improved decision-making across many areas should result in significant gains in
labor productivity and efficiency, and in processes as labor is augmented or replaced by Al.

Emerging roles

New job categories such as Al trainers, explainability experts and Al ethicists will emerge, notably in quality and
governance functions, and will themselves be augmented by Al. These roles’ defining characteristic will be to do what
Al cannot: Al excels at finding answers, while humans excel at asking questions. People who prove talented at asking
the right types of questions — open-ended, probing and insightful — will be in high demand.

Transformative collaboration

Collaborative intelligence, a paradigm in which humans and Al work seamlessly together, will become increasingly
mainstream, likely through the maturation of agent-based models (ABMs), which simulate the actions and interactions

of autonomous agents.

The impact of autonomous systems

Improved ABM will also facilitate increased use of autonomous systems, such as self-driving vehicles and Al-powered
agricultural robots. The result should be a marked enhancement of some sectors’ efficiency and sustainability, notably

through the synthesis of analytics and fieldwork.

Labor redistribution and reskilling

The redistribution of labor markets away from roles that are easily replicated by Al will require reskilling and upskilling,
with a focus on developing emotional intelligence, critical thinking and interpersonal skills. Al integration will

necessitate greater humanity in the workplace.
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Al and labor

Expectations regarding Al impact on society and career, 2022-2024 (%)
Impact on society Impact on career
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Data accessed Oct. 31, 2024.

Q. Over the next 2 years, do you think artificial intelligence (Al)/machine learning (ML) will have a positive or negative effect on each of the following?
(Choose one for each row.) — Society as a whole; Career.

Q. Over the next 2 years, how much of an impact — if any — do you think advancements in artificial intelligence (Al)/machine learning (ML) will have on
each of the following? (Choose one for each row.) — Society as a whole; Career.

Base: All respondents (n=~5,000).

Source: S&P Global Market Intelligence 451 Research’s VoCUL: Connected Customer, 2022-2024.

© 2024 S&P Global.

will reflect experimentation as enterprise decision-
makers learn about Al's core competencies,
develop integration approaches and refine their
strategies. Companies will likely begin leveraging
Al to streamline operations, reduce costs and
improve decision-making. Stakeholders will need
to determine adequate levels of prudence in
adoption, change-management and governance.
Adoption without sufficient checks could lead to
negative consequences, such as job displacement
and privacy concerns, and even where care is
taken, the ride is likely to be bumpy and include
some retrenchment.

Adoption and implementation of Al in various

job families may add complexity to work, posing
both opportunities and risks. A key challenge will
be to balance the allocation of work between
human strengths and Al capabilities in a way that
enables the opportunities and abates the risks.
Recent data suggests there is reason for optimism.
S&P Global Market Intelligence 451 Research
surveyed about 5,000 respondents regarding

the impact of Al on jobs and on society at large.
Between two waves of the survey in 2022 and 2024,
respondent expectations regarding Al's impact on
society notably shifted, with a significant increase
in the expected degree of impact and a modest
bias toward positive expectations. In that period,
sentiment regarding Al's impact on jobs remained
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stable. Notably, among those who expect Al to
significantly impact their career, more than twice
as many expect a positive impact on work versus a
negative impact.

Enhanced automation and productivity

Al-driven automation will increase across capacities
including manufacturing, logistics, customer service
and data management. By combining information,
systems and robotics to handle repetitive tasks,
these developments should allow human workers

to focus on more complex and creative activities or
those with social aspects, such as management,
coaching and inspiration. Application is likely to
involve assessing the division of labor between tasks
that require or benefit from human performance
and those that are “machine ready.” For instance,
Al-powered chatbots and virtual assistants will
continue to evolve, in some cases providing more
sophisticated support to human customer service
agents, and in other cases providing direct customer
support without human intervention.

Meanwhile, optimization agents will assess
operations to reduce human input and maximize
Al’'s potential for productivity gains. While this
concept may evoke sci-fi tropes that fuel fears of
Al, this assessmentis a crucial step to maximizing
the effectiveness of a mutualism between Al



Al and labor

and humans: parsing the tasks that humans are to allow better focus on “value-add” tasks. Other
especially good at versus those at which Al excels tools, such as digital twins of physical objects and
and facilitating interoperability between the two. processes, received less priority among respondents,

but these innovations are crucial for providing the
Diving deeper, we see that concerns about Al’'s digital infrastructure whereby Al can operate.

impact on jobs vary across industries, with some
showing major concerns while others appear more

e Improved decision-making and knowledge
optimistic. Measures that allay these concerns by

abating negative impacts and supporting positive Discriminative Al systems, which excel at
ones may present new opportunities in the work classification, have proven adept at complex data
mix for existing positions and may even create new analysis and assisting decision-making across
positions to help evolve the workforce toward a industries such as automotive, manufacturing
future thatincludes Al. and logistics. We expect that the combination of
discriminative Al and generative Al will also improve
Al capabilities can improve workforce tooling, service economy activities by drawing on troves of
especially in minimizing administrative burden, service-oriented data collected over the past two
reducing overhead and providing objective decades. Financial institutions, for example, could
performance feedback. In another survey, use Al algorithms to expedite portfolio managers’
S&P Global Market Intelligence 451 Research analysis of market trends, risks, correlation and
asked approximately 450 respondents about their other factors. In healthcare, Al could help diagnose
preferences for workforce tooling innovations. The diseases and recommend treatment plans based on
overwhelming majority focused on efficiency gains vast amounts of medical data, potentially enhancing
and reducing administrative overhead, presumably patient outcomes and reducing diagnostic errors.
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Data accessed Oct. 31, 2024.

Q. Which concerns, if any, do you have regarding the future of generative Al? Please select all that apply.

Base: All respondents (n=5,019).

Source: S&P Global Market Intelligence 451 Research’s VoCUL: Connected Customer, Disruptive Experiences 2024.
© 2024 S&P Global.
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AI's impact on labor

A deeper dive into skills and occupations

Multiple Al technologies, especially
machine learning (ML) and generative
Al (GenAl), could improve the

speed, quality and efficacy of
performance for a variety of jobs.
These enhancements may not only
streamline existing job processes
but also redefine what is possible in
many occupations.

To quantify the expected impact, we
have used the US Labor Department’s
O*NET database to break down nearly
900 jobs into key component skills,
then qualitatively scored those skills
from 1to 5 on their perceived “disrupt-

ability” by ML and GenAl. An analytical
skill such as parsing swaths of data
would readily incorporate Al, scoring
at or near 5, while a personal care

skill such as performing manicures

is farther from Al disruption,

scoring nearer to 1.

After scoring a range of skills for
their susceptibility to disruption, we
mapped those skills to associated
occupations and assigned each
occupation a composite score of
1-10 based on its concentration of
disruption-prone skills. A job with

a score of 1 means we expect little

or no near-term disruption from
Al, while 10 indicates the highest
level of disruption.

Many jobs in the sciences reflect

the highest level of Al disruption.
However, this does not mean Al-based
processes will replace humans in
these jobs. Rather, the “firepower”
provided by ML and GenAl should help
practitioners of hard sciences such

as chemists, physicists and materials
scientists, as well as social scientists
such as sociologists and economists,
to make discoveries and advance new
applications with unparalleled speed.

Occupations involving information analytics will likely experience high levels of disruption

I Mathematicians

. . . 6.38
[l Bioinformatics technicians 6.54
I Urologists 6.34
6.30 6.30
ISOC|olog|sts 6.50
: : 6.30 6.30
I Environmental economists
- 6.78
[! Operations research analysts 6.47
[l Statisticians 6.55
[ Biochemists and biophysicists 6.50
[l Epidemiologists 6.68
[l Astronomers ol
Bc . 6.43
conomists 6.38
[ Political scientists 6.52
[ Intelligence analysts
[ Grinding and polishing workers, hand 6.77
¥ Computer numerically controlled tool programmers 6.42
[l Computer network architects 6.32

Data as of Oct. 11, 2024.

Ascore of 10 represents the highest projected level of occupational disruption from Al.
Sources: National Center for O*NET Development; S&P Global.

© 2024 S&P Global.

Processing information

Documenting/recording information

Getting information

Analyzing data or information

Controlling machines and processes

Working with computers



In contrast, occupations such as manicurists, models, Between these extremes, we expect a cross-section

bartenders, dancers and waiters will likely be minimally of occupations such as information security analysts,
disrupted by ML and GenAl applications in the short medical practitioners, fraud examiners and financial
term. However, these roles may be augmented by factors analysts will increasingly leverage Al for faster and

such as improved insight into customer preferences deeper analysis, providing headroom to engage in

and better access to quality control as Al technology human-centric skills such as interpersonal relations and
continues to develop. creative or critical thinking.

Occupations focused on people skills and physical work are less likely to be impacted by
Alin the near term

B Manicurists and pedicurists 2.43 Assisting and caring for others
ISTI |
B Fast food and counter workers 2.34 : =
Bakers

: Gambling dealers gfé Coaching and developing others

B Demonstrators and product promoters 230

M Telephone operators 2.32 : o

M Passenger attendants 1.79 Developing and building teams
2.87

IDancers 258 Performing for or working

B Models 9 /5 directly with the public

B Automotive glass installers and repairers 287

I Telecommunications equipment installers and repairers, except line installers 303

l Electronic equipment installers and repairers, motor vehicles 2.75 Operating vehicles, mechanized

M Coin, vending and amusement machine servicers and repairers ~ 2.20 devices or equipment
B Helpers — painters, paperhangers, plasterers and stucco masons g'ég
B Parking attendants 191
B Computer, automated teller and office machine repairers

W Hosts and hostesses, restaurant, lounge and coffee shop ~ 2.11

2.50

Performing general physical activities
I Locker room, coatroom and dressing room attendants 2139

Resolving conflicts and negotiating with others

Many occupations, especially knowledge workers, will likely gain efficiency and
headroom with Al

Construction managers 6.55 Coordinating the work and activities of others

Industrial-organizational psychologists 6.50 Providing consultation and advice to others

Aerospace engineers BT

Grinding and polishing workers, hand 6.61

Art, drama and music teachers, postsecondary 6.20 Thinking creatively

Medical scientists, except epidemiologists 6.39

Neurologists 6.43 ¢ 47

Engineering teachers, postsecondary ] Identifying objects, actions and events
44

Urologists 6.36

Advanced practice psychiatric nurses 2?3

Bioinformatics scientists 6.19

Computer and information research scientists 6.17

Library science teachers, postsecondary 6.20 Updating and using relevant knowledge

Nursing instructors and teachers, postsecondary 6.22

Physician assistants 2;;

Political scientists 6.35

Radiologists 6.53

Registered nurses

Data as of Oct. 11, 2024.

Ascore of 10 represents the highest projected level of occupational disruption from Al.
Sources: National Center for O*NET Development; S&P Global.

© 2024 S&P Global.



This nuance is critical because there is heightened concern in the workforce about

job replacement by Al. While this is possible, we believe that fear of widespread

job replacement is predicated on the misguided notion of a lack of incremental
technological advancement among workers and occupations, and an absence of human-
technological integration.

That premise is flawed: All jobs evolve with the introduction of new technologies, and a job
may adapt depending on what skills are needed by human capital, which elements can be
augmented by technology, and what value the combination of people and technology can
bring to those who rely on the job’s performance.

Distribution of occupations by projected level of Al disruption

150
100
50 II
. -l I
1 2 3 4 5 6 7 8 9

Level of disruption

Number of occupations

10

Data as of Oct. 11, 2024.

Ascore of 10 represents the highest projected level of occupational disruption from Al.
Sources: National Center for O*NET Development; S&P Global.

© 2024 S&P Global.

We estimate 85% of job skills will be significantly impacted by ML and GenAl (disruption
score of 3 or greater), while 60% will be acutely impacted (disruption score of 4 or 5). When
these are mapped to the top required skills by occupation, we see the plurality of jobs will
be at least moderately disrupted.

Rather than ringing alarm bells, this illustrates a broad opportunity for Al to enhance
customization, customer/stakeholder focus and adaptability through the combination of
Al-augmentable skills, such as data processing and analysis, with human aptitudes such as
creativity, critical thinking, relationship-building and personal service.

Many jobs will change with these new technologies, and society must rethink what the
future could look like when Al and human intelligence coexist in a paradigm of mutualism.
We expect that humans will need deeper relationship skills, including interpersonal and
communication skills, empathy and emotional intelligence, as well as critical thinking
and creative skills, while Al will need greater capabilities of context, performance and
interoperability.

Most jobs will likely need people who can communicate and cooperate with machines in
a way that maximizes their efficacy to deliver the highest value and service to those who
need it. Success in this vein will require perhaps the most human skill of all: imagination.




Al and labor

Medium term: Significant advancements

Over the next three to five years, Al will significantly
reshape labor markets, driven by increased
investment in and knowledge of Al systems, and

by competitive dynamics that should reduce Al's
implementation costs.

We expect significant advancements in machine
learning, natural language processing and robotics,
particularly due to improvements in agent-based
systems (in which Al systems make decisions and
take actions), inference (applying learning from
patternsin data) and orchestration (connecting
processes and systems). During this period, it will
be crucial to address Al’s ethical considerations and
privacy concerns as regulatory scrutiny will also
increase. Wider deployment of Al will also raise the
risk of automating deficiencies, including bias, in
downstream processes.

Expansion of Al-augmented roles

As Al technologies mature, the scope of roles
augmented by Al will expand, especially in fields
such as marketing and customer analytics.

For example, improvements in Al's ability to
meaningfully analyze vast amounts of data on
consumer behavior and preferences will facilitate
highly personalized marketing campaigns (akin to
personalized treatment plans in healthcare). In
education, Al-driven platforms will offer bespoke
learning experiences, including educational content
tailored to individual student needs and pacing,
and corporate and client training that meets
specific demands.

Emergence of new job categories

Anincreasing focus on governance, risk mitigation,
bias mitigation and other Al-related issues will foster
the emergence of new job categories. For example,
Al trainers and explainability experts will be needed
to ensure that Al systems are fit for purpose,
transparent, understandable, and compliant with
existing systems and governance frameworks. Skills
to address and monitor Al ethics and quality will be
crucial for responsible Al deployment, including the
safeguarding of fairness and identification of biases.

10

Long term: Transformative changes

Al will become increasingly transformative over
longer time frames due to the technology’s
advancing maturity, humanity’s growing expertise
in effective implementation and the regulatory
landscape’s increasing clarity. Collaborative
intelligence, a framework in which humans and Al
work together, should notably increase.

In creative industries, Al will assist humans by
generating ideas, drafts and prototypes. Architects,
for example, could use Al-driven design software to
explore innovative building designs that incorporate
complex environmental and structural factors,
leveraging datasets that encompass architectural
history, art, design, materials science and

weather patterns.

Autonomous systems

Al will support autonomous systems that transform
industries. Autonomous vehicles will revolutionize
transportation and logistics, reducing the need

for human drivers and increasing efficiency. In
agriculture, Al-powered robots with computer
vision and sensors to detect air pressure, moisture,
color and light could oversee planting, crop
monitoring and harvesting, increasing productivity
and sustainability. Challenges will include cost-
effectiveness, which must surpass that of human
labor to justify adoption.

Predictive maintenance

Manufacturing and heavy industries will benefit
from Al-enabled predictive maintenance. Al will
analyze data from sensors embedded in machinery
to predict when maintenance is required, preventing
costly breakdowns and minimizing downtime. This
capability requires Al's data processing and pattern
recognition abilities, coupled with digital telemetry
systems to detect acoustic, visual and even
olfactory signals.

Autonomous data analysis

In fields such as finance and research, Al-driven
data analysis is already indispensable. Al systems
can sift through vast amounts of data, identify
trends and generate insights with speed and
accuracy far beyond human capacity. This capability

Look Forward Journal



Al and labor

will be increasingly crucial for making informed
decisions in dynamic environments and will enable
a better understanding of the world around us,
including risks such as climate change, the energy
crisis and geopolitical dynamics.

Shifting labor dynamics

Advancements in the capabilities of Al systems and
the dynamics of their integration with human labor
will necessitate broader rethinking to understand
the adaptations required of both Al and human work
paradigms to improve cooperation.

Humans, for instance, outperform machinesin
relational tasks such as comprehensive (verbal
and nonverbal) communication and, at least to
date, innovation. Thus, in a framework of human-Al
mutualism, we expect the balance of such tasks
to fall to humans, while many data analysis and
computational tasks will fall to Al. This may require
workforce education in interpersonal skills such
as emotionalintelligence, empathy and clarity

of communication. Humans will also need better
human-to-Al communication skills, such as prompt
engineering, and a deeper understanding of Al
operational requirements.

Consider a typical customer service scenario: A
customer is unsatisfied with the quality of goods
received. In a world where Al and humans work
together, required skills include understanding the
customer’s problem (human), analyzing possible
solutions (Al), relaying options with empathy to
address the customer’s emotional and social
needs (human), and executing a course of action to
address functional needs (Al).

Leadership and the workplace of choice

Leadership in an Al-augmented world will evolve

as workers look to their leaders for vision, systems
thinking, and the ability to both analyze (extrapolate
trends using context, qualitative judgments and
data-driven insights) and synthesize (understand
the interoperability of moving parts and connection
to a greater whole). As leaders will manage humans
and Al systems together, the importance of these
abilities cannot be overstated.

Analytical functions will become more crucial as
Al adoption takes hold, requiring leaders to adapt
to increasing customization and diversification
of product offerings, as well as to the interplay of
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skilled workers and Al systems required to deliver
those products. An understanding of synthesis will
be critical as many traditional work functions and
systems become intersecting, looping and chained
processes in increasingly complex designs.

Such complexity will likely change what humans
demand of their workplaces. Traditional
compensation schemes such as salary and
variable pay will likely be augmented by purpose,
culture and fit as an increasing proportion of tasks
allocated to human workers will require distinctly
human capabilities, such as emotional and social
engagement. Organizations must recognize that
their brand represents not only their product

or service offerings or standard of quality to
customers but also a workplace of choice for
employees. Workplaces will need to earn their
employees’ business, especially as employees’
nuanced personalities and skills become features
in the workplace itself, as much of the labor
characterized by homogeneity becomes the
province of Al systems.

Looking forward: From steam to silicon

The idea of the modern-day John Henry will remain
relevant as Al’'s remit expands and matures.
However, it is equally likely that many mundane,
monotonous and undesirable elements of work
could become increasingly automated, and that,

as aresult, humans — particularly those who

learn to work in partnership with Al — may find
increasing value and standing in the labor force by
cultivating and expressing their most fundamentally
human qualities.

Learn more

Investment and talent are the keys to
unlocking Al's potential

Can generative Al create a productivity boom?

The Al governance challenge
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