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MOTIVATION PART 1: THE PESSIMISTIC VIEW OF Al

- Popular narrative that Al will eliminate many entry-level white-collar jobs

“Al could wipe out half of all entry-level white-collar jobs within the next one to five
years” — Dario Amodei, CEO Anthropic 2025

- Growing concern that lack of entry positions will reduce on-the-job human capital

development which could eventually reduce the productivity of senior managers.

- BCG report (2026) “When Everyone Uses Al, Companies Risk Losing Critical SRills”

- The report states that 53% of surveyed business leaders cite the slower development of
junior talent as a concern with evolving Al practices.



MOTIVATION PART 2: THE OPTIMISTIC VIEW OF Al

- Simultaneously, a growing belief by others that Al will lead to an increase in job

creation.

“We now recognize this general purpose technology we call intelligence as an
opportunity to create new industries, create brand new jobs” — Jensen Huang, CEO
Nvidia 2026

- Proponents say that Al could enhance the human capital accumulation of workers by

eliminating menial tasks allowing more time on activities that increase knowledge

- McKinsey (2026) “Reimagine learning and development for the Al age”

- “As Al reshapes work, winning organizations won't just automate faster - they'll learn
faster”



THIS PAPER

- How does such a technology affect human capital accumulation?

- We develop an equilibrium model of human capital accumulation with endogenous
learning, automation, and frontier choice.

What we find:

- Unique equilibrium but multiple steady-states with high and low learning on the job
- As the technology becomes more productive, countervailing forces emerge:

- more automation hinders learning on the job (the pessimistic view)
- task frontier expands and facilitates more learning (the optimistic view)

- For low levels of productivity, second effect dominates and human capital expands

- For very high levels of productivity, first effect dominates but is “close” to efficient



Model



MODEL OVERVIEW

- Time: Continuous, indexed by t >0
- Agents: a unit measure of individuals and a representative (atomistic) firm

- Worker Heterogeneity: Individuals differ in their human capital x due solely to life
cycle reasons

- Perpetual youth model: individuals die at rate y and are born with x =1
- Individuals accumulate human capital through learning-by-doing
- Individual Decision: When to become a manager (career ladder)

- Firm Decisions: Hire workers, hire managers, create new tasks and potentially
automate existing tasks



TECHNOLOGY (PART 1)

- Technology for production: y(t fo ~dr with n>1
y(r,t) = /x dNe(X,t;7) + z(T)ae(T, t) [perfect substitutes]

- 7 : governs diminishing returns of production (profitability of new task)
- 7 :tasks that are produced,

- f(t) : task frontier (endogenous, defined on next slide),

- x human capital of workers

- ae(r,t) : technology input for production (has exogenous price q)

- z(T) = e~ °7 is task-specific productivity:

- Note: order tasks such that z(7) is decreasing (existence of cutoff task 7*(t) € [0, f(t)]).



TECHNOLOGY (PART 2)

- Technology for frontier:

i = min {7 [0 a0+ - v s ] A

- f bounded frontier,
. am(t) : technology used in producing the frontier (also has exogenous price g),
= [ h(x) dNm(x,t) : managerial input,
- h(x) = x¢ with € > 1: human capital of managers (convex in x)
- dNpm(x,t) : the number of managers
7 : Exogenous productivity in production of the task frontier,
- 1) : The weight on technology in producing task frontier
w

: The complementarity between managers and technology in producing task frontier



HOUSEHOLD PREFERENCES AND OCCUPATIONAL CHOICE

- Preferences: Uy({c}) = E [[5° e~ (P+Vlc,, p , dt]

- Occupation choice: [(x,t) : [1,00) — {e,m}
- Income of a worker executing a task: We (t) X

- Income of a manager: Wi () X8 with € > 1

- Household problem: choose Ay, := {l(x,t) }t>0:

(p+ x) V(x, t) = max { We(£) X + e () X BV (X, 1), Win() XE + om(E) X AV (x, ) } FII(E) + 3V (x, 1)

l(x,t)=e [(x,t)=m




HUMAN CAPITAL ACCUMULATION

- Human capital accumulation (learning by doing):
with

X(t) = @u(t) x(t)

- (t) = g(tasks done by workers) = 6,(f (t) — 7*(t)), with §e > dp

- 0 Governs the speed of learning; assume ™ = §,f < x

- 7*: Cutoff for tasks that are automated

forl € {e,m},

= Workers accumulate human capital based on the measure of non-automated tasks

- Externality: Firms do not internalize that their choice of frontier and automation affects

human capital accumulation:

- Learning is industry specific (not firm specific) + lack of commitment

- The planner’s problem internalizes this effect



FIRM'S PROBLEM

- The firm chooses an allocation A (t) := {Ne(X, t;7), Nm(x, ), s(t), 7%(t), Ae(7, t), am(t) }
to solve:

(0 .
[x(r, 17— we(t) x(r, )] dr
"

profits from automated tasks profits from worker tasks

= Wn(t) s(t) = pa(t) am(t)}

A (1)

TI(t) = max { /O o [(z(T) Qe(m )" = pa(t) el t)} dr + /

subject to x(7,t) :== [ xdNe(x,t;7) = [h(x) dNm(x,t), and f(t) as defined above.

- Note: Technology good produced from the final good at constant returns = pq(t) =g



DEFINITION: COMPETITIVE EQUILIBRIUM

(.

A competitive equilibrium consists of a household allocation {4, (t)}t>0, a firm allo-
cation {A¢(t) }e>0, prices we(t), wm(t), and pq(t) = g, and human capital growth rates
{@[(U}[e{e’m} such that:

- Given prices and ¢(t), A, and A solve the household and firm problems
- Labor markets clear for both workers and managers
- Human capital growth: ¢(t) = 6, (f(t) — 7*(t)) for [ € {e,m}

- The distribution of human capital evolves according to:
ON(X, 1) = x (1 — N(X, 1)) — i) () X BN (X, B)

death HC growth

Stationary equilibria: allocations, prices, and distributions are time-invariant
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PLANNER'S PROBLEM

- Objective: maximize household welfare with Pareto weights e~ across cohorts:

Wy = / e ""u, dh = 1/ e Pledt+tip. [ct: aggregate consumption]
—00 X Jo

- Problem: choose the entire allocation (households, firm, technology good):
max/ e Plly(t) — ga(t)]dt
0

subject to the same constraints as the competitive equilibrium:
- Production technology and feasibility in goods and labor markets

- Human capital formation: ¢(t) = &, (f(t) — 7*(t)) and the law of motion of N(x,t)

= Only difference from the market: planner internalizes that 7* and f determine ¢

n



PLAN OF ATTACK: FOUR STEPS TO UNDERSTAND THE ECONOMICS

- Build up the model in three examples of increasing complexity before moving on to
the full model:

1. Exogenous learning + exogenous frontier
2. Endogenous learning, exogenous frontier

3. + Endogenous frontier (¢» = 1: no managers in frontier production)

- Note: in the examples there are no managers: all individuals are workers

- Key simplification in the three examples:

Equilibrium dynamics are summarized by average human capital: X(t) := [x dN(x, t)

12



Simplified Example 1:
Automation with Exogenous Learning
(No Career Choice/No Frontier Expansion)
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SIMPLIFIED MODEL 1: HUMAN CAPITAL DYNAMICS WITH EXOGENOUS LEARNING

- Example 1: Parameter Restrictions
- Exogenous learning rate ¢ (with ¢ < x)

- Exogenous frontier (f = f); no career choice (everybody works)

- Human capital dynamics [learning ¢, death x, births at x = 1]:
X(t) = @X(t) = x (X(t) = 1)

- Closed-form solution, stable since ¢ < x:

Xt =X 4 <Xo _ X) o= (x—o)t

X—®

= | Human capital dynamics are independent of the price of technology q




EQUILIBRIUM AUTOMATION WITH EXOGENOUS LEARNING

- Automation does depend on g: interior automation (0 < 7* < f) whenever labor is
- -n
scarce: X(t) < f( g )

1-n—1

- Otherwise no automation: 7*(t) = 0 and w,(t) < g clears the market

- With interior automation: labor market clearing with we(t) = ges™ (:

_ . quT*(t) - X
F-rO i) = X0
labor supply

labor demand: declines in 7*

- Two properties of the benchmark:
- 7* responds to g instantly (T = 0): no transition dynamics in automation

- No externality: ¢ fixed = competitive equilibrium coincides with planner (efficient)
15



Simplified Example 2:
Automation and Endogenous Learning
(No Career Choice/No Frontier Expansion)
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SIMPLIFIED MODEL 2: ENDOGENOUS AUTOMATION AND ENDOGENOUS LEARNING

- Example 2: Parameter Restrictions

- Endogenous learning rate: o(t) = 4 (f — 7*(t))

- Exogenous frontier (f = f); no career choice (everybody works)
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STEADY STATES IN TERMS OF THE LEARNING RATE (EXAMPLE 2)

- Human capital dynamics as in example 1, but (t) is now an equilibrium object:

X0 = pOXO =X (KD - 1) = Koy =

- Steady state in terms of ¢: market clearing with (f — 7*) = ¢/é and

We(p,q) = qef e==#/7;
@ (vve(%CI))_" _ X
o \1—n-t X— @

N——
Labor Demand: D(¢, q) Labor Supply: S()

No-automation corner: ¢ = df is a steady state whenever D(6f,q) < S(5f)
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STEADY STATES IN TERMS OF THE LEARNING RATE (EXAMPLE 2)

- Human capital dynamics as in example 1, but (t) is now an equilibrium object:

X0 = pOXO =X (KD - 1) = Koy =

- Steady state in terms of ¢: market clearing with (f — 7*) = ¢/é and

We(p,q) = qef e==#/7;
@ (vve(%(J))_" _ X
o \1—n-t X— @

N——
Labor Demand: D(¢, q) Labor Supply: S()

No-automation corner: ¢ = df is a steady state whenever D(6f,q) < S(5f)
- Both labor demand and labor supply increase with human capital accumulation:

- p=0:D(¢,q) =0and S(p) >0
- — x: D(p,q) is finite and S(¢) — oo
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ECONOMICS OF MULTIPLICITY (EXAMPLE 2): LABOR DEMAND AND LABOR SUPPLY

—S(p)
=D(¢,q)

labor demand and supply

: S R
¥

- Two interior steady states: D(p.,q) = S(¢1) (low-learning) and D(¢n,q) = S(pr)
(high-learning)

- Third steady state at the bounded frontier (p™* = §f)



ECONOMICS OF MULTIPLICITY (EXAMPLE 2): LABOR DEMAND AND LABOR SUPPLY

—S(p)
= D(, q)

labor demand and supply

0 LpL LpH (p max
@

- Low ¢ — low labor supply — high wages — high automation — low learning — ...

- High ¢ — high labor supply — low wages — low automation — high learning — ...

20



ECONOMICS OF MULTIPLICITY (EXAMPLE 2): A DECLINE IN g

labor demand and supply

- A decline in g will cause worker wages to fall = labor demand (in ¢ space) shifts up

- Interior steady states move apart: ¢, | and ¢y 1T

21



TRANSITION DYNAMICS: LEARNING DEPENDS ON THE STOCK OF HUMAN CAPITAL

- Out of steady state, market clearing at each instant delivers a unique learning rate:

D(e(t),q) =X(t) = ¢(t) =¢(X(t),q), increasing in X(t) and q

- Dynamics of the state:  X(t) = F(X(t),q) = p(X(t), Q)X(t) — x (X(t) — 1)

- Stability: a steady state is stable iff F;(Xss,q) < 0

- Stable steady states attract; unstable ones separate their basins of attraction

- Comparative statics at any stable steady state:

~ Oqp (Xss, q) Xss

Xislg) = LTI = sign [Xil@)] = sign 4]

= Here gy > 0:

cheaper technology reduces human capital at stable interior steady states
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FROM HUMAN CAPITAL DYNAMICS TO LEARNING-RATE DYNAMICS

- Since ¢(X, q) is increasing in X, the dynamics of ¢(t) mirror those of X(t):

a(t) = m 5 (9(6) = D (+(0). )
—_———

steady-state excess supply of labor

>0

- Intuition: the market clears through quantities:
excess supply = wage falls = automation recedes = worker tasks widen = ¢ rises
- Stability in the figure: a crossing is stable iff excess supply is positive below it and
negative above it (D steeper than S)

= , and ™** are stable; py is unstable and separates their basins

23



STEADY STATES AND TRANSITION DYNAMICS (EXAMPLE 2)

— ) stable
=== p unstable
@ old steady state
—— (t) after ¢ drop
x initial condition | " TTeel,

@

- Solid branches stable, dotted branch unstable; red paths: ¢(t) after a drop in g, with
convergence time T

- Transitions between steady states are slow; at stable steady states, a drop in g lowers ¢ "



PLANNER VS. COMPETITIVE EQUILIBRIUM (EXAMPLE 2)

e competitive
@ planner
@ old steady state
—— () planner after ¢ drop

X initial condition L T Ny I

max

(%]
- Planner automates less: steady states compressed toward the interior

- CE is efficient at the extremes: planner and CE coincide as g — oo or g | 0 — inefficiency only
at intermediate g 55



Simplified Example 3:
Endogenous Learning with Automation and Frontier Choice

26



SIMPLIFIED MODEL 3: ENDOGENOUS FRONTIER EXPANSION AND ENDOGENOUS LEARNING

- Example 3: Parameter Restrictions

- ¢p=1=f =min{7an,f} [Managers not used in task production]

- Bounded frontier caps learning (¢ < 6f < x) = stationary equilibrium exists for every g

27



FRONTIER AND LEARNING: EQUILIBRIUM CONDITIONS IN EXAMPLE 3

- Wage no longer depends on automation: optimal frontier choice when f < f:

w, 1=n q
n! ( e_1> = - = We(q) decreasing in g
1— n T
~—

marginal profit of a new task ~ Marginal cost of frontier

Cheaper technology makes the frontier cheaper to sustain = raises the demand for —
and the wage of — workers

- Steady-state labor demand (frontier not binding):
D" (¢, q) = % ((L_n)ﬁ increasing in g

- Same dynamics and stability as example 2 — only demand changes
= Now dgp < 0:

cheaper technology raises human capital at stable interior steady states

28



ECONOMICS OF MULTIPLICITY (EXAMPLE 3): A DECLINE IN g

—
— "0
==D"""(p,q) with lower q

labor demand and supply

- Adecline in g will cause worker wages to rise = labor demand (in ¢ space) shifts down

- Interior steady states move toward each other: ¢, 1 and ¢y | — opposite of example 2



STEADY STATES AND TRANSITION DYNAMICS (EXAMPLE 3)

— ) stable
=== o unstable
@ old steady state
—— (1) after ¢ drop
X initial condition

T=0 )}

- Along the stable branch, a drop in g now raises ¢ — the sign of the comparative static flips

- At low enough g the interior steady states disappear and the economy transitions to the

1 max
frontier corner ¢ 30



PLANNER VS. COMPETITIVE EQUILIBRIUM (EXAMPLE 3)

— competitive
e planner
@ old steady state ’
T —_— @(t) planne}r .after q drop T'./U X
X initial condition s
"', T=0)
= 4
Ao
0 pmax

- Planner automates less and expands the frontier more = higher ¢ at every g

- Planner’s basin for the high-learning corner is much larger: at intermediate g, the planner
escapes to o™ where the CE collapses
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Full Model
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FULL MODEL: STEADY STATES AND TRANSITION DYNAMICS

—— ¢, stable
— -, unstable
@ old steady state

» X initial condition /

'
|
|
|
: —— ¢, (t) after g drop /
|
|
|
|
|

- Frontier dominates at high g (as ex. 3), automation at low g (as ex. 2); at intermediate g,
interior steady states coexist with the corners

- ¢ = 0: no-worker corner (full automation); red paths: transitions after g drops, incl. escape

from the corner at high g
33



FuLL MODEL: PLANNER VS. COMPETITIVE EQUILIBRIUM

0.8 \ —q

\ |— competitive // |
= planner

0.7 \ .

0.6

0.5

=

0.4

0.3

0.2

- Wherever workers are retained, the planner sustains higher learning at every price: less
automation and a larger frontier (same single wedge as in the examples)

- At low g the two coincide at the full-automation corner: when technology is cheap enough,

even the planner shuts down worker learning
34



Conclusion




CONCLUSION

- Framework to explore how Al-style technology interacts with human capital
accumulation

- Al effect on human capital is ambiguous:

- Al can expand the task frontier (more learning opportunities) and can automate early
rungs of the job ladder (fewer learning opportunities)

- Unique equilibrium but multiple steady states with high and low learning

- Frontier force dominates at low technology productivity (human capital expands);
automation dominates at very high productivity (human capital collapses)

- Planner wants more frontier expansion and less automation — inefficiency only at
intermediate technology prices
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