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Abstract

This paper develops a macro-dynamic model of overeducation and induced techni-
cal change in a dual labour market. Higher education expansion raises the incidence
of overeducation through credential crowding without increasing employment in the
short run. Sector-1-biased technical progress reduces total employment and raises the
peripheral-sector employment share. With symmetric technology-adoption opportuni-
ties, an interior steady state equalizes sectoral labour-cost shares, while endogenous
adjustment can raise overeducation and reduce employment peripheralization. Finally,
the reserve-army wage elasticity bounds the intensity of local distribution—technology
oscillations. Key results remain robust under an alternative endogenous-investment

closure.
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1 Introduction

Despite the expansion of higher education, a substantial fraction of graduates work in jobs
that do not require a university degree. We refer to this phenomenon as overeducation. We
focus not on temporary mismatches arising from search frictions or imperfect information
immediately after graduation, but on a structural allocation problem in which the number
of degree-requiring jobs need not adjust to the supply of educated workers.!

The literature on overeducation has examined its incidence, wage penalties, measurement,
and consistency with human-capital and assignment theories (McGuinness, 2006; Leuven and
Oosterbeek, 2011). Its main focus, however, has been the match between individual educa-
tional attainment and job requirements. Less attention has been paid to the macroeconomic
determination of the number of graduate jobs and, in particular, to why the supply of such
jobs need not expand in proportion to the supply of graduates. We address this question
within a dual-labour-market framework.

The issue is also closely connected to recent changes in technology and the composition of
employment. Advances in automation technologies, including AI and robotics, have drawn
renewed attention to the contraction of routine middle-skill jobs, the polarization of employ-
ment towards high-skill occupations and low-wage service jobs, and the decline in the labour
share (Goos and Manning, 2007; Acemoglu and Restrepo, 2018, 2022; Restrepo, 2024; Ace-
moglu and Loebbing, 2026). The key questions are how technical change affects employment,
what determines its direction, and how that direction reshapes employment composition and
distribution. We use the term employment peripheralization to denote an increase in sector
2’s share of total employment, where sector 2 is the low-wage, low-bargaining-power segment
of the labour market. This is distinct from an increase in the absolute level of sector-2
employment. When we use the term “McJobization,” it refers only to this compositional
shift.2

A leading framework for endogenizing the direction of technical change is Acemoglu’s
(1998, 2002) theory of directed technical change (DTC). In DTC, the direction of innovation
is shaped by a price effect arising from factor prices and a market-size effect arising from
factor supplies; an increase in the supply of skilled labour can therefore induce technologies

that complement skilled labour. Related work using task-based models analyses the employ-

IThe overeducation literature uses several measurement strategies, including differences between years of
schooling and job requirements, self-assessment, and occupation-specific standard education levels. We do
not take a position on these measurement disputes. Instead, we introduce into a macroeconomic model a
job-requirement-based concept: graduates working in jobs that do not require a university degree.

ZMcJobization™” is a paper-specific shorthand inspired by the discussion in Ritzer (1993); it is not at-
tributed to Ritzer as his own term. The analytical term used throughout the paper is employment periph-
eralization, while McJobization is used only as an intuitive label for the same compositional shift.



ment and distributional effects of automation and the creation of new tasks (Acemoglu and
Restrepo, 2018, 2019; Acemoglu, Kong and Restrepo, 2025; Acemoglu and Loebbing, 2026;
Jacobo, 2025). Our model also endogenizes the direction of technical change, but through a
different causal mechanism. Whereas DTC determines the direction of innovation through
price and market-size effects, our model focuses on a distributional channel in which sectoral
labour-cost shares in an institutionally segmented labour market direct technology adoption.
The supply of higher education therefore does not enter the technology-adoption rule directly.
Instead, educational expansion first changes employment allocation and distribution within
the dual labour market; these changes then affect the direction of technology adoption.?

The idea that distributional relations can shape the direction of technical choice has a long
tradition in the classical-Marxian literature on induced technical change (ITC). The insight
of Kennedy (1964) was subsequently connected to Goodwin-type distributional dynamics
and Okishio-type criteria of technical choice (Goodwin, 1967; Okishio, 1961; Shah and Desai,
1981; van der Ploeg, 1987; Foley, 2003; Julius, 2005). Tavani (2012, 2013), in particular, links
the labour share generated by wage bargaining to endogenous technical choice, yielding a
feedback mechanism in which distribution induces technical change, which in turn feeds back
on distribution and employment. Subsequent work has connected this framework to demand,
accumulation, and stagnation (Tavani and Zamparelli, 2015, 2017; Zamparelli, 2015; Rada
et al., 2023; Stamegna, 2025). Goodwin-type dynamics have also recently been reassessed
on both theoretical and empirical grounds (Basu and Martins, 2026).

Existing ITC models, however, generally assume a single homogeneous labour market. A
macroeconomic treatment of overeducation requires, at a minimum, a distinction between
jobs that require a university degree and those that do not, together with a mechanism that
allows educated workers to be allocated to the latter. Important contributions to the dual-
labour-market literature include Doeringer and Piore (1971), Taylor (1983, 2004), and Skott
(2005, 2006). In particular, Skott (2006) links Marx’s (1867/1976) concept of the industrial
reserve army to a peripheral labour-market segment and analyses labour-market hierarchy,
including overeducation. The direction of technical change, however, is not determined there
by endogenous firm-level choice.

We therefore combine a Skott-type dual labour market with a Tavani-type mechanism
of distribution-induced technical choice. Access to sector 1 requires a university degree,
whereas sector 2 has no such requirement. In sector 1, the employment rate determines wage

growth; in sector 2, wages are benchmarked to sector-1 wages and discounted according to

3DTC and the task-based approach also incorporate factor prices, institutions, and heterogeneity across
firms and workers. Our distinction is not that these approaches ignore distribution, but that our analysis
places at its centre an ITC-type causal mechanism in which sector-specific labour-cost shares directly induce
the direction of technology adoption.



the pressure exerted by the reserve army. We study how this institutional asymmetry shapes
the interaction among distribution, employment, and technology adoption.*

We make four main theoretical contributions. First, we derive a sharp credential-crowding
result for educational expansion within a dual labour market. Decomposing sector-2 employ-
ment by educational status, we show that, in the short run, an expansion of higher education
changes neither sector’s employment level but replaces non-graduates with graduates in sec-
tor 2, thereby increasing the incidence of overeducation among employed graduates. Thus,
educational expansion generates credential crowding rather than job creation in the short
run. Moreover, even in the symmetric steady state with endogenous technology adoption,
educational expansion raises the incidence of overeducation.

Second, we identify a mechanism through which distribution-induced sectoral technology
adoption changes employment composition. Differences in sectoral labour-cost shares induce
different rates of technology adoption, and these differences cumulate over time into changes
in relative productivity. In the short run, under the fixed-coefficient benchmark, sector-
1-biased technical progress reduces total employment and raises the sector-2 employment
share. Appendix D shows that the short-run employment-level and compositional effects in
Proposition 3 carry over to a general constant-returns-to-scale final-good technology with
the appropriately generalized surplus closure.

Third, we show that endogenous technology adoption tends to equalize sectoral labour-
cost shares. Because the cost-saving gains from adoption are larger in the sector with the
higher labour-cost share, symmetric adoption costs imply equal sectoral labour-cost shares
at an interior steady state. This equalization concerns the disappearance of sector 1’s distri-
butional advantage, not equality of real wages; with asymmetric adoption possibilities, the
ranking of sectoral labour-cost shares can even be reversed.

Fourth, we characterize the local oscillatory dynamics of distribution and relative pro-
ductivity. In the symmetric benchmark, the steady-state elasticity of the reserve-army wage
response, £5, provides the upper bound ﬁ on the ratio of the imaginary to the real part
of the local eigenvalues. Actual oscillation also depends on the relative responsiveness of
technology adoption and wage adjustment. This characterization identifies the reserve-army
elasticity and the relative response speed as natural empirical targets for evaluating the
distribution—technology feedback.

We derive the first three results under a benchmark closure with an exogenous surplus

requirement and assess their robustness in Section 5 by endogenizing investment. The short-

4We adopt a classical-Marxian closure because the analysis centres on persistent unemployment, institu-
tionally distinct wage-setting mechanisms, and a causal link from distribution to technology adoption. The
model is not designed to derive every distributional relation from the optimization problem of a representative
agent.



run credential-crowding result, the short-run employment effects of sector-biased technical
progress, and equalization of labour-cost shares under symmetric technology adoption survive
the alternative closure. By contrast, the zero-sum distributional relation between sectors and
local stability without additional parameter restrictions are features of the benchmark closure.
The closed-form oscillation bound in the fourth contribution is likewise a characterization of
the symmetric benchmark system and need not survive under the alternative closure.

The remainder of the paper is organized as follows. Section 2 develops the model and the
short-run equilibrium. Section 3 analyses comparative statics and long-run dynamics. Sec-
tion 4 endogenizes technology adoption. Section 5 introduces an alternative macroeconomic

closure. Section 6 concludes.

2 A Dual Labour Market and the Benchmark Distri-

butional Closure

This section sets out the dual labour market and a benchmark closure based on differences in
saving propensities and an exogenous surplus requirement. We then show how employment

and output are sequentially determined in the short run.

2.1 Production Technology and the Structure of the Dual Labour
Market

The economy comprises a large number of homogeneous, vertically integrated firms, each
negligible relative to the economy as a whole. Individual firms therefore take aggregate
labour-cost shares as given and cannot alter them through their own decisions. This assump-
tion will be used in Section 4 when we analyse firm-level technology adoption.

Each firm produces two intermediate inputs, X; in sector 1 and X, in sector 2, and a

final good Y that uses both inputs. Intermediate production technologies are

X1 :aNl, XQIbNQ,

and the benchmark final-good technology is fixed-coefficient:

Y = min(X;, X5) = min(aNy, bNs).

Here N; and N, denote employment in the two sectors, and a and b are labour productivi-
ties. The fixed-coefficient specification provides a transparent benchmark for complementary

intermediate inputs at different stages of production; Appendix D extends the analysis to a



general final-good production function.®

Firms advance wages and means of production, while aggregate profit II is the residual
after wage payments and accrues to capital owners. Following Foley and Michl (1999), capital
is treated as a social relation that enables the appropriation of surplus; the capital stock does
not enter the benchmark production function explicitly.®

Efficient use of labour implies

Y = CLN1 = bNQ
Define relative productivity as
a
K= —.
b
Then
N2 = I{Nl

is the technological link between sectoral employment levels.
Let the labour force be Ny, with a fraction 6 € (0, 1) holding a university degree. Sector-1

jobs require a degree, so the labour pool eligible for sector 1 is

Ng = 0Ns.

All workers employed in sector 1, N, are therefore graduates.
Sector-2 jobs, by contrast, do not require a degree. The sector-2 labour pool thus includes
both non-graduates, (1—0) N, and graduates who have not obtained a sector-1 job, Ny — Nj.

Hence

NSQ - (1 - ‘9>NS -+ (QNS - Nl) = NS - Nl.

Vertical integration allows the same firm to choose technology adoption in both sectors in Section 4. An
extension with separate sectoral firms and explicit intermediate-goods markets would require an additional
determination of intermediate-goods prices. While vertical integration is a standard simplification in macro-
dynamic models, it serves as a neutral benchmark that isolates the distributional channel of induced technical
change from intermediate-goods price dynamics. Introducing separate sectoral firms with explicit market
transactions would require modelling terms of trade and intermediate market power; while adding realism,
this would complicate the price-setting mechanism and obscure the core interaction between wage bargaining,
reserve-army pressure, and sectoral technology adoption.

5The model does not impose zero profits through free entry under perfect competition. It assumes the
advance of capital and asymmetric ownership of the means of production, with profit accruing residually to
capital owners. Except for the simplified investment closure in Section 5, the dynamics of the capital stock
and the rate of profit are not modelled explicitly.



We decompose sector-2 employment by educational status as

Ny = Ny’ + Ny,

and define graduate employment in sector 2, Ni| as overeducated employment. As a
neutral benchmark, workers in sector 2 have the same productivity b and receive the same
wage wsy regardless of education; we therefore impose a common employment rate z, within

the sector-2 labour pool (proportional rationing). It follows that

N = 2(ON, — Ny), Nf = z(1 - 0)N;,

with Ny = 25(Ny — Np). This decomposition does not alter the aggregate short-run

equilibrium.”

Define sectoral employment rates as

Ny Ny
21 = 2o =
YT ON, TN, - N
Using Ny = kN, gives
92’1
1
=2 Ii]. — ‘921 ( )
or, equivalently,
22
0z = 2
“ K+ 29 ( )

Throughout, we restrict attention to the following interior region with less than full

employment in both sectors:®

0<z <1, 0< 2z <1,

"Proportional rationing is the most neutral benchmark. If graduates receive a constant relative hiring
weight 17 > 0 in sector 2, so that NI = Non(ON, — N1)/[n(0Ns — N1)+ (1 —0)N,], then NH is still increasing
in 6 as long as N1 and Ny remain independent of € in the short run. The qualitative credential-crowding
result therefore does not depend on proportional rationing itself. Furthermore, if employers in sector 2
systematically prefer graduates because of credential screening, represented by a relative hiring weight n > 1,
such preferential hiring strengthens the displacement of non-graduates by graduates rather than eliminating
overeducation among employed graduates. Therefore, relative to cases in which employers give graduates
a hiring advantage 1 > 1, proportional rationing 7 = 1 provides a conservative baseline for the extent of
credential crowding.

8Equation (1) implies parameter restrictions consistent with less than full employment in both sectors. Be-
cause we focus on interior distributional and technology-adoption dynamics rather than boundary solutions,
we restrict attention to parameter values satisfying these restrictions.



2.2 Wage Determination in the Two Sectors

Define the sectoral labour-cost shares as m,, = w; /a in sector 1 and €2 = w, /b in sector 2. The
institutional asymmetry of the dual labour market is represented by different wage-setting
rules across sectors.

Sector 1: bargained wage determination. We assume ongoing wage bargaining
supported by firm-specific skills, internal labour markets, and worker organization. The

employment rate affects the rate of wage growth rather than the wage level:

1I)1 = gf)(zl), ¢/ > 0 (3)

Thus, defining a@ = a/a, the growth rate of the sector-1 labour-cost share is

Ty = ¢(21) —a (4)

At any point in time, 7, reflects the cumulative outcome of past wage bargaining and is
predetermined for the short-run equilibrium.

Sector 2: relative wages and the reserve-army effect. Sector 2 does not share
the bargaining institutions of sector 1. Its wage is set relative to the reference wage w;, and

discounted according to reserve-army pressure:

Wa = p(ZQ)wla 10/ > 07 0< p < 1 (5)

A higher employment rate therefore narrows the wage gap. In the model, the reserve-
army mechanism is represented by labour-market slack in the residual labour pool facing
sector 2, as captured by zs; sector 2 itself is not identified one-for-one with the reserve army.
This specification is consistent with the institutional asymmetry emphasized in the internal-
and dual-labour-market literature (Doeringer and Piore, 1971; Skott, 2005, 2006).°

Using wy = mea and k = a/b yields

90One could alternatively specify sector-2 wages independently as we = w(23). Doing so would, however,
remove the institutional link between the sector-1 reference wage and sector-2 wage formation. We therefore
use a relative-wage specification to represent the hierarchy of the dual labour market. The benchmark also
assumes that the relative wage does not respond directly to the educational composition of the sector-2 labour
pool. Let hy = (INs — N1)/(Ns — N1) denote the graduate share of the sector-2 labour pool. More generally,
with p = p(z2, he) and 9p/Ohs # 0, D22 /00 = 0 would not generally hold, and the employment-invariance part
of Proposition 1 would become conditional. We focus on the neutral benchmark that abstracts from the direct
effect of educational composition on sector-2 wage formation. While micro-level feedback effects—such as
changes in productivity or bargaining power within sector 2—may arise as the number of university graduates
increases, we abstract from these channels to isolate the dual labour market’s fundamental institutional
asymmetry: bargained wage growth in sector 1 and the reserve-army effect in sector 2.



Q = kp(22)Ty (6)

so the sector-2 labour-cost share is determined by the sector-1 labour-cost share, relative

productivity, and reserve-army pressure.

2.3 Class-Based Distribution and the Benchmark Surplus Closure

Let s, s1, and sy denote the saving propensities of capitalists, sector-1 workers, and sector-2

workers, respectively, and assume

s>s1 >0, s> 59> 0.

Because we focus on interior benchmark equilibria, we restrict attention to configurations
in which the sector-2 labour-cost share is positive. From the benchmark surplus condition
below, this requires

(s—0)>(s—s1)my >0,

and therefore, in particular,

o <Ss.

We maintain this interior-feasibility condition throughout the benchmark analysis. It is part
of the economically feasible region formalized below.

In the benchmark, o denotes an exogenous surplus-absorption requirement: the share
of output that must be matched by aggregate saving. It is most naturally interpreted as a
reduced-form accumulation requirement rather than as a behavioural investment function.
This classical closure determines the distribution consistent with a given surplus requirement;
investment is endogenized in Section 5.

Let aggregate profit be II and sectoral wage bills be W; and W,. Consistency between

aggregate saving and the surplus requirement requires

sl -+ 81W1 —+ SQWQ =Y (7)

Substituting II =Y — W; — W, and dividing by Y yields

(s—s)Tw+(s—s2)d=s5—0 (8)

Equation (8) is not a general goods-market equilibrium condition. It is a consistency
condition between the surplus requirement and distribution under the benchmark closure: a

higher o reduces the labour-cost shares compatible with the required surplus.



2.4 Short-Run Equilibrium

At any point in time, m, is predetermined. Under the benchmark closure, the remaining
short-run variables are determined sequentially from it.
Stage 1: the sector-2 labour-cost share. Solving (8) for 2 gives

0= (5 —0) = (s = $1)7u = Q%(my;0) 9)
S — 89

with

o0e o0e 1

— —A —

Oy <9, oo 5 — 89 <0,

where
A= S > 0.
S — So

The negative slope captures a zero-sum distributional relation specific to the exogenous-

surplus benchmark.
Stage 2: the sector-2 employment rate. Combining (6) and (9),

(s —0)—(s— 1)
(s — S2)KTy (10)

p(z2) =
Since p’ > 0, an interior solution for 2z is unique whenever it exists, and

0 0 0 0

ﬁ<07 ﬁ<07 ﬁ<0, ﬁ:()

Oy Ok do 00

(Appendix A). The independence of z, from 6 is central to the overeducation result.
Stage 3: employment, output, and the educational composition of sector-2

employment. Equation (2) gives

1 Z9

== =7 ;0,0 11
0/{_'_22 (Wwﬂ‘iao-v ) ( )

21
and therefore

zZ9

NQIKNl, Y:&Nl.

NIIHstlst )
K+ 29

Once N; and zy are determined,

Nf = 2(ON, — Ny), NF = 2(1 - 0)N,

10



are determined uniquely as well. Because educational composition does not feed back
into sector-2 productivity b or wage ws, this decomposition leaves the aggregate short-run
equilibrium unchanged.

Two features of this sequential structure are important. First, when m,, is predetermined,
the benchmark surplus condition determines €2, which in turn determines z, through (5).

Second, once z, is fixed,

22

Ny = N,
1 SH‘I—ZQ?

so the supply of graduates, 6, does not enter the short-run determination of the number
of sector-1 jobs. Education supply changes the size of the pool eligible for a given number
of jobs; it does not directly determine how many such jobs exist.

Moreover, because 0€2¢/0m, < 0 in the benchmark, a higher sector-1 labour-cost share
implies a lower sector-2 labour-cost share and, through p’ > 0, greater labour-market slack
in sector 2. Section 5 examines the extent to which this zero-sum distributional mechanism
depends on the macroeconomic closure.

Define the economically meaningful region as

F={(mw,K,Q,21,20) 1 Ty >0, k>0, >0, 1 =7, — Q2 >0, 0< 2,20 <1}.

In the dynamic analysis we restrict attention to state values whose implied economic
configuration belongs to F.

Total employment is

N:N1+N2:<1—|—I€)N1

3 Comparative Statics and Long-Run Equilibrium

This section uses the sequential structure in Section 2.4 to analyse the effects of exogenous

parameters on employment and distribution. In Sections 3.1-3.3, 7, is held fixed.

3.1 Expansion of Higher Education and Overeducation

Define the incidence of overeducation among employed graduates as

Ny

qE—quLNQH'

11



Proposition 1. Higher education expansion raises overeducation without in-
creasing sector-1 employment.

An increase in the graduate share of the labour force, 0, lowers the sector-1 employment
rate z; but leaves N1, Ny, N, and Y unchanged. Graduate employment in sector 2, NI,
increases, while non-graduate employment in sector 2, NF, falls by the same amount. The
incidence of overeducation among employed graduates, q, rises. In particular, z, declines
proportionately with 6, so its elasticity with respect to 6 is —1.

Proof. Equation (10) does not contain €, so 0z,/00 = 0. Moreover,

22
K+ 29

implies ON; /00 = 0. Since Ny = kN1, N = (1 + k)Np, and Y = alVy,

Ny = N,

oN, N _ oy _
00 00 00
Because z; = Ny /(6Ns),

821 B N1 _2’1 _ 0 82’1 —

90~ N, 6 "=z 8

For the educational composition of sector-2 employment, z, and N; are independent of

0, hence
ONI ONy
= NS > 07 - — NS < 0
o0~ o0
Finally, since NI = 2,(N, — Ny),
0 NN
T_ 25610 oo m

90— (N, + NIT)?

Implication. In the short run, an expansion of higher education does not create jobs;

it changes who occupies the existing jobs in sector 2. A larger graduate share neither raises

the number of sector-1 jobs nor changes total employment in sector 2. Graduates unable

to obtain a sector-1 job enter the sector-2 labour pool. The share employed in sector 2 is

29, while the remaining share, 1 — 25, is unemployed. Since aggregate sector-2 employment

is unchanged, the increase in graduate employment in sector 2 is matched one-for-one by a

fall in non-graduate employment. This is credential crowding: the diffusion of educational

credentials changes the educational composition of employment without changing the number
of jobs.

The unit elasticity in absolute value is mechanical and should not be interpreted as a

12



measure of the severity of search frictions. Because education supply does not enter the
equation determining short-run sector-1 employment, an increase in education supply shows
up in employment rates and educational composition rather than in employment levels. The
invariance of aggregate employment in Proposition 1 relies on the benchmark assumption
that educational composition does not directly affect sector-2 wage formation. By contrast,
the credential-crowding mechanism itself is more robust to alternative hiring weights across

educational groups, provided the aggregate short-run employment levels remain unchanged.

3.2 A Higher Surplus Requirement: A Benchmark-Closure Result

Proposition 2. A higher exogenous surplus requirement reduces employment.

Under the benchmark closure, an increase in the surplus requirement o lowers employment
rates, employment levels in both sectors, and total employment.

Proof. Equation (10) implies 0zp/00 < 0. Since Ny = Nszo/(k + 22) is increasing in
29, ON1 /0o < 0, and z; = N;/(6Ng) implies 0z;/00 < 0. With x fixed, No = kN; and
N = (1+ k)Ny, s0o ONy /0o < 0 and ON /0o < 0. B

This result depends on the benchmark closure, in which the exogenous ¢ imposes a trade-
off between distributional shares. Because 7, is predetermined, an increase in o lowers 2,
increases labour-market slack in sector 2, and contracts employment. The model does not
include a channel through which capital accumulation expands labour demand. Proposi-
tion 2 should therefore not be read as claiming that faster accumulation generally raises

unemployment. Section 5 examines this closure dependence.

3.3 Asymmetric Technical Progress and Employment Peripheral-
ization

The comparative static with respect to x is conditional on the current distributional state:
it compares short-run configurations holding m,, fixed. It should not be interpreted as the
instantaneous response to an unanticipated productivity shock at a fixed nominal wage, since
such a shock would itself change 7, = w; /a.

Proposition 3. An increase in sector 1’s relative productivity reduces employ-
ment and raises the sector-2 employment share.

Under the fized-coefficient benchmark, an increase in relative productivity, k = a/b,
reduces sector-1 employment N1 and total employment N, while increasing the sector-2 share
of total employment, No/N.

Proof. Using 0z3/0k < 0, total differentiation of Ny = Nyzo/(k + 29) with respect to k

gives

13



le NS 622 <0
— RK— — Z .
de — (k+z)? | 0k 7
Moreover,
N =N, 20FR)
K+ 29
implies
dN Ns 2 822
_— = — —-1)] <0.
dk (K + 22)? (" + %) Ok a1
Finally,
N2 . K
N 14k’
SO

0 (N 1
&(W)_(1+n)2>0' "

Two distinct mechanisms underlie the proposition. First, the decline in N; and /N depends
on a distributional and reserve-army mechanism: an increase in x lowers the relative wage p
implied by (6), and, since p’ > 0, reduces z3. Second, under the fixed-coefficient benchmark,
the rise in the sector-2 employment share follows transparently from the complementary
production structure Ny/N; = k. Appendix D shows that the short-run employment-level
and compositional effects in Proposition 3 carry over to a general constant-returns-to-scale
final-good technology with the appropriately generalized surplus closure.

Employment peripheralization refers to an increase in Ny/N. The sign of the absolute
change in sector-2 employment, Ny = kN1, is generally indeterminate because the change in
the required labour ratio and the decline in Ny work in opposite directions. Thus “McJobiza-
tion” here does not mean an absolute expansion of sector-2 employment; it means a greater
weight of the peripheral sector in total employment.

Proposition 4. An increase in sector 2’s relative productivity raises employ-
ment and reduces the sector-2 employment share.

Under the fized-coefficient benchmark, an increase in sector 2’s productivity relative to
sector 1—that is, a decline in k—has the opposite effects to those in Proposition 3. Sector-1
employment and total employment rise, while the sector-2 employment share falls.

Proof. A rise in sector-2 productivity b, holding a fixed, lowers k = a/b. The result

therefore follows from Proposition 3 with the sign of the comparative-static change in «

14



reversed.
The contrast between Propositions 3 and 4 shows that the employment effects of a given
productivity improvement depend on the sector in which it occurs. This asymmetry moti-

vates the endogenous technology-adoption analysis in Section 4.

3.4 Long-Run Dynamics under Exogenous Technical Progress

Throughout Sections 3.4 and 4, a “steady state” means a stationary configuration of em-
ployment rates, distributional shares, and relative productivity. The productivity levels a
and b may continue to grow at a common positive rate; in that sense, the steady state is a
balanced-growth configuration in productivity levels.

So far, m, has been held fixed. We now assume that both sectors grow at the same
exogenous productivity growth rate, a = b= Ya, SO that xk remains constant, and consider
the adjustment of m,. From (4) and (11),

Tw = T [gb(Z(ﬂw, K; 0, 9)) — %} (12)

Proposition 5. Characterization and local stability of an interior steady state.
Suppose that v, € ¢((0,1)) and that the corresponding interior steady-state configuration
belongs to the economically feasible region F. Then the steady-state sector-1 employment

rate 27 is uniquely characterized by

gzﬁ(zik) = Ya,

and the steady state is locally asymptotically stable.
Proof. At an interior steady state with 7 > 0, 7,, = 0 requires ¢(z}) = ~,, and ¢ > 0
ensures uniqueness of zj. Linearization gives
o 0z
v =mea <0,

Oy |, Tw

where 0z, /07, < 0 follows from Appendix A. Hence, conditional on the existence of an
interior steady state, local asymptotic stability requires no additional parameter restriction.
|

At the steady state, 2] is independent of 0, k, and o. The long-run comparative statics
are summarized in Table 1.

The x 1 row compares steady states with different constant values of relative productivity,
holding the common exogenous growth rate a = b= vq fixed. It therefore does not describe

a dynamic change in  itself. When 0 rises, Nj increases together with Ni and N*; when

15



Table 1. Long-run comparative statics under exogenous technical progress.

Exogenous variable 2y Ny 23 Q* s N* Ny /N* q*

Graduate share 6 1 unchanged increases increases increases decreases increases unchanged increases
Surplus requirement o T unchanged unchanged unchanged decreases decreases unchanged unchanged unchanged

Relative productivity x T unchanged unchanged increases increases decreases increases increases increases

o rises, Ny remains unchanged. When & rises, Ny is unchanged while N = «N| and
N* = (14 k)N; both increase. Endogenous changes in relative productivity are analysed in
Section 4.

For higher education, the constancy of 2} implies

* *
Nl - 8N5217
which increases with . From (1),
*
o K0z}
21— 02
so z5 also rises. Hence
* *
* 25 (1 = 27)

(1)

increases as well. Thus, although sector-1 employment expands in the long run, the share
of employed graduates who are overeducated in sector 2 also rises. An expansion of educa-
tion can therefore increase sector-1 employment through long-run wage and distributional
adjustment without eliminating overeducation.

The adjustment to a higher o differs between the short run and the long run. In the
short run, 2 and z; fall and employment contracts. In the long-run steady state, 2§, 23,
Ny, and Nj are unchanged, while both 7 and Q* fall (Appendix A.6). Thus the burden
of adjustment appears as employment contraction in the short run and as lower labour-cost
shares in both sectors in the long run. This implication is specific to the benchmark closure.

The increase in k also illustrates the distinction between the short-run comparative statics
of Proposition 3 and long-run steady-state comparisons. In the short run, predetermined 7,
implies declines in N; and total employment N. In the long run, distributional adjustment
returns z; to its steady-state level zj. The difference reflects the contrast between a short-
run response before distributional adjustment and a comparison of steady states after that

adjustment is complete.
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4 Induced Technical Change and Uneven Productivity
Growth

The previous section treated productivity growth as exogenous. We now introduce a firm-
level rule under which firms adopt technology in response to current sectoral labour-cost

shares, thereby endogenizing relative productivity, .

4.1 A Firm-Level Rule for Technology Adoption

As assumed in Section 2.1, the economy contains a large number of homogeneous, vertically
integrated firms, each of which takes the aggregate values of 7, and €2 as given. Under the
fixed-coefficient benchmark, unit labour cost per unit of final output is
c= + 2 _ Tw + €2
a b

What we endogenize is not invention through R&D, but the direction in which available
technologies are adopted. In the spirit of Kennedy (1964) and Tavani (2012, 2013), we
associate sectoral productivity-growth rates a and b with separable technology-adoption cost

functions that have increasing marginal costs,

fal@), ),  fL >0, fLf >0

These functions capture adjustment and adoption costs under the current factor-price
structure. Firms are myopic in the sense that they evaluate current benefits and do not
internalize future wages.!'”

Holding current wages fixed, the instantaneous reduction in unit labour cost generated
by productivity growth is, to a first-order approximation,

—¢| = mua+ Qb.

‘tech

The firm’s technology-adoption problem can therefore be written as

10Tn this sense, f, and f;, are not intended to represent an innovation possibility frontier. They provide
a reduced-form representation of the Kennedy—Tavani idea that factor prices induce the direction of tech-
nical choice, here expressed through sector-specific convex technology-adoption costs. The same qualitative
adoption rule can be derived from a simple present-value formulation. Suppose that a marginal productivity
improvement is permanent, firms discount future cost savings at a constant rate r > 0, and they extrapolate
current sectoral labour-cost shares when evaluating those savings. The present values of the marginal cost
reductions are then proportional to ,,/r and €/r, so the first-order conditions become f.(a) = m,/r and
f1(b) = Q/r. Because  is common to both sectors, the constant factor 1/r can be absorbed into the defini-
tions of g, and gy. Hence g, > 0, g > 0, the symmetry condition g, = gp, and the subsequent steady-state
results are unchanged. We therefore normalize this constant scaling factor in the adoption problem below.
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max U = (m,d + Q) — (fa(a@) + f,(b)) (13)

ab

The first-order conditions for an interior solution are

fi(a) = m,, W(b) = Q,

Inverting these conditions yields

0= ga(mn), b=a(Q),  g.g >0 (14)

A higher labour-cost share increases the cost-saving return to adopting productivity-
enhancing technologies and therefore induces a higher rate of labour-saving technology adop-
tion in that sector. We do not model the innovation process itself; rather, we specify a
reduced-form adoption mechanism that determines the direction of technical change. With
homogeneous firms making symmetric choices, the firm-level adoption rates coincide with

the aggregate growth rates of @ and b.1!

4.2 Uneven Productivity Growth and Employment Composition

Individual firms choose their adoption rates taking m,, and 2 as given and do not internalize

the aggregate distributional constraint (8). Hence, in general,

a#b.

The growth rate of relative productivity, x = a/b, is

f =i~ b= galma) - 95() (15)

Differences in sectoral labour-cost shares therefore induce different rates of technology
adoption, and these differences cumulate over time into changes in relative productivity.
Under the fixed-coefficient benchmark, Proposition 3 implies that an increase in x reduces
total employment and raises No/N. Firm-level cost-saving behaviour can thus generate
employment peripheralization as an unintended macroeconomic outcome. For a given path
of relative productivity and the cost-minimizing input mix, Appendix D shows that, under

a general production function, employment composition shifts towards sector 2 whenever

HBecause homogeneous firms choose the same technology-adoption rates in a symmetric equilibrium, the
firm-level adoption rules coincide with the aggregate growth rates of a and b. The model abstracts from firm
heterogeneity and lags in technology diffusion.
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k+m > 0.

4.3 Two-Dimensional Dynamics and Symmetric Technology-

Adoption Costs

Under the benchmark closure, Q = Q¢(m,,) and € does not depend directly on k. Equations

(4) and (15) therefore give the two-dimensional system in the state variables (7, k):

Tw = T [gzﬁ(Z(ww,/i; o, 9)) — ga(ﬂw)} ,

k=kK [ga(ﬂw) — O (Qe(ﬁw))}

Proposition 6. Equalization of sectoral labour-cost shares and local stability.

(16)

Suppose the technology-adoption functions are symmetric across sectors, g, = g, and
that system (16) has an interior steady state (7}, k*) whose implied economic configuration

belongs to the economically feasible region F. Then

= O — L’
28 — 81 — S9
and the steady state is locally asymptotically stable.

Proof: steady state. Since £ =0 and £* > 0,

9a(m) = go(EX").

Because g, = ¢, and the common function is strictly increasing,

= Q.

w

Substitution into (8) gives

mol(s—s1)+ (s — s2)] = s — 0,
and hence

s—0o
==
v 25 — 81 — 89
For this closed-form distributional solution, the necessary and sufficient condition for

mr =% > 0 and a positive profit share 1 — 7} — Q* > 0 is

S1 + So
2

<o <s.
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This condition concerns only positivity of the distributional variables and does not by
itself guarantee that the entire steady state is interior. In addition, we assume that the
values of 2§, z3, and s* implied by ¢(z]) = ga(7%), (2), and (6) satisfy 0 < zf < 1. The
proposition is therefore conditional on the implied steady state lying in the interior of the
feasible region.

Proof: local stability. Linearizing (16) at the steady state gives the Jacobian matrix
(Appendix B)

0 d
™ {fb% - g;] T

K" (g, + g\l 0

J:

Appendix A establishes 0z, /071, < 0 and dz;/dk < 0. Since ¢', g.,, g;, A > 0,

Ji < O, Jig < O, Jog > 0, Jog = 0.

Therefore,

trJ <0, det J > 0,

and the interior steady state is locally asymptotically stable. Conditional on existence
and feasibility of the steady state, local stability under the benchmark closure requires no
additional parameter restrictions. H

Corollary 1. Higher education expansion with endogenous technology adop-
tion.

Suppose an interior steady-state branch exists in the symmetric case of Proposition
6 for the values of 6 under consideration. Holding all other primitives fixed, including
S,51,52,0,0,9a = b, p, and Ns, an increase in the graduate share 0 leaves 27, m,, and 2*
unchanged, raises z5, and lowers relative productivity k*. Sector-1 employment N7, total
employment N*, and the incidence of overeducation q* increase, while the sector-2 share of
total employment, Ni/N*, falls. The change in the absolute level of sector-2 employment

N3 is generally indeterminate.

Proof. Proposition 6 implies that 7} = Q* is independent of 6, and

¢(21) = ga(m,)

implies that z] is also independent of §. Equation (6) gives

K'p(z3) = 1.
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From (2),

027 = =
K*+ 25
Substituting k* = 1/p(z5) yields
z3p(23) = 1_ éz*
1

Let H(z9) = 2z2p(22). Then

H'(z) = p(z2) + 209 (22) > 0,
while the right-hand side is increasing in 6. Hence

*
dz;

0.
4

Since k* = 1/p(23),

dr*
do
Moreover, N = 6Nz} implies dN;/df > 0. Because

< 0.

Ny k1
N*  1+x*  1+p(25)

we have

The incidence of overeducation is

.zl -2

A+ al-)

which is increasing in z3 for fixed z}, so dg*/df > 0. For total employment, using
k* = 1/p(z%) and the steady-state relation above gives
Nz p(z3)]

N 1+ 23p(23)

Differentiating with respect to 23,

d(N*/Ns) 1+ p(z5) +25(1 — 25)p'(25)
dz; [1+ 23p(23))?

> 0,
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so dN*/df > 0. By contrast,

* *
Nj <9

N, 1+ 25p(23)

has derivative [1 — (23)2p'(23)]/[1 + 25p(23)]?, whose sign is generally indeterminate. H

This result highlights the difference from the exogenous-technology case in Section 3.4.
There, & is fixed, so an expansion of higher education leaves Ny /N* = k/(1 4 k) unchanged.
When technology adoption is endogenous, however, the increase in z; raises the relative wage
p(z3), lowers k* = 1/p(z3), and therefore reduces the sector-2 employment share. Endoge-
nizing technology adoption thus allows changes in education supply to affect not only the
educational composition of employment but also the sectoral composition of employment.
At the same time, the incidence of overeducation ¢* rises in both cases. Overeducation and

employment peripheralization are therefore distinct phenomena.

4.4 Asymmetric Technology-Adoption Costs

The equalization result in Proposition 6 depends on symmetry in technology-adoption oppor-
tunities across sectors. In reality, automation possibilities may differ across cognitive tasks,
interpersonal services, and production processes.

Corollary 2. Steady-state distribution under asymmetric technology-adoption
costs.

If go(x) > gu(z) for every x, then an interior steady state satisfies wi, < Q*. Conversely,
if ga(x) < go(z) for every x, then wk > QF.

Proof. At the steady state,

If go(x) > gp(z) for every z, then

9a(2%) > go(7") = ga(Ty,),

and monotonicity of g, implies Q2* > 7. The reverse case follows analogously. B
More generally, the long-run ranking of sectoral labour-cost shares is determined endoge-
nously by relative technology-adoption opportunities. If automation is easier in sector 1, its

initial distributional advantage can disappear and even be reversed.
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4.5 Reserve-Army Elasticity, Damped Oscillations, and the Inter-
pretation of the Steady State

The local stability result in Proposition 6 can be sharpened in the symmetric case. Write the

common technology-adoption function as g, = g, = g, and define the steady-state elasticity

of the sector-2 relative-wage function as

e = Zé*p’(*zé) -0
p(23)
Also define
0z g (mk)
A= - — e W )
ol > 0, T 5 (1) A" >0

The parameter 7" measures the responsiveness of technology adoption relative to the
wage-adjustment channel at the steady state.

Proposition 7. Reserve-army elasticity and local oscillatory dynamics.

Under the symmetric benchmark of Proposition 6, the Jacobian satisfies

ddet] AT
R TR el

Hence the linearized local convergence is oscillatory if and only if

2 2
(,/1—1—5;— 52) <T*<(1/1+€;+\/€:> .

Whenever the eigenvalues are complez,

Im A 47
— 1 * 1< /e
‘Re)\‘ \/( +8P)(1+7’*)2 = Ve

with equality at 7* = 1. Thus \/& is the mazximum local oscillatory intensity attainable,
for a given reserve-army elasticity, as the relative response parameter T varies.

Proof. See Appendix B. B

Proposition 7 sharpens the generic discriminant condition A = (trJ)? — 4det J < 0.
The reserve-army elasticity does not by itself determine whether a given economy oscillates:
actual local dynamics depend jointly on € and 7*. It does, however, provide a sufficient
statistic for the upper envelope of oscillatory intensity. In light of Basu and Martins’ (2026)
reassessment of Goodwin-type dynamics, empirical evaluation of the present mechanism
would therefore naturally focus on both the elasticity of the sector-2 wage discount with

respect to the reserve-army employment rate and the relative responsiveness of technology
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adoption and wage adjustment.

Figure 1 summarizes the local geometry and the education comparative static. In panel
(a), the £ = 0 locus is vertical in the symmetric case, while the 7,, = 0 locus is downward
sloping. The directional field rotates counter-clockwise around the steady state; when A < 0,
nearby trajectories spiral inward. Panel (b) illustrates Corollary 1: a higher graduate share
shifts the 7, = 0 locus downward while leaving the vertical £ = 0 locus unchanged, so the

steady state moves to a lower value of .

(a) Phase diagram (b) Higher education expansion
. k>0 . 1T, = Q" unchanged

24 k=0 employment 24 k=0 v . ) .
lg- . 0" peripheralization 'lg. Kl,z0,q1
22 Ly = (McJobization) No22r
B4 |

20 20
= =
> >
& 181 = 18r 61
3] O E
= = )
'g 16 - 22> 1 '8 16 o
a infeasible a
S1at o 14t \(y
2 =
w12} © 12F ﬁ"\ngo
& 8

10} 1.0 \

1 1 1 1 1 1

0.25 0.30 m, 0.38 0.42 0.25 0.30 m,, 0.38 0.42

sector-1 labour-cost share m, sector-1 labour-cost share 1,

Figure 1. Distribution—technology dynamics and the effects of higher education
expansion. In the symmetric case g, = g5, panel (a) shows the local phase diagram. The & =
0 locus is vertical at 7 = Q*, while the 7,, = 0 locus slopes downward. The blue trajectory
illustrates damped counter-clockwise convergence for the displayed parameterization, for
which A < 0. The shaded region satisfies m,, >  and hence £ > 0, corresponding to
employment peripheralization (the McJobization phase) under fixed coefficients. The dashed
curve is the zo = 1 boundary of the feasible region projected onto the (7, k) plane. Panel
(b) shows the effect of increasing 0: the vertical locus and 7, = Q* remain unchanged, while
the 7, = 0 locus shifts downward and the steady state moves from E to E’. Consequently,
k* falls, 25 and ¢* rise, and N /N* falls (Corollary 1). Illustrative parameters are s = 0.8,
s1=0.2, s5 = 0.05, 0 = 0.35, #(21) = —0.0713 + 0.15zy, g(z) = 0.1366z, p(z2) = 0.925, and
6 = 0.45 in the baseline and 0.55 after the education expansion.

The equality 7, = Q* in Proposition 6 does not imply equality of real wages. Equation

(5) gives

wy = pz)wy <wi,

so the sector-2 real wage remains below that in sector 1. Equalization applies to sectoral
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labour-cost shares, not to real wages. Proposition 6 therefore describes the erosion of sector
1’s distributional advantage. At the steady state, a* = b* and k is constant. Under the
symmetric adoption benchmark of Proposition 6, if 7, > 2 during the transition, then & rises
and, under the fixed-coefficient benchmark, employment composition shifts towards sector
2. We refer to this transitional phase, in the fixed-coefficient benchmark, as McJobization.
Under a general production function, the additional condition identified in Appendix D is

required.

5 Robustness: An Alternative Macroeconomic Closure

with Endogenous Investment

Sections 2-4 used an exogenous surplus requirement o to keep the causal structure trans-
parent. This section endogenizes investment and examines which results survive under an

alternative macroeconomic closure.

5.1 The Endogenous-Investment Closure

Let the profit share be

T=1—m,— €,
and let the investment-output ratio be i(7), with
i' > 0.
Define the aggregate saving rate as
§(Tw, Q) =5 — (s — 51)Tw — (5 — 52)S0.
The stationary goods-market consistency condition can then be written as

(1= — Q) =5—(s—51)Tw — (5 — 52)S0

Suppose the goods-market condition defines a locally unique interior branch for (2 as a

function of ,, with i’ # s — s, and write it as

Q = Q(m).

Crucially, neither 6 nor s enters this equation directly. Thus, in short-run comparative
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statics holding 7, fixed,
09 09
00 ok

The slope of Q with respect to m,, however, differs from the benchmark. Implicit differ-

0, 0.

entiation gives

s _(s—s1) 7

dry, i — (5 —s3) (17)

so the benchmark relation d§2/dm, = —A < 0 is not a general law of distribution; it is a

consequence of the exogenous-surplus closure.

5.2 Robustness of the Main Short-Run Results to the Closure

Under the alternative closure, equation (6) becomes

ﬁ(7Tw)
p(z2) = P
Since € is independent of 0,
822
— =0
00

still holds. The short-run results of Proposition 1 therefore remain valid:

ON, 0N, ONH ONE
0~ -0 e oY g

These results therefore do not depend on the exogeneity of o.

Jq
< 0, %>0.

Likewise, because Q does not depend directly on k, holding 7, fixed implies

9z
Ok

Thus the short-run employment effects in Propositions 3 and 4 under the fixed-coefficient

< 0.

benchmark also survive the introduction of endogenous investment.
Taken together, our two central short-run results—that educational expansion generates
credential crowding and that sector-biased technical progress changes both employment levels

and employment composition—do not depend on the exogeneity of the surplus requirement.
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5.3 Local Stability of Goods-Market Adjustment

Suppose output adjusts to excess demand according to
Y:BY [2(7) _5(7711)79)]7 B> 0.

Holding m,, fixed and evaluating the adjustment locally around equilibrium, Appendix C
shows that the corresponding local stability condition—the Keynesian stability condition in

the present model—is

i’ > s — so. (18)

This condition arises because the sector-2 wage responds to the employment rate, so
changes in output affect the saving rate through their distributional effects. Higher output
raises zo, p, and 2, shifting income towards workers with lower saving propensities and
reducing the saving rate. Relative to an adjustment process with fixed distribution, stability
therefore requires investment to be sufficiently sensitive to the profit share.!?

Condition (18) alone does not determine the sign of dQ/dr,,. Under (18), the denominator

in (17) is positive, while the numerator has the sign of (s — s;) — ¢’. Hence, if
i' > max{s — 51,5 — S},
then

0
— < 0.
dm,,

By contrast, if

5— 589 < <5— 81,

—a non-empty interval only when s, > s;—then s /dm, > 0, and the two sectoral labour-
cost shares move in the same direction. Thus the sign of the intersectoral distributional

relation is closure- and parameter-dependent rather than a general zero-sum property.

12For debates on stability conditions in Kaleckian growth models—particularly the distinction between
Keynesian and Harrodian instability and the specification of the investment function—see Hein, Lavoie and
van Treeck (2011) and Skott (2012). Equation (18) should not be read as the standard stability condition
from those models. It is a local stability condition generated by the specific structure of our model, in which
sector-2 employment and distribution respond to output adjustment.
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5.4 Long-Run Equalization and Stability

For the analysis in this subsection, we use the reduced two-dimensional distribution—
technology system obtained by imposing the local goods-market relation 2 = @(ﬂw). This
corresponds to assuming that goods-market adjustment is sufficiently fast relative to the
dynamics of distribution and technology for the economy to remain locally close to that
relation. The stability conditions below therefore apply to this reduced system; they are
not a claim about the local stability of the full three-dimensional system that would treat
output Y as an additional state variable.

Endogenizing investment does not change the steady-state condition for technology adop-

tion. At an interior steady state, £ = 0 implies

9a(my,) = gu(027).

ThUS, if 9a = YGb,

* Ok
m, = )

continues to hold. The common value is no longer determined in closed form by (8);
instead, it is jointly determined by the investment—saving equilibrium condition. Hence the
qualitative equalization of sectoral labour-cost shares is robust to the closure, whereas the
closed-form value of the common labour-cost share is benchmark-specific. The ranking result
in Corollary 2 under asymmetric g, and g, survives for the same reason.

Local stability of the two-dimensional system, by contrast, depends on the closure. Under
the alternative closure,

Q)
J — * o R
21 = K [ga 9p dry

)

so when df /dm,, > 0, its sign is not determined automatically. Likewise, the response of

29 to m, satisfies

’ 822 Wwﬁl — Q
p'(22) ) =
Tw

I

kT2
which need not be negative as in the benchmark.
A convenient set of sufficient conditions for retaining the benchmark sign configuration

is
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dIn

dlnm,

which implies 0z9/07,, < 0 and hence 07 /0m,, < 0, together with

<1,

r
bdﬂw’

which implies Jy; > 0. These conditions show that responses that are automatically

g, >9

stabilizing under the benchmark can become conditional once investment is endogenized.
Thus, the short-run credential-crowding result, the short-run employment effects of sector-
biased technical progress, and equalization of labour-cost shares under symmetric technology
adoption survive the alternative closure, whereas zero-sum intersectoral distribution, the
closed-form steady-state distribution, and local stability without additional restrictions are
benchmark-specific. The closed-form oscillation characterization in Proposition 7 is also

benchmark-specific because it uses the linear benchmark relation dQ¢/dr,, = —A.

6 Conclusion

We develop a macro-dynamic model combining a degree-segmented dual labour market,
reserve-army wage determination, and distribution-induced sectoral technology adoption.
The model treats education supply, employment composition, distribution, and technical
change as mutually interacting processes within an institutionally segmented labour market.

First, an expansion of higher education does not automatically create more graduate
jobs. In the short run, sector-1 employment N; and total sector-2 employment N, are
independent of the graduate share 6. Educational expansion therefore changes the educa-
tional composition of existing sector-2 employment rather than creating new sector-2 jobs:
graduate employment in sector 2, N7, and the incidence of overeducation among employed
graduates, ¢, both rise. This credential-crowding mechanism treats overeducation not as a
temporary search friction, but as a structural outcome of the disconnect between the number
of degree-requiring jobs and the supply of educated labour. In the long run, sector-1 em-
ployment rises with educational expansion, yet the incidence of overeducation also increases.
Under symmetric endogenous technology adoption, an increase in education similarly raises
25 and ¢* while lowering x* and the sector-2 employment share. Thus, a lower degree of em-
ployment peripheralization can coexist with a higher incidence of overeducation. Expanding
education alone does not eliminate the mismatch between educational credentials and job

requirements.
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Second, the direction of technical change has asymmetric effects on both the level and
composition of employment. In the short run, sector-1-biased technical progress lowers zs,
Ny, and N and, under the fixed-coefficient benchmark, raises No/N. Employment periph-
eralization, or McJobization, refers to this rise in the sector-2 employment share and does
not imply an absolute increase in Ny. Appendix D shows that these short-run employment-
level and compositional effects carry over to a general constant-returns-to-scale final-good
technology with the appropriately generalized surplus closure.

Third, distribution induces technology adoption, which in turn erodes sectoral distribu-
tional advantages. A higher labour-cost share induces stronger labour-saving technology
adoption, so under symmetric adoption costs an interior steady state satisfies 7} = Q2*. This
is the disappearance of sector 1’s distributional advantage rather than equality of real wages;
with asymmetric adoption possibilities, the ranking of sectoral labour-cost shares can be
reversed.

Fourth, the local distribution—technology dynamics admit a structural characterization.
In the symmetric benchmark, oscillatory convergence depends jointly on the steady-state
reserve-army elasticity 7 and the relative response parameter 7*. The reserve-army elasticity
alone determines the maximum attainable ratio |Im A/ ReA[, which is ,/e5. This result
connects the reserve-army wage mechanism directly to the strength of local distribution—
technology cycles and identifies measurable objects for empirical evaluation.

The alternative closure in Section 5 clarifies the extent to which the first three results
depend on the benchmark closure. Once investment is endogenized, the zero-sum relationship
between 7, and €2 and local stability without additional parameter restrictions need not
survive. Credential crowding, the short-run effects of sector-biased technical progress, and
equalization of labour-cost shares under symmetric technology adoption, however, remain.
The closed-form oscillation bound in Proposition 7 is a benchmark result and is not claimed
to survive the alternative closure.

Our analysis has three limitations. First, the benchmark does not explicitly model the
capital stock or capacity utilization. Section 5 introduces endogenous investment only as a
robustness exercise rather than as a fully endogenous accumulation model. A natural ex-
tension would connect the framework to the Sraffian Supermultiplier (Serrano, 1995; Freitas
and Serrano, 2015; Lavoie, 2016) or to a Kaleckian growth model so that the labour-demand
effects of accumulation and the labour-saving effects of technical change can be analysed
jointly.

Second, within sector 2 we impose the same employment rate across educational groups
and specify the relative-wage function as p = p(z3), independently of the educational com-

position of the labour pool. This provides a neutral benchmark for educational allocation

30



and wage formation within sector 2, but abstracts from employer preferences for credentials,
credential screening, and the possibility that an influx of graduates changes the bargaining
environment in sector 2 itself. More generally, with p = p(22, he), educational expansion
could affect z directly, making the employment-invariance part of Proposition 1 condi-
tional. Jointly endogenizing education-specific hiring probabilities and wage formation that
depends on educational composition would permit a more general analysis of the strength
of credential crowding and the displacement of non-graduates. We likewise hold the sector-
1 wage-bargaining function ¢ independent of the graduate share 6. Allowing ¢ = ¢(z1,0)
would make the long-run invariance of 2] with respect to educational expansion conditional
on the specification of this bargaining channel.

Third, firms are homogeneous and vertically integrated, and the model abstracts from
intermediate-goods markets and firm heterogeneity. This simplification makes the causal
link from distribution to technology adoption transparent. Allowing for sector-specific firms,
intermediate-goods prices, and heterogeneity in technology adoption would permit a richer
analysis of the interaction between the direction of technical change and labour-market
segmentation.

The central message is simple: educational expansion, technical progress, and the ex-
pansion of higher-wage, degree-requiring employment are distinct processes. The number of
jobs, access to them, and the direction of technology adoption are shaped by institutional
segmentation and the distributional structure of the labour market. In a dual labour mar-
ket, technical change does more than raise productivity: it can reshape both employment

composition and the distributional structure.

A Benchmark Short-Run Equilibrium and Long-Run

Comparative Statics

A.1 The Sector-2 Labour-Cost Share

From (9),

15.9) _ A<, o _ 1 <0, A:S_Sl
0Ty

do S — So S — S
Q¢ does not depend directly on 6 or k.

A.2 The Sector-2 Employment Rate

Let the right-hand side of (10) be
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(s —0)— (s —s1)Tw

R(my, k,0) =

(s — $2)KTy

At an interior solution,

R =p(z9) > 0.

Since s — s > 0, K > 0, and m,, > 0, this implies
(s —0) > (s—s1)my >0,

and hence s — o > 0. The partial derivatives are therefore

OR ~  s-—o <0

Oy (s — s9)km2 ’
OR R
on_ kR _, oor_ 1
Ok K o (s — S2)Rmy

and OR/00 = 0. Since p’ > 0, the inverse-function theorem implies

822 822 822 822 .
o B
A.3 Employment Levels
From
Ny = Ny—2—,
K+ 29
we obtain
0Ny K 0N,
=N, > 0, — =0.
02y (K + 22)? 00
Accounting for the response of z; to k&,
le NS 822
= —_— - 0.
de (K + 29)? [FG on 2 S
Also,
N=n20ER)
K+ 29
SO
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dN NS 2 82’2
2t s o= 1 ,
T e (k" + k) e +29(22—1)| <0

A.4 Overeducation

Under proportional rationing,

Ny = 2(ON, — Ny), Ni = z(1 — 0)N,.

Since 0z9/00 = ON;/00 = 0 in the short run,

ONH ONE
892 :ZQNS>O, 092 :—22N5<0.
For
Ny
q = N1 +N2f]7
we have
0 NN
_q — 22—11_1 > 0.
00  (Ni+ Nj')?
A.5 The Sector-1 Employment Rate
Since z; = Np/(6Ny),
821 _ 1 E)Nl 822 <O7
Oy  ON; Ozy Oy
and
da L dNi 0 0n A
dk 0N, dk ’ 0 0 '

A.6 Long-Run Comparative Statics under Exogenous Technical

Progress

At the steady state, ¢(2]) = 74, so 27 is fixed. Therefore,

Ni = 0N,z

Solving (1) for z35 gives
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*
K02}

2T g
Define
R* = kp(z3) >0, O =R,
From (8),
. s—o
T = ,
(s —s1)+ (s — s9)R*

and

(s —o)R*

= (s —s1)+ (s — s9) R

Thus an increase in either 6 or s raises z; and R*, lowers 7, and raises {2*. By contrast,
an increase in o leaves 27, 25, and R* unchanged while lowering both 7 and Q*.

Moreover,

z(1 = 27)

254251 —27)

*

which is increasing in z3 for fixed 7.

B Local Stability of the Two-Dimensional Dynamic
System

Let the right-hand sides of (16) be

F(ﬂ—w? KJ) = Tw [gb(Z(ﬂwv K50, 9)) - ga(Ww)],

and

G, £) = Klga(Tw) = (2 (7w))].

Because both bracketed terms vanish at the steady state, the Jacobian is

821 ,:|

J — * /_ _
11 = Ty, {Gﬁ Ot Y
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,le

Jig = 7TZ, %7
* aQe *
Jo1 = K {g; - géaﬁwl = K"[gq + g\,
and
J22 - O

Appendix A gives

(92'1 le

— <0 — < 0.

Oy ’ dk

Since ¢', g.,, g;, A > 0,

Jin <0, Ji2 <0, Jo1 >0, Joo =

Hence

trJ = Jyg < 0,

and

det J = —J19J91 > 0.

Conditional on the existence of an interior steady state, the necessary and sufficient

conditions for local asymptotic stability are therefore satisfied. If, in addition,

A= (trJ)? —4ddetJ <0,

then the linearized local dynamics exhibit damped oscillations.

B.1 Reserve-Army Elasticity and the Oscillation Bound

We now derive Proposition 7. Under symmetry, write g, = g, = ¢g. At the steady state,

e = Q% so g, = g, = ¢, and define

3,21 le
A=— —| >0 B'=—-——| >0.
Omw |, dk |,

The trace and determinant become
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trJ =—m(¢'A" + ¢'), det J =75 ¢’ B*k*g' (1 + A),

where ¢/, ¢’, and p’ below are evaluated at the steady state.

To express A* and B* in primitives, use

Q°(my)

KTy

R(my, k) =

= p(22)-

At the symmetric steady state, Q* = 7 and k*p(z3) = 1. Hence

OR| — 1+4+A orR| 1
O |, KAk ok |, (k"2
Implicit differentiation of R = p(z9) gives
62’2 o 1 + A 822 - 1
0T |, K p ok |, (k%)%
Since
22
2 = )
YT 0(k + 20)
let
1
D = >0
O(r* + 23)?
Then
14+ A 1
A* = D* + : B*=D* + 25
7T;_ku,0/ K-/*p/
Therefore,
K*B*(1+A) 250
mAT TRy T

where the second equality uses k*p(z3) = 1. Define

/

" g
SA > 0.

Substitution into the trace-determinant ratio yields

T

ddet] (L AT
(tr J)2 S,
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The eigenvalues are complex if and only if this expression exceeds one, or equivalently

(7%)? —=2(1+2e5)7" + 1 < 0.

The two roots are

(,/1+e;;—\/s_;;)2, (,/1+e;+\/§>2,

which gives the oscillation interval stated in Proposition 7. For complex eigenvalues,

Im A ddet J
= — 1.
Re A (trJ)?

Finally, 47/(1 + 7)* < 1 for every 7 > 0, with equality at 7 = 1. Hence

Re A < Ve

and the upper bound is attained when 7* = 1.

‘Im)\

C Endogenous-Investment Closure

C.1 Distributional Relation

Under endogenous investment,

(1= — Q) =5—(s—51)Tw — (5 — 52)S0
Differentiating both sides with respect to m, gives

. dQ ds?

i’ <—1 — E) =—(s—s1)— (s — SQ)E.
Rearranging,

dQ (s —s1)—7
dry, i — (s —s3)

C.2 Local Stability of Goods-Market Adjustment

Let output adjust according to
Y = BY [i(r) - 5(r, )], B>0.
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At equilibrium the bracketed term is zero, so

5)) 03
= {a—y‘a—s/]'

oY
GY

Holding 7, fixed, an increase in output raises z; and 2, so d2/dY > 0. Moreover,

o __do
oy 4y’
o e o a0
oy~ 'ay’ oy VT gy
Therefore,
oY Q y
8Y = BY”* [(8—82) i'l.

The local stability condition is
P> 5 — s9.

C.3 Stability of the Reduced Two-Dimensional Technology Dy-

namics

Writing the alternative closure as () = (NZ(Ww), the Jacobian of the technology dynamics

contains
Jor = K* [g; - gl’fl'] )
Also,
Y]
p/(ZQ) 822 7TwQ —Q
O KT2
Thus, for example, if
dIn Q) .
dIn m,
and
o > 98



then the benchmark sign configuration Ji; < 0,J12 < 0,J91 > 0, Jos = 0 is preserved
and the interior steady state is locally asymptotically stable. These are sufficient conditions,

illustrating that stability under the alternative closure is generally conditional.

D Robustness under a General Final-Good Production

Technology

To examine whether the compositional effect in Proposition 3 is mechanically driven by
the fixed-coefficient final-good technology, replace the final-good production function with a

general constant-returns-to-scale function,

Y = F(X1, Xs),

where F' is increasing in each input and the standard cost-minimization problem has
an interior solution. For a vertically integrated firm, the labour cost of one unit of each
intermediate input is
wy Wa

a="=r, a=2=q

a b

Under the fixed-coefficient benchmark, X; = Xy = Y, so 7, and 2 are also the two
sectors’ labour-cost shares in final output. With a general F', this equivalence no longer
holds: 7, and €2 should instead be interpreted as the unit labour costs of the two intermediate
inputs.

Because F' is constant returns to scale, let
21 (T, ) = é, To(Ty, ) = %
denote the cost-minimizing quantities of the two intermediate inputs per unit of final

output. Their ratio is

_ X . T2 (, 2)

- Z B xl(ﬂ'w,Q) ” 0

m(my, )
The wage bills per unit of final output are therefore

Wy
Y

Accordingly, the benchmark surplus-absorption condition generalizes to

= Ql’g(ﬂ'w,Q).
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(s — 81)Tpx1 (T, Q) + (s — 89)Qo (1, Q) = s — 0.

Suppose this equation has a locally unique interior solution for €2 conditional on m,, and

o, and write it as

Q=0 (1 0).

Crucially, the generalized closure contains no direct dependence on relative productivity

k = a/b. Hence, holding 7, and o fixed,

onr
— =0.
Ok
The relative-wage relation (6) remains an identity under the general final-good technol-

ogy,
QF = kp(2) .
Differentiating with respect to x while holding =, fixed therefore gives

0z . ,0(22)

o mpe)

Moreover, because m = m(m,, ), the cost-minimizing input ratio is constant with
respect to k in this short-run comparative static.
Since N1 = Xl/a and N2 = Xg/b,

No  Xofb

R = 19
N1 Xl/a rm ( )
Hence
Ny Km
2 ) 20
N 14+ km (20)

The fixed-coefficient benchmark is the special case m = 1. Since m is constant with

respect to k in the short-run comparison,

(? N2 m

— | =)=———>0. 21

8/{(N> (14 rkm)? (21)
Thus the short-run peripheralization result does not hinge on the Leontief specification.
Using zo = Ny/(Ns — Ny) together with (19),
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zZ9

Ny = Ny————. 22
! Km + 2o ( )
Since 0z/0k < 0 and m > 0,
dN1 Nsm 62’2
= —-— — <0
de  (km+ 22)? {K oK Zz}
Total employment is
N = NSZQ(]_ + /im)’
KM + 2o
and
AN N 9z
——= CTEAE km(1+ /@'m)& +mz(zg — 1) <O0. (23)

The short-run result in Proposition 3 therefore carries over to a general constant-returns-
to-scale final-good technology with an interior cost-minimizing input mix.

In the dynamics, however, m itself changes with 7, and . Since

Ny

its growth rate is

A sufficient condition for employment composition to shift dynamically towards sector 2

under a general production function is therefore

k+m > 0.

Under the fixed-coefficient benchmark, m = 0, so £ > 0 immediately implies peripheral-
ization. With a general technology, the change in the intermediate-input mix must not be
large enough to offset the change in relative productivity.

The extension in this appendix is deliberately limited to the mapping from relative pro-
ductivity to employment levels and employment composition, together with the associated
surplus closure. It does not claim that the firm-level technology-adoption rule in Section 4 is
invariant to the final-good production technology. Under a general F', the cost-minimizing
input coefficients x; and x5 would also weight the marginal unit-cost gains from productivity

growth; a full extension of the technology-adoption problem would therefore require rederiv-
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ing the adoption first-order conditions. The benchmark adoption mechanism in Section 4 is

retained to keep the main model transparent.
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