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Abstract

An important question in alternative economic theories has to do with the relationship between
the functional income distribution and the growth rate of labor productivity. According to
both the induced innovation hypothesis and Marx-biased technical change, labor productivity
growth should be an increasing function of the labor share. In this paper, we first discuss the
shortcomings of both theories and then provide a novel microeconomic foundation for a direct
relationship between the labor share and labor productivity growth. The result arises because
of profit-seeking behavior by capitalist firms that face a trade-off between investing in new
capital stock and innovating to save on labor costs. Embedding this finding in the |Goodwin
(1967) growth cycle model, we show that: i) the resulting steady state is locally stable, and ii)
unlike in the original Goodwin model, the long-run employment rate is sensitive to investment
decisions. Finally, iii) we numerically identify parametric configurations that establish whether
convergence to the long-run growth path is cyclical or monotonic.

Keywords: Endogenous Technical Change, Income Shares, Employment. JEL Codes: E32,
033

*Department of Economics, Colorado State University. 1771 Campus Delivery, Fort Collins, CO 80523-1771.
Email: daniele.tavani@colostate.edu. Support from the Visiting Professor Program at Sapienza University of Rome
during the Summer of 2019 is gratefully acknowledged.

tDepartment of Economics and Law, Sapienza University of Rome. Viale del Castro Laurenziano, 9, Rome Italy
00161. Email: luca.zamparelli@uniromal..it


mailto:daniele.tavani%5C%40colostate.edu
mailto:luca.zamparelli%5C%40uniroma1.it

1 Introduction

Over the last two decades, alternative growth theories have shown a pronounced interest in en-
dogenous technical change. Among the competing explanations of the evolution of technology,
several contributions have emphasized the dependence of labor productivity growth on the func-
tional distribution of income (see among others |[Foley, 2003} |[Lima, [2004; Julius, 2006; Hein and
Tarassow, 2010; Radal 2012; Storm and Naastepad, 2012} |Dutt, 2013} |Davila-Fernandez, 2018)).
The general underlying rationale is based on firms’ incentive to introduce labor-saving innovations
when facing high unit labor costs, which, at the aggregate level, coincide with the labor share of
income. From an empirical standpoint, the idea that high wages foster labor-augmenting innovation
has appeal in both mainstream and alternative economic circles. Among the former, the seminal
work on the British industrial revolution by Robert Allen (Allen, 2009) is built around the claim
that high pre-industrial wages (in combination with low energy costs) were the driving force be-
hind the wave of mechanization that characterized the industrial takeoff in Great Britain. In the
alternative literature, a comprehensive empirical analysis appears in a recent paper by De Souza
(2017), who used a panel error-correction model to identify the long-run nexus between real wages
and subsequent labor-augmenting innovations in manufacturing. Allen’s work relies on the basic
neoclassical idea of factor-substitution responding to changes in relative factor prices, while the
premise of De Souza’s work is in the bias of technical change as the main force behind the process
of capital deepening.

There are basically two economic theories that have explicitly analyzed the microeconomic
foundations of the relation between labor productivity growth and income distribution: (i) the in-
duced innovation hypothesis first proposed by Kennedy| (1964); and (ii) the theory of Marx-biased
technical change presented in Michl (1999, 2002); [Foley et al.| (2019, Ch. 8). Most contributions
involving a direct relation between productivity growth and the wage share are based — implicitly

or explicitly — on either one of these two theories.

In developing the theory of induced innovation, Kennedy| (1964) formally proved a conjecture
by Hicks|(1932): profit-seeking firms have incentives to augment the productivity of the factors be-

coming “more expensive” in production. The microeconomic argument goes as follows. Capitalist
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firms choose a profile of technical change — that is a combination of capital- and labor-augmenting
innovations — so as to maximize the rate of unit cost reduction, or equivalently the rate of growth
of the profit rate, subject to a technological constraint given by Kennedy’s innovation possibility
frontier (IPF hereafter). The frontier describes the trade-offs between implementing capital- as
opposed to labor-augmenting technological change, and it is strictly concave in order to capture a
notion of increasing complexity in adopting labor- vs. capital-augmenting blueprints. Funk! (2002)
refers to the combination of myopic firm behavior and the technological constraint given by the IPF
as hypothesis of induced innovation The firms’ choice delivers a direct relation between the labor
(profit) share and the rate of labor- (capital-) augmenting technical progress. The policy appeal of
such result for economists working within alternative paradigms is that it provides a channel, based
on microeconomic logic, through which redistribution toward labor may foster labor productivity

growth in the economy.

Marx-biased technical change (MBTC), on the other hand, is a form of technical change that
is simultaneously labor-saving and capital-using; that is, it designs a pattern of technology such
that labor productivity increases while capital productivity decreases. It is known as ‘Marx-biased’
because, once coupled with a constant wage share, it produces a falling rate of profit. Despite
the broadly trendless nature of the capital-output ratio emphasized by |[Kaldor| (1961) as one of the
stylized facts of growth, MBTC appears empirically relevant since capital productivity has declined
for prolonged periods of time in several industrialized countries (see for example Dumenil and
Levy, 1995/ and table 2.8 in [Foley et al., 2019). In this context, the microeconomic foundation of
the link between labor productivity growth and the labor share is provided by the criterion for the
viability of technical change, according to which firms adopt a new technique of production if it
does not reduce the profit rate at the current wage rate (Okishiol [1961). An increase in the wage
share means an increase in the proportion of labor to total costs, and a technique of production that

saves on labor and employs more capital becomes more likely to raise the profit rate and be viable.

Tn most of the literature, the choice is indeed myopic. This can be justified, as done in [Funk| (2002)), through
the occurrence of imitation by competitors following a successful new technology adoption by an individual firm.
However, there are examples of infinite-horizon applications of the theory: [Kamien and Schwartz| (1969) that considers
a decentralized partial equilibrium setting, and [Nordhaus| (1967) that studies the choice of both the direction and
intensity of technical change by a social planner in a two-sector growth model similar to|Uzawa (1961) augmented by
Kennedy’s IPF.



It follows that a higher share of labor is associated with higher labor productivity growth.

Neither of the two theories is immune to criticism, as one can expect. The induced innovation
hypothesis has been criticized along two lines. On the one hand, it only explains the direction
—i.e. the relative bias between different types of factor-augmenting new technologies — but not
the intensity of technical change. In fact, the position of the IPF is given exogenously and does
not depend on the amount of resources spent on innovation by either private firms or the public
sector (exceptions are |Kamien and Schwartz, (1969} [Nordhaus|, [1967; Zamparelli, 2015} [Tavani and
Zamparelli, 2018). To put it differently, in Kennedy’s world, firms have free access to a certain
rate of technological improvement and only choose whether to distribute such new technologies
between capital- and labor-augmenting innovations. One important implication is that the long-run

growth rate of the economy, where capital productivity is constant, is ultimately exogenous.

On the other hand, the very terms of the trade-off given by Kennedy’s IPF are also exogenous
and invariant over time. In other words, the shape of the IPF is not allowed to change, regardless
of the path of innovations selected by the economy. This is true even when one introduces the
optimal choice of the intensity of technical change as done, among others, in Nordhaus| (1967).
The combination of the two criticisms exposes the limited ability of the theory to provide: a) an
explanation for the long-run growth rate of an economy and b) an account for the determination
of income distribution in the long run, given that the latter ultimately depends on an exogenously
given, time-invariant trade-off between relative factor-augmenting innovations. These two main
criticisms were at the heart of a scathing paper by Nordhaus| (1973)), which marked the decline in

the mainstream interest in the theory of induced bias in technology.

The theory behind MBTC suffers of similar problems. Positive labor productivity growth cou-
pled with negative growth of capital productivity can be rationalized in two ways. Either they
are taken as exogenous, so that neither the intensity nor the direction of technical change are ex-
plained; or they can be the outcome of induced innovation when the wage share is particularly high
(see Foley et al., 2019, Ch. 8), in which case all the problems affecting the IPF do apply as well.
Additionally, MBTC is incompatible with balanced growth as the capital-output ratio never settles

to a constant value, and thus it appears ill-suited to provide a foundation for a long-run theory of
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growth and distribution.

In this paper, we enter the debate by providing a novel way to look at the relationship between
labor-augmenting technical change and the income share of labor. Our contribution is twofold: first,
the analysis overcomes some of the limitations of induced innovation and MBTC while retaining
the direct relationship between the labor share and labor productivity growth, all of it grounded
in microeconomic logic; second, it explores the implications of such new foundation once it is
embedded in the Classical model of the growth cycle in order to assess the role of endogenous

innovation in the distributive conflict that lies at the heart of Classical-Marxian economics.

We start by considering the firm-level trade-off between investing resources in capital accumu-
lation on the one hand, and R&D on the other given the size of the firm’s profits. In so doing, we
combine well-established insights from the endogenous growth literature — which has highlighted
the role of R&D spending in fostering an economy’s growth rate (see for example Aghion and
Howitt, 2010) — with the Classical notion of class-based, profit-driven accumulation. Investing in
both capital accumulation and labor-augmenting innovation increases future profits, although for
different reasons. Capital accumulation increases net revenues given that it results in an increase
in the firm’s size; while labor-augmenting innovation reduces unit labor costs for given wages. An
increase in the wage share has two effects: it reduces funds available for both kinds of investment
and it provides an incentive to change the composition of investment in favor of R&D in order to
save on more expensive labor requirements. The latter effect dominates, so that the model gener-
ates a result similar to the induced innovation conclusion that investment in R&D — and therefore

the economy’s labor productivity growth rate — responds directly to the labor share.

Importantly, there are two differences between our result and the induced innovation literature.
First, the trade-off faced by firms is between labor productivity growth and capital accumulation
rather than between the growth rate of labor- and capital- productivity: we assume the latter to
remain constant in the analysis, so that our contribution deals with the determination of the in-
tensity — and not the direction — of technical change. Second, we explicitly model the tradeoff
as costly, as opposed to freely available to firms. The constant capital-output ratio and the costly,

thus endogenous, nature of labor productivity growth also distinguishes our result from MBTC: by
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construction, the economy described by our model is in balanced growth in the long run.

We can then evaluate the implications of our result for the Classical growth cycle in labor-
constrained economy, which is one area of research where induced bias has been fruitfully incor-
porated. It is well-known that an endogenous labor-augmenting direction of technical change acts
in dampening the perpetual conflict over income distribution at the heart of the Goodwin (1967)
model (Shah and Desai, [1981; |van der Ploeg, |[1987; [Foley, 2003; Julius, 2006). The reason is that
directing technical change toward labor provides capitalist firms with the possibility to respond
to wage increases on behalf of workers with counterbalancing labor-augmenting innovations that
keep unit labor costs in check — a channel that was precluded in the original Goodwin contribution
because of its very assumption of exogenous technical change. In the present context, the direct
response of labor-augmenting technical change to the share of labor will be enough to produce
local stability around the balanced growth path of the economy. However, it is not clear whether
convergence to the long-run position will occur monotonically or cyclically: in other words, the
local stability of the steady state may or may not be associated with distributive cycles at all, not
even along the transitional dynamics. The final portion of this contribution is dedicated to a numer-
ical evaluation of the sufficient conditions on the model’s main parameters — i.e. the elasticity of
the innovation function and the amount of total resources available for investment in new capital
stock or R&D — such that convergence to the steady-state is cyclical as opposed to monotonic.
This analysis illustrates that, if the elasticity of the innovation function is sufficiently high, cycles
will occur for any value of total investment; but there is also the possibility of cycles occurring for
very inelastic innovation functions coupled with very high investment rates out of profits. The lat-
ter possibility brings our framework closer to the original Goodwin| (1967) model, which featured
exogenous labor-augmenting technical progress and 100% of profit income reinvested in accumu-

lating new capital.

Finally, our model has some interesting implications regarding its comparative statics. The
long-run employment rate of the economy, which is tied up to the growth rate, is also increasing
in the labor share. This marks a fundamental difference with the |Goodwin| (1967) model, where

the steady state value of the employment rate was independent of income distribution. An increase
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in the saving rate will make more funds available for both accumulation and innovation, and will
produce an increase in the long-run labor share. This result also holds in the original Goodwin
model, where however is inconsequential for long-run employment. Here, instead, higher saving
rates not only increase the workers’ share of national income, but also result in a higher long-run
employment rate and productivity growth in the economy. A similar effect was found in Tavani
and Zamparelli (2015)); but while they established it only for a calibrated model using US data,
we are able to derive this result analytically given that our framework is much simpler. The other
main parameter of the model has to do with the degree of labor market conflict, that is the slope
of the real-wage Phillips curve. Here, and similar to the original Goodwin model, higher conflict
in the labor market is inconsequential for income distribution in the long run, and only results into

negative steady state employment effects.

Summing up, our contribution provides new microeconomic foundations for a direct relation-
ship between the intensity of technical change — that is, the growth rate of labor productivity —
and the share of labor. As such, it highlights a channel through which labor-friendly policies may
have positive long-run growth effects; but it does not suffer of the pitfalls of induced innovation
or MBTC. It does so in a parsimonious 2-dimensional model of a labor-constrained economy; it
shows analytically that the steady state is locally stable; and it numerically identifies conditions
under which convergence to the long-run growth path is cyclical or monotonic, so that the classical

growth cycle may or may not vanish.

2 Related Literature

Our paper is related to a recent and growing literature that has introduced endogenous, costly tech-
nical change in non-neoclassical models of growth. Tavani and Zamparelli (2015) and |[Zamparelli
(2015)) study the problem of the allocation of saved profits between investment in physical capital
and R&D investment in the Classical model with exogenous labor supply. Tavani and Zamparelli
(2015) find investment in both capital stock and R&D as the solution of intertemporal optimiza-
tion by forward-looking capitalist households. Their results differ from this contribution in two

respects. First, they do not establish a direct relationship between R&D spending and the labor
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share. Second, they are not able to evaluate the transitional dynamics analytically; in their numeri-
cal implementation of the model calibrated to US data, the convergence to the steady state is always
cyclical.

Next, and similarly to our paper, Zamparelli (2015) solves the firms’ problem of capital accu-
mulation and R&D investment through a short-run myopic profit maximization problem. However,
he retains the original IPF, which mediates the relation between productivity growth and the wage
share. [Foley et al.| (2019} Ch, 9) find the profit rate-maximizing allocation of capital between pro-
duction and investment in R&D in a Classical growth model. They do obtain a direct relation
between productivity growth and the labor share, but with some relevant differences relative to our
framework. In fact, they posit that R&D investment can be financed by drawing down the stock
of capital rather than by investing the flow of retained profits. Importantly, under their assumption
an increase in the wage share does not reduce the amount of resources available to finance R&D
investment. Since the potentially negative effect of a higher wage share on R&D investment is
ruled out by assumption, the direct relation between the wage share and labor productivity growth
in Foley et al.| (2019) is much more likely to occur than in our analysis. Additionally, such a rela-
tion is embedded at the aggregate level in a conventional wage share rather than labor-constrained
classical growth model.

Finally,|Caminati and Sordi/(2019) introduce costly endogenous technical change into a demand-
led growth model where capacity utilization is at its normal level in the long-run, which places their
contribution within the so-called literature on the ‘supermultiplier’ (see for example|Serranol [1995;
Allain, 2015} Freitas and Serrano , 2015). They do find that growth and labor productivity growth
are wage-led in the long-run; but the short-run size of R&D investment does not depend on the

wage share.

3 Basic Features of the Model

3.1 Production and Innovation

The final good Y is produced using labor L and homogeneous capital K in fixed proportions. Time
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is continuous, and the labor force (V) is constant and normalized to one for simplicity. Letting A
denote (the endogenously time-varying) stock of labor-augmenting technology, and denoting the

constant output/capital ratio by B, the production technique is

Y = min{AL,BK}. (1)

In line with the mainstream endogenous growth literature (surveyed extensively in Aghion and
Howitt, 2010), we assume that the flow of labor productivity improvements A depends positively
on R&D inputs and on the existing level of technology itself. Accordingly, we impose

A= (R/Y)“A, (2)

where R is the amount of physical output invested in R&D, and o € (0, 1) is the constant elasticity
of innovation to R&D investment share. The linear spillover from the the stock of labor-augmenting
‘knowledge’ to the production of new ideas is a standard assumption useful to produce endogenous
growth. The normalization of R&D investment, on the other hand, is necessary to avoid explosive
growth when R&D inputs consist of an accumulable factor (physical output) rather than a non-
reproducible one (scientists). It is typically justified with the argument of increasing complexity of
discovering new ideas, or the dilution argument of R&D investment over an increasing number of

sectors (Howitt |, |1999)).

3.2 Income Distribution, Capital Accumulation and Technical Change

Profit maximization by firms delivers a choice of labor and capital so that they are equal in
effective units: AL = BK. Assume that each of the L = BK/A employed workers in the economy
receives the same real wage w. Denoting the share of labor in output by @ = wL/Y = w/A, equal to
the unit labor cost, total profits are [I =Y —wL =Y (1 — ). Our next step is the description of how
resources are allocated to physical capital and R&D investment. From the profit-maximizing firm’s
standpoint, the two types of investment pose a trade-off. They both increase total profits: capital
accumulation increases the size of a firm’s business, while innovation reduces unit labor costs in
production. For this reason, the profit-maximizing composition of investment will depend on the

wage share.



Next, following most of the alternative growth literature, we assume that there are two classes
in society. Workers supply labor services inelastically, consume their whole income, and do not
own capital stock. Capitalists own capital stock, earn profit income, consume and save. Let their
constant propensity to save be denoted by s € (0, 1). Saved profit incomes finance both innovation
and accumulation. Letting 0 be the share of saved profits invested in R&D, the growth rate of labor
productivity growth is:

gA=A/A=[s86(1-0)]* ac(0,1). 3)

Physical capital accumulation, on the other end, obeys:

gk =K/K=s(1-08)(1 —w). 4)

We assume that firms act myopically and choose  in order to maximize the instantaneous
rate of growth of profits. This is in fact the same objective function assumed by the original in-
duced innovation literature (Kennedy, 1964) The difference lays in the choice variable: in our
framework, firms choose the composition of investment between physical capital and R&D. In
Kennedy’s model, firms choose only the direction of technical change given both the accumula-
tion rate and the position of the IPF. Differentiating total profits IT with respect to time we find

IT1 =B[(1 — ®)K + ©®Kga], and the rate of growth of profits is

gn =1/T = [gk +g10/(1 - 0)]. )

Substituting from equations and (@), the firms’ problem is to choose & so as to maximize
gn=s(1-0)(1—w)+[s6(1 —w)]|*®w/(1 — ). Since the objective function is concave in 3, the
first order condition is necessary and sufficient for a maximum. The resulting choice of § satisfies

5 = % ©)
s(l —w)T-a

The corresponding growth rate of labor productivity is

oo \ e
* 7
&a (1 —w) ’ )

which is increasing in the labor share. An increase in the labor share implies lower total resources

ZKennedy| (1964) stated the firms’ choice problem in terms of maximizing the rate of unit cost reduction. A simple
duality argument shows that this is analogous to maximizing the growth rate of profits per unit of capital, i.e. the profit
rate. See Julius| (2006).
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available for investment; but such a reduction is more than compensated by a reallocation in favor
of investment that raises labor productivity growth. The incentive is provided by rising unit labor
costs. This result is analogous to the implications of the induced innovation hypothesis, without

relying on the innovation possibility frontier and its shortcomings described above.

4 The Dynamical System

We can now study how the introduction of endogenous productivity growth affects the Goodwin
growth cycle. The labor employment rate in the economy is v = L = BK /A (recall that the total
labor force is assumed to be constant and normalized to one). Since the output-capital ratio is also

constant by assumption, we have

v K A (aco)ﬁ o %_
;—E—z—“l—“’)(]—m)—(m) -

As it is standard, we assume that the growth rate of the real wage responds to the extent of labor
market tightness as captured by the employment rate: w/w = f(v), with f’(v) > 0. Thus, the labor
share dynamics obeys:

0 W am \ T4
—_— = — — = —_— —_— . 9
==~ (%2) ©)

4.1 Steady State and Comparative Statics

From v = 0, the steady state value of the wage share is an implicit function such that
o) T oo
L s (1+—“) = G(ay), (10)

with G’() > 0. Once @y, is known, the steady state employment rate is given by

()| an

Total differentiation of yields dwy,/ds = G'(wss) > 0 : the wage share is an increasing
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function of the saving rate. The reason is that higher savings provide more resources for both cap-
ital accumulation and innovation, but the growth rate of capital rises more than labor productivity
growth. In fact, the accumulation rate is linear in the saving rate, while productivity growth re-
sponds less than proportionally to higher savings given the elasticity of the innovation function,
which is below one. The implication is that a higher wage share is necessary to restore balanced
growth, given that a higher share of labor lowers the resources available for capital accumulation
more than the rate of technical change. On the other hand, equation (11)) shows that a higher long-
run value for the wage share and, in turn, higher labor productivity growth require the steady state
employment rate to rise. The increase in the employment rate produces faster growth in real wages,
which stabilizes the wage share at the new, higher, steady state level. A positive shock to the saving
rate thus produces a simultaneous rise in the wage share, productivity growth and employment.
From this point of view, the comparative statics of the steady state resembles results found in Ta-
vani and Zamparelli (2015) and [Zamparelli (2015), but with the differences already emphasized in
Section
If, for tractability reasons, we assume a linear real wage Phillips curve such as f(v) = Bv,
o/(1-a)
it follows that vg = 113 [(loiaés);) }

measure of the degree of labor market conflict. Similarly to the original Goodwin model, higher

The slope of the real wage Phillips curve, 3, provides a

conflict in the labor market only reduces the steady state employment ratio; it has no effect on

income distribution and productivity growth.

4.2 Local Stability Analysis

Linearization of the dynamical system formed by equations (8) and (9) around its steady state

position yields the following Jacobian matrix:

vy Ve
J (Vss; a)SS) =
W, O
ss

Let us now evaluate the single elements of the Jacobian at the steady state. We have
v, =0,
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— -
o1-a a)ss

d)w: 1 <O.

_1_0‘(1—(1)”)@

The Jacobian has negative trace (7rJ) and positive determinant (DetJ). Hence, there are two
distinct eigenvalues with real parts that add up to a negative number and are of the same sign. This
can be true only if the two eigenvalues are negative, which is necessary and sufficient for local

stability of the steady state.

4.3 Cyclical vs. Monotonic Convergence to the Steady State

To understand whether the convergence to the steady state is monotonic or oscillatory, we need to
sign the discriminant of the characteristic equation of the Jacobian, that is A = (TrJ)? — 4DetJ. If
the discriminant is negative, the eigenvalues of the Jacobian matrix will contain imaginary roots,
and there will be oscillations in the transitional dynamics of the employment rate and the labor
share before the steady state is reached.

From the Jacobian matrix the discriminant can be calculated as

o 2 201

1 — a

oo W ¢ ao. ¢ gl-a  @g°

A= 1 ~ 1 — 4ays S( ss) +1 — 3—a | (12)
_a(l_wss)l_a N _a<1_wss)l—a

where @, and in turn A, are functions of (@, s) only. Given that the system cannot be evaluated
analytically, we proceed to a numerical evaluation of the discriminant as follows. We let («,s)
vary in small steps from .01 to 1, and we loop the numerical evaluation of the model’s steady state
corresponding to each of the possible combinations of the two parameters. We can then evaluate
the Jacobian matrix and its discriminant A(a,s) at each of the steady states pinned down by a pair
of the two parameters of interest. We can finally display the discriminant as a function of («,s) in

a three-dimensional plot. Figure [2| displays the surface corresponding to the numerical evaluation
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Figure 1: The discriminant of the Jacobian matrix for varying (¢,s). The green area displays the
hyperplane going through A = 0.

of the discriminant in orange, and plots the hyperplane going through A = 0 in green. As it can be
seen, there are two areas where the discriminant is negative thus leading to imaginary eigenvalues:
the smaller area corresponding to very low values of the innovation elasticity o and very high
values of the investment rate s, and the larger area involving relatively large innovation elasticities
(roughly above .5) and roughly any value of the investment rate.

This analysis shows that our model with endogenous innovation intensity as a function of the
labor share reproduces closely the dynamics of the growth cycle model with induced technical
change — and is capable of generating dampened endogenous oscillations — without suffering of

the pitfalls of Kennedy’s induced innovation hypothesis. An additional advantage of our framework

is that, unlike the benchmark 3D model in Shah and Desai| (1981)) or Julius| (2006)), it only involves

a two-dimensional system, which is much simpler to study qualitatively than a three-dimensional

system.

5 Concluding Remarks

Our analysis has provided a novel way to look at the interaction between labor-augmenting

technical change and income shares — and its implications for distributive conflict in a Classical
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growth model — that explicitly considers the microeconomics of investment in both accumulation
and innovation at the firm level. Our main result is that, provided that firms face trade-offs in
investing their profit earnings in accumulation of new capital stock vis a vis innovating to save on
labor costs, an increase in the labor share raises R&D spending in labor-augmenting innovation and
therefore the growth rate of labor productivity. We find this result important for two reasons: 1) it
pertains to the intensity, and not to the direction, of technical change, and ii) it does not suffer of

the shortcomings of either the induced innovation hypothesis or the notion of MBTC.

We then embedded this result in the Classical growth cycle. We proved analytically that the
steady state is locally stable, in line with the literature on induced bias in technical change and
distributive conflict (Shah and Desai, |1981; van der Ploeg, 1987} |[Foley, 2003; Julius, 2006). We
showed that increases in the saving rate not only improve the workers’ share of national income
— as it was already the case in the original Goodwin| (1967) model — but also result in a higher
employment rate in the long run. Since technical change is exogenous in the Goodwin model, there
is only one level of real wage growth and, in turn, of employment rate that can stabilize the wage
share. In our framework, on the contrary, labor productivity growth depends on R&D investment,
so that both technical change and the employment rate are endogeonous, and both will increase
with higher savings. Finally, we identified numerically conditions under which the endogenously-
determined, cyclical behavior is retained, at least temporarily, during the transitional dynamics of

the model.

More work needs to be done toward increasing the policy relevance of this framework. In par-
ticular, our simple model points to the relevance of identifying specific policy levers — beyond
the basic investment channel discussed here —that may result in a higher wage share in steady
state, and under which conditions such levers will result in higher growth without hurting long-run
employment. The recent empirical literature on minimum wage reforms and employment (see for
example Dube et al, 2016} |Gengiz et al., 2019) has shown that increases in the minimum wages
seem to produce little if any effects on long-run employment, but have substantial positive welfare
effects for low- and middle-income earners. Extending the Classical model of growth and distribu-

tion with endogenous technical change to incorporate a more explicit role for labor market policies
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appears to be a promising area for future research.
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