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M odelling Education Dynamics
with Cliometric Foundations

Claude DIEBOLT

Abstract: The numerous analogies in the literature on econsrbetween monetary theory
and education policy lead me to propose a new modglired by the work of Dornbusch
[1976] and transposed to a context of ‘diplomaatihn’. Supposing the required job skills
rigid in the short run, | show a significant ovedltecation phenomenon and an overshooting
of the wage penalties in starting jobs. After forraducation has been completed, the new
graduate cohorts, despite a more significant legé€linitial training and better salary
prospects have to face, paradoxically and in congoer with the previous generations, a
higher over-education extent over a long period.
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| ntroduction

The idea of misadjustment between the supply anthdd of education is central in the
economic (Freeman, 1971, 1976; Hartog, 2000) aidnelric (Diebolt, 2001, 2015, 2016)
literaturé (Appendix 1) on ‘over-education’. | use this idesathe starting point for drawing a
parallel between monetary and education signals.ségply and demand for liquidity
determines the value of a currency, | put forwéuel iypothesis that the differential between
supply and demand for skills sets the value of atloie degrees. Following this intuition, |
developed a simple over-adjustment model as amgixie of the work on ‘overshooting’ by
Dornbusch (1976). | adapt this monetary model ugimge major theories in education
economics: the filter approach (Spence, 1973 amovAr1973), the human capital theory and
the model for jobs competition (Thurow, 1975).

The dynamics of this formalisation is based ondbee hypothesis that the adjustment
of demand to the supply of qualifications is sl@e rigidity of demand for skills results in a
high risk of downgrading at recruitment for the reasingly well-qualified persons leaving
the educational system. The imbalance betweenngaand employment thus replaces direct
adjustment via salaries. Downgrading would appedret a procedure for the flexibilisation

of the cost of labour that may replace adjustmgniveges’ (Forgeot and Gautié 1997).

In the model, | first assume implicitly that quaddtion for the jobs available on the
labour market is determined exogenously, that satpindependently of the general levels of
qualifications of the applicants. The ‘hierarchicstbution’ (Passeron, 1982) of the
population by school qualifications is neutral widgard to the 'hierarchic distribution' of the
jobs available on the labour market. However, thygpothesis is incorporated in my

formalisation in the second version of the model.

This article is therefore aimed at analysing theditions of access to employment for a
cohort of diploma holders at initial higher eduoatilevel. In other words, | seek to
understand how the economy absorbs the lengtheritite duration of education. The first
section of the paper consists of a brief remindethe logic of the filter theory and that of

human capital theory. In the second section, atytcel solution to the evolution of wages

%For a survey of the over-education literature, e&uiness (2006).

And indirectly to the downgrading of diplomas oettiecrease in the yield of education. The phenomevrss
observed in France over a long period by Baudeldt@aude (1989) and then by Goux and Maurin (1994)



in time and downgrading at recruitment is develop&taphic interpretation of the
mechanisms explained in my formal approach is peiin the last section. Finally, I
conclude by determining the optimum rate of congaog towards equilibrium on a perfectly

flexible labour marketgeteris paribus

1. Human capital theory versusfilter theory

Human capital theory basically assumes that indadisl are paid according to their
productivity and that this is determined by humapital (education, training, experience,
etc.) more than by the characteristics of the oatiap (Becker, 1975). With the neoclassic
hypotheses of information and perfect competitithe labour market is assumed to be
efficient, with firms making full use of the produe capacity of their labour force.
Employees' incomes are therefore mainly a funabiotine supply of degrees and the yield of
education independent of situations of poor matglon training and the employment of

individual persons.

However, orthodox human capital theory does enes#te existence of over-
education situations in which the investment ofivithials in education goes beyond
qualified labour requirements. Excess supplies ftbm educational system resulting in a
comparative decrease in wages on the labour maradurages individuals to reduce their
investment in education and firms —that seek marinqrofits— adapt their production
technology. Thus the simultaneous adjustment oplsupnd demand for qualified labour
(Freeman, 1976) results in the natural correctibthe imbalance, which remains transitory

(the 'reversible' character of over-education).

The common idea of the 'filter' model is to considducation as a signal. In theory,
higher wages will be given to the best educatedkersr as they area priori, the most
productive, even if education itself does not iases productivity. Unlike human capital
theory, the ‘filter' approach shows in this hypsthehe interest of certain persons to join
forces to stand out from the otherAssuming a relative imperfection of degrees, thab
say that for an employer the competency of a workarot necessarily identified with the

degree, individuals are then encouraged to inanghsdo investments in education, creating

“Testing and certifying is nothing more nor lesatisalf-licensing (Spence, 1974, p. 58).



a 'race for qualifications' phenomenon. Thus, intiast with human capital theory, the filter
approach underlines the possibility of a situatbtasting saturation of demand for qualified
persons (the 'irreversible' character of over-etioch

However, although human capital theory and theeffimodel are often assumed to be
alternatives, the hypothesis of the complementaritihe two approaches would seem more
realistic. If the production system is consideredé a 'production filter' (Lemistre, 2003),
initial training contributes to the acquisition abilities and a degree makes it possible to
identify both these intrinsic skills and those aoed during initial training (Riley, 1976 and
Blaug, 1982). From this angle, my theoretical maddbased on both human capital theory
and the filter approach. More precisely, it makegassible to compare the 'reversible’
(transitory) or ‘irreversible' (permanent) charactfeover-education at hiring.

2. The model with market rigidity

For previous generations and for a given job, Lassthat wages and wage penalties
resulting from over-education are exogenous irstiget term. The market conditions are first

defined and then the behaviour of employers.

2.1 The diploma mar ket

Assumption 1. In the competition for jobs model (Thurow, 197&nployers recruit the
applicants at the top of the 'labor queue'. Thisomatically leads to the hiring of
overeducated workers. In Thurow's approach wagep@determined, being rigid for short
periods but increasing with the use of professi@xgerience and the period spent working

for the employer.

In this hypothesis, the over-education phases duiprofessional career form part of
the procedure of integration in the labour mark&atifonnet, 2006) and compensate the lack
of professional experience. Over-education is aersid to result from the poor matching of
the worker and his/her job which is a provisioni@ge in his/her career during which the
gualities gained in a low level job are useful lateanother position (Sicherman, 1991). In

other words, eligibility for a job requires largamounts of initial training when there has



been little professional experience. This substiiility between different forms of human

capital generates a trend for the inflation of dipas (snowball effect).

Wage penalties caused by the over-education phermmere measured lpy Equation

(1) is the “uncovered pay parity” between gradwateorts:

s=s +6(p-p) [1]

P is the long term, the 'irreversible’ wage pensl{f@ter theory) towards which the
economy must converge so thpt> p whereasp—p represents the 'reversible' short-term

loss of wages (human capital theorg)s the salaries of new cohort arsd that of oldest

generations, so thas<s .8 is the adjustment coefficient of the market (asstino be
fixed). The wage differential between older and rgamerations is explained directly by the

devaluation of degreesp (Jarousse and Mingat, 1986) and indirectly by tstesm

devaluation,p, that in turn influences long-term devaluation.

Adaptation on the demand side is rigid in this eattin other words the supply of
degree-holders is considered as neutral with re¢@arthe distribution of positions. This

hypothesis is made more flexible in the secondieersf the model.

Assumption 2. The employer is convinced that a discriminatioreleof training exists
(Spence, 1973). For a student, this assumptioniesigl minimum level (or required level) of

education (signals for the job market) to get tie’j

Demand depends positively on the real qualificatiteeded for the jobn, and
negatively on the new cohort wages. Graduate sUpgpresents the years of cohort
educationg, minus the required years of education for thegabdidatey. At equilibrium,

supply of graduates matches demand:

m-As=e-r [2]

°It is equivalent to considering a university agitarf (Arrow, 1973).
®For a test of the signalling value of educatioa itontext of overeducation, see Chattetrjl. (2003).

'Supply does not include unemployed graduates: nff@ayment shortage is assumed to be neutral wighroe
to the over-education phenomenon.



Combining (1) and (2) gives:

m-A0(p-p)-As =e-r [3]

In the long-term equilibrium, equation (3) is simfipd by considering an identical wage
penalty between generations. The discriminating levelraiintng over a long period , is

expressed as follows:

Fr=e-gn+]s [4]

Substituting (4) for (3) gives the evolution of veagenalties after the shock of the

cohort entry with higher level of educatiae):

p-p=-U/A6)(r -T) [5]

For a given wage level, equation (5) representsathge penalty differential with the
required levels of education. An increase icauses degree depreciation and proportionally

reduces the wage penalfies

2.2 Thereal sector

Real (i.e. relative) wage penalties for the newcoctshare given byp-p*, with p’

being the wage penalties of previous generationsethese conditions, the skills demanded
depends on the relative wage penalties and salafrigsung graduates and the real need for

job qualification.

n®° =yn-ns+d(p-p’) [6]

®n other words, the wage losses resulting fromaer-education phenomenon: this can also be anatuti of
the extent of downgrading on hiring (Nauze-Fiched &omasini, 2002; Jensen, 2003; Guironnet and dtdyp
2007).

°Graphically, this result is represented by a lilmpe — A/ 8 < 0 of market equilibrium of a diploma.



In a context of surplus supply from the educatigstesn, the employers who select the
persons at the top of the 'labor queue' recruitexiecated workers (see Assumption 1). This
trend is also accentuated by 'mimiCryphenomena among employers (Fondeur, 1999). If the
level of training is considered as a signal of aabitity to employment (Thurow, 1975),
employing over-qualified workers reduces the coét adaptation involved in future
technological innovations. Here, technical progrissan exogenous factor that can absorb
part of the over-education (Guironnet and Peyp@€Q7): over a long period, employers
change the levels required for employment in thghtliof the new skills required for

implementing new production technology.

For the new generation, | assume that the incremtiie minimum level of training is
represented in (7) as being proportional to theesxcskills demanded compared to the real
requirements for job qualificatidh in other words to an increase in the imbalandevéen

training and employment:

F=¢In(N°/N) =¢(n° —n) =¢[d(p-p') —ns+(y-Dn] [7]

In the long run, the adjustment equation of theuimegl level of education (7) is

simplified and the wage penalties of the long-texquilibrium are expressed as:

p=p +WUIA-Yn+ns] [8]

The long period equilibrium of wage penalties remsaiigher than the initial levep”.

In terms of mismatch, the new cohort does not rattae initial level of the previous
generations. Thus, permanent excess supply of gt@slgauses increasing depreciation of the
educational signals: for a given degree, the newkers have lower probability of access to

the top jobs in the professional hierarchy.

%To continue our analogy, the effects of 'mimicrg also found in theories of exchange rate for@ugst

HRepresented by a positive slope of the equilibriimeon the real market.



Proposition: Adjustment of the required level of education isfuaction of the

structural parameters of the model (see Appendix 2)

F=-v(r—F) avecv=y[(d/A6)+ 1/ A)] (]

With v>0 and(r —1) <0, | obtainr > 0.

The solution of the first degree linear differeh&guation (9) gives:

r(t)=r+(r, —17)expFvt) [10]

The replacement afby r(t) in (5) determines the temporal evolution of wageaities:

p(t) = p— @A/ A6)(r, - T)exp(-vt)

_ — [11]
=Pp+(p, — P)expvt)

(10) and (11) are used in the next section to sspriethe temporal dynamics of wage

penalties and the education required for the ndvarto

3. GRAPHIC INTERPRETATION

The equilibriumcurves in the real sector and diploma market atech@/R) and EM)
respectively. An increase in the supply of gradsi@eer a long period causes a proportional
increase in wage penalties without any changedsaretiucation required.

Economic evolution is represented (Fig. 1) by tHstaary setting of an initial level of
equilibrium (p’,r").With the economy initially at equilibriund, an increase in graduate
supply moves the potential equilibrium of the dipp market from EM,) to (EM,).

However, because the required level of educatioigid in the short term, many new workers



are overeducated by employers’ overestimation off ridquirements. The shockl€) implies

an overshoot of wage penalties unll, | aré at the short run equilibrium (poif).

Fig. 1. Dynamicswith a surplus supply of diploma-holders
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In the long run, with an increasingly high requitedel of education, the proportion of
overeducated workers decreases. The economy casvergards a new equilibriuawhile

wage penalties decrease unfil. The situation for new graduates is not the samdon

previous generations: the supply surplus of humegpital causes a decrease in education
returns. A proportion of workers remains overededaat the end of the process. Over-
education is a long-term phenomenon but may wela lshort-term one for certain persons
(Rubb, 2003).

This type of dynamics confirms the diminishing tlesf education returns observed in
recent decades in most developed countries (SI@Q88). This perpetual process causes a
steady decrease in appropriate jobs (jobs for whigerson considers that he/she is suitable)
for increasingly highly trained young degree-ho$jehat is to say further lowering of the
probability of access to senior positions in thef@ssional hierarchy.

2The changes in situations in the economy are astribainly to changes in the downgrading (and wages)
situation of the new cohort of diploma-holders. Tast of the labour force is considered as beirageRrous in
our formalisation and its situation is not changed.



Using (3), | deduce the impact of the expansiothefgraduate workforce on the wages

penalties of new cohorts:
dp/de=1+1/16 [12]

This gives the following equalities for the cooralies of the points in Figure 1:

e=e +de
p=p +de [13]
p'=p +de+de/ A8

More precise analysis of the trend in wage persbied the training level required for

the new cohort gives a better idea of the dynawiiedl the generations (see Figure 2).

A wage penalty at levep’ is assumed for the preceding generations. Thdtiregu

shock(de) causes a readjustment of the losses of the newrtcihrelation to this level. The
over-education extent of the new cohort will adjwith experience and time in employment

and decrease t@. Meanwhile, the levels required will increase i@ the new long-term
equilibrium.

Figure 2. Temporal dynamics
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4. The optimum growth pathway

In this version of the model, the ‘hierarchic digition' of the population by level of
degree causes a reaction on the demand for qadliins side. Anticipating the general
lengthening of the duration of educatiale), employers propose a required optimum level of
education® for vacant jobs for the quickest abatement of uhéavourable effect of poor
matching of training and employment. The hypothes$ishort-term adaptation of individuals
to employment requirements made in Thurow's appr¢a875) is thus reversed over a long
period as employers adapt their demand for skillshe continuous increase in education
levels (Lemistre, 2007). To the best of my knowkedgnly Bruniaux's study (2001) shows
such evolution, with adaptation of demand to thppdup of skills in the banking sector in

several European countries.

Although education does not only respond to thedsder skills in the production
system, the main objective of educational policiesnumerous countries is to increase
competitiveness in the long term. This effect isenfmodelled in the form of 'positive
externalities' (Romer, [1990]), contrasting withr @pproach that considers this component as

endogenous.

According to (10) and (11), the rate of convergertogvards equilibrium, of
reclassification and wages dependswrAccording to (9), adjustment to equilibrium is a
function of the coefficientd. In other words, the perfect market with fastejuasient
dynamics must verifyd =v. In this framework, coefficient then corresponds to perfect

matching of demand from the labour market and theseverifies:

6=v=y[(S/16)+ 1/ N)] [14]

| obtain perfect anticipations§, by solving (15), as a function of the structural

parameters of the economy.

NI

6(1.3.0.00) =@ 124 +[(° 142) + 0] [15]

*The capacity for implementing new technologiesrisbably proportional to the level of the degreer(Biaand
Lichtenberg, 1987).
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For stability conditions, equation (15) represehts positive root of quadratic equation
(14). Assuming a perfectly flexible market, thetdatequation gives the speed of adjustment
at which the market converges towards long-ternilibgum. This convergence pathway is
the most rapid adjustment of the economy and aoeffi & is no longer exogenous but
depends on the scale of the 'training-employmenbialances. Substantial over-education
combined with a substantial penalty of wages tniggas a response optimum demand
according to the structural parameters of the ntatheother words, this version of the model
makes assumption 2 considerably more flexible. imck caused by the newcomers on the
labour market does not have an instant effect ienaichic distribution' of the positions to be

filled but results in the perfect matching of demdor qualifications over a long period.

Although the framework of this version of the mod=n still be disputed, it is
nonetheless of interest. Indeed, this increasedbilgy of the labour market would allow
fairer' job distribution, with each person ablelése his/her job on the arrival of a more

competent newco m’e“r

Conclusion

The hypothesis of the ‘diplomas inflation’ resudfifrom work on over-education
matches my modelOn completion of their education, young people @b experience the

situation of past generations. Their general doadigg is greater.

Following this dynamics, the continuous increasdliffierences between supply and
demand for degrees may explain the structural asgeof the over-education phenomenon.
With the over-adjustment of wage losses in firfisj@and in spite of a readjustment of wages
over a long period, young qualified persons areimthe initial situation experienced by their
elders: the decrease in the education return bezomere marked and is partially

'irreversible’.

An insider-outsider approach, with newcomers caersid as outsiders (no job security) and the older
generations as insiders (stable jobs).

12



In this context, | consider that (at least) twousioins are possible: either an adaptation
of demand or regulation of the supply of educatidfith regard to supply, a comparative
shortage of degree-holders might favour a readjeistrand reduction in the scale of over-
education (Gamel, 2000b). With their recent statutndependence, an essential mission of
monetary authorities is to prevent inflation byuwsting the growth of the money supply to the
strict liquidity requirements of countries. Follow my analogy, in spite of their lack of
independence, should not education policies algolage the long-term growth of the flow of

degree-holders according to the comparative sgawtiualifications in the economy?

However, adaptation of the demand side is no lesgessary, as is suggested in the last
part of this article. By acting on the speed of tkadjustment of ‘training-employment’
imbalances, the over-education phenomenon mayebersible’, assuming that demand is
flexible (Lemistre, 2003). A more intermediate gtmo also seems possible and would

consist of adaptation of both supply and demandKdls.

Education policies justify their action by the elijtyaof opportunity in access to
knowledge. However, would not the continued deptemn process compromise the future?
From a sociological viewpoint, another unfavouraétect can be observed: overeducation

seems to produce a decline in the cognitive adslif the worker, lesser job satisfaction, etc.

Appendix 1

Over time, demand for education has grown progrelsifrom primary to secondary
and then to higher education. At each stage itdeagloped its own dynamic, but with little
political pressure each has led on to system grawtine next level. At the same time, the
dynamics of the teaching system seem to have @ssablished trends, creating a separation

between it, the qualification process and the dehianlabour.

For over a century and a half at German and Prugsiaversities, for example, there
have been cyclical phases of saturation and sheiatihe numbers of students enrolled. How
do | explain this? What new understanding of thegiterm relationship between education
and the labour market can | provide? What proposatsild be made to guide educational

policy and inform economic policy so as to contam@mployment?

13



The production of new statistical series has embliew lines of enquiry. These
describe the social origins of students, attendapaterns, occupational destinations,
incomes, etc. Applied to the German case, such ldata made it possible to put forward a
twin hypothesis. First, student choice of currienlis affected by expected rewards, with the
allocation of students to faculties dependent endbmparative yields of the latter, in terms
of expected earnings and job availability in copasding professional sectors. Expected
student rewards are represented (i) by earningh@mabour market at a given moment and
(i) by what they consider attainable over time. dddition, when a shortage occurs in
different sectors of the professional labour market can replace data for occupational
earnings with an attraction effect associated wsilected programmes of study. Once the
shortage has been made up, the demand effect gestias a result of lagged situational
perceptions on the part of young people. Gradu#tiig, may lead to the over-production of
gualified university leavers, relative to labour rket demand. This imbalance diverts
potential new cohorts of students to other seabesiucation or directly to the labour market.
It causes a new skill shortage, leading to a cgtlmattern modulated according to job

availability.

My cliometric work (partial equilibrium model, traltog function, cobweb model, etc.)
shows that throughout the period of our statistiwaidow, 1820-1941, elasticities display a
net and gross substitutability effect between wsitye programmes and the professions. In
concrete terms, the effect of the substitutabbyween two faculties H and J, means that the
number of students enrolled at H moves in the oppdgection to the expected earnings in J.
Their own positive elasticities were also obsenfeghlighting the synchronous movement of
student numbers (at the universities and in théepstons) and their respective yields. There
are three explanations for this. The first is stideehaviour when choosing a programme,
governed by expected earnings. Second, professageiihg may create a substantial demand
for young graduates. Numerous vacancies may alptaiexsuch demand. When the three
phenomena coincide, their effect on the rising gmin is cumulative and forms a
particularly strong attraction phenomenon. Thissash layers of the population which,
because of their lowly social position, try to seithe opportunities created to enter
professions in which there is a skill shortage. Sleach career is momentarily open to the
social classes most remote from university traipitgfore closing again once the
opportunities are taken. Considering the interactbthese different mechanisms, it can be

seen that, in the long-term, student numbers gotike fluctuating equilibrium.

14



Each faculty enrolment cycle lasts about 25 yeanss is at least twice the length of
professional training, even with the addition oé tyears required to eliminate shortage and
glut. In this situation, it is easy to see how periodsturtage lend themselves to accelerated
change, since a shortfall in a specific area leéadgreater mobility of both those exercising

the profession and those aspiring to it.

Appendix 2
Proof of the proposition:
To obtain (9), | substitute (8) in (7):
f=¢ld(p-Pp)-n(s —9)] [Al]

With s—s’ = 8(p - p) and replacing this by (5) in (A1), the followingadbtained:

t = —[(3116) +1I A](r - F) [A2]
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