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Abstract

This paper develops a multi-sector job search model that incorporates workers’ education
choice and firms’ hierarchical labor demand to identify and quantify the underlying channel
of ‘degree-inflation’ measured by the share of highly educated workers employed in unskilled
positions. Highly educated workers being assumed to not always be qualified for skilled tasks
gives rise to a vicious circle whereby (i) the information and communication technology (ICT)
shock prompts the creation of vacancies for the highly educated rather than general workforce
in both skill-intensive and (general) labor-intensive sectors, (ii) a significant proportion of
skilled workers eventually perform unskilled tasks in the latter sectors, (iii) the resulting
cross-skill matches crowd out the general workforce and suppress unskilled wages, and (iv)
the college premium escalates and the college enrollment rate is self-reinforced. Numerical
experiments based on Canadian data from early 1980s to 2000s suggest that without degree
inflation, the unskilled, skilled, and overall wages in the Canadian labor market would be
higher by (upto) 46, 43, and 56 percent, respectively, in early 2000s. For this extent, resolving
the degree inflation problem, for example, through improving the quality of higher education,
would induce substantial welfare gains to not only skilled workers but also unskilled workers.

Keywords: Degree Inflation, Cross-skill Match, Returns to Education
JEL Classification: 125, J31, J64, O41

1 Introduction

Both college attainment and college premium have increased steadily over the past few decades,
especially in such developed economies as those of Canada, Japan, South Korea, and the United
States. This is contrary to standard demand and supply analysis whereby returns to college
education are diminished as the supply of college graduates increases. Skill biased technological
change (hereafter, SBTC), that is, a shift in production technology that favors skilled over
unskilled workers by increasing relative productivity and therefore labor demand, was until
the late 1980s considered one of the most plausible explanations for the concurrent growth of
college attainment and college premium.! Numerous studies provided empirical evidence for
the shift-out of demand for skilled workers consequent to rapid advances in information and
communications technology (ICT) and integration of the world economy during the Cold War.
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participants at the University of Tokyo for their input. The viewpoint expressed in this paper does not necessarily
reflect the official opinion of any authors’ affiliations. All errors are our own.
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'In this paper, we use the terms skilled workers and college graduates interchangeably.
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Figure 1: Sectoral Output and Skilled Worker Ratio

Note: The figure plots the ratio of college graduates within each sector and orders them,
using LFS micro-data, left to right, from lowest to highest ratio.

Detailed examination of sectoral resource allocation, especially in Canada, presents a puz-
zle, however, because the significant joint input and output growth in ‘skill-intensive sectors’
posited by SBTC has been absent in Canada from the late 1980s through the early 2000s. A
remarkable increase in the number of college graduates during this period, concentrated instead
in ‘(general) labor-intensive sectors,” has not necessarily been followed by concomitant growth
of output in those sectors. Indeed, the ‘(general) labor-intensive sectors,” which employed fewer
college graduates in the 1980s, subsequently experienced a greater increase in the proportion
of educated workers than the ‘skill-intensive sectors,” even as the output share of the former
sectors significantly declined.

The disproportionate increase in the number of skilled workers in the (general) labor-
intensive, relative to the skill-intensive, sectors is depicted in Figure 1, which sorts, and orders
left to right from lowest to highest ratio, 43 sectors. Fishing and hunting, agriculture, mining,
accommodation and food services, and transport equipment (i.e., the (general) labor-intensive
sectors) are situated to the left, finance, computers and electronics, science and technology, and
education services (i.e., the skill-intensive sectors) to the right, by this sorting strategy. The
cumulative sectoral output share is plotted on the horizontal, the cumulative highly educated
employees share on the vertical, axis. College graduates, who previously were not employed
in large numbers by the (general) labor-intensive sectors, were between 1981 and 2001 hired
in greater numbers by those sectors than by the skill-intensive sectors. Although SBTC might
have increased demand for skilled workers in the (general) labor-intensive sectors, it is unlikely,
output in those sectors not having grown proportionately, that all college graduates employed
in those sectors occupy skilled positions.

These observations lead us to consider that SBTC is not necessarily the dominant driver
of the concurrent elevation of college premium and enrollment rate, at least since late 1980s.
For these periods, we posit the additional, if not alternative, explanation of so called ‘degree
inflation,’ that is, the increasing occupation by college graduates of unskilled positions previously



held by less educated workers.? We exploit the example of the Canadian experience to shed light
on through what channels, and to what extent the enhanced supply of, college degree holders
crowd out less educated labor and raise the college premium, thereby self-reinforcing college
attainment and incurring a concomitant adverse effect on welfare.

This paper accounts for ‘degree inflation’ by developing a two-sector job search model that
incorporates workers’ endogenous education decision and firms’ hierarchical labor demand. On
the labor-supply side, whereas unskilled workers can perform only unskilled tasks (i.e., tasks
without skill requirements), skilled workers can, commensurate with their qualifications, perform
either skilled or unskilled tasks. On the labor-demand side, the (general) labor-intensive sectors’
(endogenously determined) lower, relative to the skill-intensive sectors, qualifications for skilled
tasks results in a smaller share of matches between skilled tasks and workers. Given this
hierarchical structure of skills, firms in the (general) labor-intensive sector respond to increases
in the supply of the effective units of skills due to positive ICT shocks by creating more vacancies
for college graduates than for less educated workers. Because not all skilled workers are qualified
for all skilled tasks, the measure of college graduates in unskilled positions (hereafter, cross-
skill match) in the (general) labor-intensive sector and, thus, the entire economy expands,
crowding out less educated workers, suppressing unskilled wages, and increasing returns to
college education. The college premium and college attainment rate are, in turn, self-reinforced,
and the latter hindered from contributing fully to output growth by degree inflation, gauged
by the measure of cross-skill matches. We calibrate the model using Canadian labor market
data that reveals strong growth patterns in college attainment, college premia, and cross-skill
matches.

The observation that many countries are oversupplied with college graduates is not novel.
Hecker (1992), in research for the Bureau of Labor Statistics, found there to be more job
seekers with college degrees than job openings requiring degree holders. Contrasting findings
were reported by Gottchalk and Hansen (2003), who found the proportion of college-educated
workers in the United States employed in unskilled occupations to have declined from the mid-
1980s to the mid-1990s, and no evidence to support the notion that the increasing proportion
of overqualified college graduates was being forced to accept noncollege jobs. Recently, Wolff
(2006), through detailed examination of employment data, reported a significant disconnect
between growth in the number of highly educated workers and jobs requiring higher level skills.
How the incidence of highly educated workers occupying lower-skilled jobs is pushing unskilled
workers down the occupation ladder, and ultimately out of the labor force altogether, has
also been examined by Beaudry, Green, and Sand (2013). They argue that during the post-
2000 period, the U.S. economy, consequent to an endogenously generated boom and bust cycle
precipitated by pre-2000 SBTC, experienced a significant demand reversal for skilled workers.
Building on these and other prior studies, we explore as a possible channel that reinforces
the educated work force’s downward shift on the occupation ladder the phenomenon of degree
inflation.

The paper is organized as follows. In Section 2 we discuss the relevant Canadian data and
labor market patterns as well as the model we developed to motivate the empirical exercise. Our
calibration protocol and results, and a comparative static analysis and its results, are explained
in Section 3. We briefly discuss policy implications and concludes in Section 4.

2 The Model

2.1 Environment

We consider an economy with two sectors (denoted by ¢ = 1,2) populated by a continuum of
entrepreneurs and workers. Sector 1 is skill-, sector 2 less skill-intensive. Workers’ schooling

2This phenomenon is not unique to Canada. According to Quintini (2011), although there is significant varia-
tion across countries and socio-demographic groups, as much as 35 percent of the workforce in OECD countries is
considered to be overeducated with respect to their jobs.



decisions determine the skills they acquire before entering the labor market, which is subject
to search and matching friction, as in Mortensen and Pissarides (1994). Entrepreneurs create
jobs with and without skill requirements, as in Albrecht and Vroman (2002). There are in each
sector three types of matches: unskilled matches (j = u) of unskilled workers and jobs, skilled
matches (j = s) of skilled workers and jobs, and cross-skill matches (j = ¢) of skilled workers and
unskilled jobs. Throughout the paper, we focus on the steady state equilibrium in a continuous
time framework with interest rate 7.

Final Goods Final goods, denoted by Y, are assembled from two sectoral intermediate
goods using the following production technology,

o—1 o—1

Y =(y,7 +y7 )71, (1)

where (y1,y2) represent each sector’s quantity of intermediate goods, and o (> 1) is the constant
elasticity of substitution. Final goods are consumed or used as inputs to the production process
for sectoral intermediate goods through the perfectly competitive final goods market. Let p;
and P be the price of the sectoral intermediate goods i and final goods, respectively. For each
i € {1,2}, demand for each of the intermediate goods required to produce one unit of final goods
is characterized by

Yi Zp;gpg_l, where P = (p}*” +pé*‘7)ﬁ. (2)

Final goods are treated as numéraire, their price normalized to be one, i.e. P =1 in the steady
state equilibrium of interest. There being a unit measure of homogenous entrepreneurs in each
sector, aggregate supply of each sectoral product is given by y;. Equating aggregate supply and
demand and reordering yields the following market clearing condition. For each i € {1, 2},

DiYi P, ° 3)

= 1—0’

Py + P2y pi o +ph

which implies that the price ratio reflects the revenue ratio of each sector. Together with the
normalization assumption P = 1, equation (3) determines (p1,p2).

Intermediate Goods Intermediate goods are produced by the representative entrepreneur
in each sector. Production technologies are given by

Yi = Q4 [ﬁzsk‘:z hl:; + 6iu(hic + hiu)m]l/ﬁi (4)

where (k;, his, hic, hin) represent, respectively, the capital stock and number of skilled, cross-
skilled, and unskilled matches in sector ¢ € {1,2}. Parameter «; captures the productivity of
sector ¢ and k] reflects the capital-skill complementarity, borrowed from Krusell, Ohanian, Rios-
Rull, and Violante (2000), that skilled workers are more productive than unskilled workers with
respect to capital. Parameters (8;s, 8iv) represent the intensity of each factor, and 8;5+ Bi, = 1.
The parameters that govern the elasticity of substitution in each sector satisfy 0 < v; < k; < 1.

The representative entrepreneur in sector ¢ € {1,2} purchases investment goods x; at fixed
price p, through the international financial market. In the steady state equilibrium, capital
depreciation is set equal to the investment:

)\kZ = T, (5>

where ); is the depreciation rate.

Let (vjs, iy, ) be the number of skilled and unskilled vacancies, respectively. Unskilled vacan-
cies are filled by unskilled job searchers at rate ¢(6,,), skilled vacancies contacted by skilled job
searchers at rate ¢(6,) and filled with qualification probability x; per contact. Skilled candidates
who prove unqualified for skilled tasks are assigned to unskilled positions (cross-skill matches).



The contact accruing rent due to search friction, the entrepreneur has no incentive to dissolve
the contact. Matches are dissolved by exogenous separation shocks at rate § or retirement shocks
at rate p. In steady state, newly hired workers take positions previously held by workers who
have left the entrepreneur.

Xiq(as)vis if .7 =S
(0 +p)hij = (1 —xi)g(Bs)vis if j=c. (6)
q(0ut) Vi, if j=u

The left-hand side of equation (6) captures workers separated from their jobs, the right-hand
side newly hired employees in steady state. The profit flow of each firm is given by

T =Pl — Pei— Y Wighij — M0is — M, (7)
j€{s,c,u}

where w; ;h;; represents the wage payment to all j-type employees and (1v;s, nv;,,) represent the
cost of creating each type of vacancy. Using the profit flow, the entrepreneur consumes the final
goods.

Denote by J;;(ki, his, hic, hi,) the marginal value of a j-type match to the entrepreneur in
sector ¢ having (k;, his, Nic, hiu), which is given by

i(Ki, his, hic, hiu
rJij(Kis his, Pic, hiw) = max Omil oh ) _ (0 4 p)Jij (ki hig, Picy hiu), (8)
Ti,Vis,Viu ij

subject to (5) and (6). Lemma 1 says that the entrepreneur chooses (z;, vis, Vi) to equate the
marginal cost and the present value of the marginal benefit flow.

Lemma 1 The entreprencur in sector i € {1,2} makes investment and vacancy creation
decisions such that

> om;
_ — (1A (r—s) (OTir
o= [ e (Grmdr, ©)
o a'ﬂ—ir
n = q(u) / e” AT T dr = q(0ue) Jyur, and (10)
t uT
n o= qlbw) / Sty O g ) 0T T g 0, (1)
t 8hisr ah’iCT ’

where y; is given by (4).

Proof. See Appendix A.

Workers Newly-born workers decide whether or not to acquire skills through advanced
schooling. Those who opt for higher education begin their careers as skilled workers. Those who
do not, enter the labor market as unskilled workers. The individual cost of higher education e
is randomly drawn from the logistic distribution Logistic(e, (). The probability of newly-born
workers acquiring skills is given by

s=[1+exp[—(Ve = Vi —2)/¢]] ', (12)

where V; is the lifetime value of a skilled unemployed worker and V,, the lifetime value of an
unskilled unemployed worker. We borrow the choice probability function from McFadden (1974)
and Rust (1987).

Unemployed workers collect b per instant through non-market activity until they retire (or
die) or find a job. Let W, be the lifetime value of the unskilled worker employed in an unskilled



position in sector i. Denote by ¢;; = v;;/(v1j+v2;) the proportion of the total j-type vacancies in
sector 4. The Hamilton-Jacobi-Bellman (hereafter, HIB) equation for the unskilled unemployed
worker in the steady state is given by

7ﬂ‘/vu =b- qu + f(eu)[(gluwlu + EZuWQu) - Vu], (13)

where f(6,) is the job finding rate of an unskilled worker (discussed in detail below). The
left-hand side of equation (13) can be interpreted as the opportunity cost of holding the asset,
unskilled unemployment, at every instant. The terms on the right-hand side represent the benefit
flow of holding the asset V,,, which consists of the dividend flow, potential loss from retirement,
and potential gains from job finding. The asset value equation for skilled unemployed workers
Vs in the steady state is as follows:

Ve =b—pVi+ FO) D bis(xiWis + (1 = xi)Wic) = Vo)L, (14)

i=1,2

where W;s and W, represent worker value in skilled and cross-skill matches, respectively. We
will see later that skilled workers, because they receive a higher wage in a skilled than in an
unskilled position, prefer the former. In our paper, an advanced degree plays a role as an
imperfect signal, but is different from the signaling device in Spence (1973) in the sense that
it increases the uncertainty of the degree holder’s qualifications. For each j € {s,c,u}, w;;
represents the wage payment at the ij-type match. Employed workers are laid off consequent
to separation shock at rate §. The HJB equation for employed workers is

rWi; = wij — pWi; +6(V; —Wy;), foreach j e {s,c,u}, (15)

where it is assumed that V; = V; when j = c.

In the presence of labor market friction, the entrepreneur creates vacancies and waits for
job searchers. Let us and u, be the measures of skilled unemployed and unskilled unemployed
workers, respectively. The vacancies and unemployed workers matched at any given time are
randomly selected by the constant returns to the scale matching function of (vi; + vaj,u;) in
each submarket. Define labor market tightness as 8; := (vi; + vq;)/u; for each j € {s,u} at
every instant. Given the constant return to scale property of the matching technology, the
job-finding and vacancy-filling rates are denoted entirely by functions of the market tightness
0; such that

f(0;) =0;q(0;), for each j € {u,s}. (16)

The economy is populated by a unit measure of workers. Let {H;s, Hic, Hiy}i=1,2 be
the total employed workers in skilled, cross-skilled, and unskilled positions, respectively. To
abstract from the fertility decision, we assume the measure of newly-born workers to be that of
retirees at every moment. In the steady state equilibrium, the mass of each of the matches is
summarized in Lemma 2.

Lemma 2 Suppose that (65,0, 015, 2s) are given in steady state. The steady state measure of
newly-born college graduates is given by

1 ¢n(fs —6u) -t
o= [trew |- (@ Zom 10 ) 1)
For each i € {1,2}, the steady state measures of workers are obtained by
0. i 1 —v: ). X .
His = 7)@6%]0(9&)%, Hi. = 3= xi)bisf (8:) Xl)éwf(aé)us, and Hj, = Luf(@u)uu, (18)
p+o p+o p+o
where (us,u,,) are given by

(p+0)(p+ f(0s) —61(0s) (p+0)(p+ f(6u)) — ()
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Figure 2: Worker Flow

Wage Determination Wages are determined by the internal bargaining mechanism pro-
posed by Stole and Zwiebel (1996). Let ¢ € (0, 1) be the share of the marginal surplus (i.e., the
bargaining power) that accrues to the worker at each match. The entrepreneur keeps (1 — ¢) of
the marginal surplus, that is,

(1=9)(Wi; =Vj) = ¢Jij, (20)

where V. = V;. There is an implicit restriction such that in any equilibrium W;; — V; > 0
and J;; > 0 for each j € {s,c,u}. Guess w;; = A;p;(Qy;/0l;;) + By; for each j € {s,c,u}.
Combining (8), (13), (14), (15) with (20) yields differential equations. Plugging the guess form
into the differential equations and applying the undetermined coefficient methods results in the
following wage formula.

Lemma 3 Suppose that (p1,p2,0s,0.) are given. Then,

P + (1= @)b+ngds if j=s
wig = opigs + (L= Pb+nebs i j=c. (21)
Spigi+ (1= @b+l if j=u

The first terms on the right-hand side of equation (21) indicate that the wage payment is
proportional to the marginal product of labor; the rest capture the labor market condition.

Equilibrium We conclude this section with a characterization of the equilibrium of interest.
Our model is protrayed by the following summary definition.

Definition A steady state equilibrium consists of choice rules {x;, vis, Viy fi=1,2, @ labor mar-
ket tightness parameter {0s,0,}, value equations {Wis, Wie, Wiy, Wags, Wae, Way, Vi, Vi }, and
measures { His, Hic, Hiu, Hasy, Hacy Hoy, Us, Uy} such that:

(i) Newly born workers optimally choose their schooling level.
(i1) Fach representative entrepreneur creates the optimal number of vacancies at every moment.

(7i1) Aggregate consistency requires that the vacancy creation decision be consistent with the
definition of market tightness {0s,0,}.

(tv) The wage setting rule in (21) determines the wage payment for each type of match, the
market clearing condition in (3) the price of each of the intermediate goods.
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Figure 3: Employment Share by Educational Attainment and College Premium in Canada

Note: Panel (a) is based on LFS micro-data, panel (b) on the data constructed by Statistics
Canada, which combines information from Census and LFS. Mean real hourly wages are con-
structed by dividing annual labor compensation by annual hours worked for each education cat-
egory (both business and non-business sectors are included). There are two education groups:
high school graduates or less; and post-secondary education or more. The real wage is calculated
by deflating nominal wages using the all-items CPI (CANSIM Table 326-0021).

(v) The evolution of the system is recursively governed by the law of motions of (13)-(15) and
(18)-(19).

Lemma 4 Suppose that (p1,p2,0s, 0y, {15, las) are given in steady state. Then, the capital stock
in each sector is uniquely determined by
Qe (1 — @)piaiviBishii1

. = 1=rirg 1 Yip ki ) . N\ 929
ki Ki(T + Ai)Da } [Biski" hig + Biulhic + hiw)™], (22)

where (his, hic, hiy) are given by Lemma 3.

Because k; > 7;, the slopes are steeper on the left-hand than on the right-hand side
of (22). The left-hand side being less than the right-hand side at k;—g, and the former
being larger than the latter at sufficiently large k;, equation (22) has a unique solution. The
following lemma shows the steady state to be pinned to the six-dimensional system of equations.

Lemma 5 There exists a steady state equilibrium if and only if (p1,p2,0s, 0w, l1s, l2s) solve for

¢ = (1 +paye)y (23)
o q(0y) } Oy e Oy
n = P S [Xz(l — ®)pi Bh.. + (1 —xi)(1 (b)pZ@Tw (1-9)b Wﬁbau]a and (24)
0. Oy; .
- % [(1 — d)ps 0qu (1= ¢)b—neby|, for each ie {1,2}, (25)

together with Lemmas 2 and 4.

3 Calibration

3.1 Canadian Labor Market

This section presents a quantitative assessment of degree inflation in Canada using data from
1981 to 2000. We calibrate our model using Canadian data on ICT investment, college enroll-



Table 1: Parameters Exogenously Given

Parameter Value Interpretation
r 0.05 Discount Rate
p 0.025 Retirement Rate
o 3.8 Elasticity of Substitution in Preference
0 0.335 Separation Rate

(Vsy ) (0.46,0.46) Elasticity Parameter of Matching Function

¢ 0.46 Bargaining Power of Workers
n 1.0 Vacancy Creation Cost
A 0.320 Capital Depreciation Rate
1.00 Price of ICT Goods in 1981-1985
Pk 0.23 Price of ICT Goods in 1996-2000

ment rate, college premium, sectoral value added, sectoral employment share, and so on. The
Canadian economy is assumed to be in a pre-shock steady state during 1981-1985 and a post-
shock steady state during 1996-2000, over the course of which the price of ICT goods dropped
dramatically by 23 percent. We use our calibrated model of comparative statics to assess the
impact of degree inflation on the labor market. A summary discussion of the Canadian econ-
omy is followed by a brief description of our basic paramerization and identification strategy in
subsection 3.2. We present, in subsection 3.3, the outcome of the calibration that matches the
Canadian labor market and the results of the comparative statics analysis, which reveals how
degree inflation matters to labor market outcomes and educational attainment.

Panel (a) in Figure 3, which is depicted based on Labor Force Survey micro-level household
data (LFS micro-data), shows attainment of higher (at least some post-secondary) education
to have increased steadily, and the fraction of employees without a high school diploma to have
dropped significantly, in Canada.® The approximately 65.4 percent of Canadian workers who
had trade certificates, college diplomas, or university degrees in 2009 is more than double the 30.4
percent of Canadians workers who had any sort of post-secondary degree in 1981. Panel (b) in
Figure 3 exploits the data set constructed by Statistics Canada, which combines the information
from the LFS and Census, to determine the real hourly wages of highly educated (skilled) and
less educated (unskilled) workers in Canada. The increased supply of highly educated workers
observed in panel (a) notwithstanding, the college (skill) premium measured by ‘gap’ has been
increasing, and the college premium measured by ‘ratio’ risen significantly, from the 1980s (20
percent, on average) to the early 1990s (36 percent, on average) due to a gradual decline in
unskilled wages. Although the average unskilled wage in the denominator has increased since
the late 1990s, the premium measured by the ratio has, owing to increases in the price of
oil, remained stable in the Canadian labor market in contrast to the United States and other
developed countries.

3.2 Calibration Strategy

Parameters independently estimated or borrowed from outside the model are determined in
advance as follows. The base unit of time interval is normalized to be one year, which sets the
discount rate to r = 0.05. The retirement rate, exogenously fixed at p = 0.025, implies that an
individual worker is expected to remain in the labor market for 40 years. Due to the recoverbility

3The accelerated growth of highly educated employees since the 1990s is partially due to a definitional change in
the LFS’s education question. See “Labour and Household Surveys Analysis Division Staff Report: The Impact of
the 1990 Changes to the Education Questions on the Labour Force Survey” by Statistics Canada.



Table 2: The Target Moments

. Value in  Value in .
Variable 1981-85  1996-2000 Interpretation

0.497 0.438 . .

preyre/ (D1eyre + P2cyae) (0.528) (0.474) GDP Share of Labor-intensive Sector
(Zj:s,c,u Hljt)/(zizl’g Zj:&gu Hije) (822;) (82;1) Employment Share of Labor-intensive Sector

) y 0.366 0.403 College Graduate Employment Share
(25msc H13t)/ (icr 2 25, Hist) (0.370) (0.391) of Labor-intensive Sector

B 3 0.335 0.590 Proportion of College Graduate Employees
(21:1’2 Zj:s’c H”t)/(zz:lﬁ Zj:s’c’“ Hije) (0.325) (0.604) in Total Employment
Ust/(Ust + D251 92— o Hijt) (0]\6?5) (8833) Unemployment Rate of College Graduates
Uat [ (Wut + 3251 5 Hiut) (0]\(/;1;4) (8ééé) Unemployment Rate of Non-college Graduates
(prezre)/( ) 0.006 0.016 ICT Investment-Value Added Ratio
Prt1e)/\P1ey1e (0.005) (0.010) in Labor-Intensive Sector
(prezas) /( ) 0.035 0.046 ICT Investment-Value Added Ratio
Prt®ae) [ \Patyat (0.020) (0.031) Skill-Intensive Sector
(Ciz1,2 2 j=s,c Wit Hije)/(Cim1,2 Xjms,c Hije) 0.201 0.374 .
itz Wrut Hou) (i 2 Hiut) 1 (0.268) (0.315) College Premium

b 0.600 0.600
Ciz1,2 Xj=s,cou WigtHige) [ (Ciz1,2 Zjms,c,u Hijt) (0.644) (0.556)

Replacement Ratio

Note: Values without parentheses are from the data, values within parentheses from the
model. The data is from Statistics Canada.

issue, the discount and retirement rates are fixed rather than estimated, following practice in
the literature. The elasticity of substitution in household preference is fixed at ¢ = 3.8, as
estimated by Bernard, Eaton, Jensen, and Kortum (2003) using U.S. plant-level manufacturing
data. The capital depreciation rate is fixed at A = 0.320, which corresponds to the average
depreciation rate of computer, electronic product, and software from 1981 to 2000. The price
of ICT investment goods from 1981 to 1985 is fixed at one for normalization, and from 1996 to
2000 set to 0.23, which reflects the ratio of average prices between these periods.

With regard to labor market parameters, such as the bargaining power of workers, separation
rate, and elasticity parameter of the matching technology, we follow Zhang (2008). The arrival
rate of separation shock ¢ is set at 0.335, which yields a total annual separation rate of 0.36
jointly with retirement. The elasticity parameter of the matching function and bargaining power
parameter of workers are set at 0.46, following common practice in the literature. Zhang (2008)
equalizes those parameters by invoking the rule in Hosios (1990). Absent any data on vacancy
creation, and it not being identified separately from the efficiency of matching technology, we
set the vacancy creation cost at n = 1.0. [Table 1] lists the parameters exogenously fed into the
model and their values.

The remaining parameters are calibrated to minimize the sum of the squared distance be-
tween the target moments in the data and corresponding statistics in the model. All parameters
being assumed to be constant across the aforementioned periods, the price of ICT investment
goods alone causes the transition from the pre- to post-shock steady state. We set the target
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Table 3: Parameters Endogenously Determined

Parameter Value Interpretation
as/an 0.709 TFP Ratio

Bis 0.708  Skill Intensity in the Labor-Intensive Sector
Bos 0.641  Skill Intensity in the Skill-Intensive Sector
K 0.891 elasticity of substitution
X1 0.263  Qualification Probability in the Labor-Intensive Sector
X2 1.000  Qualification Probability in the Skill-Intensive Sector
€ 1.175  Average Cost of Education
¢ 4.508  Sensitivity of Education Choice
s 9.542  Scale of Matching Technology for College Graduates
ey 12.225  Scale of Matching Technology for Non-college Graduates
v 0.075  Capital Contribution Parameter
b 0.217  Value of Unemployment

moments by assigning industries to the skill-intensive or (general) labor-intensive sectors on the
basis of their employment share of college graduates. Industries for which the share of college
graduate employees is higher (lower) than the national average of the share in 1990 are assigned
to the skill-intensive ((general) labor-intensive) sector.* [Table 2] reports the model’s target
moments and corresponding statistics. The GDP share of the (general) labor-intensive sector
captures the TFP ratio as/ay across sectors. The productivity parameter of the general labor-
intensive sector, a, is fixed at one for normalization, the counterpart of the skill-intensive sector
endogenously estimated. Employment allocations, such as the proportion of college graduate
employees in total employment, share of the (general) labor-intensive sector in college graduate
employment, and share of the (general) labor-intensive sector in total employment, capture skill
intensity (81, 02) and the parameter of technical substitution is set to be equal across sectors
(i.e., k1 = k2). The time series behavior of employment allocations determines qualification
probability (x1,x2) by capturing complementarity and substitutability between workers with
and without postsecondary education. The level and dynamic behavior of the college premium
determine the education cost € and sensitivity parameter of the education decision (. The
unemployment rates for the skilled and unskilled labor forces are exploited to fix the scale of
matching technology (us, tt), the investment-value added ratio to determine the capital con-
tribution parameter v in the production technology. The replacement ratio, which is set at 0.6
following Zhang (2008), determines the value of the unemployment benefit b.

[Table 3] shows the parameter values finalized by the calibration exercise. The qualification
probability, that is, the probability that a college graduate can effectively fill a position with skill
requirements, is much smaller in the (general) labor-intensive sector, making that sector less
intensive in the employment of college graduates even though the parameter values of (515, fas)
show skill-intensity to be little less than for the skill-intensive sector (why the labor-intensive
sector’s skilled-labor demand is sensitive to the ICT price drop is discussed in the comparative
statics below). Although the values of (us, i) suggest that college graduates use less efficient
technology to search for jobs, their unemployment rate is smaller, as firms create more vacancies

“Industry definitions, with certain exceptions, are based primarily on two-digit NAICS codes; three-digit codes
are used in manufacturing and some two-digit industries are treated as a single industry. Industries assigned to the
skill-intensive sector include Utilities (NAICS Code 22), Petro/Coal Products (Code 324), Chemical Manufacturing
(Code 325), Machinery Manufacturing (Code 333), Computer/Electronic Product Manufacturing (Code 334), Fi-
nance/Insurance/Management/Administration (Codes 52, 53, 55, and 56, treated as a single industry in the dataset),
Professional /Scientific/Technical Services (Code 54), Educational Services (Code 61), Health Care/Social Assistance
(Code 62), Information/Culture/Recreation (Codes 51 and 71, treated as a single industry), Other Services (Code
81), and Public Administration (Code 91). The other industries are assigned to the (general) labor-intensive sector.
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Figure 4: Steady State Equilibrium Outcomes across Price Levels of the ICT Goods

Note: These figures draw the loci of the steady state equilibrium outcomes. The horizontal axis
in each panel represents the price level of the ICT technology goods.

for them. The average education cost of 1.175 is roughly 350 percent of the average annual
income of non-college graduates, and not so much different from the education cost in reality if
opportunity cost as well as tuition is taken into account.’

® Average annual income is around 0.3 in the calibrated model, while education cost is around 1.1. Our choice
of education cost is equivalent to approximately 3.5 years of income of noncollege workers. Given the actual cost
(mostly tuition) and opportunity cost (‘no labor income’) during schooling, 3.5 years of income is a plausible number.
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Table 4: Steady State Equilibrium Outcomes across Qualification Rates

Qualification Weighted-Average MPL of Average Wage of

Probability ~ Non-College College Overall Non-College College Overall
0.263 0.340 0.452 0.407 0.327 0.430 0.389
0.289 0.340 0.459 0.421 0.328 0.437 0.402
0.316 0.342 0.466 0.435 0.329 0.444 0.415
0.342 0.343 0.474 0.449 0.330 0.451 0.428
1.000 0.497 0.648 0.638 0.478 0.619 0.609

Note: MPL stands for marginal product of labor, and is measured in value added.

3.3 Calibration Results

Our calibration exercises on the degree inflation problem fueled by the price drop of the ICT
products are based on the comparative statics analysis with different price levels of ICT goods.
[Figure 4] shows the key variables with different price levels from 0.05 to 1.00 on the horizontal
axis. For example, the positive ICT shock in Canada after 1980s reduced the ICT capital price
from 1.00 (normalized) to 0.23, corresponding to the movements from right to left in each panel.
Sector 1 in [Figure 4] corresponds to the sum of all (general) labor-intensive sectors.

Panels (a), (b), (e), and (f) present the straightforward interpretation. In the (general)
labor-intensive sectors, because the ICT products contribute less in production, it benefits less
from the price drop of those ICT capital products, and consequent to the price drop shrinks in
terms of both output and employment share of the sector as shown in panels (a) and (b) (from
right to left). The endogenous increase in skill intensity occasioned by the price of ICT capital
goods drop precipitates increases in both college premium and college enrollment rate as shown
in panels (e) and (f). These patterns reconcile very well the actual experience in Canada (and
other developed countries).

Panels (c) and (d) in the middle show the (general) labor-intensive sectors’ share of total
employment of college graduates and percentage of college graduates in cross-skill matches. The
non-monotone behaviors of those key variables imply the conflicting effects of the ICT goods
price level. When the impact of the positive ICT shock is moderate, the skill-intensive sectors
respond to it more sensitively than the other sectors, which makes the skilled input share of
(general) labor-intensive sectors decline. However, when the impact of the shock is sufficiently
large, the vicious circle is triggered, in which labor-intensive sector strategically creates more
vacancies for the skilled workers and a substantial portion of the skilled employees to perform
unskilled tasks. It makes the skilled input share of (general) labor-intensive sectors paradoxically
rises together with the positive ICT shock as shown in Panel (c). Consistently, Panel (d) reports
a similar non-monotone behavior of the measure of cross-skill matches in the (general) labor-
intensive sectors.

Although it can be hardly imagined any decline in actual output or welfare given significant
and rapid positive ICT shock, it should not be passed over the opportunity loss for potential
growth and welfare improvement. [Table 4] uncovers the potential loss due to degree inflation by
investigating the change in productivity and wages along the qualification rate of the (general)
labor-intensive sectors. In this model, the qualification probability governs the rate at which
skilled workers in the (general) labor-intensive sector are matched to skilled tasks. Whereas the
baseline calibration exercise fixes the qualification probability of those (general) labor-intensive
sectors at 0.263, [Table 4] increases from 0.263 to 1.00 as a thought experiment for inducing
policy implications. Simply speaking, if the government can improve the quality of higher
education and, hence, the qualification probability of the skilled workers for skilled positions,
the share of cross-skill matches declines. The results show wages for both skilled and unskilled
workers improve monotonically as the cross-skill matches decline (i.e., market segmentation).
These patterns correspond to the monotonically increasing patterns of the marginal product
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of labor. In short, without degree inflation (qualification rate reaches one), productivity of
unskilled (non-college), skilled (college), and overall Canadian workers would have been higher
by 46, 43 and 56 percent during the period. The wage payments would have been larger by the
almost same percent according to [Table 4].

4 Conclusion

This paper develops a job search model with endogenous education choice and hierarchical
labor demand to analyze so-called ‘degree-inflation.” The role of imperfect signal of individual
workers’ qualifications is played by the academic degree, the acquisition of which can be matched
to skilled tasks with expectation of a positive probability. Skilled workers who prove unqualified
for the skilled tasks for which they are hired are assigned to unskilled tasks (cross-skill matches)
previously performed by workers without degrees. As the ICT shock stimulates an increase in
the numbers of degreed workers performing unskilled tasks, unskilled wages decline and workers
without academic degrees are crowded out by degree holders. Notwithstanding the positive
probability of being assigned to unskilled positions by virtue of the cross-skill match, academic
degrees are increasingly sought in response to the ‘expected’ rise in the college premium (i.e.,
ex-ante, it still makes sense to obtain a degree). Without significant improvement in the overall
qualifications of degree holders, enhanced college attainment will find more degree holders in
unskilled jobs, precipitating a vicious circle.

We match labor market development and educational attainment trends in Canada over
the past two decades, during which both college premium and attainment rate have steadily
increased and average real wages for both groups continuously declined. We show the positive
technology shock engendered by recent advances in ICT to have initiated and aggravated the
vicious circle by forcing substantial numbers of degree holders into unskilled jobs in the (general)
labor-intensive sectors (e.g., agriculture, fishing, mining, and so on), which previously did not
hire degree holders in large numbers. Comparative statics results suggest that eliminating
the degree inflation problem would have increased the wages (and marginal productivity) of
unskilled, skilled, and overall workers by 46, 43, and 57 (46, 43, and 56) percent, respectively.
Clearly, the positive ICT shock cannot be the only shock during the period and our approach
simplifies the shortage of labor demand and slow growth, the numerical exercise show that the
degree inflation causes a substantial wage and productivity loss of workers despite positive ICT
shock.

Seemingly overqualified degree holding workers filling unskilled positions are a growing con-
cern not only in Canada but also in other well-developed countries. In the OECD, approximately
one in four workers, on average, are reported to be a mismatch in terms of academic degree and
job description. To reverse the degree inflation trend, it will be necessary to achieve the sep-
arating equilibrium without cross-skill matches through appropriate policy interventions. One
channel implied by our model, improvement of career counseling and internship programs, could
be helpful in reducing cross-skill matches by improving the efficiency of matching technology
among college students. Alternatively, improving the quality of higher education can reduce
cross-skill matches (as firms create corresponding vacancies). Since designing better policies
and evaluating those are more complex and out of the scope of our paper, we leave those topics
for future research. Instead, the present paper identifies the mechanisms that underlie ‘degree-
inflation’ with simple extensions of a standard search model, and provides a framework for
further policy analysis aimed at resolving the resulting unfortunate vicious cycle.
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A Mathematical Proofs

Proof of Lemma 1 We proceed with the optimal control by the entrepreneur having in sector

i. The entrepreneur having (k;, hs, hic, hiy) chooses the schedule of (-, Visr, Viur) at every
T € [t,00) to maximize

/ e T dr (A1)
¢

subject to (6) and the initial condition (ks, hist, Pict, Piut) = (K, Pis, Ric, hiy). The Hamiltonian
for the above problem is given by

H=e "m0 — [ Nikie — i) — p15[(8 + p)hisr — Xiq(Osr)visr]
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_MC[((S + p)hicr - (1 - Xi)q(em')vis‘r] - ,U/u[((s + p)hzur - q(gu‘r)viu'r]~ (A2)

The maximum principle implies that

o
, o—T(T—t) [;} — A3
Tir axzt M ( )
Vist * e_r(T_t)T] = MSXiq(057> + ,uc(l - Xi)Q(937)7 (A4>
Viur - e_T(T_t)n = /lqum) (A5)
om;
kir . g = — _T(T t) T )\i, A6
Hk Ok + (A6)
om;
hise ¢+ fts = —e "7 g (6 A7
it o O+, (A7)
omir
hiur ¢ fru = =770 SE 4 (54 p), and (A8)
y Omi
hic‘r : .c = (- = c 0 A9
I e aheru( +p). (A9)
From (A6),
e Nils—t); (s—t) —(r4+X;)(s—t) Omir
fil — Aie” He = —€ ’ GT
=y =MD /°° ~rea =0 Oir g AGs),
s akl‘l’
Since the shadow price p cannot diverge as s — 0o, A;p = 0. Thus, we get
o om;
— —T(s—t)/ —(T+>\ )(T—s) T d A10
e T.
" 8 (G (A10)
Plugging (A10) into (A3) yields
om; o om;
is _ ~(r4X)(r—s) 9Ty All
e I (i =1, (A1)
By the same reasoning, solving differential equations (A7)-(A9) yields that
1 :/ e‘<r+5+p)(+—7)%d7‘ + e for each j € {s,u,c}. (A12)
T ijT

Since p; cannot diverge, the integral constant C;; should be zero as well. Plugging (A12) into
(A4), and (A5) yields

n = q(@ut)/ e_(r+‘s+”)(7_t)%d7:q(ﬁut)Jmt, and (A13)
t

TUT

> on; on
_ ~(rts4p) (-t [, OTir ir ,
n (05 /t e [XZ Fh (1= x) 8hm}dT 4(0s)Jisr. O (Al4)

Proof of Lemma 2 From (13),

f(0u)9

(r+p)Vu -

[(glujlu + g?uJQu)]

1 ui [(brun + L2un)] = b + “@; (A15)

The second equality follows from (20) and the third from (A13). By the same reasoning, we
obtain that

b+

onbs
=t (A16)

(r+p)Vs
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Subtracting (A15) from (A16) and plugging it into (12) yields
o L/ én(0s —0,) -1

Since the outflow from and inflow into each type of unemployment are equalized on steady state,
we obtain that

(p+ f(0u))uu = O(Hiuw+ Hau) 4+ p(1—s) and (A18)
(p+ f0s)us = O6(His+ Hie+ Has + Haeo) + ps. (A19)

By the same reasoning, we we get

H;, = Mum H;. = Mus, and Hj, = Muu (A20)
p+o p+6 p+o

Plugging equations in (A20) into (A18) and (A19) yields

plp+6)s
(p+0)(p+ f(0s)) = 0f(05)

plp+3)(1 — )
Gt 1O —of@E,) — A

Us = and wu, =
Proof of Lemma 3 Combining (8), (13), (14), (15), and (20) yields

awm 8wzct 8wzut
8hz_]t zst + ¢8h”t ict + ¢ 8hm zut

—opn I el (A22)

wz]t + ¢ 6hijt

where j € {s,c,u} and 6. = 0. Since the differential equations in (A22) should be true for all
t € [0,00), the ‘guess and verify’ method yields the wage formula of

_ Oyt o Oyt
wiie = 0pie| g ] + (L= B+ ndba, wie = opie [y |+ (1= 9)b+ndble, and
8yzt
Wiut = PPit [8hwt} (1= )b+ ndbus. (A23)

It completes the proof. O

Proof of Lemma 4 Plugging wage formulas (A23) into (A11l) and applying the steady state
condition yields

1 871'1' (]. — d))pz 8yi
o _ A24
g PN Ok TN Ok (A24)
(1 = ¢)piciviBisk] ™ hfi
(r =+ Xi)ki

Reordering (A24) yields (22). O

[BiskT B+ Biw(Pic + iy )]/ 571,

Proof of Lemma 5 Plugging wage formulas (A23) into (A13) and (A14) and applying the
steady state condition yields that

0., Ay
= 7,qu(5+)p[( —)p 3}Zu_<1_¢)b_77¢9u}7 and (A25)
_oay) o Oy VN P

n = m[xl(l ¢)p’8his+(1 xi)(1 ¢)pz—6hic (1-¢)b—ngbu|,  (A26)

for each ¢ € {1,2}. We get six equations together with conditions (23) for six unknowns
(p17p279876u7€187€1u)‘ D

17



	Introduction
	The Model
	Environment

	Calibration
	Canadian Labor Market
	Calibration Strategy
	Calibration Results

	Conclusion
	Mathematical Proofs

