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ABSTRACT
An Examination of Sheepskin Effects Over Time∗
Previous empirical specifications are not flexible enough to capture the true pattern of
sheepskin effects over time. If the quality of the match between the worker and the job
contributes to earnings and if higher ability workers more easily reveal their true productivity,
sheepskin effects will follow a concave pattern over time. Using the NLSY and measures of
actual experience, a variety of specifications (including median regressions) confirm this
pattern.
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Introduction
Hungerford and Solon (1987) began a modern series of tests investigating the
existence of “sheepskin effects”. They use Current Population Survey (CPS) data and
estimate spline and step functions that allow for discontinuities at years where individuals
usually complete their diploma and find a statistically significant and positive effect for the
16 th year of education in both specifications. Studies by Belman and Heywood (1991) and
Heywood (1994) add to the literature by investigating the existence and magnitude of
sheepskin effects among women and minorities and for the union/non-union and
public/private sectors respectively. Jaeger and Page (1996) address the important fact that
earlier studies did not use information on actual diplomas. Using data on actual diplomas
they are able to show that earlier estimates were biased downward.1
This study extends the existing research by directly examining sheepskin effects over
time. Various studies have implicitly looked the time path of sheepskin effects.2 One
frequent assertion is that the value of an educational signal (sheepskin effect) declines over
time as employers learn about the true productivity of their workers. Layard and
Psacharopoulos (1974) reject this view and use their result as evidence against the signaling
hypothesis. Riley (1979) points out that in signaling equilibrium employers have to be correct
on average, implying that wages can be revised upward or downward over time without
affecting the average wage and the value of the signal. Thus, there is no reason for a change
in the returns to an educational signal. Farber and Gibbons (1996) exploit this orthogonality
between new information and the signal proposed by Riley and are able to show the
constancy of the returns to an educational signal over time. Belman and Heywood (1997)
stress the importance of improved matching between workers and jobs that leads to an
1

increase in average productivity over time, a feature notably absent in models incorporating
Riley’s orthogonality condition. They develop a signaling model in which the workers’
match-specific productivity depends on the quality of the job match. In their model the
worker-firm match improves over time and they are able to show that returns to educational
signals decrease over time. Belman and Heywood’s model receives further support from
Frazis (2002) who confirms that sheepskin effects are more likely to be found in a signaling
model in which individuals are unsure about their true productivity when they acquire their
educational signal. Habermalz (2002) argues that the 2-period model used by previous
researchers is too simple and develops an alternative multi-period model in which workers
reveal their true productivity. He assumes that a worker’s ability to reveal her true
productivity is positively related to the level of the mismatch between job and worker. This
leads to a concave time path in the returns to educational signals for higher ability workers.
The intuition is that higher ability individuals are superior in their ability to reveal and
communicate their true productivity in the case of mismatches between jobs and workers.
Thus, the high ability individuals have a first mover advantage that leads to an increase in
their returns to educational signals. This note tests for this pattern of sheepskin effects using
data from the National Longitudinal Survey of Youth 1979 (NLSY79).3
Addressing this issue empirically is important because evidence of a concave time
path suggests a higher present value (private return) of the sheepskin compared to a
decreasing time path. The paper further adds to the existing literature on sheepskin effects
by utilizing a measure of actual post-schooling experience instead of potential experience in
the estimation process and by using quantile regressions to cope with the extreme sample
variability in the dependent variable (log hourly real wage).
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Empirical Estimation
Table 1 reports the results of various empirical specifications.4 The first two models
estimate the effect of changing between potential and actual post-schooling experience on
the magnitude of the sheepskin effects for individuals in 1998. Sheepskin effects are
estimated using dummy variables for the educational categories HIGH (High School/GED),
ASBA (Associate/Bachelor) and PROF (Professional degrees).5 Similar to the studies by
Hungerford and Solon (1987) and Belman and Heywood (1997) the results show no
statistically significant effect for the High School diploma. Both estimated effects of the
Associate/Bachelor degree (from15.6% to 20.5%) and Professional degree (from 35% to
53.5%) show considerable, statistically significant increases when actual experience instead of
potential experience is included.6 The fact that the results differ in magnitude from those
reported by Jaeger and Page (1996) is not surprising because the sample size of the NLSY79
does not allow for the construction of separate dummy variables for every degree category.7
Model 3 estimates a regression specification that allows for a concave time path of the
sheepskin effects by including two interaction terms between the degree dummies, actual
experience and actual experience squared. As hypothesized both higher degrees (ASBA,
PROF) show a concave time path indicated by positive and statistically significant
coefficients on the interaction between the diploma dummies and actual experience and
negative and statistically significant coefficients on the interaction between the diplomas and
actual experience squared.
Table A1 in the data appendix shows that the dependent variable (log real hourly
wage) is extremely variable. The Ordinary Least Squares (OLS) regression technique
estimates a conditional mean function of the dependent variable and is by construction very
sensitive to extreme data values. Instead of imposing ad-hoc exclusions on the data the
3

model is re-estimated using a median regression. This technique estimates a conditional
median function and is generally not sensitive to extreme values.8 The last column of table 1
shows the result of the median regression. The results again confirm the concave time
pattern of the sheepskin effects in the returns to education. 9 Table 2 shows the estimated
sheepskin effects for Models 3 and 4 evaluated at mean experience. The results indicate that
the magnitude of sheepskin effects increase when switching to a median regression method
and thus confirms the influence of extreme values on the earlier results.

Conclusion
This study argues against the conventional view that sheepskin effects decline
monotonically over time because employers learn about the true productivity of workers.
The analysis suggests and empirically confirms a concave time path of sheepskin effects.
This finding translates into a higher present value of the sheepskin effect for an individual
compared to the monotonically declining case. The analysis further provides evidence on
two important points. First, sheepskin effects are likely to be underestimated when a
measure of potential experience is used as a proxy for actual experience. Second, it shows
that using a median regression to cope with the high variability in the reported sample wages
results in larger sheepskin effects.
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Data Appendix
The data for the empirical analysis were drawn from the National Longitudinal
Survey of Youth 1979 (NLSY79).
The NLSY79 sample utilizes waves from 1979-98. This leaves 228,348 possible
observations. The following adjustments were made. Observations with a missing or zero
wage were deleted (89,205 deleted observations). Observations with missing values for other
variables needed in conducting the analysis were also deleted (28,441).10 248 Individuals
reported their highest degree as something different than a B.S., B.A, Associate’s degree,
High School diploma or Professional degree. Since it is hard to categorize, for example,
apprenticeships and other certificates those individuals were dropped. At this stage this
resulted in a loss of 2657 observations. Some individuals years of education did not
correspond to their highest degree (i.e. reported professional degree and less than 17 years of
education) and were deleted (623 individuals, 1659 observations).11 Finally the data was
adjusted to allow testing for the main hypothesis. Since the model tracks individuals with
completed, terminal degrees, observations en route to the terminal degree were deleted. This
reduces the data set by 14,955 observations. The final NLSY79 data set consists of 91,431
observations. Data on degrees use only actual reported degrees for Associate, Bachelor and
Professional degrees. Individuals with those degrees were assumed to have a High School
diploma. Due to major inconsistencies between the highest degree reported and another
variable that reveals if a person has a High School diploma it was assumed that individuals
that competed 12 years of education possesses a High School diploma.
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Table A1: Descriptive Statistic
NLSY79 Sample (91431 obs.)
Variable
mean
std
Min
Max
hourly wage
1291.60 33911.55 1
6000000
median wage= 6.88
hourly real wage
10.23
256.40 0.01 41522.49
log hourly real wage 1.76
0.59
-5.09 10.63
education
12.74
2.24
0
20
HIGH
0.64
0.48
0
1
ASBA
0.19
0.40
0
1
PROF
0.02
0.15
0
1
gender
0.51
0.50
0
1
married
0.44
0.50
0
1
partime
0.12
0.32
0
1
black
0.26
0.44
0
1
other race
0.05
0.22
0
1
age
27.80
5.03
16
41
potential exp
9.07
5.11
0
33
actual exp
6.01
4.55
0
21
union
0.16
0.37
0
1
urban
0.79
0.41
0
1
number of jobs
6.83
4.58
0
44
AFQT - Scores
40.54
28.32
1
99
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Table 1* : Regression Results
(Dependent variable: Log hourly real wage)
Model 1 Model 2 Model 3
Education
Experience
Exp. squared
High School (HIGH)
HIGH x experience
HIGH x exp. Squared
Associate/Bachelor (ASBA)
ASBA x experience
ASBA x exp. Squared
Professional (PROF)
PROF x experience
PROF x exp. Squared
2

R (pseudo for median reg.)

Model 4

0.056

0.054

0.030

0.028

(7.73)

(7.60)

(17.51)

(19.86)

0.034

0.033

0.057

0.044

(4.15)

(4.33)

(16.75)

(16.19)

-0.001

0.000

-0.001

-0.001

-(2.56)

-(0.46)

-(6.20)

-(3.70)

0.002

-0.005

-0.029

-0.057

(0.07)

-(0.16)

-(2.18)

-(5.54)

-

-

0.009

0.020

(2.64)

(7.12)

0.000

-0.001

-(1.90)

-(5.35)

-

-

0.145

0.187

0.085

0.034

(2.53)

(3.41)

(4.75)

(2.38)

-

-

0.029

0.054

(6.48)

(15.15)

-0.001

-0.002

-(4.27)

-(11.25)

-

-

0.301

0.429

0.245

0.273

(3.47)

(5.10)

(5.61)

(9.89)

-

-

0.039

0.054

(2.62)

(6.16)

-0.001

-0.002

-(0.99)

-(3.67)

0.3067

0.2469

-

0.3129

-

0.3482

* t-values i n parentheses. Model 1 estimates the sheepskin effects using potential experience for
individuals i n 1998 (number o f observations 4985). Model 2 estimates model 1 using actual
experience. Model 3 estimates the full model (num. obs. 91431) using actual experience. Model 4
estimates the model using a median regression. Other controls are: race, gender, Armed Forces
Qualification Test Scores, number of jobs, year dummies, union membership, residence i n an
urban area, part-time, interaction between part-time and married, married, regional dummies.

Table 2*: Cumulative Sheepskin Effects
Model 3
Model 4
HIGH
0.016
0.038
ASBA
0.248
0.318
PROF
0.505
0.617
* Sheepskin Effects calculated using the estimated coefficients (i.e. HIGH,
HIGH*EXP, HIGH*EXP 2) and evaluating their sum at mean experience
levels (HIGH=6.71, ASBA=6.31, PROF=4.83)
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Endnotes:
1

Studies investigating sheepskin effects are not limited to the United States (see for example Denny/Harmon
(2001), Gibson (2000), Gullason (1999), Shabbir (1991)

2

All of the studies that have implicitly looked at sheepskin effects over time have done so in attempting to find
evidence for/against the signaling hypothesis. More specifically, they estimate returns to educational signals
over time. While the existence of sheepskin effects is often taken as evidence for the signaling hypothesis,
one can easily explain them within the human capital framework (see Chiswick (1973)). Therefore this study
focuses on advancing the empirical knowledge of sheepskin effects and does not take their existence as
evidence of either theory.

3

See the data appendix for a description of the data set.

4

All regression specifications use race, gender, Armed Forces Qualification Test Scores, number of jobs, year
dummies, union membership, residence in an urban area, part-time, interaction between part-time and
married, married, regional indicators as other controls.

5

The dummy variables are constructed as mutual exclusive categories (i.e. an individual with a bachelor's
degree is coded as HIGH=0, ASBA=1, PROF=0).

6

The percentage increase in the dependent variable associated with the dummy variables is calculated by eb -1,
where b is the estimated coefficient.

7

Jaeger and Page (1996) report marginal diploma effects between 7% (some College, No Degree) and 31%
(Bachelor) and 3% (Masters) and 31% (Professional).

8

For information on quantile regressions see Johnston, J./DiNardo, J. (1997) and Koenker, R./Hallock, K.
(2001)

9

To control for the effect of heterogeneity among individuals fixed- and random-effect regressions were also
carried out but not reported here. Both regression confirmed the time path of sheepskin effects reported in
table 1.

10

The 28,441 observations deleted were due to (in that order) missing values on region of residence (1085),
residence in an urban area (2954), marital status (10), year of education (243), union membership (13788),
inclusion in the military sample (3594), weeks worked since last interview (574), hours worked since last
interview (1088), race of respondent (689) (revised) AFQT scores (4390), cumulative number of jobs (26).
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11

123 individuals reported a professional degree and less than 17 years of education, 494 reported a B.A, B.S or
Associate’s degree with less than 13 years of education and 6 reported a high school diploma with less than
12 years of education.
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