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ABSTRACT

This article aims to study and estimate the evolution of the profitability of educational
and professional investments, thus offering an analysis of the dynamic links “profitability” -
“investment”.

The general framework is inspired by the theory of human capital and by analyzing
three surveys provided by the National Institute of Statistics which focus on salaried
employment.

We initially use a corrected Mincer model where we specify two types of regression then
we will integrate the indicator of depreciation of human capital. The results provide insight
into the dynamics of individual investment choices. Where estimates show declining
profitability and increasing catch-up time (Overtaking)

The study also helps to understand the evolution of returns on educational and
professional investments. As well as identifying points of failure and imbalance in the
education system and its relation to the labor market and serving as a guide for government
policy regarding long-term educational programs.
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INTRODUCTION

The formulation of the earnings function of Mincer (1961) is the starting point of a large
literature that has studied the evaluation of returns to education. the other studies have tried to
take better understand how the present and past environment of an individual affected the
returns to education and the differences in the educational choice between individuals
synthesized in particular by Card (2001), and especially by using the instrumental variables
which allows to take into account the endogeneity of certain explanatory variables Ahmad &
Butt (2012); Hungerford & Solon (1987).

However, the literature that we consulted did not reveal any typology of the
consequences of depreciation or the associated models explaining the mutual relationship
between the possible effects (Weeks et al., 2004; Neuman & Weiss, 1995; Van Loo &
Semeijn, 2005; Shearer & Steger, 1975; Thijssen, 2005; Laureys, 2014; Nazarov et al., 2018).

The objective of this paper is to present the empirical analysis of the earnings mode |
from three investigations, which will be limited, first, to only educational investments. This
model is the approximation of the general model. Secondly, we develop a descriptive statistic,
and thirdly, the simple schooling model will be extended through the introduction of
professional investment Becker & Chiswick (1996). Two types of regression will be
presented, that describe the behavior of individuals towards post-school investment. The first
is linear, and the second is exponential, in order to measure in a robust way the return of the
various educational investments and to test whether there is a depreciation effect or not.
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During each step, we will try to compare the different results of different Surveys while
respecting the same comparison framework Altonj & Pierret (2001).

Statistical data is provided by three surveys carried out by the NSI (National Statistics
Institute) the Survey 1 done in 1989, which includes after cleaning 7549 people, the Survey 2
done in 1999 contain 5896 people, and the Survey 3 carried out in 2012 which includes 63078
people. And for the estimations we use the Gretl software (Fitzgerald et al., 1998).

METHODS/EXPERIMENTAL
This work can be designed to bring value or less in five areas:

Methodologically, where he respects strict scientific standards as a professional in the
field, this work oscillates between the traditional guideline and the new trends, where we have
tried throughout this article to be faithful to a strict scientific structuring while carrying our
specific style and leaving a distinctive character on the manuscript.

On the knowledge level, the study can be considered as a reference in what relates to the
theory of education yield, even that the latter is relatively recent and a little delicate, the
present study brings new conceptions while respecting the spirit general of the formulation
resulting from the theory.

On the innovative level, the analysis postulates, to our knowledge, new innovative
avenues, even if we note that the approach is aimed at specialists in the field, the sequence of
ideas allows readers to understand the objective as well as the results.

This article reviews the Mincer model, thus specifying a new formulation, centered on
the depreciation of the human capital.

The reformulation respects the framework of the human capital theory and tries to
answer the questions of contemporary society, particularly concerning the return on school
and professional investments.

On a practical level, the study is interesting from the point of view that it demonstrates
the simplicity and delicacy of the treatment of the effect of return on investment while
respecting the characteristics of the economy to be studied, where we took the example of
Tunisia.

The study makes it possible to understand the evolution of the returns schools' and
professional investments, to look for points of failure and disequilibria in the education
system, and the relationship with the labor market. In addition, the study can be assessing the
impact of government policy concerning educational policies and programs.

PROCESSING OF SURVEY 1
Methodology: The Simple Schooling Model

This model is an approximation of the general model of Mincer, which makes it
possible to write the natural logarithm of the wages "Log(Yo)" according to the number of
years of study "S", we will test these two functions. The addition of the variable "S?" in the
second regression allows us to deduce the marginal contribution of education for different
levels of education.
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The results of the regressions are as follows®:

(1)  Log(Y;)=3.87+0.0519S; +¢ R%=19.7%
(43.11)

(2)  Log(Y;)=3.939+0.0017S; +0.00395 SZ +¢  R?=22.5%
(0.5355) (16.493)

The coefficient "a4" is not significant in the regression 2", the average rate of return to
schooling is 5.19%, and we note that the coefficient "a,"associated with the square of the
education variable is positive, which imply that the return to education increases as the level
of education increases. Besides, according to regression "2", we can write:

&%(Yl) —0,0017 + 2(0.00395)S;
1

So for S1=6 (primary education) we will have t (the yield)=4.91%

For S1=9 = t=7.28%), for S1=13 = 1=10.44%
For S;=17 = 1=13.6%

Note that the multiple correlation coefficients are relatively low, so the education
variable only explains 19.7% of the first regression and 22.5% if we introduce the second
explanatory variable. This is due to the basic specification of the simple schooling model.

We can improve the prediction by adopting the catch-up design (Overtaking). The study
consists of testing an education model, the salary of which corresponds only to the
educational investment, which corresponds to the gross salary at entry into working life.
However, the problem is that grosses wages are not directly observable.

Since that the gross salary is higher than the net salary (especially at the start of working
life), and the increase of the grosses salary is less than that of the net wage. At some point, the
net wage catches up with the initial level of the gross salary, so if we recover this threshold,
the estimate of the wage that corresponds to it will be much better.

Most studies estimate that the catch-up period will be between 7 and 9 years of working
life. We will test the simple education model, taking special account of this restriction; the
number of observations will be reduced to 892 people.

The results are as follows:

(1)  Log(Y;)=3.293+0.10335; +¢ R%=43.21%
(26.02)

(2)  Log(Yy)=3.275+0.1082S; —0.00027 S +¢& R%=43.22%
(5.57) (-0.258)

Comparison of these results with those of the previous regression, where we estimated
the model using all the observations, we notice that the average rate of return on school
investments doubled from 5.19% to 10.33%. The coefficient of " 812 " 1s not significant, which

confirms the first approach stating that the return to education increases as the level of
education rises.
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We also note that the multiple correlation coefficients have improved significantly from
22.5% to 43.22%, showing that a more precise quantification of educational investment
allows more robust estimates.

Empirical Analysis Including Professional Investments

To analyze the evolution of salaries according to the level of training and by age group,
we have grouped the employees according to four levels of training:

1. None: education equal to zero,

2. Primary: from 1 to 6 years of study,

3. Secondary: from 7 to 13 years of study,
4. Higher: more than 13 years of study.

We distinguish 13 age groups, the extent of each group being four years. The same
classification will be adopted when treating the salary according to the number of years of
professional life.

We, therefore, analyze the age-logarithm profiles of wages, and the number of
professional years-logarithm profiles of wages (we always calculate the average of the
logarithms of wages for each group).

We can write the variation of the logarithm of the net salary for the period "n" and "n +
1" in the form?*:

ALogY,, = LogW 1 +Log(1—An,1 )— LogW,, —Log(1-4,)

LogWp ;1 —LogW,, = Log(1+7 A4, )> 0
= ALogY, = Log(1+7 A, )+ Log( /12““1)

This explains that the variation of the logarithm of the net salary depends on "Log (1 +
)" and that the concavity is ensured by the decrease of "1," with age.
The concavity shows that the decrease in "A," is faster for those with low educational levels
than for high levels.

Characterization of the Equations to be estimated

In this section, we will test the earning model that only generates educational and
professional investments, where we define two cases:

The case without depreciation:

n-1
LogWy = LogEq + 73S +7 X4 +Up
I=m

n-1
And LogYp = LogWg +75S +7 X4 +Log(1-Ap )+ Vy
I=m

The case with depreciation:
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n-1 *
LogWp = LogWq +(7s —7)S+ X (7j4i —y)+Up

I=m

n-1 x
=LogWp +(75—7)S+7p X 4j —yn+up

I=m

n—l * *
And LogY, =LogWg +(zs—7)S+7p X 4j —yn+Log(1-4 )+vy
I=m

With W, the gross salary, Yn: the net salary, S: the number of years of schooling, z.: the
average rate of return on educational investments, t,: the average rate of return on
professional investments, y: the average rate of depreciation of human capital, A,: the

*
fraction of the salary allocated to professional investment, A, : the fraction of gross salary

allocated to gross investment, "m": the time of entry into working life, n: the number of years
of professional life, and N: the total length of the period of net investment.

We are going to adopt two regressions that retrace individual behaviors for post-school
investment®,

The first regression is linear: A, =4 —%n, "Jo" explains the part of the gross salary

intended for investment during the first period of working life.

The second regression: Ay, :%e—m this expression develops the exponential decrease
in the part of the salary intended for investment, of parameter "p".

Characterization without Depreciation

Using the linear form in the previous model, we will have:

LogWp =LogWg + 73S +7p z (ﬂLo—ﬁl)+un
i=m

p/10 2

=LogWqy +75 S +7p Agn— n< +up

Tpdo 2 o
And LogY, = LogWg +75 S +7 Agh— >N n +Log(1—}Lo+Wn)+vn
2 2 2
Ao Ay Ao A Ao 2
Log(1-Ag+—n)=—(Ag+—)+(—+—)n——=n
91— Ao+ M =~ Ao+ )+ (5 + ) N2

Taylor's quadratic approximation gives:

Therefore:

2
LogY,, = LogW — ﬂo(l-ﬁ-@)-l-‘[ss-}-(fpﬂo—f-@-}-ﬂo) — (2= pﬂo o )n +v, (D)
N N 2N

There is a parabolic relationship between the logarithm of wages and the time spent in
working life.

Using the exponential form, the model will be as follows:
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Ty A T
LogW, = LogWj + P70 +74S — P70 e ™ +up,
Y2,
The expression of the net salary is:

Tn A Tn A

LogY,, = LogWy + e +Log(1-Ape ™ )+up

The same Taylor's quadratic approximation gives:

2
T T
LogY,, = LogW + pp/% +75 S —(p7%+ﬂo e A" _%e—Zm +Up, )

(Function of Gompertz's salary).
Characterization with Depreciation

By introducing the depreciation effect, we will have:

* * ﬂ
%:%—ﬁm
U

Introducing the first investment specification into the gross wage equation gives:

*

LogWy, = LogWq + (75 —7)S +(7p Ao — ¥ )n— n“+up
2N

*

*

LogYy = Logily — (1+ 2 )+(7s —7)8

* %2 * %2 (3)
And H(ep Ao+ 2220 -2, oy,
N" N 2N" oN*

The second gives:

*

T T
LogW,, = LogW, + p/jO +(zg—y)S— p/jO e ™ —yn+u,

We can, therefore, deduct the net salary:

* * *2

LogY,, = LogWg + Tpp% +(zs—7)S —(%+/{6 e A" —ﬂ'¥e_2pn —yN+Uup (4)

6 1533-3604-23-S1-002

Citation Information: Abidi, M. (2022). Evolution of private educational returns: foundations, assessment and evaluation, a
study based on Tunisian data. Journal of Economics and Economic Education Research, 23(S1), 1-20.



Journal of Economics and Economic Education Research Volume 23, Special Issue 1, 2022

For the econometric study, we only use the equations which describe the net salary: (1),
(2), (3), (4). We estimate the specifications proceeding in the linear form (1) and (3) by the
following equation:

Log(Y):ao+a18+aZZ+a322+8

Knowing that, S: number of years of study, Z: number of years of professional life, Z*:
square of Z.

For the specification without depreciation, the coefficients of the equation are defined
such that:

2 2
Ao Ao A ph A
= LogWp —Ag(1+—), cn =15, » = +—+—=), s=—(—+—~
20 gWo — Ao( 5 ), n=1, 2= (7plg N N ), o5 =—( N 2N2)
And with depreciation:
2""(‘) ﬂ:k %2 r ﬂ’{‘) *2
ap =LogWp - Ao(1+—), a1 =157y, @2 = (Tp/16+—9<+ﬂo* )y, o =—(—+ & 5 )
2 N™ N 2N oN*

Then, we estimate the specifications proceeding in the exponential form ((2) and (4)) by
the following equation:

Log(Y)=by,+bZ +b,G+b,G* +v
Knowing that, G=e™ and G*=¢?™
Without depreciation, the coefficients of the equation are defined such that:

T ﬂo T /10 /’LZ
fo = LogW + pp =15 B =—( pp +20), r=—22.

2
With depreciation:

* * *2

ﬂOZLogWO-i_TppﬂO ) ﬁlzrs_yvﬂzz_(rppﬂo +ﬂt))1ﬁ3:_%iﬂ4:')}.

Result of the Estimates

Log(Y; ) =3.186+0.0793S; +0.0397 Z; — 0.0005 Z{ +u
(55) (24.88) ~ (-17.73)

R%=29.63%.

1. We note that all the variables are significant for all the models.

2. The introduction of the variable "Z1" in the model improves the explanatory power of the regression,
where we note that the multiple correlation coefficients go from 19.7% to 26.7%.

3. Taking into account the variable "Z1" partly eliminates the bias that affected the estimation of the rate
of return to education. This bias is explained, on the one hand, by the short professional life of the most
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qualified at the same age, on the other hand, by the increase in the average level of education of the
population. This explains a biased estimate of the rate of return on educational investment.

4. The introduction of the variable " le " corrects the average rate of return on school investment, which
is around 7.93% (instead of 5.19%).

The calculation of marginal rates of return on school investments makes it possible to
write:

oLog(Yy)

<" =004478+2(0.00247)Sy
1

This means that for:

S1=6 (Primary education) we will have ts (The yield) =7.44%
$1=9 = 1,=8.92%, S;=13 = 1,=10.9%,
$1=17 = 1:=12.87%.

There is an increase in returns for all levels of education, except for the higher level,
there is a decrease. It should be noted here that the classic pattern of diminishing marginal
returns is not respected because these returns increase with the level of education.

The calculation of the profitability of professional investment goes through the
calculation of "a," and "a3". Besides, we know that:

2 2
A A0 pdo A5
= (toglg+—+—), ;z=— +-—2-),50:
2
Jo=Nay+2N2az and 1y =— %2 1+Nap+2N"ag
p N 2 N
0{2+2N a3

We also know that "A¢" is between zero and "1", which places restrictions on the choice
of "N" (the total length of the investment period)

According to regression (2) we obtain the following results:

For  N=20 = X =39.54% and 1, =3.08%,
N=25 = A =36.92% and 1, =5.29%,
N=30 = Ao =29.31% and 1, =9.25%.

We can therefore estimate that the returns to professional investments in the Tunisian
economy are low.

The cumulative duration of professional investments is:
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N 2
X1= 2% AJ—:AO%, So AO:Na2+2N2a3 = X1=N7a2—N3a3, the condition of
j=0
%:O: Na, —3N’a, =0
maximization of X; give ON , for N=0 we will have
N = 3“—2 = 26.46 = g = 25.08% = 1,= 6.61% and X;=3.31.
as

The cumulative duration of on-the-job investments is at its maximum for N =26.46; its
time equivalent is, therefore, equal to 3.31. When "N;" is maximum, the fraction of the salary
intended for professional investors will be 0.25; the rate of return corresponding to this
placement is 6.61%.

Finally, we note that the sign of the interaction variable "SZ;" which is the product of
the variable "S;" and the variable "Z;", is negative which reflects a convergence of salary
profiles and years of professional life.

The Results of the Gompertz Function Estimate

The advantage of this method is to provide all the necessary information without having
to resort to other transformations or extrinsic variables:

Log(Y; ) =4.018+0.0799S; — 0.7405 X; — 0.2381 X{ +V
(55.55) (-8.219) (-2.177)

R?=29.45%.

The value taken for "p" is 0.0615 (other regressions were made for different values of
“»", but we only keep the good one, the one that increases the "R*" and that the coefficients
are significant).

The estimate shows that the average return on education has not changed (around
7.9%).

7p 4o %
p=—(——+4), A :—7, so from """ we can calculate "Ao", and of "/," we deduce
2

"7,", s0 we will have 1=69.01% and 1,=0.44%.

The study of depreciation refers to the regression of model 4, where the variable "Z;" is
introduced (the coefficient of this variable expresses the rate of depreciation of human capital
during working life).

Hence y =0.91%. We note that this coefficient is negative and significant.

So, we will have: 1,=p1+y=0.0799+0.0091=8.9%.
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PROCESSING OF SURVEY 2
The Simple Schooling Model

The estimation of the model gives the following results*:

(1) Log (Y,)=4.848+0.0648S, +¢& R%=31.6%
(52.27)

(2)  Log (Y,)=5.032—0.0079S, +0.004499 S5 +¢ R%=34.7%
(-1.74) (16.66)

The return to education stands at 6.48%, an improvement of almost a point in a decade
(5.19% in 1989). We note that in the second regression the coefficient of "S," is not
significant for a threshold of 5%, however, the multiple correlation coefficients is improved,
going from 31.6% to 34.7%.

The calculation of marginal returns gives:

a"oagT(YZ) —-0.00079 + 2(0.00499)S,
2

Therefore, we can write:

S,=6 (primary education) we will have 15 (the yield) = 5.9%
S2=9=15 = 8.9%, S,=13=1,=12.89%,
S,=17=1,=16.88%.

The comparison of the different returns with those of the first survey shows that, on the
one hand, the marginal returns always increase with the increase of the years of study; on the
other hand, there is an improvement in these yields for all levels. However, the greatest
increase is recorded for the upper level (from 13.6% to 16.88%).

The estimation of the model by referring to the principle of Overtaking and always
adopting as a catch-up period between 7 and 9 years of professional life allows more solid
estimates. Consideration of this specification, the sample will be reduced to 558 people.

The results will be as follows:

(1) Log(Y,)=4.316+0.0935S, +¢& R2 =47.24%
(22.31)
(2)  Log (Yl,)=5.056—0.08965, +0.00926 S +¢& R2 =52.09%
(-3.62) (7.496)

These estimates show an improvement in the return to education (from 6.48% to
9.35%), but this increase is less than that recorded at the time of the study of the first survey
(from 5.19% to 10.33%), which indicates a bad signal concerning the contribution of
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education to returns. On the other hand, we note a clear improvement in the level of
explanatory power which climbs to 52.09%.

Empirical Analysis with Professional Investment

In this section, we will use the same study principle as that adopted for the Surveyl
(four levels of education, thirteen age groups, range of four years, and we calculate the
average of the logarithms of wages for each group).

We have found that at the same age we always have the logarithm of the salary of the
most educated is higher than that of the less educated. This observation is approved during
working life, especially between primary and secondary level, and between secondary and
higher level. We can distinguish two stages, the first is characterized by a narrowing of the
crack between the two levels up to the period 38-41 years, and the second phase marks a
divergence. We also notice that these profiles are neither flat nor parallel (describing the
presence of an investment other than education).

Note that the concavity is clearer for the lower levels than for the upper levels, and the
decrease in "A," is always higher for the lower levels than for the higher levels, which
explains the widening of the slot between the gain profiles of the different levels.

Finally, we note that the maximum of the earning profiles is reached at the end of the
career for the upper and secondary levels, and a little less for the other two levels.

The study highlights the following observations:

1. We have two stages of professional investment (with an equal duration of professional life). The first
stage is marked by a tendency to catch up with the least educated levels, explained by a greater
professional investment; the second stage is marked by the predominances of higher Professional
investments from the most educated.

2. It can also be seen that the trend line of the upper levels is almost linear; however, this phenomenon

was recorded for lower levels during the survey study 1. The other curves have a concave shape.

The most educated individuals have a shorter professional life.

4. At the start of a career, salaries are different between the different levels

w

Estimation of the Equations
Parabolic Function

Log(Y, )=4.108+0.0835S, +0.0425Z, — 0.0005 2 Z3 +u
(63.73) (26.4) (-17.22)

R%=43.61%.

All variables are significant for all models, except the variables "Z," and "SZ," in Model

It should also be noted that introducing the variable "Z," improves the explanatory
power of the model (40.78% instead of 31.6%), since the introduction of this variable partially
eliminates the bias that affected the rate of average return on education.
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Switching to the full model by inserting the square of "Z," readjusts the average rate of
return on educational investment from 6.48% to 8.35%. Compared with the Survey 1, we can
detect a slight improvement over a decade (by 0.42%).

The study of marginal returns to schooling brings out (Model 4):

oLog(Yy)

=0.0391+2(0.00274)S,
0S5

So, we can write:

S,=6 (primary education) we will have, t, (the yield) = 7.2%
S2=9 = 15 =8.84%, S,=13 = 1:=11.03%,
S,=17 = 15, =13.23%.

These results show that there is an increase in marginal returns compared to the simple
model, except for the top level. But we can notice by comparing the returns of the two
surveys, that the marginal returns of the lower levels recorded a decrease during these 10
years, and an increase in yields for the upper levels (from 12.87% to 13.23%), implying a
tendency to value the high levels at the expense of those of the low level. But this trend
remains weak.

Regarding professional profitability and regarding model "2" gives:

For  N=20 = 2%,=43.07% and t,=2.72%,
N=25 = X;=40.72% and t,=4.81%,
N=30 = A=33.12% and 1,=8.4%.

We can conclude that at "N" equal, the "1o" has increased since the Survey 1, which
means that the agents increased their post-school investments, but on the other hand, the
profitability decreased. Thus, for a decade, people have invested more and earned less.

According to Model 2, the interaction variable "SZ," is not significant, which does not
allow us to distinguish the relationship between education and experience.

The cumulative duration of post-school investments is:

N 2
Xo= X 4 :Zoﬂ = XZ:N—aZ—N3a3,X2 is maximum for N =22 =27.01 =

Ao=38.28% =1, =5.98% and X, = 5.16.

The cumulative duration of professional investments reaches its maximum for X=27.01,
its time equivalent is, therefore, equal to 5.16. If "X," is maximum, the fraction of the salary
spent on on-the-job investment will be 0.382. The rate of return equivalent to these expenses
is 5.98%.

Comparison of these figures with those of 1989 shows that there is an increase in "N",
"Ao" and "X" but a decrease in " 7"
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The Gompertz Function Estimate

Log(Y, ) =4.991+0.08417S, —0.7875G, — 0.3061G3 +v
(69.91) (-8.25) (-2.76)

R%=43.86%.

It can be noted that there is no change in the profitability of education, if we compare
this model with that of the basic model, using parabolic regression. Likewise, the observed
difference is always the same if we compare the estimation results of the two surveys.

The chosen value of "p" this time is 0.066, so A=78.24% and 1,=0.0427%. Likewise,
here we can deduce an increase in professional investment, while their profitability of this
investment decreases if we compare the results of the two surveys, under the Gompertz
regression.

Regarding the state of depreciation, we can refer to the coefficient of the variable "Z,"
in the model 4, where we record y = 1%, the coefficient is negative and significant; therefore,
the phenomenon of the depreciation of human capital during working life is justified.
Moreover, we note that this rate has increased compared to the Survey 1.

The gross profitability of education is, therefore:
7, =b +y= 0.08417 + 0.01 = 9.41%
PROCESSING OF SURVEY 3
The Simple Schooling Model

The estimate shows the following results®:

(1)  Log(Y3)=5.255+0.0598S5+¢ R%=24.65%
(143.66)

(2)  Log (Ys)=5.568—0.02497S3+0.004279 S +¢ R2=27.61%
(-14.54) (50.84)

We noted that the average return on education has deteriorated to 5.98% (against 6.48%
in 1999). The calculation of marginal returns makes it possible to give:

a'—oagTWs’) — —0.02497 + 2(0.004279)S5
3

And therefore:

S3=6 (primary education) we will have 15 (the yield)=2.63%
S3=9 = 1,=5.2%, S3=13 = 1,=8.63%,
S3=17 = 1:=12.05%.
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We can find that marginal returns always increase with the number of years of
schooling. However, the comparison of these results with those of the Survey 2 shows a
decrease in these returns for all levels, primary, secondary, and higher (degradation of two
points for each level)®.

Estimating the model by limiting itself to a professional life between 7 and 9 years
(Overtaking) reduces the sample to 5,454 people, which gives the following results:

(1)  Log (Y3)=4.56+0.098S3+¢ R2=33.34%
(52.22)

(2)  Log(Y3)=5.96— 0.168 S3+0.011155+&  R?=40.35%
(-15.76) (25.3)

These estimation results show an improvement in the average return to education
ranging from 5.98% to 9.8%, almost the same rate recorded for the Survey 2. But it is still
lower than the return to education for Survey 1 (under the same conditions). However, there is
a marked improvement in the explanatory power of the model.

Empirical Analysis Including Professional Investments

In this section, we will use the same grouping procedure as when processing the two
previous surveys, in order to allow reliable and consistent comparisons between the different
surveys.

The first finding that can be raised is the one related to the pace of earnings profiles,
where we can see a clear improvement compared to the two previous surveys.

At the start of working life, the profiles are almost the same except for that of the higher
level. Then, they will be well distinguished towards the end of working life. However, these
profiles were clearly distinguished from the start for the other two surveys.

At the same age, the most educated people have higher earnings profiles than the less
educated. And this pattern will be sustained over the course of working life with an increasing
and continuous rhythm, of which the possibilities of catching up for low levels are almost nil
(attempts recorded during the study of surveys 1 and 2).

The concavities of the profiles in this survey are checked for all levels of training. The
concavity will be compared to the decrease in "A," as the age increases; this decrease is more
severe for low levels.

The logarithm of wages peaks when workers cross the 54-57 age range. It can be seen
that the most educated have a shorter professional life than the others. We also note that the
most educated allocate larger sums to professional investment, which still confirms the
positive correlation between school and post-school investments. But the comparison with the
other two surveys shows that the most educated are spending less and less of their spending
on professional investment. This is explained by the declining return distinguished over time
from professional investment.
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Estimation of the Equations
Parabolic Form

The estimation of the model gives:

Log(Y3)=4.433+ 0.0834 S5 +0.04109Z5 —0.000488Z2 +u
(188.09) (82.07) (-45.05)

R?=39.67%.

The study of the outputs of the estimates shows that all the variables are significant, we
also note that the insertion of the variable "Zs" and "Zs*" increases the explanatory power of
the model (39.67%) and the average yield of the educational investment which goes from
5.98% to 8.34%.

The comparison of these rates with those of the Survey2 indicates a slight decrease in
the average return to education, which confirms the decrease already observed since the
Surveyl for the valuation of educational investments.

Marginal returns to education are calculated from the Model 2:

—aL%?S(Y3 ) _ 0.0125+2(0.0047)s;
3

The marginal returns from the different levels of education are thus:

S3=6 (primary education) gives t (the yield) =4.39%
S3=9 =1, =7.22%,

S3=13 =1, =10.99%,

S3=17 =15 =14.75%.

We note an increase in marginal returns compared to the simple schooling model, with a
rate of almost two points for each level of education. Comparison of these results with those
of Survey 2 reveals a decrease in marginal returns for all levels of education, with the
exception of the case S3=17, and the conclusions already identified during the study of Survey
2 can be confirmed the gold of the Survey 3 study.

In terms of the profitability of professional investments, we can calculate for different
values of "N", from model 2:

For  N=20 = %=43.1% and 1,=2.38%,
N=25 = A,=41.66% and t,=4.19%,
N=30 = A,=35.33% and 1,=7.11%.

If we compare the results of the three surveys, we notice that for "N" equal, "4¢" has
been increasing since the 1989 survey, which shows that people are attaching more and more
importance to the post-school investment. However, profitability continues to decline.
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The interaction variable "SZ3" has a positive and significant coefficient, which indicates
that there is a complementary relationship between formal education and post-school training.

The cumulative duration of professional investments is:

N N N2 3 o s
X3= X 1j =/IOE :>X3:Ta2—N a3, X3 is maximum for N:3—:28.O3 =

Ao= 38.4%= = 1,=5.76% and X3=5.38.

The maximum of the cumulative duration of professional investments is reached for "N
=28.03" for a time equivalent "X3=5.38", the part of the salary allocated to the investment
professional is therefore 0.384, with a rate of return equal to 5.76%.

We note that reaching the optimum, and comparing it with the values found during the
processing of Survey 1 and 2, is characterized by an increase in the investment period "N", the
share of income spent on investment "10" and of "X", on the other hand, there is a decrease in
profitability "zp". This builds contradictions in the economy.

Gompertz Function Estimate

Log(Y3)=5.372+ 0.0836 S3— 0.944 G5 —0.0832G3 +Vv
(194.25) (-30.55) (-2.71)

R?=39.88%.

We can notice that the returns to schooling, as well as the explanatory power of the
model have not changed compared to the basic model with a parabolic regression. However,
the estimate shows that the return to average education decreased compared to the Survey 2
according to the Gompertz specification.

In this case, the value of "p" chosen is equal to 0.058. We can, therefore, notice that the
"p" chosen for the three surveys is around 6%.

So, A0=40.8% and tp=7.62%. Consequently, we can say that this generation has
benefited from the benefits of the professional investments of previous generations (error in
the memory of generations) since the proportion "A0" devoted to post-school investment
decreases while profitability increases compared to the Survey 1 and 2 in part of this model.

The inclusion of the variable "Z3" in model 5 makes it possible to deduce the value of
the depreciation coefficient y =1.27%, which is negatively significant. So, there, once again,
the phenomenon of the depreciation of human capital is justified. Moreover, it has been
increasing since the Survey 1.

We can, therefore, deduct the average return on education without depreciation (gross
return):

7, =b +y =0.0836+0.01279 = 9.64%.

If we compare the gross return on the education of the three surveys, we can see a slight
increase ranging from 8.9% in 1989 to 9.41% in 1999 to stabilize at 9.64% in 2012.
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RESULTS AND DISCUSSION

In terms of results, throughout the study, we tried to draw results beyond the classical
formulations by specifying the necessary demonstrations.

The analysis makes it possible to compare the output of the estimate based on three
job surveys using a new conception of the Mincer model, thus dissecting the factors that
influence the decision-making process.

The returns on education and professional investments thus deduced allow
comparisons to be made and their development to be sketched out.

Limits, the main limitation lies in the possibility of adopting instrumental variables
(still to prove the validity) for the estimation, which can be the subject of future research
under the basis of this new specification with depreciation.

CONCLUSION

Our construction of a gain function inspired by HC models made it possible to
satisfactorily understand the returns on investment in training by overcoming the
shortcomings observed in the Mincer formulation and by adopting three NSI surveys.

However, it was found, during the processing of the 1989 survey, that the average
internal return to education in the simple schooling model is 5.16%, while it is 10.33% if we
correct using the catch-up method, reaching 7.93% in the full model with post-school
investment. Estimating the Gompertz function also gives similar results, yielding 7.99%.

Concerning the 1999 survey, the simple education model gives a return of 6.48% and
with the conditions of catch-up amounts to 9.35%, while it is 8.35% in the model including
professional investments. Likewise, the Gompertz function estimate confirms the complete
model with a rate of return of 8.41%.

Examination of the 2012 survey shows a rate of return of 5.98% in the simple model.
The catch-up specification makes it possible to identify a rate of return which amounts to
9.8%, whereas it is 8.31% in the case of the addition of professional investment, a rate which
is confirmed by Gomertz’s estimate which shows a rate of 8.36%.

By comparing these different rates in the different cases, it can be seen that overall, the
average internal return to education is deteriorating.

Besides, the study of the dynamics of marginal returns to education also shows a
depreciation of returns for all levels of education.

The coefficient of the depreciation variable expresses the rate of depreciation of human
capital during working life. However, the study shows that this coefficient is negative and
significant.

We can see that marginal returns always increase with the number of years of schooling.
However, the comparison of these results from the different surveys shows a decrease in these
returns for all levels, primary, secondary and higher since 1989 (deterioration of two points
for each level).

We also adopted two regressions that track individual behaviors for post-school
investment. A linear regression explains the share of the gross salary intended for investment
during the first period of working life and an exponential expression which describes the
decrease in the share of the salary intended for investment during the second phase.

This specification partially eliminates the bias that affects the estimation of the rate of
return to education. This bias is explained, on the one hand, by the fact that at the same age
the most qualified have shorter working lives, on the other hand, by the increase in the
average level of education of the population.
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The study shows low returns on professional investments in the Tunisian economy. We
note also that the sign of the interaction variable is negative, which implies a convergence of
the profiles of wages and years of professional life.

We also note that the most educated allocate larger sums to professional investors,
which traces a positive correlation between school and post-school investments. But these
allocated sums have become weaker and weaker for more than two decades.

Analysis of the results of the three surveys shows that for the same total duration of the
investment period, the fraction of the salary intended for professional investors has increased
since the 1989 survey, which shows that people are paying more and more importance to
post-school investment, However, profitability continues to decline.

We can therefore see that the period 1989-2012 is marked by an increase in the period
of professional investment as well as the share of income devoted to this investment,
however, there is a decrease in post-school profitability which creates contradictions in the
labor market.

The immediate recommendation is to fight against the devaluation of diplomas, by
rethinking the reform processes from planning to decision-making, reconsidering the
university map in-depth, and creating an integrated development tool that respects the training
levels.

Conflicts of Interest

The author declares that this article does not include any conflicts of interest, either
potential or apparent.

Declarations

1. Ethics approval and consent to participate: Not applicable

2. Consent for publication: Not applicable

3. Availability of data and material: The data supporting the results of this study are available from
[National Institute of Statistics (NIS)] but restrictions apply to the availability of these data, which have
been used under license for this study, and are therefore not accessible to the public. Data are, however,
available from the authors upon reasonable request and with permission from [NIS].

Competing interests: Not applicable

Funding: Not applicable

Authors' contributions: All authors have read and approved the final manuscript

Acknowledgements: Not applicable

Authors' information: Not applicable

I S

List of Abbreviations

Log (Yo) = ap: The basic minimum wage.
S: The number of years of schooling.

S2 Square of S.

on: The average rate of return of educational investments.
Log (Y): the logarithm of wages.

7 : The yield.

An: The fraction of gross wages allocated to investment.
W,: Gross earnings.

Yn: The net earnings.

En: Expenses.
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W,: The gross salary.

Yn: The net salary.

75 The average rate of return on educational investments.

7p: The average rate of return on professional investments.

y : the average rate of depreciation of human capital.

/n . The fraction of the salary allocated to professional investment.

*
An - The fraction of gross salary allocated to gross investment.

m: the time of entry into working life.
n: The number of years of professional life.
N: The total length of the period of net investment.
p- The part of the salary intended for investment.
G = e”": Specifications proceeding in the exponential form.

Z: Number of years of professional life.
7 Square of Z.
X1::The cumulative duration of professional investments

ENDNOTES

1. Student statistics appear in parentheses under the coefficients.
The index "1" means Survey 1.
The outputs of the estimation software are available from the author.
2. An=En/ Wn the fraction of gross wages allocated to investment.
Whn: Gross earnings.
Yn: The net earnings.
En: Expenses.
3. The demonstrations that come are specific to the author.
4. Student statistics appear in parentheses under the coefficients.
The index "2" means Survey 2.
5. Student statistics appear in parentheses under the coefficients.
The index "3" means Survey 3.
6. The comparison with Survey 1 shows a decrease in marginal returns by one point for each level of

education.
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