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Abstract

The choice of education and career trajectory plays a crucial role in
student behavior and labor market outcomes. This paper investigates how
students allocate limited time across academic activities and gaining work
experience. We show that in a setting in which student types (or abilities)
constitute private information, there are pooling and separating equilibria,
which are sustained under a certain state of the job market. Our theoret-
ical model shows how each student’s choice between working and studying
depends on the contract, and students’ abilities and expectations about the
benefits of a master’s degree. To test the main predictions of the model,
we conduct a survey of 122 HSE University economics students, who were
completing their bachelor’s degree in 2022. Our empirical findings partially
confirm what the theory predicts. We also provide possible explanations
for the effects that are not in line with our model but observed among the

students.
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1 Introduction

In many real-life situations agents have to distribute their limited efforts
between various activities. For example, workers allocate time across multiple
tasks; firms invest in various R&D activities; and students must decide how
much they should study and work to enter a certain career trajectory. In
this paper, we focus on a "student-university-employer" setting as a specific
case of this problem. It is crucial to point out the significance of the baseline
model for the solution of other general cases, where agents must decide how to
distribute their scarce resources in a competitive environment with multiple
tasks to be performed.

Generally, each student has a trade-off. First, they can devote more effort
to studying and improve the signal about relative academic performance, or
they can focus more on attaining work experience enhancing another dimen-
sion of the signal. Altogether, this problem mimics the job-market signaling
model of Spence (Spence, 1973), but introduces multidimensional signals.

The question of interest is closely related to students’ learning and career
preferences, which is widely considered in the literature on the education wage
premium (O’Leary & Sloane, 2005) and academic progress scopes (Triventi,
2014). Besides, a lot of detailed data has been collected worldwide on the
historical and current preferences of students in the context of the study-work
trade-off, which shows that students’ choices are changing over time and by
wage groups. However, the evolution of preferences is different in the US
and Europe: while US youth tend to decrease the duration of education and
attain work experience right after their graduation from high-school (The US
Department of Education, 2020), European students are more likely to extend

their learning track and reduce the attrition ratio (European Commission,

2020).



Hence, the research question in this paper is: "What is the optimal dis-
tribution of efforts in multi-stage contests where the agents have effort (or
time) constraints, and the agent aims at maximizing their profit function?"

The structure of each student’s choice at different stages raises two sub-
questions: (1) How does the premium for additional years of schooling (here,
a master’s degree) affect future wages and how can an employer use this under
information asymmetry? and (2) How does the ratio between the premiums
for education and work experience affect the choice of effort distribution for
each student?

Generally speaking, this paper brings together three research fields: con-
tract theory, contest theory, and the choice of educational trajectory. Specif-
ically, we address the job-market signaling model (Spence, 1973), and, unlike
the canonical model of Spence, we introduce competition among prospective
workers and extend the signaling structure to multidimensional signals aimed
at multiple principals.

To study the question of interest, we propose a stylized model where each
student faces the problem of optimal effort distribution when getting a bach-
elor’s degree, and the solution to this problem determines their future success
in the job market. We assume that students have marginal costs of effort and
time constraints which interact with each other in the competitive setting.
They decide either to devote more effort to better academic performance or
to get some work experience, both of which signal a potential employer.

Students also choose where to apply: either directly to the job market
or to a master’s course after completing a bachelor’s degree; and which uni-
versity to apply to, to get a better chance of getting a place in a master’s
program. As all students have effort constraints, they need to choose how to
allocate these efforts optimally, taking into account the costs of these actions.

The probability of winning the education contest is based on degree rank-
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ing, so there is an incentive to devote more effort to studying in order to get
a place in a master’s program.

The main theoretical results show that there are two types of equilibria
in the job market. The first one is pooling equilibria, where students choose
the same level of work experience but differ in their actions taken in the
education contest. The second type of equilibria is separating one, where
some students prefer to signal the job market by obtaining additional work
experience. We show that separating equilibria can be of different signaling
structures, and its specific form depends on the initial parameters of the job
market. Most importantly, we found that the two types of efforts (or signals)
might behave as both complements and substitutes in students’ actions, and
this relationship depends on the students’ valuation of the master’s wage
premium. Students participate actively in both studies and work, if the wage
premium is sufficiently high to motivate them to participate in the education
contest, but still not enough to make them stop working.

Based on the effects obtained via our theoretical model, we formalize
several testable predictions. Specifically, we summarize the possible rela-
tions between students’ academic performance, work experience, and their
expectations about the wage premium after graduation from a master’s pro-
gram.

To test these predictions, we conducted a survey of 122 HSE University
economics students who were in their last year of bachelor study at the time
of survey. The data obtained contain information about students’ relative
rating, work experience, and their expectations about a master’s degree.

First, we test the relationship between the probability of winning the
education contest and students’ work experience, and find that increasing
the work experience proxy by 1 raises the probability of winning by 6-7%.

Second, we investigate the relation between work experience and expectations
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about the benefits of a master’s degree, and discover that if we increase the
proxy for expectations by 1, students’ work experience decreases by between
15% and 26%, depending on the specification of the proxy variable.

As our estimation results reveal, students pay attention to both work
experience and GPA, and this strongly depends on their willingness to enter a
master’s program and expectations about their wage premium after attaining
a master’s degree. In terms of our theory, we find that such behavior is
possible under a certain level of expectations about a master’s degree.

The paper proceeds as follows. Section 2 describes the literature and
outlines its contribution. Section 3 presents the model, theoretical results,
and sets testable predictions and hypotheses based on them. Section 4 in-
troduces the application of the theory to the data, presents the results of
model estimation, and relates them to previous testable predictions. Section

5 concludes.

2 Literature Review

This paper brings together three research fields: contest theory, signaling
and contract theory, and the literature on education trajectories. Specifically,
we augment job market signaling theory with a contest environment where
capacity-constrained contestants can exert multidimensional efforts (or sig-
nals) and these signals are observed by different parties. We also verify the
theoretical predictions of our model with survey data.

In contest theory, there are many papers written about information dis-
closure by designer/contest organizer but little written about the disclosure
by contestants themselves. Serena (Serena, 2021) proves that in contests
where the principal decides whether to make information partially public,

information disclosure might stimulate more effort if there is a high probabil-



ity of meeting a high-type agent in a group and stimulate less effort otherwise.
Unlike Serena (Serena, 2021), we study the effect of information disclosure
among students and show that for the contestants, it may be profitable to
send stronger signals (or devote more efforts) to the principal even if the
related costs are high. Based on the conditions under which these signals are
received, it can be better to signal via increasing the probability of winning
the education contest. As in our model, winning the education contest is not
deterministic, we can appeal to the results of Lagerlof (Lagerlof, 2020) who
shows that in all-pay contests, the participants with a lower effort cost pay
(in our case by being active) more. Hence, we expected and now prove that
high-type students are prone to devote more effort to GPA contests.

If we turn to signaling theory, our study is close to the model of Spence
(Spence, 1973). Unlike Spence, we introduce a two-dimensional signaling
structure where students can signal their types via both GPA and work
experience. The introduction of the second signal dimension gives us a non-
trivial solution, where both signals can act as complements and substitutes.
As each type of student distributes their signals based on the observed distri-
bution of the abilities of other students, the competitiveness of the equilibria
decreases between groups if the average effectiveness of the other party in-
creases (if there are many high efficiency students, it is too costly for the low
efficiency students to participate in the contest). This means that in multidi-
mensional signaling contests, participants can value the cost of participation
and redirect their efforts to a more profitable specialization.

There are mainly empirical papers on educational path choice. These
studies show that the outcome of students’ effort distribution can be mixed
and depends on parameters, such as the job market valuation of a stu-
dent’s talent (based on relative performance between students) (Célérier &

Vallée, 2019) and the prestige of their university (Sekhri, 2020). Fényes et
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al. (Fényes et al., 2021) show that for students with higher efficiency (or
"career consciousness") it is more common to perform their best in studying
in order to get a higher wage premium, which in our setting means that they
will devote more effort to studying and gain less work experience.

We model student choices taking into account the response of their peers
and including the impact of this choice on the job market equilibrium. Fi-
nally, we test whether more "talented" students tend to have less work ex-

perience. This proposition was partially confirmed by the data.

3 Theoretical framework

3.1 Model Setup

There are a number of students, I, who can be of 2 types, #: H high
type or L low type:

6 € {H,L}, where H > L > 0.

These types can be seen as students’ efficiencies.? Before the game starts,
Nature decides on the type of student. The probability of a student to be of
a high type is equal to p:

PO=H)=p, P@O=L)=1-p.

All students know the type of the others as we suppose that this infor-
mation is effectively revealed during their studies. However, both principals:
the university and the job market can only observe signals. For the uni-
versity, the signal is GPA; for the job market, it is Work Experience (W E).
Principals update their priors based on their beliefs about the type of each

student.

2"Efficiency" might also be called productivity, cost of efforts, etc.
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Each student exerts 2 types of efforts: ey and ey;, where eg; is effort on
study, and e,,; is effort on work. These efforts are costly and the cost function
is decreasing in efficiency of the type:

C(esi7 Cwis 0) = @ Cui

0 0
Students’ efforts are constrained and normalized to 1: ey + €, < 1.

For each student there is a chance either to get placed in a master’s
program and get a guaranteed wage equal to (H + A) or to get a job with
the proposed wage (w;), where A is the wage premium for a master’s degree
and is strictly positive. This assumption follows from the idea that the job
market gets a strong signal of student’s abilities and directly distinguishes
the type of master’s graduate as H, meaning that P(§ = H| M A) = 1.

Based on the efforts there are two types of signals formed. The first type
of signal is GPA; = _ G
> jel Esj

This signal might be seen as a probability of winning the contest of GPA
for a place in a master’s program, P(win). It is formed by a standard Tul-
lock’s contest success function (Tullock et al., 1980) and is strictly increasing
in eg; however, there is still no guarantee of winning the contest even with
the greatest effort (conditional on other contestants’ participation).

In our model, the university is inactive as the winning rule is set be-
forehand and is known to all the participants. The only parameter that
the university could change is a number of students who can be placed in a
master’s program. For simplicity we assume there is only one place.?

The second type of signal that is observed only by the job market, is
WE; = e,;. After this signal is observed by the job market, a student gets

a wage offer, which is equal to their expected efficiency:

3This assumption is planned to be extended in further research.
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Hence, each student solves

€si €si
max BV = =—— (H+A)+ [1-="—]
esiyewizo { ! Z]EI 68] ( ZJEI eS])

s.t. esi +ewi <1 and equilibrium specific constraints®

The timing of the game is as follows:
1. Each student chooses the level of both types of effort.

2. The outcomes (namely, GPA and W E) are revealed and observed by

the parties under information revealing conditions stated above.

The university announces the winner, while the job market proposes

the contract based on its updated beliefs.

Each student gets either a place in a master’s program and hence will
get guaranteed payment of (H+A) or receives an expected wage, which

is proposed to them by the job market.

We solve the game by backward induction.

3.2 Solution Approach

There are two possible types of equilibria to consider: pooling, when
the job market observes the same signals and proposes the same contracts
for all students, and separating, when students choose to make the signals
distinguishable and get their own contract. In our model, e,,; is determined by
the contract with the job market, hence the following pooling and separating
equilibria determines the choice of (1) contract scheme and (2) student effort

distribution in only one dimension: eg;.

4These constraints will be further specified in each type of equilibria. It may include incentive com-

patibility and participation constraints.



3.2.1 Pooling equilibria

The pooling equilibria must feature e,g = ewr, = €poor. The job market
observes only e,z and e, and cannot distinguish between the types of stu-
dents. Hence, the wage offer is the same for both types of students and is

equal to the expected efficiency:
Wpoot = EOIWE)|=p-H+(1—p)-L

Both types of students maximize their utility, taking into account wpeu:

Csi €si €s; Cwi
max S BUj = < (H+A)+ |1 —=—— ]  Wpoo — - —
CoisCui =0 { L Yeres ( ) ( D jer €sj> A 0 }
s.t. €si + Cwi S 1

As there is no incentive in this setting to devote any e,; > 0 for all types of
students then ey, = 0. We look at a symmetric equilibrium in this contest,
meaning that all students of each type are acting identically as they have
the same utility functions and constraints. The solution of the education
contest (e, el ) follows from the FOC solution, which can be found in the
Appendix A. Proposition 1 shows what this solution for pooling contracts
looks like depending on the parameters of the model and the prior beliefs

about students’ types.

Proposition 1: Pooling contracting

Let c=A+(1—-p)(H—-L)>0.

The working effort of both types is zero, i.e., e,y = e, = 0.

1 H?
1. If p 1s sufficiently low, i.e., p € (O;l N (L(H+L)2 —A)],

the pooling equilibrium of the contest game looks as follows:

. L B B H 21
€ = ﬁ—l—l 'L—C, €1, = f+1 'Ea
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. e * *
EUH - 6* fe* (H + A) + (6* fe* ) wPOOZ 4 Z wPOOZ
sH sL sH sL
EUE — €:L . (H + A) + ( G:H ) wpool *L 2 wpool
een T €p eoy T €51
2. If

1 H?
- N
pe( H—L(MH+LV )’ H

this equilibrium looks as follows:

2 ()]

L
where
1 e* 1
EU* - H A sk : 00 - = > 00
" 1 +eg, (H+ )+<1+62L> Hpoot H_wpl

* 1
MQZJET4H+M+( )

1+ei;

3. If p s sufficiently high, i.e.,

Pe <1‘H1—L<H<HL1L>2‘A>;1>’

this equilibrium looks as follows:

PR * —_—
€sg — 17 €s, —

where

EU[*{ = : (H + A + wpool) -

N = DN~

EU; == (H~+ A+ wpoot) —
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The set of possible equilibria can be illustrated as follows?:

€ = €2 ep =1 €l =

€er = €1 €L = €1 €er = 1
| | | |
0 p p 1

In order to prove that this set of equilibria is sustainable, we check
whether it satisfies the Intuitive Criterion proposed by Cho & Kreps (Cho
& Kreps, 1987). In other words, there must be no possible deviations to
off-the-equilibrium signals for each student type, holding the strategies of all
other types fixed, which makes it possible to dominate the initial equilibrium.

Let us note that wye, € (L, H). It is obvious that there is no profitable
deviations for L-type students, while for H-type students it is possible to
increase their expected payoft if they find the signal e,z > 0, which allows
them to change the belief of the job market about their type: b(H |e,n) = 1.

So, our goal is to check if there exists any e,z > 0, such that:
EUg(ewr, H) > EUr(0, Wpoor)

As Appendix A shows for any e, g sufficiently small, i.e.,

_ e*L
ot < ————H(1—p)(H - L),
CsL + CsH
the deviation for the H-type students is profitable and hence, the set of
equilibria found does not satisfy the Intuitive Criterion.

Based on the prior beliefs about the distribution of student types, there

are three possible equilibria. If p is sufficiently high, students devote more

Swh 1 ! H* A dp=1 ! L’ A
T =1—- — n — 1 — _ .
wherep H_L\L(H+L? amerp H—L\H(H+ L) ’

H 2 L 2
—(Z41) = andey=(=+1) -—
“ <L+> He ¢ (H+) Le
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effort to studying until they meet their total effort restriction. It also shows
that H-type students devote more efforts than L-type, as in pooling equi-
librium they can only signal their efficiency by academic performance and
for L-type students it is more costly to compete in this education contest.
These relations appear in highly competitive settings as it is harder to attain
a certain level of GPA and increase the chances to get a place in a master’s
program.

Finally, we check how equilibrium effort depends on H, L and A for both
types of students:

desL desL
T 0, T < 0
If (H — L) is big enough then desy < 0 and dest < 0 hold
B oS dL dH |

These induce the following conclusions about the pooling equilibria. Un-
der a high efficiency gap, i.e., (H — L), both types of students reduce their
efforts on studies when H is high, as for H-type students this means lower
competition inside the group and for L-type students it is too costly to com-
pete with H-type students. When L is high, for H-type students this means
reducing the costs for competition with L-type students and for L-type stu-

dents it is worth competing actively in the education contest.

3.2.2 Separating equilibria

There are two possible cases of the separating equilibria in our contest:
with H-type signaling, where e, > e, holds, and with L-type signaling.

Let us first assume e, g > e,r in equilibrium. The job market observes
the signal from H-type students and updates its beliefs, which leads to the
perfect separation of students: b(8|WE;) = P(6 = Hl|ey,; > 0) = 1. The
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wage scheme proposed by the job market in this case is as follows:
w(eyw; > 0) = H, w(0) = L

It is obvious that e’ = 0 (following from the cost function properties [10]).
Yet, our problem has extended, as now we also have to find e} ; = € such
that H-type students are willing to gain some work experience and L-type

students do not want to do so:
ewH = € € (O, 1], ewr, = 0.

The solution of the education contest (ef,e?;) now follows from FOC and
compatibility constraints, i.e., EUy(esg, €wp, @) > EUp(esp, €g, ) (Solution
in Appendix A).
The second case of the separating equilibrium must feature e,z < eyr.
There is also a possible situation when the wage scheme stimulates e}, ;; =

0 and e;; > 0. Then, the a posteriori beliefs of the job market are formed:

(b(0|WE;) =P(0 = H|eyw; > 0) = 0) and produces a following wage scheme:
w(ey; >0) =1L, w(0) = H,

and

ewr, =€ >0, ewrg = 0.

It is clear that the best responses of both types of students in this type
of equilibria stay the same. There is only a change in the cost term, c(ey;),
which is independent of the control variable, e,;. However, we need to adjust
the optimal eg; to satisfy the effort constraint, i.e., eg; +e,; < 1, and change
the set of possible € (conditions formalized in Proposition 2).

Based on observable information: p, H, L, andA, the job market proposes

one of the contracts to students of both types, presented above. Proposition
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2 shows what this type of contracting looks like depending on the parameters

of the model and the prior beliefs about student types.

Proposition 2: Separating contracting

*

Letqz*es—H*andb:(H—L—l—A)>A>0.
€sH €sL
1. F fficiently high, i > L ti i
. For q sufficiently high, i.e. a separating equili-
q y nign, 4 Z o+ L D g €q

brium of the contest game looks as follows:

A2H2Lb
Lb+ AH)?

SN PR AHLL \ (| AH
Com — T S\Tb+ AH Lb+ AH

and the set of possible e:

— * . .
ewr, = 0, ey = €, e, = min {1, (

e€lq(H—L)L;(1—q)(H - L)H],
where

EUBZake‘S—H*'(HJFA)ﬂL(*e‘S—L*)'H—es—H—£>H——
CsH CsL 6sH—l—esL

EUE:ﬁ—L*'(H+A)+(*%—H*>'L—%—L2L
€sH €sL 65H+€SL L

2. Otherwise:

A2H?Lb
Lb+ AH)?

o[ (AHLY N ( AH
Cs =MW S\ T Al b+ AH

and the set of possible e:

ewr = €, e, = 0,e;; = min {(1 —€é); (

ec[(1—-q)(H—-L)L;q(H - L)H],
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where

EUp = —*— CeH - .(H+A)+(—* CaL . )-H—GSHZH
€sH €sL esH+€sL

w2 (B ) - S g

Based on the probability of winning the education contest for each type
of student, there are two possible equilibria. If an H-type student observes
all prior information and forms a sufficiently high expectation of winning,
then they enter the job market with more work experience, while L-type
student focuses more on gaining a higher GPA. This case is possible for a
high efficiency gap, when H >> L, and vice versa for the case where L-
type students gain some work experience as the distribution of efficiencies
distinguishes them less from H-type students and hence, they expect their
chances of winning the education contest to be sufficiently high.

The behavior of the target variables is similar for both types of students

up to the signs of the following derivatives:

desH desH
TI > 0, A > 0
desL desL
>0, X > 0.

This provides us with two main points. First, for both types of students,
the more efficient they are, the greater their efforts devoted to studying, since
the competitiveness among them increases. Secondly, we see that for all
students, the higher the wage premium for a master’s degree, the more effort
they are willing to devote to the education contest as its benefits outweigh

the costs of these efforts.

15



All the equilibria show us that at least one type of student prefers not to
have any work experience during their bachelor’s studies. In order to make
the results of our model more realistic and verify them via real data (see
below), we can suppose that all students have some default level of work
experience, e,, which they find optimal. This assumption will not change
the results as in this case this default is not included in the constraints and
consequently in optimization problems. In such a setting, we can think about

sy, esp chosen as additional signaling efforts only.

3.3 Testable Predictions

Our model provides us with a number of predictions which can be tested
empirically. We are particularly interested in the effects taking place between
the job market and the master’s degree programs, which in our setting is
transmitted via student choice.

Based on the theoretical model, we can observe certain characteristics of
the interconnection of the variables. Firstly, the restriction of each student’s
total efforts shows us that there should exist a negative correlation between
efforts devoted to work and studies,® and we use this premise for our main
hypothesis. However, under a certain structure of the wage premium in
our theoretical model, we can observe the opposite situation when the two
types of efforts act as complements, and this case can be implemented in two
scenarios.

If the signaling party is represented by H-type students, they gain more
work experience make more effort in their studies when the expected wage
premium for the master’s degree is sufficiently low, i.e., A < L. In this case,

L-type students are under-motivated to participate actively in the education

5We can say that efforts behave as substitutes in this case.
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contest and make less effort: e, =0, e,u0 = €, es1, < €sH.

L-type students can distinguish themselves via more work experience and
make more effort to study, if the wage premium for the master’s degree is
high enough, i.e., A > L. L-type students are then motivated to participate
actively in the education contest and increase their chances to get a place in
the master’s program: e,; = €, e,g = 0, €51, > €5y

Detailed solutions for these equilibrium conditions on the wage premium
are shown in the Appendix A. If our main hypothesis is not confirmed, we
will be able to check whether students’ signals in equilibrium behave as com-
plements and make an assumption about the parameters of the equilibrium
observed.

As GPA is a signal which indicates the relative education performance
of a student, we can formulate a new metric — the probability of winning
the education contest — which will be more convenient for further empirical

application. For student ¢ this probability can be simplified:

P(win) = P(GPA > %) — P(eg > ey)).

As noted, we suppose that the more effort devoted by a student to gaining
work experience, the less effort remains for academic performance, and hence,
the probability of winning the education contest decreases.

Secondly, if we assume that the equilibrium in the actual job market for
students corresponds to our model, there should exist an inverse relationship
between the work experience gained by a student and their valuation of the

master’s degree wage premium. In our model this relation is captured by
deg

dA

de
effort allocation constraint, we get —— < 0. Empirically, we can observe

dA

multiple proxies for wage premium, A, which includes the expectation about

> 0, and with the trade-off for effort distribution under the assumed

the master’s degree wage premium and the intention to enter a master’s
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program. Let us generalize all the possible (not only optimal) choices of effort
devoted to work for each student by career path choices, k, we also generalize
each student’s expectations about a master’s degree by single proxy, A, the
specification of which is given in Subsection 4.1.

Specifically, we formulate two testable predictions based on these consid-

erations:

Hypothesis 1: Effects on GPA

Assume ey includes all available information about each student’s
work experience during their bachelor’s studies for all possible states of their
career path choices, k. Then, the probability of winning the education contest

for each student must be negatively dependant on eyy:
Hy:  P(winley) < P(winley;),  where ey > ey,

Hypothesis 2: Effects on WE

Assume that variable Ay includes all available information about each
student’s expectations about a master’s degree for all possible states of their
future academic path choices, k. Then, the probability of having a certain

level of work experience ey, for each student must be negatively dependent on

Ay:
’ Hy:  Pey|A;) < Pleyld)), where A; > A,

4 Empirical Application

4.1 The Data

To map the data into the model’s primitives, we must find proxies for
the following variables: e,, A and P(win). For this purpose, we conduct a

survey of HSE University students to reveal their academic and work pref-
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erences, professional experience, and their relative academic performance in
the group. We collected the data from 122 HSE University students at the
Faculty of Economic Sciences, who were graduating in 2022.

The questions asked during the survey are presented in Russian (as it was
used for the student’s survey) in the Appendix B.

There are three main groups of observed variables: students’ work expe-
rience — e,,; their expectations about future a master’s degree and its wage
premium — A; and their relative position in the student ranking — P(win).

As we can observe neither the true ability of students nor their real rating
(the survey is anonymous), the only way to model the proxy for the latter
variable is to take the ranking, reported by students, and make the variable
probability to enter this group in ranking (for 2 groups it will be simplified
to "top 50%" and "bottom 50%"). This probability is directly proportional
to our P(win) and is connected to the efforts devoted by students to their
studies in the theoretical equilibria found, hence the further hypotheses state-

ments directly rely on the theory and verify its sustainability.

There are 9 variables:

e working — dummy-variable, = 1 if a student has any work experience,

= 0 otherwise;

e wex — categorical variable, = 4 for work experience > 1 year, = 3 for
work experience between 6 month and 1 year, = 2 for work experience
between 3 and 6 months, = 1 for work experience < 3 months, = 0

otherwise;

e rank — categorical variable, = 4 for students reporting their ranking
to be in top 25% of the course, = 3 for those reporting "25-50%", = 2

for those reporting "50-75%", = 1 otherwise;
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e top — dummy-variable, = 1 if a student has position in rating higher

than the median in the sample, = 0 otherwise;

For our empirical verification, we can use the sample of students surveyed
as a subset of all students in the education program. However, for the hy-
potheses formulated in the previous section, we use student responses about
their relative academic performance as the general set of the student ranking.
Meaning that the variable "top" is formed as 14(rank) for our subset where
there are 45% students reporting their ranking to be in the "top 25%". All
students who decided not to reveal their ranking (there was an option "Don’t
want to answer", which 3 students out of 109 chose), were classified as the
lowest ranking group.

We assume that student expectations about the masters’ wage premium
can be indirectly revealed by (1) their intentions to enter a master’s program
and hence get a wage premium in the job market (with a direct signal of their
high abilities) and (2) their direct expectations about the wage premium.
There are also two types of master’s degree intentions: to get a master’s
degree inside and outside Russia. We distinguish these two types of proxies
in order to detail students’ characteristics and see whether these types of

expectations add differences to the results of the model.

e masters — categorical variable, = 2 for students wanting to apply for
master’s programs outside of Russia, = 1 for those wanting to apply

for master’s programs in Russia, = 0 otherwise;

e mast_all — dummy-variable, = 1 if a student intends to apply for a

master’s program, = 0 otherwise;

e mast ext — dummy-variable, = 1 if a student intends to apply for a

master’s program outside Russia, = 0 otherwise;
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e cxpect — categorical variable, = 2 for students expecting a significant
wage premium, = 1 for those expecting an insignificant wage premium,

= (0 otherwise;

e expect2 = 1 if a student expects a wage premium after obtaining a

master’s degree, = 0 otherwise.

Summary statistics for these variables can be found in Table 3 in the

Appendix C.

4.2 Identification

There are two main broad questions formulated in Hypotheses 1 and 2:
(1) How does the probability of entering the "top 50%" depend on work
experience — e, and its proxies? and (2) How does work experience depend
on expectations about the master’s degree — A and its proxies?

To formalize our predictions and relate them to the observables from the
previous section, we look at multiple linear regressions with different proxies.
For the first hypothesis, we check the dependence of students’ relative perfor-
mance on their reported work experience. Our theoretical model shows that
there should be one more variable which potentially affects a student’s prob-
ability of winning the education contest — expectations about the master’s
wage premium. Thus, we include both these variables into our first base-
line regression equation, although we hypothesize only the effects for work

experience. Namely, we estimate the following equation:
P(win|WE) = py+ - W + po- Ex + ¢, (1)

where W is the set of work experience proxies:
W € {working;wex}, and Ex is the set of master’s program expectation

proxies: Ex € {expect;expect2}.
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For the second hypothesis we verify the relationship between both the
existence and the duration of students’ work experience and the set of proxies
for expectations about the master’s degree. These proxies include willingness
to apply for master’s programs in Russia and overseas, expectations about
master’s wage premium, and their combinations. Namely, we estimate the

following equations:

P(working|EM) = 9 + 71 - mast_all+
+vo-mast_all-mast_ext+vy3- M Ex+vy4 Ex+e, (2)
where M Ex € {mast_all - expect;0}, Ex € {expect; expect2}.
P(wex|EM) = oy + 01 - mast_all+

+o9-mast_all-mast_ext+o3- MEx+0y- Ex+e¢ (3)

Then, our hypotheses look as follows:

Hypothesis 1:
P(win|WE) is decreasing in W :
Hi - B < 0.
Hypothesis 2.1:
P(working|EM) is decreasing in either mast _all,

or mast_all - mast _ext, or MEx, or Ex :

Hy; : 1 <0,
or v <0,
or 3 <0,
or 4 <0.
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Hypothesis 2.2:

P(wex|EM) is decreasing in either o1, or oy, or o3, or oy :

Hys o1 <0,
or 09 <0,
or o03<0,
or oy <O0.

4.3 Estimation Results

Table 1 reports the estimation results for regression (1). The coefficients
for work experience are positive and significant at the 5% level for the modi-
fications with the wex proxy. If wex increases by 1, the student’s probability
of winning the education contest increases by 6-7%."

This means that students’ GPA and work experience behave as com-
plements, which contradicts our Hypothesis 1. Yet, under the conditions
described in Section 3.3, such a pattern can be observed in our theoretical
model. If we turn to the separating equilibria, there are two cases of the
internal solution, which display such a pattern: for H-type signaling, the ef-
ficiency gap has to be sufficiently high, while for L-type signaling, this gap
has to be small enough.

For all the modifications of the first regression equation, the constant 3,
is positive, stable, and significant at the 5% level. This means that there is
some default level of P(win), regardless of work experience and expectations
about the master’s degree wage premium. With respect to our model this
means that each student devotes some effort to their studies and can win the

education contest with a 20-30% probability even if other regressors remain at

“The magnitude of this effect depends on the identification of the variables.
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Table 1: Hypothesis 1: Estimation Results

(1) (2) (3) (4)

working  0.150 0.156
(0.131) (0.118)

wex 0.0626%* 0.0654+*
(0.028)  (0.024)

expect  0.0605 0.0712
(0.302) (0.223)
expect2 0.0822 0.107
(0.371) (0.247)
Bo 0.262*%* 0.258%F  0.227**  0.215%*
(0.008) (0.015) (0.015)  (0.033)
Obs 122 122 122 122

F-stat 1.625 1.489 2.963 2.886

these effects.

Note: p-values in parentheses: * p<0.1, ** p<0.05, *** p<0.001

zero. Other variables are not significant, although we have not hypothesized

Table 2 shows the tests for Hypothesis 2, regression (2).

that there is a substantial negative correlation between students’ work ex-
perience and their intention to enter a master’s program. Specifically, the
coefficient before mast _all is significant at the 5% level for all variations of
the regression equation for the second hypothesis and shows that Hypoth-
esis 2 cannot be rejected for this variable. Furthermore, there is one more

variable, which adds to this negative effect, — expectations of the master’s
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Table 2: Hypothesis 2.1: Estimation Results
noo©  ® @
mast_all -0.199**  -0.193** -0.263** -0.264**
(0.031)  (0.037)  (0.044)  (0.046)

mast _all * mast _ext 0.430%* 0.284**  0.319 0.111
(0.010)  (0.019)  (0.163)  (0.667)

mast _all * expect 0.122 0.139
(0.484)  (0.449)

expect -0.147* -0.191*
(0.080) (0.070)
expect?2 -0.149 -0.208*
(0.102) (0.085)
Yo 0.854*H*F (0.849*** (. 75**F* (. .875***
(0.000)  (0.000)  (0.000)  (0.000)
Obs 122 122 122 122
F-stat 3.231 3.090 2.536 2.453

Note: p-values in parentheses: * p<0.1, ** p<0.05, *** p<0.001

wage premium. The coefficient for expect has a 10% level of significance for
both regression modifications where it is included, hence, it is also a confir-
mation of the second hypothesis. These statistically significant coefficients
show that the students who expect benefits from a master’s degree tend to
have less work experience. If mast all increases by 1, the probability that
a student has some work experience decreases by 20-26%; if the value of the

regressor expect increases by 1, this probability decreases by 15-19%. The
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regressors expect2 and the product of mast all and expect are statistically
insignificant in our estimated equations. However, the positive coefficient for
the composition of mast all and mast.st, which we find to be significant at
the 5% level, represents that the students who are planning to get a master’s
degree outside of Russia gain more work experience during their bachelor’s
studies. This effect contradicts our expected results and might be explained
by the effects which appear in this subset of students and were not caught
by the regressors in our basic estimation.

Overall, we may claim that Hypothesis 2 cannot be rejected as we
formulate it in terms of any wage premium proxy being negative and we find
at least two of them to satisfy this criterion.

If we look at the constant ~y, we observe that for all modifications of
the second regression equation it is negative, stable, and significant at the
1% level. This proves the assumption made at the end of Section 3.2 — that
there is some basic level of work experience each student gains during their
bachelor’s degree irrespective of their expectations about a master’s degree.

Estimation results of the second modification of Hypothesis 2, regression
(3), can be found in Table 4 in Appendix C. They mainly verify the results
of the first set of modifications for Hypothesis 2 — the signs and significance
levels of the effects observed remain the same. Yet, the magnitudes of these
effects increase approximately three-fold, which corresponds with the change
of the target variable’s dimension: the mean of the variable working is equal

to 0.7, while the mean of wex is equal to 2.1 (see Table 3 in Appendix C).

5 Conclusion

This paper studies how students distribute their efforts between studying

and working in the presence of capacity constraints. The solution of the base-
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line model allows us to understand the motives of the choice and effectively
adjust the contracts (wage schemes) in order to reveal the true value of the
skills of graduates. It also shows how this choice depends on the conditions
of the job market, the actions of other students, and their beliefs about the
profitability of a master’s degree.

There are two possible types of equilibria in the model. In pooling equi-
libria, students send the same signal to the job market, while in separating
equilibria, students differ in work experience and the job market can per-
fectly distinguish them. Hence, in the first, the wage scheme is unified, in
the second the wage is equal to each student’s efficiency.

Depending on the type of equilibria there are multiple effects on the
optimal effort distribution. In pooling equilibria, the effects of other students’
abilities may either increase or decrease the motivation to compete harder,
and it is the prior beliefs of the job market, which determines the wage
scheme in these equilibria. In separating equilibria, the a posteriori beliefs of
the students and their expectations about the master’s degree wage premium
play the main role in students’ motivation.

Based on the theoretical predictions, we investigate whether students
with higher efficiency (productivity) pay more attention to studies than to
work experience. We also test if there is a negative effect on the presence
and duration of a student’s work experience from the side of more optimistic
expectations about the benefits of a master’s degree. For this purpose we
conducted a survey of 122 HSE University pre-graduate economics students
to learn their relative performance, work experience, and expectations about
a master’s degree, which we then use to test our hypotheses. Our theoretical
results are mainly confirmed and the empirical effects correspond to what
we expect under certain conditions. Specifically, we find that students on

average perceive the two signals as complementary and devote more effort to
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both dimensions at the same time. They also value the opportunities after a
master’s degree and invest more effort in education if the wage premium is
sufficiently high.

In further research on this topic it is crucial to model more complicated
signaling structures, for instance, by making both signals visible for the uni-
versity and the job market.® There is also a possible modification of our
baseline model for the case of a more complex student efficiency distribution,
which might show meaningful results for the equilibrium structure of the job
market. A part of the effects could be left unexplored as it is possible to also
include some control variables (such as socio-demographic and current state
variables) in our estimation equations, which will require conducting a more

detailed students survey.

8This may be too complex to solve and our model still catches the effects of the main signals which

each party is particularly interested in.

28



A Appendix: Proofs

e Proof of Proposition 1:

Pooling Equilibria conditions:

(esrr < 1,esp <1

FOC:
(A+(H—-L)(1—-p)es

1
(63H+€sL)2 N ﬁ

(A+(H-L)(1—p)en 1

(esH + esL)2 B L7

7\

s.t.

kesH S 17€5L S 1

(eSH = He, (A+(H—L)(1—p)) — e
) esl = \/LesH(A +(H—-L)(1—p))—esy
s.t.

\esH S 1765L S 1

By SOC for H > L:
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e Intuitive Criterion:

EUH(&;H; H) Z EUH(Oa wpool)

€sL H €sH _ewH > €sH (H—|—A)+ €sL

€EsH
— S (A =
€sH + €sL €sH + €sL H H €sH + €sL €sH + €s
€sL, 7 EwH > s, w
- - = pool
€sH + €sL H €sH + €sL

CwH €sL
< HH —w
H — CsH + €sL ( p001>

E3

e
o < —2L {1 —p)(H-L
Cull S G o (1 —p)( )

e Proof of Proposition 2:
Separating Equilibria conditions (High-type signaling):

*

esg + €sL esg + €sL CsH

H €sL

eS—L(HJrA)jLeS—L———HnaX,
esg + €sL esg + €sL L €sL

) s.t.
EUH(GSH,GZH,H) Z EUH(QSH,O,L),
EUL(GSL,O,L) Z EUL(esLaez)HaH)a

\€3H+€Z)H S 1763L S 1
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CaL "(Lb+ AH)?

il 1) AHLb \ (, __AH
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and

e Separating Equilibria conditions (Low-type signaling):

.
— S H4A) +—2E g
€sH 1 €sL €sH + €sL H CsH

6S—L(H +A) + I S ) AN max,
€sH 1 €st €sH 1 €st L L €sL
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and

e Solution for the empirical separating equilibria case

If the signaling party is the set of H-type students, then:

— * *
ewr, = 0,epg = €,e;1 < e,y

A’HLb _ ((AHLb \ (  AH
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2AH

— <
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1
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A<L
If the signaling party is the set of L-type students, then:

— * *
EwL = €, €wH = 07 €sL > €sH

A?H?Lb ( AHLb ><1 AH )

> -
(Lb+ AH)?2 = \Lb+ AH Lb+ AH
A>L

B Appendix: Survey Questions

1. Ectb it y Bac ombIT paboTh TI0 CIEMUATBHOCTH (IKOHOMUKA, (DIHAHCHI,

anajnTuka, data science)?

e Jla

e Her

2. CoBnajaJji Jin Balll [1eproj] PabOThI ¢ IEPUOJIOM yIeObI !
e /la, MOJIHOCTBHIO COBIAIAJ
e /la, coBmaia 4acTHIHO
e Her, s1 paboras Ha BBIXOJHBIX UJIN HA KAHUKYJIaX

e Her omnbiTa paboTh

3. Kakoit Bam ob1munii ornbIT paboThl Ha JJaHHBIIT MOMEHT?
e Menbie 3 mecsiteB
e Ot 3 110 6 MecsIeB
e Ot 6 Mmecses 710 1 roma
e boubiiie 1 roga

e Her omnbiTa
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4. Cobupaerech Ji BbI IIOCTYIIATH B MArUCTPATypPy Cpasy IOC/Ie BBIIYCKa

u3 OakaJiaBpuaTa’
e /la
e Her

5. Cobupaerech i BbI noctynarh B Marucrparypy 3A PYBEZK cpasy

110CJIe BBIIIYCKa 13 OakajaBpuara’
o Jla
e Her
e He cobupatoch moctynaTh B MarucTpaTypy
6. Cunraere i BbI, YTO Ballla 3apiuiara OyJIeT BbIIIE II0C/Ie IOy IeHNs
JIAILIOMa MarucTpa, dem 0e3 Hero?
e /la, cymecTBeHHO BBIIIE
e /la, HecyIecTBEHHO BBIIIE

e OcraHeTcd Takoil ke

7. Kakoe y Bac mecTo B TekyIieMm pefituare BIITD?
e Tou 25%
e 25-50%
e 50-75%
e 75-100%

e He X049y OTB€4YaTb Ha 9TOT BOIIPOC
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C Appendix: Tables

Table 3: Summary table

mean sd min max
working 7131148 .4541727 0 1
wex 2.139344 1.586699 0 4
masters  .6803279 .7072984 0 2
mast_all 5409836 .5003724 0 1
mast _ext .2131148 4111968 0 1
top 4180328 .4952696 0 1
rank 3.008197 1.008197 1 4
expect 8032787 7675155 0 2
expect2  .5901639 .4938313 0 1

Obs 122
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Table 4: Hypothesis 2.2: Estimation Results

(1) (2) (3) (4)

mast_all -0.709%% -0.674%%  -0.610  -0.639
(0.026)  (0.035)  (0.178)  (0.161)

mast_all * mast_ext 1.525%*  0.900** 1.694**  0.986
(0.008)  (0.032)  (0.034)  (0.271)

mast_all * expect -0.186  -0.0694
(0.758)  (0.913)

expect -0.659** -0.592
(0.024) (0.106)
expect?2 -0.738%* -0.708*
(0.020) (0.091)
00 2.753*HK Q. TEIFHK 2. T21HKx 2 THOHHK
(0.000)  (0.000)  (0.000)  (0.000)
Obs 122 122 122 122
F-stat 3.861 3.986 2.897 2.968

Note: p-values in parentheses: * p<0.1, ** p<0.05, *** p<0.001

36



References

1]

2]

3]

[4]

5]

6]

7]

Célérier, C., & Vallée, B. (2019). Returns to Talent and the Finance

Wage Premium. The Review of Financial Studies.

Cho, I.-K., & Kreps, D. M. (1987). Signaling Games and Stable Equi-
libria. The Quarterly Journal of Economics, 102(2), 179-221.

The US Department of Education. (2020). Digest of Education Statis-
tics. https://nces.ed.gov.

European Commission. (2020). Education and Training Monitor.

https://ec.europa.eu.

Fényes, H., Mohdcsi, M., & Pallay, K. (2021). Career consciousness and
commaitment to graduation among higher education students in Central

and Fastern FEurope. Economics and Sociology, 14(1), 61-75.

Lagerlof, Johan N.M. (2020), Hybrid All-Pay and Winner-Pay Contests.

American Economic Journal: Microeconomics, 12 (4): 144-69.

O’Leary, N. C., & Sloane, P. J. (2005). The Return to a University Ed-
ucation in Great Britain. National Institute Economic Review, 193(1),

75-89.

Sekhri, S. (2020). Prestige Matters: Wage Premium and Value Addi-
tion in Elite Colleges. American Economic Journal: Applied Economics,

12(3), 207-225.

Serena, M. (2021), Harnessing beliefs to optimally disclose contestants’
types. Econ Theory.

37



[10] Spence, M. (1973), Job Market Signaling. Uncertainty in Economics,
281-306.

[11] Triventi, M. (2014). Does working during higher education affect stu-

dents’ academic progression? Economics of Education Review, 41, 1-13.

[12| Tullock G., Buchanan J.M., Tollison R.D. (1980), Toward a Theory of
the Rent-seeking Society. Texas A&M University Press, College Station,
97-112.

38



Any opinions or claims contained in this Working Paper do not

necessarily reflect the views of HSE.

© Altunina, 2022



	Introduction
	Literature Review
	Theoretical framework
	Model Setup
	Solution Approach
	Pooling equilibria
	Separating equilibria

	Testable Predictions

	Empirical Application
	The Data
	Identification
	Estimation Results

	Conclusion
	Appendix: Proofs
	Appendix: Survey Questions
	Appendix: Tables
	References

