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Abstract

We analyse how state university competition to collect resources may affect both research and
the quality of teaching. By considering a set-up where two state universities behave
strategically, we model their interaction with potential students as a sequential noncooperative
game. We show that different types of equilibrium may arise, depending on the mix of
research and teaching supplied by each university, and the mix of low- and high-ability
students attending each university. The most efficient equilibrium results in the creation of an
élite institution attended only by high-ability students who enjoy a higher teaching quality but
pay higher tuition fees.
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1 Introduction

Notwithstanding its importance for researchers, the economic literature on education has tradi-
tionally ignored the competition for students and public funding among public universities (Boroah
(1994), De Fraja and Iossa (2002), Johnes (2007), Gautier and Wauthy (2007)). Instead, there
exist several theoretical and empirical papers on competition between private and public schools
and universities (Epple and Romano (1998, 2008), Bailey et al. (2004), Bertola and Checchi (2003),
Oliveira (2006)).

This paper aims to analyse how state university competition to collect resources may affect
the quality of teaching and the level of research. In this respect, two main remarks are in order.
First, as suggested by Rothschild and White (1995), universities compete for students because
universities adopt a customer-input technology, i.e. students are at once inputs and customers of
the educational process. More precisely, students are inputs needed to produce education, but they
also provide funds to universities both by paying tuition fees and by allowing universities to receive
transfers from the government. In fact, most public funding mechanisms, such as the European ones
for example, have a per-student transfer component in addition to a lump-sum component. Second,
Cohn and Cooper (2004) stress the fact that universities are multi-product institutions that supply
three types of output: teaching, research, and public services. Teaching aims to deliver knowledge
both at undergraduate and postgraduate level. Research, instead, aims to create knowledge with
externalities for all society. Research may be considered as complementary to teaching in the case
of postgraduate courses, while it is probably a substitute in the case of undergraduate courses.
Finally, universities produce a third output which can be thought of as a public service: university
diplomas certify that students have acquired specific competencies. In many countries university

diplomas have a legally recognized value.

We consider a set-up where two state universities behave strategically in the same jurisdiction.!
Their interaction with potential students is thus modelled as a sequential noncooperative game.
Given a public funding mechanism, at the first stage, the universities choose their tuition fees
and investments in teaching and research; at the second stage, students choose which university
to attend depending on a cost-benefit comparison. Under the assumption of perfect mobility of
students, the cost of attending one university only depends on tuition fees (for simplicity, other
costs are assumed to be equal). The benefit derived from attending one university or the other,
instead, depends on each student’s own ability and on the quality of teaching which includes a peer
group effect. Consequently also the average ability of students attending each university is relevant
from an individual point of view (Epple and Romano (1998)).

By solving the model, we show that different types of equilibrium may arise, depending on the
levels of the public transfers. Each equilibrium is characterized from two points of view: the mix
of research and teaching quality supplied by each university, and the mix of low- and high-ability

students attending each university. On the one side, universities may choose to specialize only in

'See Aghion et al. (2010) for an empirical analysis of the link between university autonomy, competition, and

research performance. See also Veugelers and Van Der Ploeg (2008).



research or teaching, or instead to supply both. On the other side, students with different ability
allocate between universities in different ways. We show that there does not exist an equilibrium
where both high- and low-ability students attend both universities. Thus, possible equilibria are the
following: 1) an equilibrium where there is complete segregation and an élite institution is created,
i.e. all high-ability students attend one university, and all low-ability students attend the other
university; 2) a mixed equilibrium where all students of one type and part of the students of the other
type attend one university, and the rest attend the other university; 3) a specialized equilibrium
where all students attend one university, and the other institution only produces research. From
a social point of view, we show that the first equilibrium is the most efficient. When compared to
the second equilibrium, the first one allows the attainment of higher teaching quality at the same
public extra-research cost. Also research is higher, reaching its technically efficient level. When
compared to the third equilibrium, the first one allows the same teaching quality and research level

at a lower public cost.

Our paper is related to two strands of economic literature which we try to combine in order to
gather some new hints on university incentives. More specifically, we refer both to the literature
on public university competition, and to the literature on capital tax competition with household
mobility. As we stressed above, competition between public universities has received limited atten-
tion, even if some recent papers have tried to shed some light on the issue. Del Rey (2001) uses a
spatial competition model to analyse a game between two universities which provide both research
and teaching, and use admission standards to control the average ability of enrolled students. De-
pending on preferences and technologies different types of symmetric equilibrium may arise: both
universities admit only some of the applicants and provide research; both universities satisfy all
students’ demand and provide research; both are ’teaching only’ universities; both are ‘research
only’ universities. In a related paper, De Fraja and lossa (2002) focus attention on how students’
mobility costs may affect the equilibrium configuration. In particular, if mobility costs are high,
as in Del Rey (2001), the equilibrium is symmetric: both universities admit the same number of
students, and research investments are the same. If mobility costs are sufficiently low, instead, the
resulting equilibrium (provided it exists) is asymmetric, i.e. one university (the ‘élite institution’)

admits the best students, and provides more research than the other.?

More recently, Kemnitz
(2007) examines how different public funding schemes may affect competition between universities,
and thus the quality of their teaching and research. Hubner (2009) extends the previous analyses by
showing that the introduction of tuition fees can raise the quality of education and the number of
students when both central and local governments lack sufficient instruments to tax the high-skilled
population.

Contrary to what happens with university competition, the literature on capital tax competition
is quite large (for surveys see Wellish (2000), Hindriks and Myles (2006)). In this respect, a

familiar result is that tax competition for perfectly mobile capital results in underprovision of

2Optimal research and teaching decisions are also analysed by De Fraja and Valbonesi (2009) who, however,
assume that in each local education market there is a single university that acts as a monopolist because no mobility

of students is allowed.



local public goods when households are perfectly immobile. Such a result, however, does not hold
when households are allowed to be perfectly mobile. Fiscal externalities, which are at the basis
of the result on local public good underprovision, disappear when households are mobile: each
region/country internalizes the effects of its own policies on the welfare of non-residents by taking
the migration equilibrium into account. Accordingly, introducing mobility of households in the
standard capital tax competition model mitigates the downward pressure on local public goods
provision (Wellish 2000, p.105).

In the present paper we use the methodological tools offered by the literature on capital tax
competition in order to analyse how student mobility affects university competition on both tuition
fees, and expenditure in research and teaching. To the best of our knowledge this represents a
novelty with respect to the existing literature which uses spatial competition models to analyse state
university competition, and does not allow universities to set tuition fees. The main contribution
of this paper is to characterize different configurations of the university system (élite institution,
mixed system and specialization in research) in a unified framework, where the differences depend
on the public transfers chosen by the government. This allows us to select the élite system as the
most efficient. On the contrary, existing literature on state university competition does not analyse
the role of the government in shaping the university system. Further, in our paper, universities do
not set admission standards, thus students are free to attend the university they prefer on the basis
of a cost-benefit analysis. This scenario fits the European set-up better than the U.S. one, and is

probably more suitable to describe undergraduate degrees.

The plan of the paper is as follows. Section 2 describes the model. Section 3 analyses students’
university choice and characterizes three different type of stable equilibria that may arise. Section
4 examines how universities compete with respect to their choice of tuition fees and expenditure
for research and teaching. Section 5 compares the outcomes of the three equilibria from a social
point of view. Finally, section 6 contains some concluding remarks. All the proofs can be found in

the Appendix.

2 The model

Consider two universities denoted by j, 7 = A, B, operating in the same jurisdiction, and (possibly)
differing with respect to quality of teaching, ¢;, and level of research, r;. Students have to choose
which university to attend. Students differ with respect to their ability, e?, which can be high, e”,

l

or low, €', with e” > e!. The preferences of the students are represented by the following utility

function

U'(g;) — bj, i=hl, j=A,B, (1)

where b; > 0 denotes the per-student tuition fee paid to university j. We assume that high-ability
students derive a higher level of utility from any given level of ¢; > 0, i.e. U”(q;) > U'(g;), and

U'(0) =0, 5 = h,l. We also assume that university quality positively affects students’ utility at a

; dut U’ itp U S dut ; 13
decreasing rate, g > 0, en < 0 with d; > day- Further, the reservation level of utility of both



types of students is normalized to zero. The exogenous total number of students is N = Y. N?,
i=h,l
where N is the total number of high-ability students, and N! the total number of low-ability

students with N' > N/2. Thus, it is N = n4 + np, where n; denotes the total number of students
i
1 = h, [, denotes the total number of students belonging to each type and attending each university
so that n; = i;;ln§, j=A,B, and N* = j_%:Bn;, i = h,l. Let us denote with €; the average
ability of students attending university j. Accordingly, the average ability of students attending

attending university j, j = A, B, i.e. all students attend one of the two universities.®> Moreover, n

university j obtains as o
> me h
_ i=h,l n; . .
gj=—"7=—"A+¢, j=A,B, (2)
g nj
with A = el — ¢,
Each university may receive two types of transfer from the government. Let ¢; > 0 denote a
per-student transfer to university j, and 7; > 0 denote a lump-sum transfer, j = A, B. Accordingly,

the budget constraint of university j, j = A, B, obtains as
(tj +bj)nj + 7 =Tj+ Rj,  j=AB, 3)

where T; > 0 and R; > 0 represent expenditure on teaching and research by university j, j = A, B,
respectively. Notice that universities are not constrained in the destination of the transfers. The
sums thus received can be used either to finance teaching or research.

Each university produces teaching according to the following production function?
qj = O€; —i—B%, when n; >0, «a,8 >0, (4)

¢j =0, whenn; =0, j=A,B.

Teaching quality can be improved by augmenting the average quality of the students and/or teach-
ing expenditure, for example by increasing the teacher/students ratio. The parameters o and S,
measure how the peer group effect and per-student teaching expenditure, respectively, translate
into teaching quality and are the same in both universities. The quality of teaching is assumed to
be independent of research. This means that we mostly refer to undergraduate courses.

Further, each university produces research according to the following production function with

. |4
decreasing returns®

3In other words, we consider only those young people who benefit from university education. We assume that
secondary school performance is informative enough to divide school leavers between potential university students
and workers.

*This is a common form for the teaching production function, see e.g. Del Rey (2001). Notice that this production
function implies that g; > 0 even if T; = 0. This can be interpreted in two ways. We can assume that when n; > 0,
T} is always higher than the minimum level needed to be active in teaching. Alternatively, even if universities devote
no funds to teaching, they can be thought to operate as a screening device or as a network that makes attendance

beneficial to students anyway, as in Del Rey (2001).
’See also Gautier and Wauthy (2007).



rp=RJ’,  j=AB, 0<y;<1, (5)

where ; represents an index of efficiency of research activity specific to each university. Then, each
university can improve the quality of its research by augmenting its expenditure on research activity,
for example, by recruiting better researchers and by purchasing more sophisticated equipment.

Finally, each university cares about both teaching and research, and thus we assume the fol-
lowing objective functions

W= njg+r,  j=ADB, (6)
i=h,l

according to which, in the intent of the universities, there is perfect substitutability between total
quality of teaching and research.’

The game is solved by backward induction. We first examine the students’ decisions on which
university to attend and then the universities’ decisions on tuition fees, research and teaching

expenditure.

3 Students’ university choice and characterization of stable equi-
libria

Consider the second stage of the game when students make their decisions. If both universities
enrol students of a given type, at equilibrium, those students must be indifferent with respect to

which university to attend. This implies that the following arbitrage condition has to hold”
U'(qa) ~ba=U'ap) ~bp,  i=hl. (7)

Recall that the quality of teaching depends on per-student expenditure and on average student
ability. It is consequently affected both by the number of students and by the proportion of high-
ability individuals. By substituting (4), and (3) into (1), the effect of the number of students on

individual utility obtains as

8Ui dUi 3(]]' . .
- = L i=hl; j=AB. (8)
8n} dg; an}
Accordingly, signggz = signgf;, because ‘f% > 0 by assumption. By using (2) and (3) into (4),

the effect of the number of students on teaching quality obtains as

dq; de;  ,0(Tj/ny) : :
L = — =h,l =AB 9
on} a@nz- +5 on’, ’ ’ Y J T 9)

%TIn order to sum up the two components of the objective function, ¢; and r; indexes must be normalized. The
same type of objective function is also used by Del Rey (2000) and a similar one by de Fraja and Iossa (2002). The
latter assume that universities are interested in maximising their prestige which is formalized as a function of the
number of students, the average ability of the student body, and research expenditure. More recently, De Fraja
and Valbonesi (2008) suppose that universities are only interested in maximising their amount of research, so that
teaching is not an end in itself, but a means to fund research.

"This condition is quite familiar in the literature on tax competition with household mobility. See for instance
Wellish (2000, p.111).



when n; > 0. More specifically, for high-ability students, i = h, equation (9) rewrites as
L= = |adnf 4+ B(R;~7))|,  j=AB, (10)
J J
and for low-ability students, i = [, equation (9) rewrites as
o~ |—adnl 1 8(R; - 1)|. j=AB. (11)
l 2 7 J 37| )
on;  n;
Notice that the effect of the number of students of type i, n’, on teaching quality of university j
depends on two terms. The first one represents the direct effect of an additional student on average
ability and is positive (negative) for high (low) ability students. Notice that for each university,
the effect of the number of high (low) ability students on the quality of teaching depends on the
number of low (high) ability students. The second term represents the indirect effect of an additional
student on per-student teaching expenditure and is positive (negative) if research expenditure is
higher (lower) than the lump-sum transfer. The reason is that an excess of research expenditure

over the lump-sum transfer has to be financed by the fees paid by students. When the lump-sum

transfer exceeds research expenditure, instead, an additional student subtracts per-capita teaching

resources.
Considering that ¢; + b; + 7; — R; = Tj > 0, the sign of ggi_, 1 = h,l, is determined in the
following ’
Lemma1: Forn;>0, i) 9% 20 iff Rj—7; 2 —$An, with n} >0,
J
i) %’2 20f Rj—1; 2 %An?, with n;l >0
For nj =0, gfé =ae; +08(t;+bj+7;—R;) >0, j=AB, i=h,l
n;=0
The sign of SZ]Z ,i=h,l, j = A, B, is crucial in determining the type of locally stable equilibrium

which occurs at the students’ subgame. In this respect, we can state the following

Proposition 1 There does not exist an equilibrium where each university is attended by both types
of students.

The reason why there cannot exist an equilibrium where both h and [ students are found in
both universities is that such undifferentiated structure contradicts the arbitrage condition, i.e. the
requirement that the utility levels must be the same in both universities for each type of students.
Given the difference in marginal utilities, if the utility achievable in the two universities is equalized
for one type, it cannot be equalized for the other type. We are then left with the following three
kinds of equilibria:®

Equilibrium FE (élite university system): all h students attend university A and all I students

attend university B.

$More precisely, for each type, there actually exist two symmetric equilibria. The second one can be obtained by

simply exchanging the subscript A for B and viceversa.



Equilibrium M (mixed university system): all students of one type and part of the students of
the other type attend university A and the rest attend university B.

Equilibrium S (specialized university system): all students attend university A. University B
only produces research.

In the following we focus on locally stable equilibria, and derive the conditions on public transfers

which characterize each kind of equilibrium.

3.1 Equilibrium E: An élite university system

In this equilibrium a process of perfect segregation takes place. Formally, for all h students to
choose university A and all [ students to choose university B, the following conditions must be
satisfied’

TA— R B R
Uh<aeh+,3<tA+bA+ANhA)>—bAZUh<ael+5<tB+bB+BNZB)>—bB, (12)

and

B — R TA— R
Ul (ael—l—ﬂ(tB—i-bB—i-lg‘]VlB)) —bBZUl <a€h+,8<tA+bA+Ajth>> —ba. (13)

From the above conditions we can derive the following

Proposition 2 In equilibrium E, either 1) qfl = qgl = ¢ and bgl = bB =bF or 2) qA > qB
and b? > b2,

Proposition 2 identifies two specifications of equilibrium F. In equilibrium F4, teaching quality
and tuition fee reach the same level in both universities. In equilibrium F5, both the teaching
quality and the tuition fee are higher in university A, where all h students are enrolled, than in
university B, which is attended only by [ students.

Notice that in specification Ej, conditions (12) and (13) hold as equalities. Then, local stability
implies g% < 0 and 82’; < 0 which in turn 1mphes 8q3 < 0. By Lemma 1, this equilibrium (with
l

nly = n’y = 0) arises only if N

74— Ra > —=AN",
B
o 1
TB—RB>BAN. (14)

In university B, the lump-sum transfer must exceed research expenditure by an amount representing
the compensation for the lower quality of its students while in university A the lump-sum transfer
can fall short of research expenditure by an amount proportional to the higher quality of its students.

In both universities, an increase in the number of students lowers the teaching quality. In section

4.1.2, we will show that also the stability condition for equilibrium F implies SZE < 0.
B

9We assume that universities fix tuition fees without taking into account the marginal effect of a student movement

on teaching quality. Given that N is large, such effect is negligible.



3.2 Equilibrium M: A mixed university system

Recalling that in this equilibrium both types of students attend university A while university B
is attended by students of the same type, we distinguish two specifications according to the type
found in university B. In equilibrium M7, university B is attended by low-ability students while

in equilibrium My, university B is attended by high-ability students.

3.2.1 Equilibrium M;

Formally, for all A students and part of [ students to attend university A and the rest of [ students

to attend university B, the following conditions must be satisfied'?

Uh (a <€l+ AN >+ﬂ(t,4+b,4+ TA_RA)) —bag >

Nhtnl, Nhtnl,
(15)
Uh <O¢€l + B (tB +bp + 77371%3)) —bp,
np
and X
U (o (e + 5800 ) + B (ta+ba+ Jag8) ) —ba =
(16)

U! (ael +8 <tB +bg + %)) —bp.

In order for this equilibrium to be stable it must be the case that gqu <0, j = A, B. This means
that, at equilibrium, quality decreases with low-ability students for both universities. By Lemma
1, this implies

TA— Rag > —%AN}Z, (17)

g — Rp > 0. (18)

For university B, the lump-sum transfer 75 must exceed research expenditure. Funds in excess can
be used to improve teaching quality. As a consequence of the high lump-sum transfer, university
B has no need to attract too many (/) students. For university A, 74 may exceed or be lower than
R 4. In university A, there may be an incentive to attract students in order to finance teaching and
possibly research.

Further, we derive the impact of universities’ decisions on the location of low-ability students,

by stating the following

aul 5 aul
_— . ., . dn! B dnt rlere
Lemma 2. At equilibrium My, for low-ability students it is Whj‘ = —+, and ﬁﬂj = 5= <0,

AU og.
I — J 94; S
where J' = j=A.B Tg; on <0,j=A,B.

Lemma 2 shows that the number of low-ability students attending one university depends

negatively on R;. The higher the value of 3, the greater the effect because R; represents resources

10Notice that condition (15) cannot hold as an equality by the same argument used in the proof of Proposition 1

to exclude that both types are shared between the universities.



that are subtracted from teaching expenditure. In Section 4.2, we show that also % < 0. Notice
that such a negative effect is greater the lower the value of 5, i.e. the lower the impact of per-student
teaching expenditure on quality. With a low (3, a large number of low-ability students decide to
move away from the university, which raises the tuition fee. The location choice of high-ability
students is not affected by marginal changes in b; and R;, because the corresponding solution is a
corner one.

As to the relation between tuition fees and teaching quality in university A and B, we can state

the following
Proposition 3 In equilibrium M, b]\A/[1 > b]gl and q%l > qgl

Notice that teaching quality and tuition fees are higher in the university where high-ability

students are enrolled and average ability is higher.

3.2.2 Equilibrium M,

In this specification of equilibrium M, university A is attended by both types of students, while
university B is attended only by high-ability students. Formally, for all [ students and part of A
students to attend university A and the rest of h students to attend university B, the following

conditions must be satisfied!!
Ul <a < !

Ul( (e' +A) —|—6<t3—|—bB+TB RB)

h (a ( 1

uh (a (e"+A)+p (tBerBJr TB%RE”)

)+B(m+wA+TARA)—wA>

)
(19
)

and

1) + 8 (b + ba + 4

1))--
(20)
|

—bp.

In order for this equilibrium to be stable, it must be the case that g% <0, j = A, B, which implies
945 .
8n§-
universities. By Lemma 1, this implies

< 0. This means that, at equilibrium, quality decreases with the number of students for both

TA—RA>%ANQ (21)
g — Rp > 0. (22)

For university A, the lump-sum transfer 74 must exceed research expenditure so as to compensate
for the lower ability of part of its students. Funds in excess can thus be used to improve teaching

quality. Also for university B, 7p must exceed Rp so that per capita teaching resources diminish

" Again condition (19) cannot hold as an equality by the same argument of the proof of Proposition 1.



with the enrolment of students. If this were not the case, all h ability students would migrate to
university B.
Again, we derive the impact of universities’ decisions on the location of low-ability students, by

stating the following that can be interpreted along the same lines as Lemma 2.

aul 5 oUN
. . . . odnt 185y dn'” n; 0q;
Lemma 3. At equilibrium My, for high-ability students it is Wj = — -, and TRJ]- =5+ <0,

U} dq;
0g; 8n§L

where JhEZj:A,B <0,j=A,B.

Finally, as to the relation between tuition fees and teaching quality in university A and B, we

can state the following
Proposition 4 In equilibrium Mo, b%z < bg@ and qﬁ{h < qéb.

Notice that teaching quality and tuition fees are higher in the university where only high-ability

students are enrolled and average ability is higher.

3.3 Equilibrium S: A specialized university system

In this equilibrium, university B is fully specialized, i.e. there are no students and only research
is carried on. University A, on the contrary, produces both teaching and research. Formally, for
all students to choose university A, so that university B only produces research, the following
conditions must be satisfied:

, ANh - R .
U’(a(el—l— 5 >+ﬁ<tA+bA+TANA>)—bAzUz>O, i=h,l,

where bp = 0, and U represents the level of utility that a student of ability ¢ could obtain if
teaching activity were started in university B, based only on his tuition payment. In order for this

equilibrium to be stable, it must be the case that g% > 0, ¢ = h,l. By Lemma 1, this implies that
A

Rpg—74> %ANh.

Notice that for ng = 0, the condition R = 75 must be satisfied. Moreover, it is ggf}; >0,1=h,l,
by Lemma 1. In other words, this means that equilibrium S may arise only if i) university A’s
investment in research, R4, is greater than the lump-sum transfer, 74, so that part of the fees are
used to finance research, and ii) the effect of an increase in the number of low-ability students on
university A’s investment in teaching is greater than the effect on university A’s average ability of
students. University B only produces research, and thus the government only provides a lump-sum
transfer which is entirely spent on research.

Further, at equilibrium S, the location choices of both high and low-ability students are not

affected by marginal changes in universities’ decisions.

10



4 University competition: Research expenditure and tuition fees

At the first stage of the game, each university solves its maximization problem in accordance with
the type of equilibrium arising at the second stage. In particular, each university behaves a la Nash
with respect to its competitor but is a Stackelberg leader with respect to students. This means
that each university decides tuition fees b;, and research expenditure R;, taking into account the
reaction of students, i.e. their subsequent location decisions. Starting from each equilibrium of
the second stage, we then solve the first stage considering that the objective function (6) must

incorporate the corresponding equilibrium.

4.1 Equilibrium E: An élite university system

Considering that, at equilibrium E of the second stage, the students’ location decisions are such

that ng = N np = N, the universities’ objective functions (6) take the following form
Wa = N"ae" + B[(ta +ba)N" + (14 — Ra)] + R},

and
Wp = Nae! —l—ﬁ[(tB + bB)Nl + (TB — RB)] + REB.

Accordingly, the first-order conditions w.r.t. R;, j = A, B, are
OW;/0R; =v,R’" —3=0, j=AB. (23)

As far as the tuition fees are concerned, we have that both universities payoffs are monotonic
increasing functions of b;, j = A, B. Tuition fees are then bound by the characteristics of the

equilibrium itself (see section 4.1.2).

4.1.1 Optimal research expenditure

From (23), the optimal level of research expenditure, Rf , obtains as

1
E ﬁ 71 .

and thus, the optimal level of research is

i

1
rf=<ﬁ)”] . j=AB
Vi

The optimal level of research is given by two technological parameters 3 and 7. The first represents
the impact of per-student teaching expenditure on the quality of teaching (efficacy of teaching
expenditure), and the second is the coefficient transforming expenditure in effective research activity
(efficacy of research expenditure). Given that v <1, Tf is increasing in 7; and decreasing in /3.
The greater the efficacy of research expenditure, the higher the optimal level of research. The

greater the efficacy of teaching, on the contrary, the lower the amount of research expenditure

11



and consequently the level of research because the higher is its opportunity cost. Recall that it is

TR > RB while in umversaty A it can be TA < R4, in which case tuition fees are used to finance
E

= 0, i.e. expenditure on research is independent of
the lump sum transfer by the central government as well as of the per-student transfer. Marginal

changes in 7; and ¢; only affect the quality of teaching.

4.1.2 Optimal per-student tuition fee

On the basis of Proposition 2, we distinguish equilibrium FE7, where bir = bgl, and equilibrium Fs,

where b? > bE2.
Equilibrium F;. Given that the payoff of the universities is monotonically increasing in b;, each
university chooses the highest possible value of bfl, j = A, B, compatible with this equilibrium.
Such values result from the solution to the system of equations (12) and (13), when they hold as
equalities. Proposition 2 shows that the quality of teaching is the same in both universities and
that the same tuition fee is charged. Low-ability students, even if segregated, are not penalized in
terms of quality of teaching and pay exactly the same as high-ability ones.

The next Corollary to Proposition 2 shows that the government must give relatively higher
per-capita transfers to university B, where the difference in the transfers between B and A is given

by the amount compensating for the lower ability of university B’s students.

Eq
T R
= tE1+6E1, where e = BT—%A >

Corollary 1: For equilibrium FE; to exist, tﬁl —I-TRA

0.

Corollary 1 implies that the transfer to university B, net of the compensation for the lower

ability of its students, must be the same as the transfer to university A. If tE1 = t

, the per-
capita lump-sum transfer net of research cost to university A must be equal to the excess of the
net per-capita lump-sum transfer over ability compensation to university B.

In equilibrium F+q, where the values of teaching quality are the same, Proposition 2 implies that
bgl = bgl = bF1, but it does not impose any constraint on the level of the fee. As a consequence,
considering that the payoff of each university is monotonically increasing in b; and considering that

for any g;, U"(g;) > U'(g;) by assumption, the value of b¥1 is found from the solution to

l l E E Tgl_Rgl E
U'|ac"+p tBl+b1+T - " =0. (25)

Thus, low-ability students are kept at their reservation level of utility while high-ability students
enjoy higher utility because U"(g;) > U'(g;). For university B, equation (25) shows that tgl and

1

bF1 are complements. A higher level of tgl (and the consequent increase in ti implied by Corollary

1) in fact enables the universities to raise b! and, consequently, to further raise teaching quality.

Notice that for equilibrium F; to exist, public transfers must be sufficiently high. If this is not
h

Ut
the case, the level of ¢ that solves (25) would be such that alqj > %, i.e. for high-ability

q4

12



students the marginal utility from an increase in b4 would be higher than the marginal cost. As a

consequence, university A could raise the tuition fee and hence its teaching quality.

Equilibrium Fs. For this equilibrium, Proposition 2 shows that the quality of teaching and the

tuition fee in university A are higher than in university B. The level of bgg is found from

E> E>
Ul <ae’ +8 (t? +bE TBNZRB)) — b2 =, (26)
while the level of b% is found from
U (af7) - ol = U (af?) - b2, (27)
Given (27), in order to be stable, equilibrium Fo must satisfy g% < 0 which implies g% < 0.

B
By Lemma 1, we then have the same stability condition as in equilibrium FE; (see (14)). Again,

university B is compensated for the lower quality of its students. Notice that, contrary to what

happens in equilibrium F;, now local stability does not impose any restriction on g%.
A

Considering (27), the following Corollary to Proposition 2 holds

Ey _pEa
Corollary 2: For equilibrium Ey to exist, t% + b% + % > th + b? + P2 where e =
By _pE2
T —R a

4.2 Equilibrium M: A mixed university system

In this equilibrium university A is attended by both types of students, while university B is attended
only by low-ability students in equilibrium M3, and only by high-ability students in equilibrium
Ms. Denoting by ¢ the type of students that attend both universities, so that ¢ = [ in equilibrium
M; and ¢ = h in equilibrium Ms, we then have that ny = nf4 + N~ and ng = n%, and we can

write university j’s maximization problem as follows

max W; =mn;qj +r;

bj.R;
_ T;
st. ¢ = aej. + ﬁnfj,
ri = R;I],
(tj +bj)nj + 75 =T; + Ry,
bj >0, j=A,B.
onht onh onl onl

Considering that TRé = 3 = 0 in equilibrium M; and TRZ- = = 0 in equilibrium My, the

first-order conditions!? for an interior solution are

8ni‘ . 87),1 —1

12We consider parameter values such that these conditions are also sufficient for a maximum. Notice that Lemma

2 and 3 guarantee that students’ reactions go in the right direction.
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and

ont . ont
bi: agite + 8 (6 +b)) it +ny| = 0. (29)

ZZ;' < 0 (see Lemma 2 and 3).

J

Notice that (29) implies that

4.2.1 Optimal research expenditure

Substituting (29), the solution of (28) gives the optimal level of research expenditure R;W’“, j=A, B,
k=12

1
1
RMr — [5 (1+ Qj”k)] v (30)
Vi
and thus the optimal level of research obtains as
g
1
T,;Mk _ [5 (1 +Qj\4k):| V5 ,
J
where _
ont
M ﬁ . .
ijE—DMk>0,z:lwhenkzzl;z:hwhenk‘:Z (31)
J
and .
dn;
D;-VI}CE—&>O, i =1 when k=1;1=h when k= 2.
nj

dn! ont

D;W’“ is positive because Wj < 0. Thus, considering that RZ‘ < 0 by Lemma 2 and 3, it follows that

ij’“ is positive too. Notice that D;»w ¥ is an index of tuition fee competition, because it measures

the semi-elasticity of students with respect to the fee, i.e. the percentage of student outflight due

k

to an increase in the fee. Further, Qéw is an index of the student outflight due to an increase in

expenditure on research, relatively to the index of tuition fee competition Dyk. If university j
increases its expenditure in research, students tend to leave because, everything else being equal,

expenditure in teaching is reduced.

While in equilibrium F; and Fs, rf was determined by technological parameters, now e

j
v
B

results from the product of a ‘technological factor’ ('7) "' and a ‘students’ response factor’

J

v
(1 + Q%") "7" . When ij’“ is low, rj-w’“ tends to be determined only by technological parame-
ters as in equilibrium E; and FEs. When ijk increases, 7“;-\/[’“ decreases. Observe that, given

7j
<1 —I—Q?’“)” ' < 1, research is lower in equilibrium M than in equilibrium E; and Es, i.e.
rf > rjw’“, k=1,2.
As far as the relation between Ri‘\/f’“ and Rg"’ is concerned, notice that the relation between

Q]X‘[’“ and Qg[k in (30) depends on the relative quality of teaching. Consider equilibrium M;. By
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dnl, dnl
substituting % and dLR; from Lemma 2 into (31), Qé\/h can be re-written as
au!
M dg;.
oM = 7deJ4’ (32)
/B~ @
dU! dnl
with W; < 1/ because we know that C% < 0. U(.) is concave, if qi\{h % qgh, then Q%l § Q]gl,
and thus R% ! % Rf‘éfl, unless 7y 4 is much lower than v5. Exactly the same argument can be applied
to equilibrium My by substituting A for [.

4.2.2 Optimal per-student tuition fee

The optimal level of the tuition fee is obtained by solving (29), for ¢ = [ when k =1 ; i = h when
k=2,

My @ ; NT'+nh o a, L
0ba
Bn%
where D%’“ = —Ni.bﬁ, and
A
pMe = _Lei iy —tB——gei—i—L—tB (34)
B on’, - My, ’
B s B Dy
aniB
where Dﬁ\;’“ = —éZ’—iB. Therefore bj-w’“, j=A, B, k=1,2, decreases with /3, ¢, and D;W’“.
B

Consider equilibrium M;. In university A, the level of the tuition fee is not so high as to
discourage too many low-ability students from enrolling; in university B, it is high enough to avoid
being attended by all low-ability students (which would be the case covered by equilibrium E).
Recall that in this equilibrium T]gl > R%l. Thus, in university B, part of the lump-sum transfer
is devoted to finance teaching and this helps raise teaching quality. Given that university B has
no high-ability students, its quality would otherwise be too low. Such a positive effect on quality

of the sum Tgh — ngl, however, increases as the number of students diminishes. For university A,

! can be either lower or higher than R%l. If it is lower, students contribute to financing

instead, T%
both teaching and research.

A similar comment applies to equilibrium Ms. Now the level of bJXIZ must not be so high as to
discourage any low-ability student to enrol in university A, and b]g? must be high enough so as not
to attract too many students. In university A, 7%2 > R%Q + %ANZ so as to compensate for the
presence of all low-ability students, and in university B the lump-sum transfer must exceed research
expenditure. The relation between the public transfers to the two universities is determined in the

following corollary to Proposition 4.

Mo My
. T — R
Corollary 3: For equilibrium Ms to exist, -2 = B_ > tﬁb — tj\éb + M2 where t]XQ — t]gQ >0
n
B
My _pMz o l
—R,2-2AN
M2 = TA A B
and "2 = Nk > 0.
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Finally, notice that in equilibrium M, given (33) and (34), the tuition fee and the per-student
transfer can be substitute,'® contrary to what happens in equilibrium E. Now the tuition fee
has an opportunity cost for university j, because of students’ response. In equilibrium FE, such
opportunity cost does not exist as university j does not gain anything by marginally reducing bf’“
(the derivative of the university objective function w.r.t. bf’“ is always positive). In equilibrium M,

instead, university j directly gains by marginally reducing béw’c because it can attract students.

4.3 Equilibrium S: A specialized university system

Considering that, at equilibrium S of the second stage, n4 = N and np = 0, the universities’

objective functions are

Nh
Wa = NOJ(WA + el) + 5[(@4 +ba)N + (14— RA)] + RZXA?

and
Wg = RYBB )

Accordingly for university A, the f.o.c. w.r.t research expenditure is
OWa)ORA =y, R — B =0, (35)

while w.r.t the tuition fee b4, the pay-off is monotonically increasing. For university B, we obviously

have that the pay-off is increasing in research expenditure.
4.3.1 Optimal research expenditure
From (35), the optimal level of research expenditure for university A, Ri, obtains as

RS - <ﬁ> F )
A " (36)

and the optimal level of research obtains as

YA

ypa—1

rg:<5> o
YA

For university B, the optimal level of research expenditure, R%, is simply

1
-
Ry =mas (2)77 (37)
B
and thus the optimal level of research obtains as
7"7_?,, = ’7'733 .

13They are substitute unless the semi-elasticity of low ability students w.r.t. the fee decreases so much with the

per-student transfer as to counterbalance the direct effect of ¢;.
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1
Notice that the level of the lump-sum transfer must not exceed the efficient level (%) "B Gther-
wise university B would have an incentive to use part of the lump-sum transfer to start teaching
activity.

In university A, where all the students are, the level of expenditure in research is the same as
that in both specifications of equilibrium E. Again, Ri depends only on technological parameters,
and thus it is independent of the public lump-sum transfer, i.e. % = 0. Now however 74 < Rxg
and students fees are partly used to finance research. In universitgf B, only research is carried on,

and expenditure just equals the public lump-sum transfer, i.e. g%’; =1

4.3.2 Optimal per-student tuition fee

At equilibrium S, the government does not finance teaching at university B, and consequently
tp = 0. In order that university B does not find it profitable to start teaching activity financed

only by tuition fees, the tuition fee of university A must not be too high
b3 < min[by B],
where b’ , & = h,l, is the solution to
U (qy) — by = V", (38)

and
V' =max[U" (q5) — bl
bg
with ¢b = ae’ + Bbl.

Notice that for (38) to have a solution, public transfers to university A must be sufficiently
high, i.e. S ; l
tﬁ+7TAJ_VRA > g ]J\\IT’

otherwise the RHS of (38) is always higher than the LHS.
Given that V' > 0, in this equilibrium both types of students obtain a positive level of utility.

Now

U™ (qa) — b5 > U (qa) — b3 > 0, (39)

i.e. high-ability students enjoy a higher level of utility than low-ability ones.
As in equilibrium F, t4 and bf‘ are complements, being the tuition fee with no opportunity cost.
A higher level of t4 in fact enables university A to raise bg and, consequently, to raise teaching

quality.

5 A social comparison among equilibria

In order to compare the three equilibria from a social point of view, we suppose that the government

aims to obtain a high level of both total research and teaching quality, subject to an efficient use of
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financial resources. As we adopt a partial equilibrium approach taking into account only students’
utility, we do not consider a welfarist objective function for the government. In other words, we
consider research and teaching quality as objectives per se, although their provision is constrained by
budget concerns. Both research and teaching quality could in fact be considered as instruments for
human capital accumulation and then for growth. In the following, we make pairwise comparisons

between equilibria, and then we show that equilibrium FE5 is the most efficient.

Equilibrium Fy vs. equilibrium F;. Recall that in equilibrium F, university A is an élite
institution attended only by high-ability students, and university B is only attended by low-ability
students. Notice that the level of research is the same in both specifications of this equilibrium which
then differs only as to teaching quality. The level of the public transfers is crucial in determining
the specification that is achieved. In order to have the same teaching quality, in equilibrium FE;
the government must compensate university B for the lower quality of its students and then give
the same amount of resources to both universities. In equilibrium FE3 a higher teaching quality in
university A can be obtained by transferring more funds to it (after compensating university B for
the lower quality of its students through the lump-sum transfer). Recall that for equilibrium E; to
exist, public transfers must be high enough, otherwise only equilibrium Fs may obtain. If this is

the case, we can prove the following

Proposition 5 For a given level of public expenditure, equilibrium FEo allows a higher average

teaching quality than equilibrium Fy.

Thus we may say that equilibrium Fs is more efficient than equilibrium Fj.

Equilibrium FE5 vs. equilibrium Ms. Let us now compare equilibrium Fs to equilibrium Mo,
recalling that in the latter university A is attended by both types of students while university B is
only attended by high-ability students. We know that in equilibrium F research is at its technically
efficient level and is higher than in equilibrium M. Given that also research expenditure is then
higher in equilibrium FE, we compare the two equilibria in terms of equal levels of extra research
resources, i.e. total public transfers net of expenditure devoted to research activity. In this respect,

we state the following

Proposition 6 For equal levels of extra-research resources, average teaching quality is higher in

equilibrium FEo than in equilibrium M.

Proposition 6 means that at the same teaching cost, teaching quality is higher in the segregated
state university system of equilibrium FEs than in the mixed state university system of equilibrium
M.

Equilibrium F; vs. equilibrium M;. We may then compare equilibrium F; to equilibrium
My, recalling that in the latter university A is attended by both types of students while university
B is only attended by low-ability students.
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Proposition 7 For equal levels of extra-research resources, average teaching quality is higher in

equilibrium FEq than in equilibrium M.

Proposition 7 means that, at the same teaching cost, teaching quality is higher in the élite
university system of equilibrium F; than in the mixed university system of equilibrium M;. Con-
sidering that equilibrium F; is dominated by equilibrium FEs, we may say that equilibrium FEs

dominates equilibrium Mj.

Equilibrium E; vs. equilibrium S. Let us finally compare equilibrium F; and S. In the latter,
university A supplies both research and teaching, and is attended by all students, while university

B is only a research institution.

Proposition 8 For any given level of teaching quality and research, public expenditure is lower in

equilibrium Eq than in equilibrium S.

In terms of resource allocation, this proposition implies that equilibrium F; is more efficient
than equilibrium S. Since equilibrium Fj is in turn dominated by equilibrium FEs, the government
should choose the structure of grants corresponding to equilibrium FEs.

According to our propositions, we may conclude that equilibrium FEs is more efficient than all the
other equilibria. The question arises whether the government can effectively implement equilibrium
FE5 by choosing appropriate public transfers. The following proposition provides sufficient conditions
on the lump-sum and the per-student transfers that guarantee that Fo and not another equilibrium
will be selected. Let us define R%ﬁin as the minimum value that can be taken by Rj.\/[’“ in equilibrium

My, j=A,B, k=1,2. We then show

Proposition 9 Sufficient conditions on the public transfers for equilibrium FEo to be selected by

the universities are:

(07

8 > RE+ 6ANZ, (40)
74 < min RV %ANh,Rgfnin : (41)
E E
E TA— RA E _TB— R o
tA—I-bAQ(tA)—i-T > tp+bg(ts) +¢, wheres:TB—BA>0. (42)

Conditions (40)-(42) are not more restrictive than the necessary conditions for equilibrium E»
to exist and be stable (see Corollary 2 and subsequent discussion). In other words Proposition 9
does not impose additional conditions on the total amount of public transfers but simply points
out how to shape them in order to avoid multiple equilibria.

Finally notice that, if the government has an equity concern about the average teaching quality

of the university system, equilibrium E; could be preferred.'® Moreover, if the government should

To implement equilibrium F; instead of equilibrium F» the government should give per student transfer that are
sufficiently high and satisfy the condition in Corollary 1. Moreover for E; to be stable the lump sum transfers must
satisfy (14).
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decide to devote very low resources to the university sector, there could be not enough funds to

finance the solution designed by equilibria F, and equilibrium M; might be preferred.!?

6 Concluding remarks

We have analysed the impact of student mobility on the characteristics of two competing state
universities. Assuming there are two types of students (‘high-ability’ and ‘low-ability’), the com-
position of the population of students impacts on the quality of teaching (‘peer effect’). The latter
is an argument of the individual utility function as well as of the universities’ objective functions.
The level of research (which is linked to research expenditure by efficiency parameters) is the other
argument of the universities’ objective functions. Each university decides the level of its tuition
fees and of its research expenditure. The government contributes to financing the universities with
a lump-sum transfer and a matching grant per-student. The aim of the government is to promote
a high level of research and teaching quality by making an efficient use of financial resources.

By selecting locally stable equilibria, the analysis has ruled out some institutional settings in
favour of some others. One of the main results is that there cannot exist a stable equilibrium where
both high- and low-ability students divide between different universities. We have then three types
of equilibria. In equilibrium FE, an élite institution is created with only high-ability students while
low-ability students are segregated in a different institution. In equilibrium M, all students of one
type and part of the students of the other type attend one university while the rest attend the
other university. In equilibrium S, all students are concentrated in one university, while the other
institution becomes a research center.

Equilibrium F stands out as the most efficient. When compared to equilibrium M, equilibrium
E allows the attainment of a higher teaching quality at the same public extra research cost. In
equilibrium F, the level of research expenditure is at its efficient level being entirely explained by
the technological parameters of the research production function. Thus, research productivity is
crucial in defining the level of public expenditure. When compared to equilibrium S, equilibrium
FE allows the same teaching quality and research level at a lower public cost.

Concerning the debate on the appropriate form for the universities’ objective function, one
could think that universities maximize average teaching quality instead of total teaching quality in
addition to research as in the present paper. We have checked that equilibrium FE is robust to such

a change and therefore our results still hold.

15Equilibrium M requires lower transfers than equilibrium Fq and Fs. Recall in fact that local stability conditions
impose 75 > RE + %ANZ for both specifications of equilibrium E and 74 > RE — %ANh for equilibrium E;. For
equilibrium M; instead, 75 > Rgl, and 74 > Rfl - %AN’L where R‘f > R;-VII, j = A, B. Moreover in equilibrium
FE4 and FE» the per-student transfers are constrained by the conditions in Corollary 1 and 2, respectively, while in
equilibrium M; there are no constraints and thus could be equal to zero. Notice that, as regards equilibrium Fs, the

condition in Corollary 2 counterbalances the fact that 7'52 can be very low.
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7 Appendix
Proof of Lemma 1. It follows directly by signing (10) and (11).

Proof of Proposition 1. Suppose, contrary to proposition 1, that there exists an equilibrium
where students of both types [ and h attend both universities A and B. The following arbitrage
condition should then be satisfied for 7 = h, I:

U (a (el + A"A am) + B (ta+ba+ T80 ) ) —ba =

= U ( (e +nB+nB>+B<tB+bB+TB RB))—bB.

n+n

But these equations cannot be simultaneously satisfied for ¢ = h,[ because of the assumption that
our  oU'
8(1 3‘1]

Proof of Propositon 2. Let us rewrite conditions (12) and (13) as follows

TA— R TB— R
Ut <aeh—|—ﬁ<t,4+b,4+ANhA)> -yt <ael—|—5<t]3+bB+BNlB>> > bl — b3,

TA— Ra T8— R
U <aeh+6 (tA+bA+Nh)> L (ael+ﬁ (tB+bB+BNlB)> < bE —bE.
Considering that & d o S d G ' the proposition is immediately proved.[]

Proof of Lemma 2. By totally differentiating (7), the following equation obtains

v 0 44U 0 Uy o
T 2ui=hl gyt A + g3 iy WA + o3 gy dba — dba+t
(43)
U 0 U 8 dU% o
_dqig i= hlaZBd dqg 31(13?3 RB_(Migagiﬁde-i-de:O.
By using the market clearing condition for low-ability students, dnﬂE = fdnfél and dn% = dnf}1 =0
into (43), it follows that
oyl
dny 1Py A, B (44)
dbj Jl ) ..7 - ) )
oul
o, A, B (45)
dR] Jl ? j ? ?
where .
oU: dq.
J'= 3 Sloh. i=AB (46)
j=a.p Y o

ou
Given that - < 0 for equilibrium M; to be stable, J L' < 0in (46) because 5 ’ > 0 by assumption.

U > l

dnl
Then ﬁ <0 follows immediately from (45). Moreover, from (44), it follows that 7> = 5 <=

dn
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Proof of Proposition 3. (i) It cannot be b%l = b]gl, because this implies q%l > qgl from (15),
but qi\{h = qg/ll from (16). (ii) It cannot be b%l < b]]\gl, because this implies that

My My _
bB _bA -

My

Ul l My 4 pMy Tgl _Rfs/fl Ul l AN My M 72/[1 —Ry4
= ae' + 3 tB+B+T — Ol(e—l-Nh_‘_n%)—Fﬁ tA+A+Nh7+nf4 >

h l My bM1 Tjgl _R]gl h l AN My le ijl _R]XI
U |ae"+ 0 tB+B+T -U Oé(e‘l‘Nthan)‘f'/B tA_’_A—'_W >0

from (15) and (16). But the inequalities cannot be satisfied because of the assumption % > %.D

Proof of Lemma 3. The proof exactly follows that of Lemma 2 with superscripts h in place of
1.0

Proof of Proposition 4. The proof follows the same argument of Proposition 3.J

+E1_pE1
Proof of Corollary 1. &1 = BTZRB — %A is strictly positive because of stability condi-
tion (14). The rest of the Corollary follows immediately from qfl = qgl, ie. « (el + A) +

Enq Er T},il *R}jl _ l Ey Eq Tgl ngl . . . . el
Blta +byt + 2572 | = ae + B (15 +bg" + L5~ | considering that in this equilibrium

bt = b5 .0

Eg  pEg
Proof of Corollary 2. 2 = % — %A is strictly positive because of stability condi-

tion (14). The rest of the Corollary follows immediately from q% > qu, ie. « (el + A) +
Eo E2 752 *R}jQ l Eo E T? *R?
B tA +bA +T > oe +B tB +bB + N7 .0

Mo pMa o
Proof of Corollary 3. M2 = 4 Nﬁnhﬁ is strictly positive because of stability condition
A

(21). To prove that t%Q > t]\B,42 consider that the f.o.c. (29) implies

h ! h
Me | pMe A N Ma | pMa "B
A A 8nz B B 871% ’
0by obp
auh aul
. ank 1-B5.4 | . anl 1-p5 L2 ..
Notice that %‘: = ‘ J,‘? 441 is lower than 87;—5‘ = % because qg@ > qﬁ(b (see Proposition

our
4) and 35X < 1/f is decreasing. Since b]]\342 > b%Q (see Proposition 4) and n/y + N' > nfy. then

qj
t%2 > tgf?, and the Corollary follows from ng

M2 pMo
afcl+A) 48 (bl B0 ) s
"B

h Mo Mo
l U M. M Ty — Ry _
o(ragiig) et AE) -

> qi\lb, ie.

o (el - A) +8 (ti‘{? + 02 + 5M2) .0
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Proof of Proposition 5.

Starting from a given equilibrium Fj, we want to prove that, by appropriately redistributing
public resources, an equilibrium F5 can be generated that has a higher average teaching quality than
that of the equilibrium F;. Notice that in both equilibria Fy and E1, it must be 7g — Rg > %AN ¢
while in equilibrium Es there are no restrictions on 74 — R4. Given ¢¥, the government can then
decrease tp by an amount o > 0, and correspondingly increase t4 by aNi;L, where ]]\\f—,i > 1. If the
level of the tuition fee did not change, i.e. for bEQ = b? = bF1, total quality would not change,
then ¢"1 N = qu N 4 qu N'. However, the decrease in tg implies a decrease in bg, as (26) must
be satisfied and dd—[él 4=¢#1 < 1/B. Notice that (26) also implies that the decrease in bp, Abp, must

satisfy
du'
Tq‘q:qu /8(0' + AbB) = AbB (47)
Correspondingly we have that b4 increases so as to satisfy
duh N!
Tq|q:qu B(UW + Abs) = Abg + p(0), (48)

where the term p(o) is positive and increasing because in equilibrium FEs, from (27), ba and g4
must satisfy
h (qu) _pE2 _ph (qu) _ bgz S gt (qu) _ b,

% g=qF1 < 1/ must be satisfied. Moreover, u(o) — 0 as o0 — 0, i.e. as

qgQ — ¢¥1. Rewrite (47) and (48) as

and in equilibrium F4

au’
Tq ’q:qu /80

Abp [t ,
dq |q:qE1 /8
dUh N
“dq lq=q¢"1 @TW — p(o)
Aby = .
1 _ dut
dq |q:quﬁ

auh dUut N!
t dg; > ij NI

that AbyN" > AbgN' implying that the increase in g4 more than compensates for the decrease in

Considering tha > 1 and u(o) increasing, the government can find a level of o such

gp making the average teaching quality increase. [J

Proof of Proposition 6.

Let us consider an equilibrium Mjy. From stability condition (21) and Corollary 3, public trans-

fers are
M Mz %ANl + M (N 4+ ph),
T’ — Ry’ = (tﬁ@ —ty? e+ 5M?> b, (49)

where t%Q — tgb > 0, M, 5" > 0. If the government induces an equilibrium Fy where the
transfers to university B are
@
8 R = BANI + M2 Nt

Ey _ Mo
tg =ty
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the teaching quality for the low-ability students is (weakly) higher in equilibrium Fj than in equi-

librium Mo, i.e.
g5 = ale + A) + BN + b5 + M) > alel + A) + BN +BL2 + M) = g}, (50)

because ng > bﬁh follows from (26) and from the fact that in My it is U* (qi‘l@) - bﬁb > 0.

Let us now define
M2 = jh (qi‘l/h) _ bi\{z —pyh <qg42> _ bj\éh.

Given that %I}wq*q% < 1/B at equilibrium My, and (50) holds, using condition (27) it follows that
—H1A

in equilibrium FEs it must be
U (af) = o = U (af?) - bf < 2, (51)

In order to prove that the teaching quality for the high-ability students is higher in equilibrium
E5 than in equilibrium My for equal extra-research costs, let the government give the following

transfers to university A

M.
752 = R§2+£M2Nh+6 Qn%,

Ey _ Mo
tas = tas

so that the extra-research cost is the same in equilibrium Fs as in equilibrium M5. Notice that
such values of TEQ and t% also imply that the extra-research per-capita transfer for high ability
students in equilibrium FEj5 is the same as the average extra-research per-capita transfer for high

ability students in equilibrium Mo, i.e.

Fo FEo h

™72 —R My T
h h M. M.
A e g ] 4 B ey T M
Nh ["A Nh |'B n’é ’

where in equilibrium Ms we do not consider the amount %AN ! for university A because it is

attributed to low-ability students in order to reach quality level qi\l@ as in (50). It then follows that

E nff‘ M ”% M.
2 2 2

and

Ea "]}1 Mo n% Mo
q,” > thA —i—thB .
E n', M. n M. E n', M. n' M.
Suppose in fact that it were b,> = N—’;‘lez + N—Jflez implying ¢,* = N—’?lqu + N—Jiqu, then by
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the concavity of U" we would have that

Uh LEA) 4 B (M2 4 Mo 5M2% ﬁsz ﬁb% _ ﬁbﬂ@ ﬁsz
Oé(€+)+ A+€ + Nh+NhA+NhB NhA+NhB >
”Z h ! M. M. M. M.
W[U (a(e +A)+B(ts2 +e 2+bA2)>—bA2}+
h
o Ut (a (e + A) + BN + &M+ 6 b)) — b =
n n
UM a) — b + S (Ut ap?) - b ] =

where we have used (49) in qi\gb. But if this were the case, (51) would be contradicted. Then,

h
3 . . . . n
considering that —dg{; =g < 1/8, j = A, B implies —dgqh |qin2 < 1/, it must be bEQ > 4 b%Q +
=) ="

Nh
nh nh nh
N—ibABh because if it were b% < N—ibﬁh + N—ib%b the difference between the RHS and the LHS of
h h
the above inequality would be even higher. Consequently it is qu > %qi\{? %qé\?ﬂ
Proof of Proposition 7.
Let us consider the extra research cost in equilibrium M;
CMi =2 (Nh + nf4> + Mty 4 M RMy A0 RAD
and in equilibrium F4
CBV = tIN? 4 5N 4+ 751 — RO + 75 — R
Using Corollary 1, CP1 can be rewritten as
GF = BN 4 (B RE) N O ANt
A A A NP B

Considering stability condition (17) for equilibrium My, let the government fix

T —%ANh + oM, (52)
with M1 > 0, and set

N

(3 = RE) = T4 - A (53)

Using (52) and (53) we obtain that CFt = C™1 implies
o
N+ GAN' = (N nly) + ey + 73— RY (54)

Recall that teaching quality in equilibrium E; can be written as

o
¢ =ale' +A) + 5 |t + b7+ A )
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By substituting from (53) and (52), the above expression can be re-written as

—_aANh +5M1
' = ald+A)+ 8 (tfl +oP oy L ~ = (55)
! M,
1 E E a N (5
e +,8(tAl+b1+I8AN+N> (56)
Let us denote g™ the average teaching quality in equilibrium M;, which obtains as
My _ M1Nh+n€4 Ml%_
q = gy N dp N
NN M pMh Nh 4 nl
l M M A A A
ale + A——+ | + tat+b,t +
! ( Nh+nf4> B(f“ A Nh+nlA> N
My My l
! My, o, T B "B
t b == || =,
ot i )| 2
Substituting t%l (N" +nl) + t]\glnlB from (54) and using (52), ¢* can be re-written as
! M
M I B 7, e N9

!
o~ h l
where b = b1 ¥y bgﬁ”ﬁ.
In what follows we want to exclude that g™ > ¢®1 when CEr = oM,
In order for g™ = ¢P it should be b = bP' where bE! is determined by (25). By concavity of

U(.) this would in turn imply

0= Uiy~ 5> [0t (40 ) — o] D T (g) - o] 2,
N N
which is inconsistent with students’ enrolment in both universities. In order to exclude g" > ¢1,
notice that all terms in g™ and ¢ are equal with the exception of b. Then, in order to have
g™ > ¢%1| we should raise b above bF1. But, from (25), bP1 is the highest possible value of the
tuition fee that can be charged given these values of the non-tuition-fee terms, in the sense that
b > bE1 would imply

0> U@ ~b> U (a}") - 62" ] Nh;nlA [0t () - o) %

which is inconsistent with student enrolment in both universities. Then it must be the case that
g < ¢Br 0

Proof of Proposition 8.
A B _
: S _ B _ (B a1 S _,.E_ (B \vB! ; ;
Consider that 3 = ry = (ﬂ) A7 Letusfixrg =g = (E) 577 which results in research
1
expenditure RY, = (%) BT = Rg. We show that any level of ¢©* = qf, can be obtained with a
lower public expenditure in equilibrium F4 than in equilibrium S.
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Considering (14), the government can fix the lump-sum transfers as follows:

™5 = Ri—%ANh—eS, % = R3, (58)
PBo= RE AN,

and can fix the per-student transfers as follows
E; s
S E [0 € €

in order to guarantee equal public costs. It is in fact

C% = 5+ +Ht5N =
RS + RS — %ANh—eS+tf,N.

Substituting 5 from (59), C° becomes
o N
C% = RS + Ry, + EANZ + eElﬁ +tE'N,
which is equal to
ct = Til —|—T§1 —i—tglNl —|—t§1Nh =

N
REY + RE + %ANl + eElﬁ +tEN,

since Rfl + RS = Rﬁl + Rgl.
Let us now compare the teaching quality in the two equilibria. At equilibrium S, teaching

quality at university A obtains as
AN" ™5 — RS
S l S S A A
= — A+ +——-+).
gy =« (6 + N > +4 < A+ 0+ N >
Substituting from (58) and (59), ¢ can be written as

g3 =ael + 8 bi+tE1+gA+£ 7
B /6 Nl

which is lower than

E ! E B, O b
gt =ae —i—ﬁ(b 1+tB +BA+J\”>’

because bF1 > bfl as bP1 is the solution to
Ul (qu) _ bEl —_ O,

while bi is such that U’ (qfl) — bi > 0.0
Proof of Proposition 9.

Condition (40) is the stability condition for equilibrium Fs which contradicts condition (37) for
the existence of equilibrium S. Condition (41) contradicts the stability conditions (17) and (22) for
equilibria My, k = 1,2. Condition (42) from Corollary 2 guarantees the existence of equilibrium
Es.
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