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University Funding Formulas: An Analysis of the 
Québec Reforms and Incentives

Abstract
This paper analyzes the incentives induced by a formula to fund universities based primarily on enrolment. Using a simple 
game theoretical framework, we argue that the strategic behaviour induced by those formulas is to favour enrollment. We 
further argue that if the funding value differs by enrolment type, it introduces incentives to substitute enrolment where most 
profitable. If the public appropriations do not follow the outcomes induced by the formula, the incentives introduce a dynamic 
inconsistency, and funding per student can decline. We use these results to discuss the 2018 funding formula changes in Qué-
bec. We argue that Québec’s latest reform should reduce substitution effects and increase graduate enrolment. We provide 
simulations of the reform’s redistributive effects and show that some universities gain structural advantages over others. Whilst 
the reform, on a short-term basis, deploys a mechanism to mitigate these advantages, on a long-term basis the effect introduc-
es a larger gap between Québec higher-education institutions. 
Keywords: university funding, reforms, simulation, induced effects, post-secondary education, game theory

Résumé
Nous analysons les incitatifs induits par une formule de financement des universités qui est basée principalement sur l’effectif 
équivalent temps plein. Nous employons la théorie des jeux et argumentons que les comportements stratégiques induits par la 
formule augmentent les inscriptions. Nous argumentons également que s’il existe plusieurs familles de financement, financées 
à différentes valeurs, il y aura alors des incitatifs à substituer les inscriptions vers des familles plus profitables. Lorsque les 
crédits budgétaires ne suivent pas les comportements induits par la formule, une inconsistance dynamique apparaît, en-
traînant une réduction du financement par étudiant. Ces résultats sont discutés à la lumière de la réforme québécoise de la 
formule de financement des universités de 2018. Cette réforme devrait réduire les effets de substitution entre les programmes 
et induire une augmentation des inscriptions dans les programmes de deuxième et troisième cycles. Nous simulons également 
comment la nouvelle formule redistribue les fonds entre les universités et montrons comment certaines ont des avantages 
structurels. Bien que des mécanismes transitoires atténuent ces effets à court terme, nous montrons leur effet permanent à 
long terme.
Mots-clés : financement des universités, réformes, simulation, éducation supérieure, théorie des jeux

Introduction
Post-secondary education (PSE) is publicly funded in 
most industrialised countries. According to the Organ-
isation for Economic Co-operation and Development’s 
dataset (2017), member countries fund on average 69% 
of their higher-level academic institutions. For instance, 
Canadian public funding averages 49% whilst the Unit-
ed States, with more private institutions, averages 35%. 
Since public universities are largely subsidised, the rules 

and procedures used by public authorities to transfer the 
funds are crucial. These rules and procedures are often 
called a University Funding Formula. The effects these 
formulas cause in institutions (Umbricht, Fernandez, & 
Ortagus, 2017) are important. If a formula is primarily 
based on enroled students, universities may change their 
behaviours to increase the total number of enroled stu-
dents. In a general sense, a funding formula can alter cer-
tain behaviours, increase output with limited resources, 
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and can be used to improve higher education through 
better access and efficiency (Jongbloed, 2010).

This paper focuses on the effects of enrolment-based 
funding formulas where the total funding is dynamically 
inconsistent. We say that the funding is dynamically in-
consistent when there is a difference between the public 
appropriations determined by the budgetary process and 
the amount that would maintain the public funding per 
student constant, in real terms, as determined by the for-
mula.1 We detailed this further in the subsection titled A 
typology of enrollment-based formulas. 

We use the core structure of the formula that is in 
place in several jurisdictions such as California, Texas, 
Québec or Ontario (CD Howe Institute, 2006; CEO Stu-
dent-Centered Funding Formula Taskforce, 2018; MGT 
America, 2011). Using a game theoretical framework, 
we explore the strategic behaviours between universities 
when they seek to increase funding. First, we charac-
terize under which circumstances a university that does 
not adopt an enrolment-growth strategy incurs losses. 
Second, for situations where enrolment does not have 
the same net value across programs, we show when the 
formula can generate incentives to substitute (shift) en-
rolment. We use these findings to study the changes to 
the 2018 university funding formula in Québec. We con-
clude that the reform reduces incentives for substitution 
and increases incentives to recruit graduate students. 

We analyze further the consequences of the Qué-
bec 2018 reform and show how its implementation re-
distributes funds between universities. Using numerical 
simulations, we show how each component of the new 
formula would have affected universities if the rule had 
applied in past years. In particular, some measures of 
the reform are temporary, justified by the government to 
ease the transition from the old to the new formula. Such 
measures delay the long-term, structural impacts of the 
reform. By simulating the funding without the short-term 
measures, we show that the formula creates important 
redistributive effects for some institutions. 

Our first section reviews empirical and theoretical 
papers on university funding formulas. We then present 
our methodology, and show the fundamental structure 
of a funding formula based on enrolment as well as our 
main theoretical results. We then portray the core of the 
Québec funding formula and its most recent reform. Fi-
nally, we present our simulations and comments on the 
specifics of the Québec reform. 

Literature Review
Funding formulas clarify how funds are apportioned to 
each institution. These formulas reduce arbitrariness 
(Khinda, 2014) but may also introduce undesired effects 
(Geuna, 2001). Layzell (2007) describes four essential 
types of funding formulas: unconditional funding formu-
las (often dubbed historical funding) input-based fund-
ing formulas (such as enrolment-based), output-based 
funding formulas (such as graduate-based), and perfor-
mance-based funding (PBF) formulas. Most jurisdictions 
use a combination of these formulas (Frølich, Schmidt, & 
Rosa, 2010; MGT America, 2011; Miller, 2016), but often 
one component dominates (McKeown & Layzell, 1994). 
This paper focuses on enrolment-based formulas.

Input-based formulas tie funding to observable in-
puts, such as the number of enroled students or hired 
professors, or the building size. The enrolment-based 
approach prevails in Québec, in states with large pub-
lic systems in the United States and, currently, in On-
tario (CEO, 2018; HEQCO, 2015; Québec government, 
2018c). These input-based formulas are often weighted 
by program and tier. Output-based formulas tie the allo-
cation of public funding to observable outputs, such as 
the research produced, graduation rates, adequacy of 
meeting market needs, and student access and diversity 
(Miller, 2016). As Miller points out, since funding formulas 
are enrolment-based they provide disincentives for time-
ly student completion. The shift towards PBF aimed to 
make universities adopt strategies to help students grad-
uate (Hillman, 2016). However, Hillman argues that be-
cause public organizations are complex, outcome-based 
evaluation would often fail to account for the complexity 
of a non-routinized organisation. To our knowledge, only 
Norway uses a “pure” approach with its taximeter formula 
(Frølich, 2006). PBFs are tied to achieving certain goals, 
such as deficit reduction or certain levels of graduation 
rates. Unlike with output-based formulas, the funding 
does not necessarily increase if the result achieved is 
better than the desired goal. 

Del Rey (2001) was a pioneer in the study of game 
theory with respect to funding formulas. She modelled 
how universities are funded and analyzed how univer-
sities respond to formula changes. She showed that 
changing the weights (indicators of value) of each for-
mula component changes universities’ strategies. When 
the funding formula gives more weight to unconditional 
transfers, universities adopt a research strategy, and vice 
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versa when less weight is given to unconditional trans-
fers. Her model predicts that universities will concentrate 
resources in the production area most rewarded by the 
formula given the strategies used by other universities. 

De Fraja and Ioassa (2002) have also studied the 
game theoretic interactions of funding formulas amongst 
competing universities. In De Fraja and Ioassa’s setup, 
universities seek to increase prestige, which is what 
they find the most rewarding, achieved through research 
production and student recruitment. The authors shed 
light on how funds are allocated between research and 
teaching activities, depending on universities’ incentives. 
The predicted outcome (i.e., Nash equilibrium—a combi-
nation of strategies such that no player can improve its 
payoff by changing its strategy given what other players 
do) leads universities to specialization. A subset of insti-
tutions would specialize in research, leaving the produc-
tion of teaching to competing institutions. 

Descriptive studies on the effects induced by formula 
changes are numerous (see McPherson and Schapiro, 
2016). Since the early 1990s, the United States, the Unit-
ed Kingdom, Australia and Canada have experienced 
several variations in their funding formulas (Carpentier, 
2018; Jones, 2004; Meek, 1991). Most states in the ear-
ly 1990s adopted a PBF model (CEO Student-Centered 
Funding Formula Taskforce, 2018; Dougherty and Red-
dy, 2011; Hearn, 2015; Moore & Russ-Eft, 2016). Lahr et 
al. (2004) interviewed university administrators, rectors, 
professors, and the university community in general, to 
evaluate the potential effects of such a policy (where, in 
some places, the increased proportion of PBF shifted 
from 2% to 85%). They make two important observations: 
(a) a funding formula based solely on inputs (such as full-
time enroled students) produces few, if any, incentives 
to increase quality teaching or push graduation (Miller, 
2016); (b) a formula that gives a higher weight to gradua-
tion provides incentives to restrain admissions (reducing 
accessibility). Some also suggest that PBF incentivizes 
universities to keep the same admission rate while re-
ducing academic standards (Dougherty & Reddy, 2011).

Some empirical studies quantify how funding formu-
las change universities’ practices. Umbricht, Fernandez 
and Ortagus (2017) also use the difference in difference 
methodology to evaluate the effects of the change from 
enrolment-based to performance-based in Indiana. They 
also suggest that the change led to an important reduc-
tion in registration rates (from 80% to 68% in 2012). 
While this is empirical evidence that the policy change 

had some effects, it is not possible to infer whether the 
observed changes are the consequence of abandoning 
the first formula or introducing the second (or both). Dis-
entangling these effects remains an open research issue. 

Methodology
In analyzing incentives, we use a game-theoretical ap-
proach, whilst in our simulations, we use the observed 
enrolment dataset to simulate the 2018 changes to the 
Québec university formula.

Game Theory
Game theory is a framework for predicting the observed 
outcome of a system (a “game”) where “players” can 
choose their strategies based on “rewards” (payoffs). 
The framework’s key feature is that rewards depend on 
the interactions between strategies (see Gibbons, 1992). 
The predicted outcome is a Nash equilibrium, that is, the 
combinations of strategies such that no player can im-
prove its payoff by changing its strategy given what other 
players do. In this article, the players are the universities; 
the rewards are the total funding of each. Thus, the pre-
dicted outcome (Nash equilibrium) will be a strategy for 
each university such that no university has an incentive 
to change given what other universities decide to do. 

Our game theoretic analysis holds for an arbitrary 
number of universities, a continuum of strategies, and 
any level of (positive) funding parameters. The core of 
the results we obtain depends on the structure of the 
funding formula. It does not depend on its given param-
eters. As such, in jurisdictions where these assumptions 
hold and the incentives we describe are quantitatively 
important, the strategic outcomes should qualitatively 
match the findings. For the sake of readability, we also 
illustrate the results with simple examples. 

Simulations
Our simulations apply the new 2018 Québec funding for-
mula to enrolment data that was observed from 2013 to 
2017. Each change from the old formula to the new for-
mula can be introduced and studied separately. 

Because of the data available as of August 2018, 
some adjustments proved necessary. The new formu-
la reorganized the categories of enroled students for 
the purpose of pricing enrolment in fewer categories. 
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Although the reform reduces the number of weighted 
categories, in a few cases old categories are split into 
two categories. We performed that split by estimating 
the total effective proportion to extract from the original 
category towards the new category, using the propor-
tion of graduates in each field (see Appendix 3). Data on 
graduates by field, tier and year is publicly available and 
is precise enough to allow for a reasonable simulation 
(Québec Government, 2016). 

We also approximated some components of the 
funding formula as unconditional transfers of funds. 
Roughly 10% of the Québec formula is based on the 
size of buildings and related metrics, such as the price of 
energy. None of the changes affect significantly this por-
tion of the formula. The remainder of the funding formula 
(roughly 90% of the public funding) is modeled exactly 
as announced. For each year studied, we analyzed the 
funding from Québec official documents (Québec gov-
ernment 2017a, and previous documentation).

We tested our simulation environment with Québec’s 
previous university formula and were able to reproduce 
the observed budget, save for a few thousand dollars.

We discovered discrepancies in the official government 
documents, including calculation errors and transcription 
mistakes. For our purpose, these discrepancies were not 
frequent, and the mean absolute error is below 1% (0.02%). 

Finally, as tuition fees and regulations for interna-
tional students have not changed for the period studied, 
we ignore them and focus on the change in public funds.2

The official documents’ declaration of enroled stu-
dents changes over time for the same reported year. Since 
the Québec university formula uses a changing average 
for student enrolment, we had to choose which year to re-
produce in official documents. We chose the most recent. 

Note that our approach does not include eventual 
changes in behaviours induced by policy change. This 
is a static analysis where the data on student enrolment 
is left as is. Analysis of the impact of formula changes in 
Canada remains open for empirical research. 

Incentives Analysis 

A Typology of Enrolment-based Formulas
Our paper focuses on formulas that are dynamically in-
consistent (see Table 1). Remember, a funding formula 
is dynamically consistent when it factors in the appropri-

ations required by the incentives it generates. In partic-
ular, if the growth of funding does not match the growth 
of enrolment induced by the incentives of the funding 
formula, the formula is dynamically inconsistent. 

From a design perspective, funding formulas may be 
unary or binary. Unary formulas determine a total amount 
per student, including tuition, for a given category of en-
rolment. The public subsidy is that total amount of cost, 
minus the tuition fees. Funding formulas that are binary 
determine an amount of public subsidy independently of 
any given total—and tuition fees may not be regulated. 

In both cases, dynamic inconsistency arises when 
the public amount per student is not constant over time. 
The theoretical results that we outline apply to both types 
of design when they are dynamically inconsistent. How-
ever, binary formulas provide flexibility to universities to 
compensate through tuition adjustments. As such, the 
implications of these results may be weaker in jurisdic-
tions with such a design. 

Enrolment-based Funding Formula
Equation (1) summarizes the general structure of an en-
rolment-based funding formula:3

For each university identified by index i, Si desig-
nates the total public subsidy given to the university, and 
Ti represents unconditional transfers given to the univer-
sity. These transfers can vary by university. The term p 
is the default value of an enroled student; the term wj is 
the weight given to a specific category of enrolment that 
varies by category of funding (j is a running index on 
those categories). These weights do not vary per funding 
category, but nothing precludes equation (1) from having 
university-specific categories. Thus, equation (1) can 
encompass the analysis of jurisdictions with funding per 
student that varies by type of institution. The number eij 
designates the recorded number of full-time students en-
roled in category j at university i. Hence, the product of 
the three terms pwjeij yields the monetary value, for uni-
versity i, of the number of enroled students in category j.

Si = Ti + p
∑
j

wjeij ,

= Ti︸︷︷︸
uncond.

+ p(w1ei1 + · · ·+ wmeim)︸ ︷︷ ︸
enrollment based

.

(1)
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We remain completely agnostic on how funding 
categories are designed. They can be divided by tier, 
by groups of programs, by both, or any other division of 
enrolment. Equation (1) can fit the cases of Texas (82 
funding categories), Québec (39 funding categories), 
or California (five funding categories for universities) 
(Gouvernement du Québec, 2017a; University of Texas, 
2016; University of California, 2012). For our analysis, 
what matters is the mathematical structure of equation 
(1)—the formula—rather than a specific instance. 

Choosing a funding formula is thus equivalent to 
choosing transfers Ti, weights wj , the funding categories 
with each weight, and the default price p. We now ad-
dress how the baseline price per student (p) is defined. 
The sum of funds given to each university must equal 
budget appropriations set aside for the universities’ fund-
ing:

G =
∑
i

Si.

Equation (2) states that the sum of funds transferred 
to universities (∑iSi ) equals the total funds available (G). 
Dynamic inconsistency arises depending on the direction 
in which equation (2) is realized. If the sum of subsidies 
(∑iSi ) is considered the accurate amount, thus account-
ing for changes in enrolment, and G is determined con-
sequently, the formula is then dynamically consistent. 
However, if G is determined independently first, and the 
baseline price per student (p) is then adjusted so that 
equation (2) holds, the formula becomes dynamically in-
consistent. 

From the university’s perspective, the total funds in-
clude tuition revenues. If we denote the tuition amount 
of university i in funding category j by fi j, then the tuition 
revenues in that category are given by fi jei j. Hence, the 
total funding (Fi) is given by: 

 

Box 1 (see next page) provides an example of how the 
formula works. Equation (3) shows that tuition fees are, 
in essence, weight modifiers to a funding formula. From 
a design perspective, the weights wj can be chosen so 
that the total funding per student (wj + fi j /p) equals a giv-
en value (unary formula) or can be decided independent-
ly (binary formula). Our theoretical characterization of 
universities’ behaviour does not depend on any of the 
binary or unary designs, thus the analysis holds qualita-
tively in both cases. 

However, assessing the relative importance of pri-
vate and public funds in the total funding matters for a 
quantitative assessment. Some jurisdictions may have a 
high proportion of funding that stems from tuition (Ontario, 
compared to Québec, would be a good example). When 
only public weights are modified, the difference then is 
the extent to which public weights affect the total weights 
(public weights + tuition). Because the effect of public 
weights on total funding would be smaller, the quantitative 
change in behaviour could be anticipated as being less 
important. 

Incentives Analysis: Should Universities 
Seek Growth?
In this section, we analyze the strategic behaviour of uni-
versities. 

Proposition 1: Consider an arbitrary number of uni-
versities i=1…n funded per equations (1–3). Consider 
furthermore: a) that they do not coordinate; b) that they 
seek to increase net revenues; and c) that they each face 
different costs per additional enroled student ci j ≥ 0. Then: 

Table 1. A classification of funding formulas according to its consistency and its design 
Unary formulas Binary formulas

Dynamically 
consistent

The total (real) funding per student is 
constant over time. 

The public subsidy per student is constant over time.  

Dynamically 
inconsistent

The total (real) funding per student varies 
through years.

The public subsidy per student varies over time (but 
tuition can adjust to partially compensate).

Fi = Si +
∑
j

fijeij ,

= Ti + p
∑
j

(wj + fij/p)︸ ︷︷ ︸
total weight

eij .

(3)

(2)
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1.	 Any university that has at least one profitable 
category of funding (i.e.: pwj > ci j ), loses reve-
nues if it does not increase enrolment. As such, 
the predicted outcome (Nash equilibrium) is 
that any university facing that condition will in-
crease enrolment; 

2.	 If statement 1 holds and if one university (or 
more) has no profitable category of program 
(i.e.: pwj > ci j for all j), then its share of public 
funding necessarily declines; and 

3.	 If statement 1 holds and the growth of public 
funding (G) is smaller than the growth of enrol-
ment (dynamic inconsistency), then the stra-
tegic outcome is such that the public funding 
per student declines. In particular, if public ap-
propriations are constant, universities are in a 
purely redistributive game for public funds (ze-
ro-sum game).

The formal proof of this proposition is in Appendix 1. 
We discuss five key aspects of the proposition. First, it 
holds for any number of universities, any funding formu-
la that matches equations (1–3) and any level of tuition 
fees. The key elements for the results to hold are the 
assumptions of the proposition: universities seek to in-
crease revenues, they do not cooperate, and there must 
be at least one category of funding that is more profit-
able.

When the assumption holds, and when they are 
quantitatively important, then the predicted outcomes 
of the proposition should be observed. The qualitatively 
important qualifier is somewhat subjective. A one dollar 
increase in net revenues may not warrant a change of 
strategy by universities. Thus, we view the assumption 
that universities seek to increase revenues as applying 
when there is a significant impact. 

Second, if at least one university can increase its 
net income (pwj – ci j ) by increasing enrolment, the pre-
dicted outcome is that it will do so. There is a perhaps a 
subtler notion: this holds when accounting for the adjust-
ment of the default price per student (p) induced by the 
chosen strategies. In other words, they choose a growth 
strategy if it is profitable accounting for a possible dy-
namic inconsistency. Third, if one university cannot in-
crease enrolment because it finds it unprofitable, then 
it necessarily loses market shares of public subsidies. 
This part of the proposition conveys a key feature of an 
enrolment-based formula: enrolment is a necessary con-
dition for growth in the proportion of funding. Fourth, if 
the growth of total funding is lower than the total growth 
of enrolment, then the formula is dynamically inconsis-
tent and the university will receive less public funding. 
A particular case is when funding does not increase at 
all (G is constant). This is already known in the literature 
as a zero-sum game (Ehrenberg, 2008; Rizzo, 2004). 

Box 1: A simplified application of Equation 3

Consider a small university (labelled i=1) with only 15 students distributed amongst 2 funding  
categories, say “undergraduate computer science” (j=1) and “masters sociology” (j=2). Category j=1 
has 5 full-time students (e11 = 5) whilst category j=2 has 10 (e12 = 10) full-time students. 

For the sake of the example, let the funding rule be such that students in category j=1 have a unit 
weight (w1 = 1), while students in category j=2 are weighted at 2 (w2 = 2). 

We further assume that the unconditional transfers total 1 dollar (Ti = $1), that the default price for 
each student is $3 (p = $3), and that tuition fees are uniform at $1 per student (f = $1). 

In this scenario, the university would receive $91:

Fi = 1︸︷︷︸
Ti

+(3 · 1 + 1︸ ︷︷ ︸
p·w1+f

) · 5︸︷︷︸
ei1

+(3 · 2 + 1︸ ︷︷ ︸
p·w2+f

) · 10︸︷︷︸
ei2

,

= $91.
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The third point of the results shows the importance of 
dynamic consistency. If equation (2) does not factor in 
the incentives induced by equation (1) then the public 
funding per student declines. Fifth, if universities can 
compensate the decline of public subsidies by adjusting 
tuition, as within a binary design, the overall impact of 
the strategic outcome becomes weaker.

We illustrate how the proposition functions with a 
system of 3 universities (i = 1,2,3) and assume 10 stu-
dents enroled per university (other examples are pre-
sented in Appendix 2). Each university’s marginal cost of 
enrolment is given by c1 = 1.8,c2 = 0.5,c3 = 0. The funding 
formula is tiered, in the sense that it provides more fund-
ing per student in university 2 than in universities 1 and 
3. There are thus two funding categories (j = 1,2): one for 
university two (w2 = 10), and another one for the other two 
universities (w1 = 1). As such, enrolment per category is 
e11 = e31 = 10,e22 = 10 (and zero elsewhere). Tuition fees 
are set to unity (f = 1), total public funding is set to one 
hundred units (G = 100) and unconditional transfers are 
set to zero (T1 = T2 = T3 = 0). Because appropriations are 
assumed to be constant, there is dynamic inconsistency. 
Each university can choose a growth strategy, increasing 
enrolment by one student (10% increase), or a continuity 
strategy, where no enrolment occurs. The interactions 
between each university are shown in Table 2. The first 
two columns display the outcomes when university 3 
keeps a continuity strategy, while the last two columns 

show when university 3 chooses growth. Each cell, which 
represents the outcomes of a particular scenario, pres-
ents the net revenues for universities (NR1,NR2,NR3) and 
the total public subsidy awarded (S1,S2,S3). The evolution 
of public subsidies awarded per student is shown with 
the baseline price per student (p). The Nash equilibrium 
(predicted outcome) is shown in light blue. 

Note that by construction, the Nash equilibrium is 
such that no university has any incentives to choose an-
other strategy, given what other universities do. As such, 
university 1 chooses the continuation strategy. This is 
because a growth strategy, considering what other uni-
versities chose, worsens its finances. In concordance 
with proposition 1, its share of the public subsidy de-
creases. Because the growth of enrolment is higher than 
the growth of funds, the third part of proposition 1 tells 
us that university 1 loses net revenues as well. Since its 
marginal revenues are higher than the marginal costs, 
university 2 benefits from a growth strategy and so does 
university 3.

Some comments are needed here. First, our analy-
sis is silent on the (un)desirability of a decrease in public 
funding per student. To address this, one would have to 
analyze how total finances and quality evolve. The most 
likely scenario is that the quality of teaching decreases 
with a decrease in total funding per student. If this hap-
pens, there is a trade-off for society. The formula favours 
accessibility, but the dynamic inconsistency then yields 

Table 2. Growth strategies
University 3 chooses continuation University 3 chooses growth

University 2 University 2
(NR1,NR2,NR3)

(S1,S2,S3)
(p)

Continuation Growth Continuation Growth 

Un
ive

rs
ity

 1

Continuation (0.33, 88.33,18.33)

(8.33, 83.3, 8.33)

(0.833)

(-0.31, 90.12, 17.69)

(7.69, 84.62, 7.69)

(0.769)

(0.26, 87.64, 20.09)

(8.26, 82.64, 9.09)

(0.826)

(-0.37, 89.47, 19.40)

(7.63, 83.97, 8.40)

(0.763)
Growth (0.29, 87.64, 18.26)

(9.09, 82.64, 8.26)

(0.826)

(-0.40, 89.47, 17.63)

(8.40, 83.97, 7.63)

(0.763)

(0.22, 86.97, 20.02)

(9.02, 81.97, 9.02)

(0.820)

(-0.47, 88.83, 19.33)

(8.33, 83.3, 8.33)

(0.758)
Note: the Nash equilibrium is in light blue. Numbers are rounded, real calculations may differ up to a rounding error.
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lower quality. Second, the predicted outcome (Nash 
equilibrium) changes if we assume that universities seek 
to maximize revenues per student. Then, the predicted 
behaviour is not clear, but can include the status quo if 
unconditional transfers are important.

In Appendix 2, we provide two additional examples: 
a system of two identical universities with no tuition fees, 
and a system of two universities with high tuition fees. 
The qualitative results are the same as in the previous 
example.

Incentives Analysis: Substitution Strategy
An enrolment-based funding formula generates other 
incentives. If there are more than two categories of fund-
ing and if one of them yields higher net revenues than 
the other, then universities face incentives to substitute 
(shift) enrolment from the low-weighted category to a 
high-weighted category. This leads to the second prop-
osition below. 

Proposition 2: Consider an arbitrary number of 
universities i = 1…n funded per equations (1–3) and the 
same assumptions (a–c) as in Proposition 1. Then: 

1.	 Any university that has at least one category of 
funding that is more profitable than another (i.e.: 
pwj – ci j > pwj ' – ci j ' for j ≠ j') loses revenues 
if it does not substitute enrolment. As such, the 
predicted outcome (Nash equilibrium) is that 
any university facing that condition will seek to 
substitute enrolment; 

2.	 If statement 1 holds for at least one university 
while (some) other universities have no such 
condition, then the share of total funding neces-
sarily declines for the latter; and

3.	 If statement 1 holds and the growth of total fund-
ing (G) is smaller than the growth induced by 
substitution (dynamic inconsistency), then the 
strategic outcome is such that the total funding 
per student declines. 

The mathematical proof is in Appendix 1. As soon 
as at least one university has a more profitable catego-
ry of funding, the predicted outcome of the game is a 
substitution effect between categories of funding. A uni-
versity is better off by simply reducing enrolment in the 
least profitable category and by shifting enrolment in the 
second one. However, we remain agnostic on how this 
can be done (or whether it is desirable). But one can 

imagine several ways this can be done, ranging from real 
changes in enrolment to the relabeling of courses, so 
that the underlying enrolment becomes accounted for in 
the profitable category. Whether these examples can be 
implemented depend on the degree of autonomy of uni-
versities. The remaining results of the second proposition 
are the same as those of the first one.

We illustrate the proposition with a two-universities 
environment where total funding remains equal to one 
hundred units (G = 100). We determine these values 
for the sake of simple mathematics; they could be nu-
merically different, and the logic would still hold. We set 
unconditional transfers to ten units (T1 = T2 = 10), and 
neglect marginal costs and tuition fees (ci j ≈ 0,fi j ≈ 0) 
as those elements provide no insights. To have a mean-
ingful discussion, however, we need at least two funding 
categories with different weights. We set category j = 1 
to a value of 1 (w1 = 1) and category j = 2 to 10 (w2 = 10). 
We set total enrolment to 44 students in each university: 
40 students in category j = 1 (e11 = e21 = 40), and 4 stu-
dents in category j = 2 (e12 = e22 = 4). The two universities 
can choose between two strategies: a continuity strategy 
of keeping the same enrolment for each category, or a 
substitution strategy, where 10 enroled students can be 
shifted from category j = 1 to category j = 2. Proposition 
2 tells us that because category 2 is more profitable, uni-
versities will switch enrolment accordingly. Furthermore, 
because total funding is fixed, this is a zero-sum game. 

The environment is presented in Table 3 and follows 
the same convention as Table 2. This environment can 
be generalized to any number of universities; but for pre-
sentation purposes we kept that number at two. Since 
the design of this example is such that net revenues are 
equal to public subsidies, only the latter are presented. 

The top-left cell is the funding outcome if both uni-
versities choose continuity. However, if one university 
adopts a substitution strategy (top-right or bottom-left 
cells), it gains 14.4 units in funding. This increase is the 
result of an enrolment shift in the higher-weighted cat-
egory. Finally, if both universities adopt the substitution 
strategy, there is no gain (bottom-right cell) and the public 
funding per student (p) plummets. 

Some comments are needed. First, substitution 
strategies are always rewarding, regardless of dynamic 
inconsistency, if universities keep the same underlying 
cost structure. In other words, it is always profitable to 
misrepresent enrolment from lower rewarding funding 
categories towards more rewarding ones. Second, in 
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practice, the option that a university has for substituting 
students from one category to another depends on the 
categories of programs offered. Specific-vocation uni-
versities, such as engineering or business schools, can 
hardly substitute students in program categories they 
do not have. Finally, the government can reduce incen-
tives for substitution by weighting categories uniformly to 
their marginal cost (assuming they are constant). Such 
a formula would eliminate substitution incentives based 
on costs. However, they would generate incentives to 
mislabel enrolment from one category to another. Thus, 
a trade-off that faces a policy maker is between small 
(and accurate) funding categories and larger (but hard to 
cheat in) categories. 

Simulation of the Québec Reform
This section explores the impacts of the May 2018 Qué-
bec reform (Gouvernement du Québec, 2018b). We 
examine the impact of the new formula based on the 
2013–2017 enrolment data, simulating cumulatively 
each element announced in the reform. We show how 
the new formula works in Québec and what effects could 
be anticipated for each university.4 

Specificity of Québec’s Funding Formula
The Québec government uses a unary design, meaning 
that the total funding is fixed in its first year. However, 
the formula is dynamically inconsistent. The total amount 
of appropriations (G) is calculated independently in the 

following years, and the default price (p) is adjusted to 
match enrolment patterns. Thus, as defined in Table 1, 
the Québec funding formula is unary and dynamically 
inconsistent. Québec uses the notion of full-time equiva-
lent (FTE) student to measure enrolment per university. A 
major difference between Québec’s formula and equation 
(1) is the use of a moving average to mitigate important 
losses in enrolment in a given year. This moving average 
is not applied if enrolment increases. Thus, universities 
always get the best of both outcomes. 

If roughly 71% of public funding is channeled through 
enrolment, approximately 12% is tied to building size (in 
square meters) and other related inputs (Table 4). These 
are assumed to be fixed in our simulations. The remain-
der of the funds are channeled through unconditional 
transfers, some being targeted for specific universities. 
Some minor performance-based components do exist, 
such as bonuses for having no deficits, or penalties if 
strikes occur. 

Changes to the Québec Funding Formula
The Québec government announced four main changes 
to its university funding formula. First, categories used for 
weighting were reduced from 72 to 39. Accordingly, the 
government introduced new weights for the revamped 
funding categories. Second, a temporary redistributive 
measure was introduced to mitigate the new formula’s 
negative impacts on some universities. The measure 
capped the funding growth induced by the change at 
5% to redistribute the loss to universities that faced de-

Table 3. Substitution strategies
University 2

(S1,S2)

(p)

Compliance Substitution 

Un
ive

rs
ity

 1
Compliance (50, 50)

(0.5)

(35.6, 64.4)

(0.32)
Substitution (64.4, 35.6)

(0.32)

(50, 50)

(0.32)

Note: the Nash equilibrium is in light blue. Numbers are rounded, real  
calculations may differ up to a rounding error.
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creased revenues. This measure will remain active for as 
long as some universities lose some funding under the 
new formula. As accrued funding will come into effect over 
years, the measure will vanish. Third, the base price per 
student (p) was changed, notably to reflect the changes 
of funds channeled through the enrolment-based compo-
nent of the formula: 

1.	 The government announced an increase in ap-
propriations up to a total of $105.2 million; and

2.	 The government slashed $188.6 million of un-
conditional transfers.

Finally, two additional unconditional transfers (the 
component Ti ) were introduced: funds totalling $6.3 mil-
lion for small regional universities, and a specific transfer 
for engineering schools and faculties, which are the most 
negatively impacted by the revised weights. 

Simulations of Changes
Figures 1 to 4 present the main findings of our sim-
ulations. For the sake of clarity each graph shows the 
impact of the reform only for universities that were the 
most affected (see Appendix 3 for complete graphs). The 
changes are displayed as a percentage of the original 
funding. 

Figure 1 presents the sole impact of the changes in 
categories and weights. Hence, it shows how the change 
in the weighting grid works in the redistributing of funds. 
Except for UQAT and the two engineering schools (Poly-
technique, École de technologie supérieure [ÉTS]), the 
variations in budgets are within 5% of the funding under 
the original formula. The flat line is Université du Québec’s 
headquarters (UQSS). As it has no enroled students, 
there are no changes in its funding. Above the flat line 
are eleven universities who structurally benefitted from 
the modification (only UQAT is shown). Within Universi-
té du Québec’s network, five universities are structurally 

penalized: the two engineering schools, École nationale 
d'administration publique (ÉNAP) and two other universi-
ties (not shown). Although not shown, McGill University 
and Université de Sherbrooke are large institutions that 
pay for most of the redistribution. However, the two engi-
neering schools are the most affected by the changes in 
weights. More than 10% of their budget is lost.

Figure 2 presents the cumulated effects of the chang-
es in weights, the additional $105.2 million and the redi-
rection of the $188.5 million in the enrolment-based com-
ponent of the formula. The unconditional transfers and 
the redistributive mechanism limiting growth are left out. 
We interpret Figure 2 as showing the long-term impacts 
of the new formula: the true redistributive effects of the 
formula, once the growth-limiting mechanism vanishes. 
Since the government announced more funds ($105.2 
million), most universities’ budgets increase. However, 
ÉTS and Polytechnique remain penalized. At the other 
end of the range, three universities largely benefit from 
the modifications (only ÉNAP is shown). A vast majority 
of institutions benefitted slightly from the influx of money.

Figure 3 presents the combined effects of the pre-
vious measures and additional unconditional transfers. 
We exclude the growth limiting mechanism. Note that 
the principal change is accrued funding for engineering 
schools and UQAT. 

Figure 4 represents the effect of all the measures 
and shows the effects of the reform, including the short-
term effects. The curves shown in Figures 3 and 4 ex-
hibit the same tendency, but a general shrinking of the 
variations is observable in Figure 4. In Figure 3, there 
are some variations between -30% (ÉTS) and +50% 
(ÉNAP), whilst, for the same universities, figure 4 shows 
variations of -20% and +50%. The growth limitation 
mechanism thus has some effect.

Table 4. Variables of Québec PSE formula (2017–2018)
Student-based fund Fields and buildings Unconditional 

universal fund
Unconditional 
specific fund

Funding ($k) 2,111,189.1 343,515.0 52,702.0 454,379.5
Proportion (%) 71,3 11,6 1,8 15,3
Source: Québec Government (2017a) and calculations.
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Figure 1. Weighting grid modification from CLARDER to CAFF
Note: only UQAT, ENAP, UQSS, ETS and Poly are shown. See Appendix 3 for the complete graph.

Figure 2. 2018–2019 budgets with no growth or redistributions mechanisms 
Note: only UQAT, ENAP, UQSS, ETS and Poly are shown. See Appendix 3 for the complete graph.
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Policy Design and Analysis
We summarize below what one can conclude from our 
analysis for the purpose of policy.

Weights Form a Relative Price System
An original intent of most enrolment-based formulas is 
to introduce different weights (indicators of value) to re-
flect the difference in costs. This conception of funding 
assumes that universities are unaffected by incentives. 
However, two reasons suggest the opposite. First, the 
weights assigned by the funding formulas may be based 
on average costs across universities, or in general may 
not be equal to a university specific marginal cost of 
enrollment. This difference then creates profitability for 
some funding categories, which is the basis of our the-
oretical analysis. Second, empirical results also suggest 
that universities do respond to changes in the formula. 
Universities can substitute students from one category 
to another, increase or decrease enrolment, and so on. 
In some jurisdictions, they can even adjust tuition. These 
reactions change the effective funding per student in 
each category, thus reducing the connection between 

the costs embedded in weights and the effective funding 
of programs. In other words, the observed marginal costs 
per student are not exogenous, but rather a function of 
the behaviour induced by funding formulas. We think 
that a more robust approach in thinking about funding 
weights is as indicators of value to steer enrolment. The 
weights signal where there is a change in profitability. 

In the Québec 2018 reform, the weights for most of 
the PhD-level enrolment went from 6.4 (~$23,000 per 
FTE) in 2017 to 10.4 (~$42,000 per FTE) in 2018. Al-
though this would be surprising, it is possible that mar-
ginal costs per student were miscalculated by 80% in the 
previous version of the formula. Alternatively, it is very 
well possible that the policy makers are simply signaling 
their desires to see an increase in PhD enrolment. We 
do not presume which of the two prevails; we simply ar-
gue that the results will be the same in both cases, as we 
ultimately get an increase in price. That is, an increase 
in PhD enrolment can be expected, despite placement 
problems that may (already) exist (Dehaas, 2014).

Figure 3. 2018–2019 budgets with no growth but with redistributions mechanisms. 
Note: only UQAT, ENAP, UQSS, ETS and Poly are shown. See Appendix 3 for the complete graph.
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Changing the Weighting Grid Mostly 
Redistributes Funds
Modification in the weighting grid modifies how funds 
are distributed to each university. Given a fixed bud-
get, weight modification affects structural advantages of 
some universities over others. 

In order to mitigate the effects induced by the Qué-
bec reform, the government introduced some dampen-
ing mechanisms that will disappear over time. Their 
gradual elimination will reveal the structural real gaps 
between institutions. We present these gaps in Figure 
5 for each university (in 2018 only). This graph shows 
successively each budget measure for each university. 
In order to demonstrate the gaps, the horizontal axis 
shows relative impacts on university budgets. The first 
two columns show the permanent advantages. In 2018, 
twelve universities benefitted from the change in the 
weights. At the other end of the range, four universities 
were disadvantaged. Considering the overall trends (see 
Figure 4 in Appendix 3), 15 universities benefitted from 
the reform whilst only HEC Montréal is at a disadvantage 
(the remaining three have mixed results). 

Reducing Categories Used for Weighting 
Minimizes Substitution Incentives
Since universities are free to choose where they allocate 
funds among programs, one can reduce funding-formula 
complexity by reducing the number of weighted catego-
ries. The most notable benefit of doing so is the eradi-
cation of the possible substitution effects based on en-
rolment categories, which in turn reduces the need for a 
detection and compliance program. By going from 72 to 
39 categories used for weighting, Québec’s reform effec-
tively reduced substitution effects among programs with 
similar courses. The programs that are regrouped within 
funding categories do not seem to be random choices, 
but seem based on similarities within programs. 

An Unconditional Component Protects 
Universities from Decreases in Student 
Enrolment
Demographic projections show a general decline of the 
18–24 year old population in Québec for the planning 
horizon up to 2025 (Gouvernement du Québec, 2017b). 

Figure 4. Global reform effects
Note: only UQAT, ENAP, UQSS, ETS and Poly are shown. See Appendix 3 for the complete graph.
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The universities that are the best protected from a gen-
eral decline in enrolment are those with a higher propor-
tion of unconditional transfers. 

Conclusion 
Enrolment-based formulas produce incentives to recruit 
additional students. If the formula weights vary from 
one funding category to another, they also produce in-
centives for substitution. If the growth rate of funding is 
smaller than the growth rate of enrollment induced by 
the formula, a phenomenon we call dynamic inconsis-
tency, then funding per student decreases. Our study of 
the latest Québec reform suggests that one aim of that 
reform is to reduce these substitution incentives by com-
pressing 72 categories into 39. An effect of the reform is 
a change in the resulting weights, which generates some 
structural redistribution.

Because the Québec reform also introduces short- 
and long-term mechanisms, the immediate consequenc-
es of the reform are not the same as consequences in 
the long run. One measure is a short-term mechanism 
that limits the deeper redistributive effects of the formu-
la. Consequently, the short-term benefits that some uni-
versities have early on can degrade over time. 

From research on funding formulas, two questions 
remain open. On what scale can the incentives dis-
cussed quantitatively affect the behaviour of Canadian 
universities? If, in designing a funding formula, universi-
ty responses are factored in, on what normative grounds 
can a policy be deemed efficient? These questions are 
still open and should be the subject of future work.
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Notes
1	 Although of central practical importance, we set aside 

the discussion of what constitutes an appropriate value 
of indexation for the purpose of keeping real funding (as 
opposed to nominal funding) constant.

2	 During the period of study chosen for statistical analysis, 
the funding formula is such that international students are 
included (counted) as “in jurisdiction” students for funding 
purposes. Although universities must charge the higher, 
state-regulated tuition fees, those revenues are subtract-
ed by the government. Thus, from an incentive stand-
point, and for the selected period of study, international 
students are equivalent to “in jurisdiction students.”

3	 There are variations to this formula, so the magnitude 
of the incentives discussed in this paper may vary by 
jurisdiction. For instance, the Québec funding formula is 
based on the enrolment average over the last three years. 
In Ontario and California, the formula is tied to enrolment 
if it is within a given interval. Although they quantitatively 
affect the incentives, we neglect these differences and fo-
cus on qualitative results. 

4	 See Gouvernement du Québec (2017a) for acronyms and 
names of Québec universities.
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Appendix 1. Mathematical Derivations

Proposition 1:
Substituting (1) in (2) gives:

which implies:

When one university evaluates a growth strategy, it evaluates how its income changes according to:

First statement of the proposition.
For any funding family j, the marginal funding MRi increases with total enrolment ei j:

This equation is positive if:

Accordingly, universities have an interest in increasing enrolment when the (adjusted for equilibrium) weighted price is 
greater than the marginal costs. 

Because the strategy space used therein is continuous, it implies the existence of a Nash equilibrium for any 
growth strategy. This reasoning holds for any set of programs (j) and any number of universities (i), so the generality 
of the conclusion follows. 

http://journals.sfu.ca/cjhe/index.php/cjhe
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Second statement of the proposition.
For any positive p and set of weights w, a university that does not grow, while others do, necessarily faces a lower 
relative value of subsidy per student (p/G). Hence, its total share of funding decreases. 

Third statement of the proposition.
Globally, funding per student is given by: 

which implies: 

That is, the growth rate of the funding per student declines if the growth rate of total subsidies is smaller than the growth 
rate of total enrolment.

Proposition two:
Without loss of generality, assume that programs j and j’ are such that wj ' > wj. Then, for any given level of substitution 
of enrolment Δ, the marginal effect of funding is given by Δ(pwj ' – pwj – (cj '  – cj )). Accordingly, the marginal subsidy of 
university i is given by the following equation: 

First part of the proposition. 
The change in funding with respect to Δ is thus given by the following: 

The is expression is positive if and only if:

http://journals.sfu.ca/cjhe/index.php/cjhe
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which is the assumption of the proposition. Consequently, each university has an interest in substituting their enroled 
students towards higher weight programs.

Because the strategy space used therein is continuous, it implies the existence of a Nash equilibrium for any 
growth strategy. This reasoning holds for any set of programs (j) and any number of universities (i), so the generality 
of the conclusion follows. 

The two other parts of the proposition are shown in a similar fashion to that of Proposition 1.

http://journals.sfu.ca/cjhe/index.php/cjhe
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Appendix 2. Additional Examples of Proposition 1 and 2
Example 1: A two (identical) university system. 
Each university has 100 enroled students. We further simplify by supposing that additional costs per enroled student 
are negligible (ci j ≈ 0). The total appropriations is fixed to G = 100 (100 percent), unconditional transfers towards 
universities (T) is fixed to 10 (T1 = T2 = 10), and tuition fees are uniform at 0.1 (10% of total funding). Institutions can 
either adopt a continuity strategy, or adopt a growth strategy where enrolment increases by 10%. Because G is fixed 
and costs are assumed negligible, this is a zero-sum game where both universities increase their enrollment. As such, 
Proposition 1 tells us that funding per student declines as the predicted outcome. 

This example is summarized in Table 5 and the Nash equilibrium is shown in light blue.

Example 2: A high tuition jurisdiction. 
Let i = 1,2 and assume 5 students enroled in each university (e1 = e2 = 5). Each university has a marginal cost c1 = c2 
= 1. There is only one funding category (w1 = 1), tuition fees are set to ten (f = 10), the total public funding is set to G = 
50, and unconditional transfers are set to ten (T1 = T2 = 10). The possible strategies are identical to the previous case 
(10% growth in enrolment if the growth is chosen). The analysis is provided in Table 6 below. 
Insert Table 6 here

The Nash equilibrium is qualitatively like the one described in the main text. The impact on total funding per student 
is smaller because the proportion of tuition is higher. Nevertheless, because the growth in enrollment is higher than the 
growth of funds, funding declines. 
Table 5. A simpler case with two identical universities

University 2
(S1,S2) Continuity Growth

Un
ive

rs
ity

 1

Continuity Strategy (60, 60)

(0.6, 0.6, 0.6)

(58, 62)

(0.58, 0.57, 0.576)
Growth Strategy (62, 58)

(0.58, 0.57, 0.576)

(61, 61)

(0.55, 0.55, 0.55)

Note: the Nash equilibrium is in light blue. Numbers are rounded, real calculations may differ up to a rounding 
error. 
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Table 6. A high tuition jurisdiction

University 2

(NR1,NR2)

(S1,S2)

(p)

Continuity Growth

Un
ive

rs
ity

 1

Continuity (70.0, 70.0)

(25.0, 25.0)

(3.00)

(69.3, 75.2)

(24.3, 25.7)

(2.85)
Growth 75.2, 69.3)

(25.7, 24.3)

(2.87)

(74.5, 74.5)

(25.0, 25.0)

(2.72)
Note: the Nash equilibrium is in light blue. Numbers are rounded, real calculations may differ up to 
a rounding error.
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Appendix 3. Conversion of Table CLARDER to CAFF
Here is the list of conversions that required estimates from our part. The values in the third column are for 2014–2015. 
Insert Table of Appendix 3 here
CAFF CLARDER TRANSFERRED FTES
3 – Medicine, optometry and popula-
tion health

03 – Optometry ALL
04 – Non-medical specialty in health ALL
13 – Social sciences (for population 
health)

1st cycle: 1,406.9

2nd cycle: 539.5

3rd cycle: 179.3
23 – Medicine ALL

6 – Rehabilitation, food science, 
planning science and digital art

04 – Non-medical specialty in health 1st cycle: 2,203.5

2nd cycle: 1,241.6

3rd cycle: 99.8
09 – Architecture and environmental 
design

ALL

14 – Geography ALL
11 – Psychology 13 – Social sciences 1st cycle: 4,403.6

2nd cycle: 137.3

3rd cycle: 924.1
Source: Québec Government (2016) and calculations.
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Appendix 4. Complete Figures

Figure 2 (extended)
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Figure 3 (extended)
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Figure 4 (extended)
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Figure 5 (extended)
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