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Abstract

The first essay shows the presence of discrimination in the allocation of doctoral schol-
arships using a unique dataset containing the 1901 recipients of 2004-2005 doctoral
awards from the Social Science and Humanities Research Council (SSHRC). I pro-
vide evidence that evaluators give higher scores to candidates in their own discipline
and then proceed to distinguish between two types of discrimination: taste-based
and screening. This paper is the first to find support for screening discrimination:
better candidates have higher scores when they are assessed by evaluators from their
discipline, while there is no significant effect for weaker candidates. Moreover, the
weakest candidates, those close to the funding threshold, actually have a lower prob-
ability of receiving a large award when there is an evaluator from their discipline in
their evaluation committee.
The second essay models the optimal distribution of government spending when the
electoral benefit accrues to the district incumbent and not to the party in power. The
model shows that, under certain parameters, more money is spent in core support
districts. I test this prediction using the distribution of projects undertaken in the
scope of the 2009-2010 Canada Economic Action Plan.
The third essay assesses the deterrence of demerit points on the behavior of drivers.
To address driver heterogeneity, I use the expiration of points as quasi-exogenous
variation in the number of points. I can then compare the probability of a traffic
violation for drivers who had the same number of points but now have a different
number of demerit points. I find that a 3-point decrease in the number of demerit
points through the expiration process increases the probability of a violation in the
following two months by 40 to 50 percent, but only for drivers close to the threshold.
The last essay studies the impact of a non-refundable tax credit for public transit
introduced in July 2006 in Canada. I find no evidence that this tax credit increased
the number of trips done using public transit. There is, however, some suggestive
evidence that it did induce commuters to purchase monthly passes.
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Dedication

Ich bin und weiss nicht wer.
Ich komm’ und weiss nicht woher.
Ich geh’, ich weiss nicht wohin.
Mich wundert, dass ich so fröhlich bin!

Wenn ich wüsste, wer ich bin.
Wenn ich ging und wüsste wohin.
Wenn ich käm und wüsste woher.
Ob ich dann wohl traurig wär?

Source: Angelus Silesius
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Chapter 1

Introduction

Governments play an important role in the economies of modern states by correct-

ing market failures. For example, governments are responsible for providing public

goods and addressing negative externalities. Without a government, firms would be

unable to provide non-excludable and non-rivalrous goods, and agents would not take

into account the impact of their action on third-parties. In both cases, the lack of

government would reduce welfare. In this dissertation, I study four cases where the

government addresses market failures. In the first two cases, it provides a public

good, while in the two latter ones, it corrects a negative externality.

Knowledge is a pure public good: knowing something does not prevent another

person from acquiring this knowledge (non-rivalrous) and it is difficult to prevent

people from acquiring new knowledge since transmission is almost costless (non-

excludable). Correspondingly, it would be difficult for the private sector to engage in

the production of knowledge, especially fundamental research. Most countries there-

fore have public agencies funding research. In Canada, the Social Science and Hu-

manities Research Council (SSHRC) is responsible for this task. My second chapter

1



CHAPTER 1. INTRODUCTION 2

studies the allocation of graduate scholarships awarded by SSHRC. It first examines

the evaluation process used to identify the best candidates and finds discipline-based

discrimination due to screening abilities following Cornell and Welch (1996). Sec-

ond, I study the effectiveness of this scholarship program by comparing the long term

outcomes of recipients of two types of scholarships to determine whether funding

enhances research productivity at the doctoral stage.

Unlike knowledge, infrastructure is not a pure public good1. Still, most public

infrastructure is provided by the government. When providing this good, the govern-

ment may not only be interested in maximizing welfare. Indeed, the political party in

place may simply want to be reelected and therefore bias the allocation for political

purposes. My third chapter studies the role of political allegiance on the allocation of

infrastructure projects undertaken in the 2009-2010 economic action plan following

the financial crisis to test the core and swing district hypotheses modelled in Cox

and McCubbins (1986) and Lindbeck and Weibull (1987). Moreover, it attempts to

measure the electoral benefit incurred by the incumbent during the election following

the investments in infrastructure.

Once the roads are built, drivers start using them. Their objective is to arrive at

their destination as quickly as possible. Doing so, they take into consideration their

safety, but they may neglect the safety of others thus causing a negative externality.

The role of the government in this situation is to force drivers to slow down to a

welfare-maximizing speed. To do so, the government of Quebec introduced a demerit

point system in 1996 according to which drivers accumulate points with each traffic

violation. Once a threshold is reached, drivers lose their license. The fourth chap-

ter assesses the deterrent impact of demerit point on drivers. The key challenge in

1There is some clear rivalry for a spot on the highway at rush hour and access can also be blocked.
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answering this question is endogeneity. How is it possible to compare similar drivers

with different number of points? I take advantage of the expiration of demerit point

after 24 months to address this issue. Two drivers may have the same number of

points at time “t, but not at time “t+2, because the points of one of the drivers

expired in “t+1. Even though the expiration of points is not completely exogenous,

it improves the method developed in Dionne et al. (2011).

Not only do drivers cause harm to others by behaving dangerously, they also

create a negative externality by simply taking the road: they cause pollution and

congestion. When considering their mode of transportation, commuters do not incur

all the cost/benefit caused by their behavior. Consequently, too few people use public

transit. To transform a public benefit into a private benefit and thus encourage

people to use public transit, the Canadian government introduced the public transit

tax credit in 2006. The fifth chapter of my thesis studies the effectiveness of this tax

credit to promote transit use.

All four chapters use novel administrative datasets to understand the impact of

policies on the behavior of agents. These four chapters are therefore evidence that

providing access to this kind of data enables researchers to contribute to the economic

literature. The key is to take advantage of some of the mechanisms at hand and to

address the endogeneity.



Chapter 2

Screening Discrimination

2.1 Introduction

In many settings, identifying the best candidate for a position is challenging. To

perform this exercise, evaluators try to extract as much information as possible from

each application. This task is easier when evaluators share the same background as

the candidate, because they can more easily interpret the information provided by

applicants (Cornell and Welch, 1996). When evaluators assess candidates who do not

share their background, they may be unable to assess the quality of the applicants

precisely, and therefore give more weight to prior beliefs and assign these candidates

scores close to the average. Under those conditions, if only the candidates with the

highest scores are chosen, they will necessarily share the background of the evaluator

if there is only one evaluator. Even if evaluators have no taste for discrimination

and no prior belief about differences in productivity, they may discriminate against

candidates different from themselves, so-called screening discrimination. Just like

other types of discrimination, screening discrimination could prevent minorities from

4



CHAPTER 2. SCREENING DISCRIMINATION 5

climbing the social ladder if they are not represented in evaluation committees.

Even though there exists a large body of literature on gender (e.g. Bagues and

Esteve-Volart, 2010) and racial (e.g. Bertrand and Mullainathan, 2004, Oreopoulos,

2011, Parsons et al., 2011 and Price and Wolfers, 2010) discrimination, there is little

research showing discrimination potentially due to screening abilities. Bagues and

Villadoniga (2012) and Li (2012) are the exceptions. The former find that hiring

committees in the Spanish judicial system tend to hire candidates with skills similar

to their own, and the latter shows that NIH committees favor researchers with whom

one of the members has previously co-authored. In both cases, the committees could

be better at assessing the candidates being favored. It is, however, unclear whether

this preferential treatment is really due to an advantage in screening or whether

differences in taste or prior beliefs about productivity could explain this effect. In

this paper, I study the individual scoring decision of evaluators assessing doctoral

applicants to award scholarships. Due to the random allocation of candidates and

the multidisciplinary nature of the selection committee, this institutional framework

is ideal to study discrimination against people from a different background. As in the

previous literature, discrimination could be caused by the informational advantage of

evaluators when assessing candidates from their discipline or by a systematic taste-

based bias against candidates from other disciplines. The objective of this paper is

to distinguish between these two discrimination mechanisms.

I first provide empirical evidence for discrimination: evaluators give on average

0.18 more points (12.9% of a standard deviation) to candidates in their own discipline.

This bias could either be due to a belief of superiority1 or to screening discrimination2.

1Similar to Arrow (1973), evaluators may think that candidates in their discipline will be better
researchers, because they use a methodology preferred by the evaluator.

2In the presence of screening discrimination, evaluators have the same prior beliefs about the
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To distinguish between both mechanisms, I go through 3 steps. First, I separate

the sample into relatively stronger and weaker candidates. If the bias is due to

screening discrimination, stronger candidates should benefit more than weaker ones

from having an evaluator in their field who can recognize their true type. If the bias

is due to a belief of superiority, however, both groups should benefit equally from

an evaluator from their discipline. I find that evaluators give on average 0.29 points

(20.9% of a standard deviation) more to stronger candidates in their field, while

there is no statistically significant effect for weaker candidates, suggesting screening

discrimination.

Second, I take advantage of the allocation of two types of scholarships. Stu-

dents entering first- or second-year at a Canadian university are eligible for both the

Canadian Graduate Scholarship (CGS) ($35 000 p.a) and for the SSHRC Doctoral

Fellowship ($20 000). Since more than 85% of eligible candidates receive the larger

scholarship, recipients close to the funding threshold are relatively weaker. In the

presence of screening discrimination, these students could actually suffer from having

an evaluator from their discipline (Phelps, 1972). Indeed, I find that students with

an evaluator from their discipline in their committee have a 8 percentage point lower

probability of receiving the large award. This reversal cannot be explained by a belief

of superiority and is a further argument for screening discrimination.

Finally, the fundamental assumption underlying screening discrimination is that

evaluators can extract more information from candidates in their own discipline. The

scores assigned by evaluators to candidates in their own discipline should therefore

be good predictors of future success. Indeed, I find that a one-point increase in

distribution of talent. Accordingly, there should not be any difference between the average score
awarded to both groups. This data set, however, only contains scholarship recipients; they are on
average better than non-recipients. One should therefore expect a difference in average scores.
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the average score given by evaluators to candidates in their discipline raises their

probability of becoming assistant professor by 1.8 percentage points. The scores

given by evaluators outside the discipline of the candidate are uncorrelated with their

job market outcomes but are correlated with their probability of completion.

Due to screening discrimination, the random allocation of candidates to evaluators

within or outside their discipline affects the amount received by recipients, but it

could also have a long term impact if this amount improves program completion or

labor market outcomes. Previous research has shown that funding increases research

productivity of established researchers (Jacob and Lefgren, 2011). Financial support

also increases enrollment of undergraduate students (Cornwell, Mustard and Sridhar,

2006 and Dynarski, 2000), but the findings are mixed on the motivational role of

money (Angrist at al., 2009, Scott-Clayton, 2010 and Fryers, 2011) and its impact on

program completion (Dynarski, 2008 and Sjoquist and Winters, 2012). To date no

research has been conducted on the relationship between funding and future success

of doctoral students.

The challenge when assessing this relationship is that better candidates generally

receive more funding. It is therefore difficult to disentangle the effects of skills and

grants. As previously mentioned, the Social Science and Humanities Research Council

(SSHRC) awards two types of doctoral awards: the Canada Graduate Scholarship

($35 000 p.a.) and the doctoral fellowship ($20 000 p.a.) Candidates starting their

first or second year of doctoral studies at a Canadian university with scores above the

funding threshold receive the former, while those below it receive the latter3. This

type of allocation mechanism is ideal for a regression discontinuity design (RDD): I

compare the time to completion and career outcomes of recipients close to the funding

3About half of the candidates do not receive a scholarship, but they are not part of the sample.
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threshold, and show that recipients of the large scholarship have a 26.7 percentage

point higher probability of completing the doctoral program in 7 years. This result

could be explained by a credit constraint.

These results have some policy implications for agencies granting graduate schol-

arships. First, the composition of the selection committee matters. Evaluators are

better at assessing the research potential of candidates in their own field. Single-

discipline committees would therefore probably increase the precision of the selection

procedure. Ultimately, reducing the noisiness of the selection procedure incentivizes

students to perform better ex-ante. Second, there is some evidence that the amount

of the scholarship matters in the long term showing the relevance of granting agen-

cies. More generally, this paper shows empirically that screening abilities can lead to

a discriminatory outcome without there being any differences in prior beliefs about

productivity or animus.

Overall, this paper makes the following three contributions to the literature in

personnel and education economics. First, I show the presence of discrimination

due to similarities in skills. This paper builds on Bagues and Villadoniga (2012)

and Li (2012) by studying the decisions of single evaluators and not group decisions.

Second, this paper is the first to show empirically that screening abilities can cause

discrimination. The heterogeneous effect of discrimination across the distribution

and the fact that evaluators do extract more information from candidates in their

discipline provide evidence for screening discrimination. Finally, I find that money

has a positive impact on the completion of doctoral studies even though there is no

incentive to perform better to renew the scholarship. The intrinsic motivation of

students is sufficient for them to take advantage of extra funding.
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The rest of the paper is organized as follows. In the next section, I present a theo-

retical framework to understand the differences between two types of discrimination.

I then describe the setting in which the model will be tested: the selection procedure

used by SSHRC to allocate scholarships. Section 4 provides empirical evidence for

screening discrimination. In section 5, I turn my attention to the long term impact

of funding on the outcome of students. Finally, I summarize the findings and present

some policy implications.

2.2 Theoretical Framework

2.2.1 Basic Model

The evaluation process is fundamentally very complicated, because of the presence

of a committee. Evaluators may have beliefs about the behavior of other evaluators,

and in equilibrium, they would take those beliefs in account when giving a score to a

candidate. I abstract from this mechanism and I assume that each evaluator behaves

as if he were the only evaluator.

This model is adapted from Phelps (1972) and Bagues and Villadoniga (2013).

The objective of an evaluator is to identify the candidates “i” with the most potential

(pi) which is assumed distributed N(p̄, 1). The quality of the application (qi) of a

candidate is a function of potential:

qi = pi + ηi where ηi ∼ N(0, σ) (2.1)

If evaluators update their priors using Bayes rule, they will assign scores in this
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fashion:

Scorei = E[pi|qi] = γqi + (1− γ)p̄ where γ =
1

1 + σ
(2.2)

Intuitively, when candidates send an application with a quality above the average,

their scores will be above the average (p̄). The extent to which an above-average signal

leads to an above-average score depends on σ. If σ is large, the signal is not very

informative, and the score of a given candidate will be close to the average score.

Conversely, if σ is small, the signal is very informative, and a quality well above the

average leads to a score well above the average.

2.2.2 Belief of Superiority

In the presence of a belief of superiority, evaluators discount the potential of candi-

dates different (diff) from themselves:

qsamei ∼ N(p̄same, 1)

qdiffi ∼ N(p̄diff , 1)

p̄diff < p̄same (2.3)

The scores are therefore determined in this fashion:

Scoresamei = γqi + (1− γ)p̄same

Scorediffi = γqi + (1− γ)p̄diff (2.4)

The difference between the score given by an evaluator similar to the candidate
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and the score given by an evaluator different from the candidate is:

Scoresamei − Scorediffi = γqi + (1− γ)p̄same − γqi − (1− γ)p̄diff

= (1− γ)(p̄same − p̄diff ) (2.5)

This difference does not depend on qi, and it is always positive, because σ > 0

(see figure 2.1).

2.2.3 Screening Discrimination

In the presence of screening discrimination, evaluators have the same prior beliefs

about candidates similar and different from themselves. However, evaluators cannot

extract as much information from candidates different from themselves as they can

for candidates similar to themselves:

qi = pi + ηsamei where ηsamei ∼ N(0, σsame)

qi = pi + ηdiffi where ηdiffi ∼ N(0, σdiff )

σsame < σdiff (2.6)

The scores are therefore determined in this fashion:

Scoresamei = γsameqi + (1− γsame)p̄

Scorediffi = γdiffqi + (1− γdiff )p̄

γsame > γdiff (2.7)

The difference between a score given by an evaluator similar to the candidate and
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a score given by an evaluator different from the candidate is:

Scoresamei − Scorediffi = γsameqi + (1− γsame)p̄− γdiffqi − (1− γdiff )p̄

= qi(γ
same − γdiff ) + p̄(γdiff − γsame)

= (γsame − γdiff )(qi − p̄)

=
σdiff − σsame

1 + σdiff + σsame + σdiffσsame
(qi − p̄) (2.8)

The first term is necessarily positive, because σdiff > σsame > 0 and because

the denominator is positive. The sign of the second term, however, depends on the

relative ranking of the candidate. Candidates above the average will benefit from

having an evaluator who will recognize their true potential. Candidates below the

average, however, suffer from having an evaluator similar to themselves. Contrary to

the superiority hypothesis, the bias induced by screening discrimination depends on

the relative ranking of the candidate (see figure 2.1).

2.3 Background and Data

2.3.1 SSHRC and the Selection Procedure

The Social Science and Humanities Research Council (SSHRC) is a Canadian federal

agency that promotes and supports postsecondary-based research and training in the

humanities and social sciences. One of the ways through which SSHRC achieves this

goal is by awarding two types of scholarships to doctoral students. First, the Joseph-

Armand Bombardier Canada Graduate Scholarship (CGS) provides recipients with

three annual payments of $35 000. Only students entering the first or second year of
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doctoral studies at a Canadian university are eligible for CGS. Second, the SSHRC

Doctoral Fellowship (SDF) represents a yearly payment of $20 000 per year up to

the fourth year of doctoral studies 4. All students entering fourth year or below are

eligible for SDF. Both scholarships were exempt from income tax in Canada starting

in 2006. To provide some context for these amounts, the Ontario Student Assistance

Program (OSAP) estimates the cost of living at $22 500 for single graduate students in

Toronto and would provide a loan of $8 000 to someone receiving $20 000 (assuming

no work income) and nothing to those earning $35 0005. Having the SDF but no

income as teaching assistant would probably be sufficient to cover cost of living and

tuition fees, but is unlikely enough to cover the cost of participation to international

conferences, data collection, field studies or semesters abroad.

Applicants submit the same application for both scholarships: a project proposal,

a CV, two reference letters from faculty, and all their university transcripts. For

students enrolled at a Canadian university, these applications are submitted to the

university pre-selection. Each university is provided with a quota restricting the

number of students that can be forwarded to the national competition. This quota is

adjusted regularly to take into account the previous success of the university. Students

enrolled at foreign universities submit their application directly to SSHRC in the

preliminary competition. The top-ranked candidates of the university pre-selection

and those from the preliminary competition at SSHRC are forwarded to the national

competition. The scores of candidates at the university or preliminary competitions

are not revealed to the evaluators at the national competition.

4If students receive the scholarship in their first year of doctoral studies, they will be awarded
overall $80 000. Similarly, students wining a scholarship in 4th year will only receive one payment
of $20 000.

5OSAP calculator available here: https://osap.gov.on.ca/AidEstimatorWeb/enterapp/enter.xhtml
.
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At the national competition, SSHRC creates 5 multidisciplinary committees. Com-

mittee 5, for example, evaluates students in economics, industrial relations, law, man-

agement, business and political science6. Each committee is broken down into 3 or

4 subcommittees each with 3 evaluators. Applicants are randomly allocated to a

subcommittee within their own committee. In 2004, there were 16 subcommittees (5

committees with each 3 subcommittees except psychology which had 4 subcommit-

tees) with about 65 recipients per subcommittee. In 2005, there were 19 subcom-

mittees (5 committees with each 4 subcommittees except the fifth committee which

had 3 subcommittees) with about 48 recipients per subcommittee. On average, a

subcommittee allocated $3.7 million in scholarships.

Within each subcommittee, three evaluators each assign a score to all candidates in

the subcommittee with a maximum of 10 and a minimum of 0. Evaluators are given a

pre-assigned distribution of scores. For example, only one 10 and one 0 can be awarded

and the average score should be close to 7.5. Moreover, evaluators do not know the

identity of other evaluators when evaluating candidates7 and are not allowed to assess

candidates from their own university. The scores given by the three evaluators are

then added to calculate the final score according to which students are ranked. The

eligible8 students in the top tier of a subcommittee are awarded a CGS, the second-

tier obtains a SDF, and the last tier does not receive a scholarship. The thresholds

are defined by civil servants based on the budget allocated to the subcommittee. In

the sample, these thresholds vary from 16.4 to 20.2 across subcommittees.

6Candidates are not always allocated to a committee based on their own discipline, but based on
the discipline closest to their project proposal. For example, if an applicant in philosophy writes a
proposal on the epistemology of economics, the application will probably be considered by committee
5 and not by committee 2, which usually evaluates candidates in philosophy.

7Evaluators meet once they have evaluated all candidates.
8Those starting first or second year of a doctoral studies at a Canadian university.
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The funding decisions and the individual scores are communicated to the students

in May/June. About half the applicants receive some scholarship. Students entering

first or second year who are above the CGS threshold are informed that they could

receive CGS should they decide to study in Canada. If they decide to study abroad,

they are awarded a SDF. Generally, recipients of scholarships may not cumulate other

scholarships9, but they can work a maximum of 450 hours per 12-month period.

Every year recipients must complete an annual report administered by the university.

SSHRC does not set any specific requirements for the renewal of the scholarship,

making the non-renewal of the award unlikely.

2.3.2 Data

I have assembled data on the universe of recipients of the 2004 and 2005 national

competitions to capture long term outcomes. More specifically, I have information on

scholarship recipients (year of study, discipline, subcommittee, destination university

and award received) and on evaluators (discipline and score for each candidate in

the subcommittee)10. From these data, I can determine the subcommittee funding

threshold (the lowest score of a CGS recipient within each subcommittee) and I can

calculate the distance between the score of each eligible candidate and this threshold.

Table 2.1 shows the distribution of recipients and evaluators by discipline. The

distribution is very similar for both. While some disciplines like history, political

science and psychology have a greater share of recipients than evaluators, other dis-

ciplines like philosophy, law and linguistics have a greater share of evaluators than

9SSHRC allows cumulating scholarships with non-federal funding agencies, but the two main
provincial funding agencies (Ontario Graduate Scholarship and the Fonds Quebecois de Recherche
et Societe et Culture) do not allow cumulation of awards.

10These data were received from SSHRC through the Access to Information and Privacy Act.
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recipients. Figure 2.2 presents the distribution of scores for students in the same

discipline as the evaluator and for students in a different discipline. If evaluators can

better assess candidates in their own discipline, there should be a greater variance in

the scores awarded to students in their own discipline. There is no clear evidence of

a difference in variance. This lack of difference could be due to the truncation of the

sample. The weakest candidates are not in the sample, because they did not receive a

scholarship. They probably would have received very low scores from evaluators from

their own discipline but not from evaluators outside their discipline. Moreover, the

true scores are censored, because evaluators cannot give scores above 10. Evaluators

may have wished to award extraordinary candidates in their discipline a score above

10, but it was impossible. Evaluators outside the discipline of these candidates may

have recognized their excellence and given them a 9.5. Due to the truncation of the

sample and institutional censoring, any large difference could have disappeared.

The scores and the funding decisions are used to explain the outcomes of the schol-

arship recipients. Jacob and Lefgren (2011) and Li (2012) both define their outcome

as the quantity/quality of publications. Such a measure would be inappropriate in

this study, because the recipients come from different disciplines with different publi-

cation cultures. While it is normal for a recent graduate in economics not to have any

publication, a graduate in psychology may have a dozen publications. Furthermore,

journals are ranked differently across disciplines, and it would be very challenging to

reconcile these rankings for all social sciences and humanities. For these reasons, I

choose two other measures of success: completion and employment.

Completion of the doctoral program is a short-term objective. One would expect

all recipients to complete the thesis for which they were funded11. In fact, only 34.6

11I do not study whether they complete the project submitted in the application.
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percent of all recipients completed their doctoral program in 5 years or fewer, and 65.1

percent of all recipients took seven years or fewer. These results may be conservative,

because the information stems from the catalogs of university libraries. Some students

may have completed their dissertation, but it may not have been added to the library

catalog yet. Whenever I could not find a dissertation, but a department announced

the completion of the program, I used the date announced by the department.

Promoting employment in research is the long-term objective of SSHRC. I use

employment as tenure-track assistant professor as a proxy to capture research pro-

ductivity12. Assistant professors have been chosen by hiring committees on the basis

of their research quality and potential, and they are expected to conduct research to

receive tenure and promotion. Assistant professors are therefore likely to make a more

long-lasting and valuable contribution to research than people in other professions.

To determine who is an assistant professor seven years after receiving an award, I

searched for the 1901 recipients on the internet13. I could not find 161 applicants

(8.5 percent of the sample). Of those, I could not find evidence of completion for

85 applicants at the time of the search, making it unlikely for them to be assistant

professors14. I assume that the remaining 76 (4 percent of the sample) are not as-

sistant professors, because I would otherwise have found them on departmental web

sites or publications15. Within all assistant professors, I do not distinguish between

universities, mostly because it would be very challenging to rank universities for each

12The results are robust to including post-docs within this definition.
13The search for the 2004 applicants took place in December 2011, and the search for the 2005

applicants took place in December 2012.
14The results stay the same if I exclude missing observations or if I code them as not-professor.
15Table 2.2 reports the coefficients of the regression explaining missing observations. There is

a higher probability of finding someone with a high score who would have a higher probability of
being assistant professor suggesting that the assumption that missing observations are not assistant
professors is reasonable.
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discipline. Some smaller universities may be, for example, better than large universi-

ties in certain niche disciplines. Furthermore, most candidates are employed at small

teaching universities for which departmental rankings in terms of research are less

reliable.

Table 2.3 presents some summary statistics for covariates and for all three depen-

dent variables. By definition, all CGS holders studied in Canada. A large share of

SDF holders in first or second year were probably above the threshold but decided to

study abroad, thus explaining the small share of SDF holders studying in Canada in

first or second year. The majority of recipients are female which is consistent with a

broad trend in social sciences and humanities. It is difficult to interpret completion

rates and the probability of being assistant professor across years of study. On the one

hand, students receiving the scholarships in fourth year were probably turned down

three times suggesting that students applying in fourth year are probably worse than

students applying in first year. On the other hand, evaluators have more information

for candidates in fourth year than they do for candidates in first year, making their

funding decision much more precise. From the pool of weaker candidates, evaluators

may be able to precisely identify the most promising ones. It is unclear which of these

two effects is the strongest. The probability of completing in 5 years is highest for

second-year recipients, while recipients entering fourth year have the highest proba-

bility of finishing in seven years. Finally, the probability of being assistant professor

is also the greatest for students in fourth year. This last result could simply be due

to a time advantage. As I searched for all candidates at the same time (ie 7 years

after receiving the award), first-year recipients had 7 years following their first year

in the doctoral program to get a position, while fourth-year recipients had 11 years.
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One must therefore be careful when making such comparisons, and it is important to

control for these variables in multivariate regressions.

2.4 Discrimination

2.4.1 Evidence of Discrimination on the Scores

If evaluators give on average higher scores to candidates in their own discipline, then

β1 in the following regression will be positive and statistically significant:

scoreij = β0 + β1IDisciplinei=Disciplinej
+ vi + zj + εij (2.9)

where “i” represents the recipient and “j” the evaluator.

The term vi captures unobserved candidate characteristics including skills. I con-

trol for this unobserved heterogeneity by including candidate fixed effects. The term

zj captures systematic differences between evaluators. Such systematic differences

are unlikely to occur, because evaluators must have similar averages. However, there

could still be systematic differences due to the truncation of the sample.

In the presence of screening discrimination, the magnitude of β1 should vary across

applicants as illustrated in figure 2.3: it should be larger for the best candidates than

for the weaker candidates. Conversely, if evaluators simply prefer candidates in their

discipline, the magnitude of the discrimination should not vary across the distribution

of students. To test this idea, I divide the sample into two categories: recipients below

the median of the sample and those above the median. I then estimate equation 2.9
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separately for each group. One could divide the sample naively by using the total score

as a proxy of talent. However, such a method would lead to inconsistent estimator.

Indeed, the independent variable would be correlated with εij, because candidates

assessed by an evaluator from their discipline who also had a large positive εij would

have a higher probability to be above the median. Similarly, candidates not assessed

by an evaluator from their discipline who also had a large negative εij would have a

higher probably of being below the median. In both cases, there would be a negative

correlation between εij and the independent variable thus biasing the coefficient. To

address this issue, I predict who will be below or above the median using the following

characteristics: SSHRC scholarship for M.A., gender, discipline and location of PhD.

By doing so, I disconnect the error term εij from the selection into either group.

Applicants whose probability of being above the median is larger than 50% are in

the sample used to estimate equation 2.9 for above-median candidates and those

whose predicted probability is below 50% would be in the sample for below-median

candidates.

Discrimination may not be present when candidates and evaluators in the same

discipline have little in common. In committee 1, for example, evaluators and students

in fine arts could have very different interests ranging from drama to photography

with some composing music. Similarly, evaluators and students in literature could be

studying modern Russian literature or medieval Spanish literature. In both cases, it

is unclear whether an evaluator in music composition will better assess a student in

photography than would an evaluator in literature. To address this issue, equation 2.9

is also estimated without the first committee which includes fine arts and literature.

Table 2.4 provides the estimates for the coefficients of equation 2.9. Model 1
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includes the whole sample, and shows that evaluators tend to give approximately

0.12 points more to candidates in their discipline. Model 2 excludes candidates from

the first committee, and the coefficient of interest increases to 0.18 suggesting that

I may not be capturing similarity very well in this committee. Model 3 restricts the

sample to above or at median candidates in the naive fashion, and the coefficient

almost triples to 0.30, while the coefficient loses its significance when the sample is

restricted to below median candidates. Separating the sample using the sophisticated

method leads to very similar conclusions. The coefficient of interest is 0.29 when the

sample is restricted to the best candidate and is also statistically insignificant when

only the weaker students are considered. These results cannot be explained using

only a belief of superiority; only screening discrimination can justify them.

2.4.2 Evidence of Discrimination on the Allocation

As much as the scores reflect the decisions taken by evaluators, the most relevant

outcome is the final allocation of scholarships. For candidates eligible16 for the large

scholarship (CGS), the presence of an evaluator from their discipline on their sub-

committee could affect their chances of receiving it. To assess this impact, I estimate

the following linear probability model17 on eligible recipients:

cgsi = α0 + α1IAt Least One Evaluator from Same Discipline on Subcommitteei

+ α2Xi + ui (2.10)

The control variables (Xi) included in the regression include gender, year of study

16Recall that these would be candidates entering first or second year of their doctoral program at
a Canadian university.

17The results are robust to a probit regression.
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when the candidate received the scholarship and 27 discipline dummies.

If the coefficient α1 is statistically significant, discrimination will not only impact

scores, but will also affect the type of scholarships allocated. In the presence of a

belief of superiority, α1 should be positive. In the case of screening discrimination,

the sign is not obvious, because recipients close to the funding threshold are weak.

The coefficient α1 will consistently estimate discrimination if ui, the unobserved

skills of the candidates, is uncorrelated with the probability of having an evaluator

from one’s discipline on the subcommittee. Anecdotal evidence suggests that candi-

dates are allocated alphabetically to subcommittees18. In such a case, the skills of

candidates would be uncorrelated with their probability of being evaluated by some-

one from their own discipline. Even though it is impossible to verify this claim, it

is possible to determine whether the probability of being evaluated by someone from

one’s own discipline varies by total scores. If SSHRC were to allocate the best can-

didates to subcommittees containing at least one evaluator from their discipline, the

probability of having an evaluator from one’s discipline should increase with the total

score as a proxy for talent. The best applicants would have a high probability of be-

ing matched with an evaluator from their discipline, and the worst applicants should

have a low probability. Table 2.5 shows no relationship between total score and the

probability of being evaluated by someone from one’s own discipline.

The coefficients of equation 2.10 are provided in table 2.6. Students facing a

subcommittee composed of at least one evaluator from their discipline have a lower

probability of receiving the large scholarship by 8 to 9 percentage points. This result

cannot be explained by the belief of superiority, but it could stem from screening

18The first candidate goes to the first subcommittee, the second, to the second one, the third, to
the third one, the fourth, again to the first subcommittee and so on.
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discrimination since candidates close to the funding threshold between small and large

scholarships are weak19, we would expect them to suffer from screening discrimination.

Indeed, evaluators from their discipline may be better able to recognize their latent

research potential, which would be below the expectation of evaluators outside their

discipline. If screening discrimination leads to such a negative impact for below-

average candidates, it is surprising not to find a significant negative impact when

the sample is restricted to below-average candidates in table 2.4 (model 6). Perhaps

evaluators discuss their scores when candidates are close to the perceived threshold.

Contrary to above-average candidates, scores of candidates below the average matter

for the allocation of scholarships. Evaluators may therefore feel the need to consult

their peers to be confident of their score. If out-of-discipline evaluators learn about

the score given by in-discipline evaluators and trust them, then the difference between

the scores would shrink and lead to non-significant differences.

2.4.3 Predictive Power of Scores

The assumption underlying screening discrimination is that evaluators are better at

assessing candidates from their own discipline. Scores of evaluators should therefore

be statistically significant predictors of success for candidates within their discipline

but more weakly so for those outside their discipline. In other words, the average

score given by evaluators in the same discipline as the candidate should be correlated

with completion or job market outcomes, while the average score given by evalua-

tors outside the discipline of the candidates should not be. Interestingly, these two

averages are not highly correlated (correlation = 0.1982). This lack of correlation

19The funding thresholds are between 16.4 to 20.2, while the average total score in the sample is
21.
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suggests that even though both types of evaluators appraise the same applications,

they look at them very differently. Unfortunately, it is impossible to calculate such

an average for candidates who were not evaluated by someone from their discipline

for a lack of data. I therefore lose 475 observations from very small disciplines20.

These exclusions do not create a selection bias, because the selection rule is based on

observables (disciplines) for which I can control in the regression.

The following linear probability model21 regression assesses the explanatory power

of both averages on the three dependent variables (completion in 5 years, completion

in 7 years and tenure-track assistant professorship):

Yi =γ0 + γ1Average Score In-Disciplinei

+ γ2Average Score Out-of-Disciplinei

+ γ3Xi + ui (2.11)

The control variables (Xi) in the regression include gender, year of study when

the candidate received the scholarship and whether the candidate was enrolled at a

Canadian university.

The explanatory power of scores given by evaluators to candidates in their disci-

pline may vary according to the year of study of the candidate. Candidates applying

for funding before starting graduate school submit very tentative research proposals.

It is therefore very difficult for evaluators to predict success on the basis of this infor-

mation even if the candidate is in their own discipline. Conversely, students in their

20Folklore, for example, was not represented in the evaluation committee.
21The results are robust to a probit regression.
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upper-years can send a stronger signal about their research potential and therefore

enable evaluators within their discipline to make a better judgment. The predictive

power of the score given by evaluators to candidates in their own discipline should

therefore increase as students progress. In other words, γ1 should increase as the sam-

ple is restricted to upper-year students. In contrast, evaluators assessing candidates

outside their discipline may not gain as much information when students progress.

The magnitude of the coefficient γ2 should therefore not change significantly when

the sample is restricted to students in upper-years. To test both ideas, I perform the

regression on three different samples: all students, second to fourth year students,

and third and fourth year students.

Table 2.7 shows that a one-point increase in the average given by evaluators from

one’s own discipline increases the probability of being assistant professor seven years

after receiving the award by 1.8 percentage point. This effect increases to 2.8 per-

centage point when first-year students are excluded from the sample. Even though

this difference is not statistically significant, it does suggest that upper-year students

provide more information to evaluators than first-year students who have very little

research experience and whose research proposals are probably very preliminary. The

scores of evaluators outside the discipline have no predictive power. Overall, this re-

sult shows that evaluators are better at assessing the research potential of candidates

in their own discipline, which is a key assumption of the screening discrimination

model.

The scores given by evaluators to candidates outside their discipline may not be

a good predictor of labor market outcomes, but they are not devoid of information.
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Table 2.8 shows that the scores of out-of-discipline evaluators are statistically sig-

nificant when predicting whether candidates finish their dissertation in five or seven

years. Interestingly, the coefficient does not change when the sample is restricted to

upper-year students. This invariance in the magnitude of the effect could suggest

that the quality of the information used by evaluators for candidates outside their

discipline does not vary as students progress. The only element of the application

package that remains constant across years is the undergraduate academic transcript,

and I would postulate that out-of-discipline evaluators rely on these to score students.

Furthermore, certain skills required to complete a doctoral program in a timely fash-

ion such as persistence and hard work are probably similar to those necessary to keep

excellent marks at the undergraduate level.

Overall, these findings show that discrimination in the allocation of scholarships

positively affects strong candidates, but it is detrimental for weaker candidates. The

evidence also suggests that evaluators are better at forecasting labor market outcomes

for candidates within their discipline. Both results are consistent with screening

discrimination.

2.5 Impact of Funding

2.5.1 Methodology

Screening discrimination could have a long-term effect if the size of grants impacts

completion and labor market outcomes. Assessing this impact is challenging due to

selection process: the best students receive the most money. It is therefore difficult to

know whether students with larger grants outperform those with less money due to
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the difference in initial talent or the difference in funding. To disentangle these two

channels, I use a regression discontinuity design (RDD)22. I compare the outcomes

(y) of candidates close to the funding threshold who received the treatment (T+) with

those who did not (T−):

E[y|T+]− E[y|T−] (2.12)

Candidates near the funding threshold should be very similar, because they re-

ceived very similar scores. Candidates on both sides of this threshold, however, differ

in the amount received: some of them were awarded a small scholarship and others,

a large one. In that sense, any statistically significant difference between the out-

comes of these students cannot be attributed to ex-ante differences, but must have

been caused by the difference in treatment. This method is quasi-experimental in the

sense that similar candidates are randomly allocated to treatment or control groups

due to the imperfect scoring decision.

2.5.2 Graphical Representation

The impact of the scholarship can best be seen graphically. Figures 2.4, 2.5 and

2.6 show the average outcome for applicants binned by scores. A positive jump at

the discontinuity indicates that applicants who barely received a large scholarship

performed better than applicants who barely did not receive it; in other words, it

shows that the size of the scholarship affected the applicant’s outcome.

Since the selection of candidates and treatment is different for first-year and

22Thistlewaite and Campbell (1960) are the first to employ regression discontinuity.
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second-year recipients, the impact of receiving CGS could vary across groups. Appli-

cation packages of first-year candidates are probably noisier than those of second-year

candidates, thus possibly changing the relationship between scores and outcomes.

Furthermore, the lifetime difference between the large and the small scholarships is

$25 000 for candidates in first year and $45 000 for candidates in second year. For

both reasons, I perform the analysis separately for each group.

Creating linear graphs was challenging due to a lack of observations on the left of

the discontinuity23. It is therefore difficult to calculate an informative average for a

given bin while providing enough points to interpret a linear best-fit line. A series of

non-overlapping bins of size of 0.5 starting at -2 seem to be a good compromise. To

complement the linear graphs, non-parametric graphs with triangular kernel and op-

timal bandwidth (Imbens and Kalyanaraman, 2012) provide a general representation

of the relationship between scores and outcomes:

Completion in 7 Yearsi =α + φCGSi

+f((Score - Threshold)i ∗ belowi)

+g((Score - Threshold)i ∗ abovei)

+ui (2.13)

The top row of graphs presented in figure 2.4 shows no notable discontinuity in

the probability of finishing in five years for students entering first or second year. The

non-parametric coefficient for the bottom left graph is -0.06 (p-value = 0.664), and

it is 0.107 (p-value = 0.409) in the bottom right graph. The graphs on the left side

23There are 58 observations for recipients entering their first year and 68 for entering second year.
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of figure 2.5 clearly indicate a discontinuity in the probability of finishing in seven

years for students entering first year. The non-parametric coefficient is 0.201 (p-value

= 0.210). The discontinuity in the non-parametric graph is still positive for students

entering second-year as shown in the bottom right, but much smaller: 0.073 (p-value

= 0.581). Finally, figure 2.6 suggests a negative discontinuity for the probability of

being assistant professor for students entering first-year (upper-left corner) with a

non-parametric coefficient of -0.152 (p-value = 0.371). The graphs on the right side

of figure 2.6 indicate a positive discontinuity for the probability of becoming assistant

professor for students entering second-year, but again the non-parametric coefficient

of 0.072 (p-value = 0.570) is not statistically significant.

2.5.3 Regressions

Overall, the figures suggest that a larger grant increases only the probability of com-

pleting in 7 years for first-year recipients. Due to the small sample, it is not surprising

that non-parametric methods fail to find a statistically significant impact. To com-

plement the analysis, I also perform the following parametric regression following the

general shape of the non-parametric graphs:

Completion in 7 Yearsi =β0 + β1CGSi

+β2((Score - Threshold)i ∗ belowi)

+β3((Score - Threshold)i ∗ abovei)

+β4((Score - Threshold)i ∗ abovei)
2

+β5Xi + ui (2.14)
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The function linking scores to outcomes is linear below the threshold and quadratic

above it to reflect the non-parametric graphics. The coefficient β1 estimates a local

average treatment effect of receiving more money for applicants close to the threshold.

Table 2.9 shows that this effect increases the probability of completing the doctoral

program in seven years by 23.5 to 26.7 percentage points for first-year recipients. Even

though the coefficient loses its significance as the threshold shrinks, its magnitude does

not vary.

Interestingly, the impact of the scholarship differs for first and second-year re-

cipients. The difference between the money awarded through SDF and CGS could

explain the differential impact. Another difference between both groups is the selec-

tion process. Second-year applicants provide more information than first-year appli-

cants. It is therefore easier for evaluators to identify the most promising candidates

for second-year than for first-year candidates. One would therefore expect the average

second-year recipients to be better than the first-year recipients. In fact, the CGS

recipient in second-year in 2005 is more likely to be finished in seven years (64.0%

vs. 57.5%, p-value = 0.18) and is more likely to be an assistant professor eight years

after having started the PhD (27.6% vs. 21.9%, p-value=0.19) than the first-year

recipient in 2004 24. Even though these differences are not significant at the usual

significance level, they do suggest that there could be systematic differences between

first and second-year students. Perhaps first-year students are weaker and therefore

use the extra money to accelerate their studies, while second-year students invest in

their research thus explaining the difference in impact25.

24In both cases, the sample is 421.
25Receiving CGS was related to a larger probability of being assistant professor 7 years later, but

the effect was not statistically significant.
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2.5.4 Robustness Checks

The coefficient β1 in equation 2.14 captures the local average treatment effect only if

candidates are unable to precisely manipulate scores, if there is no other discontinuity

and if fake discontinuities have no explanatory power (Lee and Lemieux, 2009).

If candidates are able to precisely manipulate their scores, there could be differ-

ences between candidates on both sides of the threshold other than the treatment.

In our context, applicants are unable to precisely manipulate scores, because they

are not aware of them before funding is allocated, and because they are unable to

contest the allocation. Individual evaluators are also unable to precisely manipulate

total scores, because they only control one third of the total score and because the

funding threshold is determined by a civil servant with no vested interest. Overall, it

would therefore be very unlikely for candidates or evaluators to precisely manipulate

the scores.

McCrary (2008) suggests a test for manipulation of scores using the density around

the threshold. The intuition for this test is that if candidates are able to precisely

manipulate scores, more candidates will be just above the threshold than just below

leading to a discontinuity in the density function. If applicants are unable to precisely

manipulate their scores, there should be no such discontinuity. Figure 2.7 shows the

density function around the cut-off. Surprisingly, there is a clear discontinuity in

the density function. This discontinuity, however, is probably not caused by the

manipulation of scores, but by the selection of the sample. Consider the following

fictitious subcommittee to better understand the problem:

• Student A, starting fourth year, Canada, score: 27.3
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• Student B, starting second year, abroad, score: 22.4

• Student C, starting third year, Canada, score: 19.3

• Student D, starting first year, Canada, score: 17.2

• Student E, starting third year, abroad, score 16.9

• Student F, starting first year, Canada, score 14.5

Assuming a budget of $225.000, students A to D would receive funding26, student

E and F would not, and the CGS funding threshold would be 17.2. Since my dataset

only contains recipients, I do not observe students E and F. I therefore lose density on

the left side of the threshold as suggested by figure 2.7. The data set does not contain

any applicant below the CGS funding threshold in 7 out of 33 subcommittees. In 23

subcommittees, I have five or fewer applicants with scores below the threshold. This

sample selection is probably responsible for the difference between the 33 observations

with scores between 0 and 0.2 and the 21 observations with scores between 0 and -0.2.

If there are other discontinuities at the threshold, it would be unclear which is

responsible for the differences in outcomes. One of these discontinuities is due to the

design of the policy: CGS cannot be held outside of Canada. Candidates whose scores

are above the threshold can decide between studying in Canada and being awarded

CGS or studying abroad and receiving SDF. Risk-averse candidates whose scores are

above the threshold may decide to stay in Canada, while risk-loving candidates would

forfeit their CGS to receive an SDF abroad. Recipients of CGS could therefore be on

26Student A receives $20k, student B receives $60k, student C receives $40k, and student D
receives $105k.
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average more risk-averse than those below the threshold. This potential difference in

personality trait could then explain any difference in outcomes.

To address this issue, I estimate the impact of the introduction of the policy on

the probability of studying abroad. If CGS induced students to stay in Canada, the

probability of staying in Canada should be higher for the 2004-2005 cohorts (post-

policy) than for the the 2002-2003 cohorts (pre-policy). In fact, 90.96 percent of

students in the 2002 and 2003 cohorts (n = 1151) and 90.01 percent of students

in the 2004 and 2005 cohorts (n = 1917) stayed in Canada27, suggesting that the

introduction of CGS in 2004 had no positive impact on the location choice of PhD

students. I also compare the probability of going abroad for applicants on both sides

of the threshold. If applicants above the threshold are tempted to stay in Canada to

receive CGS, then the probability of staying in Canada should be higher for those just

above the threshold than for those just below it who would receive the same funding

package whether they study in Canada or not. The upper graphs of figure 2.8 show

no positive jump in the probability of staying in Canada at the discontinuity, thus

suggesting that CGS has no effect on the location decision of graduate students. The

lower graphs repeat the exercise using non-parametric methods. For students entering

first-year, the coefficient estimated is 0.067 (p-value = 0.61), while the coefficient is

0.093 (p-value = 0.311) for students entering second-year. In neither case is the

coefficient close to be statistically significant.

Another potential concern is that the amount received could act as a signal of

ability to supervisors or employers. Supervisors may devote more time to CGS recip-

ients and employers may be more willing to hire CGS award winners. CGS recipients

27It is impossible to distinguish between the year of study for the 2002 and 2003 cohorts. I therefore
group all the students and calculate the average for both groups, assuming that the introduction of
the policy would have no impact on third and fourth year students.
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would therefore not perform better, because they received more money but simply as

result of a self-fulfilling prophecy. Such a discontinuity is unlikely, because SSHRC

evaluators know very little about first and second-year recipients. Supervisors and

hiring committees can actually see the research output of candidates and not just

assess their research potential. The signal should therefore be very weak. If receiving

CGS does act as a signal, it would be true for recipients in first and second year.

Since the estimated effect is only statistically significant for students in first year, it

is probably not due to signaling.

If students are unaware of their own ability, receiving a CGS could also act as a

signal to themselves. Being awarded a prestigious scholarship suggests talent and may

encourage students to work harder28. Any positive impact of CGS could therefore

be due to effort and not money. To address this issue, I consider students entering

first or second year abroad. These students were informed that they were above

the threshold, but were not eligible for the larger amount. In that sense, they had

the same signal as students in Canada, but they did not receive the treatment. If

the discontinuity has a positive impact for students abroad, then some of the effect

found on students studying in Canada could be attributed to the signaling effect.

Unfortunately, there are very few recipients studying abroad in first (n = 107) or

second year (n = 90), but the available evidence indicates no positive effect and the

magnitude is small.

Finally, I perform a falsification exercise. I create fake discontinuities and in-

vestigate whether these discontinuities lead to significant coefficients. Using 1000

replications, I find that a statistically significant coefficient in 4.2 percent of cases,

which corresponds to the margin of error.

28The assumption being that effort and skills are complements in the research production function.
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2.6 Conclusion

This paper tests for the presence of two types of discrimination in the allocation of

graduate scholarships and shows that evaluators behave differently with candidates

from their own discipline. Strong applicants benefit from having an evaluator from

their discipline, while weak candidates suffer. These results can be explained using

screening discrimination. Finally, I find that scholarships to graduate students have

a positive impact on their completion time, indicating a possible credit constraint.

The results of this paper have some policy implications for agencies granting grad-

uate scholarships. First, there is some evidence that the size of the scholarships mat-

ters in the long term. Future research will investigate whether offering a few large

scholarships or many small ones is optimal, but there is clear evidence that schol-

arships improve performance. Second, the composition of the selection committee

matters. Evaluators are better at accessing the research potential of candidates in

their own field. Single-discipline committees would probably increase the precision of

the selection procedure: candidates with the most research potential will receive the

highest scores and consequently the scholarship. Ultimately, reducing the noisiness

of the selection procedure means creating incentives for students to perform better

ex-ante. If students think that the selection procedure is very noisy, there is no in-

centive to work hard, because it may not be recognized by an evaluator outside their

discipline.

Future research will investigate the role of gender in the scoring decision. A bur-

geoning literature has documented some evidence of gender discrimination at the

committee level (e.g. Bagues and Esteve-Volart, 2010), but little work has been done

at the individual level. Gender differences could affect the allocation of scholarships
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and then possibly explain gender differences in academia. Moreover, the data set

will make it possible to study the explanatory power of scores given by gender. The

style in which project proposals are written could be gender dependent making it

easier for evaluators to assess candidates of the same gender. More research can also

be conducted on the impact of funding. The discontinuity between recipients and

non-recipients could provide more intuition on the role of money on the productivity

of graduate students. Moreover, using the cohort of 2003 (pre-policy), it would be

possible to compare the outcomes of SDF recipients in 2003 with the ones of CGS re-

cipients in 2004-2005. Such an analysis would study the impact of funding throughout

the distribution, and not only at the cutoff.

2.7 Tables
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Table 2.1: Discipline Representation
Discipline Share of Recipients Share of Evaluators
Anthropology 4.94 4.76

History 11.15 8.57

Communications 2.84 3.81

Psychology 16.78 10.48

Geography 3.10 2.86

Economics 2.10 3.81

Education 7.10 6.67

Fine Arts 5.31 6.67

Sociology 7.15 3.81

Management 3.16 5.71

Interdisciplinary 2.52 1.9

Law 2.37 4.76

Linguistics 2.10 6.67

Literature 13.05 12.38

Philosophy 5.16 7.62

Political Science 6.79 4.76

Religious Studies 2.47 3.81

Urban Studies 1.89 0.95

Sample 1901 105

Note: Overall, there are 27 disciplines. To simplify this table, some disciplines

were merged. Anthropology also contains archeology. History also contains classics and

medieval studies. Psychology contains social work and criminology. Geography also

contains demography. Sociology also contains folklore. Management also contains library

science and industrial relations.
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Table 2.2: Linear Probability Model Explaining Missing Observations
Male -0.0070

(0.0096)

Total Score −0.0037∗∗

(0.001)

PhD in Canada 0.0230∗∗

(0.0099)

Year of Study Dummies Yes
Discipline Dummies Yes
N 1901
R2 0.021
(Robust standard errors)
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Note: This table shows the estimates of the following equation: missingi = β0+β1genderi+

β2total scorei + β3PhD Locationi + β4Year of Study + β5Discipline Dummies + ui where a

missing observation takes the value 1.
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Table 2.3: Summary Statistics
Year of Study

All First-Year Second-Year Third-Year Fourth-Year

SDF CGS SDF CGS SDF SDF
Covariates
PhD in Canada 84.0 35.1 100 43.0 100 88.6 81.7

Male 37.7 43.6 33.9 36.1 39.6 38.3 36.3

Outcomes
PhD in 5 years 34.8 24.2 34.4 40.5 39.4 35 30.8

PhD in 7 years 66.1 59.4 62.7 62.6 66.7 65.8 75.8

Assistant Professor 31.0 21.8 19.3 29.1 30.4 34 48.7
7 yrs after receiving award

Sample 1901 165 357 158 444 500 273

Note: All numbers are percentages. The sample consists of all 2004 and 2005 re-

cipients of SSHRC doctoral awards. SDF stands for SSHRC Doctoral Fellowship, and CGS

stands for Canadian Graduate Scholarship.
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Table 2.4: Fixed Effect Model Explaining the Scores

(1) (2) (3) (4) (5) (6)
Naive Sophisticated

All Exclude Above Below Above Below

Sample 1st Committee Median Median Median Median

Own Field 0.119∗∗ 0.180∗∗∗ 0.296∗∗∗ 0.0707 0.287∗∗∗ 0.0468
(0.0482) (0.0564) (0.0822) (0.0795) (0.104) (0.0960)

Constant 7.057∗∗∗ 7.060∗∗∗ 7.826∗∗∗ 6.323∗∗∗ 7.140∗∗∗ 6.970∗∗∗

(0.0342) (0.0368) (0.0529) (0.0460) (0.0414) (0.0522)

Candidate FE Yes Yes Yes Yes Yes Yes

Evaluator FE Yes Yes Yes Yes Yes Yes
N 5703 4599 2340 2325 2412 2187
R2 0.017 0.019 0.040 0.035 0.046 0.033

(Robust standard errors)
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Note: Model 1 is estimated using all candidates. Models 2-6 exclude candidates from the

first committee, because the discipline of evaluators in this committee was unclear. Models

3 and 5 restricts the sample to candidates above the median, and models 4 and 6 restricts it

to candidates below the median. The naive estimation method simply uses the total score

to distinguish between below and above median recipients, while the sophisticated method

first predicts who will be above or below the median. All regressions include candidate and

evaluator fixed effects.
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Table 2.5: Probability of Having an Evaluator from Own Discipline by Total Score
Score Probability Sample Size
27 or more 73.6 68
26 73.8 61
25 71.7 99
24 74.1 112
23 76.3 181
22 74.1 191
21 75.8 223
20 73.4 252
19 74.6 273
18 74.7 257
17 or less 80.4 184

Note: This table shows the probability of being evaluated by at least one evaluator from

one’s own discipline for different total scores. There is no evidence suggesting that high-

skilled applicants as proxied by high scores have a higher probability of being evaluated by

someone from their own discipline.



CHAPTER 2. SCREENING DISCRIMINATION 42

Table 2.6: Linear Probability Model Explaining the Probability of Receiving the
Higher Award

(1) (2) (3)
At Least One In-Discipline Evaluator -0.0883∗∗ -0.0885∗∗ -0.0935∗∗∗

(0.0349) (0.0349) (0.0360)

Male -0.00140
(0.0244)

First Year -0.00316
(0.0233)

Constant 0.845∗∗∗ 0.842∗∗∗ 0.842∗∗∗

(0.0871) (0.0849) (0.0852)
N 927 927 753
R2 0.063 0.063 0.071

(Robust standard errors)
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Note: Models 1 to 2 are estimated using all candidates eligible for CGS (first- or second-

year students in Canada). Models 3 omits candidates in the first committee, because the

discipline of evaluators in this committee was unclear. There are 27 discipline dummies
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Table 2.7: Linear Probability Model Using the Scores Given by Evaluators
within/outside the Candidate’s Discipline to Explain the Probability of being As-
sistant Professor 7 years after Receiving the Award

(1) (2) (3)
All Excluding 3rd and 4th

1st Year Year

Avg Score In Discipline 0.0180∗∗ 0.0278∗∗ 0.0271∗

(0.00873) (0.0108) (0.0148)

Avg Score Outside Discipline 0.00808 0.00585 -0.000533
(0.0100) (0.0124) (0.0176)

Male 0.113∗∗∗ 0.105∗∗∗ 0.129∗∗∗

(0.0262) (0.0318) (0.0437)

First Year -0.244∗∗∗

(0.0384)

Second Year -0.170∗∗∗ -0.168∗∗∗

(0.0386) (0.0385)

Third Year -0.166∗∗∗ -0.164∗∗∗ -0.160∗∗∗

(0.0402) (0.0401) (0.0405)

PhD in Canada -0.131∗∗∗ -0.165∗∗∗ -0.194∗∗∗

(0.0354) (0.0464) (0.0655)

Constant 0.416∗∗∗ 0.404∗∗ 0.433∗∗

(0.129) (0.163) (0.188)
N 1425 1020 570
R2 0.137 0.148 0.186

(Robust standard errors)
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Note: Model 1 contains the whole sample. Model 2 includes only recipients above first

year. Models 3 is restricted to recipients entering third or fourth year. All models contain

27 discipline dummies.
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Table 2.8: Linear Probability Model Using the the Scores Given by Evaluators
within/outside the Candidate’s Discipline to Explain Completion of Program in Five
or Seven Years

Completion in 5 Years Completion in 7 Years
(1) (2) (3) (4) (5)
All Excluding 3rd and 4th All Excluding

1st Year Year 1st Year

Avg Score In Discipline 0.0125 0.00814 0.0177 0.00869 0.0133
(0.00944) (0.0116) (0.0162) (0.00939) (0.0111)

Avg Score Outside Discipline 0.0181∗ 0.0223∗ 0.00850 0.0262∗∗ 0.0263∗∗

(0.0109) (0.0131) (0.0183) (0.0109) (0.0127)

Male 0.0817∗∗∗ 0.0860∗∗∗ 0.0904∗∗ 0.0600∗∗ 0.0580∗

(0.0270) (0.0324) (0.0429) (0.0265) (0.0312)

First Year 0.0237 -0.147∗∗∗

(0.0400) (0.0380)

Second Year 0.0897∗∗ 0.0906∗∗ -0.112∗∗∗ -0.115∗∗∗

(0.0398) (0.0402) (0.0369) (0.0370)

Third Year 0.0323 0.0362 0.0269 -0.114∗∗∗ -0.115∗∗∗

(0.0412) (0.0417) (0.0423) (0.0390) (0.0391)

PhD in Canada -0.0294 -0.00268 0.0509 -0.0606∗ -0.0376
(0.0360) (0.0447) (0.0617) (0.0351) (0.0426)

N 1425 1020 570 1425 1020
R2 0.050 0.050 0.047 0.050 0.043

(Robust standard errors)
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Note: All standard errors are robust. Models 1 to 3 explain whether a student completed

the doctoral program in 5 years, and models 4 to 6 explain completion in seven years.

Models 1 and 4 contain the whole sample. Models 2 and 5 include only recipients above

first year. Models 3 and 6 include only recipients above second year. All models contain

27 discipline dummies.
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Table 2.9: Linear Probability Model Explaining the Impact of CGS on Completing
Degree in Seven Years – First-Year Recipients in Canada

Distance to Threshold 4 points 6 points All
(1) (2) (3) (4) (5) (6)

CGS 0.219 0.237∗ 0.250∗ 0.247∗ 0.239∗ 0.267∗∗

(0.145) (0.136) (0.138) (0.131) (0.134) (0.127)

Distance Above 0.0317 -0.00198 -0.00241 0.00112 0.0125 -0.00757
(0.0965) (0.0251) (0.0579) (0.0164) (0.0310) (0.0106)

DistanceAbove2 -0.00872 0.000663 -0.00228
(0.0239) (0.0101) (0.00340)

Distance Below -0.112 -0.111 -0.111 -0.112 -0.106 -0.106
(0.123) (0.122) (0.119) (0.119) (0.119) (0.118)

male 0.0677 0.0681 0.0611 0.0612 0.0544 0.0550
(0.0633) (0.0632) (0.0561) (0.0560) (0.0518) (0.0519)

Constant 0.254 0.255 0.238 0.238 0.252 0.253
(0.219) (0.219) (0.185) (0.185) (0.176) (0.177)

N 288 288 359 359 415 415
R2 0.110 0.110 0.109 0.109 0.101 0.100

(Robust standard errors)
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Note: The sample consists of students who received a scholarship at the beginning

of their first year of doctoral studies in 2004 or 2005 in Canada. All models contain 17

meta-discipline dummies.

2.8 Figures
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Figure 2.1: Impact of Discrimination on Scores
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Description: The benchmark case shows graphically the relationship: Scorei = γqi + (1− γ)p̂. In
the presence of taste-based discrimination, the prior beliefs on the quality of students is different for
both groups. The relationship between the quality of the proposal and the score is therefore shifted
upwards for students who benefit from this bias. In the presence of screening discrimination, the
noise in the signaling function shrinks for candidates who benefit from this bias. The slope of there
function therefore becomes steeper and closer to 1.
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Figure 2.2: Distribution of Scores
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Figure 2.3: Relationship between the Quality of Applications and Scores in Truncated
Sample

-

Scorei

6

�� qiq̄

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

��
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
���

���
��

Above MedianBelow Median

6

?

βBelow
1

6

?

βAll
1

6

?

βAbove
1



CHAPTER 2. SCREENING DISCRIMINATION 49

Figure 2.4: Impact of Scholarship on Completion in Five Years

Description: The top graphs represent the linear relationship between the distance to
the threshold and the proportion of students finished in five years for bins of 0.5. The
bottom graphs show the non-parametric estimation using optimal bandwidth (Imbens and
Kalyanaraman, 2012) and triangular kernel.
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Figure 2.5: Impact of Scholarship on Completion in Seven Years

Description: The top graphs represent the linear relationship between the distance to
the threshold and the proportion of students finished in seven years for bins of 0.5. The
bottom graphs show the non-parametric estimation using optimal bandwidth (Imbens and
Kalyanaraman, 2012) and triangular kernel.
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Figure 2.6: Impact of Scholarship on Becoming Professor

Description: The top graphs represent the linear relationship between the distance to
the threshold and the proportion of students who become professor seven years after
having received their award for bins of 0.5. The bottom graphs show the non-parametric
estimation using optimal bandwidth (Imbens and Kalyanaraman, 2012) and triangular
kernel.
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Figure 2.7: McCrary’s Test of Manipulation of Running Variable

Description: The graph shows the density on both sides of the threshold to assess whether there
is any discontinuity in the density function. Such a discontinuity could be due to bunching. If
applicants could manipulate their scores, they would all try to be just on the right of the threshold
to receive the large award. In this case, the discontinuity is due to sample selection. As I do not
have any data on non-recipients, I lose density on the left of the threshold therefore creating a fake
discontinuity.
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Figure 2.8: Impact of Threshold on Studying in Canada

Description: The top graphs represent the linear relationship between the distance to
the threshold and the proportion of students who started their doctoral studies in Canada
for bins of 0.5. The bottom graphs show the non-parametric estimation using optimal
bandwidth (Imbens and Kalyanaraman, 2012) and triangular kernel.



Chapter 3

Economic Action Plan

3.1 Introduction

All formal models (e.g. Cox and McCubbins (1986), Lindbeck and Weibull (1987) and

Dixit and Londregan (1996)) explaining the distribution of discretionary government

spending assume that the party in power receives all the electoral benefit from this

spending. A growing empirical literature, however, shows that politicians often receive

unearned political credit (Bagues and Esteve-Volart (2011) and Litschig and Morrison

(2011)) or discredit (Cole, Healy and Werker (2008)). It is therefore reasonable to

believe that district incumbents receive some electoral benefit for spending done in

their electoral district, even though they are not a member of the party in power.

Knowing little about the allocation process, voters may over-estimate the role played

by their representative, and give them unduly political credit.The party in power

would then take this behavior into account when allocating funds to maximize the

success of its own candidates. The model developed in this paper determines the

optimal allocation of government spending for the party in power when the electoral

54
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benefit accrues to the incumbent of the electoral district and not to the party in

power. I then test the predictions of the model and provide some empirical evidence

for the assumptions using the distribution of projects undertaken in the scope of the

Canada Economic Action Plan 2009-2011: $42 billion invested in 15 000 projects

across Canada.

Models explaining discretionary government spending assuming that the credit

goes to the party in power predict an allocation to core districts (Cox and McCubbins,

1986), or swing districts (Lindbeck and Weibull, 1987). In the first case, the party in

power rewards loyal districts, while in the second, it tries to sway undecided voters.

In the last 20 years, much empirical research has tested which of the two predictions

is valid. Levitt and Snyder (1995) support the core district hypothesis by finding that

Democratic control of Congress led to more intergovernmental transfers to democratic

districts between 1984 and 1990, and Ansolabehere and Snyder (2006) come to the

same conclusion. Denemark (2000), however, shows that the allocation of recreational

projects in Australia was biased towards swing districts, just like Swedish ecological

projects (Dahlberg and Johansson, 2002). In Canada, the evidence is also mixed:

Joanis (2011) finds evidence for the core district hypothesis, while Milligan and Smart

(2005) favor the swing district hypothesis. The data from the Canada Economic

Action Plan used in this paper support the core district hypothesis.

In spite of the fact that the theoretical literature uses reelection as the motivation

for government spending, there is surprisingly very little empirical research connecting

spending with subsequent election results. The first ones to attempt the task were

Snyder and Levitt (1997). They study the impact of government spending on the

share of votes for the party in power in the district using valid instruments and
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find a positive correlation between spending and the share of votes. Bagues and

Esteve-Volart (2011) find that politicians representing electoral districts which win a

disproportionate share of the Spanish Christmas lottery tend to increase their share

of the vote. Finally, Litschig and Morrison (2011) study the reelection probability

of incumbents on both sides of a funding discontinuity and find that representatives

of cities who receive more money have a higher probability of reelection. This paper

also analyzes the impact of spending on the reelection probability and vote share of

the district incumbent but using an instrumental variable (IV) strategy. To address

the issue of the missing variable bias, I use a dummy variable indicating whether the

district was in the downtown of a major city as instrument. These districts probably

obtained more money, because they had a greater need for infrastructure not for

political reasons. Using this IV strategy, I find that district incumbents receive an

electoral benefit for the projects undertaken in their district. This evidence supports

the key assumption of the model.

This paper is the first to build a model explaining the optimal distribution of

discretionary government spending by the party in power assuming that only the

district incumbent receives the electoral benefit. Furthermore, it also contributes to a

burgeoning empirical literature linking government spending to the electoral success

of the incumbent. The rest of the paper is divided into the following sections. First,

I build a model. I, then, describe the data and estimation strategy. Third, I present

and discuss the results of the regression analysis. Finally, I conclude and present

further research avenues.
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3.2 Model

The party in power allocates spending to maximize the electoral success of its can-

didates. In Lindbeck and Weibull (1987), such a strategy means investing heavily in

districts without a strong political allegiance (i.e. swing districts) to sway the vote

towards the party in power. However, if the electoral benefit goes only to the incum-

bent in place at the time of completion and if the completion of projects is random,

overly investing in such districts may not be optimal. The potential for return in

swing districts is high, because they are very responsive to government spending. At

the same time, the risk is also high, because the district could change hands before the

project is completed, thus giving the incumbent from the opposition all the electoral

benefit. This trade-off between risk and return is at the heart of the model.

Before studying further the behavior of parties, let us first consider the behavior

of voters. They have a utility function over political platform (ppi) and money spent

in their district (Bs). I assume that: ∂uis
∂Bs

> 0 and that Bs is the same for all voters

of district “s”. Citizens will vote for the district incumbent if their utility is greater

than their personal threshold: uis(ppi, Bs) > Uis which is given.

The party in power cannot modify its political platform to sway the vote. It

can only allocate funds to the electoral districts once to maximize the probability

of its candidates winning the election. Each district receives one project, which is

completed at a random date1. This randomness could be attributed to unforeseen

problems or exogenous decisions taken by civil servants mandated to complete the

projects. Credit for the project accrues only to the district incumbent and only to the

district incumbent in place when the project is completed. Following the allocation

1One could also assume that the credit accrues when the project is started, and that the start
date is random
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decision, there are two elections. The first one can take place before (with probability

π) or after the completion of the project (with probability 1− π) in a given district.

The second one takes place after the completion of the projects. Figure 3.1 illustrates

the timeline.

The primary objective of the party in power is to stay in power. To reach this

objective, a party would try to get support for the majority of electoral districts

and would probably neglect other electoral districts. Determining which electoral

districts are necessary to reach this objective is a challenging task because of the

numerous combinations. For this reason, I assume that the party in power maximizes

the probability that the district elects its candidates in the first (E1
s ) and second

elections (E2
s ) by allocating a project of value Bs to district “s”. The more money a

district receives, the greater is the probability that the district reelects the incumbent

but at a decreasing rate (∂Es

∂Bs
> 0 and ∂2Es

∂B2
s
< 0). There are “n” districts. The total

value of projects must satisfy the exogenous budget condition (B):

maxBs

n∑
s=1

πE1
s + (1− π)E[E2

s ] (3.1)

subject to:
n∑
s=1

Bs = B (3.2)

The marginal impact of one dollar in a district “k” is therefore:

π
∂E1

∂B
|s + (1− π)E

[
∂E2

∂B
|s
]

(3.3)
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The first expression is the impact of the spending on the probability that the party

in power wins the first election if the project is completed before the first election.

This impact will depend on the status of the district. If the incumbent belongs

to the party in power, the partial derivative will be positive. Otherwise, it will be

negative. Furthermore, the absolute magnitude of the impact will also depend on

the district. If, for example, the party in power won the district by a large margin

in the previous election, and is very confident to win again, the impact of spending

will be positive but small. The second expression represents the expected impact of

the spending on the result of the second election if the project is completed after

the first election. This impact will depend on the result of the first election which is

unknown at the time of the allocation: a district in the hands of the party in power

could change hands during the first election. To simplify the model, I abstract from

the impact of winning the first election on winning the second election in line with

the well-documented incumbency effect (Lee, 2001).

To maximize the return of spending, the party in power will want to equalize

marginal impacts across districts. If spending has a great impact in a district, it will

receive more money until its decreasing marginal contribution equates the marginal

benefit across districts.

The literature generally distinguishes between two types of districts: core and

swing districts. Core districts have an established political allegiance, while swing

districts are more easily influenced. Since the electoral effect accrues to the incumbent,

it is necessary to be more specific about the types of district and indicate which party

is the incumbent. For this reason, I divide the districts into four types: core opposition

(co), swing opposition (so), swing party in power (spp) and core party in power (cpp).
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I can now compare the marginal impact of spending in these four types of districts and

infer the amount of spending in each type. Equation 3.3 can now be written explicitly

to account for these four types. To do so, I introduce the transition probability: P k→l

which is the probability of transitioning from type “k” to type “l” during the first

election. The marginal impact of spending in district of type “k” is therefore:

π
∂E1

∂B
|k + (1− π)

(
P k→co∂E

2

∂B
|co + P k→so∂E

2

∂B
|so + P k→spp∂E

2

∂B
|spp + P k→cpp∂E

2

∂B
|cpp
)
(3.4)

The following assumptions will allow us to simplify the marginal impact of spend-

ing for a given type of district:

Assumption 1 (symmetry 1): P k→l = P l→k where “k” and “l” are types of

districts.

The probabilities are symmetric. This assumption means that a district has the

same probability to go, for example, from an opposition swing district to a party

in power swing district as the one to go from a party in power swing district to an

opposition swing district. This assumption is unrealistic if one party is gaining/losing

in popularity.

Assumption 2 (symmetry 2): ∂E
∂B
|co = −∂E

∂B
|cpp and ∂E

∂B
|so = −∂E

∂B
|spp

The absolute value of the marginal impact of both core districts and both swing

districts is equal.

Assumption 3 (similarity): ∂E1

∂B
|k = ∂E2

∂B
|k = ∂E

∂B
|k

For a given type of district, the impact of spending is the same in the first and

second elections.

Assumption 4 (proximity): P so→co > P so→cpp and P spp→cpp > P spp→co.
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It is more probable for a swing opposition district to become a core opposition

district for the second election than to become a core party in power district. Similarly,

it is more probable for a swing party in power district to become a core party in power

district than to become a core opposition district.

Assumption 5 (inertia): P cpp→cpp > P spp→spp and P co→co > P so→so

The probability that a core district keeps the same type is greater than the prob-

ability that a swing district keeps the same type.

Assumption 6 (responsiveness): ∂E
∂B
|spp > ∂E

∂B
|cpp

Spending has a greater impact in swing districts than in core districts.

The marginal impact of spending will be greater in districts of type “k” than of

those of type “l” if:

π
∂E1

∂B
|k + (1− π)

(
P k→co∂E

2

∂B
|co + P k→so∂E

2

∂B
|so + P k→spp∂E

2

∂B
|spp + P k→cpp∂E

2

∂B
|cpp
)

>

π
∂E1

∂B
|l + (1− π)

(
P l→co∂E

2

∂B
|co + P k→so∂E

2

∂B
|so + P k→spp∂E

2

∂B
|spp + P k→cpp∂E

2

∂B
|cpp
)

From assumption 2, we can simplify the expression:

π
∂E1

∂B
|k + (1− π)−

(
P k→co∂E

2

∂B
|cpp − P k→so∂E

2

∂B
|spp + P k→spp∂E

2

∂B
|spp + P k→cpp∂E

2

∂B
|cpp
)

>

π
∂E1

∂B
|l + (1− π)−

(
P l→co∂E

2

∂B
|cpp − P l→so∂E

2

∂B
|spp + P l→spp∂E

2

∂B
|spp + P l→cpp∂E

2

∂B
|cpp
)
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Regrouping terms and simplifying using assumption 3:

π
∂E

∂B
|k + (1− π)

(
(P k→spp − P k→so)

∂E

∂B
|spp + (P k→cpp − P k→co)

∂E

∂B
|cpp
)

>

π
∂E

∂B
|l + (1− π)

(
(P l→spp − P l→so)

∂E

∂B
|spp + (P l→cpp − P l→co)

∂E

∂B
|cpp
)

π

(
∂E

∂B
|k −

∂E

∂B
|l
)

+ (1− π)
(
P l→co + P k→cpp − (P k→co + P l→cpp)

) ∂E
∂B
|cpp

+(1− π)
(
P l→so + P k→spp − (P k→so + P l→spp)

) ∂E
∂B
|spp > 0 (3.5)

It is now possible to prove the first proposition:

Proposition 1: If π is small enough, a given amount in core party in power

districts (k=cpp) will have a greater marginal impact than in swing party in power

districts (l=spp). A maximizing party would therefore spend more in core party in

power districts than in swing party in power districts.

Proof: Using the fact that ∂E
∂B
|k is now ∂E

∂B
|cpp and ∂E

∂B
|l is now ∂E

∂B
|spp, I can rewrite

the inequality as such:

((1− π) (P spp→co + P cpp→cpp − (P cpp→co + P spp→cpp)) + π)
∂E

∂B
|cpp

+ ((1− π) (P spp→so + P cpp→spp − (P cpp→so + P spp→spp))− π)
∂E

∂B
|spp > 0 (3.6)

((1− π) (P spp→co + P cpp→cpp − (P cpp→co + P spp→cpp)) + π)
∂E

∂B
|cpp >

(π − (1− π) (P spp→so + P cpp→spp − (P cpp→so + P spp→spp)))
∂E

∂B
|spp (3.7)
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Without loss of generality, let’s assume that:2

(π − (1− π) (P spp→so + P cpp→spp − (P cpp→so + P spp→spp))) > 0. (3.8)

It is therefore possible to express the ratio of the probabilities as an upper bound

for the ratio of the marginal impacts of spending on the result of one election for the

two types of districts:

(1− π) (P spp→co + P cpp→cpp − (P cpp→co + P spp→cpp)) + π

π − (1− π) (P spp→so + P cpp→spp − (P cpp→so + P spp→spp))
>

∂E
∂B
|spp

∂E
∂B
|cpp

(3.9)

From assumption 6, we know that:
∂E
∂B
|spp

∂E
∂B
|cpp

> 1, which means that at least:

(1− π) (P spp→co + P cpp→cpp − (P cpp→co + P spp→cpp)) + π

π − (1− π) (P spp→so + P cpp→spp − (P cpp→so + P spp→spp))
> 1 (3.10)

P spp→co + P cpp→cpp − (P cpp→co + P spp→cpp)

+P spp→so + P cpp→spp − (P cpp→so + P spp→spp) > 0 (3.11)

The left hand side can be regrouped as a sum of four terms:

(P spp→co − P cpp→co) + (P spp→so − P cpp→so)

+(P cpp→cpp − P spp→spp) + (P cpp→spp − P spp→cpp) > 0 (3.12)

2if the term is negative, the ratio of the two partial derivatives is no longer bounded, which would
also prove the proposition
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Due to assumption 4, the first and second terms are positive. Assumption 6 makes

the third term positive, and assumption 1 makes the last term equal 0. In that sense,

the expression is necessarily positive, and could therefore be greater than 1
1−π if π is

small enough. QED

The intuition for this result is that the risk that the party-in-power inadvertently

helps the incumbent in a swing opposition district is greater in swing party in power

districts than in core party in power districts. This risk increases as π becomes

smaller. In an extreme case where π = 1, there is a probability zero that spending

in a swing party in power district will help an opposition incumbent. In such a case,

more spending would go towards swing party in power districts.

Proposition 2: If π is small enough, the marginal benefit of spending in swing

opposition district is greater than it is in core opposition districts.

Proof:

π

(
∂E

∂B
|so −

∂E

∂B
|co
)

+ (1− π) (P co→co + P so→cpp − (P so→co + P co→cpp))
∂E

∂B
|cpp

+(1− π) (P co→so + P so→spp − (P so→so + P co→spp))
∂E

∂B
|spp > 0(3.13)

Using assumptions 2 and 3, we can substitute ∂E
∂B
|so− ∂E

∂B
|co by ∂E

∂B
|cpp− ∂E

∂B
|spp and

rearrange to get:

((1− π)(P co→co + P so→cpp − (P so→co + P co→cpp)) + π)
∂E

∂B
|cpp >

(−(1− π)(P co→so + P so→spp − (P so→so + P co→spp)) + π)
∂E

∂B
|spp (3.14)

which can be rewritten as:
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((1− π)(P co→co + P so→cpp − (P so→co + P co→cpp)) + π)

(−(1− π)(P co→so + P so→spp − (P so→so + P co→spp)) + π)
>

∂E
∂B
|spp

∂E
∂B
|cpp

(3.15)

Since
∂E
∂B
|spp

∂E
∂B
|cpp

> 1, the left-hand side expression must also be strictly greater than

zero for this condition to be met:

((1− π)(P co→co + P so→cpp − (P so→co + P co→cpp)) + π)

(−(1− π)(P co→so + P so→spp − (P so→so + P co→spp)) + π)
> 1

P co→co + P so→cpp − P so→co − P co→cpp + P co→so + P so→spp − P so→so − P co→spp > 0

P co→co + P so→cpp − P so→co − P co→cpp + P co→so + P so→spp − P so→so − P co→spp)) > 0

(P co→co − P so→so) + (P so→cpp − P co→cpp) + (P co→so − P so→co) + (P so→cpp − P co→cpp) > 0

From assumption 6, the first term is positive. From assumption 4, the second

and fourth term are positive. From assumption 1, the third term is zero. The whole

expression is therefore positive, and the inequality (19) is possible. QED

If π is small enough, the distribution of spending corresponds to the predictions of

the core district hypothesis: Bco ≤ Bso and Bspp ≤ Bcpp. If π is large, the distribution

resembles the predictions of the swing district hypothesis, only that Bco = Bso = 0.

In the extreme case where π = 1, any spending going to opposition districts would

necessarily hurt the candidate from the party in power. There would therefore be no

spending in opposition districts.
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3.2.1 Numerical Example

The first proposition establishes that core party in power districts receive more spend-

ing than swing party in power districts if π is small enough. Using a transition matrix

which meets the previous assumptions (see table 3.1), I find how small π has to be for

plausible parameters to lead to this conclusion. Taking those transition probabilities

and using equation 3.9, I build table 3.2 which shows the upper bound for
∂E
∂B
|spp

∂E
∂B
|cpp

which supports an allocation to core districts. If
∂E
∂B
|spp

∂E
∂B
|cpp

is equal to or greater than

1.6, then if π < 0.4, one would expect core districts to receive more projects.

3.3 Data

The data used to verify the assumptions and predictions of the model stem from the

2009 and 2010 Economic Action Plan (EAP), which enacted to stimulate the Cana-

dian economy following the financial crisis. This paper focuses on the infrastructure

projects. About 15 000 such projects were financed through the EAP for a total

value of $42 billion. Examples of types of projects include: renovation of social hous-

ing, clean-up of contaminated sites, first-nations health, improving the infrastructure,

tourism events, knowledge infrastructure program etc.

For each type of project the government created an initiative to oversee the allo-

cation procedure and entrusted these initiatives to a specific federal department or

agency based on specialty. Each funding body had a different procedure to choose

projects. In most cases, however, provinces, municipalities or NGOs applied directly

for federal funding. These projects were only partially funded by the federal gov-

ernment (on average 40 percent). Once a project was approved, its information was
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publicized on the website of the EAP 3 and a large poster was erected on the site

of the project. These posters (see figure 3.2 for an example) stated the purpose of

the project and showed a maple leaf suggesting that the project was funded by the

federal government. The website and the posters provided much publicity for these

projects.

In May 2011, when all projects had been approved and publicized, I collected

data on the EAP. I first gathered information on the federal/total amount spent

and the number of projects undertaken in each of the 308 electoral districts. On

average, a district received a total number of 48.5 projects worth $137 million of

which $55 million was federal money. Since the distribution of these numbers is

highly asymmetric, I took the logarithm of these amounts which has a symmetric

distribution (see figures 3.3, 3.4 and 3.5).

To explain the distribution of projects, I use the results of the 2008 and 2011

federal election party. The 2008 election preceded the EAP and brought the Con-

servative Party of Canada (CPC) to Parliament as a minority government with 142

members of Parliament (MP). The 2011 election followed the EAP and gave a major-

ity government to the CPC. For each electoral district and each election, I know the

share of the votes for each of the four main parties. Furthermore, I add information

on the MP representing the district between 2008 and 2011 (39th legislature). If the

projects were allocated using some type of bargaining, the experience and the previ-

ous positions MP could affect the relative power of each MP. Finally, I include per

district data from the 2006 census to control for socio-economic differences between

districts that may have affected the needs of electoral districts. This data contains

3http://actionplan.gc.ca/eng/map.asp and http://www.spatialdatabox.com/map-
demos/canada-economic-action-plan-map.html
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the population of the district 4, the share of the population aged 19 and below, the

share of the population aged 65 and above, the median income of a family, the share

of the immigrant population, the share of the aboriginal population, the unemploy-

ment rate, whether the district was downtown, whether the district was in the North,

and whether the district was in the National Capital Region. More details on the

variables are provided in the appendix.

3.4 Impact of Political Allegiance on the Distribu-

tion of Projects: Core or Swing?

3.4.1 Methodology

The model predicts an allocation to core or swing districts depending on the value of

π, the probability that the projects are completed before the first election. As much

as it is impossible to know the true value of π, it is important to know that the party

in power in 2009 formed a minority government that could have been defeated at

any time. If such an event had happened, new elections would have been called, and

projects would have been completed following the first election. In such a setting,

it is therefore reasonable to assume that π is small, thus predicting an allocation to

core districts.

In the theory section, core and swing districts were distinguished through their

responsiveness (∂Ei

∂Bi
) and transition probabilities. Neither of these parameters is ob-

servable. Generally, in the empirical literature, the difference in the share of votes is

4All districts have a population of approximately 100 000, except districts in Prince-Edward-
Island and in the three territories: Yukon, Northwest Territories and Nunavut that have an approx-
imate population of 30 000 each
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used as an approximation for swing or core district (e.g. Snyder and Levitt, 1995).

Since Canada has three major parties (four in Quebec), the variable used to distin-

guish between the two types of district is the difference between the share of the votes

for the party in power (CPC) and the best opposition party. When the absolute value

of the difference is small, the district is said to be a swing district. Otherwise, the

district is a core district. For simplicity purposes, table 3.3 uses a cut-off of 15 percent

to separate core and swing districts.

If the swing districts were targeted by the party in power, we would expect a higher

average value/number of projects in swing districts in comparison to core districts.

Table 3.3 suggests that swing districts did not receive more than core districts. If

we make the difference between conservative districts and non-conservative districts,

table 3.3 provides evidence that conservative districts did receive significantly more

than non-conservative districts.

The univariate results of table 3.3 may be amplified by socio-economic vari-

ables. Table 3.4 shows that conservative districts were on average richer than non-

conservative districts. Since some of the money from the EAP was spent on social

projects, one would expect richer districts to receive less than poorer ones. The

regression results will allow to distinguish between those effects.

The first regression models the amount of money spent by the federal government.

I use the amount spent by the federal government and not the total amount, because

the party in power did not control the total value of the project, but only the amount

it invested. The first issue with this regression is the self-selection introduced by the

application procedure. Applicants may suspect that the political allegiance of their

district affects their chance of receiving funding, and may not apply for funding if
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they are in a district that voted for a party in the opposition. In such a case, I

would find more projects in districts held by the party in power even if the allocation

were fair given the projects submitted. As much as such behavior is plausible, it

would be surprising if it affected significantly the results. Knowing that the median

amount awarded for a project was $185 000, the median organization would still apply

for funding even if there is a small probability of success (let’s say 5%) as long as

the application cost is below $9 000. Since such organizations regularly apply for

federal/provincial/municipal funding, they should have a very low application cost.

Organizations applying for grants smaller than $10 000 may have been more impacted

by the perceived impact of political allegiance. Since only 8 percent of requests were

below this amount, it would be surprising if the self-selection channel affected the

regression results.

The second issue with this regression is the lack of robustness of the dependent

variable. Every project is indicated at a single location on the map of the EAP, but

certain large projects (highways or bridges, for example) could be taking place across

many districts. Furthermore, there could be mistakes in the location of projects on

the map used to create the dataset. If all projects were of the same magnitude, these

two problems would probably even themselves out. The EAP, however, contains a

large spectrum of projects of different sizes. To address these issues and add more

robustness, I also estimate the model using another dependent variable: the number

of projects in a district. This variable will be less affected by projects affecting my

districts or mistakes. I explain both dependent variables with the results of the 2008

elections, the characteristics of the MP representing the district, and socio-economic
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variables:

federal amounti = β0 + β12008 Electioni + β2 MPi + β3 socioeconomici + εi (3.16)

The coefficients of interest are those related to the 2008 election. If the core

district hypothesis is true, one would expect a 1) positive coefficient for electoral

districts represented by conservative MP or 2) a positive coefficient for the difference

between the share of votes for the conservative candidate and the share of votes for

the best opposition candidate. When this difference is large, conservative candidates

won by a large margin, and when this difference is negative, conservative candidates

lost. If the swing district hypothesis is true, one would expect a negative coefficient

for the absolute value of the difference between the share of votes for the conservative

candidate and the share of votes for the best opposition candidate. When this variable

is small, the race was very close, and the district should receive more projects. When

this variable is large, the race was not close, and the district should not receive

many projects. Figure 3.6 illustrates the relationship between these variables and the

amount received.

Beyond the results of the 2008 election, a political bargaining model would suggest

that the characteristics of an MP may influence the allocation. More experienced and

better connected MPs should be able to bring more money to their district. More

specifically, members of the Cabinet and more experienced MPs should bring more

money to their district. Members of the cabinet will have the clout to direct spending

towards their electoral district and should therefore have an advantage when seeking

projects for their constituents. As for experience, I include two dummies: fewer than
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5 years of experience as MP and more than 10 years.

Finally, since the purpose of the EAP is to support families and communities

in need, socio-economic characteristics may have impacted the allocation of funds.

The unemployment rate should, for example, be positively correlated with the value

of projects, while the median income of the district should negatively impact the

resources going towards a given district. Independently of these characteristics, some

districts simply require more money. For example, districts comprising the downtown

area of a city have more and older infrastructure, and districts located in the North

are in dire need for infrastructure.

3.4.2 Results

Table 3.5 presents the results of the regression explaining the federal amounts spent

by district. The lack of significance of the absolute difference between the conserva-

tive candidate and the best opposition candidate (Abs Diff Cons Best Opp) and the

positive significant coefficient on on the difference between the conservative and best

opposition candidate (Diff Cons Best Opp) support the“core district” hypothesis,

and corroborate the results of Joanis (2011) and Cox and McCubbins (1986). More

money went to electoral districts strongly supporting the party in power. Model (5)

suggests that one unit percentage increase in the difference between the conservative

candidate and the best opposition candidate would lead to 0.5 percent increase in

the funding received. Not surprisingly, the Conservative dummy is positive and sig-

nificant. Conservative districts received on average 26.8 percent more funding than

non-conservative ones.

Contrary to findings from Smart and Milligan (2005), MP characteristics played
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no significant role in the allocation of funds. This result supports the idea that MPs

generally play little role in policy development in Canada.

Finally, the socio-economic variables played a significant role in the allocation

of funds. Electoral districts with a large aboriginal share and high unemployment

received more money. Surprisingly, communities with a high share of immigrants

received less money. Finally, electoral districts in the North and those encompassing

the downtown of a major city received more money.

Table 3.6 shows the results of the regression when the dependent variable is the

number of projects. This robustness check confirms previous findings concerning

political variables. Electoral districts that voted strongly for the conservative party

did receive more projects. For every one percentage point increase in this difference,

the district received 0.7 % more projects. This number might seem small but knowing

that the average project represents almost $3 million, a small increase in the voting

difference would have a substantial impact on the community. Similarly to previous

results, conservative districts received 32.1 percent more projects.

The variables related to MP characteristics are still not significant, thus confirming

the results shown in table 3.5.

Interestingly, the share of senior citizens now has a positive impact on the number

of projects. One reason for this change is that poverty reduction projects were smaller

in scope but greater in number. Indeed, the average project for the renovation and

retrofit of social housing was $107 924, while the average project from the infrastruc-

ture stimulus fund was close to one million dollars. Since senior citizens are often the

target of these social projects, it is normal that more projects should go to districts

with a large portion of senior citizens.
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3.5 Estimation of the Electoral Impact of Projects

3.5.1 Methodology

The second part of the empirical verification provides evidence for the key assump-

tion of the model: government spending brings an electoral benefit to the district

incumbent. In this part, I consider the impact of the EAP projects on the reelec-

tion probability of the district incumbent party using the total amount spent in the

district, the 2008 election results, and MP characteristics in a linear probability re-

gression. The variable of interest is the total amount of spending in a district. This

variable is used instead of the amount spent by the federal government, because it is

easier for voters to assess the total value of a project than to determine how much

the federal government invested. Actually, in light of the publicity done by the fed-

eral government, it would not be surprising if voters give full credit to the federal

government for projects only partially funded by it. As in the previous section, I also

consider the impact of the the number of projects.

To provide more robustness to the findings, I also conduct a regression explaining

the difference in the shares of votes between the 2011 and 2008 elections for the party

who won the 2008 elections as in Bagues and Esteve-Volart (2011). If, for example,

the liberal party received 45 % of the vote in 2008 and 50% in 2011, the value of this

variable for this district is +5%. If government spending provides an electoral benefit

to the incumbent, more money should be correlated with an increase in the share of

votes received by the incumbent party.

As noted by Snyder and Levitt (1997), it would be inappropriate to simply use the

total amount (or the number of projects) in these regressions, because of a missing
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variable bias. Both the total value of projects in a district and the probability of

reelection are correlated with the perceived tightness of the race and with the po-

litical skills of the incumbent. In the latter case, incumbents with superior political

skills will probably have the connections to direct money towards their districts, and

will facilitate their reelection or increase their share of the vote. Since neither the

perceived tightness of the race nor the political skills can be observed and included

in a regression, instrumental variables are needed to remove the correlation between

explanatory variables and the error term. Such variables should be correlated with

the total value of projects, but uncorrelated with the probability of reelection. The

instrument chosen is whether the district comprises the downtown of a major Cana-

dian city. Downtown districts have more and older infrastructure. They therefore

need more money to sustain this infrastructure. The results from tables 3.5 and 3.6

suggest that the downtown dummy is highly correlated with the amount spent and

the number of projects in each district with an F-test value of above 12 in both cases.

Furthermore, there is no reason to believe that constituents in downtown districts

have a greater or lower tendency to reelect the incumbent party.

To verify this claim, I compare downtown districts with non-downtown districts in

table 3.7. Two differences stand out: there are fewer children and more immigrants in

downtown districts. Since immigrants probably have not had time to choose a political

allegiance, their vote could be more volatile. Similarly, downtowns probably have a

greater fluctuation of people thus leading to a greater fluctuation in party allegiance.

Both factors would speak for a negative relationship between the reelection of the

district incumbent party and downtown districts. If this were the case, it would

mean that the number of projects in a district would have a negative impact on
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incumbency since there were more projects in downtown districts. Since the opposite

is found (see tables 3.5 and 3.6), the number of immigrants and the transient nature

of downtowns do not jeopardize the validity of the instruments.

Furthermore, there is no evidence that downtown districts have had a higher

probability of reelecting the incumbent in previous elections. The probability of an

incumbent party to be reelected in the 2004, 2006 and 2008 elections was 86.7 percent

in downtown districts and was 83.6 percent in non-downtown districts. This difference

is not significant.

The 2004 election is particularly interesting, because it followed a recession (2001-

2002) as did the 2011 election. During the 2004 election, 80 percent of downtown in-

cumbents were reelected and 83 percent of non-downtown incumbents were reelected.

There was no major spending program following the 2001 recession. There was also

no special measure in the 2003 or 2004 budgets 5 which could have favored downtown

locations. Budget 2003 increased spending for municipal infrastructure by $ 3 billion

over ten years, and budget 2004 alloted $1 billion for the municipal rural infrastructure

fund (Canadian Department of Finance, 2011). In comparison to the $42 billion plan

over two years, these two initiatives are very small, and the biggest from the two, the

municipal rural infrastructure fund clearly went to rural districts. There was there-

fore no increase in spending in downtown districts preceding the 2004 election. Had

there been such a program and a similar incumbent reelection probability, it would

mean that spending does not necessarily affect the reelection of incumbents. All in

all, downtown districts have not been more prone to reelect incumbents, especially

not in elections following economic downturns.

The last check to insure the validity of the instrument is to examine who were

5There was no budget in 2002 as the 2001 budget was in December.
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the incumbents in downtown districts in the 2011 election. It could be that parties

assign downtown districts to special candidates, because these districts may have

more visibility. Table 3.8 presents the previous employment of downtown incumbents

in the 2008 elections. The only one who is member of the privy council is Bob Rae.

Olivia Chow (wife of late Jack Layton) and Marc Garneau (first Canadian in outer-

space) are the two other incumbents who would be known across Canada. Based on

this evidence the incumbents in downtown districts do not stand out as being different

from other members of Parliament.

Since the downtown variable is also able to withhold these tests, it is a valid

instrument, and I can estimate the following equations:

Reelected/Difference in Vote Sharei = β1Spendingi + β22008 Electionsi + β3MPi + εi

Spendingi = γ1Downtowni + γ22008 Electionsi + γ3MPi + ui

The first block of explanatory variables is the one of interest. A positive coefficient

would mean that spending related to the downtown has a positive impact on the

reelection of the incumbent candidate. Such a coefficient would confirm the key

assumption of the model.

The second block of explanatory variables stems from the 2006 and 2008 elections.

The first variable is the difference between the winning and runner-up candidate

independently of parties in the 2008 elections. When this difference is small, I expect

the probability of defeat of the incumbent to be high. The second variable consists of

a dummy whether the district reelected the same party in 2006 and 2008. A district

that changed hands between 2006 and 2008 is volatile and will probably change hands
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again in 2011. The last variable is whether the district elected a candidate from the

CPC in 2008 and captures the gain of popularity of the CPC from 2008 to 2011.

The third block consists of MP characteristics. Certain MPs are better known,

which should help their reelection bid. I therefore include whether the MP is a

member of the cabinet, and two dummies for experience.

3.5.2 Results

Before considering the results of the linear probability regression explaining the re-

election of incumbent parties, it is important to consider the significance of the vari-

able: “downtown” in explaining both the value of federal funding and the number

of projects. In both cases, the variable is highly significant, because there is a great

need for investment in downtown cores. The “downtown” dummy has an F-value of

28.09 in the first stage of model 2 in table 3.9 and an F-value of 71.1 in model 5. In

both cases, the F-values are clearly above 10 thus clearly showing that there is no

problem with weak instruments.

Table 3.9 presents the results of the linear regressions explaining the reelection

of the incumbent party of the district. These results must be taken with caution,

because the coefficients of instrumental variables are still biased in finite sample in

the presence of endogeneity, and it is dubious whether 308 observations are sufficient

to assume asymptotic properties. The difference in magnitude between the OLS and

IV estimates is about threefold which is very close to the fourfold found in Levitt and

Snyder (1997). The difference could be due to the fact that the federal government

did not fully control the total amount of spending going to a given district. In that

sense, the endogeneity is smaller than in other studies when the party in power fully
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controlled the allocation procedure.

The most important result of table 3.9 is the significant and positive coefficient

for both the number of projects and the total amount spent in a district. Doubling

the number of projects because of the fact that a district is located in a downtown

would lead to a 43.6 percentage point increase in the probability of reelection, and

doubling the value of projects would lead to an increase of 20.2 percentage point in

the probability of reelection. As much as these estimates, it is important to keep in

mind that doubling the amount would mean investing on average $137 million, which

is a very large sum. These findings clearly suggest that the incumbent received some

electoral benefit from the spending.

At first glance, it seems surprising that the incumbent party of a district would

get any credit for decisions taken by the party in power. However, since voters are

generally known to be poorly informed about policies and politicians (Bartels, 1996),

it is realistic to think that voters probably know very little about the process leading

to the allocation of projects. Voters could therefore give credit to their MP for projects

in their district. If voters punish the incumbent for natural disasters (Cole, Healy

and Werker, 2008), they could equally well give credit to the incumbents for positive

outcomes outside of his control as reported by Bagues and Esteve-Volart (2011) and

Litschig and Morrisson (2011).

As for the other variables, conservative candidates benefited from a net advantage

for reelection. This finding is not surprising considering the gain of popularity of the

party across Canada. Members of the Privy Council and MPs running again tend

to be reelected with a greater probability. In both cases, these candidates are better

known and therefore have an advantage against challengers. The margin between the
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runner-up and the elected candidate has a positive but small impact on reelection.

Finally, incumbents in Quebec had a significantly lower probability of reelection due

to what has been called the orange wave6.

As a robustness check 7, I also perform a regression explaining the difference

between the share of the vote of the winner of the 2008 elections in the 2011 and

2008 elections. If this difference is positive, the incumbent increased his/her popu-

larity from 2008 to 2011. Using a similar model as the one explaining the reelection

probability, I find that the number and the total value of projects have a significant

positive impact on the share of the vote of the incumbent (see table 3.10). The results

provide stronger evidence that the incumbent did receive an electoral benefit from

the projects as is assumed in the model. More specifically, doubling the number of

projects allocated to a district due to the downtown effect would lead to an increase of

the share of the vote 5.8 percentage point (model 3), while doubling the total amount

received by a district due to the downtown effect would lead to an increase in the

share of the vote of 2.9 percentage points (model 6). Both results are larger than the

0.21 percentage point reported in Bagues and Esteve-Volart (2011). This difference

could be due to the fact that public investments are more visible and long-lasting

than lottery wins.

3.6 Conclusion

This paper develops a model of government spending where the incumbent and not

the party in power receives electoral credit. It then finds evidence for the core district

6The New Democratic Party won many seats in the 2011 election in Quebec and ousted the Bloc
Quebecois out of many electoral districts in Quebec

7I thank Matt Webb for this suggestion
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hypothesis using data from the projects of the 2009-2011 Canada Economic Action

Plan, and shows that the number and the total value of projects undertaken within

the economic action plan had a significant impact on the reelection of the incumbent

in the 2011 election. The latter empirical finding suggests that government spending

may not only benefit the party in power, but also the district incumbent. This new

channel increases the complexity of the allocation of government spending.

Throughout this paper, I consider projects as homogeneous, but this assumption

is hardly realistic. Repairs to an aqueduct could be as expensive as repairs to arenas,

but the latter is much more visible. Different kinds of projects could serve different

purposes. Future research will focus on the differences between the kinds of projects,

their distribution and their differential impact on voting. These differences in visibility

could explain the variety of empirical results found in the literature. If certain kinds

of projects have a great impact on the electorate, third parties should allocate these

resources and not politicians to reduce pork barrel spending. The approval process

also differs across kinds of project. There is no one person who approved all projects.

Different agencies/departments were responsible for different kinds of projects, and all

their own procedures. In some cases, there was cooperation with provincial authorities

to choose projects; in other cases, NGOs competed to receive financing. If procedures

matter, the distribution of these projects will depend on the allocation process. Future

research will investigate the numerous processes for different strands of projects and

the outcomes they produced. This future research could lead to an improvement in

the efficiency of project allocation by finding procedures that minimize the impact of

pork barrel spending.



CHAPTER 3. ECONOMIC ACTION PLAN 82

3.7 Tables

Table 3.1: Transition Probability of Status
District Status (First Election)

CO SO SPP CPP
District Status (Second Election) CO 65 25 10 0

SO 25 35 30 10
SPP 10 30 35 25
CPP 0 10 25 65

Note: All numbers are probabilities.
Definitions: CO: Core Opposition, SO: Swing Opposition, SPP: Swing Party in Power, and CPP:

Core Party in Power.

Table 3.2: Upper bound of
∂E
∂B
|spp

∂E
∂B
|cpp

to ensure a distribution to core districts for different

values of π
π Upper Bound

0.1 2.34
0.2 1.87
0.3 1.60
0.4 1.43
0.5 1.30
0.6 1.21
0.7 1.14
0.8 1.08
0.9 1.03
1.0 1
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Table 3.3: Distribution of Projects per District according to the Results of the 2008
Elections

Log(Number of
Projects)

Log(Federal
Amount)

Log(Total
Value)

Sample

Core 3.68 17.36 18.27 212
Swing 3.59 17.35 18.23 96
Significance
(5%)

No No No

Conservative 3.82 17.47 18.39 166
Non-
Conservative

3.51 17.24 18.14 142

Significance
(5%)

Yes Yes Yes Yes

Note: Core districts are those where the candidate from the Conservative Party of Canada

(CPC) won or loss by more than 15% of votes. Swing districts are those where the candidate from

CPC won or loss by fewer than 15% of votes.

Table 3.4: Socio-Economic Description of Districts in 2008
Conservative Opposition Significant Difference

in Means (5%)

Population 105,060 100,568 No
Share under 19 (%) 25.8 23.2 Yes
Share over 65 (%) 13.8 13.9 No
Median Income ($) 67,670 60,900 Yes

Immigrant (%) 14.0 21.2 Yes
Aboriginal (%) 5.8 3.6 Yes

Unemployment Rate (%) 5.8 8.1 Yes
Downtown (%) 1.4 4.8 No

North (%) 4.2 4.8 No
National Capital Region (%) 1.4 3 No

Number of Districts 143 166
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Table 3.5: Allocation of Federal Money to Canadian Electoral Districts
(1) (2) (3) (4) (5)

Abs Diff Cons Best Opp -0.00199
(-0.56)

Diff Cons Best Opp 0.00549∗ 0.00424
(2.52) (1.92)

Conservative 0.303∗ 0.241∗

(2.42) (2.25)

Cabinet -0.0198 -0.171 -0.149
(-0.13) (-1.02) (-0.97)

Fewer than 5 Years Exp 0.0512 0.0201 0.0376
(0.47) (0.19) (0.36)

More than 10 Years Exp -0.172 -0.191 -0.184
(-1.06) (-1.18) (-1.14)

District Population (’000) 0.00967∗∗∗ 0.00858∗∗ 0.00885∗∗ 0.00680∗ 0.00701∗∗

(3.52) (3.08) (3.20) (2.58) (2.66)

Share Pop Below 19 -2.258 -3.762 -3.828
(-0.95) (-1.52) (-1.53)

Share Pop Above 65 4.996∗ 3.683 3.833
(2.29) (1.53) (1.62)

Median Income (’000) 0.00460 0.00295 0.00283
(0.70) (0.44) (0.43)

Share Immigrant -1.819∗∗∗ -1.588∗∗∗ -1.592∗∗∗ -1.816∗∗∗ -1.836∗∗∗

(-4.34) (-3.96) (-3.95) (-4.60) (-4.58)

Share Aboriginal 1.645∗ 1.406 1.436∗ 0.158 0.194
(2.09) (1.86) (1.98) (0.27) (0.35)

Unemployment Rate 2.585 3.635∗ 4.274∗∗ 4.299∗∗ 4.784∗∗

(1.74) (2.49) (2.74) (3.08) (3.30)

Downtown 1.855∗∗∗ 1.770∗∗∗ 1.767∗∗∗ 2.083∗∗∗ 2.084∗∗∗

(5.84) (5.78) (5.83) (9.20) (9.32)

North 1.169∗∗∗ 1.250∗∗∗ 1.238∗∗∗ 1.068∗∗∗ 1.041∗∗∗

(4.78) (5.44) (5.72) (5.22) (5.30)

Ottawa 0.267 0.353 0.368
(0.80) (1.04) (1.11)

Constant 15.94∗∗∗ 16.45∗∗∗ 16.50∗∗∗ 16.45∗∗∗ 16.50∗∗∗

(15.94) (15.55) (15.73) (50.03) (50.92)
N 307 308 307 308 307

t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
Note: all standard errors are robust. All variables are defined in the appendix.
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Table 3.6: Allocation of Projects to Canadian Electoral Districts
(1) (2) (3) (4) (5)

Abs Diff Cons Best Opp 0.00180
(0.81)

Diff Cons Best Opp 0.00812∗∗∗ 0.00746∗∗∗

(5.63) (5.85)

Conservative 0.350∗∗∗ 0.321∗∗∗

(3.82) (4.51)

Cabinet 0.0618 -0.116 -0.102
(0.68) (-1.31) (-1.05)

Fewer than 5 Years Exp 0.0103 -0.0458 -0.0571
(0.14) (-0.65) (-0.76)

More than 10 Years Exp 0.122 0.126 0.120
(1.07) (1.19) (1.12)

District Population (’000) 0.00107 0.000300 0.000196
(0.53) (0.16) (0.10)

Share Pop Below 19 0.861 -1.213 -0.665
(0.61) (-0.83) (-0.44)

Share Pop Above 65 5.828∗∗∗ 3.894∗∗ 4.125∗∗ 4.122∗∗∗ 3.966∗∗∗

(4.09) (2.82) (2.75) (4.08) (3.76)

Median Income (’000) 0.00791∗ 0.00433 0.00517
(2.08) (1.13) (1.29)

Share Immigrant -1.704∗∗∗ -1.505∗∗∗ -1.554∗∗∗ -1.424∗∗∗ -1.481∗∗∗

(-6.24) (-6.10) (-6.15) (-6.39) (-6.60)

Share Aboriginal 1.689∗ 1.311∗ 1.354∗ 0.861 0.990
(2.42) (2.18) (2.06) (1.60) (1.66)

Unemployment Rate 3.795∗∗∗ 6.102∗∗∗ 4.850∗∗∗ 5.425∗∗∗ 4.048∗∗∗

(3.77) (5.89) (4.69) (5.68) (4.24)

Downtown 1.022∗∗∗ 0.919∗∗∗ 0.946∗∗∗ 1.048∗∗∗ 1.024∗∗∗

(6.05) (5.26) (5.39) (7.55) (7.49)

North 0.250 0.361∗ 0.351 0.442∗ 0.432∗

(1.15) (1.98) (1.72) (2.48) (2.16)

Ottawa 0.231 0.340∗ 0.296 0.375∗ 0.335
(1.47) (2.12) (1.59) (2.19) (1.74)

[1em] Constant 1.848∗∗ 2.818∗∗∗ 2.564∗∗∗ 2.840∗∗∗ 2.831∗∗∗

(2.94) (4.24) (3.67) (16.87) (15.39)
N 308 307 308 308 307

t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001
Note: all standard errors are robust. All variables are defined in the appendix.
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Table 3.7: Socio-Economic Description of Downtown Districts
Non-Downtown Downtown Significant Difference

in Means (5%)

Population 102,363 110,869 No
Share under 19 (%) 24.7 16.0 Yes
Share over 65 (%) 13.8 13.6 No
Median Income ($) 64,070 62,565 No

Immigrant (%) 17.6 28.0 Yes
Aboriginal (%) 4.7 3.6 No

Unemployment Rate (%) 7.0 6.7 No
Number of Districts 298 10

Note: The variables are described in more details in the appendix.

Table 3.8: Previous Employment of Downtown Incumbents in 2011 Elections
District Party Name Life before federal politics

Quebec BQ C. Gagnon Real estate agent
Westmount-Ville-Marie Lib. M. Garneau Military, Astronaut

Ottawa Centre NDP P. Dewar Teacher, union activist
Toronto Centre Lib B. Rae Ontario premier
Trinity Spadina NDP O. Chow Municipal politician
Hamilton Centre NDP D. Christopherson Union activist
Winnipeg Centre NDP P. Martin Business manager
Calgary Centre CPC L. Richardson Political staff

Edmonton Centre CPC L. Hawn Military
Vancouver Centre Lib H. Fry Medical Doctor
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Table 3.9: Reelection of District Incumbent Party in the 2011 Elections - Linear
Probabilities

(1) (2) (3) (4) (5) (6)
OLS IV IV OLS IV IV

Log(Number Project) 0.0550 0.394∗∗∗ 0.436∗∗∗

(1.83) (3.41) (3.55)

Log(Total Amount) 0.0518∗ 0.173∗∗ 0.202∗∗∗

(2.51) (3.16) (3.66)

Conservative 0.321∗∗∗ 0.278∗∗∗ 0.323∗∗∗ 0.321∗∗∗ 0.304∗∗∗ 0.300∗∗∗

(6.37) (4.99) (6.18) (6.33) (5.82) (5.82)

Change of Party 2006 to 2008 0.133∗ 0.0955 0.143∗ 0.151∗ 0.183∗∗

(1.98) (1.23) (2.17) (2.25) (2.79)

Victory Margin 2008 0.00484∗∗∗ 0.00319 0.00513∗∗∗ 0.00518∗∗∗ 0.00519∗∗∗

(3.67) (1.96) (3.88) (3.65) (3.59)

MP Ran 0.0578 0.0896 0.0554 0.0621
(0.79) (0.92) (0.79) (0.82)

Fewer than 5 Years Exp 0.0748 0.0725 0.0720 0.0646
(1.63) (1.29) (1.58) (1.36)

More than 10 Years Exp 0.0774 0.0731 0.0896 0.116
(1.28) (0.97) (1.48) (1.70)

Privy Council 0.0448 0.0734 0.0896 0.0554 0.0909 0.130∗

(0.86) (1.17) (1.37) (1.06) (1.63) (2.22)

Quebec -0.443∗∗∗ -0.290∗∗ -0.262∗∗ -0.453∗∗∗ -0.417∗∗∗ -0.405∗∗∗

(-7.50) (-3.13) (-2.63) (-7.81) (-6.42) (-6.04)

Constant 0.181 -1.062∗ -1.040∗ -0.571 -2.796∗∗ -3.236∗∗

(1.24) (-2.37) (-2.21) (-1.49) (-2.75) (-3.16)
N 307 307 307 307 307 307
F-test First Stage 28.09 27.6 71.1 82.1

t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Note: In column 1, the logarithm of the number of project is used to explain the re-election of the district incumbent
party in a OLS regression. In columns 2 and 3, whether the district was downtown or not was used as instrument
for the number of projects. In column 4, the logarithm of the total value of projects is used in a OLS regression to
explain the dependent variable. In columns 5-6, the fact that the district or not was downtown is used as instrument
for the total value of projects. One observation was omitted, because the independent candidate who won in 2008
did not run for office in 2011. Standard errors are robust. All variables are defined in the appendix.
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Table 3.10: Changes in the Share of the Vote for the 2008 Winner Between 2008 and
2011 Elections

(1) (2) (3) (4) (5) (6)
Log(Number Project) 0.971∗ 6.443∗∗ 5.877∗∗

(1.88) (2.25) (2.00)

Log(Total Amount) 0.716∗ 2.827∗∗ 2.903∗

(1.85) (2.00) (1.99)

Conservative 08 7.823∗∗∗ 7.118∗∗∗ 7.288∗∗∗ 7.845∗∗∗ 7.542∗∗∗ 7.484∗∗∗

(8.11) (6.39) (6.82) (7.93) (7.30) (7.30)

Change 06 to 08 3.153∗∗ 2.546 3.311∗∗ 3.459∗∗ 3.494∗

(2.29) (1.63) (2.44) (2.54) (2.57)

Victory Margin 08 -0.0833∗∗∗ -0.110∗∗∗ -0.121∗∗∗ -0.0783∗∗∗ -0.0774∗∗∗ -0.0763∗∗∗

(-3.16) (-3.39) (-4.07) (-2.98) (-2.74) (-2.69)

MP Ran 4.870∗∗∗ 5.385∗∗∗ 5.127∗∗∗ 4.818∗∗∗ 4.935∗∗∗ 5.020∗∗∗

(2.70) (2.63) (2.64) (2.68) (2.62) (2.68)

Fewer than 5 Years Experience 2.114∗∗ 2.075∗∗ 2.937∗∗∗ 2.076∗∗ 1.947∗∗ 1.850∗∗

(2.54) (2.11) (3.23) (2.52) (2.31) (2.31)

More than 10 Years Experience -0.219 -0.289 -0.0478 0.419
(-0.20) (-0.23) (-0.04) (0.34)

PC ran -0.965 -0.503 -0.837 -0.217
(-1.09) (-0.47) (-0.94) (-0.21)

Quebec -9.968∗∗∗ -7.502∗∗∗ -7.925∗∗∗ -10.20∗∗∗ -9.578∗∗∗ -9.549∗∗∗

(-9.12) (-4.28) (-4.49) (-9.87) (-8.45) (-8.50)

Constant -11.60∗∗∗ -31.70∗∗∗ -29.25∗∗∗ -21.22∗∗∗ -60.08∗∗ -61.49∗

(-4.18) (-2.92) (-2.63) (-3.09) (-2.30) (-2.28)
N 307 307 307 307 307 307

t statistics in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.001

Note: These models explain the difference between the share of votes received by the candidate who won the 2008
election in the 2011 and 2008 elections. If, for example, the winner of the 2008 elections received 40 % of the vote
in 2008 and 50% of the vote in 2011, the value of the variable is 10% for this electoral district. In column 1, the
logarithm of the number of project is used to explain this difference in a OLS regression. In columns 2 and 3, whether
the district was downtown or not was used as instrument for the number of projects. In column 4, the logarithm of
the value of projects is used in an OLS regression to explain the difference in the shares of votes. In columns 5-6, the
fact that the district or not was downtown is used as instrument for the value of projects (10 mio). One observation
was omitted, because the independent candidate who won in 2008 did not run for office in 2011. Standard errors are
robust.
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3.8 Figures

Figure 3.1: Timeline of Events

-

T0: Decision Taking T1: First Election T2: Second Election

Project Completion Window
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Figure 3.2: Typical Advertisement for the Plan

Description: This advertisement was usually posted in front of construction sites to show the
type of project that was being completed.
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Figure 3.3: Kernel Density of the Log of the Number of Projects per Electoral District

Description: The kernel density shows a normal distribution.
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Figure 3.4: Kernel Density of the Log of the Amount Invested by the Federal Gov-
ernment per Electoral District

Description: The kernel density shows a normal distribution.



CHAPTER 3. ECONOMIC ACTION PLAN 93

Figure 3.5: Kernel Density of the Log of the Total Amount Invested per Electoral
District

Description: The kernel density shows a normal distribution.
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Figure 3.6: Empirical Predictions for the Amount of Pork Barrel
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Chapter 4

Deterrence through Demerit Points

4.1 Introduction

The threat of punishment makes citizens abide by the law. For drivers in countries

implementing a demerit point system, punishment for a traffic violation takes the

form of a fine and demerit points that can ultimately lead to a license revocation.

Bourgeon and Picard (2007) study theoretically this type of incentive structure, and

show that the demerit point system removes incorrigible drivers from the road and

incentivizes good drivers. Benedittini and Nicita (2009) analyze the impact of the

introduction of demerit points in Italy to find evidence of both effects. They find that

the new policy reduced the number of road accidents but only in the months following

the introduction of the scheme. Finally, Dionne et al. (2011) focus on the deterrent

impact of demerit points: they compare the average residual probability of traffic

violation of drivers with seven and nine points1 and find that a 2-point increase leads

to reduction of 20 percent in the probability of traffic violation. If drivers with seven

1In their setting as in mine, drivers accumulate demerit points.
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and nine points were the same, then this decrease would reflect the true impact of

an increase in the number of points. However, drivers with seven points are probably

safer than those with nine points. They would therefore have a lower probability of

traffic violations even without the demerit point system. Their estimate is therefore

a lower bound for the actual impact of deterrence.

The objective of this paper is to assess the deterrent impact of demerit points

on the behavior of drivers while addressing driver heterogeneity. To do so, I use

the expiration of demerit points as a variation in the number of points: two groups

of drivers have the same number of points at time “t”. Due to the timing of their

violations, one group of drivers loses points through the expiration process, while

the other group keeps the same number of points. These two ex-ante similar groups

now have a different number of demerit points at time “t+1”. By comparing the

probability of violation for both groups in “t+2”, I can assess the impact of the

number of demerit points on the probability of violation keeping the average type of

drivers constant. Using this method, I find that a decrease of 3 points leads to an

increase of 40 to 50 percent in the probability of violation for drivers with 13 and 14

points2.

By assessing the impact of deterrence for different number of demerit points, I

can verify the assumptions in Bourgeon and Picard (2007) and Dionne et al. (2011).

The former assumes that drivers do not change their behavior as they gain points,

while the latter models drivers who do. I find evidence that drivers do change their

behavior when they are close to the threshold supporting Dionne et al. (2011).

To conduct this analysis, this paper uses the administrative dataset of the Societe

d’Assurance Automobile du Quebec (SAAQ) which contains the records of almost 3

2The threshold for license revocation is 15 points.
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million drivers between 1998 and 2010. Such a large sample size is necessary for this

type of study, because the most interesting drivers are those close to the threshold,

and they tend to be relatively rare. Dionne et al. (2011), for example, only have 16

drivers (0.04% of a sample of 40 000) with 13-14 points. In comparison, this study

can rely on more than 10 000 drivers in the same range to produce reliable estimates

of the effects of demerit points on driving behavior.

4.2 Basic Model

Dionne et al. (2011) develop a model where a driver “i” maximizes a value function

with driving effort (e). An increase in the level of effort decreases the probability of

being caught (q(e)) and the instantaneous utility (φi(e)). The change in probability

is self-explanatory, but the change in instantaneous utility is less obvious. The idea

is that most violations are due to speeding, burning red lights or not stopping at a

stop sign (Tardif, 2010). All of these violations allow the offenders to arrive faster

at destination which would increase instantaneous utility. If drivers are caught, they

pay a fine, and they accumulate a demerit point (p). Abstracting from the expiration

of points, the general Bellman equation can therefore be expressed as:

Wi(p) = maxe φi(e)− q(e)fine+ q(e)βWi(p+ 1) + (1− q(e))βWi(p) (4.1)

Dionne et al. (2011) show in a continuous time setting that effort will increase as

drivers get closer to the revocation threshold.
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4.3 Data and Methodology

4.3.1 Data

To assess the magnitude of the deterrence effect of demerit points, I use the adminis-

trative dataset of the Societe d’Assurance Automobile du Quebec (SAAQ), a public

monopoly whose mission is to provide insurance protection against bodily harm for

Quebecers. In 1978, the SAAQ introduced a demerit point system, according to which

drivers accumulate points for each traffic violation (see table 4.1 for details). These

points then expire after two years. For example, if a driver is found guilty of a 2-point

offense on January 1st 2008, these two points will be removed from the driver’s file on

January 1st 2010. When a driver accumulates 7 points, the SAAQ sends a warning

letter. If a driver accumulates 15 points or more, the driving license is revoked. To

regain the right to drive, drivers must wait a certain period of time3 before they can

reapply for a license, and attempt the theory and practice exams.

The data set contains all traffic violations and license revocations from 1998 to

2010. For each traffic violation, there is a unique identifier for the driver, the number

of points lost, the date of the violation and the date of the conviction. The number of

violations per year ranged from 563 964 in 2000 to 1 035 031 in 2007. For each license

revocation, I have a unique identifier and the date of the revocation. The number

of revocations ranged from 11 107 in 2000 to 29 985 in 2009. Finally, the data also

contains some limited information on the drivers: their gender and date of birth.

3This period of time is first three months, but increases for repeat offenders
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4.3.2 Methodology

The following linear probability model provides an estimate for the deterrence of

demerit points:

Violationi = β0 + β13-point Expirationi + β2Age Dummiesi + β3Malei + ui (4.2)

• Violation is a dummy variable which takes the value 1 if a violation was com-

mitted in the two months following the month of the expiration of points and

zero otherwise

• 3-point Expiration is a dummy variable which takes the value 1 for drivers

who had 3 points expire during a given month and takes the value 0 if the driver

did not have any point expire in the same month.

• Age Dummies are created for the following age groups: 25-34, 35-44, 45-54,

55-64 and more than 65.

• Male equals 1 for male and 0 for female.

This regression is performed 11 times, each time with a sample of drivers with

the same number of demerit points. Since these drivers have the same number of

demerit points in “t”, they should be very similar in their driving ability or their cost

of exerting effort. The only difference between these drivers is that the points of some

of them expire at time “t+1”, while the points of others do not. Those whose points

expire will have fewer points than those whose points do not expire in the “t+2”. I

can then use the variation in the number of points to explain the probability of being
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caught for a violation following the expiration (see figure 4.1 for the time line). If

this variation were exogenous, I could attribute any difference in the probability of

violation to the variation in points. Unfortunately, the expiration of points is not

random. The points accumulated in the past were a result of the behavior of the

drivers. However, since the sample is restricted to drivers with the same number of

points, the timing of the previous violations could be random.

Table 4.2 shows very little difference between drivers whose points expired and

those whose points did not expire. Overall, drivers whose points expire have a higher

probability of being male when the number of demerit points is below 10. Even though

these differences are sometimes statistically significant, the magnitude of these differ-

ences is generally small suggesting that there is no important observable difference

between both groups. Table 4.2 also shows the probability of violation for both

groups. At 14 points, the probability of violation for drivers whose points expired is

60% higher than those whose points do not expire.

Drivers whose points expire and those whose points do not expire could be different

for a non-observable reason: seasonality. Consider, for example, drivers who always

go on a long car trip in July. Every year, their probability of a traffic violation is

much higher in July, because they are on the road. Moreover, their probability of

having points expire in July is also much higher due to the same behavior two years

ago. I would therefore observe points expiring in July and violations, but the former

would not cause the latter. Instead, they are both caused by a third event: the

nice weather. Such a phenomenon is, however, unlikely to affect the results. First,

points expire two years after the driver was convicted of the violation, and not two

years after the violation was committed. On average, the delay between violation
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and conviction is two months, making the spurious relationship unlikely. Second,

such a spurious relationship would affect drivers at all number of points. If there is

a significant relationship between the expiration of points and the probability of a

violation at a certain number of points, and not at another, it is unlikely that the

significant relationship is due to seasonality.

Data limitations could also affect the results. Since the dataset only contains

violations, it is impossible to say whether a lack of violations is necessarily due to

good behavior. As the SAAQ is a monopoly in Quebec, drivers must emigrate from

the province to avoid its scrutiny. In 2008, only about 25 000 people left Quebec

for another province (Statistics Canada, 2011). This number is small, and there

is no reason to believe that the number of demerit points was correlated with the

emigration decision. The impact of emigration on the results is probably negligible.

The lack of data on the status of drivers not only reduces the information on

present driving, it also affects the information on past driving. While a certain share

of the drivers whose points did not expire may not have been driving two years ago,

all drivers whose points expired necessarily drove two years ago. The two groups

could differ in their driving experience. Since more experienced drivers are probably

less likely to commit violations, I would find that drivers whose points expire tend

to drive more carefully and thus understate the actual magnitude of deterrence. To

mitigate this potential problem, I exclude all drivers who lost their license between

2006 and 2010 from the analysis, because I do not know when they regained their

license. I also remove all drivers aged between 16 and 24 in 2010 from the sample,

because I do not know when they first received their license.
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I further restrict the sample to drivers who had no point expire during a given

month and drivers who had three points expire. The 3-point violation is the most

common one and has a certain saliency for the driver. This type of violation therefore

provides a large enough sample and is more likely to affect behavior.

As mentioned above, the regression is only conducted with drivers who have the

same number of points. By separating drivers, I can determine the deterrent impact at

each number of points. One would expect the coefficient β1 to be larger for drivers with

many points than for drivers with few points, because points probably matter more

for the former than for the latter. This relationship between the magnitude of the

coefficient and the number of points will shed some light on the positive relationship

between driving effort and the number of points. If effort is constant across the

number of points (β1 is constant), the results will validate the assumptions from

Bourgeon and Picard (2007). In their setting, safe drivers drive safely even when

they have no demerit point, and bad drivers are not deterred by demerit points. If

effort increases as the number of points increases, the assumptions behind Dionne et

al. (2011) are verified.

To increase the precision of the estimates, I pool reference dates.4 I calculate

the number of points on January 1st, April 1st, July 1st and October 1st 2010. I,

then, identify drivers whose points expired and those whose points did not during the

remaining part of the month. Finally, I observe whether drivers committed violations

in the two following months5. I pool the observations together, and perform regression

(1) for each number of demerit points. To account for the fact that one driver may

4The results are very similar for each reference date.
5In the first case, I calculate the number of points on January 1st 2010. Then, I determine

whether a driver was convicted of a violation in January 2008. Finally, I observe whether the driver
had a traffic violation in February or March 2010.
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have the same number of points for more than one reference date, I use random

effects.

4.4 Results and Discussion

The relationship between the number of points at time “t” and the probability of vio-

lation for the following two months provides some preliminary evidence of deterrence.

Without any deterrence, this function should be increasing: the worst drivers accu-

mulate the most points, and they have the highest propensity to commit violations.

With deterrence, drivers tend to be more careful as they approach the limit which

reduces their propensity to commit violations. If the deterrence effect is stronger

than the self-selection, there could be a decrease in the probability of violation in the

neighborhood of the limit as suggested by Abbring et al. (2003). Figure 4.2 shows

a positive relationship between the number of points and the probability of violation

up to eight points. Afterwards, the probability of violation decreases slowly. This

graphic would speak for some deterrence starting at 9 points.

The regression results reported in table 4.3 provide more precise evidence on the

magnitude of deterrence. The coefficient on the expiration of point is positive and

significant in the 9 to 14 points range suggesting that when the number of points

decreases, drivers in that range drive less carefully. These significant coefficients

support the evidence from figure 4.2 that deterrence starts at 9 points. For drivers

with 14 demerit points, a 3-point reduction leads to an increase in the probability of

violation of 2.34 percentage point which represents a 40 percent increase with respect

to the 5.69 percent baseline. For drivers with 13 demerit points, a 3-point reduction

increases the probability of violation by 56.7 percent.
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Overall, these results support the model from Dionne et al. (2011): the behavior of

drivers improve as they accumulate demerit points. However, this change in behavior

can only be noticed between 9 and 14 points. For drivers with fewer than 9 points, the

improvement is either so small that it is impossible to capture or the value function

linking the number of points to effort is flat below 9 points. The warning letter

sent by the SAAQ at 7 points could explain the change in behavior at 9 points. A

driver with 6 points accumulating 3 points would receive the letter, and begin to

drive more cautiously. Drivers with fewer than 7 points may simply not be aware

of their total number of points and therefore not change their behavior significantly

when points expire. These results also show that Dionne et al. (2011) underestimate

the impact of deterrence, which is closer to 40 percent for drivers with a high number

of demerit points. Even this assessment is probably conservative. As mentioned

previously, drivers can delay the conviction and plead guilty once some demerit points

have expired. Such a strategy makes it possible to avoid revocation and limits the

deterrence impact of demerit points in Quebec.

4.5 Tables

Table 4.1: Points for Each Violation
Speeding by 11 to 20 km/h 1
Speeding by 21 to 30 km/h 2
Speeding by 31 to 45 km/h 3 or more
Speeding by more than 45 km/h 4 or more
Burning a red light 3
Not stopping at a stop sign 3
Not wearing a seat belt 3

Description: The number of points in the two last categories depend on the speed limit where the
driver speeded. For example, a driver speeding by 42 km/h in a 50 km/h zone will have 6 points

added to her file.
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Table 4.2: Descriptive Statistics
Points No Expiration 3-pt Expiration

Male Age Viol. Prob. Male Age Viol. Prob.

4 68.0 45.2 6.38 71.8∗∗∗ 45.4 6.36
5 71.3 44.4 6.74 71.5 44.6∗∗ 6.26∗∗

6 74.0 44.3 7.20 75.4∗∗∗ 44.3 6.95
7 76.1 43.2 8.63 77.8∗∗ 43.4 9.08
8 77.9 42.7 8.99 79.2∗∗ 42.8 8.77
9 75.8 44.1 7.42 80.3∗∗∗ 42.8∗∗∗ 8.82∗∗∗

10 81.1 41.7 7.63 81.6 41.3 11.33∗∗∗

11 82.5 41.4 9.23 83.5 41.5 10.92∗∗∗

12 82.0 41.4 6.96 82.8 41.7 9.01∗∗∗

13 84.3 40.1 6.41 83.4 40.6 10.51∗∗∗

14 86.6 39.3 5.69 86.5 40.5∗∗∗ 9.14∗∗∗

Description: These descriptive statistics show averages for drivers who will not lose any point and
drivers who will lose three points due to the expiration process by number of demerit points. The
variable male shows the proportion of males in percentage. The variable age shows the average age
for each group. Finally, the variable viol. prob. shows the probability of a traffic violation in the
two months following the expiration of points. Significance levels: * (10 percent), ** (5 percent)
and *** (1 percent)
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Table 4.3: Impact of Expiration Three Points on the Probability of a Violation in the
Following Two Months

Demerit Points Coefficient on Expiration S.E. Sample

4 0.0053 0.0471 245 896
5 -0.0013 0.0021 350 236
6 0.0004 0.0020 258 673
7 0.0062 0.0044 93 798
8 -0.0030 0.0035 98 742
9 0.0094∗∗∗ 0.0036 79 586
10 0.0323∗∗∗ 0.0056 43 836
11 0.0146∗∗ 0.0058 29 972
12 0.0164∗∗∗ 0.0063 20 188
13 0.0364∗∗∗ 0.0082 11 023
14 0.0233∗∗ 0.0092 8 518

Description: These numbers are the coefficients on the dummy variable “expiration” in a linear
probability model explaining the occurrence of traffic violation (=1) in the two months following

the expiration of 3 points. The sample consists of drivers with the same number of demerit points
at time “t”. Some of these drivers lost points through the expiration process in period “t+1”.

Only drivers who lost zero or 3 points are included in the regression. The dependent variable is
whether drivers committed a traffic violation in the two months following the expiration of points.
I use four such sequences. Since one driver may have the same number of points in more than one

sequence, I use random effects. All regressions include the following control variables: age and
gender of the driver. Significance levels: * (10 percent), ** (5 percent) and *** (1 percent).
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4.6 Figures

Figure 4.1: Timing of Expiration Procedure

-

t− 24 t− 23 t+ 1 t+ 3t

Violations Considered

Reference Date

Month of ExpirationExpiring Violations
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Figure 4.2: Probability of Violations by the Number of Demerit Points

Description: This figure shows the probability of committing a traffic violation for each number of
demerit points of drivers. The sample was restricted to drivers aged above 25 whose drivers’ license
was not revoked between 2007 and 2010.



Chapter 5

Income Tax Credit for Public

Transit

5.1 Introduction

Car drivers cause harm to others by polluting the air and congesting the road system.

In the presence of negative externalities, the role of the social planner is to make

agents internalize these cost. One method to do so is to transform the social benefit

associated with public transit into a private benefit. With this objective in mind,

the Canadian government introduced a non-refundable tax credit for public transit in

2006. This credit allows Canadians to deduct 15 percent of their yearly cost1 for public

transit from their income tax burden. Tax-payers claiming this credit can therefore

reduce their income tax burden by about $100 on average2. Through this reduction in

1Only the cost of monthly or yearly passes can be deducted.
2Canada Revenue Agency.
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the private cost of public transit, the government aimed to increase ridership3 taking

advantage of the positive elasticity of demand for public transit (e.g. Graham, Trotte

and Anderson, 2009 or Litman, 2004).

This paper studies the effectiveness of this tax measure on public transit use in

major Canadian cities, and finds that the policy had no impact on the number of pub-

lic transit trips within major Canadian cities (Montreal, Ottawa, Toronto, Winnipeg,

Edmonton and Vancouver). The policy did, however, have an impact on the number

of monthly passes sold. There is some evidence in Montreal, Toronto, Winnipeg and

Edmonton that the policy encouraged commuters to purchase a monthly pass instead

of tickets, because monthly passes were eligible for this tax credit, and tickets, not.

Finally, this paper also documents the use of the tax credit for different income

groups. First, as it is a non-refundable tax credit, only individuals paying income tax

can benefit from this policy. These individuals are on average wealthier than those

not paying any income tax. Second, I show that individuals with modest incomes

but paying income tax do not seem to use the tax credit as much as those with high-

incomes. For example, the average tax payers with high incomes ($90 000 to $100

000) received 40 percent more from this tax credit than did tax payers with modest

incomes ($25 000 and $30 000). This difference may be rooted in differences in use

or may be the result of greater awareness on the part of high-income individuals. It

is however important to keep in mind that richer households did pay a larger share

of income tax than the share they received from this tax credit.

3From the 2006 budget: “This incentive to use public transit will help ease traffic congestion and
improve the environment.”
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5.2 Literature Review

The purpose of a tax credit on public transit is to reduce the cost of public transit

to induce usage. Empirical evidence does suggest that demand for public transit is

sensitive to changes in fares. In a meta-study, Finance Canada (2012) finds a median

elasticity of -0.40. Graham, Trotte and Anderson (2009) summarize the research in

this field with the three following stylized facts. First, rural areas tend to have a higher

elasticity than urban areas. Second, discretionary users tend to be more responsive

to fare prices than daily commuters. Third, the price-elasticity will depend on the

type of public transit. Rail transit, for example, tends to be used by higher-income

individuals who may not be very responsive to changes in fares (Pratt, 1999).

Methodology represents an important challenge in this literature. Researchers

generally explain variations across time in the number of passengers using variations

in fare and interpret the coefficient as a causal estimate. This interpretation is faulty,

because the fare is not exogenously determined. Transit corporations could, for ex-

ample, choose a fare at which they can recover a certain proportion of their cost. If

the number of passengers decreases, they may be forced to increase the fare. In such

an environment, it is difficult to determine the direction of causality: do variations

in fare cause variations in ridership or conversely do variations in ridership cause

variations in fare? Changes in policies like the introduction of the tax credit make it

possible to identify the direction of the causality channel.
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5.3 Tax Credit for Transit

The Public Transit Tax Credit was announced on May 2nd 2006 in the federal budget,

and introduced on July 1st 2006. It allows commuters to reduce their tax burden by

deducting 15 percent of the total eligible cost for public transit incurred by themselves

or by a family member. For example, if a person paid $1200 per year for transit, this

person could reduce his or her income tax by $180 assuming that the income tax due

was above $180. Only monthly or annual passes are eligible for this tax credit4.

This tax credit was well publicized from the onset. A website explains the rationale

behind the credit and the amount that can be claimed by tax payers5. In 2008, 1.5

million tax payers took advantage of the tax credit and claimed $1.1 billion (Revenue

Canada, 2012) in transit cost. Since the tax credit reimburses only 15% of total cost,

the cost of this tax credit was $135 million in 2008 in foregone tax revenues (Finance

Canada, 2012)6. To give some context to this amount, it represents about 3 percent

of the cost incurred by the six major public transit operator7.

5.4 Data and Methodology

The tax credit for transit could affect commuters through two channels. First, the

change in relative cost between car and public transport could induce car-commuters

to take public transportation8, which would lead to one extra monthly pass and about

4As of 2007, weekly passes used consecutively were also eligible.
5This information was advertised on the following website: http://www.transitpass.ca/ which is

no longer in use.
6Some tax-payers may not owe enough income tax to make full-use of the 15%.
7Total cost for the six cities in the sample in 2012 was close to $5 billion.
8It could also induce people who walk, bicycle or car-pool to work, even though these people do

not cause negative externalities.
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40 or more trips per month assuming one return trip to work per day for 4 weeks.

If this channel is important, we should observe a large increase in the number of

trips done with public transportation, but a small increase in the number of monthly

passes. Second, the change in relative cost between monthly passes and tickets could

induce ticket-users to buy a monthly pass. These new pass holders may not use

public transport significantly more often, but they will contribute to an increase

in the number of monthly passes sold. If this second channel is relevant, we would

observe no substantial increase in ridership, but an increase in the number of monthly

passes sold.

It is impossible to determine precisely the size of both channels, but it is possible

to guess their relative importance. If there is a large increase in ridership, and a

small increase in the number of passes, the first channel is probably relatively larger.

Conversely, if there is a small increase in ridership, and a large increase in the number

of passes, the second channel is probably more important.

To study the impact of the policy, I would ideally need a counter-factual: what

would have happened in a city had the policy not been introduced. Unfortunately,

this policy was implemented in all Canadian cities. Transit systems in American

cities could act as counter-factual, but they probably do not have the same shocks

as the ones facing Canadian transit systems. Instead, I consider six major Canadian

cities: Montreal, Ottawa, Toronto, Winnipeg, Edmonton and Vancouver9. If some

effect can be observed in all these cities, it is probably due to the policy change. More

specifically, if the policy had an impact on ridership or on the number of monthly

passes sold, there wil have been a jump in usage in the months following July 2006.

Unfortunately, it is impossible to simply use ridership and the number of monthly

9The city of Calgary could not provide monthly data.
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passes sold to determine the success of the policy for two reasons: non-stationarity

and seasonality. Non-stationarity exists when a certain variable has an upward trend.

Both the number of trips and the number of passes sold have an upward trend, because

population tends to increase. When conducting regression analysis on non-stationary

series, significant results may be spurious, because the estimates of standard errors

are incorrect (MacKinnon and Davidson, 2004). Seasonality is present when the value

of a variable varies according to the season. Such a phenomenon is present in the

use of public transit. There is, for example, generally less usage in summer when

commuters are on vacation.

To address both issues, I transform both dependent variables (ridership and num-

ber of passes) into a 12-month difference. In other words, the value of a variable in

February 2010 is no longer its value in February 2010 but the difference between its

value in February 2010 and its value in February 2009. This transformed variable is

stationary10, because the variation has no trend. Furthermore, there is no seasonal

effect, because any seasonal effect that would have affected February 2010 would also

have affected February 2009.

When using a 12-month difference, the policy no longer creates a permanent jump

in the variable, but it leads to a temporary increase for the year following the policy

change. If the months in the year following the policy change have on average a

greater increase in usage than months outside of this interval, it is possible to say

that the policy had a positive impact on the number of trips or monthly passes sold.

This effect can be captured by a dummy variable which takes the value of 1 for the 12-

month period following the introduction of the policy and 0 otherwise. To determine

10Assuming a constant geometric growth rate, there would be a small upward trend over a long
period, but within the 16 years of interest, no trend is noticed.
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the magnitude of the change, I conduct the following regression:

yt = β0 + β1Tax Credit Dummyt + β2Lag Operatorst

+ β3Fuel Variationt + β4Fare Variationt + β5Eventst + ut (5.1)

• Tax Credit Dummy is a dummy which equals “1” for the 12-month period

following the introduction of the policy.

• Lag Operators is the value of the dependent variable for the previous period.

• Fuel Variation is the 12-month variation in the price of fuel.

• Fare Variation is the 12-month variation in the fare prices (monthly pass).

• Events represents dummy variables to control for major events that may have

affected transit usage in a specific city.

Lag operators capture the fact that commuters change their behavior gradually.

If there is a short-term trend, it will be captured by the lag. Variations in fuel prices

represent the relative cost of taking a car and should be positively correlated with

both dependent variables. Fuel prices are taken for Toronto West, because it is the
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most current measure on gas prices11. Even though, the prices are different across

the cities, the 12-month variation are highly correlated across the major cities. Fare

variations capture the cost of taking public transportation and should be negatively

correlated with both dependent variables. The fare taken is the monthly pass for each

of the six transport corporations. Finally, important events may also affect the use

of public transport. Strikes, for example, would reduce usage, and major events like

the Olympics would increase it.

These regressions are conducted using ordinary least square. The relatively small

sample size (n < 200) and the large number of explanatory variables makes it im-

possible to use more sophisticated tools like ARIMA. Preliminary analysis has shown

the absence of a moving-average component making ordinary least square with lags

suitable for this analysis.

The exact choice of the model is guided by the data. I first perform the regression

with all explanatory variables. I then remove variables that were not significant at

the 10% level to check if the coefficient found on the tax credit dummy is robust to

this new specification. When a lag is significant at the 10% level, I always keep all

previous lags.

11Data available from the Ontario Department of Energy.
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5.5 Impact of Tax Credit on Usage in Different

Cities

5.5.1 Montreal

Figure 5.1 shows the 12-month variations in the number of trips done using the Societe

des Transports de Montreal (STM). There is no graphical evidence of the impact of

the policy (area between the two red lines). Other events might have influenced

ridership and the number of monthly passes sold. The extension of the subway to

Laval, for example, could have increased ridership. Conversely, the November 2003

strike is probably responsible for the fall in ridership at the end of 2003.

Figure 5.2 indicates a slight increase in the number of passes sold in Montreal

following the introduction of the policy (first vertical line). The drop at the end of

1998 is probably due to the introduction of the CAM hebdo, which is a weekly pass

that might have been purchased by some users instead of the monthly pass. This

weekly pass is not included in the data, because it was not eligible for the tax credit

when it was introduced. The spike in 2002 corresponds to the introduction of the

“Carte Privilege”, which allowed students aged 18 to 25 to buy a monthly pass at a

reduced price. Previously, users aged above 18 would have had to buy the monthly

pass at the regular price, so many of them probably preferred buying tickets.

Table 5.1 provides the regression results for both variables. The regressions take

into effect the different events mentioned in the two previous paragraphs. We fail to

reject the null hypothesis that the policy had no impact on ridership. However, there

is some evidence (p=0.04 in model 4 of table 5.4) that the tax credit may have led to

an increase in the number of monthly passes sold. The variation of fuel prices seems
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to have a positive impact on ridership, but no impact on the number of passes sold.

5.5.2 Ottawa

The time span of figures 5.3 and 5.4 is restricted to the period before 2009 to avoid

problems related with the very long strike endured by commuters of OC-Transpo

between December 10th 2008 and February 10th 2009. This strike encouraged com-

muters to abandon public transport in the following years.

Figure 5.3 shows the 12-month variations in the number of trips done using OC-

Transpo in Ottawa. As in the case of Montreal, there is no evidence that the number

of trips increases as a result of the policy. Figure 5.4 reports the 12-month variations

for the number of passes sold. There is some weak visual evidence that the policy

would have increased the number of monthly passes.

The regression results provided in table 5.2 show that the policy did not have any

significant impact on either the number of trips or the number of passes sold. As in

the case of Montreal, fuel variation has a positive impact on the number of trips, and

fare variation has no impact on the number of trips or the number of passes sold.

5.5.3 Toronto

Figure 5.5 shows the 12-month variation in the number of trips undertaken using the

TTC. One striking element is the presence of regular spikes (January and December

every 6 years) that either go up (January 2001 and 2007) or down (December 2001 and

2007). These spikes are the result of accounting practices. Since the TTC financial

year must end on Saturday, December 2001 included the first five days of 2002, while

December 2000 did not include the last days of 2000. These spikes do not reflect any
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actual increase in usage. To make sure that these events do not affect the results, I

use a dummy for both positive and negative spikes. The student discount introduced

in September 2010 may also have increased ridership independently of the tax credit.

If we abstract from this accounting anomaly and the student discount, figure 5.5

does not provide any visual evidence that the policy marked by the two vertical lines

created a plateau.

Graphic 5.6, however, provides some evidence of a plateau following the introduc-

tion of the policy. This evidence would suggest that the number of monthly passes

sold in the year following the introduction of the policy increased the number of users

purchasing monthly passes.

For both the number of trips and the number of passes, I include dummies to

capture the specific accounting practices of the TTC and the fact that a student

discount was introduced in September 2010. Table 5.3 shows that the tax dummy

has no significant explanatory power when explaining the number of trips, but does

have significant explanatory power when explaining the number of monthly passes

sold. The price of fuel has the expected impact of increasing the number of trips and

the number of passes sold. Contrary to results in Montreal and Ottawa, an increase

in fare, has a significant impact on the number of trips and in the number of monthly

passes sold.

5.5.4 Winnipeg

While figure 5.7 shows no distinguishable impact of the policy on the number of

trips, figure 5.8 does show an increase in the number of passes sold following the

introduction of the policy.
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The regression results in table 5.4 confirm these findings. The introduction of

the tax credit had no significant impact on the number of trips, but did increase the

number of monthly passes sold. Similarly to Montreal, variations in fuel only has an

impact on ridership, while variations in fare has no significant impact.

5.5.5 Edmonton

The city of Edmonton could only provide data for the number of trips starting in

2005 and on the number of passes starting in 2000. For this reason, figures 5.9 and

5.10 cover a smaller span than the previous ones. While figure 5.9 shows no impact

of the policy on the number of trips, figure 5.10 does show a plateau following the

introduction of the policy, suggesting that the policy led to an increase in the number

of monthly passes sold.

Table 5.5 shows that the tax credit dummy had no significant impact on the

number of trips, but did have one on the number of passes sold.

5.5.6 Vancouver

Translink, the organization responsible for the public transit in Vancouver, could only

provide monthly data for the number of trips. Two events had a major impact on

ridership: the 2001 strike and the 2010 Olympic games. As in the previous cases,

figure 5.11 shows no impact following the introduction of the policy.

The regression results in table 5.6 provide a similar picture. The coefficient on

the tax credit dummy is not significant in both specifications.
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5.6 Redistributive Impact

Not only could this tax credit impact ridership, it could also redistribute income. By

definition, a non-refundable tax credit can only be used by people who pay income

tax. The poorest segment of the population therefore cannot benefit from this tax

credit. Table 5.7 shows the average credit received for different income groups. Not

surprisingly, the average credit per return is fairly low for individuals with incomes be-

tween $20 000 and $25 000 ($5.99). Many of these individuals do not pay any income

tax and would therefore not claim a tax credit. Individuals with incomes between

$90 000 and $100 000 have a higher probability of paying income tax. It is therefore

not surprising that they receive on average 88.1 percent more than individuals with

incomes between $20 000 and $25 000.

When we consider the average credit per taxable return, the difference between

the average credit received by different income groups should disappear. However,

individuals paying income tax with an income between $90 000 and $100 000 still

receive on average 44.7 percent more from this tax credit than those individuals

paying income tax and earning incomes between $20 000 and $25 000. The difference

may stem from a difference in usage across income groups. Even though Munro (2007)

shows that that the probability that at least one person in the household uses public

transit is similar across different income groups, there could still be some variation in

the intensity of use and thus affect the amount claimed. Variations could also be due

in difference in awareness. Wealthier households may be better informed and thus

more able to take advantage of these tax credits.

Even though richer households claim more than poorer households, the share of

the total claimed by richer household is smaller than the share of income tax paid by
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these households as shown in table 5.8 making the tax credit progressive.

5.7 Discussion

This paper cannot reject the hypothesis that this tax credit for public transit has

no impact on ridership. Its only noticeable impact is to induce commuters to buy

monthly passes instead of tickets. Moreover, this tax credit benefits more richer

households than poorer ones even if we only consider individuals who paid income

tax.

There is therefore no economic justification for this tax credit especially consid-

ering the compliance cost associated with tax credits. Its justification, however, may

be political. Most Canadians fill out a tax return and see this tax credit every year,

making it very visible for voters. Many of them will remember which party intro-

duced this tax credit and may give them some political credit for it. Much research

has studied the role of government spending on elections, but very little attention has

been devoted to the role of tax credits to sway the electorate. With the introduction

of tax credits for childrens arts, children fitness, adult fitness and search and rescue

volunteers, more attention needs to be devoted to their impact on voting behavior.

5.8 Tables
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Table 5.1: 12-month Difference in Trips and Passes Sold in Montreal

(1) (2) (3) (4)
Trips Passes

Tax Credit Dummy -38.52 77.03 2693.8∗∗ 2406.9∗∗

(0.812) (0.586) (0.018) (0.036)

First Lag Trips -0.0823 -0.0737
(0.269) (0.400)

Second Lag Trips 0.111∗ 0.132∗

(0.087) (0.052)

Third Lag Trips 0.307∗∗∗ 0.346∗∗∗

(0.000) (0.000)

Fuel Variation 11.87∗∗ 14.68∗∗∗ 40.14 38.01
(0.014) (0.006) (0.149) (0.166)

Fare Variation -86.30 -306.8
(0.210) (0.403)

Dummy Privilege 342.7∗∗ 395.1∗∗∗ 7597.6∗∗∗ 7771.4∗∗∗

(0.012) (0.004) (0.000) (0.000)

Dummy Lavall 347.3 -1330.5
(0.255) (0.234)

Dummy CAM Hebdo -344.6 -16938.9∗∗∗ -16393.0∗∗∗

(0.315) (0.000) (0.000)

Strike Actual -2558.0 -2675.9
(0.148) (0.273)

First Lag Pass 0.403∗∗∗ 0.410∗∗∗

(0.000) (0.000)

Second Lag Pass 0.138∗∗ 0.140∗∗

(0.047) (0.039)

Constant 341.1∗∗ 128.7 2048.7∗∗ 1362.5∗∗

(0.028) (0.196) (0.031) (0.020)
N 189 189 189 189
R2 0.307 0.192 0.827 0.825

Robust p-values in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table 5.2: 12-month Difference in Trips and Passes Sold in Ottawa

(1) (2) (3) (4)
Trips Passes

Tax Credit Dummy 11.17 26.24 352.3 504.0
(0.895) (0.489) (0.648) (0.301)

First Lag Trips 0.00864 0.00857
(0.919) (0.919)

Second Lag Trips 0.0629 0.0627
(0.306) (0.307)

Fuel Variation 5.125∗∗ 5.207∗∗∗ -9.067
(0.012) (0.003) (0.657)

Fare Variation 2.997 1.993
(0.833) (0.987)

O-train 2.630 -815.9∗ -539.5
(0.956) (0.085) (0.143)

First Lag Pass 0.476∗∗∗ 0.682∗∗∗

(0.000) (0.000)

Second Lag Pass 0.174
(0.148)

Third Lag Pass 0.130
(0.244)

Constant 171.6∗∗∗ 175.5∗∗∗ 956.0∗∗ 1259.9∗∗∗

(0.000) (0.000) (0.047) (0.004)
N 131 131 104 106
R2 0.081 0.081 0.526 0.487

Robust p-values in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table 5.3: 12-month Difference in Trips and Passes Sold in Toronto

(1) (2) (3) (4)
Trips Passes

Dummy Tax Credit 387.5 353.5 6319.0∗∗∗ 6137.9∗∗∗

(0.170) (0.215) (0.001) (0.001)

First Lag Trips 0.166∗∗∗ 0.171∗∗∗

(0.001) (0.000)

Second Lag Trips 0.112∗∗ 0.117∗∗∗

(0.010) (0.009)

Third Lag Trips 0.121∗∗ 0.125∗∗

(0.019) (0.016)

Fuel Variation 16.35∗∗ 19.11∗∗∗ 98.80∗∗∗ 100.4∗∗∗

(0.014) (0.002) (0.000) (0.000)

Fare Variation -65.07∗∗∗ -64.51∗∗∗ -196.9∗∗∗ -204.5∗∗∗

(0.002) (0.003) (0.005) (0.004)

Dummy Student 462.8 499.6
(0.124) (0.770)

First Lag Pass 0.659∗∗∗ 0.662∗∗∗

(0.000) (0.000)

Second Lag Pass 0.149 0.182∗∗

(0.126) (0.017)

Third Lag Pass 0.0312
(0.690)

Constant 443.3∗∗∗ 453.2∗∗∗ 1666.6∗∗∗ 1638.4∗∗∗

(0.002) (0.001) (0.000) (0.000)
N 189 189 189 190
R2 0.620 0.617 0.928 0.928

Robust p-values in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table 5.4: 12-month Difference in Trips and Passes Sold in Winnipeg

(1) (2) (3) (4)
Trips Passes

Tax Credit Dummy 12.29 12.29 415.5∗∗∗ 342.2∗∗∗

(0.665) (0.665) (0.000) (0.000)

First Lag Trips -0.0227 -0.0227
(0.760) (0.760)

Second Lag Trips 0.0753 0.0753
(0.161) (0.161)

Third Lag Trips 0.404∗∗∗ 0.404∗∗∗

(0.000) (0.000)

Fuel Variation 2.385∗∗∗ 2.385∗∗∗ 3.481∗ 2.908
(0.001) (0.001) (0.100) (0.146)

Fare Variation -65.38
(0.314)

First Lag Pass 0.687∗∗∗ 0.659∗∗∗

(0.000) (0.000)

Second Lag Pass 0.233∗ 0.215
(0.075) (0.101)

Third Lag Pass -0.0969
(0.272)

Constant 15.14 15.14 176.2 53.84
(0.151) (0.151) (0.149) (0.204)

N 195 195 189 190
R2 0.254 0.254 0.881 0.886

Robust p-values in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table 5.5: 12-month Difference in Trips and Passes Sold in Edmonton

(1) (2) (3)
dep var edm dep var edm carte var edm

Tax Credit Dummy 4.976 -50.67 1265.2∗∗

(0.947) (0.378) (0.012)

First Lag Trips 0.172 0.203
(0.247) (0.187)

Second Lag Trips 0.303∗ 0.328∗∗

(0.067) (0.039)

Third Lag Trips -0.151 -0.148
(0.126) (0.138)

Fuel Variation 3.134 2.407 25.47∗∗∗

(0.140) (0.149) (0.005)

Fare Variation 11.97 -77.43
(0.330) (0.149)

First Lag Pass 0.335∗∗∗

(0.003)

Second Lag Pass 0.248∗

(0.058)

Third Lag Pass 0.281∗∗∗

(0.004)

Constant 167.2∗∗∗ 205.6∗∗∗ 184.8∗

(0.005) (0.001) (0.099)
N 81 81 129
R2 0.242 0.229 0.851

Robust p-values in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table 5.6: 12-month Difference in Trips in Vancouver

(1) (2)
Trips

Tax Dummy -256.8 -287.8
(0.320) (0.264)

First Lag Trips 0.165∗∗∗ 0.168∗∗∗

(0.003) (0.003)

Second Lag Trips -0.0567 -0.0576
(0.248) (0.261)

Third Lag Trips 0.0862∗∗ 0.0862∗∗

(0.043) (0.047)

Fourth Lag Trips -0.00328 -0.00376
(0.934) (0.925)

Fifth Lag Trips 0.0805∗∗∗ 0.0844∗∗∗

(0.005) (0.002)

Fuel Variation 6.263
(0.388)

Fare Variation -61.91∗∗ -55.56∗∗

(0.025) (0.037)

Dummy Strike -13899.9∗∗∗ -13920.2∗∗∗

(0.000) (0.000)

Dummy Strike 12m 12034.9∗∗∗ 11954.2∗∗∗

(0.000) (0.000)

Olympics 10689.6∗∗∗ 10746.1∗∗∗

(0.000) (0.000)

Olympics 12m -11346.2∗∗∗ -11300.6∗∗∗

(0.000) (0.000)

Constant 840.9∗∗∗ 858.7∗∗∗

(0.000) (0.000)
N 141 141
R2 0.938 0.937

Robust p-values in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table 5.7: Average Amount Received by Tax Filers by Income Groups in 2009
Income Range Avg Credit per Return ($) Avg Credit per Taxable Return ($)

20 to 25k 5.99 7.80
25 to 30k 7.08 7.88
30 to 35k 7.45 7.84
35 to 40k 8.05 8.30
40 to 45k 8.35 8.51
45 to 50k 8.99 9.11
50 to 55k 9.36 9.46
55 to 60k 9.65 9.73
60 to 70k 9.62 9.67
70 to 80k 10.00 10.03
80 to 90k 10.27 10.29
90 to 100k 11.27 11.29
100 to 150k 11.03 11.06
150 to 250k 8.90 8.93

More than 250k 6.34 6.35
Note: A return is defined as a person filing his/her income tax independently of whether

they paid any income tax during the year. A taxable return is defined as a person who

has filed and paid income tax during the year. The numbers come from the calculations

of the author based on numbers from the Canada Revenue Agency available at this link:

http://www.cra-arc.gc.ca/gncy/stts/gb09/pst/fnl/html/tbl2-eng.html
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Table 5.8: Average Amount Received by Tax Filers by Income Groups in 2009
Income Range Share of credit claimed (%) Share of total income tax paid ($)

20 to 25k 6.95 1.25
25 to 30k 7.06 1.99
30 to 35k 7.17 2.80
35 to 40k 7.25 3.46
40 to 45k 6.77 3.96
45 to 50k 6.08 4.09
50 to 55k 5.41 4.22
55 to 60k 4.70 4.20
60 to 70k 7.52 8.29
70 to 80k 5.78 7.71
80 to 90k 4.36 6.90
90 to 100k 3.20 5.46
100 to 150k 6.11 14.84
150 to 250k 1.87 10.29

More than 250k 0.69 19.67
Note: The share of credit claimed is the ratio between the amount an income group

claimed and the total amount claimed. The share of total income tax paid is the ratio

between the income tax paid by an income group and the total income tax paid. The

sum of the shares does not sum to 100, because the category 0 to 20 was omitted.

The raw data used for these calculations can be found at this link: http://www.cra-

arc.gc.ca/gncy/stts/gb09/pst/fnl/html/tbl2-eng.html
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5.9 Figures

Figure 5.1: 12-month Variation in the Number of Trips in Montreal

Description: The 12-month variation in the number of trips between 1996 and 2012.
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Figure 5.2: 12-month Variation in the Number of Passes in Montreal

Description: The 12-month variation in the number of passes sold between 1996 and 2012.
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Figure 5.3: 12-month Variation in the Number of Trips in Ottawa

Description: The 12-month variation in the number of trips between 1998 and 2009. The sample
was reduced to avoid the two-month strike.
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Figure 5.4: 12-month Variation in the Number of Passes in Ottawa

Description: The 12-month variation in the number of passes sold between 1998 and 2009. The
sample was reduced to avoid the two-month strike.
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Figure 5.5: 12-month Variation in the Number of Trips in Toronto

Description: The 12-month variation in the number of trips between 1996 and 2012.
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Figure 5.6: 12-month Variation in the Number of Passes in Toronto

Description: The 12-month variation in the number of passes sold between 1996 and 2012.
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Figure 5.7: 12-month Variation in the Number of Trips in Winnipeg

Description: The 12-month variation in the number of trips between 1996 and 2012.
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Figure 5.8: 12-month Variation in the Number of Passes in Winnipeg

Description: The 12-month variation in the number of passes sold between 1996 and 2012.
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Figure 5.9: 12-month Variation in the Number of Trips in Edmonton

Description: The 12-month variation in the number of passes sold between 2001 and 2012.
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Figure 5.10: 12-month Variation in the Number of Passes in Edmonton

Description: The 12-month variation in the number of passes sold between 2001 and 2012.
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Figure 5.11: 12-month Variation in the Number of Trips in Vancouver

Description: The 12-month variation in the number of passes sold between 1996 and 2012.



Chapter 6

Conclusion

The four essays of my thesis use identification strategies that exploit exogenous vari-

ations from the design and implementation of specific government policies and pro-

grams to identify their causal impact on socioeconomic outcomes. Once this exercise

is completed, it is important to give some thought to the overall usefulness of these

policies. In a broader sense, what are the policy implications of the results contained

in this thesis?

The second chapter finds that evaluators for PhD fellowship applications can

more accurately evaluate candidates in their own discipline than in other disciplines.

This result would suggest that agencies evaluating candidates should prefer single-

discipline committees to take advantage of this informational advantage. One must

however keep in mind that such a policy would be costly, because SSHRC recognizes

27 disciplines. Since some disciplines are too large to fit in one committee, there

would probably be around 30 evaluation committees - twice as many as the actual

number of evaluation committees. Does the increase in precision justify the increase

in cost? My work does not provide an answer to this question.
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A less costly solution is also available. One could simply make sure that each can-

didate is evaluated by at least one evaluator from his/her discipline. The score given

by this evaluator could be given a higher weight than the scores of other evaluators

to take into account the better screening skills of this evaluator. My work does not

provide an estimate of the optimal difference between the weight of evaluators within

the discipline and outside the discipline. In a sense, the relative weight depends on

the objective function of the agency granting scholarships. Evaluators within the

discipline are better at picking future assistant professors, and evaluators outside the

discipline can determine who will finish the program. Which outcome is pursued

by the agency? Each scholarship-granting agency needs to think its own objectives

before forming an evaluation committee.

The second chapter also studies the impact of the size of scholarships on long term

outcomes. Overall, I find little difference between the performance of recipients of

small and large scholarships close to the funding threshold. Perhaps excellent recip-

ients beyond the threshold benefit in the long term from receiving a larger amount.

Moreover, since the sample does not include non-recipients, I was unable to study

the impact of receiving a scholarship. It is therefore difficult to formulate clear policy

implications on the optimal scholarship amount. The possibility of receiving a large

scholarship also does not seem to induce candidates to stay in Canada. If keeping

doctoral candidates in Canada is the objective of CGS, it is not working.

The third chapter shows that the distribution of discretionary funds by the govern-

ment for infrastructure projects is influenced by electoral objectives. A government

should have the flexibility to allocate funds quickly and thus address issues in a timely

fashion, but this flexibility can lead to a mis-allocation of resources. It is difficult to
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find the right balance in this trade-off. What is the cost of postponing projects to

ensure an allocation independent of political considerations? To answer this question,

one would need the discount factor of citizens, the procedural cost of establishing such

an allocation, and the difference in utility between the actual and the fair allocation.

Without these estimates, it is impossible to make normative comments on the optimal

allocation of projects.

The fourth chapter investigates the impact of a demerit point system on driving

habits and concludes that deterrence changes the behavior of drivers close to the

threshold. Is this ground to reduce the revocation threshold? It would certainly

increase the effort exerted by drivers, but it would also punish unlucky drivers. To

which extent are we ready to punish unlucky drivers by revocating their driving license

to improve the driving style of other drivers? What is the social cost of deterrence?

My work is unable to address this fundamental issue, because I cannot distinguish

between types of drivers and therefore cannot assess the cost of deterrence. I am

also unable to measure the social benefit of deterrence. Regulations certainly prevent

accidents, but to which extent are these regulations optimal. The state may deter

individuals for acting in a way that is not detrimental for society. Data on accidents

would make this analysis possible.

The final chapter provides the clearest policy implications. I find no evidence that

the tax credit for public transport increases the use of public transport. Since this

tax credit fails to fulfill its objectives, the government should simply abolish it. The

compliance cost and the redistribution of income provide more evidence against this

tax credit.

Overall, these four essays evaluating Canadian public policies show the impact of
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certain policies but fail to provide strong normative implications. Still, such research

designs can be used across the social sciences to provide evidence on the magnitude of

the trade-offs available to policy makers. By focusing on Canadian issues, these four

chapters also fill a research gap, since little attention is devoted to Canadian issues

(Simpson and Emery, 2012). Hopefully, I will be able to build on these chapters and

pursue the study of Canadian policies using original data and clever identification

strategies to inform policy-makers and contribute to academic debates.
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Appendix A

Definitions of Variables

Abs Diff Cons Best Opp: absolute value of the difference between the share of the

votes received by the Conservative candidate and the share of the votes received by

the best opposition candidate. This number can only be positive.

Diff Cons Best Opp: difference between the share of the votes received by the

Conservative candidate and the share of the votes received by the best opposition

candidate. This number can be positive or negative.

Conservative: dummy indicating whether the district was represented by a member

of Parliament from the conservative party during the allocation time.

Fewer than 5 Years Exp: dummy indicating whether the member of Parliament

representing the district had fewer than 5 years of experience in Parliament.

More than 10 Years Exp: dummy indicating whether the member of Parliament

153



APPENDIX A. DEFINITIONS OF VARIABLES 154

representing the district had more than 10 years of experience in Parliament.

Northern districts: Labrador, Manicouagan, Abitibi Baie-James Nunavik Eeyou,

Kenora, Timmins James Bay, Churchill, Desnethe Missinippi Churchill River, Fort

McMurray Athabasca, Peace River, Prince George Peace River, Skeena Bulkley Val-

ley, Yukon, Western Arctic, and Nunavut.

Downtown districts: Quebec, Westmount Ville-Marie, Hamilton Centre, Ottawa

Centre, Toronto Centre, Trinity Spadina, Winnipeg Centre, Calgary Centre, Edmon-

ton Centre, and Vancouver Centre.

Privy Council: Humber St. Barbe Baie Verte, Cardigan, Charlottetown, Malpeque,

Central Nova, Halifax West, Kings Hants, Sydney Victoria, Beausejour, Frederic-

ton, New Brunswick Southwest, Beauce, Bourassa, Jonquiere Alma, Laurier Sainte-

Marie, Louis-St-Laurent, Megantic L’Erable, Mount Royal, NDG Lachine, Pontiac,

Roberval Lac-St-Jean, Saint-Laurent Cartierville, Beaches East York, Bramalea Gore

Malton, Cambridge, Carleton Mississipi Mills, Durham, Eglington Lawrence, Eto-

bicoke Lakeshore, Haldimand Norfolk, Halton, Kingston and the Islands, Markham

Unionville, MississaugaBrampton South, Mississauga East Cooksville, Niagara Falls,

Ottawa Vanier, Ottawa West Nepean, Parry Sound Muskoka, Pickering Scaborough

East, Richmond Hill, St. Paul’s, Scaborough Agincourt, Scaborough Guildwood,

Simcoe-Grey, Thornhill, Toronto Centre, Toronto Danforth, Vaughan, Wellington

Halton Hills, Whitby Oshawa, York Centre, York Simcoe, York West, Charleswood

St.James Assiniboia, Provencher, Winnipeg South Centre, Battlefords Lloydminster,
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Blackstrap, Wascana, Calgary Centre-North, Calgary Nose-Hill, Calgary Southeast,

Calgary Southwest, Edmonton Spruce Grove, Yellowhead, Chilliwack Fraser Canyon,

Esquimalt Juan de Fuca, Okanagan Coquihalla, Port Moody Westwood Port Coquit-

lam, Prince George Peace River, Saanich Gulf Islands, Vancouver Centre, Vancouver

South, Yukon, and Nunavut.

Cabinet: Egmont, Central Nova, Fredericton, Fundy Royal, New Brunswick South-

west, Jonquiere Alma, Louis-Saint-Laurent, Megantic-L’Erable, Pontiac, Roberval

Lac St-Jean, Cambridge, Carleton, Mississipi Mills, Durham, Haldimand Norfolk,

Halton, Niagara Falls, Ottawa West Nepean, Parry Sound Muskoka, Simcoe Grey,

Whitby Oshawa, York Simcoe, Charleswood St. James Assiniboia, Provencher, Bat-

tlefords Lloydminster, Blackstrap, Calgary Centre North, Calgary Nose Hill, Cal-

gary Southeast, Calgary Southwest, Edmonton Spruce Grove, Yellowhead, Chilliwack

Fraser Canyon, Okanagan Coquihalla, Port Moody Westwood Port Coquitlam, Prince

George Peace River, Saanich Gulf Islands, Nunavut.

Ottawa districts: Hull Aylmer, Gatineau, Ottawa Centre, Ottawa Orleans, Ottawa

South, Ottawa Vanier, and Ottawa West Nepean.
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