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Instructions: 

 You have 110 minutes. Keep these test papers and the Supplement closed and face up on your desk until the 
start of the test is announced. You must stay for a minimum of 60 minutes. 

 You may use a non-programmable calculator. 

 There are 9 questions (most with multiple parts) with varying point values worth a total of 95 points. 

 This test includes these 8 pages plus the Supplement. The Supplement contains the aid sheets, statistical 
table (Standard Normal), readings, figures, tables, and other materials for some test questions. For each 
question referencing the Supplement, carefully review all materials. The Supplement will NOT be collected: 
write your answers on these test papers. When we announce the end of the test, hand these test papers to 
us (you keep the Supplement).  

 Write your answers clearly, completely, and concisely in the designated space provided immediately after 
each question. An answer guide ends each question to let you know what is expected. For example, a 
quantitative analysis, a fully labelled graph, and/or sentences. Any answer guide asking for a quantitative 
analysis always automatically means that you must show your work and make your reasoning clear. 

o Anything requested by the question and/or the answer guide is required. Similarly, limit yourself to 
the answer guide. For example, if the answer guide does not request sentences, provide only what is 
requested (e.g. quantitative analysis).  

o Marking TAs are instructed to accept all reasonable rounding.  

 Your entire answer must fit in the designated space provided immediately after each question. No extra 
space/pages are possible. You cannot use blank space for other questions, nor can you write answers on the 
Supplement. Write in PENCIL and use an ERASER as needed so that you can fit your final answer (including 
work and reasoning) in the appropriate space. Questions give more blank space than is needed for an answer 
(with typical handwriting) worth full marks. Follow the answer guides and avoid excessively long answers. 



(1) [6 pts] For parking permits in a city, 33% of households have no permit, 49% have one permit, and 18% have two 
permits. What is the mean and standard deviation? Answer with a quantitative analysis. 

 

 

 

 

 

 

 

(2) [6 pts] Recall “Toronto is segregated by race and income.” Unlike Toronto, City X has no segregation. In City X 19% 
of the population lives in a high-income neighborhood. In City X 45% of the population is white. What is the joint 
probability table? To answer: define events, show your work & fill in the table putting events in the grey cells. 

Joint Probability Table for City X 

    

   

   

 

 

 

 

 

 

(3) [4 pts] A fair die has six sides with the values 1, 2, 3, 4, 5, and 6, where each is equally likely. Two scenarios: 

 Scenario 1: Roll one fair die and get one hundred times the value, which gives the payout in dollars 

 Scenario 2: Roll one hundred fair dice and get the sum of the values, which gives the payout in dollars 

In Scenario 2 the expected value of the payout is __________________ (higher, lower, the same) compared to 

Scenario 1. In Scenario 2 the standard deviation of the payout is __________________ (higher, lower, the same) 

compared to Scenario 1. The payout in Scenario 1 follows a __________________ distribution. The payout in 

Scenario 2 follows a __________________ distribution. Fill in the blanks. 



(4) There is a 51.2% chance of giving birth to a male infant (if there is no sex selection associated with the pregnancy). 

(a) [4 pts] In a hospital with 1,000 infants born, what is the chance that more than 50% are male? Answer with a 
quantitative analysis. 

 

 

 

 

 

(b) [3 pts] Imagine redoing the previous part, but for a hospital with 10,000 infants born. In this context and without 
focusing on calculations, explain why the answer would be larger, smaller, or the same. Answer with 1 – 2 sentences. 

 

 

 

 

 

 

(c) [4 pts] In a hospital with 10,000 infants born, what is the chance that more than 52% are male? Answer with a 
quantitative analysis. 

 

 

 

 

 

(d) [3 pts] Imagine redoing the previous part, but for a hospital with 1,000 infants born. In this context and without 
focusing on calculations, explain why the answer would be larger, smaller, or the same. Answer with 1 – 2 sentences. 

 

  



(5) See Supplement for Question (5): Return on Student Loans in Canada.   

(a) [10 pts] To add to the Supplement, note that for all institutions outside the top ten the overall rate of default 
within the first three years is 7%. Among those borrowers who default within the first three years, what fraction 
attend top-ten ranked institutions? Use a probability tree. Answer with a probability tree & a quantitative analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) [6 pts] Next, without doing another whole analysis, explain why the answer to the question in the previous part 
would be higher, lower, or the same if instead of top-ten ranked institutions it asked about unranked institutions. 
Answer with 2 – 3 precise sentences that integrate the relevant numeric support. 

 

  



(6) See Supplement for Question (6): The Globalization of Postsecondary Education. Further, define events as: 

 Event H: International student from China (Note: Use “C” for Canada); Event I: International student from 
India; Event S: International student from South Korea 

 Event A: Attends in Australia; Event C: Attends in Canada; Event U: Attends in US; Event K: Attends in UK 

The entire Table 1 is conditional on international students from China, India, and South Korea who study in Australia, 
Canada, the UK, and the US. Of course, students from other countries, like the Ivory Coast, attend in other countries, 
like France. You do not need to condition on there being only three source countries and four destination countries. 
In other words, for the purposes of all parts below, ignore all other countries not in Table 1. 

(a) [3 pts] In 2000, for a randomly selected international student from South Korea, what is the chance that they 
study in the US? Answer with a probability statement using formal notation & a quantitative analysis. 

 

 

 

(b) [3 pts] In 2010, for a randomly selected international student who is attending in Canada, what is the chance they 
are from India? Answer with a probability statement using formal notation & a quantitative analysis. 

 

 

 

(c) [3 pts] In 2017, for a randomly selected international student, what is the chance they are from South Korea and 
study in Canada? Answer with a probability statement using formal notation & a quantitative analysis. 

 

 

 

(d) [6 pts] Compared to 2000, is Canada’s share of international students from China and India larger in 2017? 
Answer with 2 – 3 precise sentences that integrate the relevant numeric support. 

 

 

  



(7) See Supplement for Question (7): Why Have College Completion Rates Increased? An Analysis of Rising Grades.   

(a) [8 pts] In a random sample of 10 students in 1988, what is the chance that more than two students have a GPA of 
3.0 or higher? Answer with a quantitative analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) [4 pts] Imagine the previous part asked about 2002. In this context and without focusing on calculations, explain 
why the answer would be larger, smaller, or the same. Answer with 1 – 2 precise sentences. 

 

 

  



(8) [12 pts] See Supplement for Question (8): Young Adults Living in the Parental Home in Canada, by Census year. 
For a random sample of 1,000 young adults in 2016 that are aged 25 to 29, draw a fully labelled graph illustrating the 
distribution of the number living with their parents. Next, use the Normal approximation to find the probability that 
exactly 288 live with their parents. Illustrate that probability on the same graph. Answer with a quantitative analysis 
& a fully labelled graph. 

  



(9) See Supplement for Question (9): Disclosed 2019 Salaries of the Ontario Provincial Police (OPP).  

(a) [4 pts] What number should appear next to “Std. Dev.” in the STATA summary? Answer with a quantitative 
analysis & 1 sentence. 

 

 

 

 

 

 

 

(b) [6 pts] If a sample size of 36 were sufficiently large, then what should be the value reported next to “99%”? Why is 
there a discrepancy with the reported number? Answer with a quantitative analysis & 2 – 3 sentences. 



The pages of this Supplement will NOT be graded: write your answers on the test papers.      Supplement: Page 1 of 5 

This Supplement contains the aid sheets, statistical table (Standard Normal), readings, figures, tables, and other 
materials for some test questions. For each question referencing this Supplement, carefully review all materials. 

 

Sample mean:  𝑋ത = ∑ ௫೔೙೔సభ௡      Sample variance:  𝑠ଶ = ∑ ሺ௫೔ି௑തሻమ೙೔సభ௡ିଵ = ∑ ௫೔మ೙೔సభ௡ିଵ − ൫∑ ௫೔೙೔సభ ൯మ௡(௡ିଵ)      Sample s.d.:  𝑠 = √𝑠ଶ 

Sample coefficient of variation:  𝐶𝑉 = ௦௑ത     Sample covariance:  𝑠௫௬ = ∑ (௫೔ି௑ത)(௬೔ି௒ത)೙೔సభ ௡ିଵ = ∑ ௫೔௬೔೙೔సభ௡ିଵ − ൫∑ ௫೔೙೔సభ ൯൫∑ ௬೔೙೔సభ ൯௡(௡ିଵ)   

Sample interquartile range:  𝐼𝑄𝑅 = 𝑄3 − 𝑄1     Sample coefficient of correlation:  𝑟 = ௦ೣ೤௦ೣ௦೤ = ∑ ௭ೣ೔௭೤೔೙೔సభ௡ିଵ     

 

Addition rule:  𝑃(𝐴 𝑜𝑟 𝐵) = 𝑃(𝐴) + 𝑃(𝐵) − 𝑃(𝐴 𝑎𝑛𝑑 𝐵)     Conditional probability:  𝑃(𝐴|𝐵) = ௉(஺ ௔௡ௗ ஻)௉(஻)        

Complement rules:  𝑃(𝐴஼) = 𝑃(𝐴ᇱ) = 1 − 𝑃(𝐴)     𝑃(𝐴஼|𝐵) = 𝑃(𝐴ᇱ|𝐵) = 1 − 𝑃(𝐴|𝐵)      

Multiplication rule:  𝑃(𝐴 𝑎𝑛𝑑 𝐵) = 𝑃(𝐴|𝐵)𝑃(𝐵) = 𝑃(𝐵|𝐴)𝑃(𝐴)      
 
Expected value:  𝐸ሾ𝑋ሿ = 𝜇 = ∑ 𝑥𝑝(𝑥)௔௟௟ ௫      Variance:  𝑉ሾ𝑋ሿ = 𝐸ሾ(𝑋 − 𝜇)ଶሿ = 𝜎ଶ = ∑ (𝑥 − 𝜇)ଶ𝑝(𝑥)௔௟௟ ௫  

Covariance:  𝐶𝑂𝑉ሾ𝑋,𝑌ሿ = 𝐸ሾ(𝑋 − 𝜇௑)(𝑌 − 𝜇௒)ሿ = 𝜎௑௒ = ∑ ∑ (𝑥 − 𝜇௑)(𝑦 − 𝜇௒)𝑝(𝑥,𝑦)௔௟௟ ௬௔௟௟ ௫  
 
Laws of expected value:               Laws of variance:           Laws of covariance:   𝐸ሾ𝑐ሿ = 𝑐                   𝑉ሾ𝑐ሿ = 0           𝐶𝑂𝑉ሾ𝑋, 𝑐ሿ = 0      𝐸ሾ𝑋 + 𝑐ሿ = 𝐸ሾ𝑋ሿ + 𝑐                 𝑉ሾ𝑋 + 𝑐ሿ = 𝑉ሾ𝑋ሿ          𝐶𝑂𝑉ሾ𝑎 + 𝑏𝑋, 𝑐 + 𝑑𝑌ሿ = 𝑏𝑑 ∗ 𝐶𝑂𝑉[𝑋,𝑌]           𝐸[𝑐𝑋] = 𝑐𝐸[𝑋]                   𝑉[𝑐𝑋] = 𝑐ଶ𝑉[𝑋]    𝐸[𝑎 + 𝑏𝑋 + 𝑐𝑌] = 𝑎 + 𝑏𝐸[𝑋] + 𝑐𝐸[𝑌]        𝑉[𝑎 + 𝑏𝑋 + 𝑐𝑌] = 𝑏ଶ𝑉[𝑋] + 𝑐ଶ𝑉[𝑌] + 2𝑏𝑐 ∗ 𝐶𝑂𝑉[𝑋,𝑌] 
                                                                              𝑉[𝑎 + 𝑏𝑋 + 𝑐𝑌] = 𝑏ଶ𝑉[𝑋] + 𝑐ଶ𝑉[𝑌] + 2𝑏𝑐 ∗ 𝑆𝐷(𝑋) ∗ 𝑆𝐷(𝑌) ∗ 𝜌 
                                                                                     where 𝜌 = 𝐶𝑂𝑅𝑅𝐸𝐿𝐴𝑇𝐼𝑂𝑁[𝑋,𝑌] 

Combinatorial formula:  𝐶௫௡ = ௡!௫!(௡ି௫)!     Binomial probability:  𝑝(𝑥) = ௡!௫!(௡ି௫)! 𝑝௫(1 − 𝑝)௡ି௫      for 𝑥 = 0,1,2, … ,𝑛  
If 𝑿 is Binomial  (𝑋~𝐵(𝑛,𝑝))  then  𝐸[𝑋] = 𝑛𝑝  and  𝑉[𝑋] = 𝑛𝑝(1 − 𝑝) 
 

If 𝑿 is Uniform  (𝑋~𝑈[𝑎,𝑏])  then 𝑓(𝑥) = ଵ௕ି௔  and  𝐸[𝑋] = ௔ା௕ଶ   and  𝑉[𝑋] = (௕ି௔)మଵଶ  
 
Sampling distribution of 𝑿ഥ: Sampling distribution of 𝑷෡:  𝜇௑ത = 𝐸[𝑋ത] = 𝜇  𝜇௉෠ = 𝐸ൣ𝑃෠൧ = 𝑝   𝜎௑തଶ = 𝑉[𝑋ത] = ఙమ௡   𝜎௉෠ଶ = 𝑉ൣ𝑃෠൧ = ௣(ଵି௣)௡    𝜎௑ത = 𝑆𝐷[𝑋ത] = ఙ√௡  𝜎௉෠ = 𝑆𝐷ൣ𝑃෠൧ = ට௣(ଵି௣)௡   

 
 



The pages of this Supplement will NOT be graded: write your answers on the test papers.      Supplement: Page 2 of 5 
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Supplement for Question (5): Consider “Return on Student Loans in Canada” (https://www.nber.org/papers/w29130), a 
2021 working paper. It uses administrative data for borrowers from the Canada Student Loan Program. Below are 
excerpts from Figure 1 and Table 2. “Figure 1(c) reports the fraction of borrowers attending universities by their 
Macleans ranking.” (p. 12). For Table 2, focus on Column (4) of the results: “Default within First 3 Years.”  
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Supplement for Question (6): Consider “The Globalization of Postsecondary Education: The Role of International 
Students in the US Higher Education System” (https://pubs.aeaweb.org/doi/pdfplus/10.1257/jep.35.1.163), a 2021 article. 
Below are an excerpt and Table 1. In Table 1 there are 158,409 students in 2000, 551,842 in 2010, and 931,394 in 2017. 

Excerpt, p. 166: The increase in international students is not a uniquely US-centric phenomenon. Colleges 
and universities in Australia, Canada, and the United Kingdom (UK) also experienced a rapid increase in the 
enrollment of students from China and India since 2000, as shown in Table 1. Although the United States 
(US) remains the largest destination country for students from these countries, the US higher education 
system is no longer as dominant as it was 20 years ago.  

 

 
Supplement for Question (7): Consider “Why Have College Completion Rates Increased? An Analysis of Rising Grades” 
(https://www.nber.org/papers/w28710), a 2021 working paper. Below, Table A7 contains a description of the cumulative 
distribution of GPA, by year, for undergraduate students in the United States.  

Table A7: Description of the Cumulative Distribution of GPA, by Year 
 GPA Thresholds 
Year 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
1988 0.07 0.14 0.26 0.47 0.70 0.89 0.99 1.00 
2002 0.06 0.12 0.20 0.36 0.56 0.81 0.96 1.00 
Note: For each year (1988 and 2002), this shows the fraction of students with a GPA below 
each of the thresholds separately. 
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Supplement for Question (8): Recall the figure below. 

 

 

Supplement for Question (9): Consider the 2020 Ontario disclosure data with all public sector employees earning 
$100,000 CAN or more in the 2019 calendar year. A total of 5,062 employees of the Ontario Provincial Police (OPP) are 
in the disclosure, with a mean salary of $124,638.3 and a standard deviation of $17,959.62. For the OPP, the STATA 
summary below shows the results of a simulation to find the sampling distribution of the sample mean for a sample size 
of 36 (𝑛 = 36) using 10,000 simulation draws (𝑚 = 10,000). Four numbers in the STATA summary have been 
intentionally hidden with grey boxes. 

                                                          Mean salary (X-bar) 
------------------------------------------------------------- 
      Percentiles      Smallest 
 1%       118308       115677.5 
 5%     119987.7       115842.9 
10%     120918.6       116067.4       Obs              10,000 
25%     122593.5       116076.4       Sum of Wgt.      10,000 
 
50%     124571.1                      Mean           124683.7 
                        Largest       Std. Dev.      ________  
75%       126616       136221.1 
90%     128632.6       136500.2       Variance       ________ 
95%     129829.9       137143.5       Skewness       ________ 
99%     131991.6       137452.9       Kurtosis       ________ 
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