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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 (some 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, a statistical 
table (Standard Normal), readings, figures, tables, and other materials required for some test questions. For 
each question referencing the Supplement, carefully review all materials. The Supplement will NOT be 
graded: 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 (which shows your work and reasoning), a fully labelled graph, and/or sentences.  

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] See Supplement for Question (1): Financial Wellbeing. On each line, write the probability in formal 
notation using the definitions of events in the Supplement, give its numeric value, and show any work. 

(a)  The chance of observing high financial wellbeing for someone reporting low financial wellbeing:  

       _________________________________________________________________________________________ 

(b)  The chance someone has high reported financial wellbeing:    

       _________________________________________________________________________________________ 

(c)  The chance someone has neither low reported financial wellbeing nor low observed financial wellbeing: 

       _________________________________________________________________________________________ 

 

(2) A continuous index from 0 to 100 measures a person’s overall health. Higher values mean better health. Suppose 
the health index is Normally distributed across people with a mean of 58.53 and a standard deviation of 14.44. 

(a) [3 pts] What percent of people have a health index above 50? Answer with a quantitative analysis. 

 

 

 

 

 

 

 

 

(b) [3 pts] Ninety percent of people have a health index above which value? Answer with a quantitative analysis. 

 

  



(3) [14 pts] See Supplement for Question (3): Decile Income Transition Matrix in Canada.  Consider a random sample 
of 100 people in the 1st income decile in 2007 (Sample 1) and another random sample of 100 people in 2nd income 
decile in 2007 (Sample 2). What is the chance there are more upwardly mobile people in Sample 2 than in Sample 1? 
Before computing it, explain why this probability should be large or small, and explain the key factors affecting its 
size. Next, compute it. (Hint: Define the random variable 𝑋ଵ to be the number of upwardly mobile people in Sample 1 
and define the random variable 𝑋ଶ to be the number of upwardly mobile people in Sample 2.) Answer with 2 – 3 
sentences & a quantitative analysis that shows your work and reasoning. 

 

  



(4) [5 pts] Elementary school students are tested for eligibility for gifted programs. In Ontario, it begins with the 
CCAT-7 test written by all third graders. For the percentile scores on the CCAT-7 test for a random sample of two 
students (𝑛 = 2), what is the sampling distribution of the sample mean? Answer with a fully labelled graph. 

 

 

 

 

 

 

 

 

 

(5) See Supplement for Question (5): Start-Up Firms in Norway.  

(a) [2 pts] What is the overall fraction of start-ups surviving at 5 years among the last two categories combined (i.e. 
combining “Non-University PhD” and “University”)? Answer with a quantitative analysis. 

 

 

 

 

(b) [6 pts] For “Non-University PhD,” what is the 75% confidence interval estimate of the fraction of start-ups 
surviving at 5 years? Answer with a quantitative analysis. (You are not asked for an interpretation.) 

 

 

  



(c) [15 pts] Comparing “Non-University PhD” and “University”, what is the point estimate of the difference in the 
fraction surviving at 5 years? For a 99% confidence level, what are the lower and upper confidence limits of the 
difference? Interpret the results, including discussion of the magnitude of both the point estimate and the width of 
the CI. Answer with a quantitative analysis, confidence interval & 3 – 4 sentences interpreting the results.  

  



(6) [6 pts] Consider the weight-for-age percentile scores for children under five years of age. For a random sample of 
twenty-two children in the first, second, or third deciles, what is the probability that the mean percentile score is 
above 14?  Answer with a quantitative analysis that shows your work and reasoning. 

 

 

 

 

 

 

 

 

 

 

(7) Supplement for Question (7): Ontario Disclosure of University and College Sector Salaries.   

(a) [7 pts] In Summary #2 note the 75th percentile is 160157.8. For a random sample of 2,000 employees (rather than 
25 employees), we should expect the 75th percentile to be larger or smaller than $160,157.8? Why or why not? 
Include all relevant evidence that directly supports your assessment. Answer with 2 – 3 sentences. 

 

  



(b) [6 pts] A sample size of 25 is not sufficiently large for the Central Limit Theorem (CLT), and the sampling 
distribution of the sample mean is positively skewed. If a sample size of 25 were sufficiently large such that the CLT 
applied, then which value should appear as the 99th percentile in Summary #3?  Answer with a quantitative analysis. 

 

 

 

 

 

 

 

 

 

 

 

(c) [7 pts] Is sampling error a plausible explanation for why $146,968.9 (the mean in Summary #2) is more than 
$5,000 above $141,859.8 (the mean in Summary #1)? Why or why not? Include all relevant evidence that directly 
supports your assessment. (Also, identify what $146,968.9 and $141,859.8 measure.) Answer with 2 – 3 sentences. 

 

 

  



(8) [10 pts] Recall “Sex ratios among Canadian liveborn infants of mothers from different countries” from 2012 in the 
Canadian Medical Association Journal (DOI:10.1503 /cmaj.120165). Recall also that absent interference, 51.2 percent 
of infants are male. For the third child of moms born in Pakistan, there are 2,081 males and 1,926 females. Defining 𝑝 
as the proportion male, test 𝐻଴:𝑝 = 0.512 versus 𝐻ଵ: 𝑝 > 0.512 by computing the P-value. How strong is the 
evidence in favor of 𝐻ଵ? What should we conclude about sex selection for this subgroup? Explain the conclusion in 
this specific context. Answer with a quantitative analysis & 1 – 2 sentences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(9) [5 pts] A researcher wants to prove a majority (over half) of British citizens favour Brexit. In a sample of 1,000,  
520 favor Brexit yielding a P-value of 0.1030. Fill in the blanks with “smaller than,” “larger than,” or “equal to.” 

(a) For a sample of 100 people where 52 favor Brexit, the P-value will be ______________________ 0.1030. 

(b) For a sample of 1,000 people where 521 favor Brexit, the P-value will be ______________________ 0.1030. 

(c) For a sample of 10,000 people where 5,200 favor Brexit, the P-value will be ______________________ 0.1030. 

(d) To prove 𝐻ଵ: 𝑝 ≠ 0.5 where 520 (of 1,000) favor Brexit, the P-value will be ______________________ 0.1030. 

(e) To prove 𝐻ଵ: 𝑝 < 0.5 where 480 (of 1,000) favor Brexit, the P-value will be ______________________ 0.1030. 
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This Supplement contains the aid sheets, a statistical table (Standard Normal), readings, figures, tables, and other 
materials for some test questions. For each question referencing this Supplement, carefully review all materials. You 
keep this Supplement: please do not hand it in. 
 

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෡: Sampling distribution of (𝑷෡𝟐 − 𝑷෡𝟏): 𝜇௑ത = 𝐸[𝑋ത] = 𝜇  𝜇௉෠ = 𝐸ൣ𝑃෠൧ = 𝑝  𝜇௉෠మି௉෠భ = 𝐸ൣ𝑃෠ଶ − 𝑃෠ଵ൧ = 𝑝ଶ − 𝑝ଵ 𝜎௑തଶ = 𝑉[𝑋ത] = ఙమ௡   𝜎௉෠ଶ = 𝑉ൣ𝑃෠൧ = ௣(ଵି௣)௡   𝜎௉෠మି௉෠భଶ = 𝑉ൣ𝑃෠ଶ − 𝑃෠ଵ൧ = ௣మ(ଵି௣మ)௡మ + ௣భ(ଵି௣భ)௡భ  𝜎௑ത = 𝑆𝐷[𝑋ത] = ఙ√௡  𝜎௉෠ = 𝑆𝐷ൣ𝑃෠൧ = ට௣(ଵି௣)௡  𝜎௉෠మି௉෠భ = 𝑆𝐷ൣ𝑃෠ଶ − 𝑃෠ଵ൧ = ට௣మ(ଵି௣మ)௡మ + ௣భ(ଵି௣భ)௡భ  
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Inference about a population proportion: 𝒛 test statistic:  𝑧 = ௉෠ି௣బට೛బ(భష೛బ)೙       CI estimator:  𝑃෠ ±  𝑧ఈ ଶ⁄  ට௉෠(ଵି௉෠)௡  
 
Inference about comparing two population proportions: 

CI estimator:  (𝑃෠ଶ − 𝑃෠ଵ) ± 𝑧ఈ/ଶට௉෠మ(ଵି௉෠మ)௡మ + ௉෠భ(ଵି௉෠భ)௡భ  
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Supplement for Question (1): The figure to 
the right is from a March 2018 technical 
report: “Using Survey and Banking Data to 
Measure Financial Wellbeing” prepared by 
the Commonwealth Bank of Australia and the 
Melbourne Institute. On the y-axis is 
objectively observed financial wellbeing 
based on banking data. On the x-axis is a 
person’s subjective sense of financial 
wellbeing based on survey data.  

You MUST USE the following definitions of 
events in your answers: 

 OL: Observed financial wellbeing is low 
 OH: Observed financial wellbeing is high 
 RL: Reported financial wellbeing is low 
 RH: Reported financial wellbeing is high 

 

 
Supplement for Question (3): Recall Table 1 and the excerpt below from Statistics Canada (2016) “The evolution of 
income mobility in Canada” (https://www150.statcan.gc.ca/n1/pub/75f0002m/75f0002m2016001-eng.htm). 

Excerpt: Table 1 shows the estimated transition probabilities for the 2007-to-2012 panel of taxfilers. 
Consider the third row. The 10 elements in this row show the 5-year transition probabilities for taxfilers 
who were in the third decile in 2007. The [value] 36.3%, shows the proportion of taxfilers from the third 
decile in the 2007 distribution who stayed in the same decile in 2012. [This measures immobility.] … 
Upward mobility indicates how many of them moved to the fourth or higher deciles in 2012. Downward 
mobility indicates how many of them moved to the second or the first deciles in 2012. 

Table 1. Decile Income Transition Matrix for the 2007-to-2012 Panel of Taxfilers 

2007 
decile 

2012 decile Total mobility statistics 
1st  2nd  3rd  4th  5th  6th  7th  8th  9th  10th  Immobility Upward Downward 

Percentage Percentage 
1st  39.7 22.9 11.2 7.6 5.4 4.0 3.1 2.5 2.0 1.5 39.7 60.3 0.0 
2nd  13.5 39.4 18.5 10.0 6.2 4.4 3.1 2.2 1.6 1.0 39.4 47.0 13.5 
3rd  6.4 14.9 36.3 16.9 9.7 6.1 4.1 2.8 1.8 1.0 36.3 42.4 21.4 
4th  4.5 7.2 17.5 27.6 17.5 10.7 6.8 4.3 2.6 1.3 27.6 43.2 29.2 
5th  3.1 4.4 8.2 17.0 25.6 17.6 11.3 6.9 4.0 1.8 25.6 41.6 32.7 
6th  2.3 3.0 5.1 9.0 16.9 24.3 18.3 11.7 6.5 2.7 24.3 39.3 36.4 
7th  1.8 2.1 3.4 5.9 9.5 16.9 24.3 19.6 11.8 4.6 24.3 36.0 39.7 
8th  1.4 1.6 2.3 4.0 6.4 9.9 17.2 26.3 22.0 8.8 26.3 30.9 42.8 
9th  1.2 1.2 1.6 2.7 4.1 6.4 10.1 18.1 32.5 22.1 32.5 22.1 45.4 

10th  1.2 0.9 1.1 1.6 2.4 3.4 5.3 8.6 18.2 57.4 57.4 0.0 42.6 
Source: Statistics Canada, Longitudinal Administrative Databank 2007 and 2012, authors’ calculations. 
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Supplement for Question (5): Consider Table 1A (shown below) from the 2018 paper “University Innovation and the 
Professor’s Privilege” by Hvide and Jones in the American Economic Review (https://doi.org/10.1257/aer.20160284). 

 
Excerpt from page 1,868: Table 1A provides summary statistics for start-up firms in Norway between 2000 
and 2007. In total there were 48,844 start-ups and 128 of these were started up by individuals with PhDs 
employed at a university. We define a university start-up as a newly incorporated company where at least 
one of the initial owners is a fulltime university employee with a PhD. By comparison, there were 452 start-
ups by individuals with PhDs who were not employed at universities.  
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Supplement for Question (7): Recall the 2017 Ontario public disclosure data that includes all public sector employees 
earning $100,000 CAN or more in the 2016 calendar year (https://www.ontario.ca/page/public-sector-salary-disclosure-
2016-all-sectors-and-seconded-employees). Consider the university and college sectors, which includes 23,319 
employees. See the STATA summaries below. 

Summary #1: This summarizes all employees in the university and college sectors. 

                            Salary 
------------------------------------------------------------- 
      Percentiles      Smallest 
 1%     100324.5         100000 
 5%     102333.8         100000 
10%     104646.1       100000.1       Obs              23,319 
25%     109556.6       100003.5       Sum of Wgt.      23,319 
 
50%     131769.3                      Mean           141859.8 
                        Largest       Std. Dev.      41435.85 
75%       161838         504907 
90%     190319.1       512215.6       Variance       1.72e+09 
95%     213515.1       514665.3       Skewness       2.479115 
99%     288628.9        1045583       Kurtosis       20.26363 
 

Summary #2: This summarizes a random sample of 25 employees in the university and college sectors.  

                            Salary 
------------------------------------------------------------- 
      Percentiles      Smallest 
 1%     100639.2       100639.2 
 5%     101760.1       101760.1 
10%     102622.5       102622.5       Obs                  25 
25%     105859.9       103199.9       Sum of Wgt.          25 
 
50%     138586.3                      Mean           146968.9 
                        Largest       Std. Dev.       57032.7 
75%     160157.8         194648 
90%     200131.5       200131.5       Variance       3.25e+09 
95%     213557.5       213557.5       Skewness       2.300223 
99%       363821         363821       Kurtosis       9.351374 
 

Summary #3: This summarizes the results of a simulation to obtain the simulated sampling distribution of the 
sample mean for a sample size of 25 (𝑛 = 25) using 50,000 simulation draws (𝑚 = 50,000). 

                      Mean salary (X-bar) 
------------------------------------------------------------- 
      Percentiles      Smallest 
 1%     125257.8       116134.1 
 5%     129360.3       117010.4 
10%     131725.5       117088.1       Obs              50,000 
25%       136101       117321.4       Sum of Wgt.      50,000 
 
50%     141328.7                      Mean           141909.8 
                        Largest       Std. Dev.      8323.163 
75%     147051.5       189569.9 
90%       152769       190254.4       Variance       6.93e+07 
95%     156395.8         191217       Skewness       .5074134 
99%     163964.3       198280.2       Kurtosis       3.726959 
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