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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 6 questions (some with multiple parts) with varying point values worth a total of 100 points. 

 This test includes these 8 pages plus the Supplement. The Supplement contains formula sheets, the Standard 
Normal table, the Student t table, and necessary materials for some test questions. 

o The Supplement will not be graded.  We will only collect these test papers, not 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), a fully-labelled graph, and/or sentences.  

o Anything requested by the question and/or the answer guide is required. 

o 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). Leave yourself time to 
complete all questions rather than overdoing some questions and running out of time. 

o For questions with multiple parts (e.g. (a) – (d)), attempt each part. 

 Unless otherwise specified, you choose the significance level. Absent any special considerations, you may 
choose 0.05 = ࢻ. 

 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. This way you can make sure to fit your final 
answer (including work and reasoning) in the appropriate space. Most questions give more blank space than 
is needed to answer. Follow the answer guides and avoid excessively long answers.   



(1) See Supplement for Question (1): Differences in Professors’ Salaries by Sex at Waterloo. 
(a) [6 pts] What is the full interpretation of 12.748? Answer with 1 precise sentence that would be clear to someone 
who has not read the supplement. 

 

 

 

 

 

 

 

 

 

(b) [4 pts] If salary were regressed on a dummy variable for females (i.e. Female equals 1 for a female professor and 
equals 0 for a male professor), what would the regression results be? Answer with the OLS results in equation form. 

 

 

 

 

 

 

(c) [4 pts] What is the interpretation of 0.084? Answer with 1 precise sentence that would make sense to someone 
who has already read the sentence you wrote for Part (a). 

 

  



(2) See Supplement for Question (2): Gender Gaps among Lawyers. 
(a) [9 pts] Consider Table 1 and the “Law school ranking” row. Given that the test statistic is -1.38 and the degrees of 
freedom are 826, does the P-value column refer to one- or two-tailed tests? Explain and reference the appropriate 
table. Answer with formal hypotheses, 1 – 2 sentences & do not recompute the given values of -1.38 and 826. 

 

 

 

 

 

 

 

 

 

 

 

(b) [5 pts] Use the “Marriage” row of results in Table 1. Do marriage rates differ by sex in a statistically significant 
way? If so, at which significance levels? Is the difference economically significant? Answer with 2 sentences. 

 

 

 

 

 

 

 

(c) [5 pts] Use the “Tenure (years)” results in Table 1. Do years of tenure differ by sex in a statistically significant way? 
If so, at which significance levels? Is the difference economically significant? Answer with 2 sentences. 

 

 

 

 

 

 



(d) [10 pts] How large is the difference in the number of children between male and female lawyers? Answer with an 
appropriate confidence interval and interpret the interval. Answer with a quantitative analysis & 1 sentence that 
would be clear to someone who has read the supplement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(e) [8 pts] Given the 441 female lawyers, to statistically prove that more than one fifth of all female lawyers in the 
target population have the highest level of aspirations (10 out of 10), how large of a sample proportion is needed? 
Answer with a quantitative analysis & 1 sentence. 

  



(3) [12 pts] See Supplement for Question (3): Cars making life-and-death decisions: sacrifice passenger or save 
pedestrians? Recall that each participant assessed one of the five lives-saved scenarios (selected at random) and not 
each of the five, which makes the sample size for each lives-saved scenario about 90 (≈ 451/5), not 451. For what 
AV’s should do, compute the 90% confidence interval estimate of the difference in the proportion who agree for the 
5 versus 20 lives saved scenarios. Fully interpret the interval and discuss its width. Answer with a quantitative analysis 
& 2 – 3 sentences that would be clear to someone who has not read the supplement. 
 

 

 

 

 

 
 

  



(4) See Supplement for Question (4): Paying Down Credit Card Debt in Suboptimal Ways. 

(a) [12 pts] Is the mean percent of the total monthly payment actually allocated to the high APR card statistically 
significantly higher than 50%? (Recall that 50% corresponds to being completely unresponsive to relative interest 
rates on the two cards.) Include the P-value. Next, is the result economically significant? Explain what the results for 
statistical significance and economic significance mean and why they came out this way. Answer with formal 
hypotheses, a quantitative analysis & 2 – 3 sentences that would be clear to someone who has read the supplement. 

 

  



(b) [9 pts] To make an inference about the size of the difference between the mean optimal and mean actual 

payment in pounds (£), what is wrong with using: ሺ377.30 − 259.76ሻ ± 1.960ට଼ସଽ.଻଴మଷଽସ,ଵଵଵ + ଻ଷଷ.ଽଶమଷଽସ,ଵଵଵ ?  After explaining 

what is wrong, identify the correct set up. However, you are not asked to compute and interpret the correct final 
answer. Answer with 1 – 2 sentences, the correct formula & the values to plug into it. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(5) [6 pts] Vitamin D may protect against the flu. Suppose OHIP wishes to prove that notification letters (in the mail) 
increase the fraction of individuals taking vitamin D supplements. What would a Type I error be? What would a Type 
II error be? Answer with 2 sentences. Be context-specific (i.e. apply the concepts and go beyond generic definitions). 

 

 

 

  



(6) [10 pts] Recall the NBER Working Paper 20573 “Asiaphoria Meets Regression to the Mean” by Pritchett and 
Summers (2014) and Table 1 (excerpt below). It uses the Penn World Table (PWT) version 8.0 data. Suppose a new 
version has annual real GDP per capita for 160 countries from 1996 through 2016, which is 3,360 observations of the 
real GDP per capita variable. This is the raw data. Consider the research question: across countries, how well do GDP 
per capita growth rates in the decade from 1996 to 2006 predict GDP per capita growth rates in the decade from 
2006 to 2016? Answering involves running a regression like the one reported in Table 1 but with 160 observations, 
instead of 142, and for the periods 1996 – 2006 and 2006 – 2016, instead of 1990 – 2000 and 2000 – 2010. 

Table 1: Little persistence in cross-national growth rates across decades 

Period 1 Period 2 Correlation Rank 
Correlation 

Regression
Coefficient R-squared N 

1990 – 2000 2000 – 2010 0.237 0.289 0.205 0.056 142 

Source: Author’s calculations with PWT8.0 data (Feenstra, Inklaar and Timmer (2013)). 
 
Following the approach of Pritchett and Summers (2014), but with the new version of data and the research question 
above, how many regressions must be run on the raw data (݊ = 3,360) to build the data (݊ = 160) on which to run 
the regression like in Table 1? Next, for each of those regressions run on the raw data, what are the y and x variables 
and what is the sample size? Finally, what do we need to take from the regressions run on the raw data so that we 
can build the data (݊ = 160) on which to run the regression like in Table 1? Answer with 3 – 4 sentences. 
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This Supplement contains formula sheets, the Standard Normal table, the Student t table, and necessary materials for 
some test questions. For each question referencing this Supplement, carefully review all materials, noticing 
continuations onto the next page.  

 

Sample mean:  തܺ = ∑ ௫೔೙೔సభ௡      Sample variance:  ݏଶ = ∑ (௫೔ି௑ത)మ೙೔సభ௡ିଵ = ∑ ௫೔మ೙೔సభ௡ିଵ − ൫∑ ௫೔೙೔సభ ൯మ௡(௡ିଵ)      Sample s.d.:  ݏ =  ଶݏ√

Sample coefficient of variation:  ܸܥ = ௦௑ത     Sample covariance:  ݏ௫௬ = ∑ (௫೔ି௑ത)(௬೔ି௒ത)೙೔సభ ௡ିଵ = ∑ ௫೔௬೔೙೔సభ௡ିଵ − ൫∑ ௫೔೙೔సభ ൯൫∑ ௬೔೙೔సభ ൯௡(௡ିଵ)   

Sample interquartile range:  ܴܳܫ = ܳ3 − ܳ1     Sample coefficient of correlation:  ݎ = ௦ೣ೤௦ೣ௦೤ = ∑ ௭ೣ೔௭೤೔೙೔సభ௡ିଵ  

 
Expected value:  ܧ[ܺ] = ߤ = ∑ ௔௟௟ ௫(ݔ)݌ݔ      Variance:  ܸ[ܺ] = ܺ)]ܧ − [ଶ(ߤ = ଶߪ = ∑ ݔ) − ௔௟௟ ௫(ݔ)݌ଶ(ߤ  

 
Covariance:  ܸܱܥ[ܺ, ܻ] = ܺ)]ܧ − ܻ)(௑ߤ − [(௒ߤ = ௑௒ߪ = ∑ ∑ ݔ) − ݕ)(௑ߤ − ,ݔ)݌(௒ߤ ௔௟௟ ௬௔௟௟ ௫(ݕ  
 
Laws of expected value:               Laws of variance:           Laws of covariance:   ܧ[ܿ] = ܿ                   ܸ[ܿ] = ,ܺ]ܸܱܥ           0 ܿ] = ܺ]ܧ      0 + ܿ] = [ܺ]ܧ + ܿ                 ܸ[ܺ + ܿ] = ܽ]ܸܱܥ          [ܺ]ܸ + ܾܺ, ܿ + ܻ݀] = ܾ݀ ∗ ,ܺ]ܸܱܥ [ܺܿ]ܧ           [ܻ = [ܺܿ]ܸ                   [ܺ]ܧܿ = ܿଶܸ[ܺ]    ܧ[ܽ + ܾܺ + ܻܿ] = ܽ + [ܺ]ܧܾ + ܽ]ܸ        [ܻ]ܧܿ + ܾܺ + ܻܿ] = ܾଶܸ[ܺ] + ܿଶܸ[ܻ] + 2ܾܿ ∗ ,ܺ]ܸܱܥ ܻ] 
                                                                              ܸ[ܽ + ܾܺ + ܻܿ] = ܾଶܸ[ܺ] + ܿଶܸ[ܻ] + 2ܾܿ ∗ (ܺ)ܦܵ ∗ (ܻ)ܦܵ ∗  ߩ
                                                                                     where ߩ = ,ܺ]ܱܰܫܶܣܮܧܴܴܱܥ ܻ] 

 
Sampling distribution of ࢄഥ: Sampling distribution of ࡼ෡: Sampling distribution of (ࡼ෡૛ − ௑തߤ :(෡૚ࡼ = ]ܧ തܺ] = ௉෠ߤ  ߤ = ൣܧ ෠ܲ൧ = ௉෠మି௉෠భߤ  ݌ = ൣܧ ෠ܲଶ − ෠ܲଵ൧ = ଶ݌ − ௑തଶߪ ଵ݌ = ܸ[ തܺ] = ఙమ௡ ௉෠ଶߪ   = ܸൣ ෠ܲ൧ = ௣(ଵି௣)௡ ௉෠మି௉෠భଶߪ   = ܸൣ ෠ܲଶ − ෠ܲଵ൧ = ௣మ(ଵି௣మ)௡మ + ௣భ(ଵି௣భ)௡భ ௑തߪ  = ]ܦܵ തܺ] = ఙ√௡  ߪ௉෠ = ൣܦܵ ෠ܲ൧ = ට௣(ଵି௣)௡ ௉෠మି௉෠భߪ  = ൣܦܵ ෠ܲଶ − ෠ܲଵ൧ = ට௣మ(ଵି௣మ)௡మ + ௣భ(ଵି௣భ)௡భ  

 
 
Sampling distribution of (ࢄഥ૚ − ࢊ) paired ,(ࢊഥࢄ) ഥ૛), independent samples: Sampling distribution ofࢄ = ૚ࢄ − ௑തభି௑തమߤ :(૛ࢄ = ]ܧ തܺଵ − തܺଶ] = ଵߤ − ௑ത೏ߤ    ଶߤ = ]ܧ തܺௗ] = ଵߤ − ௑തభି௑തమଶߪ ଶߤ = ܸ[ തܺଵ − തܺଶ] = ఙభమ௡భ + ఙమమ௡మ     ߪ௑ത೏ଶ = ܸ[ തܺௗ] = ఙ೏మ௡ = ఙభమାఙమమିଶ∗ఘ∗ఙభ∗ఙమ௡ ௑തభି௑തమߪ   = ]ܦܵ തܺଵ − തܺଶ] = ටఙభమ௡భ + ఙమమ௡మ     ߪ௑ത೏ = ]ܦܵ തܺௗ] = ఙ೏√௡ = ටఙభమାఙమమିଶ∗ఘ∗ఙభ∗ఙమ௡  

 
Inference about a population proportion: ࢠ test statistic:  ݖ = ௉෠ି௣బට೛బ(భష೛బ)೙       CI estimator:  ෠ܲ ± ఈݖ  ଶ⁄  ට௉෠(ଵି௉෠)௡  
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Inference about comparing two population proportions: ࢠ test statistic under Null hypothesis of no difference:  ݖ = ௉෠మି௉෠భටುഥ(భషುഥ)೙భ ାುഥ(భషುഥ)೙మ       Pooled proportion:  തܲ = ௑భା௑మ௡భା௡మ   

CI estimator:  ( ෠ܲଶ − ෠ܲଵ) ± ఈ/ଶට௉෠మ(ଵି௉෠మ)௡మݖ + ௉෠భ(ଵି௉෠భ)௡భ  

 
Inference about the population mean: ࢚ test statistic:  ݐ = ௑തିఓబ௦/√௡      CI estimator:  തܺ ± ఈ/ଶݐ  ௦√௡     Degrees of freedom: ߥ = ݊ − 1 

 
Inference about a comparing two population means, independent samples, unequal variances: 

ݐ :test statistic ࢚ = (௑തభି௑തమ)ି∆బඨೞభమ೙భାೞమమ೙మ
      CI estimator: ( തܺଵ − തܺଶ) ± ఈݐ ଶ⁄ ට௦భమ௡భ + ௦మమ௡మ   

Degrees of freedom: ߥ = ቆೞభమ೙భାೞమమ೙మቇమ
భ೙భషభቆೞభమ೙భቇమା భ೙మషభቆೞమమ೙మቇమ 

 
Inference about a comparing two population means, independent samples, assuming equal variances: 

ݐ  :test statistic ࢚ = (௑തభି௑തమ)ି∆బඨೞ೛మ೙భାೞ೛మ೙మ
     CI estimator:  ( തܺଵ − തܺଶ) ± ఈݐ ଶ⁄ ට௦೛మ௡భ + ௦೛మ௡మ     Degrees of freedom: ߥ = ݊ଵ + ݊ଶ − 2 

Pooled variance:  ݏ௣ଶ = (௡భିଵ)௦భమା(௡మିଵ)௦మమ௡భା௡మିଶ  

 
Inference about a comparing two population means, paired data:  (݊ is number of pairs and ݀ = ଵܺ − ܺଶ) ࢚ test statistic:  ݐ = ௗതି∆బ௦೏ √௡⁄      CI estimator:  തܺௗ ± ఈݐ ଶ⁄ ௦೏√௡      Degrees of freedom: ߥ = ݊ − 1 

 
 
SIMPLE REGRESSION: 
 
Model: ݕ௜ = ଴ߚ + ௜ݔଵߚ + ො௜ݕ  :௜     OLS lineߝ = ܾ଴ + ܾଵݔ௜      ܾଵ = ௦ೣ೤௦మೣ = ݎ ௦೤௦ೣ      ܾ଴ = തܻ − ܾଵ തܺ      

Residuals:  ݁௜ = ௜ݕ − ௘ݏ  :ො௜      Standard deviation of residualsݕ = ටௌௌா௡ିଶ = ට∑ (௘೔ି଴)మ೙೔సభ௡ିଶ       ܵܵܶ = ∑ ௜ݕ) − തܻ)௡௜ୀଵ ଶ = ܴܵܵ + ܴܵܵ     ܧܵܵ = ∑ ො௜ݕ) − തܻ)௡௜ୀଵ ଶ     ܵܵܧ = ∑ ݁௜௡௜ୀଵ ଶ = ∑ ௜ݕ) − ො௜)௡௜ୀଵݕ ଶ 

Coefficient of determination:  ܴଶ = ଶ     ܴଶ(ݎ) = ௌௌோௌௌ் = 1 − ௌௌாௌௌ்      

௬ଶݏ = ௌௌ்௡ିଵ     ܧܵܯ = ௌௌா௡ିଶ     ܴܧܵܯ ݐ݋݋ = ටௌௌா௡ିଶ      
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Supplement for Question (1): Recall the 2017 Ontario disclosure of 2016 salaries of public sector employees making at 
least $100K. Consider those employed at the University of Waterloo with a job title that includes the word Professor (i.e. 
Assistant, Associate, or Full Professor). The scatter diagrams and OLS regression results below assess salary differences 
by sex. Male is a dummy variable that equals 1 for a male professor and equals 0 for a female professor. 

  

Supplement for Question (2): Recall the 2017 article in the Journal of Political Economy titled “Gender Gaps in 
Performance: Evidence from Young Lawyers.” Below are some excerpts and Figure 3. Table 1 is on the next page. In 
Table 1, the final column titled ݌-Value enables testing for differences between male and female lawyers. 

EXCERPTS (pp. 1315 – 1318): Our analysis uses data from After the JD, a nationally representative, longitudinal survey of 
lawyers in the United States. Lawyers in the sample are representative of all lawyers first admitted to the bar in 2000. We 
focus on lawyers who bill hours—the large majority of whom work for private law firms. Table 1 [on next page] reports 
descriptive statistics for this core sample in 2007. The first measure of performance, hours billed, corresponds to lawyers’ 
total number of hours billed during the year before the survey, 2006. As shown in Table 1, male lawyers bill, on average, 
1,826 hours per year, while female lawyers bill 1,677 hours, on average.  

EXCERPT (p. 1334): Gender differences in the career aspirations of young lawyers may contribute to differences in 
performance. When asked to rate, on a scale from 1 to 10, their aspirations to become an equity partner in their firm, 60 
percent of male lawyers answered with 8 or more, compared to only 32 percent of female lawyers (see Fig. 3). 

 

Supplement for Question (2) continues on next page >>>>> 
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Supplement for Question (2), cont’d:  
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Supplement for Question (3): Recall a 2016 article “The social dilemma of autonomous vehicles” in the magazine 
Science. “Dilemma” means a difficult problem and “autonomous vehicles” (AVs) are cars that drive themselves. The 
researchers asked survey participants about both what they think AVs will do and what they think AVs should do when 
faced with dilemmas. The excerpted passage focuses on participants’ moral assessments regarding what AVs should do. 

EXCERPT (Abstract): Autonomous vehicles (AVs) will sometimes have to choose between two evils, such as running over 
pedestrians or sacrificing themselves and their passenger to save the pedestrians. [See Figures 1a and 1b.]  

                                                     

 

 
 
EXCERPT (p. 1574): In Study Two (n = 451 participants), participants were presented with dilemmas that varied the 
number of pedestrians’ lives that could be saved, from 1 to 100. Participants did not think that AVs should sacrifice [kill] 
their passenger when only one pedestrian could be saved, with an average approval rate of 23% [and 95% CI of 14 to 32], 
but their moral approval increased with the number of lives that could be saved. [Figure 3 shows that the approval rate 
jumped to 54% for 2 lives saved, 66% for 5 lives saved, 74% for 20 lives saved, and 86% for 100 lives saved.] 

 

 

 

Figure 1a. Car decides between killing 
one pedestrian or sacrificing (i.e. killing) 
its own passenger to save 1 life. 

Figure 1b. Car decides between killing 
ten pedestrians or sacrificing (i.e. killing) 
its own passenger to save 10 lives. 

Figure 3. Participants’ replies in Study Two. Boxes show the 95% Confidence Intervals. 
As noted in the legend above, the lighter boxes correspond to proportion agreeing 
that AVs will sacrifice [kill] their passengers and the darker boxes correspond to 
proportion agreeing that AVs should sacrifice [kill] their passengers. 
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Supplement for Question (4): Consider the 2018 NBER Working Paper 24161 “How Do Individuals Repay Their Debt? The 
Balance-Matching Heuristic.” APR is the annual percentage interest rate. Using monthly data on 1.4 million individuals 
with credit cards in the U.K. over a two-year period, the researchers focus on individuals in months with two cards, each 
with money owed, where one card has a higher APR. The unit of observation is an individual x month. Further, the 
sample includes only economically meaningful allocation decisions between two cards: the individual is paying off more 
than the minimum due on each card and the two cards have different APRs. The sample size is 394,111 observations. 

EXCERPT (p. 10): Figure 1 plots the distribution 
of actual and optimal payments in the two-card 
sample. The distribution of actual repayments 
appears close to symmetric, with a mass point at 
50%, and smaller mass points at 33% and 67%. In 
contrast, the distribution of optimal repayments 
is heavily weighted towards the high APR card. It 
is not optimal for individuals to place 100% of 
their payments on the high APR card because (i) 
they need to pay the minimum on the low 
interest rate card and (ii) they are sometimes 
able to pay off more than the full balance on the 
high interest rate card. 

Table 2 shows summary statistics for actual and 
optimal repayments for the two-card sample. On 
average, individuals should allocate 70.7% of 
repayments to the high APR card. If individuals 
were completely unresponsive to interest rates, we 
might expect them to place 50% of payments on the 
high APR card. On average, individuals allocate 51.2% 
to the high APR card, which is very close to the completely non-responsive baseline. Individuals, thus, misallocate 19.5% 
of their total monthly payment on average. 

 

 
 

Figure 1: Two Cards. Light bars show the optimal distribution of 
percent of total payment that an individual should allocate to the 
high APR card. Dark bars show the actual distribution. 

Note: Summary statistics for actual and optimal payments on the high APR card. Top panel shows the percentage 
of total payment (over both cards) that an individual allocates to the high APR card in a month. Bottom panel 
shows values in £s (British pounds). The two-card sample is restricted to individual x months with an economically 
meaningful allocative decision, which includes 394,111 observations. 
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