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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 10 pages plus the Supplement. The Supplement contains the aid sheets and statistical 
tables (Standard Normal and Student t). 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) Economists study differences in risk tolerance between women and men. For example, in “Gender Differences in Job 
Search and the Earnings Gap: Evidence from Business Majors” Cortés et al. (2021) measure risk tolerance on a scale 
from 1 to 6, with 6 being the highest tolerance for risk. They define high risk as those with a score of 5 or higher.  

(a) [2 pts] To assess if there is a statistically significant difference between women and men in the fraction categorized 
as high risk, what are the relevant hypotheses? Answer with hypotheses in formal notation. 

 

 

 

(b) [4 pts] Continuing from Part (a), explain what a Type I error is in this context. Answer with 1 precise sentence. 

 

 

 
 

 

 

(c) [4 pts] Continuing from Part (a), explain what a Type II error is in this context. Answer with 1 precise sentence. 

 

 
 

 

 

 

(2) [5 pts] To prove that less than one-third of the population supports the government with a sample of 1,000 citizens 
and a significance level of 5 percent, the power is 0.73 if, among all citizens, 30 percent of support the government. 
(Hence, 𝛽 is 0.27.) List FOUR different modifications that would increase the power. Answer with a bullet list. 

 

  



(3) [12 pts] Recall Table 2A from Karlan and List (2007) “Does Price Matter in Charitable Giving? Evidence from a Large-
Scale Natural Field Experiment.” For the point estimate highlighted by a box, what is the associated 99% confidence 
interval estimate? What is the interpretation of that CI estimate? Answer with a quantitative analysis & 2 – 3 sentences. 

 

 

  



(4) [11 pts] Recall Karlan and List (2007). Imagine a similar 
field experiment in Ontario and Quebec. The PivotTable to 
the right summarizes the results. For Ontario, compute the 
P-value to assess if there a statistically significant difference 
in the response rates between the control and treatment 
groups. Include a fully labelled graph illustrating the P-value. 
Answer with hypotheses in formal notation, a quantitative 
analysis & a fully labelled graph. 

 

  

Count of group Column Labels 
Row Labels Ontario Quebec Grand Total 
Control 6648 10029 16677 

Did not give 6541 9808 16349 
Gave 107 221 328 

Treatment 13594 19777 33371 
Did not give 13316 19330 32646 
Gave 278 447 725 

Grand Total 20242 29806 50048 



(5) This figure and excerpt from The NBER Digest (https://www.nber.org/digest-2022-02) describe the paper “A Second 
Chance at Success? Effects of College Grade Forgiveness Policies on Student Outcomes.”  

Excerpt: Grade 
forgiveness policies 
allow students to 
retake courses in 
which they are 
dissatisfied with 
their grades; only 
the most recent 
grade is included in 
their grade point 
average. To study 
the impact of such 
policies, the 
researchers looked 
at transcript data 
from all entering 
cohorts at Boise 
State University 
between 1990 and 
2017. This window 
presented a unique 
research 
opportunity 
because starting in 
1988 the university offered a grade forgiveness option for all courses. In 1995, it switched to a policy of averaging the first-attempt 
grade and the repeat-attempt grades, and then, in 2001, it returned to grade forgiveness. It is possible to estimate the effects of 
grade forgiveness by comparing data from the three periods. 

(a) [8 pts] Comparing 2000-01 with 2010-11, approximate and interpret the difference for Repeat rate? Next, again 
comparing 2000-01 with 2010-11, approximate and interpret the difference for GPA? Answer with 2 – 4 sentences. 

 

  



(b) [2 pts] To assess if GPAs are higher in 2010-11 than in 2000-01, what are the hypotheses? Answer with hypotheses in 
formal notation. 

 

 

 

 

(6) [8 pts] Recall the 2021 article in The New York Times 
“Archaeologists vs. Computers: A Study Tests Who’s Best at 
Sifting the Past; When it came to the tedious task of categorizing 
pottery fragments, a deep-learning model was found to be just as 
accurate as four human experts, and far more efficient.” Table 6 
summarizes some results from the original research paper. What 
is the 95% confidence interval estimate for Human B? What is the 
interpretation of the CI estimate? Answer with a quantitative 
analysis & 1 precise sentence. 

 

 

 

  

Table 6. Accuracy of pottery fragment categorization, 
by classifier type, for sample of 2,407 fragments 

Classifier # of successes 

Human A 1,918 

Human B 1,772 

Human C 2,092 

Human D 2,005 

Machine (Computer) 1,986 



(7) Recall Dizon-Ross (2019) “Parents’ Beliefs about Their 
Children’s Academic Ability: Implications for Educational 
Investments.” An excerpt of Table C.25 is to the right. It 
uses 39 randomly selected primary schools in the 
Machinga and Balaka districts in Malawi. Chichewa is the 
local language. We add the two shaded rows in boldface 
using the replication data. 

(a) [5 pts] In the first shaded row, what is the 
interpretation of 21.6732? Answer with 2 sentences. 

 

 

 

 

 

 

 

 

 

 

(b) [7 pts] In the second shaded row, what is the margin of error for a 90% confidence level? Is the margin of error large 
or small in this context? Explain. Answer with a quantitative analysis & 2 sentences. 

  

Summary Statistics 
 Mean SD 
Academic Performance (Average Achievement Scores) 
     Overall score 46.8 17.5 
     Math score 44.9 20.2 
     English score 44.2 20.1 
     Chichewa score 51.2 22.5 
     (Math – English) score 0.71 19.5 
     (Math – Chichewa) score -6.3588 21.6732 
Respondent’s Beliefs about Child’s Academic Performance 
     Believed Overall score 62.4 16.5 
     Believed Math score 64.7 19.0 
     Believed English score 55.3 20.9 
     Believed Chichewa score 66.8 19.4 
     Believed (Math – English) score 9.48 21.5 
     Believed (Math – Chichewa) score -2.0251 19.5205 
Sample size (number of kids) 5,268 



(8) Recall Taubman et al. (2013) “Medicaid Increases Emergency-Department Use: Evidence from Oregon’s Health 
Insurance Experiment.” 

Table 2. Emergency-department use 

  Percent with any visits1 Number of visits2 

 N Percent in 
Control Group 

Effect of Medicaid 
Coverage 

P-
value 

Mean Value in 
Control Group 

Effect of Medicaid 
Coverage 

P-
value 

Panel A: Overall 

All visits 24,646 34.5 7.0 
(2.4) 0.003 1.022 

(2.632) 
0.408 
(0.116) <0.001 

Notes: We report the estimated effect of Medicaid on emergency department use over our study period (March 10, 2008 – 
September 30, 2009). We report the sample size, the control mean of the dependent variable (with standard deviation for 
continuous outcomes in parentheses), the estimated effect of Medicaid coverage (with standard error in parentheses), and the 
p-value of the estimated effect. Sample consists of individuals in Portland-area zip codes (N=24,646). 
1 For the percent-with-any-visits measures, the estimated effects of Medicaid coverage are shown in percentage points. 
2 The number-of-visits measures are unconditional, including those with no visits. 

 
(a) [4 pts] In Table 2, what is the interpretation of 34.5? Answer with 1 precise sentence. 

 

 

 

 

 

 

(b) [5 pts] In Table 2, what is “(0.116)”? What are the FOUR factors that affect its size? Answer with 1 – 2 sentences. 

 



For your easy visual reference, the same background from the previous page is repeated below. 

Recall Taubman et al. (2013) “Medicaid Increases Emergency-Department Use: Evidence from Oregon’s Health 
Insurance Experiment.” 

Table 2. Emergency-department use 

  Percent with any visits1 Number of visits2 

 N Percent in 
Control Group 

Effect of Medicaid 
Coverage 

P-
value 

Mean Value in 
Control Group 

Effect of Medicaid 
Coverage 

P-
value 

Panel A: Overall 

All visits 24,646 34.5 7.0 
(2.4) 0.003 1.022 

(2.632) 
0.408 
(0.116) <0.001 

Notes: We report the estimated effect of Medicaid on emergency department use over our study period (March 10, 2008 – 
September 30, 2009). We report the sample size, the control mean of the dependent variable (with standard deviation for 
continuous outcomes in parentheses), the estimated effect of Medicaid coverage (with standard error in parentheses), and the 
p-value of the estimated effect. Sample consists of individuals in Portland-area zip codes (N=24,646). 
1 For the percent-with-any-visits measures, the estimated effects of Medicaid coverage are shown in percentage points. 
2 The number-of-visits measures are unconditional, including those with no visits. 

 
(c) [7 pts] There are two columns labelled “Effect of Medicaid Coverage.” What does 0.408 measure? Next, explain in 
which way the estimate of 0.408 represents a bigger effect of Medicaid coverage than the estimate of 7.0 in Table 2. 
Answer with 3 – 4 sentences. 

 

 

  



(9) Recall Levinson (2016) “How Much Energy Do Building Energy Codes Save? Evidence from California Houses.” The 
figures below use a subset of those data and a dummy variable for homes greater than 2,000 square feet.  

           

(a) [4 pts] For 𝑒𝑙𝑒𝑐𝑡𝑟𝚤𝑐𝚤𝑡𝑦ప෣ = 𝑎 + 𝑏 𝑔𝑡2000_𝑠𝑞𝑓𝑡௜, roughly what are the values of 𝑎 and 𝑏? Also, if 𝑙𝑡2000_𝑠𝑞𝑓𝑡௜ is a 
dummy variable equal to 1 for houses less than 2,000 square feet, then for 𝑒𝑙𝑒𝑐𝑡𝑟𝚤𝑐𝚤𝑡𝑦ప෣ = 𝑏଴ + 𝑏ଵ𝑙𝑡2000_𝑠𝑞𝑓𝑡௜, 
roughly what are the values of 𝑏଴ and 𝑏ଵ? Answer with approximate values for 𝑎, 𝑏, 𝑏଴, and 𝑏ଵ. 

 

 

 

 

(b) [7 pts] Which is the best estimate of the 𝑠௘ (the root MSE): 0.015, 0.384, or 11.739? Why? What are its units of 
measurement? In this context, is the value of the 𝑠௘ large or small? Explain. Answer with 3 – 4 sentences. 
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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  

 
Sampling distribution of (𝑿ഥ𝟏 − 𝑿ഥ𝟐), independent samples: Sampling distribution of (𝑿ഥ𝒅), paired (𝒅 = 𝑿𝟏 − 𝑿𝟐): 𝜇௑തభି௑തమ = 𝐸[𝑋തଵ − 𝑋തଶ] = 𝜇ଵ − 𝜇ଶ    𝜇௑ത೏ = 𝐸[𝑋തௗ] = 𝜇ଵ − 𝜇ଶ 𝜎௑തభି௑തమଶ = 𝑉[𝑋തଵ − 𝑋തଶ] = ఙభమ௡భ + ఙమమ௡మ     𝜎௑ത೏ଶ = 𝑉[𝑋തௗ] = ఙ೏మ௡ = ఙభమାఙమమିଶ∗ఘ∗ఙభ∗ఙమ௡   𝜎௑തభି௑തమ = 𝑆𝐷[𝑋തଵ − 𝑋തଶ] = ටఙభమ௡భ + ఙమమ௡మ     𝜎௑ത೏ = 𝑆𝐷[𝑋തௗ] = ఙ೏√௡ = ටఙభమାఙమమିଶ∗ఘ∗ఙభ∗ఙమ௡  
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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: 𝒛 test statistic under Null hypothesis of no difference:  𝑧 = ௉෠మି௉෠భටುഥ(భషುഥ)೙భ ାುഥ(భషುഥ)೙మ       Pooled proportion:  𝑃ത = ௑భା௑మ௡భା௡మ   
CI estimator:  (𝑃෠ଶ − 𝑃෠ଵ) ± 𝑧ఈ/ଶට௉෠మ(ଵି௉෠మ)௡మ + ௉෠భ(ଵି௉෠భ)௡భ  

 
Inference about the population mean: 𝒕 test statistic:  𝑡 = ௑തିఓబ௦/√௡      CI estimator:  𝑋ത ± 𝑡ఈ/ଶ  ௦√௡     Degrees of freedom: 𝜈 = 𝑛 − 1 

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

𝒕 test statistic: 𝑡 = (௑തభି௑തమ)ି୼బඨೞభమ೙భାೞమమ೙మ
      CI estimator: (𝑋തଵ − 𝑋തଶ) ± 𝑡ఈ ଶ⁄ ට௦భమ௡భ + ௦మమ௡మ   

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

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

𝒕 test statistic:  𝑡 = (௑തభି௑തమ)ି୼బඨೞ೛మ೙భାೞ೛మ೙మ      CI estimator:  (𝑋തଵ − 𝑋തଶ) ± 𝑡ఈ ଶ⁄ ට௦೛మ௡భ + ௦೛మ௡మ     Degrees of freedom: 𝜈 = 𝑛ଵ + 𝑛ଶ − 2 

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

 
Inference about a comparing two population means, paired data:  (𝑛 is number of pairs and 𝑑 = 𝑋ଵ − 𝑋ଶ) 𝒕 test statistic:  𝑡 = ௗതି୼బ௦೏ √௡⁄      CI estimator:  𝑋തௗ ± 𝑡ఈ ଶ⁄ ௦೏√௡      Degrees of freedom: 𝜈 = 𝑛 − 1 

 
SIMPLE REGRESSION: 

Model: 𝑦௜ = 𝛽଴ + 𝛽ଵ𝑥௜ + 𝜀௜     OLS line:  𝑦ො௜ = 𝑏଴ + 𝑏ଵ𝑥௜      𝑏ଵ = ௦ೣ೤௦మೣ = 𝑟 ௦೤௦ೣ      𝑏଴ = 𝑌ത − 𝑏ଵ𝑋ത     

Residuals:  𝑒௜ = 𝑦௜ − 𝑦ො௜      Standard deviation of residuals:  𝑠௘ = 𝑅𝑜𝑜𝑡 𝑀𝑆𝐸 = ටௌௌா௡ିଶ = ට∑ (௘೔ି଴)మ೙೔సభ௡ିଶ      𝑆𝑆𝑇 = ∑ (𝑦௜ − 𝑌ത)௡௜ୀଵ ଶ = 𝑆𝑆𝑅 + 𝑆𝑆𝐸     𝑆𝑆𝑅 = ∑ (𝑦ො௜ − 𝑌ത)௡௜ୀଵ ଶ     𝑆𝑆𝐸 = ∑ 𝑒௜௡௜ୀଵ ଶ = ∑ (𝑦௜ − 𝑦ො௜)௡௜ୀଵ ଶ 𝑠௬ଶ = ௌௌ்௡ିଵ      Coefficient of determination:  𝑅ଶ = (𝑟)ଶ = ௌௌோௌௌ் = 1 − ௌௌாௌௌ்         
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