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ECO220Y1Y, Test #3, Prof. Murdock 
February 7, 2025, 8:10 am – 10:00 am 

Instructions: 

 Keep ALL pages closed and face up on your desk until we announce the start. 

 There are 8 test pages with 7 questions, with varying numbers of parts, worth a total of 95 points. 

 Questions (1) and (2) have no supplementary material. The rest require the Supplement, which will be 
distributed after the test has begun. You already have the aids sheets, with formulae and statistical tables. 

 You have 110 minutes. You must stay for a minimum of 60 minutes. 

 For each question referencing the Supplement, carefully review all materials. The Supplement and aid sheets 
are NOT collected: write your answers on the test papers. At the end, hand in only your Crowdmark test papers.  

 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 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. We give more blank space than is needed for each answer (with typical 
handwriting) worth full marks. Follow the answer guides and avoid excessively long answers. 



(1) [4 pts] We wish to make an inference about how access to health insurance and primary care affects people’s use of 
hospital emergency departments. In this context, describe an example of paired data. Answer with 1 – 2 sentences. 

 

 

 

 

 

 

(2) An application process requires written materials and a passport photo. Among all white applicants, 10% are offered 
jobs. To test for bias against black applicants, 1,000 real submissions by white applicants are altered by changing only 
the name and the photo to reflect a black applicant pool. This sample of 1,000 altered applications are then submitted. 

(a) [9 pts] To prove bias against black applicants at a 1% significance level, how low must the percent offered jobs in the 
sample be? Answer with hypotheses in formal notation, a quantitative analysis & 1 sentence. 

 

 

 

 

 

 

 

 

 

 

 

 

(b) [3 pts] Without doing any further quantitative analysis, explain how the answer to Part (a) would change if instead of 
1,000 applications there were 250. Explain conceptually, not mathematically. Answer with 1 sentence. 

 

 

 



(3) See Supplement for Question (3): Forecasting the directional effects of macroeconomic shocks. 

(a) [5 pts] Among ECO220Y students, compute the 90% CI about the belief that a rise in government spending leads to a 
rise in inflation. Answer with a quantitative analysis.  

 

 

 

 

 

 

 

 

 

(b) [8 pts] Compute and interpret a 99% CI about the difference between experts and the general population in the 
belief that a rise in government spending leads to a rise in inflation. Answer with a quantitative analysis & 1 sentence.  

 

 

 
 
 
 
  



(4) [9 pts] See Supplement for Questions (4), (5) and (6): Declining fertility. For a certain population of women, 
researchers wish to prove that fertility supports population growth (i.e. exceeds the adequate replacement rate). Write 
the hypotheses. In this context and in plain English, what would a Type I error be? In this context and in plain English, 
what would a Type II error be? Answer with hypotheses in formal notation & 2 sentences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(5) See Supplement for Questions (4), (5) and (6): Declining fertility. A research team studies how socioeconomic status 
and demographics interact with fertility. They make inferences about subgroups. For example, women whose highest 
level of education is a high school degree and are aged 50 to 55. 

(a) [5 pts] The tabulation to the right summarizes a random sample from a 
population subgroup. The sample standard deviation is 1.3474759. 
Compute the standardized test statistic to test if the population subgroup 
has fertility exceeding the U.S. Answer with a quantitative analysis.  
(Note: It does not ask you to do the test, just to compute the test statistic.) 
 

  

num_child |  Freq.   Percent     Cum. 
----------+-------------------------- 
        0 |    277     22.78    22.78 
        1 |    211     17.35    40.13 
        2 |    412     33.88    74.01 
        3 |    195     16.04    90.05 
        4 |     91      7.48    97.53 
        5 |     15      1.23    98.77 
        6 |     13      1.07    99.84 
        7 |      2      0.16   100.00 
----------+-------------------------- 
    Total |  1,216    100.00 



(b) [10 pts] For another subgroup – women aged 50 to 55 who completed law school – a random sample of 54 has 
average births of 1.2 and a standard deviation of 1.1. Can this sample prove ultralow fertility? Compute the P-value. 
Interpret the results. Answer with hypotheses in formal notation, a quantitative analysis & 2 – 3 sentences. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
(c) [6 pts] Using a sample for another subgroup – women aged 50 to 55 with a PhD – researchers seek to prove fertility 
is below South Korea. The P-value comes out to 0.961. Explain and interpret the results. Answer with 2 – 3 sentences. 
 

 
 
  



(6) [12 pts] See Supplement for Questions (4), (5) and (6): Declining fertility. Fertility can decline because fewer women 
choose to bear children and/or because an increasing fraction choose to stop after a small number (e.g. one child). 
Focusing on the latter, consider trying to prove at a 5% significance level that a majority of a population subgroup have 
only one child. What is the power of the test if we have a random sample of 1,000 women and 54% of the entire 
population subgroup have one child? Answer with hypotheses in formal notation, a quantitative analysis, a second fully 
labeled graph & 1 – 2 sentences interpreting your answer.  
(Note: The first required graph is already drawn for you. Do not redo the quantitative analysis required to draw it.) 

 
  



(7) See Supplement for Question (7): Valuing Solar Subsidies. 

(a) [4 pts] Give an example of a specific question – in PLAIN ENGLISH (like an interpretation) – that would require using 
the formula below from our aid sheets. Your question should be answerable using the formula below and the numbers 
in Table 1, but you should not answer it nor plug into the formula. Answer with ONE specific question.  𝑧 = ௉෠మି௉෠భටುഥሺభషುഥሻ೙భ ାುഥሺభషುഥሻ೙మ   

 

 

 

(b) [4 pts] Give an example of a specific question – in PLAIN ENGLISH (like an interpretation) – that would require using 
the formula below from our aid sheets. Your question should be answerable using the formula below and the numbers 
in Table 1, but you should not answer it nor plug into the formula. Answer with ONE specific question.  ሺ𝑋തଵ − 𝑋തଶሻ ± 𝑡ఈ ଶ⁄ ට௦భమ௡భ + ௦మమ௡మ  

 

 

 

(c) [6 pts] Compute the standard error for 5.51 (near the bottom of Table 1). How will it compare to the standard error 
for 5.29? Explain if the standard error for 5.51 will be bigger, smaller, or about the same as the standard error for 5.29. 
Answer with a quantitative analysis & 1 – 2 sentences. 

 

 

 

 

 

 

 

 

  



(d) [10 pts] Is there a significant difference in house size between those who adopt rooftop solar systems compared to 
those who do not? Justify and explain your answer. Answer with the relevant quantitative analysis & 2 – 3 sentences. 
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Supplement for Question (1): N/A (all information given with the question) 

 
Supplement for Question (2): N/A (all information given with the question) 
 

Supplement for Question (3): From Workshop 14, recall the 2022 paper “Subjective Models of the Macroeconomy: 
Evidence from Experts and Representative Samples” published in the Review of Economic Studies. 

Figure 1 is titled “Forecasts of the directional effects of macroeconomic shocks” and an excerpt is below.  

Figure 1 shows when the macroeconomic shock is a rise in government spending. A note below Figure 1 says “This figure 
presents the forecasts of the directional effects of macroeconomic shocks on the inflation rate and the unemployment 
rate. It compares the forecasts of the general population (left column) to those of experts (right column).”  

The researchers use replies to a 2019 survey administered to representative random samples. For the general 
population, they have a sample of about 2,200 respondents living in the United States. For economic experts, they have 
a sample of about 1,100 respondents from around the world. 

     
 
NOTE to help you read the screenshot above: It shows that in response to a rise in government spending, 29% 
of the general population think that leads to a fall in inflation, 16% think no change in inflation, and 55% think a 
rise in inflation, whereas among economic experts those numbers are 7%, 13%, and 80%, respectively.  

During class in ECO220Y in January 2025, 83 students said a rise in government spending leads to a fall in inflation, 32 
said no change in inflation, and 240 said a rise in inflation. Treat this as a representative random sample of typical 
students in ECO220Y. 

 

Supplement for Questions (4), (5) and (6): Consider an opinion piece by Ezra Klein titled “Now is the Time of Monsters” 
published on January 12, 2025 in the New York Times. 

Excerpt: In April, the Centers for Disease Control and Prevention announced that the U.S. fertility rate had 
fallen to a new low of around 1.6 births per woman — well below the 2.1 that is broadly considered an 
adequate replacement rate. The European Union average is closer to 1.5, with Germany recently 
falling below the U.N.’s “ultralow fertility” line of 1.4. South Korea is down to 0.78 births per woman, a rate 
at which the country will sharply contract over a few generations. The only wealthy country with a fertility 
rate above the replacement rate is Israel. 

It is harder for societies to remain stable as they shrink; South Korea’s demographic crisis has contributed to 
its recent political turmoil. Growth becomes elusive when populations decline. Fewer adults supporting more 
retirees is a recipe for discontent.  
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Supplement for Question (7): Consider a 2025 NBER Working Paper titled “Valuing Solar Subsidies.”  

Excerpts (pp. 7 – 9): For 28 zip codes in west-central California, we assemble a detailed household-level data set 
on solar adoptions, home characteristics, and household characteristics covering the period 2014 to 2016.  

Our first data source contains address-level data on home characteristics from CoreLogic. We focus on all single-
family detached owner-occupied non-mobile home residences that were built before 2014 in the 28 zip codes. 
The data include the year built, heated square footage, and number of stories. This provides the set of potentially 
adopting households. 

Our second data source is publicly available voter registration data from the California Secretary of State. For each 
address, we categorize households to be Democrat, Republican, or mixed. We merge in household characteristics 
data from InfoUSA, including the number of children, race, home-ownership status, the length of time at the 
residence, the number of open lines of credit, and the calculated wealth of the household, inclusive of equity in 
the home. 

Our installation-level dataset of solar adopters is a restricted-access version of the Lawrence Berkeley National 
Laboratories “Tracking the Sun” (TTS) database which contains the address of the installation, application date, 
installation date, system size (in watts). 

Table 1 shows summary statistics for the homes and households in the sample by adopter status. The wealth 
variable includes the estimated value of the home. Solar adopters tend to be middle- and high-wealth, are more 
likely to have children, and have larger homes. Adopters are only slightly more likely to be all-Democratic in voter 
registration and have shorter length of residence. [Two numbers are in boldface in Table 1 for easy reference.] 

Table 1: Sample Summary Statistics 

 All  Adopters  Non-adopters 

 Mean Std. dev  Mean Std. dev  Mean Std. dev 
Variables          
     Wealth ($1,000’s) 2500.09 1017.81  2624.27 909.25  2494.99 1021.70 
     1(Low wealth bin) 0.33 0.47  0.24 0.43  0.34 0.47 
     1(Medium wealth bin) 0.33 0.47  0.42 0.49  0.33 0.47 
     1(High wealth bin) 0.33 0.47  0.34 0.47  0.33 0.47 
     Lines of credit (count) 0.67 1.41  0.75 1.53  0.66 1.40 
     1(Children present) 0.32 0.47  0.41 0.49  0.31 0.46 
     Length of residence (years) 15.56 12.26  13.42 10.65  15.65 12.31 
     Square Footage (1,000 sq. ft.) 1.79 0.75  2.16 0.81  1.77 0.75 
     1(Single story) 0.32 0.47  0.45 0.50  0.32 0.47 
     1(Dem voter registration) 0.43 0.49  0.45 0.50  0.43 0.49 
     1(Possible non-owner) 0.18 0.39  0.06 0.24  0.19 0.39 
Number of households (n) 183,667  7,244  176,423 

Adopted System Size (n = 7,244)    Mean Std. dev    

     System Size (kW)    5.29 2.36    
     Low-Wealth Adopter Sys. Size (kW)    4.91 2.23    
     Med-Wealth Adopter Sys. Size (kW)    5.51 2.34    
     High-Wealth Adopter Sys. Size (kW)    5.29 2.45    

 



Aid sheets will NOT be collected or graded: write your answers on the test papers.                    Aid sheets: Page 1 of 4 

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 
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