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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 5 questions (all 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 and statistical 
tables (Standard Normal, Student 𝑡, and 𝐹) and readings, figures, tables, and other materials for 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) See Supplement for Question (1): How Much Energy Do Building Energy Codes Save? Evidence from California 
Houses. 

(a) [10 pts] In the Stata regression output in the row for constr_50_59, compute the one hidden value. For that 
hidden value, write the associated hypotheses. Finally, interpret the conclusion of that hypothesis test in this context. 
Answer with hypotheses in formal notation, a quantitative analysis & 1 – 2 sentences. 

 

 

  



(b) [5 pts] In the Stata regression output in the row for constr_05_08, compute the two hidden values. Answer with a 
quantitative analysis. 

 

 

 

 

 

 

 

 
 

 

(c) [6 pts] What is the predicted 2009 annual electricity usage in MMBTUs for a house that is 1,750 square feet, has 3 
residents, does not have central air conditioning, is built in 1994, and is in climate zone 1? (Note: To get the final answer 
in MMBTUs, recall that 𝑒 = 𝑥.) Answer with a quantitative analysis. 

 

 

 

 

 

 

 

 

 

(d) [5 pts] A new regression is just like the one in the Supplement except that the new regression does not control for 
the climate zone that each house is located in. Answer by filling in the five blanks. 

In the new regression the value of 𝑘 is ____ [numeric value] versus a 𝑘 of ____ [numeric value] in the regression in 

the Supplement. Further, in the new regression, the 𝑅  is ______________ [smaller / larger / the same], the SST is 

______________ [smaller / larger / the same], and the SSE is ______________ [smaller / larger / the same] 

compared to the regression in the Supplement.  



(2) See Supplement for Question (2): 2022 World Happiness Report: Mexico from 2005 through 2021. 

(a) [5 pts] Using the given Excel output, what is the P-value to assess if the regression is statistically significant overall? 
Of the 4 common significance levels (10%, 5%, 1%, and 0.1%), which does it meet? Answer with hypotheses in formal 
notation & 1 sentence. 

 

 

 

 

 

 

 

 

(b) [9 pts] Draw a figure to effectively communicate happiness trends in Mexico. Answer with a fully labelled graph & 
show your work. 

 

 

 

 

 

 

 

 

 

 

 

  



(c) [8 pts] From the aid sheets, use this formula . With relevant results from the Excel output, show how to plug 

into that formula and then compute its numeric value. Interpret that numeric value in this context. Assess if it is large or 
small in this context. Answer with a quantitative analysis & 2 – 3 sentences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(3) See Supplement for Question (3): Entry and Exit of Informal Firms and Development: Case Study of Vietnam.  

(a) [6 pts] For Figure 3, define 𝑠ℎ𝑎𝑟𝑒  as the share of households operating a farm or non-farm business in province 𝑖 
and year 𝑡. Define 𝑟𝑝𝑖𝑝𝑐  as real provincial income per capita in 2006 in millions of VND in province 𝑖. Define 𝑑06  as 1 
for 2006 and 0 otherwise and 𝑑18  as 1 for 2018 and 0 otherwise. Consider the estimated coefficients 𝑏 , 𝑏 ,𝑏 , and 𝑏  
for the model: 𝑠ℎ𝑎𝑟𝑒 = 𝛽 + 𝛽 𝑟𝑝𝑖𝑝𝑐 + 𝛽 𝑑06 + 𝛽 𝑑06 × 𝑟𝑝𝑖𝑝𝑐 + 𝜀 . Answer by filling in the eight blanks. 

For each point estimate, for the second blank choose from: intercept for 2006 / intercept for 2018 / slope for 2006 / 
slope for 2018 / difference in intercept for 2006 versus 2018 / difference in slope for 2006 versus 2018. 𝑏  is ______________ [positive / negative] and is the ___________________________________________________.  𝑏  is ______________ [positive / negative] and is the ___________________________________________________. 𝑏  is ______________ [positive / negative] and is the ___________________________________________________.   𝑏  is ______________ [positive / negative] and is the ___________________________________________________. 



(b) [7 pts] For Figure 3 and 2018, for the formula 𝑦 ± 𝑡 ⁄ 𝑠 1 + +   consider 𝒙𝒈 = 𝟐𝟎. Roughly, what is the 

value of 𝒚𝒙𝒈? What is the interpretation of the value of 𝒚𝒙𝒈? Answer with a numeric estimate & 1 – 2 sentences.  

 

 

 

 

 

 

 

 

 

 

 

 

(c) [6 pts] In Figure 5, for the Entry line the OLS coefficient estimates are 𝑏 = 27.31074379 and 𝑏 = −0.55966942. 
Interpret the point estimate of the slope. Answer with 1 precise sentence. 

  



(4) See Supplement for Question (4): Why Have College Completion Rates Increased?  

(a) [8 pts] Using Column (1) in Table 7, how do average first-year GPAs compare for the year 2000 versus the year 1990? 
Next, interpret your estimate and assess economic significance. Answer with a quantitative analysis & 2 – 3 sentences. 

 

 

 

 

 

 

 

 

 

 

(b) [8 pts] In an alternate reality version of the U.S. from 1990 to 2000 suppose that these two things are true: 

1. There is no grade inflation: every year students get the grades they deserve. For example, work submitted in 
1990 that earns a grade of “C” (a 2.0 on the GPA scale) would still get exactly a “C” if submitted in 2000. 

2. Students on average tend to get academically stronger each year from 1990 to 2000, which is clear from rising 
marks on standardized tests written in high school. 

In this alternate reality, what key result should we expect to see in Column (1) of Table 7? Explain. In this alternate 
reality, what key result should we expect to see in Column (7) of Table 7? Explain. Answer with 2 – 3 sentences. 

 

 

 

 

 

 

 

 

 

  



(5) See Supplement for Question (5): Consumer Demand with Social Influences: Evidence from an E-Commerce Platform. 

(a) [4 pts] Consider the number of explanatory (x) variables for the regressions in Table 1. Answer by filling in the four 
blanks. 

The number of x variables in the regression in Column (1) is ____ [numeric value], in Column (2) is ____ [numeric 

value], and in Column (3) is ____ [numeric value]. Compared to the regression in Column (3), in the regression in 

Column (4) the number of x variables is _____________ [smaller / larger / the same]. 

(b) [8 pts] For Table 1, how do the results for “Red (indicator)” differ in Column (1) and Column (3)? Make sure to both 
interpret them and to explain why they differ. Answer with 2 – 3 sentences. 
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This Supplement has the aid sheets and statistical tables (Standard Normal, Student 𝑡, 𝐹) and readings, figures, tables, 
and other materials for test questions. For each question referencing this Supplement, carefully review all materials. 

Sample mean:  𝑋 = ∑
     Sample variance:  𝑠 = ∑ = ∑ − ∑( )      Sample s.d.:  𝑠 = √𝑠  

Sample coefficient of variation:  𝐶𝑉 =      Sample covariance:  𝑠 = ∑ ( )( ) = ∑ − ∑ ∑( )   

Sample interquartile range:  𝐼𝑄𝑅 = 𝑄3 − 𝑄1     Sample coefficient of correlation:  𝑟 = = ∑
 

 

Addition rule:  𝑃(𝐴 𝑜𝑟 𝐵) = 𝑃(𝐴) + 𝑃(𝐵) − 𝑃(𝐴 𝑎𝑛𝑑 𝐵)     Conditional probability:  𝑃(𝐴|𝐵) = (   )( )        

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

Multiplication rule:  𝑃(𝐴 𝑎𝑛𝑑 𝐵) = 𝑃(𝐴|𝐵)𝑃(𝐵) = 𝑃(𝐵|𝐴)𝑃(𝐴)      
 
Expected value:  𝐸 𝑋 = 𝜇 = ∑ 𝑥𝑝(𝑥)      Variance:  𝑉 𝑋 = 𝐸 (𝑋 − 𝜇) = 𝜎 = ∑ (𝑥 − 𝜇) 𝑝(𝑥)  

Covariance:  𝐶𝑂𝑉 𝑋,𝑌 = 𝐸 (𝑋 − 𝜇 )(𝑌 − 𝜇 ) = 𝜎 = ∑ ∑ (𝑥 − 𝜇 )(𝑦 − 𝜇 )𝑝(𝑥,𝑦)   
 
Laws of expected value:               Laws of variance:           Laws of covariance:   𝐸 𝑐 = 𝑐                   𝑉 𝑐 = 0           𝐶𝑂𝑉 𝑋, 𝑐 = 0      𝐸 𝑋 + 𝑐 = 𝐸 𝑋 + 𝑐                 𝑉 𝑋 + 𝑐 = 𝑉 𝑋           𝐶𝑂𝑉 𝑎 + 𝑏𝑋, 𝑐 + 𝑑𝑌 = 𝑏𝑑 ∗ 𝐶𝑂𝑉[𝑋,𝑌]           𝐸[𝑐𝑋] = 𝑐𝐸[𝑋]                   𝑉[𝑐𝑋] = 𝑐 𝑉[𝑋]    𝐸[𝑎 + 𝑏𝑋 + 𝑐𝑌] = 𝑎 + 𝑏𝐸[𝑋] + 𝑐𝐸[𝑌]        𝑉[𝑎 + 𝑏𝑋 + 𝑐𝑌] = 𝑏 𝑉[𝑋] + 𝑐 𝑉[𝑌] + 2𝑏𝑐 ∗ 𝐶𝑂𝑉[𝑋,𝑌] 
                                                                              𝑉[𝑎 + 𝑏𝑋 + 𝑐𝑌] = 𝑏 𝑉[𝑋] + 𝑐 𝑉[𝑌] + 2𝑏𝑐 ∗ 𝑆𝐷(𝑋) ∗ 𝑆𝐷(𝑌) ∗ 𝜌 
                                                                                     where 𝜌 = 𝐶𝑂𝑅𝑅𝐸𝐿𝐴𝑇𝐼𝑂𝑁[𝑋,𝑌] 

Combinatorial formula:  𝐶 = !!( )!     Binomial probability:  𝑝(𝑥) = !!( )! 𝑝 (1 − 𝑝)      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) =   and  𝐸[𝑋] =   and  𝑉[𝑋] = ( )  

 
Sampling distribution of 𝑿: Sampling distribution of 𝑷: Sampling distribution of (𝑷𝟐 − 𝑷𝟏): 𝜇 = 𝐸[𝑋] = 𝜇  𝜇 = 𝐸 𝑃 = 𝑝  𝜇 = 𝐸 𝑃 − 𝑃 = 𝑝 − 𝑝  𝜎 = 𝑉[𝑋] =   𝜎 = 𝑉 𝑃 = ( )  𝜎 = 𝑉 𝑃 − 𝑃 = ( ) + ( ) 𝜎 = 𝑆𝐷[𝑋] = √   𝜎 = 𝑆𝐷 𝑃 = ( ) 𝜎 = 𝑆𝐷 𝑃 − 𝑃 = ( ) + ( ) 
Sampling distribution of (𝑿𝟏 − 𝑿𝟐), independent samples: Sampling distribution of (𝑿𝒅), paired (𝒅 = 𝑿𝟏 − 𝑿𝟐): 𝜇 = 𝐸[𝑋 − 𝑋 ] = 𝜇 − 𝜇     𝜇 = 𝐸[𝑋 ] = 𝜇 − 𝜇  𝜎 = 𝑉[𝑋 − 𝑋 ] = +      𝜎 = 𝑉[𝑋 ] = = ∗ ∗ ∗   𝜎 = 𝑆𝐷[𝑋 − 𝑋 ] = +      𝜎 = 𝑆𝐷[𝑋 ] = √ = ∗ ∗ ∗  
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Inference about a population proportion: 𝒛 test statistic:  𝑧 = ( )      CI estimator:  𝑃 ±  𝑧 ⁄  ( ) 
 
Inference about comparing two population proportions: 𝒛 test statistic under Null hypothesis of no difference:  𝑧 = ( ) ( )      Pooled proportion:  𝑃 =    

CI estimator:  (𝑃 − 𝑃 ) ± 𝑧 / ( ) + ( ) 
 
Inference about the population mean: 𝒕 test statistic:  𝑡 = /√      CI estimator:  𝑋 ± 𝑡 /  √      Degrees of freedom: 𝜈 = 𝑛 − 1 

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

𝒕 test statistic: 𝑡 = ( )       CI estimator: (𝑋 − 𝑋 ) ± 𝑡 ⁄ +    

Degrees of freedom: 𝜈 =  

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

𝒕 test statistic:  𝑡 = ( )      CI estimator:  (𝑋 − 𝑋 ) ± 𝑡 ⁄ +      Degrees of freedom: 𝜈 = 𝑛 + 𝑛 − 2 

Pooled variance:  𝑠 = ( ) ( )  

 
Inference about a comparing two population means, paired data:  (𝑛 is number of pairs and 𝑑 = 𝑋 − 𝑋 ) 𝒕 test statistic:  𝑡 = √⁄      CI estimator:  𝑋 ± 𝑡 ⁄ √       Degrees of freedom: 𝜈 = 𝑛 − 1 

 
 
SIMPLE REGRESSION: 
 
Model: 𝑦 = 𝛽 + 𝛽 𝑥 + 𝜀      OLS line:  𝑦 = 𝑏 + 𝑏 𝑥      𝑏 = = 𝑟       𝑏 = 𝑌 − 𝑏 𝑋      

Coefficient of determination:  𝑅 = (𝑟)      Residuals:  𝑒 = 𝑦 − 𝑦  

Standard deviation of residuals:  𝑠 = = ∑ ( )      Standard error of slope:  𝑠. 𝑒. (𝑏 ) = 𝑠 = ( )  
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Inference about the population slope: 𝒕 test statistic:  𝑡 = . .( )     CI estimator:  𝑏 ± 𝑡 ⁄ 𝑠. 𝑒. (𝑏 )     Degrees of freedom:  𝜈 = 𝑛 − 2 

Standard error of slope:  𝑠. 𝑒. (𝑏 ) = 𝑠 = ( )  

 
Prediction interval for 𝒚 at given value of 𝒙 (𝒙𝒈):  

𝑦 ± 𝑡 ⁄ 𝑠 1 + + ( )      or   𝑦 ± 𝑡 ⁄ 𝑠. 𝑒. (𝑏 ) 𝑥 − 𝑋 + + 𝑠       

Degrees of freedom:  𝜈 = 𝑛 − 2 
 
Confidence interval for predicted mean at given value of 𝒙 (𝒙𝒈): 

  𝑦 ± 𝑡 ⁄ 𝑠 + ( )      or     𝑦 ± 𝑡 ⁄ 𝑠. 𝑒. (𝑏 ) 𝑥 − 𝑋 +      Degrees of freedom:  𝜈 = 𝑛 − 2 

 
 
SIMPLE & MULTIPLE REGRESSION:  
 
Model: 𝑦 = 𝛽 + 𝛽 𝑥 + 𝛽 𝑥 + ⋯+ 𝛽 𝑥 + 𝜀  𝑆𝑆𝑇 = ∑ (𝑦 − 𝑌) = 𝑆𝑆𝑅 + 𝑆𝑆𝐸     𝑆𝑆𝑅 = ∑ (𝑦 − 𝑌)      𝑆𝑆𝐸 = ∑ 𝑒 = ∑ (𝑦 − 𝑦 )  𝑠 =      𝑀𝑆𝐸 =      𝑅𝑜𝑜𝑡 𝑀𝑆𝐸 =      𝑀𝑆𝑅 =       

𝑅 = = 1 −      𝐴𝑑𝑗.𝑅 = 1 − ( )⁄ ( )⁄ = 𝑅 −    

Residuals:  𝑒 = 𝑦 − 𝑦      Standard deviation of residuals:  𝑠 = = ∑ ( )  

 
Inference about the overall statistical significance of the regression model: 𝐹 = /( )/( ) = ( )//( ) = //( ) =    

Numerator degrees of freedom:  𝜈 =  𝑘     Denominator degrees of freedom:  𝜈 = 𝑛 − 𝑘 − 1 
 
Inference about the population slope for explanatory variable j: 𝒕 test statistic:  𝑡 =      CI estimator:  𝑏 ± 𝑡 / 𝑠       Degrees of freedom:  𝜈 = 𝑛 − 𝑘 − 1 

Standard error of slope:  𝑠. 𝑒. 𝑏 = 𝑠  (for multiple regression, must be obtained from technology) 
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Supplement for Question (1): Recall Levinson (2016) “How Much Energy Do Building Energy Codes Save? Evidence from 
California Houses.” The Stata regression below uses the 2009 RASS data. The reference category for construction year is 
pre-1940. The omitted category for climate zone is climate zone 1. Some values are intentionally hidden. 

         Source |       SS           df       MS      Number of obs   =     6,844 
----------------+----------------------------------   F(23, 6820)     =    149.48 
          Model |  602.975351        23  26.2163196   Prob > F        =    0.0000 
       Residual |  1196.11028     6,820   .17538274   R-squared       =    0.3352 
----------------+----------------------------------   Adj R-squared   =    0.3329 
          Total |  1799.08564     6,843  .262908905   Root MSE        =    .41879 
 
--------------------------------------------------------------------------------- 
  ln_elec_mmbtu |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
----------------+---------------------------------------------------------------- 
     ln_sq_feet |   .4137596   .0143972    28.74   0.000     .3855367    .4419826 
     ln_num_res |   .2681087   .0098682    27.17   0.000      .248764    .2874534 
     central_ac |   .2460722   .0117783    20.89   0.000     .2229832    .2691613 
   constr_40_49 |   .0238944   .0283619     0.84   0.400    -.0317037    .0794925 
   constr_50_59 |    .040588    .022633     1.79   _____    -.0037797    .0849558 
   constr_60_69 |   .0683292   .0235543     2.90   0.004     .0221555    .1145029 
   constr_70_74 |   .1064468   .0273128     3.90   0.000     .0529052    .1599884 
   constr_75_77 |   .0934311   .0304441     3.07   0.002     .0337512     .153111 
   constr_78_82 |   .1017169   .0271649     3.74   0.000     .0484653    .1549686 
   constr_83_92 |   .0713506   .0243986     2.92   0.003     .0235218    .1191794 
   constr_93_97 |    .054859   .0300657     1.82   0.068    -.0040791    .1137971 
   constr_98_00 |   -.008971   .0334599    -0.27   0.789    -.0745629    .0566209 
   constr_01_04 |  -.0368388   .0300877    -1.22   0.221    -.0958201    .0221425 
   constr_05_08 |  -.1454542   .0330391    -4.40   0.000    _________   _________    
 climate_zone_2 |   .0625181   .0414352     1.51   0.131    -.0187078     .143744 
 climate_zone_3 |   .1656315   .0371343     4.46   0.000     .0928368    .2384262 
 climate_zone_4 |  -.0550539   .0339146    -1.62   0.105    -.1215371    .0114293 
 climate_zone_5 |  -.1345502   .0358016    -3.76   0.000    -.2047324   -.0643679 
 climate_zone_7 |     .07691   .0385818     1.99   0.046     .0012776    .1525424 
 climate_zone_8 |  -.0921371   .0337584    -2.73   0.006    -.1583141   -.0259601 
 climate_zone_9 |  -.0505617   .0346472    -1.46   0.145    -.1184811    .0173577 
climate_zone_10 |   .0328076   .0338311     0.97   0.332    -.0335119    .0991272 
climate_zone_13 |  -.1167857   .0329612    -3.54   0.000    -.1813999   -.0521715 
          _cons |  -.3212621   .1087049    -2.96   0.003    -.5343576   -.1081666 
--------------------------------------------------------------------------------- 

Supplement for Question (2): The Excel regression below uses the 2022 World Happiness Report data for Mexico from 
2005 through 2021: there are 16 observations because 2006 is missing. The variable trend is 1 for 2005, 3 for 2007, 4 for 
2008, and so on. The variable trend_sq is trend squared. The dependent variable cantril is the national mean reply each 
year of over 1,000 Mexicans to the happiness question where 0 is the worst possible life and 10 is the best possible life. 

R Squared 0.627003529      
Observations 16      
       
ANOVA       
  df SS MS F Significance F  
Regression 2 1.592746063 0.796373031 10.92643832 0.001644677  
Residual 13 0.947504494 0.072884961      
Total 15 2.540250557        
       
  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 
Intercept 6.345500925 0.25460366 24.92305458 2.32736E-12 5.795463157 6.895538693 
trend 0.16692779 0.061495131 2.714487899 0.017698082 0.034075636 0.299779944 
trend_sq -0.011383772 0.003228906 -3.525582205 0.003726731 -0.018359398 -0.004408146 
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Supplement for Question (3): Recall McCaig and Pavcnik (2021) “Entry and Exit of Informal Firms and Development.” 
They use extensive data from Vietnam. Vietnam has 58 provinces, and the currency of Vietnam is the dong (VND).  

Excerpt: In Figure 3 below, we find that the prevalence of operating any business, farm or non-farm, declines with 
development across provinces. 

 
 

For the next part, note that annual entry rates are the fraction of businesses that are new (i.e. were not operating the 
previous year). The annual exit rate is the fraction that close down (i.e. were operating this year but not the next year). 

Excerpt: In Figure 5 below, we plot the annual exit and entry rates of informal businesses in a province relative to 
income per capita in 2006 across provinces. On average, more developed provinces experienced lower rates of 
entry and exit. 

 
 Figure 5. Annual informal entry and exit rates by province, 2006-08 panel 

Figure 3. Share of households operating a farm or non-farm business 

2006 

2018 

Exit 
Entry 
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Supplement for Question (4): Recall Denning et al. (2022) “Why Have College Completion Rates Increased?” Recall that 
in the United States zip codes are like postal codes in Canada and are unique identifiers of small neighborhood areas. 
Also, the SAT is a standardized test that high school students write. Universities carefully consider SAT scores to make 
admission decisions because they are viewed as a predictor of academic success in university. 

Excerpt, Abstract: We document that college completion rates have increased since the 1990s, after declining in 
the 1970s and 1980s. We find that most of the increase in graduation rates can be explained by grade inflation 
and that other factors, such as changing student characteristics and institutional resources, play little or no role. 
This is because GPA strongly predicts graduation, and GPAs have been rising since the 1990s. This finding holds in 
national survey data and in records from nine large public universities. We also find that at a public liberal arts 
college grades increased, holding performance on identical exams fixed. 

Excerpt, p. 20: In Table 7 we examine the time trend in first-year GPA. Column 1 shows a statistically significant 
increase of 0.019 per year in first-year GPA between 1990 and 2000. Controlling for demographic characteristics, 
school attended, and home zip code leaves the coefficient unchanged. Including very flexible controls for SAT 
scores reduces the coefficient on year of entry only slightly, to 0.014. We also include fixed effects for major by 
institution to account for the potential of changing major composition. Last, we include fixed effects for all first-
semester courses, and the coefficient is unchanged. We include these fixed effects to account for shifts in student 
course-taking that may explain changes in GPA but find that courses taken cannot explain the change in GPA. This 
evidence shows that rising grades cannot be meaningfully explained by demographics, preparation, courses, 
major, or school type. Put another way, equally prepared students in later cohorts from the same zip code, of the 
same gender and race, with the same initial courses, the same major, and at the same institution have higher first-
year GPAs than earlier cohorts. 

Table 7: Changes in GPA over Time, Large Public Universities 

 Dependent variable: First-year GPA (4-point scale) 

 (1) (2) (3) (4) (5) (6) (7) 

Year of entry 0.019 
(0.000) 

0.019 
(0.000) 

0.018 
(0.000) 

0.018 
(0.000) 

0.014 
(0.000) 

0.015 
(0.000) 

0.014 
(0.001) 

        

Student characteristics  X X X X X X 

Home zip code fixed effects   X X X X X 

University fixed effects    X X X X 

SAT math and verbal fixed effects     X X X 

Major fixed effects      X X 

First-semester course fixed effects       X 
        

Observations 411,951 411,951 411,951 411,951 411,951 411,951 411,951 

Notes: This table reports the time trend in first-year GPA from 1990 to 2000 at Clemson, Colorado, Colorado 
State, Florida, Florida State, Georgia Tech, North Carolina State, Purdue, and Virginia Tech. “Student 
characteristics” include age and indicators for race and ethnicity, gender, transfer student, and US citizenship. 
“Home zip code fixed effects” include dummies for each zip code and a catch-all category for students without a 
reported US zip code. Indicators for each SAT math and SAT verbal score are interacted with indicators for the 
university. Institution-specific major fixed effects (defined at the end of the student’s first year of college) and 
course fixed effects for every course in the student’s first semester at the university are included in the final two 
specifications. Each observation is a unique student. 

 



This Supplement will NOT be collected or graded: write your answers on the test papers.      Supplement: Page 10 of 10 

Supplement for Question (5): Recall the 2022 paper “Consumer Demand with Social Influences: Evidence from an E-
Commerce Platform.” See the excerpts and Table 1 below. Also, read a brief explanation of how quantity is measured.  

Excerpt, Abstract: For some kinds of goods, rarity itself is valued. “Fashionable” goods are demanded in part 
because they are unique. 

Excerpt, p. 2: We exploit a sale of outdoor slippers, or “slides,” shown to the right. 
The product was offered in two colors – red and black – and in nine different adult 
sizes, creating nine distinct markets. The slides were sold directly to customers in an 
auction with a $50 reserve price. Total quantities for each color and size combination 
were announced ex ante [before the auctions began], and the auctions for each color-size product were run 
independently. Customers could submit at most one bid for each color-size combination. The red slide was 
considerably rarer than the black slide. The rareness of the red slide was not due to any anticipated difference in 
demand or difference in production cost for red versus black, which both cost $30 to manufacture. The product 
had never been sold before making it unlikely that inventory levels by shoe size and color were optimized. 

The quantity of slides offered for each color and size combination is known. For example, there were 100 pairs of 
black slides in size 10 offered. For another example, there were 50 pairs of red slides in size 10 offered. 

Note that Equation (1) below uses the common shorthand for a suite of dummies for more than two categories (like 
the size of the slide). 

Excerpt, p. 6: To summarize the relationship between rarity and bidding behavior, we run regressions of the form: ln( 𝑏 ) = 𝛼 + 𝛿𝑅𝐸𝐷 + 𝛽 ln(𝑄 ) + 𝛾 + 𝜀 ,                                                             (1) 

where 𝑖 denotes a bid. ln (𝑏 ) is the natural log of the dollar amount a person bid for a pair of slides in the auction. 𝑅𝐸𝐷  is a dummy variable for the red slides. We also control for shoe size by including fixed effects for three size 
categories: small (5-7), medium (8-10), large (11-13). Results are presented in Table 1. Specifications (1) to (4) 
show the results based on Ordinary Least Squares (OLS) regressions. Column (1) only contains a constant and the 
dummy variable for red slides. On average, red slides receive bids that are 3.9% higher than black slides. Column 
(2) replaces the red dummy with the log of the inventory available for the shoe size-color combination 
corresponding to the bid. The estimated elasticity of bids to inventory levels is 4.8: doubling inventory levels 
reduces bids by 4.8% on average. This elasticity remains similar when we control for color (Column (3)) and fixed 
effects for the small, medium, and large shoe sizes (Column (4)). 

Table 1: Effect of Rarity on Bids 

 Dependent variable: Bid (log) 

 (1) (2) (3) (4) 

Constant 4.577 
(0.008) 

4.785 
(0.047) 

4.744 
(0.068)  

Red (indicator) 0.039 
(0.011)  0.013 

(0.016) 
0.011 

(0.018) 

Quantity (log)  -0.048 
(0.012) 

-0.039 
(0.016) 

-0.042 
(0.022) 

Shoe size FE No No No Yes 

Observations 6,467 6,467 6,467 6,467 

Notes: Standard errors are in parenthesis. Shoe size FE (fixed effects) are dummies for three size categories: 
small (5-7), medium (8-10), large (11-13). 
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