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(1) See the Supplement for Question (1): Credit Line Utilization. 

(a) [5 pts] Using Table 1, roughly what fraction of participants have a credit line limit (TRY) within one standard 
deviation of the mean? Referencing relevant information in Table 1, explain your reasoning. Answer with 2 sentences. 

 

 

 

 

 

 

 
(b) [4 pts] Given Figure 8 and the histogram of credit line utilization, would the standard deviation be larger for all 
customers (excluding participants) or for participants? How do you know? Answer with 2 sentences. 

 

 

 

 

 

 

 

(c) [7 pts] Given Figure 8, how to best describe the distribution of available credit (TRY) for all customers (excluding 
participants)? Discuss the shape, units, and notable features in this context. Answer with 2 – 3 sentences. 

 

 

 

 

 

 

 

 

 

 



(d) [10 pts] Given Table A.8, define events for credit line utilization for a randomly selected participant as: 

 Event A: Utilization above 0% and below 25% in the one quarter prior to the experiment 
 Event B: Utilization of at least 50% and less than 75% in the five quarters prior to the experiment 

What are the numeric values of each of these five probabilities: P(A), P(B), P(A & B), P(A | B), and P(B | A)? Answer with 
a quantitative analysis that shows your work. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(2) [4 pts] See the Supplement for Question (2): Working from Home. For the number of days per week that people 
want to work from home, compute a good approximation of the mean. Answer with a quantitative analysis. 

 

 

 

 

 

(3) See the Supplement for Question (3): Five Facts about Beliefs and Portfolios.  

(a) [2 pts] From Table 2, among the 46,419 people completing the survey, for the expected 1-year stock return the 
 
interquartile range is ____________________________________________. Answer with a number and its units. 



(b) [9 pts] The correlation between the expected 1-year stock return and the expected 10-year stock return is 0.304. 
Compute the 99% confidence interval estimate of the difference in expected returns for a 1-year versus 10-year horizon. 
Answer with a quantitative analysis. 

 
 

 

 

 

 

 

 

 

 

 

 

 

(4) [8 pts] See the Supplement for Question (4): Women’s Downhill Skiing. Why do the coefficient estimates in the row 
“start order” differ across Regressions #1, #2, and #3? Explain in this context. Answer with 3 – 4 sentences. 

  



(5) See the Supplement for Question (5): California Energy. 

(a) [7 pts] In Excel Output #1 find 2.97647E-70. What is the hypothesis test? What does 2.97647E-70 imply? What does 
the null hypothesis mean in this context? Answer with hypotheses in formal notation & 2 – 3 sentences. 

 

 

 

 

 

 

 

 

 

 

 

 

(b) [8 pts] Look at the “SS” column in Excel Output #1 and Excel Output #2. Why is the total the same (1155.001745) in 
both? Why is the regression part smaller in the first regression: 89.904794 versus 375.9431875? Is this a small or big 
difference? Explain within this context. Answer with 3 – 4 sentences. 

 

  



(c) [8 pts] Recall Figure 3 “Residential Electricity Use in California, Controlling for Characteristics.” The figure below is 
like Figure 3, but it uses the Excel regression output in the Supplement. It shows the 95% confidence interval estimates. 
Add the results for 2005-2008. Show your work. Answer with a quantitative analysis & complete the figure below. 

 
 

 

 

 

 

 

 

 

 

 

 

 



(d) [12 pts] Is the coefficient on constr_05_08 in Excel Output #2 statistically significant? What is the P-value? Next, 
interpret that coefficient. Answer with hypotheses in formal notation, a quantitative analysis & 2 sentences. 

 

  



(6) See the Supplement for Question (6): Partisan bias in inflation expectations, Part 1 of 2. 

(a) [11 pts] The authors claim: “The descriptive statistics in Table 3 show that the average inflation expectation is higher 
in red states (3.91%) than in blue states (3.63%), which is statistically significant at the 1% level.” Write the relevant 
hypotheses, graph the relevant rejection region, and compute the relevant test statistic to support their claim. Answer 
with hypotheses in formal notation, a fully labelled graph & a quantitative analysis. 

  



(b) [10 pts] Is there a statistically significant difference between red and blue states in the fraction under 40 years old? 
Compute the P-value. Answer with hypotheses in formal notation, a quantitative analysis & 1 sentence. 

 

 

 

 

  



(7) See the Supplement for Question (7): Partisan bias in inflation expectations, Part 2 of 2. 

(a) [6 pts] In the excerpt, the researchers didn’t say what is being controlled for when interpreting the results. In Column 
(2) of Table 4, correctly and completely interpret the coefficient estimate 0.390. Answer with 1 precise sentence. 

 

 

 

 

 

 

 

 

 

(b) [4 pts] Using Column (1) of Table 4, what is the predicted inflation expectation in 2018 for a household in a red state 
in the Midwest, with a household head aged 48 years, with a high level of numeracy, who has no education beyond high 
school, and household income of $44,000? Answer with a quantitative analysis that shows your work. 

 

 

 

 

 

(c) [5 pts] Recall Table 3 from Question (6), which makes clear the reference (aka omitted) category for each suite of 
dummy variables. For Column (3) of Table 4, interpret the coefficient estimate for the row “Constant”? Answer with 1 
precise sentence. 
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CAREFULLY DETACH THIS SUPPLEMENT FROM YOUR EXAM PAPERS NOW 

This Supplement contains graphs, tables, and other materials required for each exam questions and the aid sheets 
(formulas and Normal, 𝑡 and 𝐹 statistical tables). Review all relevant materials for each question.  

Supplement for Question (1): Consider Aydin (2022) “Consumption Response to Credit Expansions: Evidence from 
Experimental Assignment of 45,307 Credit Lines.” See the excerpts, Table 1, Figure 8, and Table A.8. 

Excerpt, p. 7: How Participants Compare with the Typical Cardholder Table 1 displays summary statistics for the 
45,307 participants in Panel A, and for a random sample of all credit line customers excluding participants (𝑁 = 
10,000) in Panel B. Participants, compared with the universe of cardholders [which means the population of all 
cardholders], and on average, do not differ substantially in terms of age or labor income. However, the 
participants are not representative of the typical cardholder on several observable dimensions. For example, 
participants’ median credit line across all banks is about 40 percent lower than that of the typical cardholder. 

Table 1 – Summary Statistics 
 Panel A. Participants  Panel B. Universe 
 𝑁 Mean SD 𝑝10 𝑝50 𝑝90  Mean 𝑝50 
Age 45,307 37 10 26 35 50  41 40 
Labor income (TRY) 17,690 2,465 2,423 943 1,600 5,111  2,292 1,426 

Credit lines (all banks)          
      Limit (TRY) 45,307 10,462 17,289 1,600 5,000 24,100  20,284 8,500 
      Debt (TRY) 45,307 3,446 8,619 94 1,277 6,978  6,220 1,983 
Notes: Panel A is for 𝑁 = 45,307 participants. It reports the mean, standard deviation, and 10th, 50th, and 90th percentiles. 
Panel B is for a random sample of the universe of all credit line customers excluding participants (𝑁 = 10,000). Statistics are 
from the quarter before the experiment: June 2014. The local currency of Turkish lira is abbreviated TRY. Limit (TRY) is the 
credit line limit – maximum total amount that can be borrowed – and Debt (TRY) is the amount that has been borrowed. 

EXCERPT, p. 22: Figure 8 displays credit line utilization [the fraction of available credit that a person has already used] 
and unused limits in levels [how much more money in Turkish lira a person is still eligible to borrow] across all banks in 
the quarter before the experiment. The median and average credit line utilization are 0.27 and 0.34, respectively, with 
only one in ten of the participants utilizing more than 75 percent of their credit lines. The median and average available 
credit are 3,284 TRY and 7,016 TRY, corresponding to 1.33 and 2.85 times the average monthly post tax labor income.  

 

 
Supplement for Question (1), continues the next page >>>>> 

Figure 8: Histograms of Credit Line Utilization and Available Credit (TRY) 
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Supplement for Question (1), continued:  

In Table A.8 below, the symbol “” is for households where credit line utilization is not in the data (i.e. is a missing 
value). For the ranges of values, curved parentheses “(“ or “)” mean not including the endpoint and square brackets “[“ 
or “]” mean including the endpoint. For example, [0.25, 0.50) is credit line utilization greater than or equal to 0.25 and 
strictly less than 0.50. 

Table A.8: Utilization Transition Matrix:  
Five quarters prior to the experiment to one quarter prior to the experiment 

 One quarter prior 

Five quarters prior =0 (0, 0.25) [0.25, 0.50) [0.50, 0.75) [0.75, 1] 

 319 
0.08 

1,165 
0.29 

1,071 
0.26 

879 
0.22 

653 
0.16 

=0 764 
0.23 

1,434 
0.43 

570 
0.17 

341 
0.10 

191 
0.06 

(0, 0.25) 960 
0.06 

9,370 
0.60 

3,393 
0.22 

1,433 
0.09 

551 
0.04 

[0.25, 0.50) 345 
0.03 

4,040 
0.38 

3,248 
0.31 

1,957 
0.19 

954 
0.09 

[0.50, 0.75) 166 
0.02 

1,758 
0.26 

1,959 
0.29 

1,787 
0.26 

1,115 
0.16 

[0.75, 1] 107 
0.02 

899 
0.18 

1,186 
0.24 

1,370 
0.28 

1,322 
0.27 

 2,661 
0.06 

18,666 
0.41 

11,427 
0.25 

7,767 
0.17 

4,786 
0.11 

Notes: The 45,307 participants are allocated to 6 × 5 = 30 categories based on their utilization across all banks. Columns 
stand for utilization in the quarter before the experiment, the histogram of which is displayed in Figure 8. Rows stand for 
utilization four quarters prior to that. In each box, the first entry displays the number of participants, and the second row 
stands for the transition probabilities. Due to rounding, summed probabilities may not add up to 1. 

 

Supplement for Question (2): In “Don’t Force People to Come Back to the Office Full Time” in the Harvard Business 
Review in August 2021, three economists discuss a survey of employees. The figure below summarizes the replies to one 
survey question: “After Covid, in 2022 and beyond, how often would you like to have paid workdays at home?” 
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Supplement for Question (3): Consider Giglio et al. (2021) “Five Facts about Beliefs and Portfolios.” They use data from 
the GMSU-Vanguard survey that asks each investor about their expected 1-year stock return and their expected 10-year 
stock return, along with other survey questions. Below is part of Table 2 and an excerpt describing that part. 

Excerpt, p. 1491: Table 2 shows summary statistics for the 46,419 survey responses. The average expected 1-year 
stock market return is 4.64 percent, while the average annualized expected 10-year stock market return is 6.64 
percent. There is substantial heterogeneity in the expected 1-year stock market return across responses. At the 
tenth percentile of the distribution, individuals reported a 1-year expected stock return of -1 percent, while at the 
ninetieth percentile, they expected a return of 10 percent.  

Table 2 – Summary Statistics: Survey Responses 
 Mean SD P10 P25 P50 P75 P90 
Expected 1Y stock return (percent) 4.64 6.08 -1 3 5 8 10 
Expected 10Y stock return (annualized percent) 6.64 3.85 3 5 6 8 10 
Notes: Table shows summary statistics of the answers for the 46,419 people completing the GMSU-Vanguard survey. 

Supplement for Question (4): Recall women’s downhill skiing. Finish time is in seconds. Start order says when skiers 
race: 1 is first, 2 is second, and so on. FIS points measure skill as of Feb. 14, 2022, where 0 is best. In the 2022 Olympics, 
thirty-one athletes raced. Ester Ledecka lost control and is excluded as an outlier in the three regressions below.  

Women’s Downhill Skiing Final: 2022 Beijing Olympics 

  
Dependent variable: Finish time (in seconds) 

Regression #1 Regression #2 Regression #3 

Start order  0.183 
(0.034) 

-0.343 
(0.097) 

-0.123 
(0.104) 

Start order squared   0.014 
(0.003) 

0.004 
(0.004) 

FIS points   0.109 
(0.031) 

Constant  91.579 
(0.705) 

94.905 
(0.773) 

93.335 
(0.793) 

Observations 30 30 30 
Notes: Each column reports results from a separate OLS regression. Excludes Ester Ledecka. 
Standard errors are in parentheses. 

 

Supplement for Question (5): Recall Levinson (2016) “How Much Energy Do Building Energy Codes Save? Evidence from 
California Houses.” The Residential Appliance Saturation Study (RASS) has many variables describing each house, its 
owners, the local climate, and the appliances. The key dependent variables are annual household electricity use in 
MMBTUs and annual household natural gas use in MMBTUs. Consider the RASS 2009 results for the ten counties in 
southern California: 4,438 houses. Consider the natural log of each household’s annual electricity use.  

Dummy variables record when each house is constructed. For example, constr_75_77 is 1 if constructed from 1975-1977 
and 0 otherwise. The reference (omitted) category is houses constructed before 1940. The variable cool_deg_days 
measures cooling degree days (CDDs) in 100s. The variable ln_sq_feet is the natural log of house size in square feet. The 
variable ln_num_res is the natural log of the number of residents. The variable central_ac is 1 if house has central air 
conditioning and is 0 otherwise. The variable central_ac_x_sq_ft is the product of central_ac and sq_feet divided by 
1,000. There are two sets of Excel regression output on the next page. Some of the output has been intentionally erased. 

Supplement for Question (5), continues the next page >>>>> 



This Supplement to the April 2022 ECO220Y1Y Final Exam will NOT be graded.                        Supplement: Page 4 of 12 

 
Supplement for Question (5), continued:  

Excel Output #1: The dependent variable is the natural log of electricity use in MMBTUs in 2009 for 4,438 houses.  

ANOVA      

  df SS MS F Significance F 
Regression 11 89.904794 8.17316309 33.96349957 2.97647E-70 
Residual 4426 1065.096951 0.240645493   

Total 4437 1155.001745    
      

  Coefficients Standard Error    
Intercept 2.859580021 0.031025505    
constr_40_49 0.076898379 0.044331383    
constr_50_59 0.13193316 0.035576143    
constr_60_69 0.265411881 0.036268921    
constr_70_74 0.332168831 0.041025327    
constr_75_77 0.334065506 0.045026493    
constr_78_82 0.395822284 0.040719641    
constr_83_92 0.416355326 0.035928876    
constr_93_97 0.446899 0.04568472    
constr_98_00 0.458935587 0.049760181    
constr_01_04 0.462056557 0.043251337    
constr_05_08 0.425059892 0.046868555    

 
Excel Output #2: The dependent variable is the natural log of electricity use in MMBTUs in 2009 for 4,438 houses. 

ANOVA      

  df SS MS F Significance F 
Regression 16 375.9431875 23.49644922 133.3376047 0 
Residual 4421 779.0585576 0.176217724   

Total 4437 1155.001745    

  Coefficients Standard Error    
Intercept 2.35577861 0.031668966    
cool_deg_days 0.019928992 0.001862118    
ln_sq_feet 0.358512789 0.024221931    
ln_num_res 0.256123062 0.012132425    
central_ac 0.197658143 0.029827687    
central_ac_x_sq_ft 0.02294568 0.014315843    
constr_40_49 0.028935158 0.038002464    
constr_50_59 0.028344248 0.030740243    
constr_60_69 0.071133509 0.031877413    
constr_70_74 0.117263569 0.036032019    
constr_75_77 0.100545524 0.039472353    
constr_78_82 0.109658996 0.036096784    
constr_83_92 0.090265966 0.032361816    
constr_93_97 0.088252137 0.04057046    
constr_98_00 0.01921904 0.044510848    
constr_01_04 0.000146074 0.039238262    
constr_05_08 -0.095906238 0.042573558    
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Supplement for Question (6): Bachmann et al. (2021) in “Partisan bias in inflation expectations” study how political 
beliefs affect peoples’ expectations about inflation. The New York Fed’s Survey of Consumer Expectations (SCE) asks a 
sample of heads of households what they think will happen to prices (i.e. inflation expectations). Each US state is either 
“red” (Republican leaning like Nebraska), “blue” (Democratic leaning like Massachusetts), or “swing” (sometimes goes 
Republican and sometimes goes Democratic like Michigan). Table 3 offers some descriptive statistics separately for red 
and blue states. Numeracy skills are the ability to work with numbers and data. 

Table 3. Descriptive statistics 
  Red Blue 

Inflation expectations, as a percent 3.91 
(5.19) 

3.63 
(4.78) 

Age   

     Age under 40 0.2801 0.2690 
     Age 40–60 0.3930 0.4146 
     Age over 60 0.3269 0.3164 
Numeracy skills   

     Numeracy skills low 0.2954 0.2644 
     Numeracy skills high 0.7046 0.7356 
Region   

      West 0.0967 0.3305 
      Northeast 0.0003 0.4390 
      South 0.7250 0.0831 
      Midwest 0.1780 0.1474 
Education   

      High school degree or less 0.1284 0.1009 
      Some college 0.3600 0.2923 
      College 0.5116 0.6068 
Household Income   

      Income under 50 k 0.4082 0.2965 
      Income 50–100 k 0.3607 0.3356 
      Income over 100 k 0.2311 0.3679 
Year   

     2013 0.0896 0.1446 
     2014 0.1891 0.1990 
     2015 0.2069 0.1744 
     2016 0.1948 0.1854 
     2017 0.2111 0.2016 
     2018 0.1085 0.0950 
Number of observations 18,103 23,629 
Notes: Reports means. Standard deviation in parentheses for non-dummy variables. 
The last row reports the number of observations for all variables, except for 
inflation expectation it is 17,931 for red states and 23,474 for blue states.  
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Supplement for Question (7): Continue with Bachmann et al. (2021) “Partisan bias in inflation expectations.” Table 4 
offers some regression results. Also, there is an excerpt with the researchers’ discussion of Table 4. 

Excerpt, p. 525: Table 4 shows the results 
of estimating the OLS model when we 
consider dummy variables for red and blue 
states (swing states are the reference 
category). When we consider the full 
sample (2013–2018) in Column (1), the 
blue-state dummy variable has a positive 
sign but does not turn out to be statistically 
significant. The red-state dummy variable 
has a positive sign and is statistically 
significant at the 1% level, indicating that 
inflation expectations in red states were 
around 0.28 percentage points higher than 
in swing states. In Column (2), we consider 
only the 2013–2016 period, when the 
Democrat Barack Obama was US president. 
The dummy variable for blue states has a 
negative sign and still lacks statistical 
significance; the point estimate of red 
states is still positive and statistically 
significant at the 1% level and is larger than 
in Column (1) when the full sample is used. 
Inflation expectations were around 0.39 
percentage points higher in red states than 
in swing states. Compared to blue states, 
inflation expectations in red states are 0.46 
percentage points higher, an effect that is 
statistically significant at the 1% level. In 
Column (3), we consider the 2017–2018 
period only, when Republican Donald 
Trump was US president. The results 
change drastically: the dummy variable for 
blue states has a positive sign and is 
statistically significant at the 1% level, 
indicating that inflation expectations were 
around 0.27 percentage points higher in 
blue states than in swing states. By 
contrast, the dummy variable for red states 
lacks statistical significance. 

 
  

Table 4. OLS regression results, with dummy variables for blue and  
red states 

 Dependent variable: Inflation expectations, as a percent 

  Column (1): 
2013 – 2018 

Column (2): 
2013 – 2016 

Column (3): 
2017 – 2018 

Blue 
  

0.041 
(0.044) 

− 0.069 
(0.052) 

0.270*** 
(0.082) 

Red 
  

0.281*** 
(0.049) 

0.390*** 
(0.059) 

0.004 
(0.084) 

Age 40 to 60 
  

0.653*** 
(0.042) 

0.779*** 
(0.051) 

0.353*** 
(0.074) 

Age over 60 
  

0.560*** 
(0.042) 

0.746*** 
(0.051) 

0.131* 
(0.076) 

Numeracy High 
  

− 0.437*** 
(0.049) 

− 0.370*** 
(0.060) 

− 0.603*** 
(0.088) 

Northeast 
  

− 0.453*** 
(0.054) 

− 0.532*** 
(0.066) 

− 0.278*** 
(0.095) 

Midwest 
  

− 0.432*** 
(0.051) 

− 0.461*** 
(0.062) 

− 0.393*** 
(0.087) 

South 
  

− 0.368*** 
(0.052) 

− 0.500*** 
(0.062) 

− 0.052 
(0.093) 

Some College 
  

0.366*** 
(0.077) 

0.082 
(0.092) 

1.026*** 
(0.139) 

College 
  

− 0.169** 
(0.073) 

− 0.501*** 
(0.088) 

0.598*** 
(0.131) 

50 k < Income < 100 k 
  

− 0.380*** 
(0.045) 

− 0.391*** 
(0.054) 

− 0.366*** 
(0.080) 

Income over 100 k 
  

− 0.792*** 
(0.045) 

− 0.798*** 
(0.055) 

− 0.785*** 
(0.079) 

Year 2014 
  

− 0.154** 
(0.066) 

− 0.160** 
(0.066) 

  
  

Year 2015 
  

− 0.865*** 
(0.064) 

− 0.873*** 
(0.064) 

  
  

Year 2016 
  

− 0.929*** 
(0.064) 

− 0.932*** 
(0.064) 

  
  

Year 2017 
  

− 0.958*** 
(0.063) 

  
  

  
  

Year 2018 
  

− 0.781*** 
(0.072) 

  
  

0.195*** 
(0.064) 

Constant 
  

4.793*** 
(0.106) 

4.997*** 
(0.122) 

3.406*** 
(0.165) 

Observations 78,174 54,858 23,316 
Notes: Standard errors in parentheses. ***Significant at the 1% level; 
**Significant at the 5% level; *Significant at the 10% level. 
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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      

Coefficient of determination:  𝑅ଶ = (𝑟)ଶ     Residuals:  𝑒௜ = 𝑦௜ − 𝑦ො௜ 
Standard deviation of residuals:  𝑠௘ = ටௌௌா௡ିଶ = ට∑ (௘೔ି଴)మ೙೔సభ௡ିଶ      Standard error of slope:  𝑠. 𝑒. (𝑏ଵ) = 𝑠௕భ = ௦೐ට(௡ିଵ)௦మೣ 
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Inference about the population slope: 𝒕 test statistic:  𝑡 = ௕భିఉభబ௦.௘.(௕భ)     CI estimator:  𝑏ଵ ± 𝑡ఈ ଶ⁄ 𝑠. 𝑒. (𝑏ଵ)     Degrees of freedom:  𝜈 = 𝑛 − 2 

Standard error of slope:  𝑠. 𝑒. (𝑏ଵ) = 𝑠௕భ = ௦೐ට(௡ିଵ)௦మೣ 

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

𝑦ො௫೒ ± 𝑡ఈ ଶ⁄ 𝑠௘ඨ1 + ଵ௡ + ൫௫೒ି௑ത൯మ(௡ିଵ)௦మೣ      or   𝑦ො௫೒ ± 𝑡ఈ ଶ⁄ ට൫𝑠. 𝑒. (𝑏ଵ)൯ଶ൫𝑥௚ − 𝑋ത൯ଶ + ௦೐మ௡ + 𝑠௘ଶ      

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

  𝑦ො௫೒ ± 𝑡ఈ ଶ⁄ 𝑠௘ඨଵ௡ + ൫௫೒ି௑ത൯మ(௡ିଵ)௦మೣ      or     𝑦ො௫೒ ± 𝑡ఈ ଶ⁄ ට൫𝑠. 𝑒. (𝑏ଵ)൯ଶ൫𝑥௚ − 𝑋ത൯ଶ + ௦೐మ௡      Degrees of freedom:  𝜈 = 𝑛 − 2 

 
 
SIMPLE & MULTIPLE REGRESSION:  
 
Model: 𝑦௜ = 𝛽଴ + 𝛽ଵ𝑥ଵ௜ + 𝛽ଶ𝑥ଶ௜ + ⋯+ 𝛽௞𝑥௞௜ + 𝜀௜  𝑆𝑆𝑇 = ∑ (𝑦௜ − 𝑌ത)௡௜ୀଵ ଶ = 𝑆𝑆𝑅 + 𝑆𝑆𝐸     𝑆𝑆𝑅 = ∑ (𝑦ො௜ − 𝑌ത)௡௜ୀଵ ଶ     𝑆𝑆𝐸 = ∑ 𝑒௜௡௜ୀଵ ଶ = ∑ (𝑦௜ − 𝑦ො௜)௡௜ୀଵ ଶ 𝑠௬ଶ = ௌௌ்௡ିଵ     𝑀𝑆𝐸 = ௌௌா௡ି௞ିଵ     𝑅𝑜𝑜𝑡 𝑀𝑆𝐸 = ට ௌௌா௡ି௞ିଵ     𝑀𝑆𝑅 = ௌௌோ௞       

𝑅ଶ = ௌௌோௌௌ் = 1 − ௌௌாௌௌ்     𝐴𝑑𝑗.𝑅ଶ = 1 − ௌௌா (௡ି௞ିଵ)⁄ௌௌ் (௡ିଵ)⁄ = ቀ𝑅ଶ − ௞௡ିଵቁ ቀ ௡ିଵ௡ି௞ିଵቁ   

Residuals:  𝑒௜ = 𝑦௜ − 𝑦ො௜     Standard deviation of residuals:  𝑠௘ = ට ௌௌா௡ି௞ିଵ = ට∑ (௘೔ି଴)మ೙೔సభ௡ି௞ିଵ  

 
Inference about the overall statistical significance of the regression model: 𝐹 = ோమ/௞(ଵିோమ)/(௡ି௞ିଵ) = (ௌௌ்ିௌௌா)/௞ௌௌா/(௡ି௞ିଵ) = ௌௌோ/௞ௌௌா/(௡ି௞ିଵ) = ெௌோெௌா   

Numerator degrees of freedom:  𝜈ଵ =  𝑘     Denominator degrees of freedom:  𝜈ଶ = 𝑛 − 𝑘 − 1 
 
Inference about the population slope for explanatory variable j: 𝒕 test statistic:  𝑡 = ௕ೕିఉೕబ௦್ೕ      CI estimator:  𝑏௝ ± 𝑡ఈ/ଶ𝑠௕ೕ       Degrees of freedom:  𝜈 = 𝑛 − 𝑘 − 1 

Standard error of slope:  𝑠. 𝑒. ൫𝑏௝൯ = 𝑠௕ೕ  (for multiple regression, must be obtained from technology) 
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