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Instructions: 

 You have 110 minutes. Keep these test papers closed on your desk until the start of the test is announced.  

 You may use a non-programmable calculator. 

 There are 4 questions (some with multiple parts) with varying point values worth a total of 84 points. 

 Write your answers clearly, completely and concisely 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. Your entire answer must fit in the designated space provided 
immediately after each question. 

o 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. 

o Most questions give more blank space than is needed to answer. Follow the answer guides and 
avoid excessively long answers. 

 Clearly show your work. Make your reasoning clear. Unless otherwise specified, you choose the significance 
level. (If there are no special considerations, you may choose a 5% significance level.) 

 Apply your understanding to the specific questions asked. Offer context-specific explanations rather than 
generic definitions or quotes from class or the book. Show that you can successfully apply your 
understanding to the specific circumstances presented. 

 A guide for your response ends each question. The guide lets you know what is expected: e.g. a quantitative 
analysis, a graph, and/or sentences. If the question and/or guide ask for a fully-labeled graph, it is required. 

 For questions with multiple parts (e.g (a) – (c)), attempt each part even if you had trouble with earlier parts. 

 This test has 8 pages plus the Supplement. The Supplement contains the aid sheets (formula sheets, Standard 
Normal table, and Student t table) as well as graphs, tables, and other information needed to answer the test 
questions. Anything written on the Supplement will not be graded.  You must write your answers in the 
designated space provided immediately after each question. 



(1) [32 pts] See the Supplement for Question (1).  

(a) [6 pts] For Table 1, which hypothesis test do the -statistics refer to? The table does not provide all 
of the information needed to compute the -statistics: what else would you need to know for each 
budget? Answer with formal hypotheses, the relevant -statistic formula, and 1 – 2 sentences. 

 

 

 

 

 

 

 

 

 

 

 

 

(b) [6 pts] For Table 2 compared to Table 1, do the bigger (in absolute value) -statistics mean there are larger 
differences between males and females in ECO220Y than in the original study? Explain. Answer with 3 – 4 sentences. 
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(c) [6 pts] For Table 3, find the results associated with a P-value of 0.1938 (in boldface). (Do not re-
calculate these results.) Which specific hypothesis test does it refer to? How should the results and 
the P-value of 0.1938 be interpreted? Answer with formal hypotheses and 2 – 3 sentences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(d) [6 pts] For Table 4, find the results associated with a P-value of 0.0023 (in boldface). (Do not re-calculate these 
results.) Which specific hypothesis test does it refer to? How should the results and the P-value of 0.0023 be 
interpreted? Answer with formal hypotheses and 2 – 3 sentences. 
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(e) [8 pts] Given Tables 1, 2, 3 and 4, what kinds of information are in Tables 3 and 4 that are not 
already available in Tables 1 and 2? (In other words, what are the reasons for also presenting Tables 3 
and 4?) For Tables 3 and 4 overall, which conclusions should you draw? Answer with 5 – 7 sentences. 
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(2) [22 pts] See the Supplement for Question (2). 

(a) [4 pts] What is the value of the R-squared, which has been erased from the STATA output? Offer a 
full interpretation. Answer with a quantitative analysis and 1 sentence. 

 

 

 

 

 

 

 

 

 

(b) [8 pts] What are the values of “[95% Conf. Interval]”, which have been erased from the STATA output? Offer a full 
interpretation. Answer with a quantitative analysis and 1 – 2 sentences. 
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(c) [8 pts] Forecast the price of a Big Mac for a particular country that has a GDP of $15,000 USD per 
capita and give the associated margin of error for your forecast. Answer with a quantitative analysis 
and 1 sentence. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(d) [2 pts] How would you check for a violation of the assumption that  is Normally distributed (i.e. Assumption #4), 
which is relevant to the calculations in the previous part? Answer with 1 sentence. 
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(3) [16 pts] See the Supplement for Question (3).  

(a) [8 pts] Using Thailand in the 2000’s as an illustrative example, explain how to construct the data 
used for Table 1. Also, for the data used in the Table 1 regressions, show the data structure, specifying 
the variables (columns) and observations (rows). Answer with the data structure and 2 – 3 sentences. 

 

 

 

 

 

 

 

 

(b) [8 pts] How many regressions are reported in Table 1? How do the x and y variables differ across them? What do 
the results in PANEL B add beyond PANEL A? How well do the results in PANEL B support the authors’ main claim in 
“Asiaphoria Meets Regression to the Mean”? Explain. Answer with 4 – 5 sentences.  

  

    …  

    …  

… … … … … … 

    …  
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(4) [14 pts] After seeing countless commercials claiming one can get cheaper car insurance from an 
online company, a local insurance agent was concerned that he may lose some customers. To 
investigate, he randomly selected profiles (type of car, coverage, driving record, etc.) for 12 of his clients 
and checked online price quotes for their policies. For those 12 clients, the mean local quote is $842.87 
with a s.d. of $230.80 and the mean online quote is $729.56 with a s.d. of $251.99. The coefficient of correlation 
between the local quotes and online quotes is 0.88. How big is the difference between the online and local quotes? 
Fully interpret your results. Answer with a quantitative analysis (using the best approach to fully address the question 
asked) and 1 – 2 sentences. 

Page Pts:



Supplement                               The pages of this supplement will not be graded: write your answers on the test papers. 

This Supplement contains the aid sheets (formula sheets, Standard Normal table, and Student t table) as well as graphs, 
tables, and other information needed to answer the test questions. For each question directing you to this Supplement, 
make sure to carefully review all relevant materials. Remember, only your answers written on the test papers (in the 
designated space immediately after each question) will be graded. Any writing on this Supplement will not be graded. 

Supplement for Question (1): On February 14, 2014, February 6, 2015, and on February 12, 2016 students in ECO220Y 
engaged in an experiment like the original participants from Andreoni and Vesterlund’s “Which is the Fair Sex: Gender 
Differences in Altruism” published in 2001 and hereafter abbreviated as A&V (2001).  

Abstract from A&V (2001):  We study gender differences in altruism by examining a modified dictator 
game with varying incomes and prices. Our results indicate that the question “which is the fair sex?” has 
a complicated answer—when altruism is expensive, women are kinder, but when it is cheap, men are 
more altruistic. That is, we find that the male and female “demand curves for altruism” cross, and that 
men are more responsive to price changes. Furthermore, men are more likely to be either perfectly 
selfish or perfectly selfless, whereas women tend to be “equalitarians” who prefer to share evenly. 

Each participant divided tokens between her/himself and another randomly selected participant in the room (whose 
identity would never be revealed). Each person made eight allocation decisions – budgets 1 through 8 shown below1 – 
where the number of tokens and the point values to each person (self and other) varied. Each point is worth $0.10 to all 
participants in all cases. 

1. Divide 40 tokens:  Hold _______ @ 1 point each, and Pass _______ @ 3 points each. 
2. Divide 60 tokens:  Hold _______ @ 1 point each, and Pass _______ @ 2 points each. 
3. Divide 75 tokens:  Hold _______ @ 1 point each, and Pass _______ @ 2 points each. 
4. Divide 60 tokens:  Hold _______ @ 1 point each, and Pass _______ @ 1 point each. 
5. Divide 100 tokens:  Hold _______ @ 1 point each, and Pass _______ @ 1 point each. 
6. Divide 60 tokens:  Hold _______ @ 2 points each, and Pass _______ @ 1 point each. 
7. Divide 75 tokens:  Hold _______ @ 2 points each, and Pass _______ @ 1 point each. 
8. Divide 40 tokens:  Hold _______ @ 3 points each, and Pass _______ @ 1 point each. 

We attempted to replicate the original study. One difference is that rather than pay everyone for one randomly selected 
budget as A&V (2001) did using a research grant, ECO220Y (2014, 2015, 2016) paid randomly selected participants using 
money students donated right before the session and $20.00 per session (total of $220.00) donated by Prof. Murdock.2  

A&V (2001) had data from four sessions. These included 70 volunteer undergraduates from intermediate and upper-
level economics courses at the University of Wisconsin in 1995 and 72 volunteer undergraduates at Iowa State 
University in 1997 for a total sample of 142 (95 males and 47 females). ECO220Y (2014, 2015, 2016) used data from 
eleven sessions spread over February 14, 2014 (three sessions), February 6, 2015 (five sessions), and on February 12, 
2016 (three sessions): 868 participated (334 males and 534 females).3 

Next are four tables of results for the ECO220Y (2014, 2015, 2016) and A&V (2001) data. Two of the tables are in a 
format like “Table II” in A&V (2001). 

 

                                                            
1 Both A&V (2001) and ECO220Y (2014, 2015, 2016) randomized the order the eight allocation choices appeared to each participant. 
2 Nearly all students voluntarily donated $2.00 to a collection jar as suggested by Prof. Murdock. 
3 903 participated but 35 were discarded for not following experiment instructions: tokens did not add up or sex not indicated. 



Supplement                               The pages of this supplement will not be graded: write your answers on the test papers. 

Supplement for Question (1), cont’d: 

Table 1: Mean Payoff to Other Party from A&V (2001) 

Budget Token endowment Income ݉ ݌௢/݌௦ All subjects (n=142) Males (n=95) Females (n=47) ݐ-stat 

1 40 4.00 1/3 3.79 4.18 3.01 1.96 

2 60 6.00 1/2 4.03 4.30 3.49 1.48 

3 75 7.50 1/2 4.68 5.00 4.03 1.53 

4 60 6.00 1 1.54 1.36 1.91 -2.26 

5 100 10.00 1 2.52 2.33 2.92 -1.42 

6 60 12.00 2 1.42 1.21 1.82 -2.07 

7 75 15.00 2 1.71 1.42 2.29 -2.35 

8 40 12.00 3 0.89 0.67 1.32 -2.97 

Average 2.57 2.56 2.60 -0.24 
 

Table 2: Mean Payoff to Other Party from ECO220Y (2014, 2015 and 2016) 

Budget Token endowment Income ݉ ݌௢/݌௦ All subjects (n=868) Males (n=334) Females (n=534) ݐ-stat 

1 40 4.00 1/3 4.74 5.39 4.34 3.71 

2 60 6.00 1/2 4.83 5.41 4.47 3.66 

3 75 7.50 1/2 5.97 6.56 5.60 3.03 

4 60 6.00 1 2.17 1.98 2.30 -3.17 

5 100 10.00 1 3.36 2.98 3.60 -3.80 

6 60 12.00 2 1.91 1.64 2.08 -3.80 

7 75 15.00 2 2.32 2.00 2.52 -3.63 

8 40 12.00 3 1.18 1.01 1.28 -3.14 

Average 3.31 3.37 3.27 1.17 

 

 

 

 

Remember, only your answers written on the test papers (in the designated space immediately after each question) 
will be graded. Any writing on this Supplement will not be graded. 

  



Supplement                               The pages of this supplement will not be graded: write your answers on the test papers. 

Supplement for Question (1), cont’d: 

Table 3: Proportion Passing Any Money: Comparing A&V (2001) with ECO220Y (2014, 2015 and 2016), by Sex 

 Males Females 

 Proportion  
(s.e.)   Proportion 

(s.e.)   

Budget A&V 
(n=95) 

ECO220 
(n=334) 

Difference
(s.e.) 

P-value
(2-tailed) 

A&V
(n=47) 

ECO220 
(n=534) 

Difference
(s.e.) 

P-value
(2-tailed) 

1 0.71 
(0.05) 

0.81 
(0.02) 

-0.10
(0.05) 0.0366 0.77

(0.06) 
0.87 

(0.01) 
-0.11
(0.06) 0.0363 

2 0.75 
(0.04) 

0.81 
(0.02) 

-0.06
(0.05) 0.1938 0.85

(0.05) 
0.90 

(0.01) 
-0.05
(0.05) 0.2832 

3 0.73 
(0.05) 

0.82 
(0.02) 

-0.09
(0.05) 0.0515 0.81

(0.06) 
0.90 

(0.01) 
-0.09
(0.06) 0.0496 

4 0.55 
(0.05) 

0.69 
(0.03) 

-0.14
(0.06) 0.0124 0.79

(0.06) 
0.87 

(0.01) 
-0.08
(0.06) 0.1192 

5 0.55 
(0.05) 

0.68 
(0.03) 

-0.14
(0.06) 0.0146 0.72

(0.07) 
0.84 

(0.02) 
-0.12
(0.07) 0.0320 

6 0.48 
(0.05) 

0.58 
(0.03) 

-0.10
(0.06) 0.0842 0.68

(0.07) 
0.78 

(0.02) 
-0.10
(0.07) 0.1166 

7 0.44 
(0.05) 

0.58 
(0.03) 

-0.14
(0.06) 0.0165 0.66

(0.07) 
0.80 

(0.02) 
-0.14
(0.07) 0.0242 

8 0.37 
(0.05) 

0.48 
(0.03) 

-0.11
(0.06) 0.0498 0.64

(0.07) 
0.66 

(0.02) 
-0.03
(0.07) 0.7126 

 
Table 4: Mean Money Passed Conditional on Passing Any Money for a Given Budget: Comparing A&V (2001) with ECO220Y 

(2014, 2015 and 2016), by Sex 

 Males Females 

 Mean (s.d.)   Mean (s.d.)   

Budget A&V ECO220 Difference
(s.e.) 

P-value
(2-tailed) A&V ECO220 Difference

(s.e.) 
P-value

(2-tailed) 

1 5.93 
(3.86) 

6.70 
(3.96) 

-0.77
(0.53) 0.1499 3.93

(2.60) 
4.96 

(3.22) 
-1.03
(0.46) 0.0294 

2 5.75 
(3.26) 

6.70 
(3.49) 

-0.95
(0.44) 0.0337 4.10

(2.36) 
4.96 

(2.76) 
-0.86
(0.39) 0.0341 

3 6.88 
(4.13) 

8.03 
(4.37) 

-1.15
(0.56) 0.0439 4.99

(2.15) 
6.21 

(3.37) 
-1.22
(0.38) 0.0023 

4 2.48 
(1.08) 

2.88 
(1.01) 

-0.40
(0.16) 0.0178 2.43

(0.96) 
2.64 

(0.86) 
-0.21
(0.16) 0.1996 

5 4.25 
(1.82) 

4.36 
(1.76) 

-0.11
(0.28) 0.6889 4.04

(1.60) 
4.26 

(1.49) 
-0.22
(0.28) 0.4356 

6 2.51 
(1.36) 

2.81 
(1.40) 

-0.30
(0.22) 0.1833 2.68

(1.36) 
2.67 

(1.21) 
0.01

(0.25) 0.9657 

7 3.22 
(1.68) 

3.44 
(1.82) 

-0.22
(0.29) 0.4610 3.47

(1.63) 
3.16 

(1.56) 
0.32

(0.30) 0.3036 

8 1.83 
(1.12) 

2.10 
(1.04) 

-0.27
(0.21) 0.1916 2.07

(0.97) 
1.93 

(0.95) 
0.13

(0.18) 0.4738 



Supplement                               The pages of this supplement will not be graded: write your answers on the test papers. 

Supplement for Question (2): “The Big Mac Index” is computed and reported every six months by The Economist 
http://www.economist.com/content/big-mac-index. It reports both the Raw Index and the Adjusted Index.  

The average price of a Big Mac in America in July 2015 was $4.79; in China it was only $2.74 at market exchange rates. 
So the “raw” Big Mac index says that the yuan was undervalued by 43% [(=100*(2.74 – 4.79)/4.79)].  

The adjusted index uses the “line of best fit” between Big Mac prices and GDP per person for 48 countries (plus the 
euro area). The difference between the price predicted by the [OLS] line for each country, given its income per person, 
and its actual price gives a supersized measure of currency under- and over-valuation.  

The Economist posts the raw data that I downloaded (July 2015). The simple regression used to create the Adjusted 
Index uses GDP per capita in 2014 ($1,000s USD) to predict the price of a Big Mac hamburger in USD at market exchange 
rates. Here is the STATA summary of July 2015 data and the Big Mac price regression for a cross-section of 49 countries. 
Note: Some parts of the output are intentionally erased. 

 
 
. summarize USD_price gdp_1000dollar; 
 
      Variable |       Obs        Mean    Std. Dev.       Min        Max 
---------------+-------------------------------------------------------- 
     USD_price |        49    3.588031    1.015294   1.832729   6.842105 
gdp_1000dollar |        49    30.55946    22.97713     1.3427    97.0133 
 
 
 
. regress USD_price gdp_1000dollar; 
 
      Source |       SS       df       MS              Number of obs =      49 
-------------+------------------------------           F(  1,    47) =   77.55 
       Model |  30.8083359     1  30.8083359           Prob > F      =  0.0000 
    Residual |  18.6711432    47  .397258365           R-squared     =   
-------------+------------------------------           Adj R-squared =   
       Total |  49.4794791    48  1.03082248           Root MSE      =  .63028 
 
-------------------------------------------------------------------------------- 
     USD_price |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
---------------+---------------------------------------------------------------- 
gdp_1000dollar |   .0348673   .0039593     8.81   0.000     
         _cons |   2.522506   .1508211    16.73   0.000     2.219093    2.825919 
-------------------------------------------------------------------------------- 

 
 

Remember, only your answers written on the test papers (in the designated space immediately after each question) 
will be graded. Any writing on this Supplement will not be graded. 
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Supplement for Question (3): Recall the readings and study materials assigned prior to this test for “Asiaphoria Meets 
Regression to the Mean,” NBER Working Paper 20573, Oct. 2014, by Lant Pritchett and Larry Summers. All results in this 
Supplement use the more recent PWT 8.1 data.4 

ABSTRACT Consensus forecasts for the global economy over the medium and long term predict the 
world’s economic gravity will substantially shift towards Asia and especially towards the Asian Giants, 
China and India. While such forecasts may pan out, there are substantial reasons that China and India 
may grow much less rapidly than is currently anticipated. Most importantly, history teaches that 
abnormally rapid growth is rarely persistent, even though economic forecasts invariably extrapolate 
recent growth. Indeed, regression to the mean is the empirically most salient feature of economic 
growth. It is far more robust in the data than, say, the much-discussed middle-income trap. 
Furthermore, statistical analysis of growth reveals that in developing countries, episodes of rapid growth 
are frequently punctuated by discontinuous drop-offs in growth. Such discontinuities account for a large 
fraction of the variation in growth rates. We suggest that salient characteristics of China—high levels of 
state control and corruption along with high measures of authoritarian rule—make a discontinuous 
decline in growth even more likely than general experience would suggest. China’s growth record in the 
past 35 years has been remarkable, and nothing in our analysis suggests that a sharp slowdown is 
inevitable. Still, our analysis suggests that forecasters and planners looking at China would do well to 
contemplate a much wider range of outcomes than are typically considered. 

 

 

 

 

  

                                                            
4 Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), “The Next Generation of the Penn World Table” forthcoming 
American Economic Review, available for download at www.ggdc.net/pwt. PWT 8.1 is an updated version of PWT 8.0, covering the 
same countries and period. Released on: April 13, 2015. (DOI: 10.15141/S5NP4S, Retrieved June 8, 2015.) 

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

Period 1 Period 2 Regression 
Coefficient R-squared N 

PANEL A: Adjacent decades 

1950 – 60 1960 – 70 0.3375783 0.1236 66 

1960 – 70 1970 – 80 0.4084345 0.1234 108 

1970 – 80 1980 – 90 0.3225473 0.1138 142 

1980 – 90 1990 – 00 0.2884994 0.1304 142 

1990 – 00 2000 – 10 0.2051206 0.0562 142 

PANEL B: Two decades apart 

1950 – 60 1980 – 90 -0.0475639 0.0020 66 

1960 – 70 1990 – 00 0.1580633 0.0234 108 

1970 – 80 2000 – 10 -0.0148128 0.0005 142 

Source: Calculations based on PWT 8.1. 
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Thailand, n = 11 years, R-squared = 0.958
ln_gdp_hat = -62.749 + 0.036*year
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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   

Addition rule:  ܲ(ܣ	ݎ݋	ܤ) = (ܣ)ܲ + (ܤ)ܲ − (ܤ|ܣ)ܲ  :Conditional probability     (ܤ	݀݊ܽ	ܣ)ܲ = ௉(஺	௔௡ௗ	஻)௉(஻)  

Complement rules:  ܲ(ܣ஼) = (ᇱܣ)ܲ = 1 − (ܤ|஼ܣ)ܲ     (ܣ)ܲ = (ܤ|ᇱܣ)ܲ = 1 −   (ܤ|ܣ)ܲ
Multiplication rule:  ܲ(ܣ	݀݊ܽ	ܤ) = (ܤ)ܲ(ܤ|ܣ)ܲ =       (ܣ)ܲ(ܣ|ܤ)ܲ
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 ௫	௬௔௟௟	௔௟௟(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 ܻ] 
Combinatorial formula:  ܥ௫௡ = ௡!௫!(௡ି௫)!     Binomial probability:  (ݔ)݌ = ௡!௫!(௡ି௫)! ௫(1݌ − ݔ	for					௡ି௫(݌ = 0,1,2, … , ݊	 
If ࢄ is Binomial  (ܺ~ܤ(݊, [ܺ]ܧ  then  ((݌ = [ܺ]ܸ  and  ݌݊ = 1)݌݊ −  (݌
If ࢄ	is Uniform  (ܺ~ܷ[ܽ, ܾ])  then ݂(ݔ) = ଵ௕ି௔  and  ܧ[ܺ] = ௔ା௕ଶ   and  ܸ[ܺ] = (௕ି௔)మଵଶ  

 
Sampling distribution of ࢄഥ: Sampling distribution of ࡼ෡: Sampling distribution of ൫ࡼ෡૛ − ௑തߤ :෡૚൯ࡼ = ]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  
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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௉෠)௡ 	
 
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೙మቇమభ೙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 
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SIMPLE REGRESSION: 
 

Model: ݕ௜ = ଴ߚ + ௜ݔଵߚ + ො௜ݕ  :௜     OLS lineߝ = ܾ଴ + ܾଵݔ௜      ܾଵ = ௦ೣ೤௦మೣ = ݎ ௦೤௦ೣ      ܾ଴ = തܻ − ܾଵ തܺ      ܵܵܶ = ∑ ௜ݕ) − തܻ)௡௜ୀଵ ଶ = ܴܵܵ + ܴܵܵ     ܧܵܵ = ∑ ො௜ݕ) − തܻ)௡௜ୀଵ ଶ     ܵܵܧ = ∑ ݁௜௡௜ୀଵ ଶ = ∑ ௜ݕ) − ො௜)௡௜ୀଵݕ ଶ ݏ௬ଶ = ௌௌ்௡ିଵ     ܧܵܯ = ௌௌா௡ି௞ିଵ     ܴݐ݋݋	ܧܵܯ = ට ௌௌா௡ି௞ିଵ     ܴܵܯ = ௌௌோ௞  

Coefficient of determination:   ܴଶ = ௌௌோௌௌ் = 1 − ௌௌாௌௌ்        ܴଶ = ଶ     Residuals:  ݁௜(ݎ) = ௜ݕ −  ො௜ݕ
Standard deviation of residuals:  ݏ௘ = ටௌௌா௡ିଶ = ට∑ (௘೔ି଴)మ೙೔సభ௡ିଶ      Standard error of slope:  ݏ. ݁. (ܾଵ) = ௕భݏ = ௦೐ට(௡ିଵ)௦మೣ 

Inference about the population slope: ࢚ test statistic:  ݐ = ௕భିఉభబ௦.௘.(௕భ)     CI estimator:  ܾଵ ± ఈݐ ଶ⁄ .ݏ ݁. (ܾଵ)     Degrees of freedom:  ߥ = ݊ − 2 

Standard error of slope:  ݏ. ݁. (ܾଵ) = ௕భݏ = ௦೐ට(௡ିଵ)௦మೣ 

 
Prediction interval for ࢟ at given value of (ࢍ࢞) ࢞:  

ො௫೒ݕ ± ఈݐ ଶ⁄ ௘ඨ1ݏ + ଵ௡ + ൫௫೒ି௑ത൯మ(௡ିଵ)௦మೣ      or   ݕො௫೒ ± ఈݐ ଶ⁄ ට൫ݏ. ݁. (ܾଵ)൯ଶ൫ݔ௚ − തܺ൯ଶ + ௦೐మ௡ +       ௘ଶݏ

Degrees of freedom:  ߥ = ݊ − 2 
 
Confidence interval for predicted mean at given value of (ࢍ࢞) ࢞: 

ො௫೒ݕ   ± ఈݐ ଶ⁄ ௘ඨଵ௡ݏ + ൫௫೒ି௑ത൯మ(௡ିଵ)௦మೣ      or     ݕො௫೒ ± ఈݐ ଶ⁄ ට൫ݏ. ݁. (ܾଵ)൯ଶ൫ݔ௚ − തܺ൯ଶ + ௦೐మ௡      Degrees of freedom:  ߥ = ݊ − 2 
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