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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:

e Event A: Utilization above 0% and below 25% in the one quarter prior to the experiment
e 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 375.94318757 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.
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(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 10%", 50%", and 90" 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.
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Figure 8: Histograms of Credit Line Utilization and Available Credit (TRY)

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

II[H

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]
o 319 1,165 1,071 879 653
0.08 0.29 0.26 0.22 0.16
-0 764 1,434 570 341 191
- 0.23 0.43 0.17 0.10 0.06
960 9,370 3,393 1,433 551
(0,0.25) 0.06 0.60 0.22 0.09 0.04
345 4,040 3,248 1,957 954
[0.25,0.50) 0.03 0.38 0.31 0.19 0.09
166 1,758 1,959 1,787 1,115
[0.50,0.75) 0.02 0.26 0.29 0.26 0.16
107 899 1,186 1,370 1,322
[0.75, 1] 0.02 0.18 0.24 0.28 0.27
2,661 18,666 11,427 7,767 4,786
0.06 0.41 0.25 0.17 0.11

Notes: The 45,307 participants are allocated to 6 x 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 downbhill skiing. Finish time is in seconds. Start order says when skiers
race: 1is 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 -0.343 -0.123
(0.034) (0.097) (0.104)
Start order squared 0.014 0.004
q (0.003) (0.004)
. 0.109
FIS points (0.031)
Constant 91.579 94.905 93.335
(0.705) (0.773) (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 In_sq_feet is the natural log of house size in square feet. The
variable In_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_ftis 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 >>>>>
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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
In_sq_feet 0.358512789 0.024221931
In_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 3.63
(5.19) (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
I Number of observations I 18,103 I 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): Column (2): Column (3):
2013 -2018 2013 - 2016 2017 - 2018
Blue 0.041 -0.069 0.270***
(0.044) (0.052) (0.082)
Red 0.281*** 0.390*** 0.004
(0.049) (0.059) (0.084)
Age 40 to 60 0.653*** 0.779*** 0.353*%**
(0.042) (0.051) (0.074)
Age over 60 0.560*** 0.746*** 0.131*
(0.042) (0.051) (0.076)
Numeracy High - 0.437*** -0.370*** —-0.603***
(0.049) (0.060) (0.088)
Northeast —0.453%** —0.532%** —-0.278%**
(0.054) (0.066) (0.095)
Midwest —-0.432%** - 0.461%** —0.393%**
(0.051) (0.062) (0.087)
South -0.368*** - 0.500%** -0.052
(0.052) (0.062) (0.093)
Some College 0.366*** 0.082 1.026***
(0.077) (0.092) (0.139)
College -0.169** —-0.501*** 0.598%***
(0.073) (0.088) (0.131)
50 k < Income < 100 k -0.380*** —-0.391%** -0.366%**
(0.045) (0.054) (0.080)
Income over 100 k —-0.792%** —-0.798%*** —-0.785%**
(0.045) (0.055) (0.079)
Year 2014 —-0.154%** -0.160**
(0.066) (0.066)
Year 2015 -0.865*** -0.873***
(0.064) (0.064)
Year 2016 —-0.929%** —0.932%**
(0.064) (0.064)
Year 2017 —-0.958%**
(0.063)
Year 2018 -0.781%** 0.195***
(0.072) (0.064)
Constant 4,793*** 4.997*** 3.406***
(0.106) (0.122) (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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n

Inference about comparing two population proportions:

B,-P =  X;+X
Z test statistic under Null hypothesis of no difference: z = ———=——=—— Pooled proportion: P = =2
P(1-P) , P(1-P) ny+n;
ny ny
PN ~ P,(1-P P (1-P
Cl estimator: (P, — P)) iza/z\/ 20-F) | F0-F)
n, n,

Inference about the population mean:

X—uo
s/Nn

t test statistic: ¢ = Cl estimator: X + ta)2 Degrees of freedom: v =n — 1

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

X1-X5)-A — — 2 2
¢ test statistic: t = S2 22720 ¢} astimator: X, —X3) £tz /Z—l + :1_2
1 2

2 2
s{ s
21,22
ny nz
2
2 2
S S
<_1+_2>
ny nz

Degrees of freedom: v = > 5
2 2
_t [s1) 4, (52

n1—1<n1> n2—1<n2>

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

(X1—X3)=A¢

2 2
S S
/_v+_p
niy ny

) (n1—1)s2+(n,—1)s?
Pooled variance: s; = ————~2—-2

2

— — s2
t test statistic: t = Clestimator: (X; — X;) X ty; + n—p Degrees of freedom: v =n; + n, — 2
2

p
ny

n1+n2—2

Inference about a comparing two population means, paired data: (n is number of pairsand d = X; — X;)

sa/vn

t test statistic: t = Cl estimator: X, + tas2 Degrees of freedom: v =n — 1

Sd
Vn

SIMPLE REGRESSION:

“nodel:yi:: Bo'+'ﬁlxi'+'€i OLSIine::yi:: bO +‘b1xi bl ::f%¥:: TEX bo:: Y _'brX

S% Sx

Coefficient of determination: R?> = (r)? Residuals: ¢; = y; — ;

SSE
n-2

Se

/(n—l)s,%

%_ —0 2
Standard deviation of residuals: s, = \/ = \/Z“ﬁ% Standard error of slope: s.e.(by) =55, =
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Inference about the population slope:

b —
t test statistic: t = Sle—(iu)’ Clestimator: b;  t,/,5.e.(b;) Degrees of freedom: v =n — 2
-e.(by

Se

/(n—l)s,%

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

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

xg—X
Pxy ttaszSe |1+ +((ngl)s)x or Py, +ta/2\/(se (b)) (x, —X)" +2 +se

Degrees of freedom: v =n — 2

Confidence interval for predicted mean at given value of x (xg):

_ 2
Y, £ tay2Se or J, + ta/z\/(s. e. (bl))z(xg - X)2 + Sf Degrees of freedom: v =n — 2

SIMPLE & MULTIPLE REGRESSION:

Model: y; = By + B1x1; + BoXoi + -+ + PrXpi + &

2

SST =Y ,(y; — V) =SSR+ SSE  SSR=Y",(9;—V)° SSE=3",e’ =" (v, — §)*

s2=2L MSE=-"_ Root MSE = |->2_ MSR =%

n-1 n-k-1 n—-k-1 k

2 _SSR _ 4 _SSE . 2 _ 4 SSE/(n—k-1) _ (p2 k[ n-1
R SST 1 SST Adj.R* =1 SST/(n-1) (R n—1) (n—k—l)

n—k—-1 n—-k—-1

5 I . SSE n _(e;—0)?
Residuals: e; = y; —y; Standard deviation of residuals: s, = \/ = \/Zl-l(el )

Inference about the overall statistical significance of the regression model:

_ R2/k _ (SST-SSE)/k _ SSR/k _ MSR
~ (1-R?)/(n—-k-1)  SSE/(n—-k—-1)  SSE/(n-k—-1) MSE

Numerator degrees of freedom: v; = k  Denominator degrees of freedom: v, =n—k —1

Inference about the population slope for explanatory variable j:

b R
t test statistic: t = bibjo Cl estimator: b; &+ tas2Sp;  Degrees of freedom: v =n — k-1

Sb].

Standard error of slope: s.e. (bj) = Sp; (for multiple regression, must be obtained from technology)
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[IE.

The Standard Normal Distribution: 0

Second decimal place in z

z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.0 | 0.0000 0.0040 0.0080 0.0120 0.0160 0.0199 0.0239 0.0279 0.0319 0.0359
0.1 | 0.0398 0.0438 0.0478 0.0517 0.0557 0.0596 0.0636 0.0675 0.0714 0.0753
0.2 | 0.0793 0.0832 0.0871 0.0910 0.0948 0.0987 0.1026 0.1064 0.1103 0.1141
0.3 | 0.1179 0.1217 0.1255 0.1293 0.1331 0.1368 0.1406 0.1443 0.1480 0.1517
0.4 | 0.1554 0.1591 0.1628 0.1664 0.1700 0.1736 0.1772 0.1808 0.1844 0.1879
0.5 | 0.1915 0.1950 0.1985 0.2019 0.2054 0.2088 0.2123 0.2157 0.2190 0.2224
0.6 | 0.2257 0.2291 0.2324 0.2357 0.2380 0.2422 0.2454 0.2486 0.2517 0.2549
0.7 | 0.2580 0.2611 0.2642 0.2673 0.2704 0.2734 0.2764 0.2794 0.2823 0.2852
0.8 | 0.2881 0.2910 0.2939 0.2967 0.2995 0.3023 0.3051 0.3078 0.3106 0.3133
0.9 | 0.3159 0.318 0.3212 0.3238 0.3264 0.3289 0.3315 0.3340 0.3365 0.3389
1.0 | 0.3413 0.3438 0.3461 0.3485 0.3508 0.3531 0.3554 0.3577 0.3599 0.3621
1.1 | 0.3643 0.3665 0.3686 0.3708 0.3729 0.3749 0.3770 0.3790 0.3810 0.3830
1.2 | 0.3849 0.3869 0.3888 0.3907 0.3925 0.3944 0.3962 0.3980 0.3997 0.4015
1.3 | 0.4032 04049 0.4066 04082 04099 04115 0.4131 04147 04162 0.4177
1.4 | 04192 04207 0.4222 04236 04251 0.4265 0.4279 04292 04306 0.4319
1.5 | 04332 0.4345 0.4357 0.4370 0.4382 0.4394 0.4406 0.4418 0.4429 0.4441
1.6 | 0.4452 0.4463 0.4474 04484 0.4495 0.4505 0.4515 04525 0.4535 0.4545
1.7 | 0.4554 0.4564 0.4573 04582 0.4591 0.4599 0.4608 04616 0.4625 0.4633
1.8 | 0.4641 04649 0.4656 0.4664 04671 0.4678 0.4686 0.4693 0.4699 0.4706
1.9 | 04713 04719 0.4726 04732 04738 04744 0.4750 04756 04761 0.4767
2.0 | 0.4772 0.4778 04783 04783 0.4793 04798 0.4803 0.4808 0.4812 0.4817
2.1 | 0.4821 0.4826 0.4830 0.4834 0.4838 0.4842 0.4846 0.4850 0.4854 0.4857
2.2 | 0.4861 0.4864 0.4868 04871 0.4875 0.4878 0.4881 0.4884 (0.4887 0.4890
2.3 | 0.4893 0.4896 0.4898 0.4901 0.4904 0.4906 0.4909 0.4911 0.4913 0.4916
2.4 | 0.4918 0.4920 0.4922 04925 0.4927 0.4929 04931 0.4932 0.4934 0.4936
2.5 | 0.4938 0.4940 0.4941 04943 0.4945 0.4946 0.4948 0.4949 0.4951 0.4952
2.6 | 0.4953 0.4955 0.4956 0.4957 0.4959 0.4960 0.4961 0.4962 0.4963 0.4964
2.7 | 0.4965 0.4966 0.4967 0.4968 0.4969 0.4970 0.4971 0.4972 0.4973 0.4974
2.8 | 0.4974 0.4975 04976 04977 0.4977 04978 0.4979 0.4979 0.4980 0.4981
2.9 | 0.4981 0.4982 0.4982 0.4983 0.4984 0.4984 0.4985 0.4985 0.4986 0.4986
3.0 | 0.4987 0.4987 0.4987 0.4988 0.498% 0.4989 0.4989 0.4989 0.4990 0.4990
3.1 | 0.4990 0.4991 0.4991 0.4991 0.4992 0.4992 0.4992 0.4992 0.4993 0.4993
3.2 ] 0.4993 0.4993 0.4994 0.4994 0.4994 0.4994 0.4994 0.4995 0.4995 0.4995
3.3 | 0.4995 0.4995 0.4995 0.4996 0.4996 0.4996 0.4996 0.4996 0.4996 0.4997
3.4 | 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4997 0.4998
3.5 | 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998 0.4998
3.6 | 0.4998 0.4998 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999 0.4999
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A

Critical Values of Student ¢ Distribution: 0 24

v toio  toos tooes  toor  tooos  tooor  toooos | ¥ toao  tons tooes  toor  tooos  ftoooi  fo.ooos
1 | 3078 6314 1271 31.82 63.66 3183 636.6 | 38 1.304 1.686 2.024 2429 2.712 3.319 3.566
2 | 1.886 2920 4.303 6.965 9.925 2233 31.60 | 39 1.304 1.685 2.023 2426 2.708 3.313 3.558
3 | 1.638 2353 3.182 4541 5.841 1021 1292 | 40 1.303 1.684 2021 2423 2.704 3.307 3.551
4 | 1.533 2.132 2776 3.747 4.604 T.173 B.610 | 41 1.303 1.683 2.020 2421 2.701 3.301 3.544
5 1.476 2.015 2571 3.366 4.032 5.8393 6.869 | 42 1.302 1.682 2018 2418 2698 3.296 3.538
6 | 1.440 1.943 2.447 3.143 3.707 5.208 5.959 | 43 1.302 1.681 2.017 2416 2.695 3.291 3.532
7 | 1.415 1.895 2365 2.998 3.499 4.785 5408 | 44 1.301 1.680 2.015 2414 2.692 3.286 3.526
8 | 1.397 1.860 2306 2.806 3.355 4.501 5.041 | 45 1.301 1.679 2.014 2412 2.6900 3.281 3.520
9 | 1.383 1.833 2.262 2.821 3.250 4.297 4.781 | 46 1.300 1.679 2.013 2410 2.687 3.277 3.515
10 | 1.372 1.812 2228 2764 3.169 4.144 4587 | 47 1.300 1.678 2.012 2408 2.685 3.273 3.510
11 | 1.363 1.796 2201 2.718 3.106 4.025 4.437 | 48 1.299 1.677 2.011 2407 2.682 3.269 3.505
12 | 1.356 1.782 2.179 2681 3.065 3.930 4.318 | 49 1.299 1.677 2.010 2405 2.680 3.265 3.500
13 | 1.350 1.771 2.160 2.650 3.012 3.852 4.221 | 50 1.299 1.676 2.009 2403 2.678 3.261 3.496
14 | 1.345 1.761 2.145 2.624 2977 3.787 4.140 | 51 1.298 1.675 2.008 2402 2676 3.258 3.492
15| 1.341 1.753 2131 2602 2947 3.733 4.073 | 52 1.298 1.675 2.007 2400 2.674 3.255 3.488
16 | 1.337 1.746 2.120 2.583 2921 3.686 4.015 | 53 1.298 1.674 2.006 2.399 2672 3.251 3.484
17 | 1.333  1.740 2110 2567 2.898 3.646 3.965 | 54 1.297 1.674 2.006 2.397 2670 3.248 3.480
18 | 1.330 1.734 2.101 2.552 2.878 3.610 3.922 | 55 1.297 1.673 2.004 2.396 2.668 3.245 3.476
19 | 1.328 1.729 2093 2539 2861 3.579 3.883 | 60 1.296 1.671 2.000 2.390 2.660 3.232 3.460
20 | 1.325 1.725 2.086 2.528 2845 3.552 3.850 | 65 1.295 1.669 1.997 2.385 2.654 3.220 3.447
21 | 1.323 1.721 2.080 2518 2.831 3.527 3.819 |70 1.294 1.667 1.994 2381 2.648 3.211 3.435
22 | 1.321 1.717 2.074 2,508 2.819 3,505 3.792 |75 1.293 1.665 1.992 2377 2.643 3.202 3.425
23 | 1.319 1.714 2.069 2500 2807 3.485 3.768 | 80 1.292 1.664 1.990 2374 2.639 3.195 3.416
24 | 1.318 1.711 2.064 2492 2.797 3467 3.745 | 90 1.291 1.662 1.987 2.368 2.632 3.183 3.402
25 | 1.316 1.708 2.060 2485 2.787 3.450 3.725 | 100 | 1.290 1.660 1.984 2364 2.626 3.174 3.390
26 | 1.315 1.706 2.056 2479 2779 3435 3707 | 120 | 1.280 1.658 1.980 2358 2617 3.160 3.373
27 | 1.314 1.703 2.052 2473 2.771 3.421 3.690 | 140 | 1.288 1.656 1.977 2.353 2.611 3.149 3.361
28 | 1.313 1.701 2.048 2467 2.763 3.408 3.674 | 160 | 1.287 1.654 1.975 2350 2.607 3.142 3.352
29 | 1.311 1.699 2.045 2462 2.756 3.396 3.659 | 180 | 1.286 1.653 1.973 2.347 2.603 3.136 3.345
30 | 1.310 1.697 2.042 2457 2.750 3.385 3.646 | 200 | 1.286 1.653 1.972 2.345 2.601 3.131 3.340
31| 1.309 1.696 2.040 2453 2.744 3375 3.633 | 250 | 1.285 1.651 1.969 2341 2596 3.123 3.330
3211309 1.694 2037 2449 2738 3365 3.622 | 300 | 1.284 1.650 1.968 2339 2592 3.118 3.323
33 | 1.308 1.692 2.035 2445 2733 3.356 3.611 | 400 | 1.284 1.649 1.966 2336 2588 3.111 3.315
34 | 1.307 1.691 2.032 2441 2.728 3.348 3.601 | 500 | 1.283 1.648 1.965 2334 2586 3.107 3.310
35| 1.306 1.690 2.030 2438 2.724 3340 3591 | 750 | 1.283 1.647 1.963 2331 2582 3.101 3.304
36 | 1.306 1.688 2.028 2.434 2.719 3.333 3.582 | 1000 | 1.282 1.646 1.962 2330 2.581 3.098 3.300
37 | 1.305 1.687 2.026 2431 2.715 3326 3574 | = 1.282 1.645 1.960 2326 2.576 3.090 3.291

Degrees of freedom: v
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A
The F Distribution: 0 Fy
1 1 2 3 4 5 6 7 8 9 10 11 12 15 20 30 oo
v Critical Values of F Distribution for 4 = 0.10:

5 4.06 3.78 3.62 352 345 340 337 334 332 330 328 327 324 321 3.17 3.10
10 3.29 292 273 261 252 246 241 238 235 232 230 228 224 220 216 2.06
15 3.07 270 249 236 227 221 216 212 209 206 204 202 197 192 187 1.76
20 297 259 238 225 216 2.09 204 200 196 1.94 191 1.89 1.84 1.79 1.74 1.61
30 288 249 228 214 205 198 193 1.88 185 1.82 1.79 1.77 1.72 1.67 1.61 1.46
40 284 244 223 209 200 193 187 183 1.79 1.76 174 171 166 161 1.54 1.38
60 2.79 239 218 204 195 1.87 1.8 1.77 1.74 1.71 168 1.66 1.60 154 148 1.29
120 2.75 235 213 199 190 182 1.77 1.72 168 165 163 160 155 1.48 1.41 1.19
00 271 230 208 194 1.8 1.77 1.72 1.67 163 1.60 1.57 155 1.49 142 1.34 1.00
v Critical Values of F Distribution for 4 = 0.05:

5 6.61 5.79 541 519 505 495 488 482 477 4.74 470 4.68 4.62 4.56 4.50 4.36
10 4.96 4.10 3.71 348 3.33 3.22 3.14 3.07 3.02 298 294 291 285 277 270 254
15 454 3.68 329 306 290 279 271 264 259 254 251 248 240 233 225 2.07
20 4.35 349 310 287 271 260 251 245 239 235 231 228 220 212 204 184
30 417  3.32 292 269 253 242 233 227 221 216 213 209 201 193 1.84 1.62
40 4.08 3.23 2.84 261 245 234 225 218 212 2.08 204 200 1.92 184 1.74 1.51
60 4.00 3.15 2.76 253 237 225 217 210 204 199 195 192 184 175 165 1.39
120 3.92 3.07 268 245 229 218 209 202 196 191 187 183 1.75 166 1.55 1.25
co 3.84 3.00 260 237 221 210 201 194 188 1.83 1.79 1.75 1.67 157 146 1.00
Vs Critical Values of F' Distribution for A = 0.01:

5 16.3 133 121 114 11.0 10.7 105 103 10.2 101 996 9.89 972 955 938 9.02
10 100 7.56 6.55 599 564 539 520 506 494 485 477 471 456 441 425 391
15 868 6.36 542 489 456 432 414 400 389 3.80 3.73 3.67 3.52 337 321 287
20 8.10 5.85 494 443 410 3.87 3.70 3.56 346 3.37 329 323 3.09 294 278 242
30 7.56 5.39 4.51 4.02 3.70 347 3.30 3.17 307 298 291 284 270 255 239 2.01
40 7.31 5.18 431 3.83 351 329 312 299 289 280 273 266 252 237 220 1.80
60 7.08 498 4.13 365 334 3.12 295 282 272 263 256 250 235 220 203 1.60
120 6.85 4.79 395 348 3.17 296 2.79 266 256 247 240 234 219 203 1.8 1.38
co 6.63 461 3.78 332 3.02 280 264 251 241 232 225 218 204 188 1.70 1.00
Vo Critical Values of F' Distribution for A = 0.001:

5 472 371 33.2 31.1 298 288 282 27.6 27.2 269 26.6 264 259 254 249 238
10 21.0 149 126 11.3 105 993 952 920 896 875 859 845 813 780 747 6.76
15 16.6 11.3 934 825 7.57 7.09 6.74 647 6.26 6.08 594 581 554 525 495 4.31
20 148 995 810 T7.10 6.46 6.02 5.69 544 524 5.08 494 482 456 429 400 3.38
30 133 877 7.05 6.12 553 512 482 458 439 424 411 4.00 3.75 349 3.22 259
40 126 825 6.59 5.70 5.13 473 444 421 402 387 375 364 340 314 287 223
60 12.0 7.77 6.17 5.31 476 437 4.09 3.86 369 354 342 332 3.08 283 255 1.89
120 114 7.32 578 495 442 404 3.77 3.55 338 3.24 312 3.02 278 253 226 1.54
co 10.83 6.91 5.42 462 410 3.74 3.47 327 310 296 284 274 251 227 1.99 1.00

Numerator degrees of freedom: 11; Denominator degrees of freedom: v
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