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PART I: Multiple choice questions (one mark for each of questions 1 to 20 and two_marks for
each of questions 21 to 34). Some of the numbers in the provided choices have been rounded.

Indicate your answers on the multiple choice answer sheet provided. Use pencil only to make
black marks that fill the circle completely. Erase cleanly any answer you wish to change. Make no stray marks on the
answer sheet.

. Which of the following statements is true regarding a simple linear regression model?
a) The proportion of variation explained is the correlation coefficient

b) SSR must be greater than SSE if the coefficient of determination is larger than 0.5
c) The slope coefficient must have the same sign as the coefficient of determination
d) None of the suggested answers are correct

. Which of the following statements is true?

a) The central limit theorem states that no more than75% of the observations lie
within 2 standard deviations of the mean

b) The central limit theorem states that the sampling distribution of the mean will be
approximately normal regardless of the shape of the population distribution as the
sample size becomes large.

c¢) The central limit theorem states that the standard error of the sampling distribution

of the mean can be approximated by o /«/n as long as the population distribution is
symmetric.

d) The population must be normal and that o is not known for the central limit theorem
to be valid.

In order to use the normal distribution for interval estimation of (& when < is known and the sample is
very small,

a) the population must have a t-distribution with at most 30 degrees of freedom

b) The population coefficient of variation must be small

¢) The sample standard deviation must be equal to the population standard deviation

d) None of the suggested answers are correct

. An interval estimate for the mean is a range of values used to estimate

a) the sample mean

b) the sampling distribution

c¢) sampling error, or the difference between the population mean and the sample mean
d) None of the suggested answers are correct

Forty shoppers were asked if they preferred the weight of a can of soup to be 6 ounces, 8 ounces, or 10
ounces. Below you are given their responses.

6 6 6 10 8 5 8 06 b
m 1w 3 8 b 6 6 b b
- 10 8 B 6 LU b
6 8 8 510 10 8 LU b

Which of the following is an appropriate graphical display of the above data?
a) Bar chart

b) Normal distribution curve

c) Box plot

d) None of the suggested answers are correct



10.

11.

Four hundred people were asked whether gun laws should be more stringent. Three hundred said "yes,"
and 100 said "no." The point estimate of the proportion in the population who will respond "no™ is

a) 25

b) calculated as 0.25 minus sampling error as determined from the sample

c) 0.75

d) None of the suggested answers are correct

In determining the sample size necessary to estimate a population proportion, which of the following
information is not needed?

a) the maximum margin of error that can be tolerated

b) the confidence level required

c) apreliminary estimate of the true population proportion P

d) whether or not the population is symmetrically distributed

Since the population is always larger than the sample, the value of the sample mean
a) is always smaller than the true value of the population mean

b) is always larger than the true value of the population mean

c) is always equal to the true value of the population mean

d) could be larger, equal to, or smaller than the true value of the population mean

Sampling distributions are:

a) the probability distributions of population parameters.
b) the probability distributions of sample statistics.

¢) referring to the standard errors of sample statistics

d) None of the suggested answers are correct

Last year, 55% of MNM, Inc. employees were female. It is believed that there has been a reduction in
the percentage of females in the company. Which of the following gives the correct null and alternative
hypotheses in testing the belief?

a) The correct hypotheses are: H,: p=(55 and H,:p> (055

b) The correct hypotheses are : H,: p=055 and H,:p<055

¢) The null and alternative hypotheses cannot be set up because no sample information
IS given
d) None of the suggested answers are correct

Refer to the following in answering questions 11 to 13

In a large corporation, sixty-two percent of the employees are male. Twenty-three percent of the
employees earn more than $30,000 a year. Eighteen percent of the employees are male and earn more
than $30,000 a year. Suppose that an employee is selected at random. Let A be the event that the selected
employee is a male and B the event that the employee earns more than $30,000 a year.

Given that the selected employee is a female, what is the probability that the employee will earn $30,000
or less?

a) 38/77

b) 0.33

c) 33/38

d) None of the above is a correct answer



12.

13.

14.

15.

16.

17.

Which of the following statements is not true?
a) P(A)P(A|B)=P(B)P(BIA)

b) P(AUB) < P(A) +P(B)

c) P(A|B%)=P(BI|A)

d) All of the above are true

Which of the following statements is true?

a) A and B are independent

b) A and B are mutually exclusive

¢) A and B cannot occur at the same time

d) None of the suggested answers are correct

There is a need to estimate the average total compensation of CEQO's in the Service industry. Data were
randomly collected from 18 CEO's and the 97% confidence interval was calculated to be ($2,181,260,
$5,836,180). Which of the following interpretations is correct?
a) 97% of the sampled total compensation values fell between $2,181,260 and
$5,836,180.
b) In the population of Service industry CEO’s, 97% of them will have total
compensations that fall in the interval $2,181,260 to $5,836,180.
c) We are 97% confident that the mean of the sampled CEO's falls in the interval
$2,181,260 to $5,836,180.
d) None of the suggested answers are correct

A sample of account balances from a credit company showed an average daily balance of $1,040. The
standard deviation of the population is known to be $200. We are interested in determining if the mean of
all account balances (i.e., population mean) is different from $1,000. A statistician reported a value of
the z statistic of 1.6. Which of the following statements is true?
a) There is insufficient information to determine the p-value since the sample size is

not given
b) The p-value is equal to 0.0548
c) The p-value is equal to 0.0274
d) None of the suggested answers are correct

If a new independent variable is added to an existing regression equation, then the resulting sample
regression equation

a) will have a SSE no bigger than that of the original sample regression equation

b) will have a smaller coefficient of determination

c¢) will have a smaller SSR

d) None of the suggested answers are correct

Consider a distribution of ten account balances with a mean balance of $620. If an eleventh account
with a balance of $400 is added to the group, what is the mean balance for the new group consisting of
eleven accounts?

a) $600

b) $510

c) $586

d) cannot be determined with the given information



18.

19.

20.

21.

The least squares criterion is used to find the estimated regression equation. As a result,
a) the predicted values ¥, must always be small than the actual y;.

b) The sum of the errors X(#, — ¥;) must be negative

c) The error terms must always be equal to 0

d) None of the suggested answers are correct

Refer to the following in answering questions 19 to 20

In the last presidential election, before the candidates started their major campaigns, the percentages of
registered voters who favored the various candidates were as follows.

Percentages
Republicans 34%
Democrats 43%

Independents  23%

After the major campaigns began, a random sample of 400 voters showed that 172 favored the
Republican candidate; 164 were in favor of the Democratic candidate; and 64 favored the Independent
candidate. We are interested in determining whether the proportions of voters who favored various
candidates had changed. The Chi-Square statistic is computed to be 18.42.

Which of the following statements is true?

a) A one-tailed Chi-Square test is not appropriate since the percentage of voters
favoring the republicans may be higher or lower after the campaign

b) One should conclude that there is evidence at 1% significance level that the
percentages are no longer the same as those before the campaign

c) The null hypothesis should state that the percentages before the campaign had
changed and is accepted at 1% significance level

d) None of the suggested answers are correct

The expected number of voters in the sample who did not favor the republican after the campaign
a) is 264 if the percentages had not changed

b) is 264 if the percentages had changed

c) cannot be determined with the given information

d) None of the suggested answers are correct

In a multiple regression analysis involving 15 independent variables, SST = 800 and SSE = 240. The coefficient of
determination

a) isequalto0.3

b) isequal to 0.5

c) isequalto0.7

d) None of the suggested answers are correct



22. You are given the following stem-and-leaf display of the data on the ages of employees at a company.

23.

24.

25.

26.

2|67

32266889

410122

51235

6|1
Suppose that a Histogram with a class width of 8 is constructed for the data set above. How many classes
are there in the Histogram?
a) No more than 4
b) 6 since the largest data value is 61
¢) unknown since the range cannot be determined from the stem-and-Ileaf display
d) None of the suggested answers are correct

A group of students had dinner at a local restaurant. The total of all bills for the dinner was $414.70. Each
student will have to pay $18.85 if the students share equally the total bill. Which of the following
statements is true?

a) $18.85 is the median value of the bills

b) The number of students at the dinner is 22

c) At least one of the bills must be equal to $18.85

d) None of the suggested answers are correct

In multiple regression analysis, which of the followings is incorrect?

a) The dependent variable is predicted by the independent variables with an error that
is given by the standard error of the estimate s.

b) the sample values of the dependent variable is used to calculate SST

c) If the F value is significant, some independent variables may still have a
non-significant t value.

d) All of the above is true

In a regression analysis, the error term £ is a random variable. Which of the following statements
regarding the mean or expected value of the error term is correct?

a) the mean is zero since the error of prediction is always equal to 0

b) the mean is positive if there is a positive relationship

c) the mean can be any value depending on the strength of the relationship

d) None of the suggested answers are correct

An official of a large national union claims that the fraction of women in the union is not different from
one-half. A sample of 100 employees is selected and 47 of them are women. A 5% level of significance is
used to test the union’s claim. Which of the following statements is true?

a) The correct hypotheses are: #,: =105 and H_:p=035

b) The null hypotheses should be #,: < 0.5 since the sample proportion is less than

0.5
¢) The union’s claim is surely wrong because the sample proportion differs from 0.5
d) The correct hypotheses are: 4, p=047 and H_: p= 047



27.

28.

29.

30.

31.

32.

The Bureau of Labor Statistics reported that the average yearly income of dentists in the year 2009 was
$110,000. A sample of 81 dentists taken in 2010 showed an average yearly income of $120,000.
Assume the standard deviation of the population of dentists in 2010 is $36,000 and the distribution of
income is approximately normally distributed. The p-value for testing if the average income in 2010 has
increased from 2009 is found to be to 0.0062. Which of the following is true?
a) The p-value cannot be interpreted since the significance level is not given
b) The p-value can be interpreted as the probability of obtaining a sample with a z

value larger than 2.5 if the average income has not changed
¢) The probability that the sample mean is greater than $11,0000 is only 0.0062
d) None of the suggested answers are correct

In the past, the average age of employees of a large corporation has been 40 years. In order to determine
whether there has been an increase in the average age of all the employees, a sample of 64 employees was
selected. The level of significance used is 0.05. Which of the followings is true?
a) The p-value is 0.05 since p-value is always equal to the significance level of a test
b) The maximum allowable probability of Type Il error is 0.05
c) The probability of rejecting the hypothesis that the average age has not increased
when it is true will not exceed 0.05
d) None of the suggested answers are correct

The following information regarding a dependent variable Y and an independent variable X is based on 4
pairs of observations: Lx =12, Ey =23 E(x —%)* =12 ¥(x —®) (¥ — 3 = —9. The intercept
of the regression function is

a) 8

b) 3.5

c) 0.715

d) None of the suggested answers are correct

In a local university, 40% of the students live in the dormitories. A random sample of 80 students is
selected for a particular study. The probability that the sample proportion (the proportion living in the
dormitories) is between 0.30 and 0.50 is

a) 0.4664

b) 0.9328

c) 0.0336

d) None of the suggested answers are correct

The average life expectancy of a printer is 3.5 years with a standard deviation of 2 years. A random
sample of 49 printers was tested. What is the probability that the sample mean will be between 4 and 4.2
years?

a) between 0.05 and 0.025

b) 0.0472

c) 0.033

d) None of the suggested answers are correct

In a regression analysis situation, the standard error of the slope is:

a) ameasure of the variation in the estimated regression slope from sample to sample
b) equal to the square root of the standard error of the estimate

c) ameasure of the amount of change in y that will occur for a one unit change in x
d) None of the suggested answers are correct



33. If we change a 95% confidence interval estimate to a 99% confidence interval estimate, we can expect
a) the width of the confidence interval to increase because a higher confidence level is
needed
b) the width of the confidence interval to decrease because we become more confident
that the interval is correct
c¢) the width of the confidence interval to remain the same since the standard deviation
has not changed
d) None of the suggested answers are correct

34. Which of the following statements is true?

a) If we select several random samples of the same size from a normally distributed
population and we compute the sample means, they must all have the same values

b) If we select several random samples of the same size from a normally distributed
population, the expected values of the sample means will be different.

c¢) If we select several random samples of the same size from a normally distributed
population, the sample means will have different standard deviations.

d) None of the suggested answers are correct



Part Il
Question 1 (14 marks)

A company is interested in determining the average number of months its employees stay with the
company. A random sample of 50 employees yields a sample mean of 35.8 months. It is also reported
that the margin of error (with a 0.98 confidence coefficient) for estimating the mean is 2 months.

a) Find the sample standard deviation (assume that the company did not know the population standard
deviation).

b) What can you say about the sampling error in estimating the population mean?

c) If past information shows a population standard deviation of 6.1, construct at 95% confidence level
an interval estimate for the mean.

d) What assumption have you made in order to arrive at the answers in a) to c) above?



e) It is further found out that among these 50 sampled employees, 10 of them did not have a
promotion (during their tenure with the company). Give a point estimate for the proportion of
employees who did not have a promotion. With a 95% confidence level, the proportion of

employees who did not have a promotion falls within what limits?

f) What is the smallest sample size needed to provide a margin of error (with a 0.95 confidence
coefficient) of no greater than 0.04 in estimating p, the proportion of employees who did not have a

promotion, for all possible values of p?

10



Question 2 (12 marks)

a) A company produces your typical consumer battery. The company claims that their batteries last
at least 100 hours, on average. An experiment is conducted to investigate if the companies claim is
not true.  You believe that the mean life is actually less than the 100 hours the company claims.

Data are collected on the battery life (in hours) for a random sample of batteries and the following
information regarding the sample is obtained:

Sample mean =98.5
Estimated standard error of mean = 0.818
Degrees of freedom of t-test for population mean =19

i.  What assumption is needed for conducting a t-test for the mean in the present case?

ii.  What is the sample size collected?

iii. At 5% significance level, does the present sample provide sufficient evidence that the
company’s claim is not true?

iv.  Explain the meaning of type I error in the context of the present application.

11



b) The CEO of a software company is committed to expanding the proportion of highly qualified
women in the organization’s staff of salespersons. He believes that the proportion of women in
similar sales positions across the country in 2004 is less than 45%. Hoping to find support for his
belief, he directs his assistant to collect a random sample of salespersons employed by his company,
which is thought to be representative of sales staffs of competing organizations in the industry.

The collected random sample of size 50 showed that 17 were women. Find the p-value of the
hypothesis test conducted to investigate if the CEQ’s claim can be substantiated. At which of the
significance levels 0.10, 0.05, 0.01 and 0.001 can one conclude that the claim is true? Justify your
answer.

12



Question 3 (12 marks)

a)

In 2000, computers of Brand A controlled 25% of the market, Brand B 20%, and Brand C 55%. In
2004, sample data was collected from many randomly selected stores throughout the country. Of
the 1,200 computers sold, 280 were Brand A, 270 were Brand B, 650 were Brand C. Has the
market changed since 2000? Test at the 1% significance level.

13



b) A sample of an industrial product provided the following data on product quality by production
process. Test at 5% significance level the hypothesis that product quality is independent of the
production process. State clearly your conclusion and justify your answer.

Process Defectives  Good
A 36 364
B 17 283
C 27 173

14



Question 4 (14 marks)

Levesque Reality is frequently asked by his clients about the average monthly cost of heating of a
single-family home. The research department at Levesque has been asked to develop a model to predict
the average monthly heating cost of single-family homes. Three variables are thought to be relevant:

1) TEMP: The mean daily outside temperature,
2) INSUL: The thickness (in inches) of insulation in the attic,
3) AGE: The age of the furnace.

A random sample of single-family homes was taken and partial information (numbers in some entries
are not shown) from a regression analysis with EXCEL is given below.

ANOVA
df SS MS F
Regression @) (© 57073.3
Residual 16 (d) 2605.9
Total (b) (e)
Coefficients  Standard Error t Stat P-value
Intercept 427.19 59.6
TEMP -4.5827 0.7723
INSUL -14.831 4.754
AGE 6.101 4.021

a) State the estimated multiple regression equation.

b) Find the values (a), (b), (c), (d), (e) in the ANOVA table above:
(a) =
(b) =
(c)=
(d) =
(e) =

15



¢) Find and interpret the meanings of multiple coefficient of determination R*and the standard error of
the estimate s in the context of the present application.

d) Test the appropriate hypothesis to determine if there is a significant overall relationship between the
monthly cost of heating and the three independent variables. Use a level of significance of .05.

e) Interpret the coefficient of TEMP in the context of the present application.

16



f) At 5% significance level, is there any evidence that thicker insulation in the attic in general leads to
lower cost of heating in single-family homes? Justify your answer with a statistical test.

g) Estimate the heating cost if the mean outside temperature is 30, the thickness of insulation in the
attic is 5 inches, and the age of the furnace is 10 years

17



COMM 215: Business Statistics

List of formulae provided during examinations

|Chapter 2 - Descriptive Statistics: Tabular & Graphical Presentations|

Approx. Class Width = (Largest data value - Smallest data value)/(No. of classes)

|Chapter 3 - Descriptive Statistics: Numerical Measures|

Interquartile Range:  IQR =Q, -Q,

2 _ 2x-x) =ZXf—(ZXE)Z/n

n-1 n-1

Sample Variance: s

Chapter 4 - Introduction to Probability|

N!

N
Counting Rule for Combinations: C' = ( ) EpE—
) ni(N-n)

N NI
Counting Rule for Permutations: P" - n!( ) =
n (N - n)!

Addition Law: P(AUB)=P(A)+P(B)-P(ANB)
Conditional Probability: P(A|B)=P(AnB)/P(B)
Multiplication Law: P(AnB)=P(B)P(A|B)

Chapter 5 - Discrete Probability Distributions|

Expected Value of a Discrete Random Variable: E ( X) =u= z xf ( X)

Variance of a Discrete Random Variable: Var ( X) = O'2 = z ( X - ,u)z f (X)

Number of Experimental Outcomes Providing Exactly X Successes in n Trials

W

N - . n « (n-x)
Binomial Probability Function: P(x)=| |p” (1-p)
X

Expected Value for the Binomial Distribution: E (x) = = np

Variance for the Binomial Distribution: Var(x) = o~ =np(1-p)

Chapter 6 - Continuous Probability Distributions|

)

For a Normal Random Variable X ~ N(u, o
z2=(x-u)lo

, converting to

Standard Normal Random Variable:

|Chapter 7 - Sampling and Sampling Distributions|

E(X)=pu

Standard Deviation of X (Standard Error)
Finite Population

Expected Value of X

Infinite Population

_IN-n( o o
halE
Expected Value of p E(P)=p
Standard Deviation of p (Standard Error)
Finite Population Infinite Population

|Chapter 8 - Interval Estimati0n|

Interval Estimate of a Population Mean

o Known o Unknown

Xtz,, o/Jn Xtt,,S/</n

Sample Size for an Interval Estimate of a Population Mean
2
2 2
n= (Za/Z) o°lE
Interval Estimate of a Population Proportion

[E za/zafﬁ(l—ﬁ)/n

Sample Size for an Interval Estimate of a Population Proportion

n=(2:) P*(1-p*)/E°

Chapter 12 - Tests of Goodness of Fit & Independence

k
Test Statistics:  z* =Y _(f ¢, ) e,
i=1

Expected Frequesncies for Contingency Tables assuming

independence: e”:( owl Oa)( olumn j oa)

Sample Size

Test Statistic: ~ y° = ZZ( f,—e, )2 I
i

18




|Chapter 14 - Simple Linear Regression|

Model:  y=p,+pX+¢
Estimate or fit: § =b, +bx

Estimated slope and y-intercept:
b, = Z(Xi =X)(Y; — y)/Z(Xi - Y)Z
= (%Y =2 %2 ¥ (0 =3 %)*),  by=Y-bX
Sum of Squares Due to Error:
SSE=2(v,-9)" =2y ~b ) yi—b D> %Y,
Total Sum of Squares: SST=Y (y,-¥,)" =¥/ - y,)’/n

2

Sum of Squares Due to Regression: SSR =Y (,-V)
Sample Correlation Coefficient:

r,, = (sign of bl)\/Coefficient of determiniation
=(sign of bl)F
Mean Square Error (Estimate of 6°):  s*> = MSE =SSE/(n—2)
Standard Error of the Estimate: s =+MSE =/SSE/(n—2)

. — . —\2
Estimated Standard Deviation of b;: Sy, = 5“?2(& —X)

Mean Square Regression: MSR=SSR/(No. of independant variables)
F Test Statistic.: F = MSR/MSE

. ation of § - 1, (6-%)
Estimated Standard Deviationof y : s, =s [-+ ———
p n Z(xi—i)

Estimated Standard Deviation of an Individual Value:

Sind —s\/l+i+M
in n Z(Xi_7)2

|Chapter 15 - Multiple Regression|

Model:  y= B+ BX +BX ++ BpX,+&
Estimate or fit:  §=by+bx + b, X, +---+b,X,
Mean Square Due to Regression: MSR=SSR/p

Mean Square Due to Error: MSE =SSE/(n—p-1)
F Test Statistic: F =MSR/MSE

19



TABLE1 CUMULATIVE PROBABILITIES FOR THE STANDARD NORMAL
DISTRIBUTION

Entries in the table

give the area under the
curve to the left of the

z value. For example, for
z =—.85, the cumulative
probability is .1977.

Cumulative
probability

-3.0 .0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010

-29 .0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014
—2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
=27 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
—2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
-2.5 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048

—2.4 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
—23 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
22 .0139 .0136 .0132 .0129 .0125 .0122 .0119 .0116 .0113 .0110
—2.1 .0179 0174 .0170 .0166 .0162 0158 .0154 .0150 0146 0143
-2.0 .0228 .0222 .0217 .0212 .0207 .0202 .0197 .0192 .0188 0183

-1.9 .0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0239 .0233
—1.8 .0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
—1.7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375 .0367

1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
—-1.5 .0668 .0655 .0643 .0630 .0618 .0606 .0594 .0582 0571 .0559

—1.4 .0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 0694 .0681
—1.3 .0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823
—-1.2 1151 131 A112 .1093 1075 .1056 .1038 .1020 .1003 .0985
—1.1 1357 1335 1314 1292 1271 1251 1230 1210 1190 1170
-1.0 1587 1562 1539 1515 1492 .1469 .1446 1423 .1401 1379

-9 1841 1814 1788 1762 1736 1711 .1685 .1660 .1635 1611
-8 2119 .2090 .2061 .2033 .2005 1977 .1949 1922 .1894 1867
-7 .2420 .2389 .2358 .2327 .2296 2266 2236 .2206 2177 2148
-.6 2743 .2709 2676 2643 2611 2578 2546 2514 2483 2451
-5 .3085 .3050 3015 .2981 2946 2912 2877 .2843 2810 2776

—4 .3446 .3409 3372 3336 .3300 .3264 3228 3192 3156 3121
-3 3821 3783 3745 .3707 3669 3632 .3594 .3557 .3520 .3483
-2 4207 4168 4129 4090 4052 4013 3974 .3936 .3897 .3859
—.1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-.0 .5000 4960 4920 4880 4840 4801 4761 4721 4681 4641

20
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TABLE 1T CUMULATIVE PROBABILITIES FOR THE STANDARD NORMAL
DISTRIBUTION (Continued)

Cumulative

probability Entries in the table

give the area under the
curve to the left of the

z value. For example, for
z = 1.25, the cumulative
probability is .8944.

0 z
z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
.0 .5000 5040 .5080 5120 5160 5199 .5239 5279 5319 .5359
1 .5398 5438 5478 5517 5557 .5596 .5636 5675 5714 5753
2 5793 5832 5871 5910 .5948 .5987 .6026 .6064 .6103 .6141
3 6179 6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480 .6517
4 .6554 6591 .6628 .6664 .6700 .6736 6772 .6808 .6844 .6879
5 6915 6950 .6985 7019 7054 7088 7123 7157 7190 7224
.6 7257 7291 7324 7357 7389 7422 77454 77486 7517 7549
7 7580 7611 7642 77673 7704 7734 7764 7794 7823 7852
8 7881 7910 7939 7967 7995  .8023  .8051 8078  .8106  .8133
9 8159 8186  .8212  .8238  .8264  .8289 8315 .8340 .8365  .8389
1.0 .8413 .8438  .8461 8485  .8508  .8531 8554 8577  .8599  .8621
1.1 8643 .8665 .8686 .8708 .8729  .8749 8770  .8790  .8810  .8830
1.2 8849 8869  .8888  .8907  .8925  .8944  .8962  .8980  .8997  .9015
1.3 .9032 9049 9066 9082 9099 9115 9131 9147 9162 9177
1.4 9192 9207 9222 9236  .9251 9265 9279 9292 9306  .9319
1.5 9332 9345 .9357 .9370 9382 .9394 .9406 9418 9429 9441
1.6 9452 9463 9474 9484 9495 .9505 9515 9525 9535 9545
1.7 9554 9564 9573 9582 9591 .9599 .9608 9616 9625 9633
1.8 9641 9649 9656 9664 9671 9678 9686 9693 .9699 .9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
2.0 9772 9778 9783 9788 9793 9798 .9803 9808 9812 9817
2.1 9821 9826 9830 .9834 9838 .9842 9846 9850 9854 9857
2.2 9861 9864 .9868 9871 9875 9878 9881 9884 9887 .9890
2.3 9893 9896 .9898 9901 .9904 .9906 .9909 9911 9913 9916
24 9918 9920 .9922 9925 9927 9929 9931  .9932  .9934  .9936
25 .9938 9940  .9941 9943 9945 9946 9948 9949 9951 9952
26 .9953 9955 9956 9957 9959 9960  .9961 9962 9963  .9964
277 .9965 9966 9967 9968 9969  .9970  .9971  .9972 9973 9974
2.8 .9974 9975 9976 9977 9977 9978 9979 9979 9980  .9981
29 9981 9982 9982 9983 9984 9984 9985 9985  .9986  .9986
3.0 .9987 9987 9987  .9988 9988  .9989  .9989  .9989  .9990  .9990
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TABLE 2 ¢ DISTRIBUTION

Area or

probability Entries in the table give ¢ values for an area
or probability in the upper tail of the ¢
distribution. For example, with 10 degrees
of freedom and a .05 area in the upper tail,

0 ; o5 = 1.812.
Area in Upper Tail
Degrees
of Freedom 20 .10 .05 025 01 .005

1 1.376 3.078 6.314 12.706 31.821 63.656

2 1.061 1.886 2.920 4.303 6.965 9.925

3 978 1.638 2.353 3.182 4.541 5.841

4 941 1.533 2.132 2.776 3.747 4.604

5 920 1.476 2.015 2.571 3.365 4.032

6 906 1.440 1.943 2.447 3.143 3.707

7 .896 1.415 1.895 2.365 2.998 3.499

8 .889 1.397 1.860 2.306 2.896 3.355

9 .883 1.383 1.833 2.262 2.821 3.250
10 879 1.372 1.812 2.228 2.764 3.169
11 .876 1.363 1.796 2.201 2.718 3.106
12 873 1.356 1.782 2.179 2.681 3.055
13 .870 1.350 1.771 2.160 2.650 3.012
14 .868 1.345 1.761 2.145 2.624 2977
15 .866 1.341 1.753 2.131 2.602 2.947
16 .865 1.337 1.746 2.120 2.583 2.921
17 .863 1.333 1.740 2.110 2.567 2.898
18 .862 1.330 1.734 2.101 2.552 2.878
19 .861 1.328 1.729 2.093 2.539 2.861
20 .860 1.325 1.725 2.086 2.528 2.845
21 .859 1.323 1.721 2.080 2.518 2.831
22 .858 1.321 1.717 2.074 2.508 2.819
23 .858 1.319 1.714 2.069 2.500 2.807
24 857 1.318 1.711 2.064 2.492 2.797
25 .856 1.316 1.708 2.060 2.485 2.787
26 .856 1.315 1.706 2.056 2.479 2.779
27 .855 1.314 1.703 2.052 2.473 2.771
28 .855 1.313 1.701 2.048 2.467 2.763
29 854 1.311 1.699 2.045 2.462 2.756
30 .854 1.310 1.697 2.042 2.457 2.750
31 .853 1.309 1.696 2.040 2.453 2.744
32 .853 1.309 1.694 2.037 2.449 2.738
33 .853 1.308 1.692 2.035 2.445 2.733
34 .852 1.307 1.691 2.032 2.441 2.728
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TABLE 3 CHI-SQUARE DISTRIBUTION

Area or
probability

Xa

Entries in the table give 2 values, where o is the area or probability in the upper tail of the chi-square distribution.

For example, with 10 degrees of freedom and a .01 area in the upper tail, 33, = 23.209.

Area in Upper Tail
Degrees
of Freedom 995 99 975 95 90 10 .05 025 .01 005
1 .000 .000 .001 .004 .016 2.706 3.841 5.024 6.635 7.879
2 .010 .020 .051 .103 211 4.605 5.991 7.378 9.210 10.597
3 .072 A15 216 352 .584 6.251 7.815 9.348 11.345 12.838
4 207 297 484 11 1.064 7.779 9.488 11.143 13.277 14.860
5 412 554 831 1.145 1.610 9.236 11.070 12.832 15.086 16.750
6 .676 872 1.237 1.635 2.204 10.645 12.592 14.449 16.812 18.548
7 989 1.239 1.690 2.167 2.833 12.017 14.067 16.013 18.475 20.278
8 1.344 1.647 2.180 2.733 3.490 13.362 15.507 17.535 20.090 21.955
9 1.735 2.088 2.700 3.325 4.168 14.684 16919 19.023 21.666 23.589
10 2.156 2.558 3.247 3.940 4.865 15.987 18.307 20.483 23.209 25.188
11 2.603 3.053 3.816 4.575 5.578 17.275 19.675 21.920 24.725 26.757
12 3.074 3.571 4.404 5.226 6.304 18.549 21.026 23.337 26.217 28.300
13 3.565 4.107 5.009 5.892 7.041 19.812 22.362 24.736 27.688 29.819
14 4.075 4.660 5.629 6.571 7.790 21.064 23.685 26.119 29.141 31.319
15 4.601 5.229 6.262 7.261 8.547 22.307 24.996 27.488 30.578 32.801
16 5.142 5.812 6.908 7.962 9.312 23.542 26.296 28.845 32.000 34.267
17 5.697 6.408 7.564 8.672 10.085 24.769 27.587 30.191 33.409 35.718
18 6.265 7.015 8.231 9.390 10.865 25.989 28.869 31.526 34.805 37.156
19 6.844 7.633 8.907 10.117 11.651 27.204 30.144 32.852 36.191 38.582
20 7.434 8.260 9.591 10.851 12.443 28.412 31410 34.170 37.566 39.997
21 8.034 8.897 10.283 11.591 13.240 29.615 32.671 35479 38.932 41.401
22 8.643 9.542 10.982 12.338 14.041 30.813 33.924 36.781 40.289 42.796
23 9.260 10.196 11.689 13.091 14.848 32.007 35.172 38.076 41.638 44.181
24 9.886 10.856 12.401 13.848 15.659 33.196 36415 39.364 42.980 45.558
25 10.520 11.524 13.120 14.611 16.473 34.382 37.652 40.646 44314 46.928
26 11.160 12.198 13.844 15.379 17.292 35.563 38.885 41.923 45.642 48.290
27 11.808 12.878 14.573 16.151 18.114 36.741 40.113 43.195 46.963 49.645
28 12.461 13.565 15.308 16.928 18.939 37.916 41.337 44461 48.278 50.994
29 13.121 14.256 16.047 17.708 19.768 39.087 42.557 45.722 49.588 52.335
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