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HOMEWORK OF LECTURE 18: 
QUESTIONS AND SOLUTIONS



EXERCISE 10.15

Newbold et al (2013)



EXERCISE 10.15:  SOLUTION

 Answer: Left-Tailed Test



EXERCISE 10.15:  SOLUTION

 Answer:



EXERCISE 10.15:  SOLUTION

 Answer:

RR = ] -∞; -1.645]

Decision Using P-value



EXERCISE 10.15:  SOLUTION

 Answer:

RR = ] -∞; -1.645]

Decision Using RR



EXERCISE 10.16

Newbold et al (2013)



EXERCISE 10.16:  SOLUTION

 Answer: Right-Tailed Test



EXERCISE 10.16:  SOLUTION

 Answer:



EXERCISE 10.16:  SOLUTION

 Answer:

RR = [1.645, +∞[

Decision Using RR



EXERCISE 10.24

Newbold et al (2013)



EXERCISE 10.24:  SOLUTION

 Answer:
Right-Tailed Test



EXERCISE 10.24:  SOLUTION

 Answer:

RR = [4.76, +∞[



EXERCISE 10.24:  SOLUTION

 Answer: Decision Using RR



EXERCISE 10.25

Newbold et al (2013)



EXERCISE 10.25:  SOLUTION

 Answer:
Two-Tailed Test



EXERCISE 10.25:  SOLUTION

 Answer:

RR = [0, 0.565]U[1.77; +∞[ 



EXERCISE 10.25:  SOLUTION

 Answer:

RR = [0, 0.565]U[1.77; +∞[ 

Decision Using RR



LECTURE 19: ANALYSIS OF
VARIANCE



COMPARISON OF SEVERAL 
POPULATION MEANS

Newbold et al (2013)



ONE-WAY ANALYSIS OF
VARIANCE

Newbold et al (2013)

Note: Although ANOVA is typically used to compare three or more groups, 

it can also be applied when comparing only two groups. In this case, the 

ANOVA test is equivalent to the independent samples t-test, and both 

methods lead to the same conclusion regarding the equality of means.



HYPOTHESES OF ONE-WAY
ANOVA

Newbold et al (2013)

Hypotheses



ONE-WAY ANOVA

Newbold et al (2013)



ONE-WAY ANOVA

Newbold et al (2013)



VARIABILITY

Newbold et al (2013)



SUM OF SQUARES DECOMPOSITION

Newbold et al (2013)

SSB

SSB



SUM OF SQUARES DECOMPOSITION

Newbold et al (2013)

SSB



TOTAL SUM OF SQUARES

Newbold et al (2013)

SSB



TOTAL SUM OF SQUARES

Newbold et al (2013)



WITHIN-GROUP VARIATION

Newbold et al (2013)



WITHIN-GROUP VARIATION

Newbold et al (2013)



WITHIN-GROUP VARIATION

Newbold et al (2013)



BETWEEN-GROUP VARIATION

Newbold et al (2013)

SSB

SSB

SSB



BETWEEN-GROUP VARIATION

Newbold et al (2013)

SSB

SSB

SSB

MSB



BETWEEN-GROUP VARIATION

Newbold et al (2013)

SSB



OBTAININGTHE MEAN SQUARES

Newbold et al (2013)

SSB
MSB



ONE-WAY ANOVA TABLE

Newbold et al (2013)

SSB
SSB

SSB

MSB
MSB



ONE-FACTOR ANOVA F TEST 
STATISTIC 

Newbold et al (2013)

MSB
Test Stastistic

Hypotheses



INTERPRETINGTHE F STATISTIC

Newbold et al (2013)

1-α

1-α

Decision Using 

Rejection Region

1-α

RR = [F1-α; k-1, n-k; +∞[

F k-1, n-k; 1-α = F1-α; k-1, n-k

P-value = P(F > f0) 

f0 is the value of 

test statistic

Decision Using 

P-Value

f0



ONE-FACTOR ANOVA F TEST 
EXAMPLE

Newbold et al (2013)



ONE-FACTOR ANOVA EXAMPLE: 
SCATTER DIAGRAM

Newbold et al (2013)



COMPUTATIONS

Newbold et al (2013)

MSB

SSB

f0



ONE-FACTOR ANOVA EXAMPLE
SOLUTION

Newbold et al (2013)
,0.95 = 3.89

,0.95 = 3.89

MSB

Hypotheses

Test Stastistic

Since the value

of the test

statistic (f0 = 

25.275) lies in 

the rejection

region (RR), we

reject 𝐻0.

RR = [3.89; +∞[

f0



ANOVA - SINGLE FACTOR: EXCEL 
OUTPUT

Newbold et al (2013)

P-value < 0.05



EXERCISE 15.1

Newbold et al (2013)



EXERCISE 15.1:  SOLUTION

 Answer:

f0



EXERCISE 15.1:  SOLUTION

 Answer:

F0.95; 4,15

F1-α; 4,15
f0

Test Stastistic

Hypotheses

RR = [3.06; +∞[



LECTURE 20: NON-PARAMETRIC 
HYPOTHESIS TESTS



TWO NON-PARAMETRIC TESTS 
TO BE CONSIDERED

Newbold et al (2013)



NON-PARAMETRIC STATISTICS

Newbold et al (2013)



CHI-SQUARE GOODNESS-OF-FIT
TEST

Newbold et al (2013)



LOGIC OF GOODNESS-OF-FIT
TEST

Newbold et al (2013)



OBSERVEDVS. EXPECTED
FREQUENCIES

Newbold et al (2013)

Ei = n × pi = 1722×1/7



CHI-SQUARETEST STATISTIC

Newbold et al (2013)

Test Stastistic

Hypotheses

Q

H0: p1 = p2 = p3 = p4 = p5 = p6 = p7 = 1/7

Vs

H1: ⱻ j: pj ≠ 1/7, j=1,..., 7



THE REJECTION REGION

Newbold et al (2013)

1-α; k-1

1-α; k-1
RR = [𝜒1−𝛼;𝑘−1

2 ; +∞[

Hypotheses

Test Stastistic

Decision Using 

Rejection Region

P-value = P(Q > q0) 

q0 is the value of 

test statistic

Decision Using 

P-ValueQ

q0



OBSERVEDVS. EXPECTED
FREQUENCIES

Newbold et al (2013)

q0



CHI-SQUARETEST STATISTIC

Newbold et al (2013)

1-α

0.95

0.95; 6

q0

q0

RR = [12.5916; +∞[



CHI-SQUARE GOODNESS-OF-FIT TEST: 
SUMMARY

Note:

The Chi-square goodness-of-fit test is 

used when we have a categorical 

variable (nominal or ordinal) and we 

want to test whether the observed 

frequencies follow a specified 

theoretical distribution.

Note:

The test statistic follows a 

Chi-square distribution with 

𝐾 − 1degrees of freedom.

Note: 

Parametric tests rely on assumptions 

about the population distribution 

(typically normality), while non-parametric 

tests do not require such 

assumptions. Chi-square tests are non-

parametric.



CHI-SQUARE GOODNESS-OF-FIT TEST: 
SUMMARY

RR = [𝜒1−𝛼;𝑘−1
2 ; +∞[ 

α = significance level

1 – α = confidence level

𝜒1−𝛼;𝑘−1
2  = represents the 1 – α 

quantile of the Chi-square 

distribution with k-1degrees of 

freedom (see chi-square table)

q0



EXERCISE 14.1

Newbold et al (2013)



EXERCISE 14.1:  SOLUTION

 Answer:

Goodness-of-Fit Test



EXERCISE 14.1:  SOLUTION

 Answer:

The value of the test 

statistic is q0 = 3.88.

q

q

q0

q0



Confidence Level (1-α = 0.95)

Significance Level (α=0.05)

α=0.05

2
0.95;2 = 5.991

1-α=0.95

Given a significance level of α = 0.05, we 

have 1 − α = 0.95.

2
0.95;2 = 5.991 (see chi-square table)

CRITICAL VALUE 𝝌𝟏−𝜶;𝒌− 𝟏
𝟐 : CALCULATION

α = 0.05 (significance level)

1 – α = 0.95 (confidence level)

χ²(0.95 2)  = 5.991 (see chi-square 

table)

Total area under the chi-square 

distribution pdf = 1.

RR = [5.991; +∞[ 

Note: 

The chi-square table

reports right-tail

probabilities: P(Q ≥ q0).



P-value = P(Q ≥ 3.88) ~ P(Q ≥ 4.605) = 0.1 

Decision rule based on the p-value: 

P-value = P(Q ≥ q0) <   Reject H0 for 



P-value = P(Q ≥ 3.88) ~ 0.1

3.88

P(Q ≤ 3.88) ~ 0.9

P-VALUE FOR A CHI-SQUARE STATISTIC: 
CALCULATION

Total area under the chi-square 

distribution pdf = 1.

The value of the test statistic is q0 = 3.88

Note: 

The chi-square table

reports right-tail

probabilities: P(Q ≥ q0).



EXERCISE 14.1:  SOLUTION

 Answer:

α = 0.05 (significance level)

1 – α = 0.95 (confidence level)

χ²(0.95 2)  = 5.991 (see chi-square 

table)

q

P-value = P(Q > 3.88) ~ 0.1

Approximate value (from the chi-table)

RR = [5.991; +∞[ 

𝜒0.95;2
2

Exact valueQ

Note: 

The rejection region 

and the p-value were 

calculated in the two 

previous slides, 

respectively.



CHI-SQUARE GOODNESS-OF-FIT TEST: 
POPULATION PARAMETERS UNKNOWN

Newbold et al (2013)



EXERCISE 14.11

Newbold et al (2013)



EXERCISE 14.11:  SOLUTION

 Answer:
Chi-square goodness-of-fit test 

for a Poisson distribution



EXERCISE 14.11:  SOLUTION

 Answer:

pi



EXERCISE 14.11:  SOLUTION

 Answer:

Ei = n × pipiOi



EXERCISE 14.11:  SOLUTION

 Answer:

q0

Q



EXERCISE 14.11:  SOLUTION

 Answer:



EXERCISE 14.11:  SOLUTION

 Answer:

RR = [7.779; +∞[



CONTINGENCYTABLES

Newbold et al (2013)



R TIMES C CONTINGENCY TABLE

Newbold et al (2013)



TEST FOR ASSOCIATION

Newbold et al (2013)

Hypotheses



TEST FOR ASSOCIATION

Newbold et al (2013)

Q

RR = [𝜒1−𝛼;(𝑟−1)(𝑐−1)
2 ; +∞[

Test Stastistic

Decision Using 

Rejection Region

1-α

P-value = P(Q > q0) 

q0 is the value of 

test statistic

Decision Using 

P-Value



TEST FOR ASSOCIATION: 
EXAMPLE

Newbold et al (2013)

Hypotheses



TEST FOR ASSOCIATION: 
EXAMPLE

Newbold et al (2013)



LOGIC OFTHETEST

Newbold et al (2013)



FINDING EXPECTED
FREQUENCIES

Newbold et al (2013)



EXPECTED CELL FREQUENCIES

Newbold et al (2013)



OBSERVEDVS. EXPECTED
FREQUENCIES

Newbold et al (2013)



THE CHI-SQUARETEST
STATISTIC

Newbold et al (2013)

Q

Test Statistic



OBSERVEDVS. EXPECTED
FREQUENCIES

Newbold et al (2013)

q0



CONTINGENCY ANALYSIS

Newbold et al (2013)

q0

q0

q0

RR = [3.841; +∞[

𝜒0.95;1
2



CHI-SQUARE TEST OF INDEPENDENCE: 
SUMMARY

Note:

The Chi-square test of independence is used when we 

have two categorical variables (nominal or ordinal) 

and want to determine whether there is a statistically 

significant association between them in a contingency 

table.



CHI-SQUARE TEST OF INDEPENDENCE: 
SUMMARY

Note:

The test statistic follows a 

Chi-square distribution with 

(R−1)(C −1) degrees of 

freedom.



CHI-SQUARE TEST OF INDEPENDENCE: 
SUMMARY

α = significance level

1 – α = confidence level

𝜒1−𝛼;(𝑅−1)(𝐶−1)
2  = represents the 

1 – α quantile of the Chi-square 

distribution with (R-1)(C-1) 

degrees of freedom (see chi-

square table)

RR = [𝜒1−𝛼;(𝑅−1)(𝐶−1)
2 ; +∞[ 

q0



EXERCISE 14.21

Newbold et al (2013)



EXERCISE 14.21:  SOLUTION

 Answer: Chi-Square Test of Independence

H1: Candidate preference 

is dependente of gender



EXERCISE 14.21:  SOLUTION

 Answer:



EXERCISE 14.21:  SOLUTION

 Answer:

The value of the test 

statistic is q = 3.246.

q0

q0



EXERCISE 14.21:  SOLUTION

 Answer:

α = 0.05 (significance level)

1 – α = 0.95 (confidence level)

χ²(0.95 1)  = 3.841 (see chi-square 

table)

P-value = P(Q > 3.246) ~ 0.05

Approximate value (from the chi-square table)

RR = [3.841; +∞[ 

Exact valueQ



HOMEWORK OF LECTURE 20: 
QUESTIONS



EXERCISE 15.2

Newbold et al (2013)



EXERCISE 14.2

Newbold et al (2013)



EXERCISE 14.18

Newbold et al (2013)



THANKS!
Questions?
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