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Research Methods and Statistics

Lecture 17: Comparing groups II
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Tests

• This block we discuss many different tests. Which one to use in what
case?

• Look for the relevant information:

• Mean or proportion?

• One sample or two samples?

• Independent samples or dependent samples?

• Confidence interval or significance test?

• One-sided or two-sided test? (and in the first case, what direction?)
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Suppose your test statistic is 1.50. 
To compute the p-value first check your alternative hypothesis!

1.50

Ha: p > p0     → calculate upper tail Ha : p < p0     → calculate lower tail
Ha: p ≠ p0 → calculate
smallest tail and double it!

1.50 1.50



Today

• Independent vs dependent samples

• Comparing two proportions in independent samples

• Comparing two means in dependent samples

• Comparing two proportions in dependent samples

4



Today

• Independent vs dependent samples

• Comparing two proportions in independent samples

• Comparing two means in dependent samples

• Comparing two proportions in dependent samples
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Example

Does caffeine increase concentration?
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Coffee picture: https://commons.wikimedia.org/wiki/File:A_small_cup_of_coffee.JPG

Meditation photo: https://pixabay.com/nl/illustrations/bewustzijn-mindfulness-meditatie-4246466/



versus

Does caffeine increase concentration?
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Photo source pills: https://commons.wikimedia.org/wiki/File:Red_and_blue_pill.jpg

No caffeine
(placebo)

Caffeine



Samples

• One or two samples

• Dependent or independent
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One sample

9
Photo source pills: https://commons.wikimedia.org/wiki/File:Red_and_blue_pill.jpg
Other pictures: pixabay.com

Tortoise
Bear

Dog

Dolphin

Owl

For example: Researcher 
John knows that in the
population of stuffed

animals the mean score on 
a concentration test is 10. 
He draws a sample of 25 
animals and gives them a 

caffeine pill. In this sample 
he observes a mean

concentration of 12 and an
SD of 1.5. He wants to
know whether animals

with a caffeine pill score 
significantly different from

10.

https://commons.wikimedia.org/wiki/File:Red_and_blue_pill.jpg


10Photo source pills: https://commons.wikimedia.org/wiki/File:Red_and_blue_pill.jpg
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For example: Researcher 
John knows that in the
population of stuffed

animals the mean score on 
a concentration test is 10. 
He draws a sample of 25 
animals and gives them a 

caffeine pill. In this sample 
he observes a mean

concentration of 12 and an
SD of 1.5. He wants to
know whether animals

with a caffeine pill score 
significantly different from

10.

𝐻0: 𝜇 = 10
𝐻𝑎: 𝜇 ≠ 10

See chapter 9!

Picture source: pixabay.com

One sample



Between-groups design
(Independent samples)

Kermit
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Photo source pills: https://commons.wikimedia.org/wiki/File:Red_and_blue_pill.jpg Photo Silhouette: facebook.com for non-commercial use only
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Picture source: pixabay.com
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Matched pairs design: dependent samples

12

Make pairs on basis of an
important background variable
(e.g., age)

Pair #1

Pair #2

Pair #3

Pair #4

Photo source pills: https://commons.wikimedia.org/wiki/File:Red_and_blue_pill.jpgPicture source: pixabay.com
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Photo source pills: https://commons.wikimedia.org/wiki/File:Red_and_blue_pill.jpg

Matched pairs design: dependent samples

Picture source: pixabay.com
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Photo source pills: https://commons.wikimedia.org/wiki/File:Red_and_blue_pill.jpg

Matched pairs design: dependent samples

Picture source: pixabay.com
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Photo source pills: https://commons.wikimedia.org/wiki/File:Red_and_blue_pill.jpg

Matched pairs design: dependent samples

Picture source: pixabay.com
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Photo source pills: https://commons.wikimedia.org/wiki/File:Red_and_blue_pill.jpg

Matched on 
background variable
Here: age

Matched pairs design: dependent samples

Picture source: pixabay.com
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Within-groups design: Dependent samples
(specific form of matched pairs)

Photo source pills: https://commons.wikimedia.org/wiki/File:Red_and_blue_pill.jpg

Picture source: pixabay.com
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Two types of Dependent samples

Photo source pills: https://commons.wikimedia.org/wiki/File:Red_and_blue_pill.jpg

Same people on two different 
time points

Different people but they form 
matched pairs, for example

because they are matched on 
a background variable

Statistically you treat these 
designs the same!

Picture source: pixabay.com



Parameter

• Proportion (𝑝)

• Mean (𝜇)

19



Parameter Sample(s) CI or Sign test Chapter

Proportion (categorical ) One sample CI Ch8

Signif Test Ch9

Two independent samples CI Ch10b

Signif Test Ch10b

Two dependent samples CI X

Signif Test Ch10b

Mean (quantitative ) One sample CI Ch8

Signif Test Ch9

Two independent samples CI Ch10a

Signif Test Ch10a

Two dependent samples CI Ch10b

Signif Test Ch10b
Interim Exam II

Last week lecture

Today
20



Parameter Sample(s) Statistic Chapter

Proportion (categorical ) One sample CI Ch8

Signif Test Ch9

Two independent samples CI Ch10b

Signif Test Ch10b

Two dependent samples CI X

Signif Test Ch10b

Mean (quantitative ) One sample CI Ch8

Signif Test Ch9

Two independent samples CI Ch10a

Signif Test Ch10a

Two dependent samples CI Ch10b

Signif Test Ch10b
Interim Exam II

Last week lectures

Today
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Today

• Independent vs dependent samples

• Comparing two proportions in independent samples

• Comparing two means in dependent samples

• Comparing two proportions in dependent samples
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Ada wants to know whether caffeine influences concentration. To study
this she randomly assigns people to two conditions: an experimental
condition in which people get a caffeine pill, and a control condition in 
which people get a placebo pill. She then has both groups participate in 
a concentration test. She uses the results to create a 95% confidence
interval to assess whether the proportion of people who pass the
concentration test differs between conditions.
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Ada wants to know whether caffeine influences concentration. To study
this she randomly assigns people to either one of two conditions: an
experimental condition in which people get a caffeine pill, and a control 
condition in which people get a placebo pill. She then has both groups
participate in a concentration test. She uses the results to create a 95% 
confidence interval to assess whether the proportion of people who
pass the concentration test differs between conditions.
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Concentration measure

25
See e.g., https://en.wikipedia.org/wiki/D2_Test_of_Attention

“cross out any letter "d" with two marks around, above it or below it, in any order”

https://en.wikipedia.org/wiki/D2_Test_of_Attention


Between-groups design
(Independent samples)

26

Photo source pills: https://commons.wikimedia.org/wiki/File:Red_and_blue_pill.jpg Photo Silhouette: facebook.com for non-commercial use only
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50 passed; 18 failed
n1 = 68

44 passed; 10 failed
n2 = 54

Kermit

Picture source: pixabay.com
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Comparing two proportions: 
Confidence Interval

Confidence interval: Interval containing the most believable values for a parameter

• Are the proportions different in the population?
• I.e., 𝑝1 = 𝑝2? 
→ 𝑝1 − 𝑝2 = 0

• So we want to see whether 𝑝1 − 𝑝2 = 0 is a believable value or not
• Is 0 included in the confidence interval of 𝑝1 − 𝑝2?

• → yes? then the two proportions do not differ significantly
• → no? then the two proportions differ significantly

• Thus, we need the sampling distribution of Ƹ𝑝1 − Ƹ𝑝2

27



Sampling distribution of Ƹ𝑝1 − Ƹ𝑝2

p1 – p2

µ = p1 - p2

σ = 
𝑝
1
(1−𝑝

1
)

𝑛
1

+
𝑝
2
(1−𝑝

2
)

𝑛
2

(p1-p2) - 1.96
𝑝
1
(1−𝑝

1
)

𝑛
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1
)

𝑛
1

+
𝑝
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(1−𝑝

2
)

𝑛
2

µ = ?
σ = ?

µ
µ - 1.96σ µ + 1.96σ

Is a normal distribution if n1p1 ≥ 10 and n1(1-p1) ≥ 10 in group 1 and
if n2p2 ≥ 10 and n2(1-p2) ≥ 10 in group 2

Smaller than for
one proportion
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Sampling distribution of Ƹ𝑝1 − Ƹ𝑝2

Ƹ𝜇 = Ƹ𝑝1 − Ƹ𝑝2

ො𝜎 = se =
ො𝑝
1
(1− ො𝑝

1
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𝑛
1
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𝑛
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2
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𝑛
2

general forumula for confidence interval 
of two proportion (the one on the formula sheet) Ƹ𝑝1 − Ƹ𝑝2± z(se) with se=

ො𝑝
1
(1− ො𝑝

1
)

𝑛
1

+
ො𝑝
2
(1− ො𝑝

2
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𝑛
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Ƹ𝑝1 − Ƹ𝑝2
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Between-groups design
(Independent samples)

30

Photo source pills: https://commons.wikimedia.org/wiki/File:Red_and_blue_pill.jpg Photo Silhouette: facebook.com for non-commercial use only
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50 passed; 18 failed
n1 = 68

44 passed; 10 failed
n2 = 54

Kermit

Ƹ𝑝1 =
𝑡𝑜𝑡𝑎𝑙 𝑝𝑎𝑠𝑠𝑒𝑑 𝑔𝑟𝑜𝑢𝑝 1

𝑛1
=
50

68
= 0.74 Ƹ𝑝2 =

𝑡𝑜𝑡𝑎𝑙 𝑝𝑎𝑠𝑠𝑒𝑑 𝑔𝑟𝑜𝑢𝑝 2

𝑛2
=
44

54
= 0.81

Picture source: pixabay.com
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Comparing two proportions: 
Confidence Interval

In our case:

• Ƹ𝑝1 =
50

68
=0.74, n1 = 68

• Ƹ𝑝2 =
44

54
=0.81, n2 = 54

Thus:

• Ƹ𝑝1 − Ƹ𝑝2 = −0.07

• z = 1.96 (95% confidence)

• se=
ො𝑝
1
(1− ො𝑝

1
)

𝑛
1

+
ො𝑝
2
(1− ො𝑝

2
)

𝑛
2

=
0.74(1−0.74)

68
+

0.81(1−0.81)

54
= 0.075

Filling in in the formula:

• upper bound: Ƹ𝑝1− Ƹ𝑝2+ z(se) = -0.07 + 1.96*0.075 = 0.077

• lower bound: Ƹ𝑝1 − Ƹ𝑝2 – z(se) = -0.07 – 1.96*0.075 = -0.217

Ƹ𝑝1 − Ƹ𝑝2± z(se) with se=
ො𝑝
1
(1− ො𝑝

1
)

𝑛
1

+
ො𝑝
2
(1− ො𝑝

2
)

𝑛
2

Conclusion:
95% confidence interval of
Ƹ𝑝1 − Ƹ𝑝2 equals (-0.217, 0.077)

As this intervals does contain 0, a 
difference of 0 (i.e., no difference) is a 
believable value
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Alternative

Ada wants to know whether caffeine influences concentration. To study
this she randomly assigns people to either one of two conditions: an
experimental condition in which people get a caffeine pill, and a control 
condition in which people get a placebo pill. She then has both groups
participate in a concentration test. She uses the results to do a 
significance test with a significance level of 0.05 to assess whether the
proportion of people who pass the concentration test differs between
conditions.
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Parameter Sample(s) Statistic Chapter

Proportion (categorical ) One sample CI Ch8

Signif Test Ch9

Two independent samples CI Ch10b

Signif Test Ch10b

Two dependent samples CI X

Signif Test Ch10b

Mean (quantitative ) One sample CI Ch8

Signif Test Ch9

Two independent samples CI Ch10a

Signif Test Ch10a

Two dependent samples CI Ch10b

Signif Test Ch10b
Interim Exam II

Last week lecture

Today
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Comparing two proportions: 
Significance test

Is the difference we found, Ƹ𝑝1 − Ƹ𝑝2 = −0.07, due to sampling variability? 

Or does it reflect a true difference in the population?

→ Significance test

Step 1: Assumptions:

- Variable is categorical

- Data are obtained using random sampling

- For one sided test:

n1p1 ≥ 10 and n1(1-p1) ≥ 10 in group 1 and

n2p2 ≥ 10 and n2(1-p2) ≥ 10 in group 2

- Two sided test is more robust against violations of that condition and so a bit more lenient (see p. 532):

n1p1 ≥ 5 and n1(1-p1) ≥ 5 in group 1 and

n2p2 ≥ 5 and n2(1-p2) ≥ 5 in group 2 34



Comparing two proportions: 
Significance test

Step 2: Hypothesis

- H0: p1 – p2 = 0

- Ha: p1 – p2 ≠ 0

(i.e., in this case two sided, but you can also make it one sided if e.g., 
the researcher expects the caffeine group to have better concentration)
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Comparing two proportions: 
Significance test

Step 3: Test statistic

𝑧 =
𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 −𝑣𝑎𝑙𝑢𝑒 𝑢𝑛𝑑𝑒𝑟 𝐻0

𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑒𝑟𝑟𝑜𝑟 𝑢𝑛𝑑𝑒𝑟 𝐻0
=

( ො𝑝1− ො𝑝2)−0

𝑠𝑒0

with se0 =
ො𝑝 (1− ො𝑝)

𝑛
1

+
ො𝑝 (1− ො𝑝)

𝑛
2

= Ƹ𝑝 (1 − Ƹ𝑝)
1

𝑛1
+

1

𝑛
2
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Between-groups design
(Independent samples)
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Photo source pills: https://commons.wikimedia.org/wiki/File:Red_and_blue_pill.jpg Photo Silhouette: facebook.com for non-commercial use only
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Picture source: pixabay.com



Comparing two proportions: 
Significance test

Step 3: Test statistic

se0 = Ƹ𝑝 (1 − Ƹ𝑝)
1

𝑛1
+

1

𝑛
2

= 0.77 (1 − 0.77)
1

68
+

1

54
= 0.077

𝑧 =
𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 −𝑛𝑢𝑙𝑙 ℎ𝑦𝑝𝑜𝑡ℎ𝑒𝑠𝑖𝑠 𝑣𝑎𝑙𝑢𝑒

𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑒𝑟𝑟𝑜𝑟
=

( ො𝑝1− ො𝑝2)−0

𝑠𝑒0
=

−0.07

0.077
= −0.91
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Step 4: P-value

𝑧 = −0.91

−0.91 0

Comparing two proportions: 
Significance test
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−0.91 0

Comparing two proportions: 
Significance test

Step 4: P-value

𝑧 = −0.91

P(z < - 0.91) = 0.18
40



−0.91 0

Comparing two proportions: 
Significance test

Step 4: P-value

𝑧 = −0.91

P-value = 2 *0.18 

= 0.36

Because it’s a two-sided test

41



Step 5: Conclusion

Suppose we choose 𝛼 = 0.05

P-value = 0.36, which is larger than 𝛼

→not reject H0

→Sample proportions do not differ significantly from each other

Comparing two proportions: 
Significance test

42



Parameter Sample(s) Statistic Chapter

Proportion (categorical ) One sample CI Ch8

Signif Test Ch9

Two independent samples CI Ch10b

Signif Test Ch10b

Two dependent samples CI X

Signif Test Ch10b

Mean (quantitative ) One sample CI Ch8

Signif Test Ch9

Two independent samples CI Ch10a

Signif Test Ch10a

Two dependent samples CI Ch10b

Signif Test Ch10b
Interim Exam II

Last week lecture

Today
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CI Ch8

Signif Test Ch9

CI Ch10b

Signif Test Ch10b

CI X

Signif Test Ch10b

CI Ch8

Signif Test Ch9

CI Ch10a

Signif Test Ch10a

CI Ch10b



Today

• Independent vs dependent samples

• Comparing two proportions in independent samples

• Comparing two means in dependent samples

• Comparing two proportions in dependent samples
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Within-groups design
(Dependent samples)

Photo source pills: https://commons.wikimedia.org/wiki/File:Red_and_blue_pill.jpg

Timepoint 1
Mean: ҧ𝑥1; sd: 𝑠1

n = 4

Timepoint 2
Mean: ҧ𝑥2; sd: 𝑠2

n = 4Picture source: pixabay.com



Matched pairs design

46

Photo source pills: https://commons.wikimedia.org/wiki/File:Red_and_blue_pill.jpg

Matched on, for
example, age

Pair members A
Mean: ҧ𝑥1; sd: 𝑠1

n = 4

Pair members B
Mean: ҧ𝑥2; sd: 𝑠2

n = 4
Picture source: pixabay.com



Second-born: family dFirst-born: family d

First-born: family c Second-born:  family c

Matched pairs design

47

First-born: family b Second-born: family b

First-born: family a Second-born: family a

Another example of dependent
samples is when you sample n 

couples (e.g., spouses or siblings)

Comparing the
means of first-

borns to that of 
second-borns

First borns: Mean: ҧ𝑥1; sd: 𝑠1, n = 4 Second borns: Mean: ҧ𝑥2; sd: 𝑠2, n = 4Picture source: 
pixabay.com



Comparing two means: Dependent samples

• Both a within groups design, or matching pairs of people result in 
what is called matched pairs. And in both these cases the samples are 
said to be dependent. 

• The statistical tests in both of these cases is the same!

• If your samples are dependent you can subtract the scores of the one
sample from the other and consider the difference scores as a single 
sample.

48



Matched pairs design

49

xd

18.3 – 14.5 = 2.8

13.7 – 14.9 = -1.2

8.9 – 12.7 = -3.8

16.1 – 11.4 = 4.7

ҧ𝑥𝑑 = 0.63
sd = 3.84
n = 4

4 differences -> n = 4

18.3

13.7

8.9

16.1

14.5

14.9

12.7

11.4
Picture source: pixabay.com

No caffeine
(placebo)
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Comparing two means: Dependent samples

• To see whether caffeine changes concentration in the case of dependent
samples, we want to know whether µd = µ1 - µ2 differs from 0

→ 95%-confidence interval 

(does the 95%-confidence interval of µd contain 0)
• Same procedure as confidence interval for a single mean (Chapter 8.3)

• → Significance test

(Can we reject H0: µd = 0)
• Same procedure as significance test for a single mean (Chapter 9.3)
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Comparing two means: Dependent samples

• To see whether caffeine changes concentration in the case of dependent
samples, we want to know whether µd = µ1 - µ2 differs from 0

→ 95%-confidence interval 

• → Significance test

ҧ𝑥𝑑 ± 𝑡0.025 𝑠𝑒  with 𝑠𝑒 = 𝑠𝑑/ 𝑛

𝑡 =
ҧ𝑥𝑑−0

𝑠𝑒
 with 𝑠𝑒 = 𝑠𝑑/ 𝑛

𝑑𝑓 = 𝑛 − 1

𝑑𝑓 = 𝑛 − 1

51

Same procedure as confidence interval for a single mean (Chapter 8.3)

Same procedure as significance test for a single mean (Chapter 9.3)



Confidence interval

95% confidence interval to test if µd = µ1 - µ2 differs from 0

Formula: ҧ𝑥𝑑 ± 𝑡0.025 𝑠𝑒  with 𝑠𝑒 = 𝑠𝑑/ 𝑛

ҧ𝑥𝑑 = 0.63
sd = 3.84

→Lower bound: 0.63 − 3.182𝑠𝑒 = 0.63 − 3.182 × 1.92 = −5.48

→Upper bound: 0.63 + 3.182𝑠𝑒 = 0.63 + 3.182 × 1.92 = 6.74

n=4 (see previous slide)

se =
sd
𝑛
=
3.84

4
= 1.92

52

t0.025 (df = 4-1 = 3) = 3.182

Conclusion: the 95% confidence interval ranges (-5.48, 6.74), which means that 0 
is in the interval and thus a difference of 0 is a believable value!



Significance test

Significance test with 𝛼 = 0.05 to test if µd = µ1 - µ2 differs from 0. → 𝐻0: 𝜇𝑑 = 0, 𝐻𝑎: 𝜇𝑑 ≠ 0 (two-sided)

Step 1:

See lecture 15

Step 2:

H0: µd = µ1 - µ2 = 0

Ha: µd = µ1 - µ2 ≠ 0

Step 3:

𝑡 =
ҧ𝑥𝑑−0

𝑠𝑒
 with 𝑠𝑒 = 𝑠𝑑/ 𝑛

ҧ𝑥𝑑 = 0.63
sd = 3.84n=4 (see previous slide)

t= 
0.63−0

1.92
= 0.33

se=
s
d

𝑛
=

3.84

4
= 1.92

In practice you would use more subjects than n = 4
53

Step 4:

df = 4 – 1 = 3

From excel: (1-T.DIST(0,33; 3; TRUE)) = 0.3816

→probability of upper tail is 0.382

→But we need the two sided P-value: 2*0.3816 = 0.763

Step 5:

- P-value larger than level of significance (𝛼)

- Not reject H0

- Mean concentration scores are not significantly different 

between conditions

Positive t-value, so smallest tail is upper
tail and thus we want 1- T.DIST(..)



Parameter Sample(s) Statistic Chapter

Proportion (categorical ) One sample CI Ch8

Signif Test Ch9

Two independent samples CI Ch10b

Signif Test Ch10b

Two dependent samples CI X

Signif Test Ch10b

Mean (quantitative ) One sample CI Ch8

Signif Test Ch9

Two independent samples CI Ch10a

Signif Test Ch10a

Two dependent samples CI Ch10b

Signif Test Ch10b
Interim Exam II

Last week lecture

Today
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CI Ch8

Signif Test Ch9

CI Ch10b

Signif Test Ch10b

CI X

Signif Test Ch10b

CI Ch8

Signif Test Ch9

CI Ch10a

Signif Test Ch10a

CI Ch10b

CI Ch8

Signif Test Ch9

CI Ch10b

Signif Test Ch10b

CI X

Signif Test Ch10b

CI Ch8

Signif Test Ch9

CI Ch10a

Signif Test Ch10a

CI Ch10b



Today

• Independent vs dependent samples

• Comparing two proportions in independent samples

• Comparing two means in dependent samples

• Comparing two proportions in dependent samples
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Within-groups design
(Dependent samples)

No MeditationMeditation

1: passed concentration task
0: did not pass concentration task

Penguin: 0

Shaun: 1

Dolphin: 0

Penguin: 1

Shaun: 0

Dolphin: 1

Kermit: 0Kermit: 0

Picture source: pixabay.com



Dependent samples: McNemar’s test

the sum of these frequencies should be at least 30
(which is the case now as 31+19 = 50)

(0: failed; 1: passed) 58

Step 1: assumptions
• The variable is categorical
• The sum of the frequencies (0 to 1; or 1 to 0) should be at least 30

Step 2: hypotheses
H0: pmeditation – pno meditation = 0
HA: pmeditation – pno meditation > 0

No meditation

Meditation Pass Fail

Pass 400 31

Fail 19 50



Meditation No meditation d f (frequency)

1 1 0 400

1 0 1 31

0 1 -1 19

0 0 0 50

(0: failed; 1: passed) 59

Dependent samples: McNemar’s test

𝑧 =
𝑓10 − 𝑓01

𝑓10 + 𝑓01
=

31 − 19

31 + 19
=

12

50
=

12

7.07
= 1.70

Step 3: test statistic
No meditation

Meditation Pass Fail

Pass 400 31

Fail 19 50
𝑧 =

𝑏 − 𝑐

𝑏 + 𝑐
=

31 − 19

31 + 19
=

12

50
=

12

7.07
= 1.70

Alternatively, you can also do:



Dependent samples: McNemar’s test

𝑧 =
𝑏 − 𝑐

𝑏 + 𝑐
=

31 − 19

31 + 19
=

12

50
=

12

7.07
= 1.70

P(z > 1.70) = 0.0446

60

Step 3: test statistic

Step 5: Conclusion
For an 𝛼 = 0.05, the P-value < 𝛼
We reject 𝐻0 in favor of 𝐻𝑎. Significantly larger proportion of passing concentration
test in meditation condition

1.700.0

Step 4: P-value
Since HA: pmeditation – pno meditation > 0, we want P(z > 1.70) 
P-value = 0.045 (note: if HA were undirected, you would 
calculate smallest tail and double it!)



Parameter Sample(s) Statistic Chapter

Proportion (categorical ) One sample CI Ch8

Signif Test Ch9

Two independent samples CI Ch10b

Signif Test Ch10b

Two dependent samples CI X

Signif Test Ch10b

Mean (quantitative ) One sample CI Ch8

Signif Test Ch9

Two independent samples CI Ch10a

Signif Test Ch10a

Two dependent samples CI Ch10b

Signif Test Ch10b
Interim Exam II

Interim Exam III

Thursday, you learn one more test (chi-square test), and that is it for Interim Exam III 61



Proportion (variable is 
categorical)

Mean (variable is 
quantitative)

Comparing one group
to a specific value

Comparing two
groups to each other

Independent groups

Dependent groups
(within-person or 

matched pairs)

Comparing one group
to a specific value

Comparing two
groups to each other

Independent groups

Dependent groups
(within-person or 

matched pairs)

“Is 𝑝 different from 0.6? ”
Section 9.2
𝐻0: 𝑝 = 0.6

𝐻𝑎: 𝑝 > 0.6 𝑜𝑟 𝑝 < 0.6 𝑜𝑟 𝑝 ≠ 0.6

“Is 𝑝1 different from 𝑝2?”
Section 10.1
𝐻0: 𝑝1 = 𝑝2

𝐻𝑎: 𝑝1 > 𝑝2 𝑜𝑟 𝑝1 < 𝑝2 𝑜𝑟 𝑝1 ≠ 𝑝2

“Is 𝑝1 different from 𝑝2?”
Section 10.4
𝐻0: 𝑝1 = 𝑝2

𝐻𝑎: 𝑝1 > 𝑝2 𝑜𝑟 𝑝1 < 𝑝2 𝑜𝑟 𝑝1 ≠ 𝑝2

“Is 𝜇 different from 8.2?”
Section 9.3
𝐻0: 𝜇 = 8.2

𝐻𝑎: 𝜇 > 8.2 𝑜𝑟 𝜇 < 8.2 𝑜𝑟 𝜇 ≠ 8.2

“Is 𝜇1 different from 𝜇2?”
Section 10.4
𝐻0: 𝜇1 = 𝜇2

𝐻𝑎: 𝜇1 > 𝜇2 𝑜𝑟 𝜇1 < 𝜇2 𝑜𝑟 𝜇1 ≠ 𝜇2

“Is 𝜇1 different from 𝜇2?”
Section 10.2
𝐻0: 𝜇1 = 𝜇2

𝐻𝑎: 𝜇1 > 𝜇2 𝑜𝑟 𝜇1 < 𝜇2 𝑜𝑟 𝜇1 ≠ 𝜇2

Tests for different 
designs



Test-statistic, use z-distribution:
McNemar test (pp576-577):

𝑧 =
𝑓10−𝑓01

𝑓10+𝑓01
, 𝑓01 = frequency of pairs 

scoring 0,1; 𝑓10=freq. of pairs that score 1,0 
(see slides lecture 17)

Comparing one group
to a specific
proportion

Comparing
independent groups

proportions

Comparing dependent
groups proportions

Comparing one group
to a specific mean

Comparing
independent groups

means

Comparing dependent
groups means

“Is 𝑝 different from
0.6? ” →𝑝0 = 0.6

“Is 𝑝1 different 
from 𝑝2?”

“Is 𝑝1 different 
from 𝑝2?”

“Is 𝜇 different from 
8.2?”→𝜇0 = 8.2

“Is 𝜇1 different 
from 𝜇2?”

“Is 𝜇1 different 
from 𝜇2?”

Test-statistic, Use z-distribution:

z =
Ƹ𝑝 − 𝑝0
𝑠𝑒0

, se0 =
𝑝0(1 − 𝑝0)

𝑛

Test-statistic, Use t-distribution:

t =
ҧ𝑥−𝜇0

𝑠𝑒
, se =

𝑠

𝑛
, with df=n-1

Test-statistic, Use z-distribution:

z =
ෞ𝑝1−ෞ𝑝2−0

𝑠𝑒0
, se0 =

ො𝑝(1− ො𝑝)

𝑛1
+

ො𝑝(1− ො𝑝)

𝑛2
, 

Ƹ𝑝=pooled estimate, see p.532

These give you a test-statistic. The 
next step to get a p-value is to
calculate a tail probability using:

Z-value, Left tail probability:
=norm.dist(z-value;0;1;true)
or
Z-value, Right tail probability:
=1-norm.dist(z-value;0;1;true)

T-value, Left tail probability:
=t.dist(t-value;df;true)
or
T-value, Right tail probability:
=1-t.dist(t-value;df;true)

If 𝐻𝑎 is directed (one-sided test):
Calculate left or right tail depending
on direction of 𝐻𝑎

If 𝐻𝑎 is undirected (two-sided test):
Calculate smaller tail (that is left tail
for negative z-value or t-value, or right 
tail for positive z-value or t-value) and
then double it!

Test-statistic, Use t-distribution:

t =
𝑥1−𝑥2−0

𝑠𝑒
, se =

𝑠1
2

𝑛1
+

𝑠2
2

𝑛2
, 

 df will be given (don’t need to calculate)

Test-statistic, Use t-distribution:

t =
𝑥𝑑−0

𝑠𝑒
, se =

𝑠𝑑

𝑛
, with df=n-1

𝑥𝑑 is the mean of the difference scores,
See p.570-571



Example question

Selma wants to know whether the proportion of people who believe in heaven is larger than the
proportion of people who believe in hell. To test this, she asks 1314 people two questions: “do you
believe in hell?” (yes/no) and “do you believe in heaven?” (yes/no). The results she finds are as 
follows:

Selma chooses a significance level of 0.01. Calculate a p-value. Based on this p-value she should

a) accept the null-hypothesis.

b) reject the null-hypothesis in favor of the alternative hypothesis that the proportion believing in 
heaven is larger than the proportion of people who believe in hell.

c) not reject the null hypothesis.
64

Belief in Hell

Belief in heaven Yes No

Yes 955 162

No 9 188



Example question

Selma wants to know whether the proportion of people who believe in heaven is larger than the
proportion of people who believe in hell. To test this, she asks 1314 people two questions: “do you
believe in hell?” (yes/no) and “do you believe in heaven?” (yes/no). The results she finds are as 
follows:

Selma chooses a significance level of 0.01. Calculate a p-value. Based on this p-value she should

a) accept the null-hypothesis.

b) reject the null-hypothesis in favor of the alternative hypothesis that the proportion believing in 
heaven is larger than the proportion of people who believe in hell.

c) not reject the null hypothesis.
65

Belief in Hell

Belief in heaven Yes No

Yes 955 162

No 9 188 Beware: 𝛼 = 0.01

Dependent sample: 
same people asked two

questions One-sided test
𝑝ℎ𝑒𝑎𝑣𝑒𝑛 > 𝑝ℎ𝑒𝑙𝑙

Categorical, proportions instead of means

This means we’re comparing dependent 
groups proportions



Belief in Hell

Belief in heaven Yes No

Yes 955 162

No 9 188
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heaven hell d (x1-x2) freq

1 1 0 955

1 0 1 162

0 1 -1 9

0 0 0 188

𝑓10 = 162, 𝑓01 = 9, 𝑧 =
𝑓10−𝑓01

𝑓10+𝑓01
=

162−9

162+9
= 11.7

𝑓10: cases that 
build to heaven 

larger 
proportion

𝑓01: cases that 
build to hell 

larger 
proportion

HA: pheaven – phell > 0
From 𝐻𝑎 you expect 𝑓10- 𝑓01 > 0

𝑓10 > 𝑓01 is in 
line with 𝐻𝑎

𝑧 =
𝑏 − 𝑐

𝑏 + 𝑐
=

162 − 9

162 + 9
= 11.7



Solution

To compare dependent groups proportions, we do a McNemar test

𝑧 =
𝑓10−𝑓01

𝑓10+𝑓01
=

162−9

162+9
= 11.7

HA: pheaven – phell > 0 

Therefore, we want an upper tail probability: 1-NORM.DIST(..)

The p-value is extremely small (so small that excel gives 0)

This is smaller than 0,01 (significance level 𝛼) and thus the null hypothesis 
can be rejected in favor of 𝐻𝑎: pheaven > phell
(Note: If 𝐻𝑎 were undirected, the p-value would have to be doubled!)
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Example question

Selma wants to know whether the proportion of people who believe in heaven is larger than the
proportion of people who believe in hell. To test this, she asks 1314 people two questions: “do you
believe in hell?” (yes/no) and “do you believe in heaven?” (yes/no). The results she finds are as 
follows:

Selma chooses a significance level of 0.01. Calculate a p-value. Based on this p-value she should

a) accept the null-hypothesis.

b) reject the null-hypothesis in favor of the alternative hypothesis that the proportion believing
in heaven is larger than the proportion of people who believe in hell.

c) not reject the null hypothesis.
68

Belief in Hell

Belief in heaven Yes No

Yes 955 162

No 9 188



Error in previous edition book, page 503:
The current edition no longer has this mistake.

69

Should be 162 and 9!!



Excercise from old edition of book 10.12

70



Solution 

a) 𝐻0: 𝑝1 − 𝑝2 = 0

 𝐻𝑎: 𝑝1 − 𝑝2 < 0

b) Ƹ𝑝1 =
57

1483
= 0.038

Ƹ𝑝2 =
87

1324
= 0.066

c) Step 1: Assumptions:

- Variable is categorical

- Data are obtained using random sampling

For one sided test

n1p1 ≥ 10 and n1(1-p1) ≥ 10 in group 1 and

n2p2 ≥ 10 and n2(1-p2) ≥ 10 in group 2

71



Solution 

Step 2: hypotheses, see part (a)
Step 3: calculate test-statistic:

- Ƹ𝑝 𝑝𝑜𝑜𝑙𝑒𝑑 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 =
144

2807
= 0.051

se0 = Ƹ𝑝 (1 − Ƹ𝑝)
1

𝑛1
+

1

𝑛2
= 0.051 ∗ 0.9487

1

1483
+

1

1324
= 0.0083

𝑧 =
( ො𝑝1− ො𝑝2)−0

𝑠𝑒0
=

0.038−0.066

0.0083
= −3.373
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Solution 

Step 4 calculate p-value:

One sided p-value, lower tail probability because of the alternative
hypothesis

P-value = NORM.DIST(-3,373; 0; 1; TRUE) = 0.0004

Step 5: conclusion:

For an alpha level of 0.05 the p-value is significant which means that the null
hypothesis should be rejected in favor of the alternative hypothesis that the
proportion 𝑝1 (1957) is smaller than 𝑝2 (2008)

73



Excercise 10.22
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Solution 10.22

a) Anything between -53 and 36 seconds can be considered believable
values for the difference between the chelation group and placebo 
group. As such a difference of 0 (i.e., no difference) is also a believable
value.

b) 𝐻0: 𝜇1 − 𝜇2 = 0

𝐻𝑎: 𝜇1 − 𝜇2 ≠ 0

c) A two-sided hypothesis test with alpha =0.05 corresponds to a 95% 
confidence interval. In this case the 95% confidence interval included 0 
which means that a difference of 0 is believable (null hypothesis should not
be rejected). Correspondingly, the P-value of 0.69 is also larger than 0.05 
which means that also in a significance test with alpha=0.05, the null
hypothesis should not be rejected.
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Highlighted excercises in book

• Some other excercises to focus on: 10.3, 10.6, 10.7, 10.8, 10.49, 
10.50, 10.56, 10.57, 10.60, 10.62, 10.63
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