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Overview of Today

1. Recap
1. Hypothesis testing
2. Confidence interval

2. Comparing two groups
1. Estimation: confidence interval
2. Hypothesis Testing: t-test

3. Recap
1. Next time
2. Example exam question

How do we draw conclusions 
about the difference between two 

groups?
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Hypothesis testing

Sampling distribution of proportion
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Hypothesis testing

IF H0 is true, probability of the observed

proportion or higher
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H0 is not rejected H0 rejected

H0 is true 1 – P(Type I error) =
P(not reject H0 | H0  is true)

Type I Error (α) =
P(reject H0 | H0 is true)

Ha is true Type II Error =
P(not reject H0 | HA is true)

Power = 1 – P(Type II error) =
P(reject H0 | HA is true)

Hypothesis testing (conditional table)
Statistical decision
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Exam note: only need to know this table – no 
computations for power (Agresti Table 9.2) 6



Confidence interval for the mean
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Confidence interval for the mean
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Confidence interval for the mean

Interval contains 𝜇 
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Confidence interval for the mean

Interval contains 𝜇 
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Confidence interval for the mean

Interval contains 𝜇 
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Confidence interval for the mean

Interval does not contain 𝜇 
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Confidence interval for the mean
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Overview of Today

1. Recap
1. Hypothesis testing
2. Confidence interval

2. Comparing two groups
1. Estimation: confidence interval
2. Hypothesis Testing: t-test

3. Recap
1. Next time
2. Example exam question
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Comparing two groups

• To understand whether a dependent variable differs between two 
groups of people ( = populations)

• Estimate two population parameters

• + uncertainty (e.g., using confidence interval)

• Estimate the uncertainty around the difference between the 
parameters

• How certain can we be that the difference deviates from zero?
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Example: Do Nootropics make you smarter?

• Hypothesis: 

• One-sided: Consumption of nootropics increases intelligence

• Two-sided: Consumption of nootropics changes intelligence
 

• Operationalization: 
• IV: Participants receive either a placebo or a nootropic pill

• DV: Score on IQ test
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The data
• 60 participants (30 per condition/factor level)
  Different populations?
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The data
• 60 participants (30 per condition/factor level)

Different populations?
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The data
• 60 participants (30 per condition/factor level)

Different populations?
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Reasoning

l We can estimate 𝜇1 and 𝜇2
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Reasoning

l But we are really interested in 𝜇1 – 𝜇2 , since

l H0 : 𝜇1 –  𝜇2 = 0

l HA : 𝜇1 –  𝜇2  ≠ 0

Consumption of nootropics does not affect intelligence

Consumption of nootropics does affect intelligence
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Reasoning
l So we look at the sampling distribution of the difference in 
means

22



Overview of Today

1. Recap
1. Hypothesis testing
2. Confidence interval

2. Comparing two groups
1. Estimation: confidence interval
2. Hypothesis Testing: t-test

3. Recap
1. Next time
2. Example exam question
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Reasoning

l So we look at the sampling distribution of the difference in 
means

l Central questions: 

l What is the sampling distribution of !x1 - !x2 ? 

l How do we compute the margin of error?
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Sampling distribution of the difference
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Sampling distribution of the difference
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Sampling distribution of the difference

Standard error: The estimated standard deviation of a sampling distribution.
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Computing a 95%CI for  𝜇1 – 𝜇2
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Computing a 95%CI for  𝜇1 – 𝜇2
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Computing a 95%CI for  𝜇1 – 𝜇2

l !x1 = 100.5    !x2 =105.6

l s1 = 8.8    s2 = 8.9

l n1 = n2 = 30

Standard deviations are close enough

Df = n1 + n2 – 2 = 58

l t.025 for 58 df is:

l MS Excel: = T.INV(0,975; 58) = 2.0017
Type this in any cell 30



l !x1 = 100.5     !x2 =105.6

l s1 = 8.8      s2 = 8.9

l n1 = n2 = 30

l t.025= 2.002

Computing a 95%CI for  𝜇1 – 𝜇2

95% CI =

SE =

95% CI = 100.5 – 105.6 + (2.002 * 2.285) = -0.525

= 2.285

95% CI = 100.5 – 105.6 – (2.002 * 2.285) = -9.675
31



What do we know now?

Best point estimate: 100.5-105.6 = -5.1
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What do we know now?

95% CI for this sample: 
(-9.675; -0.525)

95% CI = 100.5 – 105.6 + (2.002 * 2.285) = -0.525

95% CI = 100.5 – 105.6 – (2.002 * 2.285) = -9.675
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What do we know now?

95% CI for this sample: 
(-9.675; -0.525)

A 95% confidence interval means that in the long run,
95% of your confidence intervals will include the true parameter value 

We can be 95% confident that the true difference is between these bounds
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Overview of Today

1. Recap
1. Hypothesis testing
2. Confidence interval

2. Comparing two groups
1. Estimation: confidence interval
2. Hypothesis Testing: t-test
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1. Next time
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Hypothesis testing

• Another way of drawing inference (i.e., not using a confidence 
interval)

• The five steps of a significance test
1. Assumptions
2. Hypothesis
3. Test statistic
4. P-value
5. Conclusion

Step 0: specify your alpha level!

36



1. Assumptions of two sample t-test

• Quantitative variable

• Random sample from the population

• Normally distributed populations (two of them) OR large samples 
(because of CLT)

l Because if this is the case, we know the shape of the 
sampling distribution (→ t-distribution)
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Hypothesis testing

• Another way of drawing inference (ie, not using a confidence 
interval)

• The five steps of a significance test
1. Assumptions
2. Hypothesis
3. Test statistic
4. P-value
5. Conclusion
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2. Hypothesis

• H0:  
• HA:  

•

→ Two-sided Observation Theory

PredictionResults

Induction

Deduction

Testing

Evaluation

“The populations do not differ w.r.t. IQ”

“The populations do differ w.r.t. IQ”
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2. Hypothesis

• H0:  
• HA:  

• → Two-sided Observation Theory

PredictionResults

Induction

Deduction

Testing

Evaluation

“The populations do not differ wrt IQ”

“The populations do differ wrt IQ”

𝜇1 - 𝜇2  = 0

𝜇1 - 𝜇2  ≠ 0
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2. Hypothesis

• H0:  
• HA:  

•

→ One-sided 

“Population 2 will have a higher IQ”

“Population 2 will not have a higher IQ”

Observation Theory

PredictionResults

Induction

Deduction

Testing

Evaluation
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2. Hypothesis

• H0:  
• HA:  

• → One-sided 

“Population 2 will have a higher IQ”

“Population 2 will not have a higher IQ”

Observation Theory

PredictionResults

Induction

Deduction

Testing

Evaluation

𝜇1 - 𝜇2  = 0

𝜇1 - 𝜇2  < 0
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Hypothesis testing

• The five steps of a significance test
1. Assumptions
2. Hypothesis
3. Test statistic
4. P-value
5. Conclusion
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3. Test statistic

44

Test statistic: A measure of how far the point estimate falls from the 
parameter value, if the null hypothesis is true



3. Test statistic

45

Test statistic: A measure of how far the point estimate falls from the 
parameter value, if the null hypothesis is true

t = 0.5
 Likely

t = -1.5
Not unlikely

t = 3.23
Very unlikely



3. Test statistic

• If the assumptions are met, then under H0,  !x1 - !x2 is distributed 
with: 

• Mean: 𝜇1 - 𝜇2 = 0

This means “Assuming H0  is true”

This is 0 because we assume H0 is true when doing the test

H0 :   𝜇1 - 𝜇2  = 0 46



3. Test statistic

• If the assumptions are met, then under H0,  !x1 - !x2 is distributed 
with: 

• Mean: 𝜇1 - 𝜇2 = 0
• Standard deviation:  

This means “Assuming H0  is true”

H0 :   𝜇1 - 𝜇2  = 0 47



3. Test statistic: t

• Two questions:
• What is se? (needed to compute t-statistic)
• What is df? (needed to compare the found t-statistic to its sampling 

distribution)

H0 :   𝜇1 - 𝜇2  = 0
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3. Test statistic: t
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3. Test statistic: t
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Note on standard error in independent samples

• We discuss general case and simplify it
• Always use “unpooled” SE:

• Always use, as df, n1 + n2-2

• For example, if n1 = 20 and n2 = 10, df = 28

• Pooled standard deviation (Agresti, p. 549) and 10.3 are not 

part of exam

𝑆𝐸 =
𝑆"#

𝑛"
+
𝑆##

𝑛#
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3. Test statistic: t

𝑆𝐸 = $!"

%!
+ $""

%"
 = &.&"

()
+ &.*"

()
 = 2.285  
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Hypothesis testing

• The five steps of a significance test
1. Assumptions
2. Hypothesis
3. Test statistic
4. P-value
5. Conclusion
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4. p-value

• How likely is our observed 
result, if the null hypothesis 
were true?

p-value: Probability that you observe 
the observed test statistic or more 
extreme, if H0 is true.

t = -2.23

Exam Tip:
Make a drawing of the sampling distribution and 
indicate the observed statistic, and which tails 
are indicated by the alternative hypothesis. 54



4. p-value for the two-sided test

•• Because HA:  µ1 − µ2 ≠ 0 we perform a two-sided test
    

2.23 2.23

p-value: Probability that you observe 
the observed test statistic or more 
extreme, if H0 is true. 55



4. p-value for the two-sided test

•• Because HA:  µ1 − µ2 ≠ 0 we perform a two-sided test
    

2.23 2.23

MS Excel: = 2 * T.DIST(-2,23; 58; TRUE)
→ p = 0.03

p-value: Probability that you observe 
the observed test statistic or more 
extreme, if H0 is true. 56



4. p-value for the one-sided test

•• Because HA:  µ1 − µ2 < 0 we perform a negative one-sided test
    

2.23 2.23

MS Excel: = T.DIST(-2,23; 58; TRUE)
→ p = 0.015

p-value: Probability that you observe 
the observed test statistic or more 
extreme, if H0 is true. 57



4. p-value for the other one-sided 
test
•• In case HA:  µ1 − µ2 > 0 we perform a positive one-sided test
    

2.23

MS Excel: = 1 - T.DIST(-2,23; 58; TRUE)
→ p = 0.985

p-value: Probability that you observe 
the observed test statistic or more 
extreme, if H0 is true. 58



What does it mean to be extreme?

Source: pixabay.com

p-value: Probability that you observe 
the observed test statistic or more 
extreme, if H0 is true.

The alternative hypothesis determines what 
is “more extreme”

It’s all the values that would provide more 
evidence in favor of H1 than the observed 

test statistic

t = -2.23

If H1 is two-sided, an 
observed t-value of -2.5 

would provide more 
evidence than -2.23

If H1 is one-sided negative, 
an observed t-value of -2.5 

would provide more 
evidence than -2.23

If H1 is one-sided positive, an observed 
t-value of -2.5 would not provide more 
evidence than -2.23, but 0.5 would, for 

instance
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Stuff for understanding these concepts

• Link to the app, link to flowchart, link to the extra explanation 

60

https://statisticalreasoning-uva.shinyapps.io/NHST_Continuous/
https://statisticalreasoning-uva.shinyapps.io/NHST_Continuous/
https://johnnydoorn.github.io/teaching-statistics/rms/TailDecisionTree.pdf
https://johnnydoorn.github.io/teaching-statistics/extra-texts/one-sided-vs-two-sided.html


Hypothesis testing

• The five steps of a significance test
1. Assumptions
2. Hypothesis
3. Test statistic
4. P-value
5. Conclusion
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5. Conclusion
• If we chose α = 0.05, then we should reject H0

• Because p = 0.03 < 0.05

62

Under the null hypothesis, there is a 3% probability of observing the 
observed test statistic, or more extreme

We have some evidence that the pills change your IQ (two-sided test) 
and increase your IQ (one-sided test)



H0 is not rejected H0 rejected

H0 is true 1 – P(Type I error) Type I Error (α)

Ha is true Type II Error Power = 1 – P(Type II error)

But remember...
Statistical decision
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Connection between p and CI

When p < 𝛼, 0 will be outside a (1 − 𝛼)% CI
For example, we collect some data and… 
• if 0 is not in the 95% confidence interval, the corresponding t-test/p-value will be significant for 𝛼 = 0.05
• if 0 is not in the 99% confidence interval, the corresponding t-test/p-value will be significant for 𝛼 = 0.01
• if 0 is not in the 90% confidence interval, the corresponding t-test/p-value will be significant for 𝛼 = 0.1

64



Overview of Today

1. Recap
1. Hypothesis testing
2. Confidence interval

2. Comparing two groups
1. Estimation: confidence interval
2. Hypothesis Testing: t-test

3. Recap
1. Next time
2. Example exam question
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Recap

1. In order to analyze a difference in the means of two populations, 
we look at the means of two samples

2. To do so, we can use confidence intervals (estimation), or the t-
test (hypothesis testing)

3. When we do hypothesis testing, we look at how likely our 
observed difference is, if the null hypothesis were to be true

4. If the observed difference is very unlikely under the null 
hypothesis, the null hypothesis is probably not true and we 
reject it
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Recap – basic flow of conducting t-test:

1. Compute the sample statistics (mean and sd), get df
2. Calculate se
3. Calculate t
4. Look up the probability of t, using Excel
5. If the test is two-sided (i.e., if the Ha is two-sided), multiply by 2 → 

this is your p-value
6. Compare to the pre-specified alpha level

Step 0: determine your alpha and alternative hypothesis
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Next time

• Today I introduced the basic method to compare two groups
• → Really: two uncertain estimates of two population parameters

• Next week: Variants of this
• Does t-test change for a within-groups design? Yes
• Different DV (categorical)
• Different DV and IV (yet another distribution “Chisquare”)
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Example exam question

Assume we conduct an experiment with two groups (treatment and 
control group), with 70 participants randomly assigned to one of 
each group (i.e., 35 per group). The data can be found in 
ExampleExamQ.xls (on Canvas).
What is the value of the t statistic if you want to test whether the 
difference in means of these groups deviates from 0?
a) 1.96
b) 4.02
c) 2.69
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Solution
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Solution

• 𝑠𝑒 = #.*"**!

(+
+ #.,+-&!

(+
= 0.6674

71

𝑡 =
(11.0571 − 8.3714) − 0

0.6674 = 4.0241



Example exam question

Assume we conduct an experiment with two groups (treatment and 
control group), with 70 participants randomly assigned to one of each 
group (ie 35 per group). The data can be found in ExampleExamQ.xls 
(on Canvas).
What is the value of the t statistic if you want to test whether the 
difference in means of these groups deviates from 0?
a) 1.96  → critical z-value for 95%CI
b) 4.02
c) 2.69  → unstandardized mean difference

72

On the exam we advise to always round to 4 decimals. Also, the options will 
not be so close together.  



Questions?
Thank you for your attention

https://xkcd.com/882/
73



Excel commands for calculations:

Regular numeric operations:
= 2,3 + 3 - 7 * SQRT(10) / 4^2

→ Paste these commands into any cell and press enter!

For distributions → surface area:
= NORM.DIST(2; 0; 1; TRUE)
= T.DIST(2; 14; TRUE)
= CHISQ.DIST(8; 1; TRUE)

You start with inputting the observed test 
statistic. Then you give the df (for X2 and t 
distributions), or the mean and sd (for the 
normal/z distribution). Then you add TRUE 
to get the area under the curve, to the 
LEFT of the test statistic.

For distributions-→ critical value:
= NORM.INV(0,025; 0; 1)
= T.INV(0,025; 20)
= CHISQ.INV(0,95; 1)

You start with inputting the desired 
probability. For instance, 0.025 gives you 
the value of the distribution, where to the 
left of that value, 2.5% of the distribution 
is situated. This is useful when 
constructing the 95% CI (not relevant for 
X2).
Then you give the df (for X2 and t 
distributions), or the mean and sd (for the 
normal/z distribution). 
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Excel commands for calculations:

Regular numeric operations:
= 2,3 + 3 - 7 * SQRT(10) / 4^2

If you do not want to pay for Microsoft office 
and do not like pirates, take a look at the open-

source (/free) LibreOffice!
https://www.libreoffice.org/
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Bonus Video
Going from a number (i.e., p-value) to a verdict (i.e., how much evidence do I have for my 

hypothesis) can be a pretty tricky thing. Over the past 50 years, researchers have been 
using certain thresholds for the p-value that dictate how happy you should be when 

observing a certain p-value. This has been dubbed “The Dance of the p-values” by Geoff 
Cumming, and his YouTube video on the topic provides a good disclaimer for working 

with p-values (or any arbitrary statistical decision making). 

Source: https://www.youtube.com/watch?v=5OL1RqHrZQ8
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https://www.youtube.com/watch?v=5OL1RqHrZQ8


Highlighted exercises from the book

→ try yourself first, then check next slide for answer

• 10.22
• “Chelation is an alternative therapy…” 

• 10.28 (skip plot; see Canvas for excel file – link below 
lecture slides) 

l “refer to the FL Student Survey data file on the book’s 
website… ”
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Highlighted exercises from the book

10.22:
A) The 95% confidence interval for the difference in population means (chelation − placebo) is from −53 to 36 seconds. 

This means we are 95% confident that the true average difference in treadmill time between the chelation and 
placebo groups lies somewhere between 53 seconds less and 36 seconds more for chelation. Because the interval 
includes 0, it suggests that there may be no true difference between the two treatments.

B) Hypotheses for the two-sided test
H₀: µchelation = µplacebo

Hₐ: µchelation ≠ µplacebo

C) The p-value = 0.69 is much greater than 0.05, so we fail to reject H₀.
This indicates no statistically significant difference between the groups.
This conclusion is consistent with the confidence interval, which includes 0 and thus also suggests no evidence of a 
real effect of chelation therapy compared with placebo.
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Highlighted exercises from the book
10.28:
Means: 3.7742 & 4.4138
Sd’s: 2.9293 & 3.0997
N: 31 & 29

SE: 0.7798

CI:  (-2.201, 0.921)
0 is included in the interval, so we cannot conclude that newspaper reads 
differ between the groups

Continued on next slide...
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Highlighted exercises from the book

10.28:
1)Assumptions – enough observations for CLT (30), sd’s are similar
2)Hypothesis – two-sided hypothesis test 
3)Test statistic –  (3.7742 - 4.4138) / 0.7798 = -0.8202
4)P-value = T.DIST(-0,8202; 58; TRUE) * 2 = 0.415
5)Conclusion – not significant against alpha 0.05
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