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1 Introduction

In many scientific studies, researchers need to compare the means of two or more groups
to determine whether there are significant differences among them. For example:

• Comparing the average bacterial growth under different temperature conditions.

• Comparing the mean vitamin C content in juices from different brands.

The main statistical tools used are:

1. The t-test (for two means)

2. The Analysis of Variance (ANOVA) (for three or more means)

—

2 Comparison of Two Means: The t-test

2.1 Case 1: Independent Samples

We compare two independent groups, e.g., two different production lines.

Hypotheses:
H0 : µ1 = µ2 (no difference between means)

H1 : µ1 ̸= µ2 (means are significantly different)

Test Statistic:

t =
X̄1 − X̄2

Sp

√
1
n1

+ 1
n2

where

Sp =

√
(n1 − 1)S2

1 + (n2 − 1)S2
2

n1 + n2 − 2

Decision Rule: Reject H0 if |t| > tα/2, df

Example: Two laboratories measured the protein content of milk samples.

n X̄ S

Lab A 10 3.5 0.4
Lab B 10 3.9 0.3

Compute:

t =
3.5− 3.9√
0.42

10
+ 0.32

10

= −2.53

At α = 0.05, t0.05,18 = 2.10. Since |t| > 2.10, we reject H0. → The two labs have
significantly different mean protein contents.

—
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2.2 Case 2: Paired Samples (Dependent Samples)

Used when measurements are taken on the same units before and after treatment.

Example: Ten samples of fruit juice were tested before and after pasteurization.
We calculate the differences di = Xbefore −Xafter and use:

t =
d̄

Sd/
√
n

where Sd is the standard deviation of the differences.
—

3 Comparison of More Than Two Means: One-Way

ANOVA

3.1 Purpose

To test whether three or more population means are equal:

H0 : µ1 = µ2 = · · · = µk

H1 : At least one mean differs

3.2 Model

Xij = µ+ τi + ϵij

where:

• Xij = observation j in group i

• µ = overall mean

• τi = effect of treatment i

• ϵij = random error

3.3 Assumptions

1. Populations are normally distributed.

2. Populations have equal variances.

3. Samples are independent.

3.4 Test Statistic (F-test)

F =
MSbetween

MSwithin

=
SSbetween/(k − 1)

SSwithin/(N − k)
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3.5 ANOVA Table Example

Source SS df MS F

Between Groups SSB k − 1 MSB = SSB/(k − 1) F = MSB/MSW

Within Groups SSW N − k MSW = SSW/(N − k)
Total SST N − 1

Decision: Reject H0 if F > Fα,k−1,N−k

—

Example: Comparing Three Types of Flour

Objective: Determine whether there is a significant difference in the mean protein
content (%) among three types of flour: A, B, and C.

Step 1. Data

Flour Type Observations (Protein %)
A 10.1, 10.5, 10.3, 10.4
B 10.8, 10.9, 11.0, 10.7
C 10.2, 10.3, 10.1, 10.4

Each group has n = 4 observations.

Step 2. Compute the Group Means

X̄A =
10.1 + 10.5 + 10.3 + 10.4

4
= 10.33

X̄B =
10.8 + 10.9 + 11.0 + 10.7

4
= 10.85

X̄C =
10.2 + 10.3 + 10.1 + 10.4

4
= 10.25

Step 3. Compute the Overall (Grand) Mean

X̄T =
(10.1 + 10.5 + 10.3 + 10.4 + 10.8 + 10.9 + 11.0 + 10.7 + 10.2 + 10.3 + 10.1 + 10.4)

12

X̄T =
126.7

12
= 10.56

Step 4. Sum of Squares Between Groups (SSB)

SSB = n
∑

(X̄i − X̄T )
2

SSB = 4[(10.33− 10.56)2 + (10.85− 10.56)2 + (10.25− 10.56)2]

SSB = 4[(−0.23)2 + (0.29)2 + (−0.31)2] = 4(0.2331) = 0.9324
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Step 5. Sum of Squares Within Groups (SSW)

SSWA = (10.1− 10.33)2 + (10.5− 10.33)2 + (10.3− 10.33)2 + (10.4− 10.33)2 = 0.0756

SSWB = (10.8− 10.85)2 + (10.9− 10.85)2 + (11.0− 10.85)2 + (10.7− 10.85)2 = 0.055

SSWC = (10.2− 10.25)2 + (10.3− 10.25)2 + (10.1− 10.25)2 + (10.4− 10.25)2 = 0.05

SSW = 0.0756 + 0.055 + 0.05 = 0.1806

Step 6. Compute the Mean Squares

dfbetween = k − 1 = 3− 1 = 2, dfwithin = N − k = 12− 3 = 9

MSbetween =
SSB

dfbetween
=

0.9324

2
= 0.4662

MSwithin =
SSW

dfwithin

=
0.1806

9
= 0.02007

Step 7. Compute the F-statistic

F =
MSbetween

MSwithin

=
0.4662

0.02007
= 8.64

Step 8. Decision Rule
At significance level α = 0.05, the critical value is F0.05,2,9 = 4.26.
Since Fcalculated = 8.64 > 4.26, we reject the null hypothesis H0.

Step 9. Conclusion
There is a statistically significant difference in the mean protein content among the

three types of flour (A, B, and C). This implies that not all flours have the same mean
protein percentage.

Summary Table

Source of Variation SS df MS F Fcrit (0.05) Decision
Between Groups 0.9324 2 0.4662 8.64 4.26 Reject H0

Within Groups 0.1806 9 0.0201
Total 1.113 11

4 Post-Hoc Comparisons (Multiple Comparison Tests)

When H0 is rejected, we can use:

• Tukey’s HSD Test

• Bonferroni Correction

• Duncan Test

These methods identify which specific groups differ significantly.
—
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5 Two-Way ANOVA (Brief Introduction)

If there are two factors (e.g., Temperature and pH), we can study:

• The main effect of each factor.

• The interaction effect between factors.

Model:
Xijk = µ+ Ai +Bj + (AB)ij + ϵijk

—

6 Conclusion

• For two means → use t-test.

• For more than two means → use ANOVA.

• Check assumptions before applying tests.

• Use post-hoc tests for detailed comparisons.

End of Chapter 3 — Comparison of Two or More Means

Prepared by . Azioune Samir — 3rd Year, Food Quality and Safety
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