LET – Maths, Stats & Numeracy
T-test and ANOVA
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The Student t-test is a hypothesis testing tool by comparing means. A one sample t-test tests
the hypothesis that the mean of the variable is the same as the theoretical expected value of
the variable.
A two sample t-test tests the hypothesis that the mean of the variable is the same in two
different samples.
A one sample t-test allows us to test whether a sample mean (of a normally distributed
interval variable) significantly differs from a hypothesised value about the population.
Below are the assumptions of a one sample t-test
(1) Your dependent variable should be scale in nature.
(2) Your observed data should be unrelated (i.e. independent of each other).
(3) There should be no significant outliers.
(4) The dependent variable should be approximately normally distributed.
Definition 1.1. The following formula is used to calculate the t-statistic for the one sample
t-test
x−µ
t= √ ,
s/ n
where x is the sample mean, µ is the population mean, s is the standard deviation of the
sample and n is the number of individuals in the sample. The degrees of freedom is equal to
n − 1.
Example 1.2. Say we know that the hypothesised population mean height is 68 inches. Then
we take a sample of 25 people at random and find that mean height in this sample is 70 inches
with a standard deviation of 4 inches. Based on our observations can we conclude that the
value of the hypothesised population mean is correct? First we need to formulate our null and
alternative hypothesis.
• Our null hypothesis, H0 , is that the population mean is 68 inches.
• The alternative hypothesis, H1 , is the population mean is greater than 68 inches.
Solution: x = 70, µ = 68, σ = 4, n = 25 and df = 24.
70 − 68
2
√
t=
=
= 2.5.
4/5
4/ 25
Now we need to use the tables and degrees of freedom to see if we reject or accept H0 . We
will choose a 0.05 level of significance.

numeracy@mdx.ac.uk

1

From the t-table on above we should reject the null hypothesis if t > 1.711. Since t =
2.5 > 1.711, we can reject the null hypothesis and conclude that the population mean must
be greater than 68 inches.
Now that we know how to do it by hand we’ll go through the procedure in Minitab. Here
are the steps to test the assumptions in of the one sample t-test in Minitab;
• We’ll assume we meet the first two assumptions.
• To detect outliers we make a boxplot for the height.
(1) Minitab will use ∗ to highlight any outliers.
(2) In Minitab Graph → Boxplot → One Y → Simple.
(3) Enter ``Height" into the ``Graph Variable" box.
(4) Then click ``OK".
• Now that we’ve seen we don’t have any outliers we need to check that our dependent
variable (Height) is approximately normally distributed.
• To check if our data is approximately normally distributed we need to look at the histograms of the height.
(1) Go to Graph → Histogram → With Fit.
(2) Enter ``Height" into the ``Graph Variable" box.
(3) Then Click ``OK".
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Now that we’ve checked the assumptions we can carry out the t-test with the following steps.
• Go to Stat → Basic Statistics → 1-Sample t....
• Put the ”Height” variable in the text box below ”one or more sample, each in a column”.
• Click on ”Perform hypothesis test”.
• Beside ”Hypothesized mean” enter 68.
• Click ”OK”.
We see that we get the same results
2. T
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The following formula is used to calculate the t-statistic for the two sample t-test, when both
samples have size n
x1 − x2
t= p 2
,
(s1 + s22 ) /n
where x1 is the mean of the first sample, x2 is the mean of the second sample, s1 is the standard deviation of the first sample sample and s2 is the standard deviation of the second sample
sample. The degrees of freedom is equal to 2n − 2.
Example 2.1. Suppose that we measured the biomass (milligrams) produced by bacterium
``A" and bacterium ``B" in shake flasks containing glucose as substrate. We had 4 replicate
flasks of each bacterium. The measurements for mean and standard deviation for bacteria A
and B were (512.25, 8.808) and (501.75, 8.884) respectively. Can we say there is a significant
variation between the amount of biomass produced by each bacteria?
Solution: Clearly x1 = 512.25, S1 = 8.808, x2 = 501.75, S2 = 8.884 and n = 4. Then
512.25 − 501.75
t= q
= 1.678623717.
8.8082 +8.8842
4

Here’s the steps to perform a two sample t-test in Minitab.
• We’ll assume we meet the first three assumptions (mainly because if we’ve broken
those there’s nothing we can do about it at the analysis stage!).
• To detect outliers we make a boxplot for the growth in each group.
(1) Minitab will use ∗ to highlight any outliers.
(2) In Minitab Graph → Boxplot → One Y → With Groups.
(3) Enter ``Growth" into the ``Graph Variable" box and ``Bacteria" into “Categorical variables”.
(4) Then click ``OK".
• Now that we’ve seen we don’t have any outliers we need to check that our dependent
variable (Growth) is approximately normally distributed.
(1) To check if our data is approximately normally distributed we need to look at the
histograms of the growth in each group.
(2) Go to Graph → Histogram → With Fit and Groups.
(3) Enter ``Growth" into the ``Graph Variable" box and ``Bacteria" into “Categorical variables”.
(4) Then Click OK.
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• The last assumption we need to check is homogeneity of variance.
(1) This means that we don’t want there to be a significant difference in the variance
of our two samples.
(2) We use Levene’s test to check this assumption and we want a result greater than
0.05.
(3) Go to Stat → Two Sample → Variances.
(4) Put ``Growth" into the ``Samples" box and ``Bacteria" into the “Samples
IDs” box.
(5) Click “OK”.
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ANOVA

ANOVA provides a statistical test of whether or not the means of several groups are equal.
In other words an ANOVA test is a more general form of a t-test.
A one-way analysis of variance (ANOVA) is used when you have a categorical independent
variable (with two or more categories) and a normally distributed interval dependent variable
and you wish to test for differences in the means of the dependent variable broken down by
the levels of the independent variable.
The assumptions of a one-way ANOVA is as follows:
(1) Your dependent variable should be scale in nature.
(2) Your independent variable should be nominal in nature and have two or more categories.
(3) There should be independence of observations.
(4) There should be no significant outliers.
(5) The dependent variable should be approximately normally distributed.
(6) There should be homogeneity of variance.
You can test these assumptions the same way we did for the two sample t-test.
Example 3.1. Suppose that we measured the biomass (milligrams) produced by bacterium
``A", bacterium ``B" and bacterium ``C" in shake flasks containing glucose as substrate. We
had 4 replicate flasks of each bacterium. The measurements for A, B and C were {500, 512, 520, 517},
{490, 510, 500, 507} and {475, 450, 490, 495}, respectively. Can we say there is a significant
variation between the amount of biomass produced by each bacteria?
To solve this problem using a t-test we would need to run the test three times!
To perform a one-way ANOVA follow these steps;
(1) Compute the sum of squares within, SSw .
(2) Compute the sum of squares between, SSb .
(3) Use the previous two steps to get the total sum of squares, SSt .
(4) Calculate the degrees of freedom within and between, dfw , dfb .
(5) Divide SSw by dfw to get the mean square within, MSw .
(6) Divide SSb by dfb to get the mean square between, MSb .
(7) Divide MSw by MSb to get the F-ratio.
To compute the sum of squares within for each group we subtract the mean for that group
from each value in the group, square the result then add all the values up. We know from the
previous example that xA = 512.25, xB = 501.75 and
475 + 450 + 490 + 495
xC =
= 477.5
4
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So now we can calculate the sum of squares within for each group.
SSw (A) = (500 − 512.25)2 + (512 − 512.25)2 + (520 − 512.25)2 + (517 − 512.25)2
SSw (A) = (−12.25)2 + (−0.25)2 + (7.75)2 + (4.75)2 = 232.75
SSw (B) = (490 − 501.75)2 + (510 − 501.75)2 + (500 − 501.75)2 + (507 − 501.75)2
SSw (B) = (−11.75)2 + (8.25)2 + (−1.75)2 + (5.25)2 = 236.75
SSw (C) = (475 − 477.5)2 + (450 − 477.5)2 + (490 − 477.5)2 + (495 − 477.5)2
SSw (C) = (−2.5)2 + (−27.5)2 + (12.5)2 + (17.5)2 = 1225
SSw = 232.75 + 236.75 + 1225 = 1694.5
To calculate the sum of squares between first we have to calculate to overall mean. Then we
subtract the overall mean from the mean of each group, square it then multiply by the number
of values in the group. Finally we add these all up.
x=

500 + 512 + 520 + 517 + 490 + 510 + 500 + 507 + 475 + 450 + 490 + 495
= 497.17
12
SSb (A) = 4 × (512.25 − 497.17)2 = 909.63
SSb (B) = 4 × (501.75 − 497.17)2 = 83.91
SSb (C) = 4 × (477.5 − 497.17)2 = 1547.64
SSb = 909.63 + 83.91 + 1547.64 = 2541.18

•
•
•
•
•
•
•

SSt = 2541.18 + 1694.5 = 4235.68
Getting the degrees of freedom is much easier than calculating the sum of squares.
The degrees of freedom between is one less than the number of groups, so in this
example dfb = 3 − 1 = 2.
The degrees of freedom within is the total number of values we have minus the number
of groups dfw = 12 − 3 = 9
The total degrees of freedom is dft = dfw + dfb = 9 + 2 = 11.
b
The mean square between is equal to MSb = SS
= 2541.18
= 1270.59.
dfb
2
SSw
1694.5
The mean square between is within to MSw = dfw = 9 = 188.28.
The F-ratio is
MSb
1270.59
F=
=
= 6.75.
MSw
188.28
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Since we had dfb = 2, we go to column two and since dfw = 9 we go to row nine. This a
critical F-value of 4.2565. The F-ratio we had was 6.75 > 4.2565 so we can reject the null
hypothesis.
SS
df
MS
F
Between 2541.18 2 1270.59 6.75
Within
1694.5 9 188.28
Total
4235.68 11
To perform a one way ANOVA in Minitab, follow these steps.
(1) Click on the Stat tab.
(2) Go to ANOVA, then click on One-Way
(3) In the text box beside Response, enter the Variable of interest.
(4) In the text box beside Factor, enter the grouping variable.
(5) Click ok.
The Analysis of Variance table below shows the results of our analysis
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Source DF Adj SS Adj MS F-value P-value
Bacteria 2 2541.17 1270.58 6.75
0.0162
Error
9 1694.50 188.28
Total
11 4235.67
However if we checked the assumptions (as you should) in Minitab you’ll see that this example breaks the assumption that the dependant variable is approximately normally distributed.
Luckily there is another test we can perform in this case, the Kruskal-Wallis test. Below are the
assumptions of the Kruskal-Wallis test.
(1) The dependent variable should be either ordinal or scale in nature.
(2) The dependent variable should be nominal with two or more categories.
(3) There should be independence of observations.
To perform a Kruskal-Wallis test follow these steps:
(1) Stat → Nonparametrics → Kruskal − Wallis.
(2) Growth is the response variable and Bacteria is the factor variable.
Bacteria N Median Ave Rank
Z
A
4
514.5
9.9
2.29
B
4
503.5
6.8
0.17
C
4
482.5
2.9
-2.46
Overall 12
6.5
H = 7.57 DF = 2 P=0.023
H = 7.62 DF=2 P=0.022
∗NOTE∗ One or more small samples.
Minitab is telling us that our sample is still too small, in practice you should gather more
data!
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ANOVA

A two way ANOVA is used to determine if there is any interaction between two independent
variables on a single dependent variable. Below are the assumptions of a two-way ANOVA:
(1) Your dependent variable should be scale in nature.
(2) Your two independent variables should be nominal in nature and have two or more
categories.
(3) There should be independence of observations.
(4) There should be no significant outliers.
(5) The dependent variable should be approximately normally distributed for each combination of the groups of independent variables.
(6) There should be homogeneity of variance for each combination of the groups of independent variables.
Example 4.1. We are interested in the effect the type of bacteria and the solution used have
on the amount of biomass produced. Here again we have bacteria “A”, “B” and “C” and the
solutions are “X”, “Y” and “Z”. Below are the measurements for each bacteria along with the
solution used in each case.
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A = {(505, Y), (512, Y), (520, Y), (517, Y), (520, Y), (523, Y), (520, Y), (517, Y), (523, Z)}
B = {(495, X), (505, X), (500, X), (505, X), (495, X), (495, X), (505, Z), (500, X), (500, X)}
C = {(480, Z), (480, Z), (485, X), (485, Z), (475, Z), (490, Z), (480, Z), (480, X), (470, Y)}
To perform this test in Minitab follow these steps:
• Go to Stat, then ANOVA, General Linear Model and finally Fit General Linear Model.
• Put the dependent variable in responses.
• Enter the two independent variables in Factors table.
• Then click on Model.
• Click on your independent variables under the Factors and covariates box while holding
shift. Then click add.
• Click OK, then click OK again in the General Linear model box.
This gives us the table:
Source
Bacteria
Solution
Error
Lack-of-Fit
Pure Error
Total

DF Adj SS Adj MS F-value P-value
2 4069.11 2034.55 83.63 <0.0001
2 151.42
75.71
3.11
0.0637
23 559.52
24.33
2
43.30
21.65
0.88
0.4292
21 516.22
24.58
27 6836.11

From the p-values we can see that the type of bacteria has a significant effect on the biomass
produced (p < 0.001) but the type of solution doesn’t (p = 0.0637).
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