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The Student’s t-statistic was introduced in 1908
by William Sealy Gosset, using his pen name
“Student”, when he worked for the Guinness
brewery in Dublin, Ireland. He devised the t-test
as a way to cheaply monitor the quality of stout.
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The test was published in Biometrika in 1908.



Independent t-test
Perform hypothesis tests concerning the difference
iIn means of two independent populations —
samples

Dependent t-test
Perform hypothesis tests concerning the
different in means of two dependent (related)
Populations - samples



Independent t-test

Independent variable

One independent variable = gender — two
levels — males + females

Only one dependent variable
Strength



Assumptions

The data must be parametric, that is, they should be measured on

an interval or ratio scale (if not use a non-paramatetric equivalent
test)

The samples should be randomly selected from the population (the
results of the t test can be generalised from the sample to the
population)

The two samples should come from populations which have
approximately the same variance (i.e., homogeneity of variance
assumption). Use Levene test to test this assumption. (not
significant!!!) (variance: The average of the squared differences

from the Mean) — (Standard Deviation is just the square root of
Variance)

The scores of the dependent variable should come from a
population which is normally distributed (i.e., normality assumption).
Use Histogram with normal curve in the Descriptive
Statistics/Frequencies or with Frequencies option check
Skewness and kurtosis values (if they are above 1.96 -standard
errors, the data are probably not normally distributed)

t test is fairly robust to moderate violations of the
homogeneity of variance and normality

assumptions. Equal variances is not actually
required. SPSS will handle it.



Independent-samples T test

When two groups are expected to differ in
a particular variable

Example one: Elite weight lifting athletes are
predicted to have higher scores in strength
compared to non-elite ones. (one-tailed
test).

Example two: The effect of gender of a
sample that suffer from depression Iin
walking using pedometers (two-tailed test).



Hypothesis

Null hypothesis :
The two means are equal
Ho: p; =,

Alternative hypothesis

The two means are not equal
Hq: p1 # p2
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Run the analysis clicking OK
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We do not want Levene’s Test to be significant.
If it is significant we do not have homogeneity of
variance between the samples and we report
the results from the Equal|variances not
assumed

% T-Test

[DataSet1] C:\Users\N

T

Group Statistics

ikos\Desktop\DOCS\students\angfonikh\RIIOTEAEZME

Men do more steps compare to women

Std. Error
gender N Mea “Peviation Mean
week1l male 3/ 7621400 228f1,97943 | 1320514
female 10 9998 2416210552 | 7640,729
Independent Samples Test
Levene's Test for
Equality of Variances t-test for Equality of Means
95% Confidence
Interval of the
Mean Std. Error Difference
F Sia. \ t df Sig. (2-tailed) | Difference Difference Lower Upper
eek1 Equalvarianges
- a::urr‘]’ed' 185 N5t 2209 11 042 | 36216,000 | 15754439 | 1540714 | 7089129
Equal variances ¢
B SN PRI 2374 3,477 086 | 36216,000 | 15256,361 -8778,90 | 81210,90




Results

t(11) = 2.30, p < .05

% T-Test

Two-tailed test because we
do not know which of the

two genders do more steps
than the other.

Std. Ervor
gender N Mea td. Deviation Mean . T
Weekl male 3 | 7621400\ 2871,97943 13205.14)\ There is a statistical
female 10 | 39998,00 \24162,10552 | 7640,729 Significance p < 05
Independent Samples Test /
Levene's Test for
Equality of Variances t-jest for Equ/ality of Means
95% Confidence
Interval of the
Mean Std. Error Difference
F Sig. df Sig. ( -ta/iled,\[ Difference Difference Lower Upper
k1  Equalvari \ /
e R 185 675 2,299 QL Qz/ 36216,000 | 15754,439 | 1540714 | 7089129
assumed
Equal variances
P R 2,374 3477 086 | 36216,000 | 15256,361 -8778,90 | 81210,90




How we report the test.

In order to examine the hypothesis we used the
Independent t-test. The results showed a statistically
significant difference in the number of steps t(11) =
2.30, p<.05. Men (M =76.21, SD = 22.87) were doing
more steps than women (M= 40, S.D = 24.16).




Paired-samples T Test

Use a dependent samples t-test if you measure

the same participants on a dependent variable
at two different times (pre — post design)

have two separate groups of participants that
have been matched based on some
characteristic.



Example

Examine the difference of the number of
steps between week1 and week?2



Hypothesis

Null hypothesis :
The two means are equal

Ho: p; =,
Alternative hypothesis
The two means are not equal

H,: y1 # y2. There is a significant
difference between the steps of week 1
and week 2.
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Click Ok
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t(12) = -2.35, p < .05

% T-Test

[DataSet1] C:\Users\Nikos\Desktop\t-test.sav

Paired Samples Statistics

Std. Error
Mean N Std. Deviation Mean
Pair week1 4835554 13 | 27879,63280 | 7732419
1 week2 70234 62 13 | 30286,85424 | 8400,062
Paired Samples Correlations
N Correlation Sig.
Pair1 week1 & week2 13 339 258

Paired Samples Test

1

the sign of the
t value is
negative. It
simply signifies
that the mean
of the second
group is higher
than the mean

of the first
group
N-1 p<.05

Paired Differences

95% Confidence
Interval of the

Std. Error Difference

Mean Std. Deviation Mean Lower

Upper

LT

Sig. (25taile

Pair1  week1-week2 -21879,1 | 33506,30380 | 9292977 | -42126,7

-1631,42

( -2,354 )

( 12 ( ,036




How we report the test.

We used paired samples t-test in order to examine our
hypothesis... The results showed statistically significant
difference between week 1 and week 2, {(12) = -2.35,
p< .05. Participants did more steps in week 2 (M=
70.23, SD = 30.29) than in week1 (M =48.36, SD =
27.88)
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ANOVA (Analysis of Variance)

This test is an extension of the
Independent Samples T Test.

Invented by R.A. Fisher in the 1920’s



One Way Anova - ANOVA (Analysis of
\Variance)

Two variables: 1 Categorical, 1 Quantitative

Do the (means of) the quantitative variables
depend on which group (given by categorical
variable) the individual is in?

If categorical variable has only 2 levels:
2-sample t-test

ANOVA allows for 3 or more groups- levels



Why ANOVA instead of many t-tests?

Before ANOVA, this was the only option
available to compare means between more

than two groups.
The problem with the multiple t-tests
approach is that as the number of groups

iIncreases, the number of two sample t-
tests also increases.

As the number of tests increases the

probability of making a Type | error also
increases (Tabachnick & Fidell, 1996)



Advantages

1) ANOVA will identify if any two of the group
means are significantly different with a single
test.

2) If the significance level is set at 0.05, the
probability of a Type | error for ANOVA = 0.05
regardless of the number of groups being
compared.

3) If the ANOVA F-test is significant, further
comparisons can be done to determine which
groups have significantly different means.



Assumptions (Vincent, 1999)

The data should be parametric, measured on
an interval or ratio scale.

Independence (no relationship between the
scores of the dependent variable in the different

groups) otherwise consider using the Repeated
Measures ANOVA test.

Normality test with Kolmogorov-Smirnov &
Shapiro-Wilk tests.

Homogeneity of variance (Levene’s test). We
do not want these tests to be significant.



Violation of Assumptions

According to Vincent (1999), ANOVA is
relatively robust to violations of the
assumptions of Normality and
Homogeneity of variance.

If you suspect serious violations of the
ANOVA assumptions, consider using a
non-parametric equivalent test.



Hypothesis

The Null hypothesis for
ANOVA is that the means for
all groups are equal:

H p=p=u=...

Null Hypothesis: W gontrol = 11 =
K2

The Alternative hypothesis for
ANOVA is that at least two of
the means are not equal u1 >
M2, or u1<p2

The test statistic for ANOVA is
the ANOVA

F-statistic.

Hy



The ANOVA F-test is a comparison of the
average variability between groups to the
average variability within groups.
The variability within each group is a measure of the
spread of the data within each of the groups.

The variability between groups is a measure of the
spread of the group means around the overall mean for
all groups combined.

F = average variability between groups

average variability within groups
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Click Ok to run the analysis
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One-way ANOVA
It is parametric test. We don’t use repeated T tests for these popularitics cause we have a big
probability of Type Error 1=Reject the null hypothesis when it actually true.
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simply the SD squared
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Multiple COmparlo‘m ™
Dependent Variable: MAXVO2 .&{p"” \3"&(\: ,g»"
M / /-i’od;\(?\ﬁ
Rz LBV
Difference | / 'X“’ “S}-
(I) GROUP__(J) GROUP () Std. Emor | Sig AR
(Tukey HSD _ 1.00 2.00 8500° 2501 006 &‘(\'
3.00 1.3000° 2501 000
2.00 1.00 -.8500° 2501 006
3.00 4500 2501 189
3.00 1.00 -1.3000° 2501 1000
2.00 - 4500 2501 189
Bonferroni  1.00 2.00 8500* 2501 006
3.00 1.3000* 2501 000
2.00 1.00 - 8500°* 2501 006
3.00 4500 2501 250
3.00 1.00 -1.3000* 2501 000
2.00 - 4500 2501 250

Regarding YO.MAX, post hoc tests revealed a significant difference between the control group
and the experimental groups according to the conservative Bonferroni and Ti key's tests



Notes
I we use Hartlys test by hand
Ve have to calculate the ratio between the largest variance and the smallest variance
of our groups, the result is compared with the critical vakie related with the degrees of
freedom. The Ho is that the variance are equal.
Frax=.5925°/.4882"=1 57
F(9,9) has a critical value of 3.15 so there Is no evidence to contradict the variance
Null Hypothese:Ho=m,=m.=m,
If this hypothesis is correct we expect to find that the between groups variance and the
within groups variance are very small and that their ratio (F) s close to 1.
When populations are not normal or have unequal variances
Didentify and eliminate outlers
IDtransform simple data

w)use other test that hasn got rigorous assumptions.

Post Hoc Tests ~follow up tests are performed to examine where exactly differences are

among the groups. What caused the null hypotheses Lo be rejected. The above tests are
written with the order of conseivatism, and e g. differences have to be larger to be
recognized by the first compared with the last one:
« Bonferroni test
Sceffe’s test
Tukey’ test
Tukey’s (b) test
Newman-Kenks test
Duncan’s New Multiple Range
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How to report the test

We used One-Way Anova in order to examine
the differences in VO2max between different
training methods. The results showed significant
differences in VO2max between the training
methods F (2, 27) = 13.93, p <.001. The post
hoc (Bonferroni) test showed that the training
methods 2 and 3 did not have significant
differences, whereas training method 1 had
significant differences between 2 and 3.
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