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What Is
a t-test?

f‘) A t-test is used when mean and

standard deviation of the whole
population are unknown.




to compare the
mean of two
groups

2.Independent t-test

to compare the
mean of the
same group at
different time

3.Paired sample t-test




What is an independent t-test?

A t-test assessment is statistically
used when we want to compare if
the means of two groups are
different.

treatment

group
mean



http://www.socialresearchmethods.net/kb/stat_t.php

T-test six assumptions

m 1. Your dependent variables should be measured on interval or ratio
scales.

m 2. Your independent variables should contain two definite,
iIndependent groups.

- For example, groups of gender (male or female), behavior of
drinking coffee (Yes/No).
m 3. You should make sure that there is no relation between each group.

- For example, one participant must not be allowed to participate
In more than one group of the experiment.



T-test six assumptions

m 4. Significant outliers are prohibited.

- For example, in a study of IQ scores of 100 participants, the
mean score is 110, but there is one participant with 160 |Q which is too
strange.

m D. Your dependent variables should be a normal distribution.

N

0 L L L L (L L

, 0%=0.5, =—— -

(P,'J,GZ (X)

Left-Skewed (Negative Skewness) Right-Skewed (Positive Skewness )



https://en.wikipedia.org/wiki/Normal_distribution
https://www.statisticshowto.datasciencecentral.com/probability-and-statistics/skewed-distribution/

T-test six assumptions

m 6. Homogeneity of variances is needed.
If variances of two groups are different, it will affect

type | error rate.

Homogenous Variances Heterogeneous Variances

S2=5



https://www.youtube.com/watch?v=3BApSAESfxI

Calculating an
Independent

T-test without
using SPSS

After calculating if the t-value is more
than the critical t-value, we will reject

the null hypothesis. When the t-value is
lower than the critical t-value, we fail to
reject the null hypothesis.




How to

Step 2: Aft tti lculated t-
calculate an [ vt compar 5 e
|ndependent t-value from the t-table.
t-test?

? Step 3: Determine if

T-value > Critical value: Reject HO.
T-value < Critical value: Accept HO.




Brain volume data is collected from 17
non-smokers and 19 smokers.

Example

In this case, independent variables are
smoker & non-smoker. Dependent
variable is brain volume.

y Level of measurement: Ratio




Hypotheses

Smokers and non-smokers
have unequal brain size.

@ Alternative hypothesis (H1):




T-test formula

Mean of each group

( X1— X2 )

[ =
Variance of each group ( < 1 ) 2 ( S 2) 2

L

Sample size of each group



https://www.biologyforlife.com/t-test.html

Step 1.1: Calculate mean and variance from each group
m

1.97 3.88 -0.09 0.01
6.5 1.17 1.37 4.0 -0.29 0.08
5.2 -0.13 0.2 2.6 -1.69 2.86
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n—1

4.6 -0.73 0.53 4.3 0.01 0.00
4.8 -0.53 0.28 4.8 0.51 0.26 _
https://www.tutorialexam
3.8 -1.53 2.34 2.4 -1.89 3.57 i
ple.com/what-is-sample-
4.6 -0.73 0.53 5.5 1.21 1.46

variance-and-how-to-
Sum = 18.04 55 1.21 1.46 .
compute-it-in-numpy-
S72=1.13 3.7 -0.59 0.35 :
numpy-tutorial/

Mean = 4.29 Sum = 16.13 S72 =0.90

Mean = 5.33



https://www.tutorialexample.com/what-is-sample-variance-and-how-to-compute-it-in-numpy-numpy-tutorial/

Step 1.2: Calculate t-value

m Mean of non-smokers’ brain volume = 5.33

m Mean of smokers’ brain volume = 4.30

m Variance of non-smokers group = 1.13 L=
m Variance of smokers group = 0.90
m Sample size of non-smokers group = 17
m Sample size of smokers group = 19
; 5.33-4.30 1.03
- f oo ;
1.13 .90 J.066+.047

@)



https://www.biologyforlife.com/t-test.html
https://www.youtube.com/watch?v=IQgeSeRKkVY

Alphas and
a p-value

A p-value: If a p-value is less than
an alpha = Reject HO, for example,

the p-value = 0.02 and the alpha
= 0.05, then we reject the HO.




Calculate degrees of freedom (df):
df =nl + n2-2: In this case df = 34.

Calculate

Step 1.3:
Find the
critical t-value

Specify the alpha level (a): 0.05.

Find the critical t-value in the t-table with
calculated degrees of freedom and the
alpha level.



‘ABLE D t distribution critical values

Upper tail probability p

df 25 20 .15 .10 .05 .025 .02 .01 .005 .0025 .00l .0005

1 | 1.000 1.376 1.963 3.078 6.314 1271 15.89 31.82 63.66 127.3 318.3 636.6

2 | 0816 1.061 1.386 1.886 2.920 4.303 4.849 6.965 9.925 14.09 22.33 31.60

3 | 0765 0978 1.250 1.638 2.353 3.182 3.482 4.541 5.841 7.453 10.21 12.92

4 | 0741 0.941 1.190 1.533 2.132 2.776 2.999 3.747 4.604 5.598 7.173 8.610

5 | 0727 0920 1.156 1.476 2.015 2.571 2757 3.365 4.032 4.773 5.893 6.869

6 | 0718 0.906 1.134 1.440 1.943 2.447 2.612 3.143 3.707 4.317 5208 5.959

7 | 0711 0.896 1.119 1.415 1.895 2.365 2.517 2.998 3.499 4.029 4.785 5.408

8 | 0.706 0.889 1.108 1.397 1.860 2.306 2.449 2.896 3.355 3.833 4.501 5.041

9 | 0.703 0.883 1.100 1.383 1.833 2.262 2.398 2.821 3.250 3.690 4.297 4.781

10 | 0.700 0.879 1.093 1.372 1.812 2.228 2359 2764 3.169 3.581 4.144 4587

11 | 0.697 0.876 1.088 1.363 1.796 2.201 2.328 2.718 3.106 3.497 4.025 4.437

12 | 0695 0.873 1.083 1.356 1.782 2.179 2.303 2.681 3.055 3.428 3930 4.318

13 | 0.694 0870 1.079 1.350 1.771 2.160 2.282 2.650 3.012 3.372 3.852 4.221

14 | 0692 0.868 1.076 1.345 1761 2.145 2264 2.624 2977 3.326 3.787 4.140

15 | 0.691 0.866 1.074 1.341 1.753 2.131 2.249 2.602 2.947 3286 3.733 4.073

16 | 0.690 0.865 1.071 1.337 1.746 2.120 2.235 2.583 2921 3.252 3.68 4.015

17 | 0.689 0.863 1.069 1.333 1.740 2.110 2.224 2.567 2.898 3.222 3.646 3.965

e — a e 18 | 0.688 0.862 1.067 1.330 1.734 2.101 2.214 2.552 2.878 3.197 3.611 3.922
19 | 0.688 0.861 1.066 1.328 1.729 2.093 2.205 2.539 2.861 3.174 3.579 3.883

20 | 0.687 0.860 1.064 1.325 1.725 2.086 2.197 2.528 2.845 3.153 3.552 3.850

21 | 0.686 0.859 1.063 1.323 1.721 2.080 2.189 2.518 2.831 3.135 3.527 3.819

22 | 0.686 0.858 1.061 1.321 1.717 2.074 2.183 2.508 2.819 3.119 3.505 3.792

23 | 0.685 0.858 1.060 1.319 1.714 2.069 2.177 2.500 2.807 3.104 3.485 3.768

24 | 0.685 0.857 1.059 1.318 1.711 2.064 2.172 2.492 2.797 3.091 3.467 3.745

25 | 0.684 0.856 1.058 1.316 1.708 2.060 2.167 2.485 2.787 3.078 3.450 3.725

In thlS case: 26 | 0.684 0856 1.058 1.315 1.706 2.056 2.162 2.479 2779 3.067 3.435 3.707
. 27 | 0.684 0.855 1.057 1.314 1.703 2.052 2.158 2.473 2.771 3.057 3.421 3.690

28 | 0.683 0.855 1.056 1.313 1.701 2.048 2.154 2.467 2.763 3.047 3.408 3.674

df —_ 34 29 | 0.683 0.854 1.055 1.3112.045 2.150 2.462 2.756 3.038 3.396 3.659
30 | 0.683 0.854 1.055 1.310| 1.697 |2.042 2.147 2.457 2.750 3.030 3.385 3.646

40 | 0.681 0.851 1.050 1.303 1.684 2.021 2.123 2.423 2704 2971 3.307 3.551

o = 05 50 | 0.679 0.849 1.047 1299 1.676 2.009 2.109 2.403 2.678 2.937 3.261 3.49
. 60 | 0.679 0.848 1.045 1.296 1.671 2.000 2.099 2.390 2.660 2.915 3.232 3.460

L. 80 | 0.678 0.846 1.043 1.292 1.664 1.990 2.088 2.374 2.639 2.887 3.195 3.416
Cr|t|Ca| t_va|ue — 1 697 100 | 0.677 0.845 1.042 1290 1.660 1.984 2.081 2.364 2.626 2.871 3.174 3.390
R 200 | 0.675 0.842 1.037 1.282 1.646 1.962 2.056 2.330 2.581 2.813 3.098 3.300

z* | 0674 0.841 1.036 1.282 1.645 1.960 2.054 2.326 2576 2.807 3.091 3.291

50% 60% 70% 80% 90% 95% 96% 98% 99% 99.5% 99.8% 99.9%

Confidence level C



http://sites.edtech.haifa.ac.il/stats/00-important-concepts/00-t-table

Step 2 & 3:
Compare

t-value with

critical t-value Critical t-value = 1.697

In this case, calculated
t-value > critical t-value. We reject null hypothesis (HO) and

accept alternative hypothesis (H1) :
Non-smokers and smokers have

unequal brain size t = 3.07 p < .05.



Calculating a t-test with SPSS

m Step 1: Choose Analyze on the menu bar -> Compare Means
-> |ndependent Samples t-test.
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Calculating a t-test with SPSS

m Step 2: Choose your independent variable to be in the label
“Grouping variable”. Then, click define groups. Type the
number that code to each group.

TestVariable(s): -11‘-‘;. Define Groups W
% con

Bootstrap. .

@ Geschlecht [sex] = g @ Use specified values

ﬁ alt.er _ up Group 1: 4

ﬁ grinnerte negative A...

& erinnerte neutrale A... Group 2: |2
ﬁ erinnerte positive Ad...
gﬁ Gesamizahl erinnert...

@) Cut point:

Grouping Variable:
m bed(? ?) [Quntinue][ Cancel ][ Help ]

[Qeﬂne Gmups...]

() o (e (cane) i)




Calculating a t-test with SPSS

m Step 3: Choose your dependent variable to be in the label
“Test variable(s)”.

".;‘:l Independent-5amples T Test

@b vpnr & Gesamitzahl erinnert...
&5 Geschlecht [sex] Bootstrap...

alter
G one
ﬁ erinnerte negative A...

ﬁ erinnerte neutrale A...
ﬁ' erinnerte positive Ad...

pd
Test Variable(s):

Grouping Variable:
-» bed(12)

l OK J[ Paste ][ Reset ][Cancel][ Help ]




Interpreting a t-test data from SPSS

T-Test
Group Statistics
Std. Errar
YWerarbeitungshedingung M Mean Std. Deviation Mean
Gesamizahl erinnerter strukturell &0 7.20 3162 447
Adjektive bildhatt 50 11.00 4140 586
Independent Samples Test
Levene's Test for Equality of
YWariances t-test for Equality of Means
3 Mean Std. Error
F Sig. 1 df Sig. (2-tailed) Difference Difference
Gesamizahl erinnerter Equal variances A 764 055 -5158 ba 000 -3.800 T37
Adjeldive assumed
Equal variances not -5.1568 91.653 .0oa -3.800 JaT

assumed




Levene’s test for equality of variances

Independent Samples Test
Levene's Testfor
Equality of @
Yariances t-test for Equality of Means
95% Confidence
Interval of the
2 B Sig. (2- Mean Std. Error Difference
F =id. t df tailed) Difference Difference Lower Lpper
Mile time  Equal variances - _ . . P .
assumed 102.98 :"'E'I'.D"D": 13.475 3480 000 0:02:14 0:00:10 | 0:01:55 0:02:34
Equal variances _ i . o T i
ot assumead W 15.047 | 315.846 000 0:02:14 0:00:08 | 0:01:57 0:02:32



https://libguides.library.kent.edu/SPSS/IndependentTTest

ANY QUESTIONS ?
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