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Comparison between 2 groups



Comparison between 2 groups:
Student’s t-test

e Basic idea:

* When we are looking at the differences between scores for 2 groups, we have to judge
the difference between their means relative to the spread or variability of their scores.
* Eg: comparison of 2 groups: control and treatment

treatment

group
mean




Quantitative variable

Variability does matter
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Student’s t-test
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Student’s t-test

* Independent t-test
e Difference between 2 means of one variable for two independent groups
* Example: difference in weight between WT and KO mice

* Paired t-test
 Difference between two measures of one variable for one group:

* Example: before-after measurements
* the second ‘sample’ of values comes from the same subjects (mouse, petri dish ...).

* Importance of experimental design!

* One-Sample t-test
 Difference between the mean of a single variable and a specified constant.



Example: coyotes.xlsx

* Question: do male and female coyotes differ in size?

 Sample size

* Data exploration

* Check the assumptions for parametric test
* Statistical analysis: Independent t-test



Exercise: Power analysis

* Example case:

No data from a pilot study but we have found some information in the
literature.

In a study run in similar conditions as in the one we intend to run, male coyotes
were found to measure: 92cm+/- 7cm (SD).

We expect a 5% difference between genders.
. smallest biologically meaningful difference




G*Power

Independent t-test
A priori Power analysis

Example case:

You don’t have data from a pilot study but you
have found some information in the literature.

In a study run in similar conditions to the one you
intend to run, male coyotes were found to
measure:

92cm+/- 7cm (SD)

You expect a 5% difference between genders with
a similar variability in the female sample.

i, G*Power 3.1.3

File Edit View Tests Calculator Help

[5] —— Monday, November 26, 20012 —— 143750
t tests — Means: Difference between two independent means (two groups)

| Central and noncentral distributions | Protocol of power analyses

Analysis: A priori: Compute required sample size
Input: Tail(s) = Two
Effect size d = 06571429
o err prob = 0.05%
Pawer (1-p err prab) = 0.80
Allocation ratio N2 /N1 =1
Output: Moncentrality parameter & = 2.8644195
Critical t = 1.9925435
ave
Sample size group 1 = 38 ‘E‘ -
Sample size group 2 = 38 4 N
Total sample size = 7B -
Test family Statistical test
’t tests v] ’Means: Difference between two independent means (two groups) v]

Type of power analysis

’A priori: Compute required sample size - given o, power, and effect size

3

Input Parameters

Effect size d 0.6571429
o err prob 0.05
Power (1-B err prob) 0.80

Allocation ratio N2 /N1

1

Output Parameters

Noncentrality parameter &
Critical t

Df

Sample size group 1
Sample size group 2
Total sample size

Actual power

2 8644195
1.9925435

74

0.8070362

X-Y plot for a range of values

nl!=n2
Mean group 1
Mean group 2
SD o within each group
@ nl=n2
Mean group 1

Mean group 2

5D o group 1
SDogroup 2
Effect size d

06571429

[ Calculate and transfer to main window J

Close

| [ calcuiate |

You need a sample size of n=76 (2*38)




Power Analysis

f# G*Power 3.1.9.2 C=ll]
File Edit View Tests Calculator Help
Central and noncentral distributions | Protocol of power analyses‘
critical t =1.99254
2 IS
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s / \
Vi \
\
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Test family Statistical test / / \
[t tests VJ [Muns: Difference between two [ndependeq( means (two grou}s{ v]
Type of power analysis \ © nii=n2

[A priori: Compute required sample size - given o(/power, a'(d effect size Mean group 1 ‘ 0

Mean group 2 \ 1
Qutput Parameters !

Noncentrality parameter &

Input Parameters

Tail(s) SD o within each group |

Effect size d Critical t

0.6571429
o err prob Df

Power (1-8 err prob) Sample size group 1

Mean group 2

Allocation ratio N2 /N1 1 Sample size group 2

SDogroup 1

Total sample size

Actual power 0.8070562 SDogroup 2

0.6571429

Effect size d

Calculate and transfer to main window l

[ X-Y plot for a range of values ] [ Calculate ]




For a range of sample sizes:

Power Analysis

’
iy GPower - Plot L
File Edit WView
GCraph | Table
t tests - Means: Difference between two independent means (two groups)
Tail(s) = Two, Allocation ratio M2 /N1 =1,
o err prob = 0.05, Power (1-B err prob) = 0.8
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0.4 0.45 0.5 0.55 0.6 0.6% 0.7 0.75 0.8
Effect size d
Plot Parameters
Plot (on y axis) [Total sample size v] with markers Dand displaying the values in the plot
as a function of [Eﬁect size d v] from 0.4  in steps of 0.01  through to 0.8
Flot E] graph(s) ’interp-olating paints v]
with [Pﬂw&r(l—ﬁerr prob) vl at 0.8
and [oe err prob v] at 0.05




Data exploration +# plotting data



Exercise: Data exploration

coyotes.xlsx

* The file contains individual body length of male and female coyotes.

Question: do male and female coyotes differ in size?

* Plot the data as stripchart, boxplot and violinplot



Exploring data - Answers

Exercise
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Counts

Counts

Counts

10

Assumptions for parametric tests

Histogram of Coyote (Bin size 2)
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Mormality and Lognormality Tests -
Tabular results Females
Test for normal distribution

Anderson-Darling test

A2* 0.3158

P value 0.5294

Passed normality test (alpha=0.05)? Yes

F value summary ns
*Agostino & Pearson test

K2 4.203

P value 01223

Passed normality test (alpha=0.05)? Yes

P value summary ns
Shapiro-Wilk test

W 0.9700

P value 0.3164

Passed normality test (alpha=0.05)7? Yes

P value summary ns
Kolmogorov-Smirnov test

KS distance 0.07845

P value =0.1000

Passed normality test (alpha=0.05)7? Yes

P value summary ns
Number of values 43

Males

01750
0.9192
Yesg

ns

0.5080
07757
Yes

ns

0.9845
0.8190
Yes

ns

0.08853
=0.1000
Yes

ns

43



Normality assumption
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Independent t-test:

Unpaired t test

Table Anatyzed

Column A
VS,

Column B

Unpaired t test
P value
P walue summary
Significanthy different (P < 0.05)7
One- or two-tailed P value?

t, df

How big is the difference?
Mean of column A

Mean of column B

Difference between means (A - B) £ SEM

55% confidence interval

R =quared (eta sguared)

F test to compare variances
F, DFn, Dfd
P value
P value summary

Significanthy different (P < 0.05)7

Data analyzed
Sample gize, column A

Sample size, column B

Covote

Females
VS,

Males

0.1045

=
No
Twro-tailed

t=1.641, df=84

Body length (cm)

89.71

g2.08

-2.344 £ 1428
-5.185 to 0.4554
0.03107

1 045 49 47

0.2870

=

43
43

results

Males tend to be longer than females
but not significantly so (p=0.1045)
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Unpaired t test
P value
P value summary
Significantly different (P < 0.05)?
One- or two-tailed P value?
t, df

Independent t-test: results

0.1045

ns

No
Two-tailed

| t=1.641 ,ldf=84

The old-fashion way

0

One-tailed test

|

+i

Two-tailed test

Level of Significance for One-Tailed Test

< 1.984: not significant

0.25 0.20 .15 0.10 .05 0.025 0.01 0.005 0.0005
Level of Significance for Two-Tailed Test
af 0.50 .40 0.30 0.20 0.10 0.05 0.02 o.01 0.001
1000 1376 1963  3.078 - I 31821 63657  636.620
2920 4303 6.965 0.925 31.599
2353 3182 4541 5.841 12.924
2132 2776 3747 4604 8610
2015 2571 3.365 4032 6.860
1.943 2447 3143 3707 5.950
1.893 2365 2.008 3.499 5.408
: _ 1.860 2306 2.896 3355 5041
9 0703 0883 L1100 1383 1833 2262 2821 3.250 4781
0 0700 0879 1093 1372 1812 2228 2.764 3.169 4587
i1 0697 0876 1088 1363 179 2201 2718 3.106 4437
2 0695 0873 1083 133  L782 2.179 2.681 3.055 4318
13 0694 0870 1079 1350  L771 2.160 2.650 3012 4221
14 069 088 1076 1345 176l 2.145 2,624 2077 4.140
5 0691 0866 1074 1341 1.753 2131 2.602 2047 4073
6 0690 0865 1071 1337 L1746 2120 2.583 2021 4015
17 0689 0863 1060 1333 1740 2110 2.567 2.898 31.965
I8 0688 082 1067 1330 174 2101 2.552 2.878 3922
19 0688 086l 1066 1328 1729 2093 2.539 2.861 31883
20 0687 0860 1064 1327 1one ~nos neno neue »aen
21 068 0859 1063 13X
2 068 0858 106 1.32) t — 1 6 4 1
23 0685 0858 1060 13l - °
24 068 0857 1059 13l
25 0684 0856 1058 1316 1708 2.060 2.485 2787 3725
26 0684 085 1058 1315 1706 2,056 2.479 2779 3.707
27 0684 0855 1057 1314 1703 2052 2473 2771 3.600
28 0683 0855 1056 1313 1701 2,048 2.467 2763 3674
20 0683 0854 1055 1311 1.699 2045 2.462 2.756 550
30 0683 0854 1055 1310 1.697 2.457 . 3646
A0 0681 0851 1050 1303 1684 2.704 3551
50 )| 0679 0849 1047 1299 1676 2678 3.496
100 | 0677 0845 1042 1200 1660 2,626 3300
0674 0842 1036 1282 1645 2.576 3.201

Critical value

What about power?



Power analysis

You would need a sample 3 times bigger to reach the accepted power of 80%.

G*Power 3.0.3

File Edit Wiew Tests Calculator Help

Central and noncentral distributions

Protocol of power analyses

[6] —- Wedmesdal, Ao 27 2081 —- J&85:07 fad
t tests - Means: Difference between two independent rmeans (wo groups)
Analysis: A priori: Compute required sample size
Input: Tail{sy = Two
Effect size d = 0.3546943
o err prob = 0.05
Power {1-B err prob) = 0.80
Allocation ratia M2 (M1 =1
Output: Moncentrality parameter & = 2.515299
Critical t = 1.969495
Save
Sample size group 1 = 128 -
Sample size group 2 = 126 =
Total sample size = 252 >
Test farmily Statistical test
|ttests v| |Means: Difference between two independent means (wo groups) v|

Type of power analysis

|A priori: Compute required sample size - given o, power, and effect size

Input Pararmeters

o err prob
Power {1-P err prob)

Allocation ratio M2 M1

Tail{sy | Two

0.53546943

oo
w || o
ol ; <

Cutput Pararmeters
Moncentrality parameter &
Critical t
ot
Sarnple size group 1
Sample size group 2
Total sample size

Actual power

QO nll=n2

Mean graoup 1

5D owithin each group

®n1=n2

[ Calculate

=-% plotfor a range of values

] | calculate

[ Calculate and transfer to main window I

Clase

3.5

e

£ Col. stats
4

1 Number of values

2

3 Minimum

4 | 25% Percentile

5 Median

6 75% Percentile

7 Maximum

9 Mean

10 |std. Deviation
11 std. Error of Mean

13 Lower 95% Cle

o Clof mean

Sum

12 D'Agostino & Pearson normality test
19 | k2

20| Pvalue

21 | Passed normality test (alpha=0.05)?

22 Pvalue summary

24 Shapiro-Wilk normality test

25 | w

26 Pvalue

27 | Passed normality test (alpha=0.05)?

28 | Pvalue summary

But is a 2.3 cm difference between genders biologically relevant (<3%) ?

A

Females

43

71.00
86.00
80.00
93.50
1025

87.70
91.73

3858

4.203
0.1223
Yes

ns

0.9700
0.3164
Yes

ns

Males

43

78.00
&7.00
92.00
96.00
105.0

90.00
94.12

3958

0.5080
0.7757
Yes

ns

0.9845
0.8190
Yes

ns



Sample size: the bigger the better?

It takes huge samples to detect tiny differences but tiny samples to detect huge differences.

90 -,

e  What if the tiny difference is meaningless? o
*  Beware of overpower o — _—

* Nothing wrong with the stats: it is all about o0 |

interpretation of the results of the test. 5 |

40 |

30

e Remember the important first step of power analysis 20 ]

*  What is the effect size of biological interest? wl T —+4— T
n=1178238
0 d




GraphPad Prism 9

Jeta

Family Window Help
Clipboard Ansalysis Change Arangd Draw Write:
o B 0L A e RN BTENE Yol v
Bl B- |Gy 3 G - @ &> 17| T[T
Fermat Pairwise Comparisons *

Appearance  Comparisons on Graph
Display options
(® P value {(numbers)

() Asterisks representing P value dassification

P value threshold
Display asterisksfvalues and lines for which P values
(®) Al P values {induding "ns")
(TP values less than or equal to: .05

Line/bracket and text options

Thickness: | 1pt w
Colar: - w

Asterisks or value:

Font... Arial, 12pk

[Juse the options on this tab as default

Help Cancel Apply

Body length (cm)

110n

0.1045

100+
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Exercise: Dependent or Paired t-test

working memory.xlsx

A group of rhesus monkeys (n=15) performs a task involving memory after having received
a placebo. Their performance is graded on a scale from 0 to 100. They are then asked to
perform the same task after having received a dopamine depleting agent.

Is there an effect of treatment on the monkeys' performance?



Exercise: Dependent or Paired t-test
working memory.xlsx
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Exercise: Dependent or Paired t-test
working memory.xlsx

E Paired t test

4 60—
1 Table Analyzed Working memaory i
2 -
3 Column A Flacebo -
4 VS, V. : o [
5 Column B DA depletion i
6 -
T Paired t test 40 T
8 P value <0.0001 (D) i ([
g P value summary e 8 - ® PP
10 Significantty different (P < 0.05)7? Yes ] ' ®
11 One- or two-tailed P valug? Two-tailed é i P
12 t, df t=8.616, df=14 o - g

Y= o

13 Number of pairs 15 5 by P9
14 o] o °
15 How big is the difference? 20_ ° o
16 Mean of differences 8.400 - o L
17 5D of differences 3776 i Y o Y
18 SEM of differences 0.5749 i ( °
19 95% confidence interval 6.309 to 10.48 - P [ ) o
20 R squared (partial eta squared) 0.8413 : o0
21 i
22 How effective was the pairing? -
23 Correlation coefficient (r) 0.95986 O | T
24 P value (one tailed) =0.0001 Placebo DA depletlon
25 P value summary b

26 Was the pairing significantly effective? Yes
27



Performance

Paired t-test: Results
working memory.xlsx

0
/ Placebo

DA depla‘lh{

Difference in performance

0 -

-2 -

-4 4

-6 -

-8 M

-10 A

-12 1

-14 9

-16 9

-18
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