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Objectives

m To understand and know how to
calculate confidence intervals.

m Understand the relationship between
confidence intervals and P values.

m Roadmap for picking the correct
statistic.




Types of Data




Nominal Data

m Data which fits into categories

m Sex: male / female

m Pregnhancy: yes /no

m Counts are compiled as a proportions

m Pregnancy Rate = 35%
m Proportion voting for Liberals = 60%




Ordinal Data

m Categorical data with levels that can
be ordered

m Pain: mild / moderate / severe
m Data often analyzed as ranks: 1, 2, 3




Continuous Data

m Data obtained by measuring

m Height, weight, age, blood
pressure

m Values are usually compiled as




Type of Data

m Determines where you go with your
statistical analysis.




Descriptive Statistics

Continuous Data




Measures of Central Tendency

m Mean - average
m Median - middle
m Mode - most




Measures of Dispersion

m How variable is the data set?




Range

m Lowest - highest value
m Not really that informative
m Usually the outliers

m Not used In any statistical
methods



Variance

Measure of the spread of the data

Average of the squared deviations of the
individual values from the mean

Sum (Mean - value) 2
(n-1)

See: Gaddis & Gaddis. Introduction to Biostatistics:
Part 2, Descriptive statistics. Annals of Emergency
Medicine 1990 March;19(3):312-13.




Variance

m Sum (Mean - value) ?
(n-1)

m Squared units aren’t very meaningful




Standard Deviation (SD)

m Sqguare root of the variance

m Measure of the spread of the
sample data




Normal Distribution

a

63

0
X
Mean = 1SD contains 68% of data points




Normal Distribution

0

Mean = 2SD contains 95% of data points




Standard Error of the Mean (SEM)

m Indicates the degree of uncertainty In
calculating a point estimate (mean or
proportion)

m Somewhat abstract
m Mathematically simple: SE = SD + Vn

m Used to construct confidence intervals




Confidence Interval (Cl)

m Range of values within which the
‘true’ population parameter is
believed to be found, with a given
level of confidence.




95% Confidence Interval (Cl)

m Range of possible truths.

m We can be 95% certain that the true
value lies within this range.




Confidence Interval (Cl)

Mathematically

95% CI = sample estimate + 1.96 x SE
(mean)
(proportion)




Confidence Interval (Cl)

Example

m Clinical Trial for prevention of infant
hypocalcaemia

Vitamin D
pregnant <
moms

Placebo

m Infant’s plasma Ca measured after birth.




Infant Plasma Ca (mg per 100 ml)

Group: N Mean SD

Vitamin D 233 0.36 1.15
Placebo 394 9.01 1.33

What is the mean infant plasma Ca level if
all pregnant women were given Vitamin D?

SE =SD +=+n =1.15 + V233 = 0.075




Infant Plasma Ca (mg per 100 ml)

Group: N Mean SD

Vitamin D 0.36
Placebo 9.01

SE = 0.075

95% CI| = sample mean + 1.96 (SE)
= 9.36 +£ 1.96 (0.075)
=90.211t0 9.51




Infant Plasma Ca (mg per 100 ml)

Group: N Mean SD

Vitamin D 233 0.36
Placebo 394 9.01

95% Cl1 =9.21t0 9.51

The ‘true’ population mean for all infants
from moms on Vitamin D is between 9.21
and 9.51, with 95% certainty.




Infant Plasma Ca (mg per 100 ml)

Group: N Mean SD

Vitamin D 233 0.36
Placebo 394 9.01

95% Cl1 =9.21t0 9.51

Thereis alin 20 chance that the ‘true’
mean is outside this range.
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P value

m Comes with statistical tests: t tests
and chi square tests.

m Tells us the probability that the
observed difference occurred by
chance.




Small P values

m Indicate that the observed difference
IS unlikely due to chance.




P value < 0.05

m Considered statistically significant

m Means that the probability the result
IS a chance finding is less than 5%




P value = 0.004

m Means that the probability of
observing such as difference by
chanceis 4 in 1000.




{ test

E continuous data

m 1l comparison between 2
Independent groups




2 groups

Lean vs Obese Women

Energy Expenditure
(MJ per day)

Means 8.1 vs 10.3

Extracted from: Douglas G. Altman DG.
Practical statistics for medical research.
(Chapman & Hall, London, 1991), p.192-3.

LEAN
(n =13)

6.1
7.1
7.5
7.5
7.5
7.6
7.9
8.1
8.1
8.1
8.4
10.1
10.9

Mean = 8.1

Mean = 10.3




{ test A

(n1 =13)
Ho: No difference In 6.1

energy expenditure 7.1

7.5
t =meanl - mean?2 75
SE (mean diff) 75

7.6

t=10.3-8.1= 2.2 o

0.56 0.56 -

8.1
8.1

From t table 8.4

or computer program 10.1
10.9

P =0.001 Meanl=8.1 | Mean2 =10.3

=3.95




{ test

P =0.001

Thereis alin 1000
chance of observing a
difference of 2.2 when
the means are really
equal.




{ test

Ho: No difference in
energy expenditure

P =0.001 (less than 0.05)

Reject Ho:

Conclusion: Energy
expenditure in obese
women was significantly
higher than lean women.




95% CI
Mean Difference

=1.05t0 3.41

Does not include O

Statistically significant




Important Relationship

m P values and Confidence Intervals
are related.

mIf P <0.05, 95% confidence interval
does not include the null value.

— Difference =0
— Relative Risk or Odds Ratio =1




Example using computer programs.

Microsoft Excel

GraphPad InStat
...easlest stats
package in the world




Ed Microsoft Excel - Energy Expenditure Data.xls

File Edit WView Insert Format Tools Data Window StatsDirect Help r . F X
}: Prompt _

ey &0y & 2RI W = -2 5l Wl 45w - (7)) Al -0 - B I USEE A-
3 s 4 5 g .

A3 - f

A B C D E F G H J K L M N 0 —

1 |[Energy Expenditure (MJ/day): Lean versus Obese Women [
2
3 | LEAN OBESE
4 (n=13)  (n=9)
5 6.1 8.8
6 7.1 9.2
7 7.5 9.2
8 7.5 9.7
g 7.5 9.7
10 7.6 10
11 7.9 11.5
12 8.1 11.9
13 8.1 12.8
14 8.1
15 8.4
16 10.1
17 10.9
18
19 Average 8.069 10.311
20 SD 1.234 1.4022
21

22 |Altman D. Practical Statisitcs for Medical Research, 1st Edition {(1991)
23 | Two Independent Groups, p. 192-3.

24
M 4 » v Sheetl Sheet2 f Sheet3 / | <] | Wl
Ready



Ed Microsoft Excel - Energy Expenditure Data.xls

File Edit WView Insert Format Tools Data Window StatsDirect Help r . F X
}: Prompt _
Dl &Ry 2R @ =-2 % Wl P wn -, adl -4 - B IUEEEA 2
i T ¥l g .
B5 - A 6.1

A B | C | D E F G H J K L M N 0 —
1 |[Energy Expenditure (MJ/day): Lean versus Obese Women [
2
3 LEAN OBESE
4 (n=13)  (n=9)
5 6.1 8.8
6 7.1 9.2
r s sz | Select and Copy Data
8 7.5 9.7
9 7.5 9.7
10 7.6 10
1 7.9 11.5
12 8.1 11.9
13 8.1 12.8
14 8.1
15 8.4
16 10.1
17 10.8
18
19 Average 8.069 10.311
20 SD 1.234 1.4022
21

22 |Altman D. Practical Statisitcs for Medical Research, 1st Edition {1991) -
23 | Two Independent Groups, p. 192-3.

24
M 4 » »' Sheetl Sheet2 f Sheet3 / | «| | [
Ready Count=22



#' GraphPad InStat Demo - [DATASET1.ISD]

@ Fle Edit Data Steps Window Help -8 x

oA 2f e s x @@ odengmst

First step: What kind of data do you wish to enter?

A_Specify your goal
Based on your choices, InStat will

* Compare means (or medians) be able to perform these tests:

" Regression and correlation

I Analyze a contingency table 1 group: Cne sample ttest
Example: Wilcoxon rank sum test
Cormpare blaod pressures of wo or more groups, 2 groups: Unpaired ttest
ar compare BP of one group with a thearetical value. Faired t test.
bann-Whitney test
B. Choose a data entry format welch's corrected ttest
* Faw data YWilcoxon matched pairs test
~

3-26 groups:  One-way AR CHWA,
Fepeated measures ANOWA,
Fruskalwallis test
Friedman test
(Al with post tests)

2 2 9 9 9

@ Explain my choices ‘ E InStat Guide | Steps: m | ¥ EE | H’P2 | {!;! |

|




&' GraphPad In5tat Demo - [DATASET1.15D]

86

@ File Edit Data Steps Window Help - 0 x
[} @E mﬁ‘ || ﬁ@@ Ordering InStat
Title |
Group A Group B Group C Group D Group E Group F Group G Group H Gr A
LEAN OBESE
e 1 G.1 8.8
|2 71 92
el 3 7.5 9.2
-l Paste
el B 7.5 9.7
we| B 7.6 10.0
| T 74 11.5
we| B 8.1 11.9
|9 8.1 12.8
{10 a1
--[11 8.4
(12 10.1
{13 10.9
.14
.[15
-[16
17
.[18
(19
| 20
21
.22
|23
.24
|25
.| 26
.| 27 v
£ ¥

Q Arranging data

? Imparting data

Steps: 1st

X

O EE)




&' GraphPad InStat Demo - [DATASET1.150]

@ File Edit Data Steps Window Help - a x
0@ & L@o] wE x| & & Jren 09EE

Title |

Group A Group B Group C Group D Group E Group F Group G Group H

Col. title LEAN OBESE

Mean 8.0692307692 10.3111111111 |

Standard deviation (SD) 1.234 1.402

Sample size (M) 13 g9

Std. error of mean(SEM) 0.3424 0.4674

Lower 95% conf. limit 7.323 8.233

Upper 95% conf. limit 8.815 11.389

Minimum 6.100 8.800

Median (50th percentile) 7.900 9.700

Mazimum 10.900 12.800
Mormality test KS 0.2583 0.2545
Mormality test P value =0.10 =0.10
Passed normality test? Yes Yes
£ ?

Q Explain the rezults

T Entering mean + 50

Steps: 13l||?§5|[ﬂ|ﬁ|




& GraphPad InStat Demo - [DATASET1.15D]

@ Fle Edit Data Steps Window Help
O & E ||ﬂ_k| || ﬁ @@ Ordering InStat

Selected: A%B

Select other columns ‘

1. Is each value paired (matched) with the value next to it?
v Mo, Ferfarm unpaired test.

" “es. Perform paired test.

2. Assume values are sampled from Gaussian distributions?
" Ma. Ferfarm nonparametric test.

+ “Yes Also assume the populations hawe equal SDs.

" Yes, but assume the populations may hawve different S0=.

3. One- vs two-tail P value
" One-tail Pywalue.

i+ Twio-tall Fwalue. Becommended.

Based on your answers above, InStat will perform this test:
Unpaired ttest

@ Help me chooze ‘ T Selecting columns | Steps: 1st | | % EE ﬁPgu | ﬁ__;! | < | ==




&' GraphPad InStat Demo - [DATASET1.150]

@Eile Edit §aEl=N Steps  Window Help - - a x
O & E ﬂ_t| || ﬁ @ @ Ordering InStat
Unpaired t© test -

Do the means of LEAN and OBESE differ significantly?

P wvalue
The two-tailed P wvalue is 0.0008, considered extremely significant.

t = 3.964 with 20 degrees of freedom.

95% confidence interwval

Mean difference = 2.242 (Mean of CBESE minus mean of LELN)
The 95% confidence interwval of the difference: 1.062 to 3.422

Lzsumption test: Lre the standard deviations egual?

The t test assumes that the columns come from populations with egqual SDs.
The following calculations test that assumption.

F=1.280
The P walue i=s 0.3332.
This test suggests that the difference between the two 5Ds is

not significant.

Assunmption test: Are the data sampled from Gaussian distributions?

The t test assumes that the data are sampled from populations that follow
Gaussian distributions. Thi=s assumption is tested using the method
Folmogorov and Smirnovwv:

Grouop ES P Valne Passed normality test?
LEAN 0.2593 »>0.10 Yes
CBESE 0.2545 »0.10 Yes

Summary of Data

@ Checklist ? What's next? Steps: 1st‘ ‘ % ‘ EE I@ E‘ @




& GraphPad InStat Demo - [DATASET 1.1SD]

@ File Edit [BEIEN Steps  Window Help

(3 Iﬁ| E| | ﬂ;ﬁ‘ ‘| ){| EI| Ei‘ Drderin.[_;l.r-Iét"E.lt

Onpaired t test
Do the means of LEAN and OBESE differ =zignificantly?

P wvalue

The two-tailed F walue is 0.0008, considered extremely significant.

t = 32.9684 with 20 degree=z of freedom.

95% confidence interwval

Mean difference = 2.242 (Mean of OBESE minu=s mean of LEAN)
The 953% confidence interval of the difference: 1.0682 to 3.422

Azzunmption test: Are the =standard dewviations equal?

The t test assumes that the columns come from population=s with egqual 3Ds=.
The following calculations test that assumption.

F=1.2890
The P walue is 0.3332.

This test suggests that the difference between the two 5D3 is
not =significant.

Azzunption test: Are the data sanpled from Gaussian distributions?

The t test assumes that the data are zampled from populations that follow
Faussian distributions. This assumption i=s tested using the method
FKolmogorow and Smirnow:

Group ES P Valne Pa=s=sed normality test?




&' GraphPad InStat Demo - [DATASET1.150]
@& Fie Edit [PEEW Steps Window Help

O & E ﬂ_t| || ﬁ @ @ Drderin.t;l.r-lét":;lt

Unpaired t© test
Do the means of LEAN and OBESE differ significantly?

P wvalue
The two-tailed P wvalue is 0.0008, considered extremely significant.

t = 3.964 with 20 degrees of freedom. Mean difference — 2.24

95% confidence interwval

Mean difference = 2.242 (Mean of CBESE minus mean of LELN)

The 95% confidence interval of the difference: 1.062 to 3.422 P < OOOl, Tt test

Lzsumption test: Lre the standard deviations egual?

The t test assumes that the columns come from populations with egqual SDs. 95% CI — 106 to 3.42

The following calculations test that assumption.

F=1.280

The P walue i= 0.3332.

This test suggests that the difference between the two 5Ds is
not significant.

Assunmption test: Are the data sampled from Gaussian distributions?

The t test assumes that the data are sampled from populations that follow
Gaussian distributions. Thi=s assumption is tested using the method
Folmogorov and Smirnovwv:

Grouop ES P Valne Passed normality test?
LEAN 0.2593 »>0.10 Yes
CBESE 0.2545 »0.10 Yes

Summary of Data

@ Checklist T what's nest? Steps: 1st‘ ‘ % ‘ 5= [@ E‘ m



&' GraphPad InStat Demo - [DATASET1.150] X
@Eile Edit Data Steps Window Help - a x

O & E ||ﬂ_k| || ﬁ @@ Drderin.t;l.r-lét":;lt

Mean and Standard Deviation

114

104

Q GraphPad Prizm ‘ P what's nest? | Steps: 1st | | §




& GraphPad InStat Demo - [DATASET1.1SD] X
@Eile Edit Data Steps Window Help - | a x

b & E ||ﬂ_t| || E @@ Drderin.t_;l.r-lét":;lt

Mean and Standard Erraor

101

@ GraphPad Prizm ‘ ? wWhat's next? | Steps: st | | W




<3 Try GraphPad Software products free for 30 days. - Microsoft Internet Explorer

File Edit View Favorites Tools Help 2
eBﬂck v \_/' d |ﬂ ﬂ /‘ ) search ‘-3:\ ~ Favorites {‘3 2 - :__;; - _J ﬁ
Address ‘@I http:/fwww.agraphpad. com/demos/ ZJ e e

Fa

<braphPad Software

ANALYZIE, GRAPH AND ORGANIZE YOUR DATA

Try our software free for 30 days.
Step 1: Choose your demo products below.

These demos are complete working versions that give
you a full 30 days to evaluate, with no limitation.

GraphPad Prism is a powerful combination of
biostatistics, curve fitting (nonlinear regression)
and scientific graphing in one comprehensive
program. Easily organize, analyze and graph
repeated experiments; pick appropriate statistical
tests and interpret the results.

COWindows demo OMac demo

GraphPad InStat is a less cumbersome alternative
to typical heavy-duty statistical programs. With
InStat, even a statistical novice can analyze data in
just a few minutes. Try InStat for statistics without
all the fuss.

OWindows demo O Mac demo

W

&l # Internet



A Pricing and information on ordering GraphPad products. - Microsoft Internet Explorer

File Edit View Favorites Tools Help

eBack - e - |ﬂ @ h /-__\J Search “E;E’Favurites {‘3 | - :__;; - _J ﬁ

A
i

Address ‘@l http: ffwww.graphpad. comfecommerce buynow. htm V| Go Links ™ @&~
Single copy pricing Anprices in US dollars. |
' £ i
StatMate:
Windows 4.03 » Macintosh 4.0c  Windows 3.06 - Macintosh 3.0b Windows 2.00 « Macintosh 2.0a
Prism single license: InStat single license: StatMate single license:
Commercial $495.00 Commercial $149.00 Commercial $125.00
Academic $445.50 Academic $134.10 Academic $112.50
Student $371.25 Student $111.75 Student $93.75
Prism upgrade: at upgrade: StatMate upgrade:
from 3.0 $199.00 from any $79.00 from any $45.00
from 1.0 $249.00 version version
or2.0
Shipping and delivery for single copy purchases:
UPS Ground delivery within continental USA: $10.00 5-7 days
UPS Ground delivery to $20.00 1-2
Canada: weeks
Postal delivery to all other countries: $30.00 2-4
weeks
UPS Air to Hawaii, Alaska & $35.00 5days
Mimetm i ms b
@ & Internet



How to Pick the
Correct Statistic

1. Type of data

2. Number of comparison groups

3. Arethe groups independent
(or are they matched)




What is matching? @R

m Observations or measurements made on the
same subject (or on individually matched
subjects) are said to be “matched” or “paired.”

Examples: Before and after measurements in the

same subject. Cases matched to controls on a
confounding factor such as age.

Most tests (t test, ANOVA, Fisher’s exact test)
assume independence.




Continuous Data

2 groups > 2 groups

N N\

Unmatched Matched Unmatched Matched

R

ttest pairedttest ANOVA  ANOVA with
‘ blocking

Multiple Range Test
(Tukey’s, Duncan'’s etc)




Ordinal Data

2 groups > 2 groups

N N\

Unmatched Matched Unmatched Matched

ool

Mann-Whitney U Wilcoxon Kruskal-Wallis Friedman

or matched-pairs 1-way ANOVA 2-way ANOVA
Median Test signed-ranks test




Nominal Data

2 groups >2 groups or

2 outcomes > 2 outcomes
(2 x 2 table) (example: 3x3 table)

N\ !

Unmatched Matched Unmatched

b !

Fisher's McNemar'’s Chi square Test
Exact Test Test
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best
compare
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