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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.
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m Roadmap for picking the correct
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Vitamin D Placebo Vitamin D Placebo Vitamin D Placebo statistic.
(233 pts) (394 pts) (233 pts) (394 pts) (233 pts) (394 pts)

Types of Data Nominal Data

= Data which fits into categories . 4
m Sex: male / female .
= Pregnancy: yes / no

m Counts are compiled as a proportions

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

means

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
= Mode - most
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Measures of Dispersion

m How variable is the data set?




m  Measure of the spread of the data
m Lowest - highest value

m Not really that informative
m Usually the outliers
m Not used in any statistical

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

= Sum (Mean - value) ?

methods (n-1)
m  See: Gaddis & Gaddis. Introduction to Biostatistics:
Part 2, Descriptive statistics. Annals of Emergency
Medicine 1990 March;19(3):312-13.
Variance Standard Deviation (SD)
= Sum (Mean - value) 2 m Square root of the variance
(n-1)
m Measure of the spread of the
m Squared units aren’t very meaningful sample data
Normal Distribution Normal Distribution

Mean £ 1SD contains 68% of data points Mean £ 2SD contains 95% of data points

STATS 101



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 ++n

m Used to construct confidence intervals

Confidence Interval (ClI)

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)

Mathematicall

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

Confidence Interval (Cl)
Example

m Clinical Trial for prevention of infant
hypocalcaemia

pregnant < Vitamin D
moms

Placebo

m Infant’s plasma Ca measured after birth.
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Infant Plasma Ca (mg per 100 ml)

Group: N Mean SD
Vitamin D 233 9.36 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 + Yn = 1.15 + V233 = 0.075




Infant Plasma Ca (mg per 100 ml)

Group: N Mean SD
Vitamin D 233 9.36 1.15
Placebo 394 9.01 1.33
SE = 0.075

95% Cl = sample mean + 1.96 (SE)
=9.36 + 1.96 (0.075)
=9.21t0 9.51

Infant Plasma Ca (mg per 100 ml)

Group: N Mean SD
Vitamin D 233 9.36 1.15
Placebo 394 9.01 1.33

95% Cl =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 9.36 1.15
Placebo 394 9.01 1.33

95% Cl =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.
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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
chance is 4 in 1000.

t test

mcontinuous data

m 1 comparison between 2
independent groups

LEAN OBESE
t teSt (n1=13) (n2=9)
Ho: No difference in 6.1 8.8
energy expenditure 7.1 9.2
7.5 92
t =meanl - mean2 75 9.7
SE (mean diff) 75 9.7
7.6 10.0
t=103-81= 22 7.9 15
0.56 0.56 - 119
=3.95 8.1 12.8
' 8.1
From t table 8.4
or computer program 10.1
10.9
P =0.001 Meanl=8.1 | Mean2=10.3
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LEAN OBESE
2 groups =13 =9
Lean vs Obese Women 61 88
7.1 9.2
Energy Expenditure 75 92
(MJ per day) 75 9.7
75 9.7
Means 8.1 vs 10.3 7.6 10.0
7.9 11.5
8.1 11.9
8.1 12.8
8.1
8.4
10.1
Extracted from: Douglas G. Altman DG 10.9
Practical statistics for medical research.
(Chapman & Hall, London, 1991), p.192-3. Mean = 8.1 Mean = 10.3
LEAN OBESE
t test (=13 =9
6.1 8.8
P =0.001 7.1 9.2
75 92
Thereis a1 in 1000 75 9.7
chance of observing a 75 97
difference of 2.2 when 76 10.0
the means are really 79 15
equal. 8.1 11.9
8.1 12.8
8.1
8.4
10.1
10.9
8.1 10.3




LEAN OBESE
t test =13 =9
Ho: No difference in 6.1 8.8
energy expenditure 7.1 9.2
75 92
P =0.001 (less than 0.05) 75 9.7
) 75 9.7
Reject Ho: 76 100
. 7.9 11.5
Conclu§|on. .Energy - 1o
expenditure in obese
women was significantly 81 128
higher than lean women. 81
8.4
10.1
10.9
8.1 10.3

Important Relationship

m P values and Confidence Intervals
are related.

m If P < 0.05, 95% confidence interval
does not include the null value.
— Difference =0
— Relative Risk or Odds Ratio =1
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LEAN OBESE
95% ClI (n1=13) (n2=9)
Mean Difference 6.1 8.8
7.1 9.2
=1.05t0 341 75 92
75 9.7
Does not include 0 75 9.7
7.6 10.0
Statistically significant 7.9 115
8.1 11.9
8.1 12.8
8.1
8.4
10.1
10.9
8.1 10.3

Example using computer programs.

Microsoft Excel

GraphPad InStat
...easiest stats
package in the world
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# Energy Expanditure (MJ/day) Lean versus Obese Women

LEAN OBESE

Select and Copy Data
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Lt heps Wedow el

i:aml & semjo] e x| @@ Crdoring InStat |

Unpaized © test
Do the scans of LERN and OBESE differ significastly?

B walue
The two-tailed P value 1s 0.0000, considered extremely significant.

T = 3.964 wich 20 degzeea of freedom.

354 confidence interwal
Hean difference = 2.397 (Mesn of CBESE minus mean of LEAN)
The 9#5% confidence interval of the difference: 1.087 o 3.433

hssusprion test: Are the standard deviations equal?
The t test assumes that the columns come from populations with equal SDs.
The followimg sal 5T that

F o= 1.280

The P value is 0.3337.

This test suggests that the difference between the two 5Ds ia
nEE aigRifizant.

Assumpzion cest: Are che data sampled from Gaussian discributions?
The © TSt Assumes thAt the data are sampled from POpulAticns that follow
This is tested using the method

Folsegorev and Smizaev:

Gronp 75 P Valoe Passed normality test?
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Mean difference = 2.24
P <0.001, t test

95% Cl = 1.06 to 3.42
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Single copy pricing anprces in US dolars
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Windows 4.03 - Macintosh 4.0¢ Windows 3 06  Macintosh 3,00 Windows 200 - Macintosh 2 0a
Prism single license:  InStat single license:  StatMate single license:
Commercial $495.00 Comrnercial $149.00 Cemmercial $125.00
Academic $445.50 Acadernic $134.10 Academic $112.50
Student $371.25 Studem $111.75 Student 593.75
Prism upgrade: at upgrade: StatMate upgrade;
from 3.0 $199.00 from any $79.00 from any $45.00
from 1.0 $249.00 wersion version
or20
Shipping and delivery for single copy purchases:
UPS Ground delivery within contingntal USA:  $10.00 5-7 days
UPS Ground delivery to 32000 1-2
Canada weeks
Postal delivery 1o all other countries: $3000 2-4
s
UPS Air to Hawas, Alaska & $3500 Sdays a
F e B e
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Try our software free for 30 days.
$tep 1: Choose your demo products below.
Thase domos are completi warking versions hat ghe
¥OU 8 full 30 iy 10 evaluale, wih no bmaston

GraphPad Prism &5 & powariul comgnaion of

4 {rorlinear regressian)

P 1 one comprehensye
program. Ensdy ceganize, analyze and graph
repoatid expenments, pik approprste stalistical
tsts and werprot the rosuls.

ClWindows demo [l demo.
GraphPad InStat is & kss cumbarsoms almatve
10 typical hemvy-duty stststical programs. With
InStat, even o SIAsHCal NOVCH Can analyZo datn in
pst @ berw minstes. Try InStal for staistics wihout
== altho fuss
[lWindaws demo  [Jiac demo
[ ]

How to Pick the
Correct Statistic

Type of data

Number of comparison groups

Are the groups independent

(or are they matched)




What is matching?

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

m Examples: Before and after measurements in the
same subject. Cases matched to controls on a
confounding factor such as age.

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

Continuous Data

|2 groups | |>Zgroups |

Unmatched Matched Unmatched Matched

A

ttest pairedttest ANOVA  ANOVA with
‘ blocking

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

Ordinal Data

|2 groups | |>Zgr0ups |

Unmatched Matched Unmatched Matched

oo

Nominal Data

2 groups >2 groups or
2 outcomes > 2 outcomes
(2 x 2 table) (example: 3x3 table)
Unmatched  Matched Unmatched
Fisher’'s  McNemar’s Chi square Test
Exact Test Test

Mann-Whitney U Wilcoxon Kruskal-Wallis Friedman
or matched-pairs  1.way ANOVA 2-way ANOVA
Median Test signed-ranks test

m Martin J. Gardner, Douglas G. Altman.
Confidence intervals rather than P values:
Estimation rather than hypothesis testing.
BMJ 1986;292:746-50.

m Douglas G. Altman. Why we need
confidence intervals. World Journal of
Surgery 2005;29:554-5.
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Systolic blood
pressure (mm Hgl
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Systolic blood
pressure (mm Hg)
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Questions?
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