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ObjectivesObjectivesObjectivesObjectives
To understand and know how toTo understand and know how toTo understand and know how to To understand and know how to 
calculate confidence intervals.calculate confidence intervals.

Understand the relationship between Understand the relationship between 
confidence intervals and P values.confidence intervals and P values.

Roadmap for picking the correct Roadmap for picking the correct 
statistic.statistic.statistic.statistic.



T pes of DataT pes of DataTypes of DataTypes of Data



Nominal DataNominal DataNominal DataNominal Data
Data which fits into categoriesData which fits into categoriesData which fits into categories Data which fits into categories 
Sex: male / femaleSex: male / female
Pregnancy: yes / noPregnancy: yes / no
Counts are compiled as a proportionsCounts are compiled as a proportionsp p pp p p

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



Ordinal DataOrdinal DataOrdinal DataOrdinal Data
Categorical data with levels that canCategorical data with levels that canCategorical data with levels that can Categorical data with levels that can 
be orderedbe ordered
P i ild / d t /P i ild / d t /Pain: mild / moderate / severePain: mild / moderate / severe
Data often analyzed as ranks: 1, 2, 3 Data often analyzed as ranks: 1, 2, 3 



Continuous DataContinuous DataContinuous DataContinuous Data

Data obtained by measuringData obtained by measuringData obtained by measuringData obtained by measuring
Height, weight, age, blood Height, weight, age, blood 
pressurepressure
Values are usually compiled asValues are usually compiled asValues are usually compiled as Values are usually compiled as 
meansmeans



Type of DataType of DataType of DataType of Data
Determines where you go with yourDetermines where you go with yourDetermines where you go with your Determines where you go with your 
statistical analysis.statistical analysis.



Descriptive StatisticsDescriptive Statisticspp

C i DC i DContinuous DataContinuous Data



Measures of Central TendencyMeasures of Central TendencyMeasures of Central TendencyMeasures of Central Tendency

Mean Mean -- averageaverage
MedianMedian -- middlemiddleMedian Median -- middlemiddle
Mode Mode -- mostmost



Measures of DispersionMeasures of DispersionMeasures of DispersionMeasures of Dispersion

How variable is the data set?How variable is the data set?How variable is the data set?How variable is the data set?



RangeRangeRangeRange

LowestLowest highest valuehighest valueLowest Lowest -- highest valuehighest value
Not really that informative Not really that informative 
Usually the outliersUsually the outliers
Not used in any statisticalNot used in any statisticalNot used in any statistical Not used in any statistical 
methodsmethods



VarianceVarianceVarianceVariance
Measure of the spread of the dataMeasure of the spread of the data

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

SumSum (Mean(Mean -- value)value) 22Sum Sum (Mean (Mean value)value)
(n (n -- 1)1)

See: Gaddis & Gaddis. Introduction to Biostatistics: See: Gaddis & Gaddis. Introduction to Biostatistics: 
Part 2, Descriptive statistics. Annals of Emergency Part 2, Descriptive statistics. Annals of Emergency 
Medicine 1990 March;19(3):312Medicine 1990 March;19(3):312--1313Medicine 1990 March;19(3):312Medicine 1990 March;19(3):312--13.13.



VarianceVarianceVarianceVariance
SumSum (Mean(Mean -- value)value) 22Sum Sum (Mean (Mean value)value)

(n (n -- 1)1)

Squared units aren’t very meaningfulSquared units aren’t very meaningfulq y gq y g



Standard Deviation (SD)Standard Deviation (SD)Standard Deviation (SD)Standard Deviation (SD)

Square root of the varianceSquare root of the varianceSquare root of the varianceSquare root of the variance

Measure of the spread of the Measure of the spread of the 
sample datasample datasample data sample data 



Normal DistributionNormal DistributionNormal DistributionNormal Distribution

ΧΧ
Mean Mean ±± 1SD contains 68% of data points1SD contains 68% of data points



Normal DistributionNormal DistributionNormal DistributionNormal Distribution

ΧΧ
Mean Mean ±± 2SD contains 95% of data points2SD contains 95% of data points



Standard Error of the Mean (SEM)Standard Error of the Mean (SEM)Standard Error of the Mean (SEM)Standard Error of the Mean (SEM)

Indicates the degree of uncertainty inIndicates the degree of uncertainty inIndicates the degree of uncertainty in Indicates the degree of uncertainty in 
calculating a point estimate (mean or calculating a point estimate (mean or 
proportion)proportion)

Somewhat abstractSomewhat abstract

Mathematically simple: SE = Mathematically simple: SE = SD SD ÷÷ √√nn

Used to construct confidence intervalsUsed to construct confidence intervals



Confidence Interval (CI)Confidence Interval (CI)Confidence Interval (CI)Confidence Interval (CI)
Range of values within which theRange of values within which theRange of values within which the Range of values within which the 
‘true’ population parameter is ‘true’ population parameter is 
believed to be found with a givenbelieved to be found with a givenbelieved to be found, with a given believed to be found, with a given 
level of confidence.level of confidence.



95% Confidence Interval (CI)95% Confidence Interval (CI)95% Confidence Interval (CI)95% Confidence Interval (CI)
Range of possible truthsRange of possible truthsRange of possible truths.Range of possible truths.

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



Confidence Interval (CI)Confidence Interval (CI)Confidence Interval (CI)Confidence Interval (CI)
MathematicallyMathematicallyMathematicallyMathematically

95% CI = sample estimate 95% CI = sample estimate ±± 1.96 x SE1.96 x SE
(mean)(mean)( )( )

(proportion)                   (proportion)                   



Confidence Interval (CI)Confidence Interval (CI)Confidence Interval (CI)Confidence Interval (CI)
ExampleExample

Clinical Trial for prevention of infant Clinical Trial for prevention of infant 
hypocalcaemiahypocalcaemiaypyp

pregnantpregnant
Vitamin DVitamin D

Infant’s plasma Ca measured after birth.Infant’s plasma Ca measured after birth.

momsmoms PlaceboPlacebo

Infant s plasma Ca measured after birth.  Infant s plasma Ca measured after birth.  



Infant Plasma Ca (mg per 100 ml)Infant Plasma Ca (mg per 100 ml)Infant Plasma Ca (mg per 100 ml)Infant Plasma Ca (mg per 100 ml)

GG NN MM SDSDGroup:Group: NN MeanMean SDSD
Vitamin DVitamin D 233233 9.369.36 1.151.15
PlaceboPlacebo 394394 9.019.01 1.331.33

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

SE = SD SE = SD ÷÷ √√n = 1.15 n = 1.15 ÷÷ √√233 = 0.075 233 = 0.075 



Infant Plasma Ca (mg per 100 ml)Infant Plasma Ca (mg per 100 ml)Infant Plasma Ca (mg per 100 ml)Infant Plasma Ca (mg per 100 ml)

GG NN MM SDSDGroup:Group: NN MeanMean SDSD
Vitamin DVitamin D 233233 9.369.36 1.151.15
PlaceboPlacebo 394394 9.019.01 1.331.33

SE = SE = 0.075 0.075 

95% CI = sample mean 95% CI = sample mean ±± 1.96 (SE)1.96 (SE)
= 9.36 = 9.36 ±± 1.96 (0.075) 1.96 (0.075) 
= 9.21 to 9.51= 9.21 to 9.51



Infant Plasma Ca (mg per 100 ml)Infant Plasma Ca (mg per 100 ml)Infant Plasma Ca (mg per 100 ml)Infant Plasma Ca (mg per 100 ml)

GG NN MM SDSDGroup:Group: NN MeanMean SDSD
Vitamin DVitamin D 233233 9.369.36 1.151.15
PlaceboPlacebo 394394 9.019.01 1.331.33

95% CI = 9.21 to 9.5195% CI = 9.21 to 9.51

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



Infant Plasma Ca (mg per 100 ml)Infant Plasma Ca (mg per 100 ml)Infant Plasma Ca (mg per 100 ml)Infant Plasma Ca (mg per 100 ml)

GG NN MM SDSDGroup:Group: NN MeanMean SDSD
Vitamin DVitamin D 233233 9.369.36 1.151.15
PlaceboPlacebo 394394 9.019.01 1.331.33

95% CI = 9.21 to 9.5195% CI = 9.21 to 9.51

There is a 1 in 20 chance that the ‘true’ There is a 1 in 20 chance that the ‘true’ 
mean is outside this range.mean is outside this range.





P valueP valueP valueP value
Comes with statistical tests: t testsComes with statistical tests: t testsComes with statistical tests: t tests Comes with statistical tests: t tests 
and chi square tests.and chi square tests.

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



Small P valuesSmall P valuesSmall P valuesSmall P values
Indicate that the observed differenceIndicate that the observed differenceIndicate that the observed difference Indicate that the observed difference 
is unlikely due to chance.is unlikely due to chance.



P value <P value < 0 050 05P value < P value < 0.050.05
Considered statistically significantConsidered statistically significantConsidered statistically significantConsidered statistically significant

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



P value =P value = 0 0040 004P value = P value = 0.0040.004
Means that the probability ofMeans that the probability ofMeans that the probability of Means that the probability of 
observing such as difference by observing such as difference by 
chance is 4 in 1000chance is 4 in 1000chance is 4 in 1000.chance is 4 in 1000.



t testt testt testt test

continuous datacontinuous datacontinuous datacontinuous data
1 comparison between 2 1 comparison between 2 
independent groupsindependent groups



2 groups2 groups LEANLEAN
(n = 13)(n = 13)

OBESEOBESE
(n = 9)(n = 9)( )( ) ( )( )

6.16.1 8.88.8
7.17.1 9.29.2

Lean vs Obese WomenLean vs Obese Women

7.57.5 9292
7.57.5 9.79.7
7.57.5 9.79.7

Energy ExpenditureEnergy Expenditure
(MJ per day)(MJ per day)

7.57.5 9.79.7
7.67.6 10.010.0
7.97.9 11.511.5

Means 8.1 vs 10.3Means 8.1 vs 10.3

8.18.1 11.911.9
8.18.1 12.812.8
8 18 18.18.1
8.48.4
10.110.1
10.910.9

Mean = 8.1Mean = 8.1 Mean = 10.3Mean = 10.3

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



t testt test LEANLEAN
(n1 = 13)(n1 = 13)

OBESEOBESE
(n2 = 9)(n2 = 9)( )( ) ( )( )

6.16.1 8.88.8
7.17.1 9.29.2

Ho: No difference in Ho: No difference in 
energy expenditureenergy expenditure

7.57.5 9292
7.57.5 9.79.7
7.57.5 9.79.7

t = t = mean1 mean1 -- mean2mean2
SE (mean diff) SE (mean diff) 7.57.5 9.79.7

7.67.6 10.010.0
7.97.9 11.511.5t = t = 10.3 10.3 -- 8.18.1 =   =   2.22.2

0 56 0 560 56 0 56 8.18.1 11.911.9
8.18.1 12.812.8
8 18 1

0.56         0.560.56         0.56

= 3.95= 3.95
8.18.1
8.48.4
10.110.1

From t table From t table 
or computer programor computer program

10.910.9
Mean1 = 8.1Mean1 = 8.1 Mean2 = 10.3Mean2 = 10.3P = 0.001P = 0.001



t testt test LEANLEAN
(n = 13)(n = 13)

OBESEOBESE
(n = 9)(n = 9)( )( ) ( )( )

6.16.1 8.88.8
7.17.1 9.29.2P = 0.001P = 0.001
7.57.5 9292
7.57.5 9.79.7
7.57.5 9.79.7

There is a 1 in 1000 There is a 1 in 1000 
chance of observing a chance of observing a 7.57.5 9.79.7

7.67.6 10.010.0
7.97.9 11.511.5

difference of 2.2 when difference of 2.2 when 
the means are really the means are really 
equalequal 8.18.1 11.911.9

8.18.1 12.812.8
8 18 1

equal.   equal.   

8.18.1
8.48.4
10.110.1
10.910.9
8.18.1 10.310.3



t testt test LEANLEAN
(n = 13)(n = 13)

OBESEOBESE
(n = 9)(n = 9)( )( ) ( )( )

6.16.1 8.88.8
7.17.1 9.29.2

Ho: No difference in Ho: No difference in 
energy expenditureenergy expenditure

7.57.5 9292
7.57.5 9.79.7
7.57.5 9.79.7

P = 0.001 P = 0.001 (less than 0.05)(less than 0.05)
7.57.5 9.79.7
7.67.6 10.010.0
7.97.9 11.511.5

Reject Ho:Reject Ho:

Conclusion: EnergyConclusion: Energy 8.18.1 11.911.9
8.18.1 12.812.8
8 18 1

Conclusion: Energy Conclusion: Energy 
expenditure in obese expenditure in obese 
women was significantly women was significantly 
hi h th lhi h th l 8.18.1

8.48.4
10.110.1

higher than lean women.higher than lean women.

10.910.9
8.18.1 10.310.3



95% CI95% CI
LEANLEAN

(n1 = 13)(n1 = 13)
OBESEOBESE
(n2 = 9)(n2 = 9)

Mean DifferenceMean Difference
( )( ) ( )( )

6.16.1 8.88.8
7.17.1 9.29.2

..

= 1 05 to 3 41= 1 05 to 3 41 7.57.5 9292
7.57.5 9.79.7
7.57.5 9.79.7

= 1.05 to 3.41= 1.05 to 3.41

Does not include 0Does not include 0 7.57.5 9.79.7
7.67.6 10.010.0

7.97.9 11.511.5

Does not include 0Does not include 0

Statistically significantStatistically significant
8.18.1 11.911.9
8.18.1 12.812.8
8 18 1

y gy g

8.18.1
8.48.4

10.110.1
10.910.9
8.18.1 10.310.3



Important RelationshipImportant RelationshipImportant RelationshipImportant Relationship
P values and Confidence IntervalsP values and Confidence IntervalsP values and Confidence Intervals P values and Confidence Intervals 
are related.are related.

If P < 0.05, 95% confidence interval If P < 0.05, 95% confidence interval 
does not include the null value.does not include the null value.
–– Difference = 0Difference = 0
–– Relative Risk or Odds Ratio = 1Relative Risk or Odds Ratio = 1



Example using computer programsExample using computer programsExample using computer programs.Example using computer programs.

Microsoft ExcelMicrosoft Excel

GraphPadGraphPad InStatInStat
i t t ti t t t…easiest stats …easiest stats 

package in the worldpackage in the world





Select and Copy DataSelect and Copy Datapypy





PastePastePastePaste











Mean difference = 2.24

P < 0.001, t test 

95% CI = 1 06 to 3 4295% CI = 1.06 to 3.42











How to Pick the How to Pick the 
Correct StatisticCorrect Statistic

1.1. Type of dataType of data

22 Number of comparison groupsNumber of comparison groups2.2. Number of comparison groupsNumber of comparison groups

3.3. Are the groups independent     Are the groups independent     
(or are they matched)(or are they matched)(or are they matched)   (or are they matched)   



What is matching?What is matching?What is matching?What is matching?
Observations or measurements made on theObservations or measurements made on theObservations or measurements made on the Observations or measurements made on the 
same subject (or on individually matched same subject (or on individually matched 
subjects) are said to be “matched” or “paired.” subjects) are said to be “matched” or “paired.” 

Examples: Before and after measurements in the Examples: Before and after measurements in the 
same subject.  Cases matched to controls on a same subject.  Cases matched to controls on a 

f di f t hf di f t hconfounding factor such as age.confounding factor such as age.

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



Continuous DataContinuous DataContinuous DataContinuous Data

2 groups > 2 groups2 groups > 2 groups2 groups         > 2 groups2 groups         > 2 groups

Unmatched   MatchedUnmatched   Matched Unmatched   MatchedUnmatched   Matched

t test     paired t testt test     paired t test ANOVA      ANOVA withANOVA      ANOVA with
blockingblocking

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



Ordinal DataOrdinal DataOrdinal DataOrdinal Data

2 groups > 2 groups2 groups > 2 groups2 groups         > 2 groups2 groups         > 2 groups

Unmatched       MatchedUnmatched       Matched Unmatched      MatchedUnmatched      Matched

MannMann--Whitney UWhitney U
or or 

Median TestMedian Test

KruskalKruskal--WallisWallis
11--way ANOVA way ANOVA 

Wilcoxon         Wilcoxon         
matchedmatched--pairs  pairs  

signedsigned--ranks testranks test

Friedman            Friedman            
22--way ANOVAway ANOVA



Nominal DataNominal DataNominal DataNominal Data
2 groups2 groups >2 groups or>2 groups or2 groups2 groups

2 outcomes2 outcomes
(2 x 2 table)(2 x 2 table)

2 groups or    2 groups or    
> 2 outcomes  > 2 outcomes  
(example: 3x3 table)(example: 3x3 table)

Unmatched      MatchedUnmatched      Matched UnmatchedUnmatched

Fisher’sFisher’s
E act TestE act Test

McNemar’s McNemar’s 
TestTest

Chi square TestChi square Test
Exact Test Exact Test Test Test 
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What What 
measure measure 

ffof of 
precision precision 

wouldwouldwould would 
best best 

compare compare pp
these these 
group group 

means?means?



95% CI around the Mean Difference95% CI around the Mean Difference95% CI around the Mean Difference95% CI around the Mean Difference



Questions?Questions?Questions?Questions?


