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• We muddle through life making choices 
based on incomplete information

• Statistics help us quantify uncertainty



Statistics

• = a discipline in which mathematics and 
probability are applied in ways that allow 
researchers to make sense of their data



Statistics

Data 
analysis

Probability Statistical 
inference



Definitions

• Data analysis = the gathering, display, 
and summary of data

• Probability = the laws of chance

• Statistical inference = the science of 
drawing statistical conclusions from data, 
using a knowledge of probability



Example: 92 students reported their weight (in pounds)













Types of data

Quantitative
(continuous)
(e.g., weight)

Categorical

Nominal
(e.g., gender,
blood type)

Ordinal
(e.g., stage of

Cancer)



Types of statistics

Descriptive statistics:
Describe the data 
and its distribution

Inferential statistics:
To generalize the data 

or to 
infer cause and effect

or differences
between groups



The normal distribution

• A symmetric frequency distribution (bell-
shaped curve) that can be defined by the 
mean and standard deviation

• The distribution is symmetric around the 
mean





The normal distribution

• The mean ± 1 standard deviation covers 
approximately 68% of the data 

• The mean ± 2 standard deviations covers 
approximately 95% of the data 



Central limit theorem

• The basis of most statistical tests

• The mean value of repeated samples of a 
population has approximately normal 
distribution

• For purposes of experimentation, we 
assume that our samples are 
representative of the total population



Types of statistical tests

• Parametric statistics:
– To describe normally distributed data
– For continuous variable

• Non-parametric statistics:
– When the distribution is not-symmetrical or 

unknown
– For nominal or ordinal data



Parametric statistics

• Z-test:
– Used to determine how many standard 

deviations your sample falls from the known
population mean

• T-test:
– Used to compare two means
– As the sample size increase, the T-test 

becomes equivalent to Z-test



Parametric statistics

• Unpaired T-test:
– To compare two independent groups

• Paired T-test:
– Uses before and after data
– Less variability

easier to achieve significance



Parametric statistics

• Analysis of Variance (ANOVA):
– Tells you if more than 2 groups are different
– Ho: all the means are equal

H1: not all the means are equal
– Compares variances within groups to 

variances between groups (F-value)
– It does not tell you which group is different!



Parametric statistics

• Multiple Analysis of Variance 
(MANOVA):

– Used to determine not only that there are 
differences between the means, but what 
differences are significant



Non-parametric statistics

• Ordinal data:
– Wilcoxon signed rank test

• Proportions:
– Chi-square test
– Fisher’s exact test



Correlation

• How closely do two factors follow each 
other? (e.g., height and weight)

• Does not assume cause-and-effect 
relationship



Linear Regression

• Can height predict weight?
weight = a + b (height)

• We can calculate the significance of b
(is b significantly different from zero)



Multiple Linear Regression

• Weight = a + b (height) + c (calories)

• Can calculate the significance of any of a, 
b, c, ….etc.



Logistic Regression

• Used to determine the effect of a variable 
on a binominal outcome 
(e.g., dead or alive)



Types of Error

• Type I (alpha error) = p-value:
– Probability that your results occurred by 

chance alone
– Probability of rejecting Ho when it is correct

• Type II (beta error):
– Probability of missing a true difference
– Probability of accepting Ho when is not correct



Power

• = probability of finding a true difference 
(1-Beta)
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