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Some terminology....Some terminology....

Mathematical Statistics is the science which seeks to Mathematical Statistics is the science which seeks to 
explain the explain the ““mass/globalmass/global””

 
phenomena through a phenomena through a 

relatively small number of observations.relatively small number of observations.

X ±
 

2,5 % Y ±
 

2,5 %

e.g. election day, 
exit polls



Some terminology....Some terminology....

How is this possible?How is this possible? All romanian
 

electors (~ 14 mil.) 

Questionnaire
(opinion poll)

representative sample 
of electors  (~1400 –

 
21000)



Some terminology....Some terminology....

Biostatistics is a branch of statistics, specialized in Biostatistics is a branch of statistics, specialized in 
investigation of biological phenomena investigation of biological phenomena 

E.g. Average weight 
of Tg. Mures

 
adult citizens (~ 149 500)

Representative sample 
of Tg. Mures

 

citizens  
(~1200-1400)70,3 ±

 
5,7 Kg



Some terminology....Some terminology....
 STATISTICAL POPULATIONSTATISTICAL POPULATION

A populationA population

 

is a large set of objects of a similar nature is a large set of objects of a similar nature --

 

e.g. human beings, e.g. human beings, 

households, readings from a measurement device households, readings from a measurement device --

 

which is of interest as a whole.which is of interest as a whole.
PopulationPopulation is also used to refer to a set of potential is also used to refer to a set of potential measurementsmeasurements

 

or values, or values, 
including not only cases actually observed but those that are poincluding not only cases actually observed but those that are potentially tentially 
observableobservable. . 

Statistical populationStatistical population is a is a setset

 

of entities concerning which of entities concerning which statistical inferencesstatistical inferences

 

are to are to 

be drawn, often based for example on a be drawn, often based for example on a random samplerandom sample

 

taken from the population.taken from the population.
http://en.wikipedia.org/wiki/Statistical_populationhttp://en.wikipedia.org/wiki/Statistical_population

Finite populationFinite population is a population that contains finite many individual (items or is a population that contains finite many individual (items or 
measurements). measurements). 

Infinite populationInfinite population is a population that contains unlimited members.is a population that contains unlimited members.
http://www.usd.edu/~vmcbride/Stats281/Worksheet 206http://www.usd.edu/~vmcbride/Stats281/Worksheet 206--1.htm1.htm

A population is not necessarily realA population is not necessarily real

 

--

 

it may be it may be hypotheticalhypothetical or imaginary. For or imaginary. For 
example, outcomes of an example, outcomes of an experiment experiment , that is carried out infinitely, make a , that is carried out infinitely, make a 
hypothetical population. hypothetical population. 

http://www.statistics.com/resources/glossary/p/population.phphttp://www.statistics.com/resources/glossary/p/population.php

http://en.wikipedia.org/wiki/Measurement
http://www.statistics.com/resources/glossary/e/experiment.php


Some terminology....Some terminology....
 SAMPLESAMPLE

A A samplesample

 

is a is a subsetsubset

 

of a of a populationpopulation. Typically, the population is very large, . Typically, the population is very large, 
making a making a censuscensus

 

or a complete or a complete enumerationenumeration

 

of all the values in the of all the values in the 
population impractical or impossible. population impractical or impossible. 

Successful statistical practice is based on focused Successful statistical practice is based on focused problem definitionproblem definition. In . In 
sampling, this includes defining the sampling, this includes defining the populationpopulation

 

from which our sample is from which our sample is 
drawn. drawn. 

As we already know, population can be defined as including all pAs we already know, population can be defined as including all people or items eople or items 
with the characteristic one wishes to understand. Because there with the characteristic one wishes to understand. Because there is very is very 
rarely enough time or money to gather information from everyone rarely enough time or money to gather information from everyone or or 
everything in a population, the goal becomes finding a everything in a population, the goal becomes finding a representative representative 
samplesample

 

(or subset) of that population. (or subset) of that population. 
The sampleThe sample

 

represents a subset of manageable size. represents a subset of manageable size. 
Samples are collected and Samples are collected and statistics are calculated from the samplesstatistics are calculated from the samples

 

so so 
that one can make that one can make inferencesinferences

 

or or extrapolationsextrapolations

 

from the sample to the from the sample to the 
population. population. 

This process of collecting information from a sample is referredThis process of collecting information from a sample is referred

 

to as to as 
samplingsampling. . 

http://en.wikipedia.org/wiki/Sample_(statisticshttp://en.wikipedia.org/wiki/Sample_(statistics))

http://en.wikipedia.org/wiki/Subset
http://en.wikipedia.org/wiki/Sampling_%28statistics%29


Some terminology....Some terminology....
 TYPES OFTYPES OF

 
SAMPLESSAMPLES

The best way to avoid a biased or unrepresentative sample is to The best way to avoid a biased or unrepresentative sample is to select a select a 
random samplerandom sample, also known as a probability sample. , also known as a probability sample. 

A A random samplerandom sample

 

is defined as a sample where the is defined as a sample where the probabilityprobability

 

that any that any 
individual member from the population being selected as part of individual member from the population being selected as part of the sample the sample 
is exactly the same as any other individual member of the populais exactly the same as any other individual member of the population. tion. 
Several types of random samples are Several types of random samples are simple random samplessimple random samples, , systematic systematic 
samplessamples, , stratified random samplesstratified random samples, and , and cluster random samplescluster random samples. . 

A sample that is not random is called a A sample that is not random is called a nonrandom sample

 

or a or a 
nonprobabilitynonprobability

 

samplesample. . 


 

NonprobabilityNonprobability

 

sampling include:sampling include:


 

Convenience, Haphazard or Convenience, Haphazard or Accidental samplingAccidental sampling

 

--

 

members of the population members of the population 
are chosen based on their relative ease of access.are chosen based on their relative ease of access.



 

Snowball samplingSnowball sampling

 

--

 

The first respondent refers a friend. The friend also refers a The first respondent refers a friend. The friend also refers a 
friend, etc. friend, etc. 



 

Judgmental samplingJudgmental sampling

 

or or Purposive samplingPurposive sampling

 

--

 

The researcher chooses the The researcher chooses the 
sample based on who they think would be appropriate for the studsample based on who they think would be appropriate for the study. y. 



 

Deviant CaseDeviant Case--Get cases that substantially differ from the dominant pattern (aGet cases that substantially differ from the dominant pattern (a

 
special type of purposive sample) special type of purposive sample) 



 

Case studyCase study

 

--

 

The research is limited to one group, often with a similar charThe research is limited to one group, often with a similar characteristic acteristic 
or of small size.or of small size.



 

ad hoc quotasad hoc quotas

 

--

 

A quota is established (say 65% women) and researchers are freeA quota is established (say 65% women) and researchers are free

 
to choose any respondent they wish as long as the quota is met. to choose any respondent they wish as long as the quota is met. 

Representative and unrepresentative samplesRepresentative and unrepresentative samples

http://en.wikipedia.org/wiki/Random_sample
http://en.wikipedia.org/wiki/Simple_random_sample
http://en.wikipedia.org/wiki/Systematic_sampling
http://en.wikipedia.org/wiki/Systematic_sampling
http://en.wikipedia.org/wiki/Stratified_sampling
http://en.wikipedia.org/wiki/Cluster_sampling
http://en.wikipedia.org/wiki/Nonprobability_sampling
http://en.wikipedia.org/wiki/Nonprobability_sampling
http://en.wikipedia.org/wiki/Accidental_sampling


Some terminology....Some terminology....
 Where are we now...on this lecture...?Where are we now...on this lecture...?

Statistical 
Population

 

–
including all people or items with the 
characteristic one wishes to 
understand. 

- Finite
- Infinite
- Hypothetical

Sample

 

–

 

a subset of a 
population

- Random
- Nonrandom

If we measure some numbers :If we measure some numbers :

Descriptive statistics

 

are distinguished from 
inferential/inductive statistics

 

in that they 
aim to quantitatively summarize a data set, 
rather than being used to support statements 
about the population that the data are thought 
to represent.

Descriptive statistics

 

are used to 
describe the main features of a 
collection of data in quantitative 
terms.

Inferential/inductive statistics



Some terminology....Some terminology....
 INFERENTIALINFERENTIAL/Inductive STATISTICS/Inductive STATISTICS

Statistical inferenceStatistical inference
 

or or 
statistical inductionstatistical induction

 comprises the use of comprises the use of 
statisticsstatistics

 
and (random) and (random) 

sampling to make sampling to make 
inferencesinferences

 
concerning concerning 

some unknown aspect some unknown aspect 
of a of a populationpopulation. . 

InferenceInference
 

is the act or is the act or 
process of deriving a process of deriving a 
logical consequence logical consequence 
conclusion from conclusion from 
premises. premises. 

Definition(sDefinition(s):):
Population

Population 
after 

statistical 
analysis

Sample

Statistical 
(inferential) 
analysis on the 
sample

http://en.wikipedia.org/wiki/Statistics
http://en.wikipedia.org/wiki/Inference
http://en.wikipedia.org/wiki/Population


Some terminology....Some terminology....
 INFERENTIALINFERENTIAL/Inductive STATISTICS/Inductive STATISTICS

1. Point estimation1. Point estimation
 

involves the use of involves the use of samplesample
 datadata

 
to calculate a to calculate a single valuesingle value

 
(known as a (known as a 

statisticstatistic) which is to serve as a "best guess" for ) which is to serve as a "best guess" for 
an unknown (fixed or random) population an unknown (fixed or random) population 
parameterparameter

 
(e.g. RR=3,72)(e.g. RR=3,72)

2. Interval estimation2. Interval estimation
 

is the use of is the use of samplesample
 

datadata
 to calculate an to calculate an intervalinterval

 
of possible (or probable) of possible (or probable) 

values of an unknown values of an unknown population parameterpopulation parameter, in , in 
contrast to contrast to point estimationpoint estimation, which is a single , which is a single 
number(e.gnumber(e.g. CI95% for RR is 1,57. CI95% for RR is 1,57……7,92)7,92)

Statistical inference Statistical inference --

 

inference about a population from a random sample drawn from itinference about a population from a random sample drawn from it

 

or, more or, more 
generally, about a random process from its observed behavior durgenerally, about a random process from its observed behavior during a finite period of time. It may ing a finite period of time. It may 
includes:includes:

Definition(sDefinition(s):):

http://en.wikipedia.org/wiki/Statistical_sample
http://en.wikipedia.org/wiki/Data
http://en.wikipedia.org/wiki/Data
http://en.wikipedia.org/wiki/Interval_%28mathematics%29
http://en.wikipedia.org/wiki/Population_parameter
http://en.wikipedia.org/wiki/Point_estimation


Some terminology....Some terminology....
 INFERENTIALINFERENTIAL/Inductive STATISTICS/Inductive STATISTICS

Questions:Questions:

Where is the 
“true value”

Interval 
estimation

 
with 

a specific level of 
confidence (e.g. 

95%)

Point 
estimation,

 
the 

result of my 
experiment

Can I know it ever ???
Probably NO !!! 

How confident 
should I be that 

other experiments 
will obtain  

“similar”
 results???

What (average) 
result I obtained ?

70,3 Kg

±
 

5,7 Kg



Some terminology....Some terminology....
 INFERENTIALINFERENTIAL/Inductive STATISTICS/Inductive STATISTICS

3. A 3. A statistical hypothesis teststatistical hypothesis test
 

is a method of making is a method of making 
statistical decisions using experimental data. It is statistical decisions using experimental data. It is 
sometimes called sometimes called confirmatory data. confirmatory data. These decisions These decisions 
are almost always made using are almost always made using nullnull--hypothesishypothesis

 
tests tests 

The The null hypothesisnull hypothesis
 

(H0) formally describes some aspect (H0) formally describes some aspect 
of the statistical of the statistical behaviourbehaviour

 
of a set of data; this of a set of data; this 

description is treated as valid unless the actual description is treated as valid unless the actual 
behaviourbehaviour

 
of the data contradicts this assumption. Thus, of the data contradicts this assumption. Thus, 

the null hypothesis is contrasted against another the null hypothesis is contrasted against another 
hypothesis, sohypothesis, so--called called ““alternative hypothesisalternative hypothesis””..

4. 4. Prediction/forecast.Prediction/forecast.
 

A A predictionprediction
 

is a statement or is a statement or 
claim that a particular claim that a particular eventevent

 
will occur in the will occur in the futurefuture

 
in in 

more certain terms than a more certain terms than a forecastforecast. . ForecastingForecasting
 

is the is the 
process of process of estimationestimation

 
in unknown situations. in unknown situations. PredictionPrediction

 is a similar, but more general term. is a similar, but more general term. RiskRisk
 

and and 
uncertaintyuncertainty

 
are central to forecasting and prediction. are central to forecasting and prediction. 

Definition(sDefinition(s):):

http://en.wikipedia.org/wiki/Null-hypothesis
http://en.wikipedia.org/wiki/Null-hypothesis
http://en.wikipedia.org/wiki/Null-hypothesis
http://en.wikipedia.org/wiki/Event
http://en.wikipedia.org/wiki/Future
http://en.wikipedia.org/wiki/Forecasting


Some terminology....Some terminology....
 INFERENTIALINFERENTIAL/Inductive STATISTICS/Inductive STATISTICS

""A statistically significant difference"A statistically significant difference" simply means there is simply means there is 
statistical evidencestatistical evidence

 
that that there is a differencethere is a difference; it ; it does not does not 

mean the difference is necessarily large, important, or mean the difference is necessarily large, important, or 
significant in the common meaning of the wordsignificant in the common meaning of the word..

Why we need it?Why we need it?

Which means 
are 
signifficantly

 different
 

??? 



Some terminology....Some terminology....
 INFERENTIALINFERENTIAL/Inductive STATISTICS/Inductive STATISTICS

We need statistical significance tests in order to conclude thatWe need statistical significance tests in order to conclude that
 something has "something has "statistical significancestatistical significance““. No one can make . No one can make 

statistical decisions based on statistical decisions based on ““his eyeshis eyes”” or or ““his his prieviousprievious
 experience(sexperience(s))””..

Why we need it?Why we need it?

“The Owls are not 
what they seem !”

Twin Peaks



Some terminology....Some terminology....
 INFERENTIALINFERENTIAL/Inductive STATISTICS/Inductive STATISTICS

Data Data type(stype(s):):

What we need to know before we start the analysis ?What we need to know before we start the analysis ?

Quantitative (numerical) data
•Discrete data, if there are only a finite number of values possible

 

or if there is 
a space on the number line between each 2 possible values (e.g

 

old fashioned 
mercur

 

based termomether).

•

 

Continuous data

 

makes up the rest of numerical data. This is a type of data that 
is usually associated with some sort of advanced physical measurement.



Some terminology....Some terminology....
 INFERENTIALINFERENTIAL/Inductive STATISTICS/Inductive STATISTICS

Data Data type(stype(s):):

What we need to know before we start the analysis ?What we need to know before we start the analysis ?

Qualitative (categorical) data
•

 

Binary (logical) data

 

-

 

a basic type of 
categorical data (e.g. positive/negative; 
present/absent etc).
•

 

On more complex categorical data, the first (and 
weakest) level of data is called nominal

 

level 
data. Nominal

 

level data is made up of values 
that are distinguished by name only. There is no 
standard ordering scheme

 

to this data (e.g. 
romanian, hungarian, scotish

 

groups of people 
etc.).
•The second level of data is called ordinal level 
data. Ordinal

 

level data is similar to nominal 
level data in that the data is distinguished by 
name, but it is different than nominal level data

 
because there is an ordering scheme (e.g. small, 
medium and high level smokers).. 



Some terminology....Some terminology....
 INFERENTIALINFERENTIAL/Inductive STATISTICS/Inductive STATISTICS

Data Data type(stype(s)/)/some exercises:some exercises:

What we need to know before we start the analysis ?What we need to know before we start the analysis ?



Some terminology....Some terminology....
 INFERENTIALINFERENTIAL/Inductive STATISTICS/Inductive STATISTICS

Data Data type(stype(s)/)/some exercises some exercises ––
 

““transforming datatransforming data””::

What we need to know before we start the analysis ?What we need to know before we start the analysis ?



Some terminology....Some terminology....
 INFERENTIALINFERENTIAL/Inductive STATISTICS/Inductive STATISTICS

Data Data type(stype(s):):

What we need to know before we start the analysis ?What we need to know before we start the analysis ?

Qualitative (categorical) data
•Contingency tables
In statistics, contingency tables

 

are 
used to record and analyse

 

the 
relationship between two or more 
variables (e.g

 

one independent and one 
dependent variable), most usually 
categorical variables.
It may be 2x2 or nxn

 

contingency 
tables.

Raw data:

Contingency table (2x2):Contingency table (nxn):

http://en.wikipedia.org/wiki/Categorical_variable


Some terminology....Some terminology....
 INFERENTIALINFERENTIAL/Inductive STATISTICS/Inductive STATISTICS

Data Data type(stype(s): paired or unpaired data?): paired or unpaired data?

What we need to know before we start the analysis ?What we need to know before we start the analysis ?

Paired data

 

-values which fall normally into pairs and can therefore be expected to vary more 
between pairs than within pairs.
Are the data paired?
Choose a paired test when the experiment follows one of these designs:
•

 

You measure a variable before and after an intervention in each subject.
• You recruit subjects as pairs, matched for variables such as age, ethnic group or disease 
severity. One of the pair gets one treatment; the other gets an alternative treatment.
• You run a laboratory experiment several times, each time with a control and treated 
preparation handled in parallel.
• You measure a variable in twins, or child/parent pairs.
More generally, you should select a paired test whenever you expect a value in one group to 
be closer to a particular value in the other group than to a randomly selected value in the 
other group.

H. Motulsky

 

–

 

The InStat

 

guide to choosing and interpreting statistical tests , 2003, GraphPad

 

Software



Some terminology....Some terminology....
 INFERENTIALINFERENTIAL/Inductive STATISTICS/Inductive STATISTICS

Data Data type(stype(s): paired or unpaired data?/some exercises): paired or unpaired data?/some exercises

What we need to know before we start the analysis ?What we need to know before we start the analysis ?

paired unpaired

paired



Some terminology....Some terminology....
 INFERENTIALINFERENTIAL/Inductive STATISTICS/Inductive STATISTICS

Data Data type(stype(s): How many samples ?): How many samples ?

What we need to know before we start the analysis ?What we need to know before we start the analysis ?

One sample Two samples

Three or more 
samples



Some terminology....Some terminology....
 INFERENTIALINFERENTIAL/Inductive STATISTICS/Inductive STATISTICS

Data type(s): how to collect data for various statistical softwaData type(s): how to collect data for various statistical softwarere

What we need to know before we start the analysis ?What we need to know before we start the analysis ?

“indexed data”

 

- there is a “grouping 
variable”: SPSS, SAS, EpiInfo,OpenStat 
etc

“raw data”

 

-
there is NO“grouping variable”: 
Excel,OOO Statistics, GraphPad 
Instat, Prism etc



Some terminology....Some terminology....
 Steps required to apply a statistical testSteps required to apply a statistical test

1.1. The statementThe statement of relevant of relevant null null and and alternative hypothesesalternative hypotheses to be to be 
tested.  tested.  

2.2. Choosing significance levelChoosing significance level (represented by the Greek symbol (represented by the Greek symbol αα

 
(alpha). (alpha). Popular levels of significance are 5%, 1% and 0.1%Popular levels of significance are 5%, 1% and 0.1%

3.3.

 

Compute the relevant Compute the relevant test statistictest statistic
4.4.

 

Compare the testCompare the test--statistic (S) to the relevant critical values statistic (S) to the relevant critical values 
(CV)(CV)

 

(obtained from tables in standard cases). Here we may obtain (obtained from tables in standard cases). Here we may obtain 
soso--called called ““p valuep value””..

5.5.

 

Decide to either fail to reject the null hypothesis or reject itDecide to either fail to reject the null hypothesis or reject it

 

in in 
favor of the alternativefavor of the alternative. The decision rule is to reject the null . The decision rule is to reject the null 
hypothesis (H0) if S > CV and vice versa. Practically if p hypothesis (H0) if S > CV and vice versa. Practically if p ≤≤

 

αα, we will , we will 
reject reject the null hypothesis (H0), otherwise we will accept it.the null hypothesis (H0), otherwise we will accept it.

* The Steps labeled in red are now usually done by a statistical

 

software

http://en.wikipedia.org/wiki/Test_statistic


Some terminology....Some terminology....
 Steps required to apply a statistical testSteps required to apply a statistical test

A hypothesis

 

is a statement of belief

 

about the values of population parameters.
In hypothesis testing, we usually consider two hypotheses: the null and 
alternative

 

hypotheses. 
The null hypothesis, denoted by H0

 

, is usually a hypothesis of

 

no difference. 
Initially, we will consider a type of H0

 

, that is a claim that there is no
difference between the population parameter and its hypothesized

 

value 
or set of values. 
The hypothesized values chosen for the null hypothesis are usualThe hypothesized values chosen for the null hypothesis are usually chosenly chosen
to be uninteresting values. An example might be that in a trial to be uninteresting values. An example might be that in a trial comparing twocomparing two

 
diabetes drugs, the mean values for fasting plasma glucose are tdiabetes drugs, the mean values for fasting plasma glucose are the same for the two he same for the two 
treatment groups.treatment groups.
In general, the experimenter is interested in rejecting the nullIn general, the experimenter is interested in rejecting the null

 

hypothesis.hypothesis.
The The alternativealternative

 

hypothesishypothesis, denoted by , denoted by HH

 

11

 

, is a claim that the null hypothesis is , is a claim that the null hypothesis is 
false; false; e.g. e.g. the population parameter takes on a value different from the valthe population parameter takes on a value different from the value or ue or 
values specifiedvalues specified

 

by the null hypothesis. by the null hypothesis. 
The alternative hypothesis is usually the scientifically interesThe alternative hypothesis is usually the scientifically interestingting

 
hypothesis that we would like to confirm.hypothesis that we would like to confirm.

1. The statement1. The statement
 

of relevant of relevant null null and and alternative hypothesesalternative hypotheses



Some terminology....Some terminology....
 Steps required to apply a statistical testSteps required to apply a statistical test

1. The statement1. The statement
 

of relevant of relevant null null and and alternative hypothesesalternative hypotheses

Examples:
The null hypothesis –

 
nothing has happened

 


“Empiric”:

 

These means are NOT significantly different

 

!
“State of the art”:

 

The mean of the differences between Temp 
control and Temp. test DO NOT differ significantly from zero!
The alternative hypothesis
Vice-versa

Comparing means

The null hypothesis –
 

nothing has happened
 


“Empiric”:

 

There is NO statistically significant association 
between independent variable and dependent variable
“State of the art”:

 

There is NO statistically significant 
association between rows and columns 
The alternative hypothesis
Vice-versa

Analyzing contingency 
tables



Some terminology....Some terminology....
 Steps required to apply a statistical testSteps required to apply a statistical test

Types of errorTypes of error
Statisticians speak of two significant sorts of statistical erroStatisticians speak of two significant sorts of statistical error: r: 
Type I errorType I error
Also known as an Also known as an "error of the first kind","error of the first kind",

 

an an αα

 

errorerror, or a , or a "false positive":"false positive":

 

the the 
error of rejecting a null hypothesis when it is actually trueerror of rejecting a null hypothesis when it is actually true. Plainly speaking, it . Plainly speaking, it 
occurs when we are observing a difference when in truth there isoccurs when we are observing a difference when in truth there is

 

none. An example of none. An example of 
this would be if a test shows that a woman is pregnant when in rthis would be if a test shows that a woman is pregnant when in reality she is not. Type I eality she is not. Type I 
error can be viewed as the error of error can be viewed as the error of excessive credulity.excessive credulity.
Type II errorType II error
Also known as an "Also known as an "error of the second kind",error of the second kind",

 

a a ββ

 

errorerror, or a , or a "false negative":"false negative":

 

the the 
error of failing to reject a null hypothesis when it is in fact error of failing to reject a null hypothesis when it is in fact not true. In other words, this not true. In other words, this 
is the error of failing to observe a difference when in truth this the error of failing to observe a difference when in truth there is one. An example of ere is one. An example of 
this would be if a test shows that a woman is not pregnant when this would be if a test shows that a woman is not pregnant when in reality she is. Type in reality she is. Type 
II error can be viewed as the error of II error can be viewed as the error of excessive skepticism.excessive skepticism.
If we consider If we consider C(onfidence)=1(00)C(onfidence)=1(00)--

 

αα(alpha)(alpha)
In simple cases, In simple cases, significance level (significance level (αα

 

--

 

alpha),alpha),

 

it is defined as it is defined as the probability of the probability of 
making a decision to reject the null hypothesis when the null hymaking a decision to reject the null hypothesis when the null hypothesis is pothesis is 
actually trueactually true

 

(a decision known as a (a decision known as a Type I errorType I error, or "false positive determination"). , or "false positive determination"). 
Popular levels of significance are 5%, 1% and 0.1%, empirically Popular levels of significance are 5%, 1% and 0.1%, empirically coresponding to a coresponding to a 
““confidence levelconfidence level””

 

of 95%, 99% and 99.9%.of 95%, 99% and 99.9%.

2. Choosing significance level (2. Choosing significance level (αα
 

--
 

alpha). alpha). 



Some terminology....Some terminology....
 Steps required to apply a statistical testSteps required to apply a statistical test

2. Choosing significance level (2. Choosing significance level (αα
 

--
 

alpha).alpha).
Examples:

Comparing means

Analyzing contingency 
tables

αα(alpha) =0.05 or(alpha) =0.05 or
αα(alpha) =5%(alpha) =5%
C(onfidence)=1C(onfidence)=1--0.05=0.95 or0.05=0.95 or
C(onfidence)=100C(onfidence)=100--5= 95 (%)5= 95 (%)

αα(alpha) =0.05 or(alpha) =0.05 or
αα(alpha) =5%(alpha) =5%
C(onfidence)=1C(onfidence)=1--0.05=0.95 or0.05=0.95 or
C(onfidence)=100C(onfidence)=100--5= 95 (%)5= 95 (%)



Some terminology....Some terminology....
 Steps required to apply a statistical testSteps required to apply a statistical test

In statistical hypothesis testing, a In statistical hypothesis testing, a test statistic is a numerical summary of a set of test statistic is a numerical summary of a set of 
data that reduces the data to onedata that reduces the data to one

 

or a small number of values that or a small number of values that can be used to can be used to 
perform a hypothesis test. perform a hypothesis test. 
Given a Given a null hypothesis and a test statistic Tnull hypothesis and a test statistic T, we can specify a , we can specify a "null value" T0"null value" T0

 
such that such that values of T close to T0 present the strongest evidence in favor values of T close to T0 present the strongest evidence in favor of the of the 
null hypothesisnull hypothesis, whereas , whereas values of T far from T0 present the strongest values of T far from T0 present the strongest 
evidence against the null hypothesis.evidence against the null hypothesis.
An important property of a test statistic is that An important property of a test statistic is that we must be able to determine its we must be able to determine its 
sampling (normal?) distribution under the null hypothesissampling (normal?) distribution under the null hypothesis, which allows us , which allows us to to 
calculate pcalculate p--values.values.

3. Compute the relevant test statistic.3. Compute the relevant test statistic.



Some terminology....Some terminology....
 Steps required to apply a statistical testSteps required to apply a statistical test

Examples:
Comparing means

Analyzing contingency 
tables

3. Compute the relevant test statistic 3. Compute the relevant test statistic (a computing intensive task).(a computing intensive task).

Every test has a mathematical formula. E.g. :

* This step is now usually done by a statistical software. For explanation of the terms in the 
equations, go to “Marius Marusteri –

 

Fondamentals in Biostatistics –

 

lecture notes”, at 
http://www.umftgm.ro/info/Curs_Notiuni_fundamentale.pdf

t (Student) statistic

Chi square statistic

http://www.umftgm.ro/info/Curs_Notiuni_fundamentale.pdf


Some terminology....Some terminology....
 Steps required to apply a statistical testSteps required to apply a statistical test

4. Compare the test4. Compare the test--statistic (S) to the relevant critical values (CV) statistic (S) to the relevant critical values (CV) 
(obtained from tables in standard cases).(obtained from tables in standard cases).
Examples:

Comparing means

Analyzing contingency 
tables

The results :

* This step is now usually done by a statistical software. 

t (Student) statistic

Chi square statistic

Chi square statistic = 8.67
Degrees of freedom=1

t (Student) statistic = 2.25
Degrees of freedom = 11+11-2=20



Some terminology....Some terminology....
 Steps required to apply a statistical testSteps required to apply a statistical test

4. Compare the test4. Compare the test--statistic (S) to the relevant critical values (CV) (obtained statistic (S) to the relevant critical values (CV) (obtained 
from tables in standard cases). from tables in standard cases). Here we may obtain soHere we may obtain so--called called ““p valuep value””..
Examples:

Comparing means

* This step is now usually done by a statistical software (real p=0.04).

t (Student) statistic = 2.25
Degrees of freedom = 20

t stat > 2,086 (p=0.05) and t stat < 2.528 (p=0.02)



Some terminology....Some terminology....
 Steps required to apply a statistical testSteps required to apply a statistical test

4. Compare the test4. Compare the test--statistic (S) to the relevant critical values (CV) (obtained statistic (S) to the relevant critical values (CV) (obtained 
from tables in standard cases). from tables in standard cases). Here we may obtain soHere we may obtain so--called called ““p valuep value””..
Examples:

* This step is now usually done by a statistical software (real p=0.0032).

Chi stat > 6.63 (p=0.01) and t stat < 10.83 (p=0.001)

Chi square statistic = 8.67
Degrees of freedom=1

Analyzing contingency 
tables



Some terminology....Some terminology....
 Steps required to apply a statistical testSteps required to apply a statistical test

5. Decide to either fail to reject the null hypothesis or reject5. Decide to either fail to reject the null hypothesis or reject
 

it in it in 
favor of the alternative hypothesis. favor of the alternative hypothesis. 

The decision rule is to reject the null hypothesis (H0) if S > CThe decision rule is to reject the null hypothesis (H0) if S > CV and vice V and vice 
versa, for a given alpha. versa, for a given alpha. 
Practically if Practically if p p ≤≤

 
αα, we will reject the null hypothesis (H0),, we will reject the null hypothesis (H0),

 
otherwise otherwise 

((p > p > αα) we ) we will accept itwill accept it..

p p ≤≤

 

αα

 

(0.05)0.05)C(onfidence) = 0.95 
or 95 %

H1
C(onfidence) < 0.95 
or < 95 %

H0
p >p >

 

αα

 

(0.05)0.05)

Some “empirical”
 

explanations:
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Examples:
Comparing means

Analyzing contingency 
tables

αα(alpha) =0.05 or(alpha) =0.05 or
αα(alpha) =5%(alpha) =5%
C(onfidence)=1C(onfidence)=1--0.05=0.95 or0.05=0.95 or
C(onfidence)=100C(onfidence)=100--5= 95 (%)5= 95 (%)

αα(alpha) =0.05 or(alpha) =0.05 or
αα(alpha) =5%(alpha) =5%
C(onfidence)=1C(onfidence)=1--0.05=0.95 or0.05=0.95 or
C(onfidence)=100C(onfidence)=100--5= 95 (%)5= 95 (%)

5. Decide to either fail to reject the null hypothesis or reject5. Decide to either fail to reject the null hypothesis or reject
 

it in it in 
favor of the alternative hypothesis. favor of the alternative hypothesis. 

p=0.0032 =>  we accept H1, 
There is statistically significant association

 

between 
independent variable and dependent variable OR
There is statistically significant association

 

between rows 
and columns 

p=0.04 =>  we accept H1, 
These means

 

are significantly different

 

!
OR
The mean of the differences

 

between Temp control 
and Temp. test differ significantly from zero!



Some terminology....Some terminology....
 Steps required to apply a statistical testSteps required to apply a statistical test

Examples:Comparing means

Analyzing contingency 
tables

5a. VERY IMPORTANT !!!5a. VERY IMPORTANT !!!

 

––

 

every every STATISTICAL CONCLUSIONSTATISTICAL CONCLUSION

 

must be must be 
followed by a followed by a SCIENTIFIC (Biomedical) ONE !SCIENTIFIC (Biomedical) ONE !

There is an association between vaccin types (A or B) 
and the local reaction !

The temperature of the test group (animals which 
received pyrogenic agents) is significantly different by 
the control (placebo) group !



And some examples ....And some examples ....

Statistical 
Population

 

–
including all people or items with the 
characteristic one wishes to 
understand. 

Sample

 

–

 

a subset of a 
population

If we measure some numbers :If we measure some numbers :

Descriptive statistics

 

are used to 
describe the main features of a 
collection of data in quantitative 
terms.

Inferential/inductive statistics

Optional tests
e.g. test for outliers

Mandatory tests
e.g. goodness-of-fit (normality) tests



And some examples ....And some examples ....

Test for outliers (optional tests):Test for outliers (optional tests):

In statistics, an outlier
 

is an observation that is numerically distant
 from the rest of the data.

They can occur by chance
 

in any distribution, but they are often 
indicative

 
either of measurement error

 
or that the population has a 

heavy-tailed distribution. 
Outliers tests:
Grubbs Test (common use)
Chauvenet elimination criteria

 
(e.g. in Romanian Pharmacopoeia)

Basic principles:
•

 
We have to apply an outlier test

 
when we meet high dispersion of 

data (high values of variance OR standard deviation, compared with the 
mean)
•Outliers are eliminated on by one, on each sample.
• If we are dealing with paired data, we have to eliminate the pair also.



And some examples ....And some examples ....

Test for outliers (optional tests)Test for outliers (optional tests)--

 

Grubbs Test:Grubbs Test:

1. The statement of relevant null and alternative hypotheses
 

to be 
tested 
(H0: The values are NOT signifficantly different from average values.) 
(H1: The values are signifficantly different from average values.)
2. Choosing significance level

 
(represented by the Greek symbol α

 (alpha), in this case 0,05. 
3. Compute the relevant test statistic
4. Compare the test-statistic to the relevant critical values

 
(obtained 

from tables). 
5. Decide to either accept the null hypothesis or reject it in favor of 
the alternative. 
Practically if p ≤ α, we will reject the null hypothesis (H0), otherwise we 
will accept it.



And some examples ....And some examples ....

Test for outliers (optional tests):Test for outliers (optional tests):

Raw unpaired data First sample, first outlier

First sample, 
no more 
outliers

Second 
sample, first 
outlier

Second 
sample, 
second 
outlier

Second 
sample, no 
more 
outliers

Final 
unpaired 
data, no 
outliers



And some examples ....And some examples ....

Test for outliers (optional tests)Test for outliers (optional tests)--

 

Grubbs Test:Grubbs Test:

Outliers make statistical analyses difficult.

When you encounter an outlier, you may be tempted to delete it from the analyses. First, ask yourself these 
questions:

* Was the value entered into the computer correctly?

 

If there was an error in data entry, fix it.
* Were there any experimental problems with that value?

 

For example, if you noted that one tube 
looked funny, you have justification to exclude the value resulting from that tube without needing to perform 
any calculations.

* Is the outlier caused by biological diversity?

 

If each value comes from a different person or animal, the 
outlier may be a correct value. It is an outlier not because of an experimental mistake, but rather because that 
individual may be different from the others. This may be the most exciting finding in your data!

After answering no to those three questions, you have to decide what to do with the outlier. There are two 
possibilities.

* One possibility is that the outlier was due to chance.

 

In this case, you should keep the value in your 
analyses. The value came from the same population as the other values, so should be included.

* The other possibility is that the outlier was due to a mistake

 

-

 

bad pipetting, voltage spike, holes in 
filters, etc. Since including an erroneous value in your analyses will give invalid results, you should remove 
it. In other words, the value comes from a different population than the other and is misleading.
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