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Statistics for Researchers
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1. Developing and Consolidating your Research Career
2. Funding your Research
3. Communicating your Research
4. Statistics for Researchers
5. Research Integrity

https://www.ucc.ie/en/hr/research/devhub/elearning/

Epigeum On-Line Training with Blended Workshops 

Statistics for Researchers WorkshopSuit of 7 Modules

1. Getting Started

2. Thinking Statistically Describing Data Well

3. Thinking Statistically Making Good Generalisations

4. Which Hypothesis Test Should I Use

5. Statistical Modelling

6. Analysis of Categorical Data

7. Conclusion Putting Your Skills into Practice
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Strengthen your ability to use statistics
Teaches how to plan and execute a strategy for data analysis
Programme is designed so that statistical skills learned are transferable to other areas
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Getting Started
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Getting Started

1.3 Statistics is about common sense and good design
A well-designed study, poorly analysed, can be rescued by a 
reanalysis but a poorly designed study is beyond the redemption of 
even sophisticated statistical manipulation. Many experimenters
consult the medical statistician only at the end of the study when the
data have been collected. They believe that the job of the statistician
is simply to analyse the data, and with powerful computers available,
even complex studies with many variables can be easily processed.
However, analysis is only part of a statistician’s job, and calculation
of the final ‘p-value’ a minor one at that!
A far more important task for the medical statistician is to ensure that
results are comparable and generalisable.

Kathleen O’Sullivan, Statistics, School of Mathematical Sciences, UCC; UCC Post Doc Development Hub; Sept 10, 2021

Components of a Statistical Analysis
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ConclusionsBig Idea

Research question
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Data

What types of data to collect?
How much data to gather?
How to collect the data?

Experimental/Study Design – obtaining data

Descriptive statistics - exploring, summarising and presenting data
Statistical inference - assessing uncertainties and drawing conclusions

Analysis

Statistical Tools
Descriptive
Inferential

Research Questions

 Descriptive questions
 Study designed to describe what 

is going on or what exists
 Do not usually involve 

experimental manipulation 

 Difference questions
 Is there a difference? 
 Comparison between groups on a 

dependent variable

 Relationship questions
 Study is designed to look at the 

relationship between two or 
more variables 
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Big Idea

Research question
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Ask a question–clearly 
stated
Relationship between two or 
more variables - difference 
and relationship questions

Measurable - capable of 
empirical testing
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Data: Variable Types

Types

Qualitative/Categorical

Nominal Ordinal

Quantitative/Numeric

Discrete Continuous

Classify members 
into categories; 
Record categories;
No order or 
distance properties;
E.g. marital status, 
residence

Classify members 
into categories;
Record categories;
Order but no 
distance properties;
E.g. education level, 
severity level

Measuring;
Record numbers;
Any value in a given 
interval;
Order and distance 
properties;
E.g. Age, BMI

Counting;
Record numbers;
Integer values;
Order and distance
properties;
E.g. Family size, cell 
count
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Data

What types of data to collect?
How much data to gather?
How to collect the data?

Experimental/Study Design –
obtaining data
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Data: Sample Types

Independent samples

 Uncorrelated samples

 Two or more unrelated samples 
of items

 Two or more distinct groups

 No matching of cases

 “Between-subjects” factor

 Examples

 First years versus third years
 Two groups of animals given 

different diets
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Data: Sample Types

Dependent samples

 Observations are correlated

 Two or more related samples of 
items

 “Within-subjects” factor

 Measurements for each item:

Two: paired data; 

Multiple: repeated measures

 Examples

 Before and after experiments

 Matched pairs

 Twins
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Analysis

 What is your hypothesis or research question?

 How many variables? 

 Is the data nominal, ordinal or numeric ?

 How many groups?

 Are the groups independent?

 Is the data distribution Normal?
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Descriptive statistics - exploring, 
summarising and presenting data
Statistical inference - assessing 
uncertainties and drawing conclusions

Analysis

Statistical Tools
Descriptive
Inferential
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Analysis: Normal Distribution

 Bell-shaped

 Uni-modal

 Symmetric

 Asymptotic to the x-axis

 Defined by two parameters 
and 

 =centre and =spread

Data distribution

Normal distribution?
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Analysis: Statistical Techniques

Descriptive statistic, graphical display or statistical (parametric) test

 What is its name?

 What will it tell you?

 What are its requirements? – data type, number of groups

Statistical test

 What are its underlying assumptions?

 What is the alternative nonparametric test?
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Analysis: Statistical Technique

 Parametric tests

 Assumption that data are Normally 
distributed

 Numeric data – compute means and 
standard deviations

 No extreme scores

 Assumption of homogeneity of variance 
(ANOVA)

 Robust for large samples

 Check associated assumptions

 More powerful than non-parametric 
procedures

 Nonparametric tests

 Distribution-free

 Ranks 

 Assumptions behind parametric tests are 
invalid

 Ordinal variable

 Values are “off the scale” that is, too high 
or low

 Usually used with small samples

 Statistical significance is more difficult to 
reach
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Analysis: Numerical Summaries

Descriptor What will it tell me? Requirements
Numerical Summaries

Mean and standard 
deviation or 
standard error

Provides a measure of centrality and 
spread

Numeric variable;
Symmetric distribution

Median and 
interquartile range

Provides a measure of centrality and 
spread

Numeric variable;
Skewed distributions

Range Provides a measure of spread Numeric variable

Proportion Provides the rate for a specific 
characteristic

Categorical variable;
Grouped numeric variable

Frequency table Details the number and % in each 
category (group)

Categorical variable;
Grouped numeric variable
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Analysis: Graphical Displays

Descriptor What will it tell me? Requirements

Graphical Display

Histogram Describes the distribution of the
data

Numeric variable

Box plot  Describes centrality and spread of 
data;
Identifies potential outliers 
(modified box plot)

Numeric variable

Bar chart Graphical display of frequency 
table

Categorical variable;
Grouped numeric variable

Scatter plot Gives a 2‐D plot Numeric variables
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Analysis: Distribution Shapes

Mean=Median
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Symmetric

Positively skewed

Negatively skewed
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Analysis: Box Plots

          

          
         

          

 Q1 Q2 Q3  
 

Upper adjacent value

Observation < Q3+(1.5xIQR)

Lower adjacent value

Observation > Q1-(1.5xIQR)
IQR

Outliers are extreme 
values that fall far 
below or above the bulk 
of the data
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Analysis: Comparing Two Means

Parametric 
test

What will it 
tell me?

Requirements Assumptions Non‐
parametric 
equivalent

Independent 
two‐sample t 
test

Is there a 
difference 
between two 
means?

Numeric variable; 
Two groups to be 
compared;
Groups are 
independent;
Independent 
observations within 
groups

Normality;
Data within 
each group are 
Normally 
distributed

Mann‐Whitney U 
test/
Wilcoxon rank 
sum test

Paired t test Is the mean 
difference zero?

Numeric variable;
Two matched samples 
or paired samples 
(dependent groups);
Independent 
observations within 
group

Normality;
Paired 
differences are 
Normally 
distributed

Sign test/
Wilcoxon 
matched‐pairs 
signed rank test

Comparing
Means
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Analysis: Comparing Three or More Means

Parametric 
test

What will it 
tell me?

Requirements Assumptions Non‐
parametric 
equivalent

One‐way 
analysis of 
variance 
(ANOVA)

Is there a 
difference 
among three or 
more means?

Numeric variable; 
Three or  more 
groups to be 
compared;
Independent 
groups;
Independent 
observations within 
groups

Checks focus on 
residual 
diagnostics:
Normality;
Homogeneity 
of variance

Kruskal‐Wallis 
test

Comparing
Means
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Analysis: Comparing Three or More Means

Post‐hoc test What will it tell me? Requirements
Bonferroni test  Where did differences 

occur among means?
Following ANOVA where 
the F test was significant

Tukey’s test Where did differences 
occur among means?

Following ANOVA where 
the F test was significant

Dunnett’s test Do the other groups 
differ to the control 
group? 

Following ANOVA where 
the F test was significant

Scheffé’s test Where did differences 
occur among means?

Following ANOVA where 
the F test was significant

Fisher’s Least 
Significant Difference

Where did differences 
occur among means?

Following ANOVA where 
the F test was significant

Comparing
Means
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Analysis: Comparing Proportions

Non‐parametric test What will it tell me? Requirements Assumptions
Chi‐square test
(2 x 2 table)

Is there a difference between two 
proportions?

Categorical variables;
Independent groups

Expected cell frequencies ≥ 5

Yates’s continuity corrected 
Chi‐square test
(2 x 2 table)

Is there a difference between two 
proportions?

Categorical variables;
Independent groups

Improves the approximation 
provided by the Chi‐square test 

Fisher’s Exact test (2 x 2 table)  Is there a difference between two 
proportions?

Categorical variables;
Independent groups

Expected cell frequencies < 5

Chi‐square test 
(2 x r table)

Is there a difference between three or more 
proportions?

Categorical variables;
Independent groups

Expected cell frequencies ≥ 1

McNemar’s test Are the proportions from two matched 
samples (a paired sample) the same?

Categorical variables;
Two matched samples or 
paired samples

Cochran’s Q test Are the proportions from three or more 
matched samples the same?

Categorical variables;
Three or  more matched 
samples

Comparing
Proportions
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Analysis: Tests of Associations

Parametric 
measure

What will it tell 
me?

Requirements Non‐parametric 
measure

Pearson’s correlation 
coefficient

What is the strength of 
the linear relationship 
between two 
variables?

Numeric variables;
Linearity

Spearman’s rank 
correlation coefficient

Non‐parametric 
test

What will it tell me? Requirements Assumptions

Chi‐square test of 
independence

Is there an association 
between two 
categorical variables?

Categorical variables Expected cell 
frequencies must be 
approx. 1

Measures of 
Associations
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Analysis: Regression Analysis

Parametric What will it 
tell me?

Requirements Assumptions

Simple linear 
regression 
analysis

Can I predict 
one variable 
based on 
another?

Continuous 
dependent variable

Independent observations;
Linearity;
Checks focus on residual 
diagnostics:

Normality;
Homoscedasticity

Multiple 
(multivariable) 
linear 
regression

Can I predict 
one variable 
based on 
others?

Continuous 
dependent variable;
Categorical/numeric
al independent 
variables

Independent observations;
Linearity;
Checks focus on residual 
diagnostics:

Normality;
Homoscedasticity

Linear 
Associations
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Analysis: Residual Diagnostics

Term What will it tell me?

Diagnostic “Diagnostic” refers to studying whether a particular model is appropriate 
for the data.  

Residual “Residuals” of the model represent the difference between what we 
observed and what we would predict based on the model.  Let a 
particular observation be denoted by yi and our predicted value of this 
observation be denoted by ŷi (the “hat” symbol will always be used to 
denote an estimated value).  Then the ith residual is given by yi‐ ŷi .

Outliers The occurrence of a particular large residual indicates the presence of an 
“outlier”.  That is, an extreme data point for which the model does not fit 
the data well.  The possibility that this point represents a mistake (e.g. in 
either the measurement, recording, or retrieving of the data) should be 
considered.  If there is a strong possibility of an error, the observation 
should be discarded.  In regression, the difficulty with extreme 
observations is that they tend to pull the regression line 
disproportionately off course, leading to poor estimation for the bulk of 
the data.
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Analysis: Assumptions

Assumption Method What will it tell me? Explanation

Linearity Scatter 
plot

Is the relationship 
between the two numeric 
variables linear?

Plot of the response variable (DV) 
against the predictor variable (IV) 
would indicate if a linear model is 
appropriate for describing the 
relationship.  A transformation may be 
useful if the scatter plot indicates that 
a non‐linear relationship exists.
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Analysis: Assumptions

Assumption Method What will it tell me? Explanation

Normality Histogram Is the Normality assumption valid? The histogram should be fairly 
symmetric and bell shaped.  If the 
Normality assumption is violated a 
transformation of the data may be 
used to remedy the problem.  For 
example, replacing the outcome y 
with the logarithm of y may be 
helpful.

Normality Normal probability plot Is the Normality assumption valid? It plots the sample versus the values 
we would get, on the average, if the 
sample came from a Normal 
distribution.  This plot is 
approximately a straight line if the 
sample is from a Normal 
distribution.  

Normality Kolmogorov‐Smirnov 
test;
Shapiro‐Wilks test

Is the Normality assumption valid? Formal tests for testing if the data 
are Normally distributed;
These tests should provide 
nonsignificant results (P > 0.05)
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Analysis: Assumptions

Assumption Method What will it tell me? Explanation

Homogeneity of 
variance (HOV)

Box plots Is the HOV assumption 
valid?
(ANOVA)

Boxes should be roughly 
similar in size

Homogeneity of 
variance (HOV)

Levene’s test Is the HOV assumption 
valid?
(ANOVA)

Formal test for testing if 
variances differ;
Test should provide 
nonsignificant result 
(P > 0.05)

Homogeneity of 
variance (HOV)/
Homoscedasticity

Plot of residual against 
predicted values or 
independent variable

Is the HOV assumption 
valid? (ANOVA)
Is the homoscedasticity 
assumption valid? 
(Regression model)

Points should be 
scattered around the x‐
axis with no trends and 
no variation in the extent 
of the scatter
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Analysis: Some Modelling Considerations

Kathleen O’Sullivan, Statistics, School of Mathematical Sciences, UCC; UCC Post Doc Development Hub; Sept 10, 2021 29

Analysis: Some Modelling Considerations
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Analysis: Some Modelling Considerations

Kathleen O’Sullivan, Statistics, School of Mathematical Sciences, UCC; UCC Post Doc Development Hub; Sept 10, 2021 31

Analysis

 Multiple Comparisons
 A one-way ANOVA indicates significant differences between groups
 Perform pairwise tests to locate where the difference lies

 Multiplicity of testing
 Probability of obtaining at least one 

significant finding by chance increases 
with the number of tests performed

 1-(1-)k, k tests

 Bonferroni correction
 Adjusts the  level or P-value
 /k; k tests
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Conclusions: Statistical Significance

Standard Reporting

 NS p>0.05 no evidence against H0 

‘non significant’ 

 * 0.01<p<0.05 evidence against 
H0 ‘significant’

 ** 0.001<p<0.01 strong evidence 
against H0 ‘highly significant’

 *** p<0.001 very strong evidence 
against H0 ‘extremely significant’

32

5% level

 “If the probability of such an 
event were sufficiently small –
say 1 chance in 20 – then one 
might regard the results as 
significant” (Fisher)

 No sharp boundary between 
significant and non significant; 
there is no practical difference 
between 0.049 and 0.051

 Increasing evidence as P 
decreases
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P-value is the probability of obtaining a value of the test statistic at least as extreme 
as the one computed from the sample data if the null hypothesis is true

Conclusions: Statistical versus Practical Significance

 Statistical significance is a phrase that is 
commonly used in hypothesis testing

 Decision: Reject the null hypothesis (e.g. null 
hypothesis no difference between the mean systolic 
blood pressure for smokers and non-smokers) then 
the results are said to be statistically significant

 Data support rejection of the null hypothesis

 Data are inconsistent with the null hypothesis

 Statistical significance says nothing about clinical 
(practical) importance; it does not say that the 
difference is important
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Conclusions: Statistical versus Practical/Clinical 
Significance

 We can estimate the size of any effect (e.g. difference between mean 
systolic blood pressure for smokers and non-smokers) along with a 95% 
confidence interval for our estimate

 This allows us to assess the practical or clinical importance, implications 
of the effect of interest 

 The use of confidence intervals facilitates the distinction between 
statistical significance and practical/clinical significance
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Conclusions: Point Estimation vs Confidence 
Interval

 Single numerical value

 Computed from the sample data
 Estimate of the population parameter

Examples
 Sample mean is a point estimate of the 

population mean
 Sample standard deviation is a point 

estimate of the population standard 
deviation

 Sample proportion is a point estimate of 
the population proportion

 Range of values that is expected to 
contain the true value

 Confidence intervals 

 Computed from the sample data

 Certain certainty (confidence level) that 
it will contain the true value

 Confidence levels

 90%, 95%, 99%,

 Symmetric, centred about the sample 
statistic
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Conclusions: Statistical versus Practical Significance
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Conclusions

 Drawing conclusions consider:

 Sampling technique

 Statistical power/Sample size

 Use of appropriate statistical methods
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Other

 Provide a description of statistical methods used, under Statistical Analysis

 What aspects of statistical analyses conducted are important to present?

 How to tabulate the required results?

 What is the best chart to illustrate the results?

 Most importantly anyone reading your report should be able to replicate
your study and statistical analysis
 Sufficient detail should be provided so that this can be achieved
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Summary

 Clarify your research question(s)

 Choose an appropriate sampling method

 Consider sample size

 Examine peer-reviewed literature for statistical analyses conducted

 Describe your data; begin with descriptive analysis of your data

 Ensure that the statistical analyses conducted address your research questions and are correct

 Check assumptions underpinning statistical techniques

 Provide statistical evidence

 Discuss practical/clinical significance by assessing 95% CI

 Consider multiplicity of testing – can find significant results by chance

 Comment on any statistical or methodological limitations
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Contact Details

 Name: Kathleen O’Sullivan

Lecturer, Department of Statistics

 Location: Room 1-58 Western Gateway Building

Department of Statistics

School of Mathematical Sciences

University College Cork

 Tel: 021 420 5812/5817

 Email: kathleen.osullivan@ucc.ie
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