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Statistics
Understanding beyond the technical jargon.

What to look for.

How to interpret results.
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Statistics is NOT “random, 
inconsistent or terrifying” 
(Thomas & Nelson, 1985)

Statistics  is a methodical and logical 
process of  interpreting a collection 
of  observations.
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Why use statistics

Statistics allows us to:

• Describe the characteristics of  data,

• Test relationships between data,

• Test differences between data and subgroups.

Statistics are often used in reports across diverse work settings 
– education, government, health, industry.  

Statistics convert data into useful information.
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Statistical Methods
Investigating the answers to questions.

Investigative process:

1. Question

2. Data collection

3. Data analysis

4. Interpretation

DESCRIPTION

Tables / 

Graphs

Averages / 

%
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Safe Work Australia
(http://www.safeworkaustralia.gov.au/sites/swa/about/publications/pages/fs2010healthandcommunity)
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(http://www.essentialhealthplus.com.au/Workplace)
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(http://www.stress.org/workplace-stress/)
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(http://www.safeworkaustralia.gov.au/sites/swa/about/publication

s/pages/work-related-traumatic-injury-fatalities-australia-2012-)
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(http://www.know-bull.com/factsnstats.html)
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Critical Thinking!
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Variable Measurement

1. Categorical

Observations belong to a set of  categories.

- Binary –two categories:  

- Yes or No

- Male or Female

- True or False

- Nominal – more than two categories, no order

- Hair colour: red, brown, black, blonde, 

grey

- Ordinal – more than two categories, order

- Low, medium, high

- Agree, somewhat agree, neutral, somewhat 

disagree, disagree

- Income Brackets [<$50K, $50K - $80K, 

>$80K]

2. Numerical

Observations  take on numerical values of  

magnitude.

- Discrete: value obtained by counting. 

“Finite”

- Number of  students present

- Scale

- Continuous: value obtained by 

measuring. “Infinite”

- Height, weight

- Time, distance
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Descriptive Statistics

All data is always described  and is the most common statistics reported. 

It describes the data to the reader.  

• How many?

• What variation / spread?

• Outliers?

• Frequency?

It also provides YOU a ‘feel’ for the data!
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Frequency, Proportion & Percentage

• Frequency is the count for that observation category.

How many times did subjects report category X.

• Proportion is the Frequency divided by the total number of  

observations.

• Percentage is the Proportion multiplied by 100.
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Outliers

• Unusual or abnormal observations.

• Extreme value far above or below most of  the data.

Example data: 1 2 3 4 5 6 7 8 9 15

Mean = 6.0

Median = 5.5
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Graphs

• Are a pictorial representation of  data.

• Make statistical results more easily digested.

• A quick visual summary.
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Good Graphing

1. Depicts the data.

2. Engages the reader to think about the data.

• What are the differences, similarities.

3. Does not distort the data.

4. Present lots of  data in a simple way.

5. Makes sense of  large datasets.
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Bad Graphing

Makes interpreting data MORE difficult.

For example:

• 3-D effects can make error bars difficult to read.

• Patterns.  These can be distracting.

• Cylindrical bars.  Also distracting.

• Poor labelling.

• Incorrect use of  scales.
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Key Elements of  a Graph

0

1

2

3

4

5

6

Category 1 Category 2 Category 3 Category 4

Y
 A

x
is

 T
it

le

X Axis Title

Chart Title

Series 1

Series 2

Series 3



Dr Paola Chivers IHR Biostatistics Lunch Lecture Series 2018

Categorical and Numerical Data

Categorical data (categories / groups):

• Bar graphs

• Pie charts

Numerical data (scale – discrete, continuous):

• Histograms

• Line graphs
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Types of  Graphs - Pie

Key features:

• Simple

• No x- or y-axis

• Percentages

• Categories

Anything 

wrong with this 

graph?



Dr Paola Chivers IHR Biostatistics Lunch Lecture Series 2018

Types of  Graphs - Bar
Key features:

• Can be vertical (column or horizontal)

• Shows what a set of  data looks like.

• Discrete categories (nominal).

• Categories on x-axis.

• Frequency on y-axis.

• Compare values across categories.

• Column graphs show a comparison 
better than bar.

• Horizontal bar graphs are better when 
category labels are long.

Any 

Improvements?
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Types of  Graphs - Histogram

Key features:

• Shows what a set of  data 

looks like.

• Continuous data on x-axis.

• Frequency on y-axis.



Dr Paola Chivers IHR Biostatistics Lunch Lecture Series 2018

Types of  Graphs - Scatter plot

Key features:

• Shows relationship or 

correlation between two 

factors or variables.

• Potential cause 

x-axis.

• Effect y-axis.
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Types of  Graphs - Box Plot

Key features:

• Shows the spread of  data.

• Categories on x-axis

• Frequency on y-axis
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Types of  Graphs - Line 

Key features:

• Show the trend or change 

over time.

• Time on x-axis

• Frequency on y-axis



Dr Paola Chivers IHR Biostatistics Lunch Lecture Series 2018

What’s wrong with this graph?
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Choosing Graphs

What do you 

want to 

show?

Variables Graphs Data description

Distribution Single variable Histogram Few – many data points

Two variables Scatter plot Spread of  data

Composition Static Pie chart Share of  total

Comparison Among items Column chart

Bar Chart

Few items

Many items

Over time Line Chart

Column chart

Many categories over many periods

Few categories over few periods

Relationship Two variables Scatter plot Spread of  data

For a more details See Abela’s Chart Suggestion http://extremepresentation.typepad.com/blog/2006/09/choosing_a_good.html
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Workplace Applications
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Journal article

Figure 1.  Mean BMI over 

mean age based on Age 

Breastfeeding Stopped 

(n=1330) groups ≤ 4months 

and > 4 months (n=1320).  
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Poster 

Presentation

Be Active 09

7th National Physical Activity 

Conference
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Hands, B., Chivers, P., McIntryre, F., Bervenotti Filho, C.,  Blee, T.,  Beeson, B., Bettenay, F., and 

Siafarikas, A. (2015). Peripheral quantitativ e computed tomography (pQCT) reveals low bone 

mineral density in adolescents with motor difficulties. Osteoporosis International. DOI: 

10.1007/s00198-015-3071-8. Published online 10 March 2015.

Fig 3 Box plots depicting z-
scores for Bone Density variables 
for the total sample 
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Hands, B., Chivers, P., McIntryre, F., Bervenotti Filho, C.,  Blee, T.,  Beeson, B., Bettenay, F., and 

Siafarikas, A. (2015). Peripheral quantitativ e computed tomography (pQCT) reveals low bone 

mineral density in adolescents with motor difficulties. Osteoporosis International. DOI: 

10.1007/s00198-015-3071-8. Published online 10 March 2015.

Fig 4 Scatter plots depicting the spread of scores for Bone Density Measures
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Websites

(http://www.stress.org/workplace-stress/)

(http://www.essentialhealthplus.com.au/Workplace)
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Fact Sheets

(http://www.safeworkaustralia.gov.au/sites/swa/about/publications/pages/work-related-traumatic-

injury-fatalities-australia-2012-)
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Confidence Intervals

An interval containing the most believable values for a parameter.

Confidence Level

The probability that this method produces an interval containing the parameter.

Most commonly 0.95 or 95% confidence.
(Agresti & Franklin 2014 p 356)
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Standard Error of  the Mean

What would you expect as 

sample size increases 

towards the population size?

SE = SD / √n

Sample size SD SE
15 2.47 0.64
30 2.47 0.45
60 2.47 0.32

120 2.47 0.23
240 2.47 0.16
480 2.47 0.11
960 2.47 0.08

1920 2.47 0.06
3840 2.47 0.04
7680 2.47 0.03

15360 2.47 0.02
30720 2.47 0.01
61440 2.47 0.01
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Confidence Intervals

What would you expect to 

happen with the 

Confidence Intervals?

Sample size SD SE
15 2.47 0.64
30 2.47 0.45
60 2.47 0.32

120 2.47 0.23
240 2.47 0.16
480 2.47 0.11
960 2.47 0.08

1920 2.47 0.06
3840 2.47 0.04
7680 2.47 0.03

15360 2.47 0.02
30720 2.47 0.01
61440 2.47 0.01
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Confidence Intervals

As the standard error 

decreases, the range for the 

upper and lower CI 

decreases.

Essentially you are becoming 

more confident of  your 

result representing the 

population.

Sample size SD SE Lower CI Upper CI

15 2.47 0.64 3.96 6.46

30 2.47 0.45 4.33 6.09

60 2.47 0.32 4.59 5.83

120 2.47 0.23 4.77 5.65

240 2.47 0.16 4.90 5.52

480 2.47 0.11 4.99 5.43

960 2.47 0.08 5.05 5.37

1920 2.47 0.06 5.10 5.32

3840 2.47 0.04 5.13 5.29

7680 2.47 0.03 5.15 5.27

15360 2.47 0.02 5.17 5.25

30720 2.47 0.01 5.18 5.24

61440 2.47 0.01 5.19 5.23
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Reports!
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Reports
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Suicide Prevention 

2020: Together we 

can save lives. 



Dr Paola Chivers IHR Biostatistics Lunch Lecture Series 2018

Data Files

“After closer investigation, it’s became clear that 

we need to enter more than one value.”
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Statistical Techniques

Two main statistical techniques:

1. Exploring relationships among variables.

2. Exploring differences between groups.
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Exploring Relationships

• Correlation

• Regression

• Chi-square

• And more complex techniques ...

• Factor Analysis

• Discriminant Function Analysis

• Canonical correlation

• Structural Equation modelling
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Exploring 

Differences Among Groups

• T-tests 

• Analysis of  Variance (ANOVA)

• General Linear Models (GLM)

• Generalized Estimating Equations (GEE)

• Linear Mixed Models (LMM) – longitudinal data.
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Summary Table 

Characteristics of  the Main Statistical Techniques
Statistical 

Technique

Example of 

Question

Variable 

Measurement

Descriptive Statistic Graphical 

Representation

Essential Features

Describing data How many are in 

each group?

Categorical

e.g. male/female

low, medium, high

Frequency, 

Percentage

Bar graphs, Pie 

charts 

Groups of data.

What is the 

distribution of my 

data?

Continuous

e.g. height, weight, 

age

Mean, Median, Min, 

Max, Range, 

Variance, SD, SE 

mean skewness, 

kurtosis 

Histograms, Line 

graphs

Data has a 

numerical scale.

Are my variables 

normally 

distributed?

Continuous

e.g. height, weight, 

age

Kolmogorov-

Smirnov, Shapiro-

Wilk 

Histogram 

P-P Plot 

Data has a 

numerical scale and 

is assessed for 

normality.

Are the spread of 

scores similar across 

groups?

DV = Continuous 

e.g. height

Factor = categorical 

e.g. sex

Levene Statistic Mulitple group line 

graph.

Data with a 

numerical scale is 

compared across 

groups for 

normality.

adapted from 

Pallant (2007) 

p116-117
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Statistical 

Technique

Example of Question Parametric 

Statistic

Non-

parametric 

alternative

Independent 

Variable (IV)

Dependent 

Variable (DV)

Essential Features

Exploring 

relationships

Is there a relationship 

between two 

continuous variables?

Pearson 

Correlation 

Coefficient 

Spearman’s 

Rank Order 

Correlation

Two continuous 

variables

e.g. height, weight One sample with 

scores on two 

different measures

e.g.  height age 1, 

height age 2

2 Same measure at 

two time points.

How much of the 

variance of the 

continuous DV be 

explained by at least 

two continuous IV?

Regression - Two or more 

continuous 

variables

e.g. soft drink 

consumption, hours 

of daily physical 

activity.

One 

continuous 

variable

e.g. BMI

One sample with 

scores on all 

measures.

What is the 

relationship between 

categorical IV and 

categorical DV?

- Chi-Square One categorical 

variable 

e.g. male/female

One 

categorical 

variable e.g. 

physically 

active yes/no

Frequency of cases 

in each category 

considered, not 

scores.
adapted from 

Pallant (2007) 

p116-117
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Statistical 

Technique

Example of Question Parametric 

Statistic

Non-parametric 

alternative

Independent 

Variable (IV)

Dependent 

Variable (DV)

Essential 

Features

Comparing 

groups

Is there a difference 

in continuous DV for 

a two-category 

categorical IV?

Paired samples T-

test

Wilcoxon Signed 

Rank test

One categorical 

variable

e.g. time1, time 

2

One continuous 

variable

e.g. BMI

Same people on 

two different 

occasions

e.g. male, female e.g. BMI One sample 

comparing 

group’s scores

Is there a difference 

in continuous DV for 

≥three category 

categorical IV?

One-way 

between groups 

ANOVA

Kruskal-Wallis One categorical 

variable with 

≥three categories

e.g. low, 

medium, high

One continuous 

variable

e.g. BMI

Three or more 

groups with 

different 

participants in 

each group.

Is there a change in 

continuous DV across 

≥three time periods 

categorical IV?

One-way 

repeated 

measures ANOVA

Linear Mixed 

Model

Friedman Test One categorical 

variable with 

≥three time 

points.

e.g. time 1, 2, 3.

One continuous 

variable

e.g. BMI

Three or more 

groups with the 

same 

participants on 

different 

occassions.

Is one categorical IV 

group more likely to 

respond to another 

categorical DV?

- Chi-Square One categorical 

variable 

e.g. male/female

One categorical 

variable e.g. 

physically active 

yes/no

Frequency of 

cases in each 

category 

considered, not 

scores.

adapted from 

Pallant (2007) 

p116-117
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Activity 3

Understanding the numbers

Making sense of  research results.
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Figure 2 p4

Which bias item 

reported the 

highest risk 

across studies?

Article

Interventions with potential to reduce sedentary time in 

adults: systematic review and meta-analysis.
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Task Question

Figure 3.  What does the dot represent, and what does the line represent?

What part of  the study refers to the data analysis?

Was missing data imputed?  

How is bias reported in text?

Article

Interventions with potential to reduce sedentary time in 

adults: systematic review and meta-analysis.
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Task Question Answer

Figure 3.  What does the dot represent, and what 

does the line represent?

Dot = mean difference

Line = Confidence intervals

What part of  the study refers to the data analysis? Meta-analysis

Was missing data imputed?  Yes, but how not described.

How is bias reported in text? Counts, percentage.

Article

Interventions with potential to reduce sedentary time in 

adults: systematic review and meta-analysis.
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Task Question

What type of  study was this?

Are statistics used in this study?

How are interviews analysed?

How are emergent themes validated?

Article

Optimizing Implementation of  Obesity Prevention Programs: 

A Qualitative Investigation Within a Large-scale Randomized 

Controlled Trial.



Dr Paola Chivers IHR Biostatistics Lunch Lecture Series 2018

Task Question Answer

What type of  study was this? Qualitative, i.e. descriptive.

Are statistics used in this study? No.

How are interviews analysed? Thematic coding

How are emergent themes validated? 2 investigators independently code themes.

Article

Optimizing Implementation of  Obesity Prevention Programs: 

A Qualitative Investigation Within a Large-scale Randomized 

Controlled Trial.
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Task Question

How are the costs of  the programs reported statistically?

How are these costs represented?

Were any adjustments made to their calculations?

How is the effectiveness of  programs reported?

Article

A cost-benefit analysis of  three older adult fall prevention 

interventions.
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Task Question Answer

How are the costs of  the programs reported 

statistically?

averages

How are these costs represented? Cost/unit, annual cost, cost per participant (Tables)

Were any adjustments made to their calculations? Adjusted for inflation

How is the effectiveness of  programs reported? Reduction %, Risk ratio, confidence intervals

Article

A cost-benefit analysis of  three older adult fall prevention 

interventions.
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Task Question

What software was used for the data analysis?

What categories were used to describe schools?

How did the authors treat the SEIFA index?

What statistical analysis were undertaken?

What do the interaction terms mean?  p265

How many time points were used in the trend analysis?

What does OR stand for?

Article

Adoption of  obesity prevention policies and practices by 

Australian primary schools: 2006 to 2013.
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Task Question Answer

What software was used for the data analysis? SAS v9.3

What categories were used to describe schools? Small, medium, large

How did the authors treat the SEIFA index? Binary (high/low), also rural/urban postcode

What statistical analysis were undertaken? Repeated measures GEE

What do the interaction terms mean?  p265 Changes differ over time for sub groups

How many time points were used in the trend 

analysis?

Two

What does OR stand for? Odds Ratio.

Article

Adoption of  obesity prevention policies and practices by 

Australian primary schools: 2006 to 2013.
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Task Question

What statistical analysis was conducted?

In the statistical modelling, how did they overcome changes in age groups? 

How did the authors deal with possible differences between countries and gender?

Article

Global trends and projections for tobacco use, 1990-2025: an 

analysis of  smoking indicators from the WHO 

Comprehensive Information Systems for Tobacco Control.
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Task Question Answer

What statistical analysis was conducted? Bayesian hierarchical met-regression model

In the statistical modelling, how did they overcome 

changes in age groups? 

Piecewise linear spline

How did the authors deal with possible differences 

between countries and gender?

Fitted separate models.

Article

Global trends and projections for tobacco use, 1990-2025: an 

analysis of  smoking indicators from the WHO 

Comprehensive Information Systems for Tobacco Control.
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Article

Global trends and projections for 

tobacco use, 1990-2025: an analysis 

of  smoking indicators from the 

WHO Comprehensive Information 

Systems for Tobacco Control.

Q.  Based on Figure 3, are men or women more on 

track for achievement of  tobacco control targets?

A.  Review green dot (≥95%) ; Women.
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Question Time


