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Summary

d What is statistics?

d What is a mean”?

1 Data types

 The research study process
 The statistical analysis process
d Some basic statistical concepts
1 Benefits of good study design

d Comparison of two study designs
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Activity:
What is statistics?

1 minute:
d Write down your own definition
2 minutes:

d Discuss it with your neighbour and agree on
a definition
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What is statistics?

The word “statistics” is used in 3 main ways:

1. Common meaning: factual information involving
numbers. A better word for this is data.

2. Precise meaning: quantities which have been
derived from sample data, e.g. the mean (or
average) of a data set

3. Common meaning: an academic subject which
iInvolves reasoning about statistical quantities

=> |n order to use statistics properly you need to be
able to think about statistics in the right way
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The three main areas of the
subject of statistics

1.Descriptive statistics — describing and summarising
data sets using pictures and statistical quantities —

see Workshop 3
2.Inferential statistics — analysing data sets and
drawing conclusions from them — see Workshops 8
to 12
3. Probability — the study of chance events governed
by rules (or laws) — see Workshop 6
Inferential statistics is based on probability because it

often uses random samples of data sets drawn from a
population (a chance event)
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What is a mean?

The mean of a data
set is a measure of
its middle value.

Example: The
number of nuclear
power stations in
various countries in
1989.

Country | Number Country Number
Canada 22 Spain 10
France 92 Sweden 12
Japan 43 UK 41
South Korea |9 USA 119
Soviet Union |73 West Germany |23

To calculate the mean, add all the data values together and
divide by the number of values.

X =

22+52+43+9+73+10+12+41+119+23_384
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Data types

In statistics it is vital to understand what types of data
you are working with.

There are three main types:

d Nominal — categories that do not have a natural
order, e.g. gender, eye colour, types of building

1 Ordinal — categories which have a natural order but
are not numerical, e.g. Likert scales

] Scale/continuous — numerical data ordered against

a constant scale, e.g. date, temperature, length, weight,
frequency
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Activity:
CensusAtSchool
Phase 6

Questionnaire
Available from:

http://
www.censusatschool.org.uk/

Images/phases/phaseb6-
questionnaire.pdf

Discuss with your neighbour
the data type of each question
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Phase 6 CensusAtSchool |5 hderts eged
Questionnaire

9. When goirg out on sunny days in 15 What one thing do you think would
the summer do you: Improve your local environment?

1 Stote the first part of your
pestcode (og NG3 or PL23)

[ 1 = = P
DAI-:ys DSm'um DNz.er D Cycle Paths
2. Arcyouc? Less Litter
Weer ¢ hat for protection D Slaverounds
D Boy D Girl DAI-:,; DSm'nm DN:Q‘ o
Nere Trees
3. Please state your age in Wear sunglesses D Nere Shops
€ - DAI-_yt DSw’mu DNznr Nere Sports Facilities
D . Other - state
years 10. On how many doys lest week did

do wical activity that made 16 What best describes the kind
xmmpﬂ.;ga-pw of building yeu lve in?

01234667 D Detached Hoeuse/ Bungalow

4. Complcte the following

HEIGHT e centimetres Semi Detached
11 ) How often do you (honestly) Terroce
FOOTLENGTH ........ contimetres brush your tecth cach day?
Apartment/ Flat
Right Elbow to Wizt ... cm D D Other
Open Arm Span ..o cm 11 b) How many fillings do you have? 1/ How &0 you wswlly travel to schos?
B. What is your fovourite food type? I:I Ursure [] D‘Nch Daus DC:r

D . ; . 5 L D Cycle [:]i-l.ﬂ D()her
Dairy (milk, cheese, cggs) 12. Which do you think is the most

important cnvircemental issue 18 If you hed £1000 togive to a
that needs to be dealt with in

D Protein (beans, mect, fish) charity of your choice what knd
D : ' the next 10 years? of ergenisation would you cheose?
Carbohydnates (bread, pesta)
= : ! O air Pottution L aers
Fruit/V. <) Children
mmn 1;9 [wkm‘ — D Slobal Warming Education/Youth development
6. Ina on how mary
days do you cat meat? D Water Pollution B Ervircrment
D Floeding Health

2
01234667 International Aid

D Ercrgy Sources

7. How many (palm of hand) Low/Justice
ions of the following do ”
el e 1 [ Rocd Congestion O sport
D! l:l il Sites D Wildlife/ Animals
Fruit Other
O D Other - state 19. Estimate how often you contact
Vegrebles 13. Do you think that YOU personally  yeur friends each week:
D Sweets do arough o improve the amronment. D D
D I:I O Text e-mail
D Crisps Yos Mo ur [:]Teephom (lendine)

8. Inthe lest year have you gone

on a dict, changed your cating
habits or dong amything to control

14. Which of the folowing docs your
houschold recydle? (Tick dl that cply)

[:]Tecphom (mobile)
20.Estimate the 2 angles given

your weight. (eave ok Fyouwi=) [T pcer [ Sioee [ Tins
D Yes D No DP‘c:ﬁc D OTha'D Nothing D D D

This resource is from the CensusAtSchool project at[Www_censusalschool _niu.ac.uk]

by the onlne questionnaire.
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Answers

Qn. No. Type Qn. No. Type

1 Nominal 11 Each: Scale

2 Nominal 12 Nominal + free text

3 Scale 13 Ordinal (unsure in middle)
4 Each: Scale |14 Nominal (multi-answer)

5 Nominal 15 Nominal + free text

6 Scale 16 Nominal

7 Scale 17 Nominal

3 Nominal 18 Nominal

9 Each: Ordinal |19 Each: Scale

10 Scale 20 Each: Scale
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The research study process

Define Design
objectives study 23?\?§Ct
Start— and draft —f and plan —> %
e study or
research statistical .
. . experiment
question(s) analysis
|, Process| | Statistical| | Report| End
data analysis results

™~

This normally involves creating a spreadsheet
of raw data in Excel with one subject each
row and the data fields in the columns
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Comments on the research
study process

It is important at the outset to:

d Make objectives/research question(s) clear and
unambiguous (hypothesis-driven or curiosity-
led?)

1 Identify what data you need

 Plan your statistical analysis before you collect
any data
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The statistical analysis process

 Make sure you have a good data set to start with

Demon-
strate
that you
are in
control
of the
process!

 Generally we advise using Excel (see Workshops 4

1.

()]

and 5) before using SPSS (see Workshop 7)

First describe and present your data, e.g. frequency
distributions in tables or charts

. Calculate basic statistics where possible, e.g.

means and standard deviations

. Start to interpret your data — what might it mean?
. Select specific items for closer attention (based on

your research hypotheses)

. Select and carry out the right kind of test
. Interpret your findings in terms of significance levels
. Modify and repeat if necessary
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How statistical analysis can
help you

4 It allows you to make 'sense’ of data

» Descriptive (e.g. numerical or graphical,
etc.)

It allows you to evaluate uncertainty and make
valid inferences

» Make comparisons (e.g. between two
groups)

» Model orientated (e.g. model how blood
pressure is affected by gender and age)
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Basic statistical concepts

1 Reliability and validity
 Bias and precision

J Data richness

1 Populations and samples
J Parameters and estimates
J Random selection

J Robustness
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Reliability and validity

Valid and potentially also reliable,

depending upon how it is used and

whether the object / person being
measured is always the same

Invalid as it doesn’t measure what
it is supposed to

d An instrument is valid when it measures what it is supposed to
measure

1 An instrument is reliable if the same results are obtained when it
IS retested

O Standard instruments have usually already been tested for
reliability and validity

4 You will probably not be expected to show reliability and validity
of your instrument (except possibly in Psychology)
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Bias and precision

Precise  Imprecise

Biased

Unbiased
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Data richness

4 You should always use the richest
(most detailed) data available
because it will give more accurate
results

1 Here, the Age data is richer than the
Age Category data

U However, there might be ethical
Issues in obtaining detailed data

1 Here, the respondents might feel
embarrassed to give their exact age

®@@ Peter Samuels
@ www.statstutor.ac.uk Birmingham City University

Age | Age Category
29 | 25-29
50 |40+
27 | 25-29
27 | 25-29
31 30-30
24 | 18-24
31 30-30
32 |30-30
34 | 30-30
17 | 18-24
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Populations and Samples

4 £t
b
{0

Sample:

We can learn nearly as much
by studying a suitably large

Population: randomly chosen sample of
May be too big / a population as we can from

expensive to study studying the entire population
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Parameters and estimates

Sample mean (e.g.
age) Estimate

Estimates

\ 4

Population mean
(unknown) Parameter

SIS
‘e & oy sy I
Paw @ o inh

Population of students at
Birmingham City University
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Random selection

1 Most research study designs require a sample to be
randomly selected from a population

[ Research! suggests humans cannot generate random
numbers and thus cannot make random selections
1 Suggested methods:

» Select numbered balls out of a bag (as in the National
Lottery)

» Use an online random number generator, such as
www.random.org/integers

» Use the RAND or RANDBETWEEN functions in Excel
 More details in Workshop 13

1. Bains, W. (2008) Random number generation and creativity,
Medical Hypotheses, 70(1), pp. 186-190
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Robusness

d Parameter-
based
statistical tests
make certain
assumptions
In their
underlying
models

U However, they
often work
well in other

situations when these assumptions are violated
d This is known as robustness
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Why is study design
important?
1 Ensures you collect 'good’ data

1 Allows you to draw valid conclusions and
answer your research question(s)

J Reduces potential bias

» E.g. Staff stress survey — Perhaps staff who have
been stressed are more likely to respond
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More reasons why good
study design is important

1 Reduce variability in your data
» Reduces 'noise’
» Enables you to see the big picture

 Improves accuracy (precision) of results
d Reduces amount of data needed
1 Reduces cost (time or money)

 Surveys or observational studies cannot
iIdentify causes and effects

1 Designed experiments can!
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Activity: In-car
control panel design

A new type of car control panel has been developed to control

various functions within a vehicle, e.g. air conditioning, heater,
radio/CD etc.

Two studies were undertaken where subjects used a driving
simulator, so that their mean distraction time could be measured
using eye-tracking technology, whilst driving and using various
control panel functions.

The idea behind the studies was to ask subjects to use the new
design in the driving simulator and then repeat this using a
standard design of control (i.e. one found in a large number of
cars currently on the road).

The aim was to assess the research hypothesis that the new
control reduces distraction times.
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Ten subjects
used the new
design in a
driving simulator,
whilst ten
different
subjects used the
standard design.

A plot of their
distraction times
IS shown on the
right.

Study 1

Data

Plot of Individual Data Values from Vehicle Control Design Study 1

1.757

1.50 1

1.254

1.00 -

0.75

0.50 4

Sample .
means

NG

Standard Design

New Design

Discuss with your neighbour whether you believe this supports the
research hypothesis that the new control reduces distraction times.
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As for Study 1
but the same ten
subjects used
each design.

A plot of their
distraction times
IS again shown
on the right.

Again, discuss
with your
neighbour
whether you
believe this

Study 2

Data

Plot of Individual Data Values from Vehicle Control Design Study 2

L @
1.75-
1.50-

X— _

\\
\s
\\

1.25- —~-

-—_—_ ~

e \““v
1.004 Q

___ A

0.751 o me—aT

-

- — — — — — — — — x|
0.50-

Standard Design New Design

7/ out of 10

supports the research hypothesis that the new
control reduces distraction times.

‘ @ ®@@Q www.statstutor.ac.uk

Peter Samuels
Birmingham City University

lower with
_new design

Reviewer: Ellen Marshall
University of Sheffield



Recap

We have considered:

d What is statistics?

d The mean of a data series
 Data types

 The research study process

1 The data analysis process

J Some basic statistical concepts
 Benefits of good study design
1 Two study designs
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