Research Methods

Primary Data Collection: Quantitative
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SERNO Respondent’s serial number
AGYRS Age in years

HEIGHT Height (cm)

WEIGHT Calculated Nude Weight (kg)
BMI Body Mass Index (wt/ht?)
SMEVER Ever Smoked?

SATFAT Saturated fat g/wk

SCLASS Social class

OWNH Own health in general

HYFEV Forced expiratory volume

= LOWSYS Lowest systolic BP (of three)

Data Analysis

Andy Gillett
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Figure 7.1 Types of data
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Quantitative Data Categorical Data
Nominal
Two main types:
In which facuity are you studying? Arts and Humanities a
Categorical and Numerical data. Business and Law g,
Physical Sciences D,
Social Sciences O,
Categorical data — Ordinal
* grouped into a descriptive set (nominal);
. . How likely do you believe it is that you will pay off Very likely D‘
* putin rank order (0rd|na|)- your overdraft within a year of graduation? Quite likely o
Unsure D
Quite wnlikely D
Very unlikely D,
9 (Saunders & Lewis, 2012: 166) 10
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Quantitative Data Numerical Data
Numerical data - measured using numbers. Discrete
On how many days did you visit the library last week? (1
Either: (For example, for 2 write: [2])
* discrete data — discrete units ;
. Continuous
* continuous data —any value :
| How much time did you spend studying last week ? [1[1hours [ ][ ] mins

(For example, for 2 hours, 15 minutes write: [ 1[2 ] hours [1] [5 ] mins)

1 (Saunders & Lewis, 2012: 166-167)

12



Definitions

* continuous data: numerical data whose
values are measured numerically as
quantities and can theoretically take any
value, depending on the level of accuracy
with which they are measured. = Scale

* discrete data: numerical data whose values
are measured numerically as quantities in
discrete units and can therefore only take iJ
finite number of values.

* ranked or ordinal data: categorical data
that are put into a definite order.

* descriptive or nominal data: categorical
data that are grouped into sets (categories) ==== nominal
that have no obvious rank order.

ordinal

13
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Definitions

* continuous data: numerical data whose
values are measured numerically as
quantities and can theoretically take any
value, depending on the level of accuracy parametric
with which they are measured. =

» discrete data: numerical data whose values
are measured numerically as quantities in
discrete units and can therefore only take-aj
finite number of values.

* ranked or ordinal data: categorical data
that are put into a definite order. nén-parametric

« descriptive or nominal data: categorical
data that are grouped into sets (categories)
that have no obvious rank order.
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Preparing Data: Coding

CODING CLOSED QUESTIONS

Each response to a question needs an individual
code that allows for data analysis. For example,
Male or Female?

So the coding of the question could be:
1=male
2 = female

17
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Preparing Data

CODING CLOSED QUESTIONS

Each response to a question needs an individual code
that allows for data analysis. For example, Male or
Female?

So the full coding of the question could be:
1=male
2 =female
3 = would prefer not to respond
4 = is unwilling to be characterised in this manner
5 = this information is confidential
9 = missing

18
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Preparing Data

The analytical socio-economic classes are:

1 Higher managerial and professional occupations
2 Lower managerial and professional occupations
3 Intermediate occupations

4 Small employers and own-account workers

5 Lower supervisory and technical occupations

6 Semi-routine occupations

7 Routine occupations

8 Never worked, and long-term unemployed.
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Analysing Data Quantitatively

How to prepare your data

Spreadsheet (Excel)

Statistical analysis software (SPSS, R, Minitab)

| 4] A 8 PR B—— £

Ukelihood of
paying off
overdraft within Hours spent
Student Faculty in which year of Days visted studying last

1 |identifier studying graduation  library last week week

2 1 2 2 3 28

3 2 2 5 4 34

4 3 2 5 3 57

5 4 3 5 2 4

6 5 1 5 o L]
Figure 7.2 Data matrix in Excel
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(Saunders & Lewis, 2012: 168)
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— Very enjoyable 1
— Quite enjoyable 2
— Mostly enjoyable 3
— Not very enjoyable 4
— Not enjoyable 5
— Dreadful 6

| height weidsit bmi smever alcohol satfat
1720 696 2350 1 433

167.7
1615
1655
168.0
1725
168.0
164 5
184.0
1695
1718
159.0
177.0
176.5
163.6
1633
1615
1778
717
1663
1705

77.0
741
69.6
1135
761
896
741
926
69.6
646
83.0
99.6
721
62.5
56.1
66.0
935
776
706
76.6

27.40
28.40
25 40
40 20
2560
3180
2740
2740
2420
2190
3280
31.80
2310
2340
21.00
2630
2960
2630
2550
26 40

1
3

s e e oo

Preparing Data

For a scaled question such as 'How enjoyable did
you find your university studies? Answer on the
scale 1-6', answer codes might be:

20
sclass ownh |

2 2 1

2 261 1 2

5 428 2 2

0 403 2 1
18 387 2 2
999 411 2 3
999 467 2 1
999 406 1 2
999 245 1 2
999 612 2 1
2 330 2 3
7 466 2 2

1 ) 2 1

7 524 2 3
999 429 1 1
38 509 2 2
999 315 2 2
3 121 1 1

0 425 1 1

5 268 1 2
16 483 1 1

Analysing Data Quantitatively

How to prepare your data

Statistical analysis software (SPSS)

ainlslels alsls
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Analysing Data Quantitatively

How to prepare your data
Statistical analysis software (Minitab)

Analysing Data Quantitatively

How to prepare your data
Statistical analysis software (R)

R wersion 2.7.0 (2009-04-22)
CopYTigne (C) 2008 The B Foundation for STATistical Computing
I3EN 31-500051-07-0

R 13 free softeare and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it uader certain conditions.
Type 'license()' or 'licence()' for distribucion decails.

Natural langusge support but uaning in an Esglish locals
8 13 & collshorative project with many cemeributors.

Type 'contributors()' for more information and
‘citation()' on how to cite R or R packages in publicationa.

Type 'dema()' for mome demos, 'help(}’ for on-line help, or
'help.atart{)’ for an HTNL browser interzace o help.
Type 'al)' to quit .
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Presenting your Data

Explore and understand your data (B& . &

i =

—tables, charts and graphs. | mmne

LegacyDtsozs

* Particular tables or graphs are better than
others for highlighting certain aspects of your
data

* Categorical and numerical data often require
different tables and graphs.
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Presenting your Data

Table 7.1 Presenting data using tables and graphs

Tables

For... use a. to present... | which allows the...
categorical data | table a summary individual values to be read Table 12.6 First-year examination and coursework scores (2)
categorical data bar graph values for each | highest and lowest values for a o _
category | variable to be seen’ Student number Examination score Coursework score
numerical data’ histogram values for data | hlgfu.-st and lowest values for a 1 30 70
grouped variable to be seen )
in categories 2 35 65
: . oy e AT 3 40 60
categorical data’ |pie chart proportions in each relative proportions in each of a
category variable's categories to be seen 4 45 55
=== 5 5
numerical data line graph wvalues for a variable trend over time to be seen’ 0 30
over time 6 55 45
v 7 E
numerical data scatter graph | a relationship relationship between two vanables 60 ‘-lU
to be seen 8 65 35
o 9 70 30
umerical data wil noed to be grouped into categories.
* To alo compare variables, use 3 multiple bar chart or 8 multiple ine graph.
(Saunders & Lewis, 2012: 170) 29 30

29 30
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Total organic farming area (fully and under
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Source: European Commission (2010) Organic Farming Statistics
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European states
Figure 7.3 Bar graph

Count

Satisfaction with Course

Stronaly strangly
Disagree  Disagree  Undecided  Agree Agree Total

Gender  ale 6 13 19 7 5 50

Female 0 3
6 18 28

Satisfaction with Course

Strangly stongly
Disagiee  Disagree  Undecided  Agree Agree

Etnic Group _ White 7

Asian

Caribbean

African

Simple Bar Count of Satisfaction with Course

Agree  Strongly Agree

Satisfaction with Course

I} Clustered Bar Count of Satisfaction with Course by Gender
Gender

El W utale
WFemale

Strongly  Disagree Undecided Agree

not Strongly
reported  Disagree Agree
Satisfaction with Course

Hours spent studying by students last week
Source: Surveys of Students

20 25 30 35 40 45 SO0pls
Hours spent studying
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How much time did you spend studying last week ? [ 10 1hours [ ][] mins | How much time did you spend studying last week 7 [ 10 1hours [ ][ ] mins

(For example, for 2 hours, 15 minutes write: [ 1[ 2] hours [1]1 [5 ] mins) (For example, for 2 hours, 15 minutes write: [ 1[2 ] hours [1]1[5 1 mins)

To draw a histogram, you could place these data To draw a histogram, you could place these data
into a series of equal width categories such as: into a series of|equal width categories|such as:
less than 5 hours 25 to less than 30 hours less than 5 hours E ‘f@?"égfm £ r.:_m
5 to less than 10 hours 30 to less than 35 hours 5 to less than 10 hours S

10 to less than 15 hours 35 to less than 40 hours 10 to less than 15 hou
15 to less than 20 hours 40 to less than 45 hours 15 to less than 20 hour ‘ Sgtngi‘1%31r
20 to less than 25 hours 45 hours or more 20 to less than 25 hour: ‘

“bins -> binning” - “unbinning”

[ H H ” 13 H H ”
(Saunders & Lewis, 2012: 173) e (saunders & Lowis, 2012 173 PINS => binning” - “unbinning”

37 38

Simple Histogram of Age Clear title —» Proportion of students by faculty Denser shading
e used for smaller
o e areas

(Segments in
a logical

sequence -

smaliest to

largest) | 42%

—
g
e o
§ [ Physical Sciences = Legend included
o (as necded)

| [7] Arts and Humanities

Units of \ i | Social Sciences

measurement -.___ /

stated N | Business and Law

Frequency

(Two-dimensional

graph used sa as = J

not to distart or " stated

misrepresent Source: Survey of students, 2084 3

the data) Sample size = 134 -— ___Size E‘ wmple
state

Source of dafa

Figure 7.5 Annotated pie chart

39 (Saunders & Lewis, 2012: 174) 40
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Pie Chart Count of Ethnic Group

Ethnic
Group
W White UK Total Balance on Trade in Goods 1946-2009
g
W Canbbean
B Afiican
Cther

e N
§ 8 _ 8
[LCRE
185°
1956
196‘!;

3

£ million at current prices

1

1 (Saunders & Lewis, 2012: 175) 42
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Employees’ sales last month by aptitude test result

Source: Employee database 2004
{data relates to 30 employees)

— ”
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x
oS
*

o 10 20 a0 40 50 60 70 80 90 100
Aptitude test result (out of 100)
Figure 7.6 Scatter graph

(Saunders & Lewis, 2012: 176) 43
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Layout

Table |
[Means and Standard Deviations Jor Current Samples and APA Normative Sample|

Normative
Freudians Jungians Adlerians sample
(n=30) (n=30) (n=30) (n = 866)

Variable D M 5D M SD M

Factor a 234 877 253 873 285 9.15

Factor b 326 797 243 813 286 1167

Factor ¢ 228 707 203 7.83 236 1030

Factor d 3 177 10,17 40 9.94

Factor ¢ 1520 207 9,1 2.86 111

Factor [ 258 633 257 1273 363 1182

Factor g 212 7.33 215 857 227 1011

Factor h 195 8.47 252 980 295 1059

Factor | 596 39.90 728 4430 777 5261

Factor 11 52.03 a3 5837 362 4637 54 929

Nate: APA = American Psychological Association. For a description of each factor, see text (introduction).

Table/Figure
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Figure 1. Sale of luxury goods in the United States, Canada, and Britain by value 2009-2012.
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Figure 1. Population Growth and Shoreline Armaring in Mobile Bay, Alabama
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TABLE 2
UNELOCKED SHEAR WALLS
Fasiener Panel Ultimate Loods [plf] oy
Spacing@  Length Thickness  No. of Stud Spacing Deslylgsﬁhm Load
Size  (in) (in] Type (i) Tosts  Min.  Max.  Avg. fin] Iplf) Faciar]
STRUCTURAL |
ad 8,12 2.1/2 Ply 2 1 593 16 215 28
Naifel 6,6 2.1/2 Ply 12 1 955 16 215 a4
RATED SHEATHING
6,12 2 Py 516 H 550 5881 569 16 135 42
&d 6.6 2 Py 516 2 650 7% 700 16 135 52
Naifie! 6,12 2 Ply 3/8 1 300 24 100 30
6,6 2 Ply 38 1 ars 24 100 a8
toga G127 12 My 1532 1 346 16 130 27
o a1z 2 My 1532 1 381 16 130 29
|2 6,12 1374 o8 3/8 1 a3s 1 105 a2
;,2:; 612 12 Py 1532 1 294 24 105 28
The st ruambar i the el s, T secornd i the spcing ai & Tt wach shad clang T wmblocked
e e i Singhe
1) The load Memarts koo by the targel design shuae.
1<) St st commen neil.
i e o et ek it g it e g il omih .
[Rp———

48




IBM SPSS Statistics

181 5PSS Statistes 22 x

IBM" SPSS” Statistics
on 22

49

Data Collection

* ok K %
IR 2 T
Population * *
L RS S
Target population *

* *
*
Fox xT Kk Kx

*
* Sample
* e * % *
*

Case or element *

Your sample must represent your population.

(Saunders et al, 2016: 275) 51
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Describing Data using Statistics

Description

Inference
— Exploring Relationships
— Comparing Groups

53

IBM SPSS Statistics

Awesome though it is, SPSS is not a
magic oven that can miraculously
transform garbage input into haute
cuisine output. To get useful output,
you need properly collected data
and carefully considered statistical
analysis.

(Colman & Pulford, 2008: 2)

50

Describing Data using
| Descriptive | Inferential |

Description Inference
Sample Population
“When an individual uses descriptive statistics,
he talks about the data he has; but with
inferential statistics, he talks about data he does

not have.”
(Popham & Sirotnik, 1973: 40)

52

Describing Data using Statistics

Description:

- Organise data into comprehensible form
so that trends etc. can be communicated
to others.

- Simplify the organisation and
presentation of data.

- Reduce the data.

54



Frequency Distribution Frequency Distribution
Numerical data: Age Distribution Numerical data: Age Distribution

2 27

Frequency Distribution Describing Data using Statistics

Frequency Distribution of Age

Description:

Describing Central Tendency Describing Central Tendency
Categorical data: The Mode
Categorical data:

Poland
Portugal

Germany




Describing Central Tendency Describing Central Tendency
Numerical data: The Mode

Figure 1: Ages Of Students (2015-16)

2
4

Describing Central Tendency
Categorical data: The Median

| | |

30 it study D study
P ST e
L)
10

10 20 30 40 50 60 70 80 90 100
Test Scores. .

63

Describing Central Tendency Describing Central Tendency

Categorical data: The Mean Statistics

Age
il Walid
Missing

Mean
Median
Mode

Percentiles




Describing Central Tendency

Normal Distribution
Figure 1: Ages Of Students (2015-16)
N 5

Describing Central Tendency

Dispersion
Figure 1: Ages of Students (2015-2016)

Ages Of Students (2015-16)
B

Mean =24.8
Mode = 25
Median = 25

69

Standard Deviation - ¢

Dispersion

Figure 1: Ages of Students (2015-2016})

e - 24 83
Sl Dev. = 1748
|: ne1z




IQR
Dispgrsion

Categorical 8ata: The Median

l l l

22,23, 23, 24, 24, 25, 25, 25, 26, 26, 27, 28

Quartiles

73

Describing Central Tendency &
Dispersion

Mode — most common

Median — middle value of rank order
Mean — average

Dispersion/Range — highest minus lowest
Standard Deviation — deviation from mean
IQR — middle 50% range

Table 7.2 Describing a variable using statistics
For. use the to describe the. which represents the.
categorical data  mode central tendency  category that accurs mast often
numerical data  mode or the value that occurs most often
median or the middle value when all the data values
are put in rank order
mean average value
numerical data  range or the dispersion » between the highest and
values when they are pu
nter-quartile range hin the middle 50 per
or the ues when they are put
standard deviation extent the data values differ from the
mean (95 per f data will lie with
plus or minus 1.96 standard deviations
of the mean)
rumerical data  index number trend relative change in a series of data

values over time

rmally distibuted
been coliected over

time. (Saunders & Lewis, 2012: 172)
77

77

22,23, 23, 24, 24, 25, 25, 25, 26, 26, 27, 28

25% 25%
25% 25%
T T metlian T T
smallest | _SI'J? | largest
value 25th  percentile 73th value
(minimum) | percgntile percentile [maximum
First Quartile Third Quartile 100th
Q) Q) percentile
Interquartile Range = Q,-Q, 74
74
Describing Central Tendency &
Dispersion
Descriptives

Statistic | Std. Error

Age Mean 2483 505
95% Confidence Interval Lower Bound 2372
for Mean Upper Bound 2554
5% Trimmed Mezan 24 81
Median 25.00
Variance 3.061
Std. Deviation 1748
Winimum 22
Maximum 28
Range 6
Interquartile Range 3

Skewnass 181 637

Kurtosis -428 1.232

76

Example: Descriptive Statistics

Mean sales for the organisation’s 30 employees
were £46,600. As the mean, median and mode
are virtually the same, this suggests these data
are normally distributed. Consequently the
standard deviation of 18.46 indicates that 95 per
cent of sales fell within the range £10,318 to
£82,682, the complete range being £68,000.

(Saunders & Lewis, 2012: 178) 78
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Describing Data using Statistics Describing Data using Statistics

Description

Sample — Population Describing Data using Statistics

Description

Describing Data using Statistics

Relationships:




Table 7.3 Examining relationships between variables using statistics Table 7.3 Examini lationships bety riables using statistics (continued)

For... use. .. (symbolin toexamine...  which represents the . .. For. .. use. .. (symbolin toexamine.. .  which represents the ...
brackets) brackets)
categorical data chi-square test association jprobability of the association numerical data Pearson's product  comelation strength of the relationship
o) between two variables 'moment correlation between two variables
occurming by chance coefficient &) ﬂhm;“du
Y : r dathooich occurring by chance
or rank correlation m::‘nhh Regression coefficient explanation strength of a cause and
coefficent (g) or and the probabllity of this (coefficient of # mmma
occurring by chance . el
Kendilsrank  correlation sy sl
correlation data contains tied between
coefficient (x) ranks) Regression equation _prediction formula to predict the values
y=a+bx) ofa variable,

85

Describing Data using Statistics Correlation

Correlation Correlation Coefficient (r)

Employees’ sales last month by aptitude test result r=1 r=-1

Source: Employee database 2088
(data relates to 30 employees)
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Relationship between Groups

Statistioal Tests

93

95

Describing Data using Statistics

Examining associations

Sex: male or female

Salary grade: 1-9

Both categorical data - not ranked
The chi-squared test.

You use this statistic to test whether there is an
association between someone’s salary grade and
their sex: chi-squared x2

92

Relationship between Groups

Relationships?

Continuous or ordinal Categories

Para Nonpurs
Chi-squared
Pearson | Spearman
94
Crosstabulation

FRHER IE e~ Bl 9% & PR B
«% += BE T 0=

* @ owpw =
§ ™ ‘Grade (curment) * “Gender Crosstabulation
v & Crossubs Count
g:‘:ﬂ “Gender
Mak Female Total
i feme Trade e GLOT S T 7 %
£y G Procenimg eos i) " 2
@8 Grace current *
ot ceor 61 1 n
¥ [ Crossubs CCos 65 2 %0
+IE) T ccoa 87 87| 1
& Noes Toial 256 120 | ass

L Active Dataset

(Saunders, Lewis & Thornhill, 2012: 516)
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Crosstabulation
Grade (current) * *Gender Crosstabulation
Count
“Gender
Malke Female Tatal
Grade (currend GCDL1-S 14 2 16
LLos 19 4 23
GCo7 61 11 72
GCos 65 25 %0
GCo9 97 87 184
Total 256 129 385
(Saunders, Lewis & Thornhill, 2012: 516) -
97
Lo = B -ER . & o T SO EE W W W
+- B8 TC=
! Chi-Square Tests
istabs ? Asymp. S?
Tide i Value of (2 -sided)
Notes i Pearson Chi-Square 33587 4 D00
Active Dataset § Ukehhood Rato 35.279 4 000
Case Processi § N of Vakd Cases 385
Grade (curren

¥

a. 0 cells (0.0%) have expected count less than §. The

minémum expected cownt 15 5.36.

sstabs IR

Tite £l

Notes i

Active Dataset o

Case Processi F Valye Appml.i

Grade (curren | | Nominal by Nommal ~ Phe [ 295 000 |
v Cramer's V 295 000

sstabs | N of Vakd Cases 385

(Saunders, Lewis & Thornhill, 2012: 516)

99
Correlation Coefficients
Very Very
Perfect Strong Strong Moderate Weak None None Weak Moderate Strong  Strong Perfect
L L L | L 1 L 1 1 | |
T T T T T T T T T 1 ] 1
-1 0.8 06 035 <02 L] 02 035 06 08 1
Megative Positive
Figure 7.10 How to interpret correlation coefficients
(Saunders & Lewis, 2012: 183) 101

101

-3 @B’ Chi-Squared Test Xz

FAHER M e~ L O PR H
«» += HE T2

v (8 oupu
]

rvel t Chi-Square Tests

v @ Crossubs § Asymp.
) Tie Value ot roiedt
& Notes : [Pearson Chi-Square | 33.587° ) 000
kaw Dataset § Ukehhood Rato 35.279 4 000
4 Case Processu | N of Vakd Cases 385

@ Grade (curren |

® a0 cells (0.0%) have expected count less than 5. The
Log minemum expected count i 5. 36,
v @ crossubs

&) Twe

& Notes s
Lol Symmetric Measures
@ Case Processie | e
(& Grade (curren Nominal by Nommal  Phi -295 000
Log H Cramer's V 295 000
v @ Crossabs N of Vakd Cases 385
+ ) Tre

(Saunders, Lewis & Thornhill, 2012: 516)

98
Chi-Squared Test
Symmetric Measures
Value Approx. Sig.
Nominal by Nominal  Phi .295 .000
Cramer's V 295 .000
N of Valid Cases 385

(Saunders, Lewis & Thornhill, 2012: 516)

100

Relationships

Categorical data
* Chi-squared coefficient

Ranked data.
* Kendall's rank correlation coefficient
* Spearman's rank correlation coefficient.

Numerical data
* Pearson’s product moment correlation coefficient

102
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Chi-Squared Test

FRHER M e~ JFELS 0O & PR H
«» += HE T

v @ oupu
@

Chi-Square Tests
v @ Crossabs Asymp. Sig.
8 Twe Value ot (2-sided)
© Notes Fearson Chi-Square | 33.587° N 000
() Actve Dataset Ukebhood Rato 35.279 4 000
() Case Processi N of Vakd Cases 385
a0 cells (0.0% have expecied count less than 5 The
mivamum expected count 5 5.36.

€4 Notes Symmetric Measures
a
@ Case Processi Vae T Acprox Sig.
@ Grade (curren Nominal by Nommal  Phi 295 000
By Cramer’s v 295 000
v 8 Crosstabs N of Vakd Cases 385

(Saunders, Lewis & Thornhill, 2012: 516)

103

Significance

How likely the relationship between your
variables has occurred by chance.

Significance testing.

If this probability is small (usually 0.05 or less),
then you can say your relationship is
|statistical|y significant. |

105

Interpreting Correlational Research

Is it significant?

Significance (alpha level) p

Significant at p<.05

There is less than a 5% chance that the result
is due to chance.

This means that the finding has a 95%
chance of being true.

Sometimes significant at p<.01
However, see Shaveleson (1988: 248)

107

Chi-Squared Test

Symmetric Measures

Value Approx. Sig.
Nominal by Nominal  Phi .295 .000
Cramer's V 295 .000

N of Valid Cases 385

(Saunders, Lewis & Thornhill, 2012: 516)

104

Interpreting Correlational Research

Even random numbers show some
degree of correlation.

To what extent could your result
have happened randomly?

Is it significant?

106
Chi-Squared Test
Symmetric Measures
Value Approx. Sig.
Nominal by Nominal Phi 295 .000
Cramer's V .295 .000
N of Valid Cases 385

There is a statistically significant weak positive
relationship between the sex of the employee and
their salary grade (r =.295, p < 0.001).

(Saunders, Lewis & Thornhill, 2012: 516)
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Relationships

How to examine relationships

Numerical/Continuous data.

Pearson’s Product Moment Correlation

* Number of television advertisements.

* Number of enquiries.

* Number of sales.

109

n(Zxy) - (Ex)(Ey)

"V [nEx - (3271 [ nEy?- EyR]

Advertisements/Enquiries/Sales

Correlations
Number of Number of Number of
adverbsements angquines sales

[TNumbar of Pearson Correlanon 1 162 204
e s Sig. 12-ailed) 006 131
e N 61 57 56

Number of enquiries  Pearson Correlaton 162 1 726
Sig. 1Z-talled) 006 000
N 57 62 59
Number of sales Pearson Correlabon 204 ne 1

Sig. 12-ailed) 151 000

N 56 59 61

“*. Correlation is sigréficant at the 0.01 level (2 -taied).

(Saunders, Lewis & Thornhill, 2012: 522)
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Advertisements/Enquiries/Sales

Correlations
Number of Number of Number of
adverbiements enguires sales
Number of Pearson Correlabon 1 je2 204
Mdvertiiaments Sig. 12 -talled) 006 131
N 61 57 56
[ Number of enquiries  Pearson Correlabon 162 1 726
Sig. (2-tailed) 006 000
N 57 62 59
Number of sales Pearson Correlabon 204 726 1
Sig. 12 -tailed) 151 000
N _356 59 61

“*. Correlation is significant at the 0.0 1 level (2 -taied).

(Saunders, Lewis & Thornhill, 2012: 522)
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FHER M e~ HBMHF 20 &= PR>» H

«% +=HE TS0

¢ B oupun
Log
8 commetaons. S
BT Number of | Wumber of | Number of
Netes adverdsements | enquiries sales
L) Actve Dataser Teamber o Frarson Comeaton T ) 708
L3 Correlanons ——— Sig. i2-taked) 006 131
N 61 s7 56
| o [ WorBer o enqurmy  Pearion Comelaton ) 1 728
Sig. 2-taded) 008 200
N 57 62 59
umber of w2 Frarson Correaton 704 716 1
Sig. 12-taked) 131 000 |
N 56 59 | 81
== Comelaton s SigACant at the 0.01 level (2-tailed).

(Saunders, Lewis & Thornhill, 2012: 522)
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Advertisements/Enquiries/Sales

Correlations
Number of Number of Number of
advertisements enquiries sales

Ngmlr)tfr of 1 .362 .204
advertisements 006 131
61 57 56

Number of enquiries .362 1 726
.006 .000
57 62 59
Number of sales .204 726 1

131 .000
56 59 61
(Saunders, Lewis & Thornhill, 2012: 522) i
112
Example

There is a statistically significant strong positive
relationship between the number of enquiries
and the number of sales (r =.726, p < 0.001) and
a statistically significant but weak to moderate
relationship between the number of television
advertisements and the number of enquiries (r
=362, p = 0.006). However, there is no
statistically significant relationship between the
number of television advertisements and the
number of sales (r =.204, p = 0.131).

(Saunders, Lewis & Thornhill, 2012: 522)
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Interpreting Correlational Research

We see a relationship between A & B

Statistical Significance # Meaningful or Important

Correlation # Causality

115

It might be:

117

Or:

A

S 7
C

Third variable/Confounding variable
119

15 116

But it could be be:
"7 18
Dog owners have lower
mortality, study finds
Katie Silver
Heaalth reporter, BEC News
Health
Dog owners have a lower risk of death
from cardiovascular disease or other
causes, a study of 3.4 million Swedes
has found.
The team analysed national registries for
people aged 40 to 80, and compared them
19 to dog ownership registers. 120



“Boy, do we have this guy
conditioned. Every time |
press the bar down he
drops a pellet in.”

121

Divorce rate in Maine

tylervigen.com ce rate |
Per capita consumption of margarine

H L

200 o P m . s

& Margarine eomsumed + Divarce rate in Maine

Age of Miss America
Murders by steam, hot vapours and hot objects

153 wo  wm mm ww wo ams e e woy | am

- Murdrs by stvam - Age of Mes Amarica

123

Regression

Employees® sales last month by aptitude test result

Source: Employee database 2084
(data relates to 30 employees)

RN
5808
fad i da by

2
8

Sales in £'000

t T r T T T T
] 10 20 30 40 50 60 70 8 9 100
Aptitude test result (out of 100)

Figure 7.6 Scatter graph

(Saunders & Lewis, 2012: 176) 125
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T USED T THINK,
CORRELATION IMPUED

f

THEN I TOCK A
STATISTICS CLASS.
Now I DON'T,

79

SOUNDS LKE THE
CLASS HELPED.

\ WELL, MAYBE.

122

122

Bad
Science

by Ben Goldacre

124

Regression

A study looked at the possibility of predicting students’
future reading ability (READING) from their
intelligence score (1Q).

Ten children were included in the investigation, selected
at random from a primary school class. The children’s
1Q scores were obtained when they entered the school
and the corresponding reading score was obtained at the
end of the first year. The reading score was the result
out of 100 on a test.

Statistical Services and Consultancy Unit (2016: 36-42)
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STATISTICS WITH SPSS
(Version 23)

UNIVERSITY OF HERTFORDSHIRE

A study look STATISTICAL SERVICES & \g students’
future readin; r
intelligence s

Ten children on, selected
at random frc children’s
1Q scores we ‘he school
and the corre :ained at the
end of the fir, he result

out of 100 on

Statistical Services al
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IQ : Reading

115 124 97 135 105 117 101 110 127

-54 74 81 59 8 70 78 73 84 86
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Hypotheses

Hy = null hypothesis - no relationship between two measured
phenomena.

Rejecting or disproving the null hypothesis is a central task in
modern scientific practice.

Statistically significant means that the null hypothesis has
been rejected.

(NotStatistically Significant means that the ypothe3|s
) @

gcted.

131

I Q 1 Which is the odd one out? 2 Whatis 22 x227 31fX=5andY=7

A Orange A 474 A+ (Y-X)=
B Apple B 48B4 A 5
€ Polato [ B 7
D Banana D 504 [
D

4 What shape completes the sequence?

Ooo |[+][A]

Hee |
Az 2]

5 What shape completes
the sequence?

HXRD
X<P&
PR

128

128

Hypotheses

Hy: READING score cannot be predicted
from IQ score

H,: READING score can be predicted from
1Q score

H, = null hypothesis - no relationship between two measured
phenomena.

Rejecting or disproving the null hypothesis is a central task in
modern scientific practice.

Statistically significant means that the null hypothesis has
been rejected.

130

130

Regression

A study looked at the possibility of predicting students’
future reading ability (READING) from their
intelligence score (1Q).

Ten children were included in the investigation, selected
at random from a primary school class. The children’s
1Q scores were obtained when they entered the school
and the corresponding reading score was obtained at the
end of the first year. The reading score was the result

out of 100 on a test. " - EnExS)-EEx )
_ n(Zx?) - (Ex)?
‘X =at+t by ‘ _ aEx) - Ex)Ey)
n(2x?) - @x)?
Statistical Services and Consultancy Unit (2016: 36-42) 132
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T FRegression 31320 531978
Resiual 0774 wse7

Total 1142100

3 Prediciors (Constant, 1
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B i Enor
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135 136

Regression

Coefficients®
ur - Slandardized The regression equation
Model B Sid. Error Beta t Sig.
1 (Constant) -8.825 18.163 -.486 640
L] 740 160 853 4626 002

a. Dependent Variable: Reading
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Coefficient of Determination

R2

A measure of how much variance is

shared, how much of one variable can

be explained by another.

= r2

143

Example

The test statistic found from SPSS is ¢, which
has the value 4.626 with 8 df and associated
p-value of 0.002. Since p is very small, i.e.
below 0.05, the gradient is unlikely to be a
chance result. Hence it is concluded that
there is a relationship between 1Q and
reading score for primary school children.
Hence, we can reject H, in favour of H,. For
every primary school child whose IQ is
known the reading score can be predicted.

140
cements  nep
wWille Bl Ol 6l
= v~ BI === -
gl a9
Regression Plot
| y=.8825+0740x
L
Coefficient of
Determination
142

Coefficient of Determination

[ Variance ) | Variance J

/

e

Figure 153 No common variance.

If the correlation (r) between variable X and variable Y = 0, then the
coefficient of determination = 0> = 0 or 0%. There is no common variability.

(Burns & Burns, 2008: 349)
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Coefficient of Determination

| 64% shared variance with r = 0.8,

If the correlation (r) between variable X and variable Y = 0.8, then the coefficient of
determination = 0.82 = .64 or 64%. 64% of the variance in one variable is predictable
from the variance in the other.

(Burns & Burns, 2008: 349)
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Coefficient of Determination

Example

Consider the relationship between the number of
customer calls made by a particular salesman and
the number of orders obtained during the course of a
10-day journey cycle. Suppose the correlation is
+.85. This shows a fairly high positive correlation
between the number of calls a salesman makes and
the number of orders received. The coefficient of
determination is 72.25%, i.e. that 72% of variance in
orders is explained by the number of calls made.

(Burns & Burns, 2008: 350)
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Describing Data using Statistics

Description

Inference
— Exploring Relationships
— Comparing Groups

149

Coeffit;ient of Determination

If the correlation (r) between variable X and variable Y = 1, then the coefficient of
determination = 12 = 1 x 100 = 100%: 100% of the variability is common to both
variables.

(Burns & Burns, 2008: 350)
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Coefficient of Determination

R2

A measure of how much variance is
shared, how much of one variable can
be explained by another.

Effect Size

148

Examining relationships between variables using statistics

(Saunders & Lewis, 2012: 180)
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Comparing Groups: Difference

Table 7.3

numerical data split mm difference probability of the differences

numerical data split  Analysis of variance  difference probability of the differences
(ANOVA) (F)

Comparing Means Comparing Means

153

Comparing Means

155




157 158
159 160

Between Groups
—

t-test

o Comparing Means
Within Groups

Do older people buy more than younger people?
Do males buy more than females?

= )_(1")_(2

TR

161 162



Exploring Differences between Groups

Comparison of Groups

Statistical Tests

t-test (unrelated) — independent samples t-test
Compares 2 unrelated groups (e.g. different towns) on L. .
same test. Need one categorical independent variable with [T >
only two groups (e.g. M/F) and one continuous dependent '
variable (e.g. items purchased).

t-test (related) — paired samples / matched t-tests /
matched pairs

Compares the same group on 2 occasions (e.g. same
product at two times). Need one categorical independent
variable (e.g. time 1 & time 2) and one continuous
dependent variable (e.g. product).

163 164
An experiment is carried out to see if The number of items recalled out of each of the
announcing the items on a conveyor belt ten letters in the list was recorded for each child:
as they pass helps children remember the
items better. Announcement: 5789549874
Twenty-two children, all aged 12 years, No Announcement: 385635933474

were randomly allocated; 10 to the
announcement group, and the remaining

12 to the no-announcement group Announcement Mean: 6.6
The children were shown the items on the No Announcement Mean: 5.0
conveyor belt with or without announcing :

each item as they passed. Announcement SD: 1.9

No Announcement SD: 2.0

Statistical Services and Consultancy Unit (2016: 15-19)

165 166

GGraph

Mean Recall of ltems. 104
Following Different Presentation Methods

Recall

Mean Recall

Method of Display

No Announceme

Method Of Display
(Statistical Services and Consultancy Unit, 2016: 17 )

167 168



SPSS Output

Generalisation of result
to wider population of twelve-year-old children

H,: the use of announcements makes no difference
H,: the use of announcements makes a difference

T8
2089

T Tt
e vanaes s Equaycr e

Naan i Emar
[ sig Dfsnee | Oiference

i T E] Th T

1800 e

169 170

SPSS Output: Significance
SPSS Output

Group Statistics
Std. Errar
Method of Display N Mean Std. Deviation Mean
Recall  Announcement 10 6.60 1.955 618
Mo Announcement 12 5.00 2.089 603

171 172

SPSS Output: Significance SPSS Output: Confidence Interval

Independent Samples Test

ttest for Equality of Means

Mean Std. Error
t df Sig. (2-tailed) Differance Difference
1.841 20 .081 1.600 .86
1.853 19.690 079 1.600 864

173 174



SPSS Output: Confidence Interval

t-test for Equality of Means

Q% Confidence Interval afthe
Mean Std. Error Difference
Difference Difference Lower Upper
1.600 R:1it] =213 3413
1.600 864 -.203 3403
175
Effect Size

* Cohen’sd =0.79
* n? EtaSquared = 0.14

Benchmarks (Cohen, 1988)
| [smal [Medum  [lage |
d .20 .50 .80
n? .01 .15 35

(Burns & Burns, 2008, chap. 11)
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Generalisation of result
to wider population of twelve-year-old children

H, : the use of announcements makes no difference
H, : the use of announcements makes a difference

Since our p was quite large 0.081, > 0.05, we can conclude that

the difference may well be a chance result.

The conclusion is that there is no benefit to the wider
population from the use of announcements. The apparent
benefit found in the sample of 22 children was a chance
finding due to the luck of sampling and random allocation.

This apparent benefit of announcements cannot be generalised.

179

Error Bars

SPSS Output: Confidence Interval

95% Cl Recall

[ — [ —

Method of Display

176

Generalisation of result
to wider population of twelve-year-old children

H, : the use of announcements makes no difference
H, : the use of announcements makes a difference

The p-value is the probability that the amount of difference
found between the means of the two groups could be a chance
result. If p were quite small, e.g. below 0.05, the difference
would be unlikely to be a chance result.

178

Generalisation of result
to wider population of twelve-year-old children

H, : the use of announcements makes no difference
H, : the use of announcements makes a difference

An independent-samples t-test was conducted to compare the
effect of the use announcements on the memory of 22 children.
There was no significant difference in scores for the
announcement group (M=6.60, SD=1.95) and the no-
announcement group (M=5, SD=2.089; t(20) = 1.853, p =
0.081, two-tailed) The magnitude of the difference in the
means (mean difference = 1.6, 95% CI: -.213 to 3.413) was
medium (eta squared = 0.14).
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Analysis of Variance

If three or more distinct groups:

Use one-way analysis of variance or
ANOVA.

181

Data for Analysis of Variance
A sample of adults was selected and randomly
allocated to four groups. All were asked to
consume amounts of alcohol as follows:
Group 1: NO ALCOHOL
Group 2: ONE UNIT OF ALCOHOL
Group 3: TWO UNITS OF ALCOHOL
Group 4: THREE UNITS OF ALCOHOL
after which they were asked drive a car simulator

and perform an emergency stop at 40 miles per
hour.

(Statistical Services and Consultancy Unit, 2016: 26-31) 183
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Mean Distance.

(Statistical Services and Consultancy Unit, 2016: 30)
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Comparison of Groups

Statistical Tests

182

182

Data for Analysis of Variance

The distance to stopping the simulator in metres
by each group member is shown below.

The results were as follow.

NO ALCOHOL  31.2 27.4 29.8 33.5 34.0
ONE UNIT 31.2 33.7 34.3 39.2 36.0
TWO UNITS 42.1 40.6 43.4 37.9

THREE UNITS  46.7 45.1 43.2 41.7 40.3

184

[rsr———

(Statistical Services and Consultancy Unit, 2016: 29 )
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Means Plots

0.0
P
4007
00
H
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g £
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] -
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T T T T
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_ . . 8 188
(Statistical Services and Consultancy Unit, 2016: 29 )
. "2
Iw, (X, - X
0. k-1
2 Post Hoc Tests
2(k-2) 1 W,
1+ 25— R
k-1 =1 T Multiple Comparisons
DependentVariable: Distance
Tukey HSD
ANOVA Wean 5% Confidence Interval
Differance (I-
Distance () Alcohol Gonsumed () Alcohol Gonsumed L Std.Error | Sig. Lower Bound | Upper Bound
Mone One Unit -3.7000 1.6953 173 -8.586 1.186
Sum of Two Units 98200 | 17981 000 -15.002 -4.638
Souares of Mean Souare F Sig. Three Units 4122200 | 18953 000 17406 733
One Unit Mone 3.7000 1.6853 173 -1.186 B.586
Between Groups 467 008 3 152,336 21.202 oon Two Units 1200 | 1781 s 1302 .
Within Grﬂupﬁ 107 776 15 7185 Three Units -8.5200° 1.6953 001 -13.408 -3.634
Two Units Mone 98200 1.7981 000 4638 16.002
Total 564784 18 One Unit 61200 | 17981 018 938 11302
Three Units -2.4000 1.7981 556 -7.582 2782
Three Units Mone 122200 1.6953 000 7334 17.106
One Unit 852000 | 16953 001 3634 13.408
Two Units 2.4000 1.7981 556 -2.782 7.582
*.The mean difference is significant atthe 0.05 level.
(Statistical Services and Consultancy Unit, 2016: 29) 180 190
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Describing Data using Statistics

Description

e Central Tendency
. . Statistical Analysis
* Dispersion 3 .
P with Excel

Inference

dummies

— Exploring Relationships
* Correlation
* Regression

— Comparing Groups
* t-Test = JULIE PALLANT
¢ ANOVA 191
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