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DATA ANALYTIC METHODS AND
HYPOTHESIS TESTING

What do we need to know?

* Types of data

* Types of statistics |ﬁ
Descriptive VS inferential

* Levels of measurement
Central tendency f
Variance
P-Value

* Types of statistical tests m

Difference VS relationship
Parametric VS non-parametric
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Types of Data

Nominal Numbers
Assigned N VY
to Runners A / m
Ordinal Rank Order

of Winners

Third Second First
place place place
Interval Performance
. 8.2 9.1 9.6
Rating on a
0to 10 Scale
15.2 14.1 13.4

Ratio Time to Finish
in Seconds

Descriptive Statistics:
Frequency Distribution
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What are descriptive statistics?

* Procedures that summarise, organise and simplify data to aid
with interpretation

* Grouping/ordering the data can tell us useful information

Age Distribution Shoe Size

I: Walid Cumulative

e Frequency | Percent | Percert | Percent

8 VAl 6.0 T 6.7 67 67

7 65 2 133 133 200
z s 70 3 200 200 400
% s 75 2 133 133 533
£ 4 85 Z 133 133 667

3 90 1 6.7 6.7 733

2 95 2 133 133 86.7

1 I l 108 ] 13.3 133 1000

o Total 15 | 1000 | 1000

05 1019 029 049 5059 6069 Total 15 100.0
e Groups

Frequency Distribution

Sickness absence rates in the ambulance
* Help understand our service (2017-2018)

data

e

O R N®WAE N ON®B OO

* Build up a picture of
what is happening with
our data

[0.47%, 2.97%] (2.97%, 5.47%] (5.47%, 7.97%]

* Simple, visual method to
present and categorise
data
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Frequency distribution

* How often a score appears in a data set

* We can create a frequency distribution based on counting these

occurrences
| Grades | Frequency
A 12
B 10
© 6
D
Fail 2

Creating a frequency distribution

Summarise data; “
1 8 letters
2 7 letters
8, 7, 5, 6, 4, 5, 7, 10, 7, 6 3 5 letters
4 6 letters
5 4 letters
Rank raw data in order: 6 ST
7 7 letters
4,5,5,6,6,7,7,7,8,10 s 10 letters
9 7 letters
10 6 letters
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Creating a frequency distribution

[ score | Frequency(f) |

. 4 letters 1
Consider the (.iata. an<3| create 5 letters 2
a frequency distribution 6 letters 2
table: 7 letters 8
8 letters 1

4,5,5,6,6,7,7,7,8,10 i °
10 letters 1

Grouped frequency distribution

* If range of possible values is large

* Frequency table would consist of empty entries

Length of time inservice(X) | f |

1 years 15
E—) 2 years 0

3 years 0
) 35 years 15




The principles of grouping data

* Usually limited to 10 intervals (1 -5, 6 — 10, 11 — 15 etc.)

* Simple numbers are used for intervals: 2, 5, 10, 20, 50, 100

For example:
Years in service

85
10

e 11-15

* These must not overlap
e Cover all the data
e Width is the same

6-1=5
11-6=5

Frequency distribution graph

* Picture of the information that’s available in a frequency

distribution table

* Interval/ratio data — use a histogram

equency

i

Age Distribution

12
E:
=
g I
L
: l I l
o 1049 29 3099 049 S0 G069
Age Groups

21/7/2021
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Drawing a frequency distribution graph

(¢ Y-axis

Frequencies, top to
bottom

X-axis i

Measurement values,
ordered from left to right

Using relative frequencies

* When you have a large number of participants
* Can be expressed as a percentage or proportion

f f

—x 100 —
N N
[frequency ) firequency
percentage = ———————x100 proportion=————
sample _size sample _size
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Using relative frequencies: Example

* Percentage of participants who [ score | Frequency(f) |

remembered 4 letters 4 letters 56
* 56+ 214 x100 = 26% 5 letters 62
6 letters 35
* Proportion of participants who PGS 2=
remembered 4 letters 8 letters 18
.« 56+ 214=0.26 9 letters L
10 letters 8
N=214

Descriptive Statistics:
Central Tendency

(1)
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Central tendency

* Where scores tend to cluster —

* 3 main methods of measuring
central tendency

i
t
Mean Mode Md.ﬂ

Mode
Median / N
Mean
Mode
Advantages

* Easy to work out
Most frequently occurring score

Disadvantages
* You can have more than one

* Not sensitive to all scores in the
distribution

10



Median

In a ranked distribution, the
median is the middle score OR the
average of the two middle scores in
an even numbered distribution

Disadvantages Median = 6

* All other scores in the
distribution are irrelevant

Mean

* The average score Sum
* Very common in psychology / total

Z x Gmmmm Score

Sample

mean —x —

\ Number of

observations

21/7/2021
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Calculating the mean

Z X Score

Sample o
mean X =

Number of 177 +33=5.36

observations

Mean = 5.36

Properties of the mean

* Sensitive to every score in the distribution
Problems when data is skewed

Extreme scores will provide an unrepresentative mean

Negative Skew Positive Skew

21/7/2021
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Example: Mean of a unimodal, symmetric distribution

M=105
1204 i Unimodal:
One peak
100
= 80+
=
qg’_ 60
404
20
U T T T T
0 5 10 15 20
Variable

Example: Mean of a unimodal, asymmetric distribution

13



Example: Mean of a bimodal distribution

M=10.5

Bimodal:

Two peaks

Which is preferable?

Mean
* Be careful of outliers, particularly in small samples

Median
* When distribution is skewed
* Ordinal data

Mode
* Nominal data only

21/7/2021
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What are the problems with only looking at measures of
central tendency?

Descriptive Statistics:
Variability

()

15



Variability

There are a number of ways in
which the variability in a data set
can be considered:

Range
Interquartile range
Variance

Standard deviation
Standard error

Highest score — lowest score

Range

Useful but simple measure
Ignores most of the data
Problems with extreme scores
Depends on sample size

Range=10-1=9

21/7/2021
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Interquartile range

* Range of the middle 50% of the
scores (75t — 25t percentile)

* No problems with outliers but
still ignores 50% of scores

25% 25%

mEL_‘Jizn

smallest 50th largest
value Sth_ percentile 75th value

(minimum)  pefcentile percentile  (maximum)
First Quartile Third Quarile 100th,

(@) (W) percentile

Interquartile Range = Q3-Q,

The variance

* A measure of average squared deviations between the

observations and the sample mean

Sum

Variance  ws) SD2 =

Score

total \ / Mean

Dl (x—M)?

17
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Standard Deviation (SD)
* The square root of the variance

* Represents the standard amount by which scores
vary in a distribution

* Only meaningful for scales with equal intervals

Standard Deviation (SD)

* The larger the standard deviation, the most dispersed the
values are

18
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Should the denominator be n or n-1?

* Sample mean is an _ 2
unbiased estimate of the SDZ — Z(x—m
population mean, BUT n—-1

* Sample variance ALWAYS
underestimates the or
population variance.

* Using n-1 as the 2 Z(x_M)Z
denominator when sDé = ——
working with sample n
variance can correct this
bias.

Standard Deviation (SD) Formula

Standard Deviation Formula
Population Sample
o= [ZE-£) s [ZE-EP
N n—1
X — The Value in the data distribution X — The Value in the dota distribution
u — The population Mean X — The Sample Mean
N - Total Number of Observations n - Total Number of Observations

19



Putting it all together: APA formatting

In text:

Children who viewed the violent cartoon displayed more
aggressive responses (M = 12.4, SD = 3.7) than those who viewed
the control‘g‘grtoon (M=4.2,5D=1.0)

DISCOVERI|
USING SPS!

ANDY FIELD
=

Inferential Statistics:
Checking Assumptions

21/7/2021
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Inferential statistics

* Used to test hypotheses and reach conclusions that extend
beyond the data alone

* Used to make generalisations from a sample to a population

Is there a
Can one relationship
factor between

Do groups
differ on
some
outcome
variable?

predict one variable

another? and
another?

Parametric and non-parametric tests

Parametric tests:

* Parameter: A number that describes
how an event happens

* The data have to have certain
characteristics (parameters)

* E.g. t-test, ANOVA, Pearson

Nonparametric tests:

* Less fussy about the nature of the
data

* E.g. Mann-Whitney, Spearman

21/7/2021
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Parametric and non-parametric tests

Parametric tests:
* Robust / powerful tests

* E.g. likely to find a difference if there
is one

Nonparametric tests:
* Not as strong / powerful

* E.g. Might not find a difference when
there is one

Checking assumptions

* Statistical tests have several assumptions

* You must check these assumptions to ensure the data is
suitable for the statistical analysis

* Important step in being confident of your
interpretation/conclusions

22
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Assumption 1: Data types

What type of data do you
have? (e.g. is it continuous,
categorical?)

Types of data

Parametric tests:
* Continuous data
* E.g. interval/ratio data

Nonparametric tests:
* Categorical
* Ordinal/nominal data

23
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Assumption 2: Study design

What design is your study?
(i.e. what do you want to
find out?)

Key quantitative study designs

exam
Correlational results

* Is there a relationship between x and y?
* Pearson’s r, Spearman’s rank

hours
revising

24
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Key quantitative study designs

Comparing groups
* Does group x differ from group y on an outcome
variable

* Looking for differences between groups
Independent measures (different people in the
groups)

2 groups = IM test, Mann-Whitney test

>2 groups = One-way IM ANOVA, Kruskal-Wallis
Repeated measures (same people in the groups)

2 groups = RM t-test, Mann-Whitney test

>2 groups = One-Way RM ANOVA, Friedman’s test

Assumption 3: Outliers

Does your data have any
outliers? (e.g. any influential
points that may affect the
data)

25



What is an outlier?

. . . what™ i in {
* "An observation that lies outside g afal'e e ey Joe

the overall pattern of a
distribution of data” (Moore & o
McCabe, 1999) NG

* Asingle observation (or small
number of observations) that are
different (bigger or smaller) from
the rest of the data

What is an outlier?

How exciting do you find research

methods ?
5e o o . o o o No outlier mean = 4.89

All data mean
=450

Rating (1 -5)

Biasing effect
2 (drags the mean down)

1
1 2 3 4 5 6 7 8 9

Student

21/7/2021
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Dealing with outliers

Outliers usually indicate problems

What problems might an outlier indicate?

o

Dealing with outliers

Parametric tests
* No outliers

Nonparametric tests

¢ Can use with outliers

27
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Assumption 4: Normality

Does your data have a
normal distribution?

Assessing normality

° Parametric tests assume normal high
distribution

* It's important to check whether this is
true and that you data is normally
distributed .
low high

mean

* Normal distribution = ‘bell shaped
curve’

28
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Assessing normality: Skewness

* 0 = perfectly normal 1941

£ 10% |

* -1to+1=may be normal

60om  170om  180om  190om
Height in cm

Normal

Assessing normality: Skewness

r right 7 ro left .
(positive) (negative)

i skew 7 T skew 7

e >+1= pOSitiVe skew e <-1= negative skew

29
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Assessing normality: Kurtosis

Kurtosis

How pointy or flat the distribution is — Leptokurtic

Mesokurtic

* More than +1 = pointy
* 0 = perfectly normal
* Less than -1 = flat

Platykurtic

Assessing normality: Groups

You need to check whether each
group has normally distributed
data

30



Assessing normality

Parametric tests

* Assume the data is normally distributed
(bell-curve)

* Use mean and SD

Nonparametric tests

* No need to assume anything about the
shape of the data

* Use ranks of scores not mean/SD

Inferential Statistics:
Logic of Inferential Statistics

21/7/2021

31
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Using Inferential Statistics in Business Research

* Research Question:
E.g., Are female managers better or worse than male managers?

* Theory:
Theory 0: All people are equal
Theory 1: Women are by nature more nurturant than men, making them better managers

* Hypotheses:
Ho: All managers are equal, regardless of their gender
H1: Female managers are better than male managers

Logic of Inferential Statistics

The population is too big to measure in its entirety

Samples (as representative as possible) are drawn from the population and used to infer what is
going on in the population

Null hypothesis — An assumption about the state of the population (when no theory suggests
otherwise)

E.g., all people are equally good (or bad) managers

Alternative hypothesis — An expectation (based on theory) about the true state of the population
E.g., female managers are better than male managers

Use the sample statistics to reject the null hypothesis or the alternative hypothesis

32
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Symbols for Population and Sample Variables

Variable Population Sample
Mean 1] X
Proportion 1 P
Variance o2 s2
Standard deviation c s
Size N n
Standard error of the mean Ox Sx
Standard error of the proportion op Sp
Standardized variate (z) (X-p)/c (X-X)/s
Coefficient of variation (CV) c/p S/X

Margin of Error

* Each data point can be represented as the Sample Mean plus a
Margin of Error, which is the variability from the point estimate

X= X +Error

* Sample mean is an unbiased point estimate of the population mean
X =+ Error

* The error can be represented in units of SD from the mean
Z * SD, therefore:
X=X+2Z*SD
X= pu+Z*SD,

33
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Standard Score (z)

* A Zscore represents how far a data point is away from the mean
in terms of the number of standard deviations (SDs) away from
the mean.

* Calculating Z scores is a way of standardizing values in a data set.

Data point\ r Mean
_(x—w
Z e (———
7N

Standard deviation

This forms the basis of the Confidence Interval

For the population:

‘)’—x_u

A

o <=> x=u+Z*o

For the sampling distribution:

X- U
z= 03 <=> X =u+z* 0y

34
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Percent of cases within
standard deviations

< 99.72% of Cases >

Confidence Level

* Percent of cases within a certain section of a distribution

* E.g., a 95% confidence level refers to a section of the
distribution that covers 95% of the cases

1 - Significance Level (1 - a)

35



Confidence Interval

* Arange of scores within which a certain percent of cases can be found.

* E.g., suppose that the 99.72% confidence level is chosen.
The 99.72% confidence interval is marked by 3 SDs below the mean and 3 SDs above the mean.
Within this range of scores, we are confident that 99.72% of the cases can be found.

< 99.72% of Cases >

Sampling Distribution

* Imagine that we draw a sample from a population over and over
again

* Each sample has a mean

* The distribution of the means of these samples is the sampling
distribution

21/7/2021
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Central Limit Theorem

* The sampling distribution of the means is a t-distribution and
approaches normal distribution (z-distribution) as sample size

increases (>30), even if the distribution of the population (from which

the many samples were drawn) is not normal.

* The mean of the sampling distribution is an unbiased estimate of the

population mean.

* The standard deviation of the sampling distribution is known as

Standard Error, which is given by:

This forms the basis of the Confidence Interval

For the population:
Z= i o
o <=>

For the sampling distribution:

X-u
Z= Ui <=>

X=u+Z*o

37
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Example: Finding Probabilities Corresponding to Known Values

Area between pand p+ 16 =0.3413
Area between p and p + 26 =0.4772

Area is 0.3413
Area between p and p + 36 = 0.4986

1 T
p3c p2c plo n ptl e p+2c pt3c

35 40 45 50 55 60 65 (1=50,6=5)
3 2 1 0 + +2 +3 Z Scale

Critical Values

* Values of the test statistic that mark the confidence interval
and the conventional levels of statistical significance

* E.g., 95% confidence interval on a z distribution

Z=1196

* E.g., 99% confidence interval on a z distribution

Z=12575

38
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Two-Tailed Test Using the 95%

Confidence Interval

95% Confidence Interval, Z = 1.96

Area is 0.475 Area is 0.475
Area is 0.025 Area is 0.025
X Scale
X 50
| " N
=z (') +7 Z Scale

39
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One-Tailed Test Using the 95% Confidence Interval

Area is 0.450 Area is 0.500

i — 7\
Area is 0.050 \\\\\
—
X Scale
X 50
-ZI (') Z Scale

Using Confidential Interval for Inferential Statistics

*  Using the sample mean to estimate the population mean
Assume the sample mean is an unbiased estimate of the population mean
Construct a sampling distribution around the sample mean using the standard error obtained from the sample
There is 95% probability that the true population mean is located in the 95% confidence interval (two-tailed)

* Using the sample mean difference to estimate population mean difference
Assume the sample mean difference is an unbiased estimate of the population mean difference

Construct a sampling distribution around the sample mean difference using the standard error obtained from the
sample

There is 95% probability that the true population mean difference is located in the 95% confidence interval (two-
tailed)

If the 95% confidence interval covers the value of O, there is 95% probability that the true mean difference in the
population is 0

*  Using the sample means to test hypotheses about mean difference (Fisher’s Approach)
Assume the null hypothesis is true

Construct a sampling distribution around 0 (the mean difference specified in the null hypothesis) and the standard
error obtained from the sample

If the test statistics (i.e., z, or t) of the sample falls in the 95% confidence interval, Ho is supported

If the test statistics (i.e., z, or t) of the sample falls OUT of the 95% confidence interval, it is called statistically
significant. Ho is rejected.

That is, if Ho is true, probability of finding this test statistics is less than or equal to 5%. Now this test statistics is
found, Ho is unlikely to be true.

40
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Confidence Interval: An Example

Note that [Lis estimated by X . The confidence interval is given by
X *zoz
We can now set a 95% confidence interval around the sample mean (e.g., $182). Asa

first step, we compute the standard error of the mean (e.g., standard deviation = 55):

Gr = & =554300 =3.18
¥ir

The central 95% of the normal distribution lies within + 1.96 z values. The 95%
confidence interval is given by

X +1.96 0%
=182.00 + 1.96(3.18)
=182.00 + 6.23

Thus the 95% confidence interval ranges from $175.77 to $188.23. The probability of
finding the true population mean to be within $175.77 and $188.23 is 95%.

*** Bear in Mind ***

* In inferential statistics, we work with the Sampling Distribution
(usually of the means) rather than the distribution of the raw
scores or the distribution of the population.

* The standard deviation of the sampling distribution of the
means is the Standard Error, which is:

41
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Inferential Statistics:
Approaches to Hypothesis Testing

(=)

Fisher’s Approach to Null Hypothesis Testing

The null hypothesis represents the original state of nature; that is,
nothingness

* If the null hypothesis is true, the probability of finding a test statistic
out of the confidence interval is o

° o is small enough to be considered unlikely.

* If the test statistic that is found is actually out of the confidence
interval, this test statistics is considered surprising.

If the null hypothesis is true, this test statistic is unlikely to be found.
If this test statistic is found, the null hypothesis is unlikely to be true.

* There is nothing about the alternative hypothesis.

42
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Problems of Fisher’s Approach

* Reversibility of inference is dubious (Cohen, 1994). That is, the
syllogism “If A is true, then B is not true. If B is true, then A is
not true” is correct. But the syllogism “if A is true, then B is
unlikely to be true. If B is true, then A is unlikely to be true” is
incorrect.

* Emphasis on Ho is inadequate because in the first place Ho is
theoretically unimportant, and in the second place Ho as a
hypothesis involving a single real number on a random
variable is doomed to be false (Cohen, 1994; Hunter, 1997).

Neyman & Pearson’s Approach to Statistical
Hypothesis Testing

* Alternative Hypothesis (H1)
A hypothesis that states the relationship anticipated by a theory

* Procedure of statistical hypothesis testing:

Draw two sampling distributions, one for the condition in which Ho is
true, the other for the condition in which H1 is true.

Considering the statistical power you want to achieve and the budget
you are willing to pay, determine the a (type | error), B (type Il error),
and the sample size.

Mark a cut-off point on the dependent measure for statistical
decision making. This cut-off point is determined by the a (type |
error) and B (type Il error). This cut-off point essentially marks the
confidence interval.

Collect sample statistics to see whether the sample’s standing is
below (within the confidence interval) or above the cut-off point. If
below, conclude that Ho is true. If above, conclude that H1 is true.

a is taken as part of the test, not part of the data.

43
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Level of Significance

Type | Error

* Type | error occurs when the sample results lead to the rejection of
the null hypothesis when it is in fact true.

* The probability of type | error (a) is also called the level of
significance.

* Significance Level = 1 - Confidence Level

Type Il Error

* Type Il error occurs when, based on the sample results, the null
hypothesis is not rejected when it is in fact false.

* The probability of type Il error is denoted by B.

* Unlike a, which is specified by the researcher, the magnitude of B
depends on the actual value of the population parameter.

Probabilities of Type [ & Type Il Error

5% of Tota

rea
\ q=0.05
/

IT,=0.40

Z o= 1.645

Critical Value ;

of z % of Total
rea
B=0.01 &
~
[1=0.45
7+-2.33
B

44
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Logic of Testing Alternative Hypothesis

* To determine 3, one has to know the population parameter.
* Unfortunately, the population parameter is unknown.

* Even if one sets an alternative hypothesis that specifies the
value of the population parameter, this hypothesis will be
rejected for sure, given a sample large enough.

Power of a Test

* The power of a test is the probability (1 - B) of rejecting the null
hypothesis when it is false and should be rejected.

* Although B is unknown, it is related to (. An extremely low value
of Ol (e.g., 0L =0.001) will result in intolerably high B errors.

* So it is necessary to balance the two types of errors.

45
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The Hybrid Approach (Currently in Use)

* Alternative Hypothesis (H1)

A hypothesis that is mutually exclusive with the null hypothesis. If
one of them is rejected, the other is automatically supported.

* Problems
The same problems of Fisher’s approach.

(1 - a) is often taken as the confidence you can have on the data,
or the probability that the same sample statistics is replicable.
Both interpretations are wrong.

The approach is mechanical and presumes that there is one single
answer to the substantive. In fact, there may be many more.

P-Value

« If Ho is true, p-value is the probability of finding a test statistic equal to
or larger than the one found in your sample.

* Also referred to as the Significance Level of the finding

Paired Samples Test

Paired Differences
95% Confidence Interval of the
Std. Error Difference /—\
Mean | Std. Deviation Mean Lowsr | Upper t df_( Sig. (-tailed)
Pair1  Neuroticism - Extroversion | -3.16667 9.74990 2.81455 -9.36146 ‘ 3.02813 -1.125 AN 284
Correlations
Neuroticism | Extroversion
Neuroticism ~ Pearson Correlation 1 -.267
Sig. (2tailed) mD
N 12 12
Extroversion  Pearson Correlation -.267 1
Sig. (2-tailed) @)
N 12 12

46



These statements about p-value are inaccurate

* Probability of your result being due to chance
* Probability statement telling us how likely it is that any observed

difference was due to chance alone

Degree of Freedom

SD and variance should be interpreted as the
deviation from the mean per degree of freedom
N represents the degree of freedom in the population
(n - 1) represents the degree of freedom in the sample

This is because the sample variance calculation uses
the sample mean to estimate the deviations, but the
calculation of the sample mean has used up one
degree of freedom. The denominator has to be
adjusted by subtracting that degree of freedom.

That means, the average is obtained by dividing by
the degree of freedom, or the degree of randomness.

If the population mean is known, N correctly
represents the degree of freedom

(df)

Standard Deviation Formula

Population

Sample

_|Ex—p)?
- N

X = The Value in the data distribution
= The population Mean
N - Total Number of Observations

[z -xy
TS

X —The Value in the data distribution
%~ The Sample Mean
n - Total Number of Observations

21/7/2021
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Inferential Statistics:
General Procedure for Hypothesis Testing

General Procedure

Step 1: Formulate the hypothesis

Step 2: Select an appropriate test

Step 3: Choose a level of significance

Step 4: Collect data and calculate test statistic

Step 5: Determine the probability (critical value)

Step 6: Compare the probability (critical value)

Step 7: Make the decision (accept or reject the hypothesis)
Step 8: Draw research conclusion

(o)

48



Steps Involved in Hypothesis Testing

Formulate Hy and H;

Select Appropriate Test

| Choose Level of Significance

‘ Collect Data and Calculate Test Statistic

l

|

Determine Probability

Associated with Test

Statistic

Significance, a

Compare with Level of

l

Determine Critical Value of

Test Statistic TSqg

1
Determine if TS, falls
into (Non) Rejection

Region

v
|

Reject or Do not Reject H,

!

| Draw Marketing Research Conclusion

Example: Internet Usage Data

Respondent Sex Familiarity Internet
Number Usage
1 1.00 7.00 14.00
2 2.00 2.00 2.00
3 2.00 3.00 3.00
4 2.00 3.00 3.00
5 1.00 7.00 13.00
6 2.00 4.00 6.00
7 2.00 2.00 2.00
8 2.00 3.00 6.00
9 2.00 3.00 6.00
10 1.00 9.00 15.00
1 2.00 4.00 3.00
12 2.00 5.00 4.00
13 1.00 6.00 9.00
14 1.00 6.00 8.00
15 1.00 6.00 5.00
16 2.00 4.00 3.00
17 1.00 6.00 9.00
18 1.00 4.00 4.00
19 1.00 7.00 14.00
20 2.00 6.00 6.00
21 1.00 6.00 9.00
22 1.00 5.00 5.00
23 2.00 3.00 2.00
24 1.00 7.00 15.00
25 2.00 6.00 6.00
26 1.00 6.00 13.00
27 2.00 5.00 4.00
28 2.00 4.00 2.00
29 1.00 4.00 4.00
30 1.00 3.00 3.00

Attitude Toward

Internet
7.00
3.00
4.00
7.00
7.00
5.00
4.00
5.00
6.00
7.00
4.00
6.00
6.00
3.00
5.00
4.00
5.00
5.00
6.00
6.00
4.00
5.00
4.00
6.00
5.00
6.00
5.00
3.00
5.00
7.00

Technology
6.00

3.00
3.00
5.00
7.00
4.00
5.00
4.00
4.00
6.00
3.00
4.00
5.00
2.00
4.00
3.00
3.00
4.00
6.00
4.00
2.00
4.00
2.00
6.00
3.00
6.00
5.00
2.00
3.00
5.00

Usage of Internet
Shopping
1.00
2.00
1.00
1.00
1.00
1.00
2.00
2.00
1.00
1.00
2.00
2.00
2.00
2.00
1.00
2.00
1.00
1.00
1.00
2.00
2.00
2.00
2.00
1.00
1.00
1.00
1.00
2.00
1.00
1.00
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A General Procedure for Hypothesis Testing
Step 1: Formulate the Hypothesis

* A null hypothesis is a statement of the status quo, one of no
difference or no effect. If the null hypothesis is not rejected, no
changes will be made.

* An alternative hypothesis is one in which some difference or effect
is expected. Accepting the alternative hypothesis will lead to
changes in opinions or actions.

* The null hypothesis refers to a specified value of the population
parameter (e.g. L, G, Tt), not a sample statistic (e.g., X' ).

A General Procedure for Hypothesis Testing
Step 1: Formulate the Hypothesis

* One-tailed test vs. two-tailed test

* The test of the null hypothesis below is a one-tailed test,
because the alternative hypothesis is expressed directionally. If
that is not the case, then a two-tailed test would be required,
and the hypotheses would be expressed as:

Hy:T =040
Hi:mt#040
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Probability of z with a One-Tailed Test

Shaded Area
= 0.9699

Unshaded Area
= 0.0301

/

4

z=1.88

°\\\\<\\\

A General Procedure for Hypothesis Testing
Step 2: Select an Appropriate Test

* The test statistic measures how close the sample has come to
the null hypothesis.

* The test statistic often follows a well-known distribution, such
as the normal, t, or chi-square distribution.

* In our example, the z statistic, which follows the standard
normal distribution, would be appropriate.
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Some commonly used test statistics

e z-test
Based on the z distribution (i.e., normal distribution)

° t-test
Based on the t distribution

* F-test
Based on the F distribution

* Chi-square test
Based on the chi-square distribution

A General Procedure for Hypothesis Testing
Step 3: Choose a Level of Significance

P-value Interpretation

>0.05 (> = More Than) Insufficient evidence against null hypothesis

<0.05 (< = Less Than) Some evidence against null hypothesis, statistically
significant

<0.01 Strong evidence against null hypothesis, very statistically
significant

21/7/2021
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A General Procedure for Hypothesis Testing
Step 4: Collect Data and Calculate Test Statistic

* The required data are collected and the value of the test
statistic computed.

* In our example, the value of the sample proportion is
P =17/30=0.567.

* The value of Gy can be determined as follows:

c _ﬂﬂl-_“)
P = n

~ [ (0.40)(0.6)

30
= 0.089

A General Procedure for Hypothesis Testing
Step 4: Collect Data and Calculate Test Statistic

The test statistic z can be calculated as follows:

= 0.567-0.40
0.089

= 1.88
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A General Procedure for Hypothesis Testing
Step 5: Determine the Probability (Critical Value)

* Using standard normal tables, the probability of obtaining a z value of
1.88 can be calculated (see Figure 15.5).

* The shaded area between - 00 and 1.88 is 0.9699. Therefore, the area
to the right of z=1.88 is 1.0000 - 0.9699 = 0.0301.

* Alternatively, the critical value of z, which will give an area to the right
side of the critical value of 0.05, is between 1.64 and 1.65 and equals
1.645.

* Note, in determining the critical value of the test statistic, the area to the
right of the critical value is either QLor OL/ 2. Itis Ol for a one-tail test
and (/2 for a two-tail test.

A General Procedure for Hypothesis Testing Steps 6 &7:
Compare the Probability (Critical Value) & Making the Decision

* If the probability associated with the calculated or observed value of the
test statistic (TSCAL) is less than the level of significance (¢ ), the null
hypothesis is rejected.

* The probability associated with the calculated or observed value of the
test statistic is 0.0301. This is the probability of getting a p value of 0.567
when IT = 0.40. This is less than the level of significance of 0.05. Hence,
the null hypothesis is rejected.

* Alternatively, if the absolute calculated value of the test statistic (| TSca|)
is greater than the absolute critical value of the test statistic (| TScg |), the
null hypothesis is rejected.
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A General Procedure for Hypothesis Testing Steps 6 & 7:
Compare the Probability (Critical Value) & Making the Decision

* The calculated value of the test statistic z=1.88 lies in the rejection
region, beyond the value of 1.645. Again, the same conclusion to reject
the null hypothesis is reached.

* Note that the two ways of testing the null hypothesis are equivalent but
mathematically opposite in the direction of comparison.

* If the probability of TS., < significance level ( () then reject H, but if
[TSca | > | TSkl then reject H,.

A General Procedure for Hypothesis Testing
Step 8: Draw Research Conclusion

* The conclusion reached by hypothesis testing must be expressed
in terms of the research problem.

* In our example, we conclude that there is evidence that the
proportion of Internet users who shop via the Internet is
significantly greater than 0.40. Hence, the recommendation to
the department store would be to introduce the new Internet
shopping service.
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Statistical Tests

A Broad Classification of Hypothesis Tests

Hypothesis Tests

l !
Tests of Tests of
Association Differences

Distributions

Means

Proportions

Median/

Rankings

[111)
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A Classification of Hypothesis Testing Procedures for

Examining Differences

| Hypothesis Tests ‘

l

|

Parametric Tests

(Metric Tests)
|
| I
One Sample Two or More
Samples
* ttest i
* Z test
Independent Paired Samples
Samples
* Two-Group t * Paired
, lest t test
Z test

Non-parametric Tests
(Nonmetric Tests)

One Sample Two or More
- Samples

* Chi-Square *

K-S

* Runs

* Binomial
Independent Paired Samples
Samples
* Chi-Square * Sign
* Mann-Whitney * Wilcoxon:
* Median * McNema
* K-S * Chi-Squa

Hypothesis Testing Related to Differences

* Parametric tests assume that the variables of interest are measured on at least an
interval scale.

Nonparametric tests assume that the variables are measured on a nominal or
ordinal scale.

These tests can be further classified based on whether one or two or more samples
are involved.

The samples are independent if they are drawn randomly from different

populations. For the purpose of analysis, data pertaining to different groups of

respondents, e.g., males and females, are generally treated as independent

samples.

The samples are paired when the data for the two samples relate to the same
group of respondents.

21/7/2021
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Which statistical test to use?

Noof Typeol Mool Typeol tevelsof Sameor Parametric
dapendent  dependant independent  independent  cifferent measures?
vanables? vanabler vanables?  vanable? variable? pamapants?
L
L r T LT =25
E WO o N — Mann-whitney Test
% s [~ Categorical MO ——  wWikoxanMakched-Fairs Test
—_— |~ DIFFERENT YES ——  Onewayindependent ANCVA
O ONE
0 D]—: L wm — Frisdmar ANOVA
w2  Continuous T YES  —
Q Q i - No T
[ - Catsgorical DIFFERENT—  YES —— s ke R
=5 o or e ——— BOTH - YEs — Factorial Mised ANOVA
g 5 o
|_ Q |- Continuous YES Multiple Regression
1] & =~ Both = — / ANCOVA
T e More: Categorical DIFFERENT. Loghnear Analysis
—Fcnrmm
Both DIFFERENT:
e or Mo — Continuous ONE . Categorical - YES MANOVA
Llwmu—[cmqochl YES —— Factorial MANOVA.
Both s — MANCOVA

Statistical Tests:
Z Test

[116)
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Z tests

* Using the z distribution (i.e., normal distribution) to construct the confidence interval
* This particular z distribution is the sampling distribution of the means
+ Confidence interval of 95% = Mean t 1.96 of the standard deviation

* The standard deviation is represented by ,_ _ i
x

A

Xl

Z Test = =1

5

* Appropriate
When the population SD is known
When sample size is large (n > 30)
For testing whether a raw score comes from a certain population
For testing proportions

Statistical Tests:
Comparing Proportions

[118)
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Two Independent Samples Proportions

The case involving proportions for two independent samples is also illustrated

using the data of Table 15.1, which gives the number of males and females

who use the Internet for shopping. Is the proportion of respondents using the

Internet for shopping the same for males and females?
The null and alternative hypotheses are:

HO: TCl :TCZ
Hy: m; # 1,

A Z test is used as in testing the proportion for one sample.
However, in this case the test statistic is given by:

7 PI_PZ

SPl—pZ

Two Independent Samples Proportions

In the test statistic, the numerator is the difference between
the proportions in the two samples, P1 and P2. The
denominator is the standard error of the difference in the two
proportions and is given by

1 1
SPl—p2 =,|Pa- P)|: + }
n n,
where

n;P; + n,P,
n; + n,

21/7/2021

60



Two Independent Samples Proportions

A significance level of OL=0.05is selected. Given the data of Table
15.1, the test statistic can be calculated as:

P.—-P, =(11/15)-(6/15)
=0.733-0.400 = 0.333

P = (15 x 0.733+15 x 0.4)/(15 + 15) = 0.567

Srip = J0.567 x 0433 [1—15 + 1_15] =0.181

Z=0.333/0.181=1.84

Two Independent Samples Proportions

Given a two-tail test, the area to the right of the critical value is 0.025.
Hence, the critical value of the test statistic is 1.96. Since the
calculated value is less than the critical value, the null hypothesis can
not be rejected. Thus, the proportion of users (0.733 for males and
0.400 for females) is not significantly different for the two samples.
Note that while the difference is substantial, it is not statistically
significant due to the small sample sizes (15 in each group).
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Statistical Tests:
t Tests

[123]

t tests

* Using the t distribution construct the confidence interval

* The shape of the t distribution, and thus the confidence
interval, depends on the degree of freedom, which is a
function of the sample size (n —1).

* When sample size is larger than 30, t distribution and z
distribution are very similar. Z test can be used instead.

* t tests are used when
Sample size < 30
Population variance is not known

21/7/2021
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t Distribution

Standard Normal

t distribution with df = 8\

t distribution ¢ distribution
withdf = 2 withdf= 4

/

t testvs z test

° ttest and z test basically are the same

* The t distribution is used to obtain the percent of cases within
the confidence interval marked by the t score, whereas the z
distribution is used to obtain the percent of cases within the
confidence interval marked by the z score.

t:m ZTest=%
s/In Ji
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What are t-tests?

* Used for comparing two
. \[e}
groups/conditions e,
* Does group x differ from group y on
an outcome variable

Caffeine

Example 1Q scores
Does caffeine impact IQ scores?

Independent vs. related samples

* Two types of t-test
* Independent samples (different people in the
groups)
* Also known as unrelated OR between-subjects

Control group ®
§3¢
Experimental group .)

21/7/2021
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Independent vs. related samples

* Two types of t-test

* Related samples (same people in the groups)
* Also known as dependent or within-subjects

Measure of Receive Measure of
attitudes knowledge attitudes

towards mental about mental towards mental
illness health illness

Assumptions for independent t-tests

* No significant outliers

* Dependent variable is “approximately
normally distributed” for each
category of your independent
variable

* There are homogeneity (equality) of

variances /\ /\
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Two Independent Samples Means

* In the case of means for two independent samples, the
hypotheses take the following form.

HO : /’11 = ﬂz
Hl : ILll * luz
* The two populations are sampled and the means and variances
computed based on samples of sizes n1 and n2. If both
populations are found to have the same variance, a pooled

variance estimate is computed from the two sample variances as
follows:

— 2 — 2 2
z_g(X“_Xl) +§(Xi2_Xz) or S2= (nl - 1) S1 + (nz'l) S2

S .
nm+nm-2 ni+na -2

Two Independent Samples Means

The standard deviation of the test statistic can be

estimated as:

= = —qf¢2( L4+ L
Sxi-x, =S (nl n7)
The appropriate value of t can be calculated as:

_ (X -X) - (- )

t —
SX,-X,

The degrees of freedom in this case are (n, + n, -2).

21/7/2021
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Independent-Samples T-test: Example

Existing theories
# Research Question

Observations

- Does eating cheese before
Folk wisdom & going to bed give you
E.g. observing my nightmares?

sleep patterns

How can we find the answer?

Experiment
A powerful technique for investigating links between two variables

Cheese
condition

Vs.

Control
condition

Record the number of
nightmares
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Results of an experiment

18

. . 16

* We have a difference in Y
means 12

10

How could you interpret B :
this? .

Is there a ‘real’ difference 2

0

between the means?

Mean no. of nightmares

Cheese conditionControl condition

OR, is it a sampling error or N | o
due to chance? »ﬁﬂ -

Results of the experiment

AN

Control Cheese

One possibility: Difference is due to sampling variability (i.e. null
hypothesis is true and two sets of scores come from the same
population)
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Results of the experiment

Results of the experiment

T-test

* How likely is it that the
difference we found
between the two groups
could be the result of
chance or error?

Mean no. of nightmares

8
6
4
2
0

Cheese conditionControl condition
« If that likelihood is low then m

we say we have a real :

difference between the

groups

Control Cheese
OR: It may be that our difference reflects a real difference between
the two populations
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Group statistics table

Number of Mean (grou
participants group
average)
\ Group Statistics
Std. Error
Group M Mean Std. Deviation Mean
Mightmares  cheese A0 | 17.8800 1.60879 22766
a0 4.4400 85105 13450

D

r no cheese
v /
v

(2 conditions/groups)

Standard error
(how
representative
the sample is
likely to be of the
population)

\ SD (dispersion from

average)

Independent samples table

, Independent Samples Test
Levane's Testfor Equaliy of
Variances Hestfor Equality of Means
5% Gonfidence Interval of the
Wean std. Error iarenc
3 sig t of | sig.(tailed) | Difference Difference Tower Upper
Nightmares _Equalvanances

o 6610 o2 | J61.206 a8 000 13.54000 26442 13.01527 14.06473

79.491 000 13.54000 26442 13.01373 14.06627

Levene's Test for Equality of
Variances

6.610 012

Equalvariances not
== N —

* One of assumptions for t-tests is
quality (homogeneity) of variances

* Test using Levene’s test

* Produced automatically in SPSS
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Levene’s test

Levene's Testfor Equality of

* Levene’s test asks: are the variances Variances
in the different groups equal?

6.610 01
* Significant result (p < .05) = variances

are significantly different from equal
(e.g. NOT equal variances)

Q. - Does this mean | have to conduct a non-parametric test?

A-No...!Yousimply need to interpret the results of your SPSS output in a
different way

Levene’s test

Levene’s test = non-significant result = assumption not violated = read top line

Independent Samples Test

Levene's Testior Equality of
Variances Hest for Equality of Msans

5% Confidence Interval of the,
Std. Error

———

——
p—
—

13.01373

Levene’s test = Significant result = assumption violated = read bottom line
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Independent samples table

P-value — what is the probability that the difference was obtained due to
cha&ce? Is the difference statistically significant?
95% Confidence Interval of the

Mean Stdl. Error Difierence
t df ig. (2-tailed) Difference Difference Lower Upper
fap g R p-Rep a2 E-peapery R iar

13.54000 26442 1301373 1406627

df = number of individual scores
an vary without changing

t-statistic = is there a difference between the groups? than c
the sample mean

¢ Value between -1 and +1 = no difference

¢ Value between less than -2 and more than +2 = a
reliable difference between the groups

Statistical significance and our hypothesis

18
16
P < .05 = the likelihood of the obtained 1
difference in number of nightmares 5 1
arising by chance is lower than 5 times 10

out of 100 (or 1 in 20), if there really
were no difference in population

Mean no. of nightmares

Cheese conditiorControl condition

3 -
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Mean no. of nightmares

Interpreting your results

. Null hypothesis: Individuals in

16 ey .

Y the cheese condition will have
about the same number of
nightmares as those in the

control condition

Accept or reject ?

wm"&'w”dm” t(79.49) = 51.21, p < .001

Mean no. of nightmares

Interpreting your results

20

e Null hypothesis: Individuals in the chee
i condition will have about the same num
b5 of nightmares as those in the control
0 condition

8

6

4 Experimental: Individuals in the chees
2 condition will experience more nightma
0

than those in the control condition

wmomrol condition

21/7/2021
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Reporting results: APA style

The study found that participants who ate cheese just before bed
had significantly more nightmares (M = 17.98, SD = 1.61) than
control participants who did not eat any cheese before bed (M =

4.44, SD = .95), t(79.49) = 51.21, p < .001)

N

Report descriptive statistics for Report inferential statistics (i.e.

both groups (Mean and SD) results of t-test)

Interpretation

The study found that participants

« What do these results mean? who ate cheese just before bed had

significantly more nightmares (M =

17.98, SD = 1.61) than control
* What could you interpret from

these findings? participants who did not eat any

cheese before bed (M =4.44, SD =
.95), t(79.49) = 51.21, p < .001)

21/7/2021
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Paired Samples

The difference in these cases is examined by a paired samples t
test. To compute t for paired samples, the paired difference
variable, denoted by D, is formed and its mean and variance
calculated. Then the t statistic is computed. The degrees of
freedom are n - 1, where n is the number of pairs. The relevant
formulas are:

Ho: pp = 0
Hi: pp # 0
E'HD
In1= SD
3

continued...

Paired Samples

Where:

In the Internet usage example (Table 15.1), a paired t test could be
used to determine if the respondents differed in their attitude
toward the Internet and attitude toward technology. The resulting
output is shown in Table 15.15.
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E.g.

Related-Samples T-test: Example

Existing theories

Research Question

Observations

CBT targets processes that Does CBT reduce anxiety?

maintain anxiety

How can we find the answer?

Rate Your Anxiety Level
10 - Panicked

Rate Your Anxiety Level
10 - Panicked

9 - Somewhat Panicked

8 - Fearful

9 - Somewhat Panicked
8 - Fearful

7 - Somewhat Fearful 7 - Somewhat Fearful

3 - Apprehensive 3 - Apprehensive

2 - Nervous

1 - Slightly Nervous 1 - Slightly Nervous

21/7/2021
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Our experimental hypothesis

* What would we expect to happen in our experiment if our
idea that CBT reduces anxiety is correct?

Vs.

Post CBT

* Individuals will be significantly less anxious after taking part
in a CBT intervention

Our null hypothesis

* What would we expect to happen in our experiment if our
idea that CBT reduces anxiety is wrong and CBT is not an
effective treatment?

Pre CBT

Vs.

Post CBT

* Individuals anxiety levels will be about the same before and
after taking part in a CBT intervention

77



21/7/2021

Results of the experiment

=
15

* We have some difference in
means

How could you interpret
this?

Is there a ‘real’ difference
between the means?

Anxiety score
o - N w S v o ~ =g o

Pre CBT Post CBT

OR, is it a sampling error or L.
due to chance? ‘IQ

[

Descriptive statistics

Standard error
representativ

Number of sample is likel

Mean (group participants of the popula

average) . o _/

Paired S les Statistics
\ x Std. Error
Mean M Std. Daviation Mean
Pair1  Pre_CBET 8.4500 20 1.08904 24575
Post CBT 7.5000 20 110024 24602
SD (dispersion fro
average)
2 groups

78



21/7/2021

Independent samples table

P-value — what is the probability that the difference was obtained due to
chance? Is the difference statistically significant?

Paired Samples Test

Paired Differences

85% Confidence Interval of the
Std. Error Diference

Mean Std. Deviation Mean Lower ‘ Upper t df Sig. (2-tailed)
Pair1  Pre_CBT-Post_CBT 55000 1.66338 37329 16870 ‘ 1.73130 2545 19 020

|

t-statistic = is there a difference between the groups?

o df = number of individual sc
* How big is this difference? than can vary without chan

the sample mean

Reporting results: APA style

Participants levels of anxiety fell significantly after taking partin a
CBT intervention (Pre-CBT: M = 8.45, SD = 1.10 vs. Post-CBT: M =
7.50,SD=1.10), t(19) = 2.55, p < .05.

/

Report descriptive statistics for Report inferential statistics (i.e.
both groups (Mean and SD) results of t-test)
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Reporting the t-test results

Confirming you've

used a t-test t-value

/

t(19) = 2.55, p < .05

\

Degrees of p-value
freedom (df)

Notation used with p values:

< =less than

> = greater than

< =less than or equal to

> = greater than or equal to

If non-sig results:
p = exact p value
eg “p=.07"

Interpreting your results

=
o

Z Null hypothesis: Individuals
: anxiety levels will be about the
6 same before and after taking
£s partin a CBT intervention
24
25
<,
1 .
. Accept or reject ?
Pre CBT Post CBT

t(19) = 2.55, p < .05

21/7/2021
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Interpreting your results

i
o

Null hypothesis: Individuals anxiety level
be about the same before and after taki
part in a CBT intervention

Experimental: Individuals will be significa
less anxious after taking part in a CBT
intervention

Anxiety score
O R, N W B U N ® ©

Pre CBT Post CBT

Interpreting results

* The results of the t-test only indicate
whether the differences were likely to
be due to chance or not

* NOT whether this change is
meaningful or important

* We still need to think about what
these results mean

21/7/2021

81



Interpretation

Participants levels of anxiety fell

* What do these results mean? - . .
significantly after taking part in a CBT

intervention (Pre-CBT: M = 8.45, SD =
* What could you interpret from

h find 5 1.10 vs. Post-CBT: M = 7.50, SD =
these findings?

1.10), t(19) = 2.55 , p < .05.

Statistical Tests:
Analysis of Variance (ANOVA)

[164)

21/7/2021
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Two Independent Samples F Test

An F test of sample variance may be performed if it is
not known whether the two populations have equal
variance. In this case, the hypotheses are:

Hy: O2 = G,?

Hy: O # 67

Two Independent Samples F Statistic

The F statistic is computed from the sample variances
as follows:

S2
—°1
where F(nl-l),(nz-l) - _2
S
n, = size of gample 1
n, = size of sample 2
n;-1 = degrees of freedom for sample 1
n,-1 = degrees of freedom for sample 2
5,2 = sample variance for sample 1
5,2 = sample variance for sample 2

Using the data of Table 15.1, suppose we wanted to determine whether
Internet usage was different for males as compared to females. A two-
independent-samples t test was conducted. The results are presented in
Table 15.14.
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One-Way Analysis of Variance

Researchers are often interested in examining the differences
in the mean values of the dependent variable for several
categories of a single independent variable or factor. For
example:

* Do the various segments differ in terms of their volume of
product consumption?

* Do the brand evaluations of groups exposed to different
commercials vary?

* What is the effect of consumers' familiarity with the store
(measured as high, medium, and low) on preference for the
store?

Statistics Associated with
One-Way Analysis of Variance

 eta? (77%). The strength of the effects of X (independent
variable or factor) on Y (dependent variable) is measured by
eta? (72%). The value of 7?2 varies between 0 and 1.

* Fstatistic. The null hypothesis that the category means are
equal in the population is tested by an F statistic based on
the ratio of mean square related to X and mean square
related to error.

* Mean square. This is the sum of squares divided by the
appropriate degrees of freedom.
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Statistics Associated with
One-Way Analysis of Variance

* SSpetween- Also denoted as SS,, this is the variation in Y related to
the variation in the means of the categories of X. This
represents variation between the categories of X, or the portion
of the sum of squares in Y related to X.

* SS,itnin- Also referred to as SS,,,,,, this is the variation in Y due to
the variation within each of the categories of X. This variation is
not accounted for by X.

. SSy. This is the total variation in Y.

Conducting One-Way ANOVA

Identify the Dependent and Independent Variables

}

Decompose the Total Variation

}

Measure the Effects

}

Test the Significance

l

Interpret the Results

85



21/7/2021

Conducting One-Way Analysis of Variance
Decompose the Total Variation

The total variation in ¥, denoted by SS,, can be decomposed into two
components:

S$y = Ssbetween + stithin

where the subscripts between and within refer to the categories of X.
SSpetween 1S the variation in Y related to the variation in the means of
the categories of X. For this reason, §5,.;een IS also denoted as SS,.
SS,,itnin 1S the variation in Y related to the variation within each
category of X. SS,iuin IS NOt accounted for by X. Therefore it is
referred to as SS,,,,,-

Conducting One-Way Analysis of Variance
Decompose the Total Variation

The total variation in Y may be decomposed as:
SS,= 55, + SSepror

N —_
Where 55,3 (V-1 %)
i=1
R
§8,=% n (YY)
j=1
c n _
SSermr:Z Z (Yij'Yj)z
J i

Y; = individual observation

; =mean for category j

y = mean over the whole sample, or grand mean
Y

= jth observation in the jth category
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Decomposition of the Total Variation:

One-Way ANOVA

Independent Variable X

Total
3 Categories Sample

Within X, X, X . X,
Category.| | v, v, v, v, |V, Tot
Variation Y, v, v, v, |, \ia
=SSuithin : :

Y, Y, Y Y. | Yy
Category | v, Y, Y, Y, Y _
Mean I

v
Between Category Variation = SSeen

Conducting One-Way Analysis of Variance

In analysis of variance, we estimate two measures of variation:
within groups (8S,,4in) @nd between groups (SSp.syeen)- Thus, by
comparing the Y variance estimates based on between-group and
within-group variation, we can test the null hypothesis.

Measure the Effects
The strength of the effects of X on Y are measured as follows:

72=S55,/SS,=(SS, - SSero)/SS,

The value of ;72 varies between 0 and 1.
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Conducting One-Way Analysis of Variance
Test of Significance

In one-way analysis of variance, the interest lies in testing the null hypothesis
that the category means are equal in the population.

Hot My =By = M3 = e =W

Under the null hypothesis, SS, and SS,,,,, come from the same source of
variation. In other words, the estimate of the population variance of ¥,

=55 /(c-1)
, =Mean square due to X

S, =ws,

or

= SSerror/(N -¢)
» = Mean square due to error

Sy =MS

error

Conducting One-Way Analysis of Variance
Test of Significance

The null hypothesis may be tested by the F statistic
based on the ratio between these two estimates:
SSMc-1) _ MS.,

SSerrm/(N -¢) - MSerror

This statistic follows the F distribution, with (c - 1) and (N - c) degrees
of freedom (df).

F=
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Conducting One-Way Analysis of Variance
Interpret the Results

* If the null hypothesis of equal category means is not rejected,
then the independent variable does not have a significant effect
on the dependent variable.

* On the other hand, if the null hypothesis is rejected, then the
effect of the independent variable is significant.

* A comparison of the category mean values will indicate the
nature of the effect of the independent variable.

[llustrative Applications of One-Way
Analysis of Variance

We illustrate the concepts discussed in this chapter using the data
presented in Table 16.2.

The department store is attempting to determine the effect of in-
store promotion (X) on sales (Y). For the purpose of illustrating
hand calculations, the data of Table 16.2 are transformed in Table
16.3 to show the store sales (V;) for each level of promotion.

The null hypothesis is that the category means are equal:
Hot My = 1, = Mg
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Effect of Promotion and Clientele on Sales
Table 16.2

Store Number Coupon Level In-Store Promotion Sales Clientele Rating
1 1.00 1.00 10.00 9.00
2 1.00 1.00 9.00 10.00
3 1.00 1.00 10.00 8.00
4 1.00 1.00 8.00 4.00
5 1.00 1.00 9.00 6.00
6 1.00 2.00 8.00 8.00
7 1.00 2.00 8.00 4.00
8 1.00 2.00 7.00 10.00
9 1.00 2.00 9.00 6.00

10 1.00 2.00 6.00 9.00
11 1.00 3.00 5.00 8.00
12 1.00 3.00 7.00 9.00
13 1.00 3.00 6.00 6.00
14 1.00 3.00 4.00 10.00
15 1.00 3.00 5.00 4.00
16 2.00 1.00 8.00 10.00
17 2.00 1.00 9.00 6.00
18 2.00 1.00 7.00 8.00
19 2.00 1.00 7.00 4.00
20 2.00 1.00 6.00 9.00
21 2.00 2.00 4.00 6.00
22 2.00 2.00 5.00 8.00
23 2.00 2.00 5.00 10.00
24 2.00 2.00 6.00 4.00
25 2.00 2.00 4.00 9.00
26 2.00 3.00 2.00 4.00
27 2.00 3.00 3.00 6.00
28 2.00 3.00 2.00 10.00
29 2.00 3.00 1.00 9.00

30 2.00 3.00 2.00 8.00

[llustrative Applications of One-Way

Analysis of Variance

Table 16.3 EFFECT OF IN-STORE PROMOTION ON SALES

Store Level of In-store Promotion
No. High Medium Low
Normalized Sales

1 10 8 5

2 9 8 7

3 10 7 6

4 8 9 4

5 9 6 5

6 8 4 2

7 9 5 3

8 7 5 2

9 7 6 1

10 6 4 2

Column Totals 83 62 37

Category means:'?j 83/10 62/10 37/10
_ =83 =6.2 =13%,

Grand mean, Y =(83+62+37)/30=6.067
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[llustrative Applications of
One-Way Analysis of Variance

To test the null hypothesis, the various sums of squares are computed as follows:

SSy =(10-6.067)?+ (9-6.067)2 + (10-6.067)? + (8-6.067)? + (9-6.067)?
+(8-6.067)2 + (9-6.067)% + (7-6.067)? + (7-6.067)? + (6-6.067)?
+(8-6.067)2 + (8-6.067)% + (7-6.067)% + (9-6.067)? + (6-6.067)?
(4-6.067)%+ (5-6.067)% + (5-6.067)? + (6-6.067)? + (4-6.067)?
+(5-6.067)2 + (7-6.067)% + (6-6.067)? + (4-6.067)? + (5-6.067)2
+(2-6.067)% + (3-6.067)% + (2-6.067)? + (1-6.067)? + (2-6.067)?

=(3.933)% +(2.933)% + (3.933)? + (1.933)2 + (2.933)2
+(1.933)2 + (2.933)% + (0.933)? + (0.933)? + (-0.067)?
+(1.933)2 + (1.933)% + (0.933)? + (2.933)? + (-0.067)?
(-2.067)% + (-1.067)? + (-1.067)? + (-0.067)? + (-2.067)?
+(-1.067)2 + (0.9333)% + (-0.067)? + (-2.067)? + (-1.067)?
+(-4.067)2 + (-3.067)% + (-4.067)? + (-5.067)2 + (-4.067)?
=185.867

[llustrative Applications of
One-Way Analysis of Variance

SSx =10(8.3-6.067)2 + 10(6.2-6.067) + 10(3.7-6.067)2
=10(2.233)2 + 10(0.133)2 + 10(-2.367)2
=106.067

SSerror = (10-8.3)2 + (9-8.3)2 + (10-8.3)2 + (8-8.3)2 + (9-8.3)2
+ (8-8.3)2+ (9-8.3)2 + (7-8.3)2 + (7-8.3)2 + (6-8.3)2
+(8-6.2)2 + (8-6.2)2 + (7-6.2)2 + (9-6.2)2 + (6-6.2)2
+(4-6.2)2 + (5-6.2)2 + (5-6.2)2 + (6-6.2)2 + (4-6.2)2
+(5-3.7)2+ (7-3.7)2 + (6-3.7)2 + (4-3.7)2 + (5-3.7)2
+(2-3.7)2+ (3-3.7)2 + (2-3.7)2 + (1-3.7)2 + (2-3.7)2

=(1.7)+(0.7)?+ (1.7)2 + (-0.3)? + (0.7)?

+ (-0.3)2+ (0.7)2 + (-1.3)2 + (-1.3)2 + (-2.3)2
+(1.8)2 + (1.8)2 + (0.8)2 + (2.8)2 + (-0.2)2
+(-2.2)2 4 (-1.2)2 + (-1.2)2 + (-0.2)2 + (-2.2)2
+(1.3)2+ (3.3)2 + (2.3)2 + (0.3)2 + (1.3)2
+(-1.7)2+ (-0.7)2 + (-1.7)2 + (-2.7)2 + (-1.7)2
=79.80

21/7/2021
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[llustrative Applications of
One-Way Analysis of Variance

It can be verified that
SSy = SSx + SSerror
as follows:
185.867 = 106.067 +79.80
The strength of the effects of X on Y are measured as follows:
772 = SSx/SSy
=106.067/185.867
=0.571

In other words, 57.1% of the variation in sales (Y) is accounted for by in-
store promotion (X), indicating a modest effect. The null hypothesis
may now be tested.

_ SSMe-1) _ MSy
SS(’IT(]}/(N_C) MSermr

_ 106.067/(3-1)
79.800/(30-3)

=17.944

[llustrative Applications of
One-Way Analysis of Variance

* From Table 5 in the Statistical Appendix we see that for 2 and 27
degrees of freedom, the critical value of Fis 3.35 for oL = 0.05.
Because the calculated value of F is greater than the critical value,
we reject the null hypothesis.

* We now illustrate the analysis of variance procedure using a
computer program. The results of conducting the same analysis by
computer are presented in Table 16.4.
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Assumptions in Analysis of Variance

The salient assumptions in analysis of variance can be
summarized as follows:

1. Ordinarily, the categories of the independent variable are
assumed to be fixed. Inferences are made only to the specific
categories considered. This is referred to as the fixed-effects
model.

2. The error term is normally distributed, with a zero mean and a
constant variance. The error is not related to any of the
categories of X.

3. The error terms are uncorrelated. If the error terms are
correlated (i.e., the observations are not independent), the F
ratio can be seriously distorted.

N-Way Analysis of Variance

In marketing research, one is often concerned with the effect of more
than one factor simultaneously. For example:

* How do advertising levels (high, medium, and low) interact with price
levels (high, medium, and low) to influence a brand's sale?

* Do educational levels (less than high school, high school
graduate, some college, and college graduate) and age (less than 35, 35-
55, more than 55) affect consumption of a brand?

* What is the effect of consumers' familiarity with a department store
(high, medium, and low) and store image (positive, neutral, and
negative) on preference for the store?
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N-Way Analysis of Variance

Consider the simple case of two factors X; and X, having categories ¢, and c,.
The total variation in this case is partitioned as follows:

SS,

Swithin

;=SS due to X; + SS due to X, + SS due to interaction of X; and X, +

tota

or

SS, =SS, + 58, +8S, ., +58

X1X2 error

The strength of the joint effect of two factors, called the overall effect, or
multiple 772, is measured as follows:

multiple 77% = (Sle + Ssz +8S..) SSy

X1X2

N-Way Analysis of Variance

The significance of the overall effect may be tested by an F test, as follows:

= (SS)C\ + SSx + Squx
SSerrm/dfd
_SS / df,

X PX 22X X )

SSerror/dfd
MS

— X12X2X (X2

TMS

e )df,

error

where

df, = degrees of freedom for the numerator
= (cr-1)+(cy-1) +(cy-1) (¢, - 1)
= c,c,-1

df, = degrees of freedom for the denominator
= N -cic,

MS = mean square
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N-Way Analysis of Variance

If the overall effect is significant, the next step is to examine the
significance of the interaction effect. Under the null hypothesis of
no interaction, the appropriate F test is:

_ S, /df,
SS erro r/ dfd
A
Where merror

df, =(c;-1)(c,-1)
df, =N-c¢c,

F

N-Way Analysis of Variance

The significance of the main effect of each factor may be tested
as follows for X;:

SS. /df,

= A1

SS error/ dfd

- M5,

MS

error
where

df, =¢,-1
df, =N-cic,
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Two-Way Analysis of Variance

Table 16.5
Source of Sum of Mean Sig. of
Variation squares df square F w2
Main Effects
Promotion 106.067 2 53.033 54.862 0.000 0.557
Coupon 53.333 1 53.333 55.172 0.000 0.280
Combined 159.400 3 53.133 54.966 0.000
Two-way 3.267 2 1.633 1.690 0.226
interaction
Model 162.667 5 32.533 33.655 0.000

Residual (error)

TOTAL

23.200 24 0.967
185.867 29 6.409

Two-Way Analysis of Variance

Table 16.5, cont.

Cell Means
Promotion Coupon Count Mean
High Yes 5 9.200
High No 5 7.400
Medium Yes 5 7.600
Medium No 5 4.800
Low Yes 5 5.400
Low No 5 2.000
TOTAL 30
Factor Level Means
Promotion Coupon Count Mean
High 10 8.300
Medium 10 6.200
Low 10 3.700
Yes 15 7.400
No 15 4.733
Grand Mean 30 6.067

21/7/2021
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Analysis of Covariance

When examining the differences in the mean values of the dependent
variable related to the effect of the controlled independent variables, it
is often necessary to take into account the influence of uncontrolled
independent variables. For example:

In determining how different groups exposed to different commercials
evaluate a brand, it may be necessary to control for prior knowledge.

In determining how different price levels will affect a household's cereal
consumption, it may be essential to take household size into account.
We again use the data of Table 16.2 to illustrate analysis of covariance.

Suppose that we wanted to determine the effect of in-store promotion
and couponing on sales while controlling for the effect of clientele. The
results are shown in Table 16.6.

Analysis of Covariance

Table 16.6
Sum of Mean Sig.
Source of Variation Squares df Square F of F
Covariance
Clientele 0.838 1 0.838 0.862 0.363
Main effects
Promotion 106.067 2 53.033 54.546 0.000
Coupon 53.333 1 53.333 54.855 0.000
Combined 159.400 3 53.133 54.649 0.000
2-Way Interaction
Promotion* Coupon 3.267 2 1.633 1.680 0.208
Model 163.505 6 27.251 28.028 0.000
Residual (Error) 22.362 23 0.972
TOTAL 185.867 29 6.409
Covariate Raw Coefficient
Clientele -0.078
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Issues in Interpretation

Important issues involved in the interpretation of ANOVA
results include interactions, relative importance of factors, and
multiple comparisons.

Interactions

* The different interactions that can arise when conducting ANOVA on
two or more factors are shown in Figure 16.3.

Relative Importance of Factors

* Experimental designs are usually balanced, in that each cell contains
the same number of respondents. This results in an orthogonal
design in which the factors are uncorrelated. Hence, it is possible to
determine unambiguously the relative importance of each factor in
explaining the variation in the dependent variable.

A Classification of Interaction Effects

Possible Interaction Effects

|

No Interaction
(Case 1)

l

Interaction
I
! !
Ordinal . .
(Case 2) Disordinal
|
! I
Noncrossover Crossover
(Case 3) (Case 4)
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Patterns of Interaction

Fig. 16.4
Case 1: No Interaction

X22

Y /Xn
| | |
X11 X12 X413

Case 3: Disordinal Interaction:

Noncrossover

\/Xzz
Y /XZI
| | |

X11 X12 X3

Case 2: Ordinal Interaction

/Xzz
Y — Xy

| | |
X11 X412 Xq3
Case 4: Disordinal Interaction:
Crossover

X2
Y

X
I

X11 X12 X3

Issues in Interpretation

* The most commonly used measure in ANOVA is omega squared, (,02 .
This measure indicates what proportion of the variation in the
dependent variable is related to a particular independent variable or
factor. The relative contribution of a factor X is calculated as follows:

E:'WO}")

»  SS.-(df, x MS
2_

QY]
SStotal + MSerror

+ Normally, @2 is interpreted only for statistically significant effects. In
Table 16.5, () associated with the level of in-store promotion is

calculated as follows:

2 106.067- (2 x 0.967)
®p~ T185.867+0.967

_ 104.133
186.834

=0.557
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Issues in Interpretation

Note, in Table 16.5, that

SStotar = 106.067 + 53.333 +3.267 + 23.2
=185.867

Likewise, the 032 associated with couponing is:

tota

) 53.333-(1x0.967)
®c” T185.867 +0.967

52.366
186.834

=0.280

As a guide to interpreting , a large experimental effect produces an index of
0.15 or greater, a medium effect produces an index of around 0.06, and a small
effect produces an index of 0.01. In Table 16.5, while the effect of promotion
and couponing are both large, the effect of promotion is much larger.

Issues in Interpretation - Multiple comparisons

* If the null hypothesis of equal means is rejected, we can only conclude
that not all of the group means are equal. We may wish to examine
differences among specific means. This can be done by specifying
appropriate contrasts, or comparisons used to determine which of the
means are statistically different.

* A priori contrasts are determined before conducting the analysis, based
on the researcher's theoretical framework. Generally, a priori contrasts
are used in lieu of the ANOVA F test. The contrasts selected are
orthogonal (they are independent in a statistical sense).
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Issues in Interpretation - Multiple Comparisons

* A posteriori contrasts are made after the analysis. These are
generally multiple comparison tests. They enable the researcher to
construct generalized confidence intervals that can be used to make
pairwise comparisons of all treatment means. These tests, listed in
order of decreasing power, include least significant difference,
Duncan's multiple range test, Student-Newman-Keuls, Tukey's
alternate procedure, honestly significant difference, modified least
significant difference, and Scheffe's test. Of these tests, least
significant difference is the most powerful, Scheffe's the most
conservative.

Repeated Measures ANOVA

One way of controlling the differences between subjects is by
observing each subject under each experimental condition (see
Table 16.7). Since repeated measurements are obtained from
each respondent, this design is referred to as within-subjects
design or repeated measures analysis of variance. Repeated
measures analysis of variance may be thought of as an
extension of the paired-samples t test to the case of more than
two related samples.
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Decomposition of the Total Variation:
Repeated Measures ANOVA

Table 16.7
Independent Variable X
Subject Categories Total
No. Sample
B X X, X X, N

Between 1 Yll le Y13 ch Yl
Peopl;
Zgrsljtllwon « 2 _Y21 Yy o Yo Y _Yz *E,Zt
people : : 1

n Ynl Yn2 Yn3 nc YN
Category |_ Y, Y, Y, Y, Y -
Mean | |

v
Within People Category Variation = SS

within people

Repeated Measures ANOVA

In the case of a single factor with repeated measures, the total variation,
with nc - 1 degrees of freedom, may be split into between-people variation
and within-people variation.

SS,otal = +SS,

SS between people within people

The between-people variation, which is related to the differences between
the means of people, has n - 1 degrees of freedom. The within-people
variation has

n (c- 1) degrees of freedom. The within-people variation may, in turn, be
divided into two different sources of variation. One source is related to the
differences between treatment means, and the second consists of residual
or error variation. The degrees of freedom corresponding to the
treatment variation are c - 1, and those corresponding to residual variation
are (c-1)(n-1).
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Repeated Measures ANOVA

Thus,

ss =55, +SS

within people error
A test of the null hypothesis of equal means may now be
constructed in the usual way:
_ SS Mc-1) _ MS,

SSerror/(n' D(c-1) MSerror

So far we have assumed that the dependent variable is
measured on an interval or ratio scale. If the dependent
variable is nonmetric, however, a different procedure should be
used.

Nonmetric Analysis of Variance

* Nonmetric analysis of variance examines the difference in the
central tendencies of more than two groups when the
dependent variable is measured on an ordinal scale.

* One such procedure is the k-sample median test. As its name
implies, this is an extension of the median test for two groups,

which was considered in Chapter 15.
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Nonmetric Analysis of Variance

* A more powerful test is the Kruskal-Wallis one-way analysis of
variance. This is an extension of the Mann-Whitney test (Chapter 15).
This test also examines the difference in medians. All cases from the k
groups are ordered in a single ranking. If the k populations are the same,
the groups should be similar in terms of ranks within each group. The
rank sum is calculated for each group. From these, the Kruskal-Wallis H
statistic, which has a chi-square distribution, is computed.

* The Kruskal-Wallis test is more powerful than the k-sample median test
as it uses the rank value of each case, not merely its location relative to
the median. However, if there are a large number of tied rankings in the
data, the k-sample median test may be a better choice.

Multivariate Analysis of Variance

* Multivariate analysis of variance (MANOVA) is similar to
analysis of variance (ANOVA), except that instead of one
metric dependent variable, we have two or more.

* In MANOVA, the null hypothesis is that the vectors of means
on multiple dependent variables are equal across groups.

* Multivariate analysis of variance is appropriate when there
are two or more dependent variables that are correlated.
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Correlational Analysis

[210)

21/7/2021

105



What are correlations?

* Used to determine how strongly
variables are related

* Knowledge of one variable may help to
predict the other

* For example: Height 5%
Weight 18
Height of mother and father ﬁ P
Age 12 @

T T T T 1 T T
14 15 16 17 18 19 20 21 22

Using correlations in research

* Correlations form the first step

* When two variables are correlated,
it is interesting to examine the origin
of this correlation

° NOT CAUSATION

21/7/2021
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What can you do with correlations?

 Search for correlations

* Determine whether correlations are
significant

* Determine how strong the correlations
are

* Pearson product-moment correlation
most common with ratio/interval scales

Product Moment Correlation

* The product moment correlation, r, summarizes
the strength of association between two metric
(interval or ratio scaled) variables, say X and Y.

* Itis anindex used to determine whether a linear or
straight-line relationship exists between X and Y.

* As it was originally proposed by Karl Pearson, it is
also known as the Pearson correlation coefficient.
It is also referred to as simple correlation, bivariate
correlation, or merely the correlation coefficient.
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Product Moment Correlation

From a sample of n observations, X and Y, the product moment
correlation, r, can be calculated as:

> (X=X -7

e
A S XXV R (- TY
=1

=

Division of the numerator and denominator by (n-1) gives

In essence, it is the standardized covariance of x and y

Pearson correlation coefficient

* + 1.00 (positive co-variation, each variable predicts the other)
* -1.00 (negative co-variation, full prediction)

* +/-indicates positive or negative co-variation

* +1.00 = full, positive correlation =

* 0.00 = no correlation
* -1.00 = full, negative correlation m H
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Visualising a correlation: Scatterplots

* Scatterplot: One variable plotted against the other

* Predictor variable — X-axis Y-axis

* Predicted variable — Y axis Predicted variable e.g.

height

l X-axis

Predictor variable e.g. age

Visualising a correlation: Scatterplots

24 &
High, positive correlation 22 -
20 .
18 . .
All dots are close the diagonal 16
going from the lower left corner 1; 1T & Gl
to the upper right corner b= i

T T 1 T T T T 1
14 15 16 17 18 19 20 21 22
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Visualising a correlation: Scatterplots

21 @
High, negative correlation 22 e ©
20,
18 e ¢
All dots are close the diagonal 16 4 i
going from the upper left corner 147 i
to the lower right corner :f} |

- L.k € ko i L ]
14 15 16 17 18 19 20 20 22

Visualising a correlation: Scatterplots

24 e
22 4 & @ @
o
18 1 * ®
16 » »
The dots are scattered i

throughout the plot el & ®

10

Null / no correlation

T 1 T T T T T 1
14 15 16 17 18 19 20 21 22
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Hypothesis testing: Pearson correlation coefficient

r = correlation coefficient

Many correlations in real life are
between -.30 and +.30 so we want to
know if they are significant

Hypothesis testing: Pearson correlation coefficient

WAy,
W\ 100120
\\o

146"’/,/
1602
1807 <8
200=

Significance depends on:

The size of the correlation (the further away
from 0O, the higher chances it’s significant)
The number of data pairs (the higher n =
higher chances of significance
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Pearson correlation coefficient

Correlations
Stats Social
Stats Pearson Correlation 1 451
Sig. (2-tailad) A91
N 10 10
Social Pearson Correlation 451 1
Sig. (2-tailed) A%

N 10 10

Cohen (1988)

* .10 = Small

* .30 = Medium/moderate
* .50 = Large/strong

Statistical significance

Correlations
Stats Social

Stats Pearson Correlation 1 451

Sig. (2-tailed) J91

N 10 10
Social Pearson Correlation 451 1

Sig. (2-tailed) A8

N 1o 10

21/7/2021
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Reporting results: APA style

The correlation between the exam marks in statistics and social

psychology failed to reach significarﬁr =.451,N=10, p =.191)

The value of r
Significance
The number of

data pairs on
which ris based

Examples

* Work motivation & work performance

* Organizational commitment & organizational citizenship
behaviours

Gender (2 groups) & neuroticism

* When one of the two variables is dichotomous, r and t tests
are identical.
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Multi-Group Correlational
Analyses

* Should not simply put all groups together and do one
correlational analysis

Explaining Attitude Toward the City of Residence

Table 17.1
Respondent No Attitude Toward  Duration of Importance
the City Residence Attached to
Weather
1 6 10 3
2 9 12 11
3 8 12 4
4 3 4 1
5 10 12 11
6 6 1
7 5 8 7
8 2 2 4
9 1 18 8
10 9 9 10
11 10 17
12 2 2 5
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Product Moment Correlation

The correlation coefficient may be calculated as follows:
)T =(10+12+12+4+12+6+8+2+18+9+17+2)/12

=9.333
Y- =(6+9+8+3+10+4+5+2+11+9+10+2)/12
=6.583
n _ _ = (10-9.33)(6-6.58) + (12-9.33)(9-6.58)
2 Xi-X)T;-Y)  1(12-9.33)(8-6.58) + (4-9.33)(3-6.58)
= +(12-9.33)(10-6.58) + (6-9.33)(4-6.58)

+(8-9.33)(5-6.58) + (2-9.33) (2-6.58)
+(18-9.33)(11-6.58) + (9-9.33)(9-6.58)
+(17-9.33)(10-6.58) + (2-9.33)(2-6.58)
=-0.3886 + 6.4614 + 3.7914 + 19.0814
+9.1314 +8.5914 + 2.1014 + 33.5714
+38.3214 - 0.7986 + 26.2314 + 33.5714
=179.6668

Product Moment Correlation

zn) (X, -X)* =(10-9.33)2+(12-9.33)2 + (12-9.33)2 + (4-9.33)

=1 +(12-9.33)2 + (6-9.33)2 + (8-9.33)2 + (2-9.33)2
+(18-9.33)2 + (9-9.33)2 + (17-9.33)2 + (2-9.33)2
= 0.4489 +7.1289 + 7.1289 + 28.4089
+7.1289+ 11.0889 + 1.7689 + 53.7289
+75.1689 + 0.1089 + 58.8289 + 53.7289
=304.6668

n

> (Y;-7) =(6-6.58)2 +(9-6.58)? + (8-6.58)2 + (3-6.58)2

=1 +(10-6.58)%+ (4-6.58)? + (5-6.58)? + (2-6.58)?
+(11-6.58)2 + (9-6.58)2 + (10-6.58)2 + (2-6.58)?
=0.3364 +5.8564 + 2.0164 + 12.8164
+11.6964 + 6.6564 + 2.4964 + 20.9764
+19.5364 + 5.8564 + 11.6964 + 20.9764
=120.9168

Thus,  r— 179.6668

© V(304.6668) (120.0168) 2936l
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Decomposition of the Total Variation

) Explained variation
r2 =

Total variation

SS
5T,

_ Total variation - Error variation
Total variation

error

§§,-88
SS,

Decomposition of the Total Variation

* When it is computed for a population rather than a sample, the
product moment correlation is denoted by P, the Greek letter
rho. The coefficient ris an estimator of P.

* The statistical significance of the relationship between two
variables measured by using r can be conveniently tested. The
hypotheses are:

Hy:p=0
Hi:p#0
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Decomposition of the Total Variation

The test statistic is:
= [n-2 ]1/2
1 -7r2

which has a t distribution with n - 2 degrees of freedom.
For the correlation coefficient calculated based on the
data given in Table 17.1,

1=0.9361[—12-2 '
1-(0.9361)%
=8.414

and the degrees of freedom = 12-2 = 10. From the t distribution table
(Table 4 in the Statistical Appendix), the critical value of t for a two-tail
testand =0.05is 2.228. Hence, the null hypothesis of no relationshi

between X and Yis rejected.

A Nonlinear Relationship for Whichr=10
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Partial Correlation

A partial correlation coefficient measures the association
between two variables after controlling for, or adjusting for, the
effects of one or more additional variables.

rxy B (rxz) (ryz)

Vepor =
Y «/l—rfzf\/l—ryzz

* Partial correlations have an order associated with them. The
order indicates how many variables are being adjusted or
controlled.

* The simple correlation coefficient, r, has a zero-order, as it does
not control for any additional variables while measuring the
association between two variables.

Partial Correlation

* The coefficient r,, is a first-order partial correlation
coefficient, as it controls for the effect of one additional

variable, Z.

* A second-order partial correlation coefficient controls for the
effects of two variables, a third-order for the effects of three
variables, and so on.

* The special case when a partial correlation is larger than its
respective zero-order correlation involves a suppressor effect.
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Part Correlation Coefficient

The part correlation coefficient represents the
correlation between Y and X when the linear effects of
the other independent variables have been removed
from X but not from Y. The part correlation coefficient,

fyixz) IS calculated as follows:

r.., -r,.r
_ Xy 'yz xz
Ty(x-z2)

4 Vl-rfz

The partial correlation coefficient is generally viewed as
more important than the part correlation coefficient.

Nonmetric Correlation

If the nonmetric variables are ordinal and numeric, Spearman's rho, Fg .
and Kendall's tau, T , are two measures of nonmetric correlation,
which can be used to examine the correlation between them.

Both these measures use rankings rather than the absolute values of the
variables, and the basic concepts underlying them are quite similar. Both
vary from -1.0 to +1.0 (see Chapter 15).

In the absence of ties, Spearman's Py yields a closer approximation to
the Pearson product moment correlation coefficient, P, than Kendall's T .
In these cases, the absolute magnitude of T tends to be smaller than
Pearson's P.

On the other hand, when the data contain a large number of tied ranks,
Kendall's T seems more appropriate.
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Regression Analysis

Regression analysis examines associative relationships
between a metric dependent variable and one or more
independent variables in the following ways:

* Determine whether the independent variables explain a significant variation
in the dependent variable: whether a relationship exists.

* Determine how much of the variation in the dependent variable can be
explained by the independent variables: strength of the relationship.

* Determine the structure or form of the relationship: the mathematical
equation relating the independent and dependent variables.

* Predict the values of the dependent variable.

* Control for other independent variables when evaluating the contributions of
a specific variable or set of variables.

* Regression analysis is concerned with the nature and degree of association
between variables and does not imply or assume any causality.

Statistics Associated with Bivariate Regression Analysis

* Bivariate regression model. The basic regression equation is Y; = Bo
+B1 X;+ e;, where Y = dependent or criterion variable, X =
independent or predictor variable, Bo = intercept of the line, B1=
slope of the line, and e; is the error term associated with the j th
observation.

* Coefficient of determination. The strength of association is
measured by the coefficient of determination, r 2. It varies between
0 and 1 and signifies the proportion of the total variation in Y that is
accounted for by the variation in X.

 Estimated or predjcted value. The estimated or predicted value of Y;

is ;=a+bx, whEre Y;is the predicted value of ¥;, and a and b are

estimators of Byand (3, respectively.
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Statistics Associated with Bivariate Regression Analysis

* Regression coefficient. The estimated parameter b is usually
referred to as the non-standardized regression coefficient.

* Scattergram. A scatter diagram, or scattergram, is a plot of the
values of two variables for all the cases or observations.

» Standard error of estimate. This statistic, SEE, is the standard
deviation of the actual Y values from the predicted ¥ values.

* Standard error. The standard deviation of b, SE,, is called the
standard error.

Statistics Associated with Bivariate Regression Analysis

» Standardized regression coefficient. Also termed the beta
coefficient or beta weight, this is the slope obtained by the
regression of Y on X when the data are standardized.

* Sum of squared errors. The distances of all the points from the
regression line are squared and added together to arrive at the
sum of squared errors, which is a measure of total error, 262

J

° tstatistic. A tstatistic with n - 2 degrees of freedom can be used to
test the null hypothesis that no linear relationship exists between X
and Y, or Hy: B =0, where t=b /SE,
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Conducting Bivariate Regression Analysis
Plot the Scatter Diagram

* A scatter diagram, or scattergram, is a plot of the values of
two variables for all the cases or observations.

* The most commonly used technique for fitting a straight line
to a scattergram is the least-squares procedure. In fitting
the line, the least-squares procedure minimizes the sum of
squared errors, ZeJZ-

Conducting Bivariate Regression Analysis

| Plot the Sca'fter Diagram

| Formulate the*GeneraI Model

Estimate th% Parameters

Estimate Standardized *Reqression Coefficients

Test for Si+qniﬁcance

Determine the Strength ang Significance of Association

Check PredicEion Accuracy

Examine thF Residuals

Cross-Validate the Model

21/7/2021

123



21/7/2021

Conducting Bivariate Regression Analysis
Formulate the Bivariate Regression Model

In the bivariate regression model, the general form of a
straight lineis: Y= PBo +Puix

where
Y = dependent or criterion variable

X =independent or predictor variable
o= intercept of the line
B £ slope of the line

The regression procedure adds an error term to account for the
probabilistic or stochastic nature of the relationship:

YVi= Bo+ B1Xite

where g; is the error term associated with the i th observation.

Plot of Attitude with Duration

Fig. 17.3
o
o
% 9 — o o @)
(@)
< o) ®
3 o
o | | | | I | | I
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Duration of Residence
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Which Straight Line Is Best?

9 r Line 3
: -
B of
<

! | | | | | | |
225 45 675 9 11.25 13.5 157518

Duration of Residence

Bivariate Regression

Y 7 BO + le
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Conducting Bivariate Regression Analysis
Estimate the Parameters

In most cases, Poand [ are unknown and are estimated
from the sample observations using the equation
~~
Yi=a+bx;
where )”,\ is the estimated or predicted value of ¥;, and
a and b are estimators of o and B1, respectively.

b SOV,

Conducting Bivariate Regression Analysis
Estimate the Parameters

The intercept, a, may then be calculated using:

a=Yybx

For the data in Table 17.1, the estimation of parameters may be

illustrated as follows:

12
S,
i=1

=(10) (6) + (12) (9) +(12) (8) + (4) (3) + (12) (10) + (6) (4)
+(8) (5) +(2) (2) +(18) (11) + (9) (9) + (17) (10) + (2) (2)
=917

12

L X? =102+122+122+42+122+62

i=1 +82+22+182+92+172+22
=1350
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Conducting Bivariate Regression Analysis
Estimate the Parameters

It may be recalled from earlier calculations of the simple correlation that:

X =9.333
7 =6.583

Given n =12, b can be calculated as:

b= 917 -(12) (9.333) ( 6.583)
1350 - (12) (9.333)°

=0.5897

a= Y-b X

= 6.583 - (0.5897) (9.333)
=1.0793

Conducting Bivariate Regression Analysis
Estimate the Standardized Regression Coefficient
* Standardization is the process by which the raw data are

transformed into new variables that have a mean of 0 and a
variance of 1 (Chapter 14).

* When the data are standardized, the intercept assumes a value of 0.

* The term beta coefficient or beta weight is used to denote the
standardized regression coefficient.

Byx = Bxy= Iy

* There is a simple relationship between the standardized and non-
standardized regression coefficients:

By = by (S,/5,)

21/7/2021
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Conducting Bivariate Regression Analysis
Test for Significance

The statistical significance of the linear relationship
between X and Y may be tested by examining the

Hy:B;1=0
Hliﬁlio

hypotheses:

A t statistic with n - 2 de%ees of freedom can be

SE,
SE, denotes the standard deviation of b and is called
the standard error.

used, where 1=

Conducting Bivariate Regression Analysis
Test for Significance

Using a computer program, the regression of attitude on duration
of residence, using the data shown in Table 17.1, yielded the
results shown in Table 17.2. The intercept, a, equals 1.0793, and
the slope, b, equals 0.5897. Therefore, the estimated equation
is:

~~
Attitude (Y) = 1.0793 + 0.5897 (Duration of residence)

The standard error, or standard deviation of b is estimated as
0.07008, and the value of the t statistic as t = 0.5897/0.0700 =
8.414, with n - 2 = 10 degrees of freedom.

From Table 4 in the Statistical Appendix, we see that the critical
value of t with 10 degrees of freedom and (), = 0.05 is 2.228 for
a two-tailed test. Since the calculated value of t is larger than
the critical value, the null hypothesis is rejected.
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Conducting Bivariate Regression Analysis
Determine the Strength and Significance of Association

The total variation, SS,, may be decomposed into the variation
accounted for by the regression line, SSreqr and the error or residual
variation, SS,,,,, or SS,.., as follows:

SS,= 55,05+ SS,

es

where n B
SSy:l;l (Yl_ Y)2

n o ~ _
S8~ Z, (¥;- 7

n

SS,e= 2, (¥;- 1

B

Decomposition of the
Total Variation in Bivariate Regression

Y
Y Residual Variation
X
<o ’860(\ Sres o
R } Explained Variation
SSreq Y
N I S IR

X1 X2 X3 X4 X5
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Conducting Bivariate Regression Analysis
Determine the Strength and Significance of Association

The strength of association may then be calculated as follows:

2SS
S8,

S5, =SS,

S5,

To illustrate the calculations of r?, let us consider again the effect of attitude
toward the city on the duration of residence. It may be recalled from earlier
calculations of the simple correlation coefficient that:

n
72
SSy :2 (Yi- Y)
i=1
=120.9168

Conducting Bivariate Regression Analysis
Determine the Strength and Significance of Association

”~
The predicted values ( Y) can be calculated using the regression
equation:

”~
Attitude ( Y) =1.0793 + 0.5897 (Duration of residence)
For the first observation in Table 17.1, this value is:
-~
(Y )=1.0793 + 0.5897 x 10 = 6.9763.

For each successive observation, the predicted values are, in order,

8.1557, 8.1557, 3.4381, 8.1557, 4.6175, 5.7969, 2.2587, 11.6939, 6.3866,
11.1042, and 2.2587.

21/7/2021
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Conducting Bivariate Regression Analysis

Determine the Strength and Significance of Association

Therefore, o 9
SSregZZ (Yi' Y)
i=1
=(6.9763-6.5833)% + (8.1557-6.5833)?

(
+(8.1557-6.5833)2 + (3.4381-6.5833)2
+(8.1557-6.5833)2 + (4.6175-6.5833)2
+(5.7969-6.5833)2 + (2.2587-6.5833)2

+(11.6939 -6.5833)? + (6.3866-6.5833)2
+(11.1042 -6.5833)2 + (2.2587-6.5833)2

=0.1544 + 2.4724 + 2.4724 + 9.8922 + 2.4724
+3.8643 +0.6184 + 18.7021 + 26.1182
+0.0387 + 20.4385 + 18.7021

=105.9524

Conducting Bivariate Regression Analysis

Determine the Strength and Significance of Association

n
SSs=> (Y;- ?,-)2 = (6-6.9763)2 + (9-8.1557)? + (8-8.1557)2
=1 +(3-3.4381)2 + (10-8.1557)2 + (4-4.6175)?
+(5-5.7969)2 + (2-2.2587)? + (11-11.6939)2
+(9-6.3866)2 + (10-11.1042)% + (2-2.2587)?

=14.9644
It can be seen that SS, =SS, +SS,.,. Furthermore,

r? =55,,/55,

=105.9524/120.9168
=0.8762
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Conducting Bivariate Regression Analysis
Determine the Strength and Significance of Association

Another, equivalent test for examining the significance of the linear
relationship between X and Y (significance of b) is the test for the
significance of the coefficient of determination. The hypotheses in this case
are:

Hy: R,

p=0

Hy: R, >0

Conducting Bivariate Regression Analysis
Determine the Strength and Significance of Association

The appropriate test statistic is the F statistic:
— SS}"Eg

= SSres/(n'z)

which has an F distribution with 1 and n - 2 degrees of freedom. The F test is
a generalized form of the t test (see Chapter 15). If a random variable is t
distributed with n degrees of freedom, then t? is F distributed with 1 and n
degrees of freedom. Hence, the F test for testing the significance of the
coefficient of determination is equivalent to testing the following hypotheses:

Ho:p1=0
H1:B1¢0
or

Ho:p=0
Hi:p#0

21/7/2021
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Conducting Bivariate Regression Analysis

Determine the Strength and Significance of Association

From Table 17.2, it can be seen that:
2 =105.9522/(105.9522 + 14.9644)

=0.8762

Which is the same as the value calculated earlier. The value of the F statistic is:

F=105.9522/(14.9644/10)
=70.8027

with 1 and 10 degrees of freedom. The calculated F statistic
exceeds the critical value of 4.96 determined from Table 5 in the
Statistical Appendix. Therefore, the relationship is significant at

=0.05, corroborating the results of the t test.

(0

Bivariate Regression

Multiple R 0.93608
R? 0.87624
Adjusted R? 0.86387
Standard Error 1.22329
ANALYSIS OF VARIANCE
df Sum of Squares Mean Square
Regression 1 105.95222 105.95222
Residual 10 14.96444 1.49644
F =70.80266 Significance of F = 0.0000
VARIABLES IN THE EQUATION
Variable b SE, Beta (B) T  Significance
of T
Duration 0.58972 0.07008 0.93608 8.414 0.0000
(Constant) 1.07932 0.74335 1.452 0.1772
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Conducting Bivariate Regression Analysis
Check Prediction Accuracy

”~
To estimate the accuracy of predicted values, y , it is useful to
calculate the standard error of estimate, SEE.

u A (2
2(Y-Y)
SEE = L
n—2
or
oo |SS.
n—2

or more generally, if there are k independent variables,

SEE = SSres
Vin—k—1
For the data given in Table 17.2, the SEE is estimated as follows:

SEE = V14.9644/(12-2)
=1.22329

Assumptions

* The error term is normally distributed. For each fixed value of X, the
distribution of Yis normal.

* The means of all these normal distributions of Y, given X, lie on a
straight line with slope b.

* The mean of the error term is 0.

* The variance of the error term is constant. This variance does not
depend on the values assumed by X.

* The error terms are uncorrelated. In other words, the observations
have been drawn independently.

21/7/2021
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Multiple Regression

The general form of the multiple regression model
is as follows:

Y:BO+ Ble +B2X2+B3)(3+. . .+Bka+C

which is estimated by the following equation:
N
Y=0+b. X, +b,X; + byXs+ ...+ bX,

As before, the coefficient a represents the intercept,
but the b's are now the partial regression coefficients.

Statistics Associated with Multiple Regression

* Adjusted R?. R?, coefficient of multiple determination, is adjusted for the
number of independent variables and the sample size to account for the
diminishing returns. After the first few variables, the additional
independent variables do not make much contribution.

Coefficient of multiple determination. The strength of association in
multiple regression is measured by the square of the multiple correlation
coefficient, R?, which is also called the coefficient of multiple
determination.

* Ftest. The Ftest is used to test the null hypothesis that the coefficient
of multiple determination in the population, R2,,,, is zero. This is
equivalent to testing the null hypothesis. The test statistic has an F
distribution with k and (n - k - 1) degrees of freedom.
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Statistics Associated with Multiple Regression

* Partial Ftest. The significance of a partial regression coefficient, , of
X; may be testgd using an incremental F statistic. The incremental F
statistic is based on the increment in the explained sum of squares
resulting from the addition of the independent variable X; to the
regression equation after all the other independent variables have
been included.

* Partial regression coefficient. The partial regression coefficient, b,
denotes the change in the predicted value, , per unit change in X;
when the other independent variables, X, to X,, are held constant.

Conducting Multiple Regression Analysis
Partial Regression Coefficients

To understand the meaning of a partial regression coefficient, let us
consider a case in which there are two independent variables, so that:

y=a+bX,+byX,

= First, note that the relative magnitude of the partial regression
coefficient of an independent variable is, in general, different from
that of its bivariate regression coefficient.

= The interpretation of the partial regression coefficient, b,, is that it
represents the expected change in Y when X; is changed by one unit
but X, is held constant or otherwise controlled. Likewise, b,
represents the expected change in
Y for a unit change in X,, when X, is held constant. Thus, calling b, and
b, partial regression coefficients is appropriate.
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Conducting Multiple Regression Analysis

Partial Regression Coefficients

* It can also be seen that the combined effects of X; and X, on Y are additive.

In other words, if X; and X, are each changed by one unit, the expected
change in Y would be (b,+b,).

* Suppose one was to remove the effect of X, from X;. This could be done by
running a regression of X; on X,. In other words, one would estimate the
equation }fl =a+ b X, and calculate the residual X, = (X, - X ). The partial
regression coefficient, b,, is then equal to the bivariate regression coefficient,

b,, obtained from the equation ;: a+b.X.

Conducting Multiple Regression Analysis
Partial Regression Coefficients

* Extension to the case of k variables is straightforward. The partial

regression coefficient, b,, represents the expected change in Y when X, is
changed by one unit and X, through X, are held constant. It can also be
interpreted as the bivariate regression coefficient, b, for the regression of
Y on the residuals of X;, when the effect of X, through X, has been
removed from X;.

The relationship of the standardized to the non-standardized coefficients
remains the same as before:

By=b, (Sn/Sy)
By = by (S4/S,)

The estimated regression equation is:

() = 0.33732 +0.48108 X, + 0.28865 X,

Or

Attitude = 0.33732 + 0.48108 (Duration) + 0.28865 (Importance)

21/7/2021
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Multiple Regression

Multiple R 0.97210
R? 0.94498
Adjusted R? 0.93276

Standard Error 0.85974

ANALYSIS OF VARIANCE
df Sum of Squares Mean Square
Regression 2 114.26425 57.13213
Residual 9 6.65241 0.73916
F =77.29364 Significance of F = 0.0000

VARIABLES IN THE EQUATION

Variable b SE, Beta (B) T  Significance
of T

IMPORTANCE 0.28865 0.08608 0.31382 3.353 0.0085

DURATION 0.48108 0.05895 0.76363 8.160 0.0000

(Constant) 0.33732 0.56736 0.595 0.5668

Conducting Multiple Regression Analysis
Strength of Association

S5, = 55,64+ SS,

es

where

§§, =% (¥;-7)
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Conducting Multiple Regression Analysis
Strength of Association

The strength of association is measured by the square of the multiple
correlation coefficient, R?, which is also called the coefficient of
multiple determination.

RZ _ SSreg
S5,

R? is adjusted for the number of independent variables and the sample
size by using the following formula:

> k(1-R?

Adjusted R?= R
! n-k-1

Conducting Multiple Regression Analysis
Significance Testing

This is equivalent to the following null hypothesis:
Ho:B1=P2=B3=...=Px=0
The overall test can be conducted by using an F statistic:

58, /k

TSS.Jn-k-D)

_ Rk
(1-RHn-k-1)

which has an F distribution with k and (n - k -1) degrees of freedom.
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Conducting Multiple Regression Analysis
Significance Testing

Testing for the significance of the B;Scan be done in a manner
similar to that in the bivariate case by using t tests. The
significance of the partial coefficient for importance
attached to weather may be tested by the following equation:
-
SEb

which has a t distribution with n - k -1 degrees of freedom.

Conducting Multiple Regression Analysis
Examination of Residuals

A residual is the difference between the observed value of ¥; and the
value predicted by the regression equation Y.

Scattergrams of the residuals, in which the residuals are plotted against
the predicted values, y ; time, or predictor variables, provide useful
insights in examining the appropriateness of the underlying assumptions
and regression model fit.

The assumption of a normally distributed error term can be examined by
constructing a histogram of the residuals.

The assumption of constant variance of the erkor term can be examined
by plotting the residuals against the predicted values of the dependent
variable, Y.
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Conducting Multiple Regression Analysis
Examination of Residuals

* A plot of residuals against time, or the sequence of observations, will
throw some light on the assumption that the error terms are
uncorrelated.

* Plotting the residuals against the independent variables provides
evidence of the appropriateness or inappropriateness of using a linear
model. Again, the plot should result in a random pattern.

* To examine whether any additional variables should be included in the
regression equation, one could run a regression of the residuals on the
proposed variables.

* If an examination of the residuals indicates that the assumptions
underlying linear regression are not met, the researcher can transform
the variables in an attempt to satisfy the assumptions.

Residual Plot Indicating that
Variance Is Not Constant

Residuals

Predicted Y Values
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Residual Plot Indicating a Linear Relationship Between
Residuals and Time

Residuals

Plot of Residuals Indicating that
a Fitted Model Is Appropriate

v
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Predicted Y Values
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Stepwise Regression

The purpose of stepwise regression is to select, from a large number of
predictor variables, a small subset of variables that account for most of
the variation in the dependent or criterion variable. In this procedure,
the predictor variables enter or are removed from the regression
equation one at a time. There are several approaches to stepwise
regression.

Forward inclusion. Initially, there are no predictor variables in the
regression equation. Predictor variables are entered one at a time, only
if they meet certain criteria specified in terms of F ratio. The order in
which the variables are included is based on the contribution to the
explained variance.

Backward elimination. Initially, all the predictor variables are included
in the regression equation. Predictors are then removed one at a time
based on the F ratio for removal.

Stepwise solution. Forward inclusion is combined with the removal of
predictors that no longer meet the specified criterion at each step.

Multicollinearity

* Multicollinearity arises when intercorrelations among the
predictors are very high.

* Multicollinearity can result in several problems, including:

- The partial regression coefficients may not be estimated
precisely. The standard errors are likely to be high.

- The magnitudes, as well as the signs of the partial regression
coefficients, may change from sample to sample.
It becomes difficult to assess the relative importance of the
independent variables in explaining the variation in the
dependent variable.
Predictor variables may be incorrectly included or removed
in stepwise regression.
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Multicollinearity

* Asimple procedure for adjusting for multicollinearity consists of using
only one of the variables in a highly correlated set of variables.

* Alternatively, the set of independent variables can be transformed into
a new set of predictors that are mutually independent by using
techniques such as principal components analysis.

* More specialized techniques, such as ridge regression and latent root
regression, can also be used.

Relative Importance of Predictors

Unfortunately, because the predictors are correlated,
there is no unambiguous measure of relative
importance of the predictors in regression analysis.
However, several approaches are commonly used to
assess the relative importance of predictor variables.

* Statistical significance. If the partial regression coefficient of a variable
is not significant, as determined by an incremental F test, that variable is
judged to be unimportant. An exception to this rule is made if there are
strong theoretical reasons for believing that the variable is important.

* Square of the simple correlation coefficient. This measure, r?,
represents the proportion of the variation in the dependent variable
explained by the independent variable in a bivariate relationship.
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Relative Importance of Predictors

* Square of the partial correlation coefficient. This measure, R?,,; .
is the coefficient of determination between the dependent variable
and the independent variable, controlling for the effects of the other
independent variables.

* Square of the part correlation coefficient. This coefficient represents
an increase in R 2 when a variable is entered into a regression
equation that already contains the other independent variables.

* Measures based on standardized coefficients or beta weights. The
most commonly used measures are the absolute values of the beta
weights, |B;| , or the squared values, B;2.

* Stepwise regression. The order in which the predictors enter or are
removed from the regression equation is used to infer their relative
importance.

Cross-Validation

* The regression model is estimated using the entire data set.

* The available data are split into two parts, the estimation sample and the
validation sample. The estimation sample generally contains 50-90% of
the total sample.

* The regression model is estimated using the data from the estimation
sample only. This model is compared to the model estimated on the entire
sample to determine the agreement in terms of the signs and magnitudes
of the partial regression coefficients.

* The estimated model is applied to the data in the validation sample to
predict the values of the dependent variable, ?,-, for the observations in
the validation sample.

* The observed values Y; and the predicted values, y"\,, in the validation
sample are correlated to determine the simple r 2. This measure, r2, is
compared to R 2 for the total sample and to R 2 for the estimation sample
to assess the degree of shrinkage.
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Regression with Dummy Variables

Product Usage Original Dummy Variable Code
Category Variable

Code D1 D2 D3
Nonusers.............. 1 1 0 0
Light Users.......... 2 0 1 0
Medium Users...... 3 0 0 1
Heavy Users......... 4 0 0 0

¥ =a+byD;+byDy + byDs

* In this case, "heavy users" has been selected as a reference category and has not
been directly included in the regression equation,

* The coefficient b, is the difference in predicted y; for nonusers, as compared to
heavy users.

Analysis of Variance and Covariance with Regression

In regression with dummy variables, the predicted Y for each
category is the mean of Y for each category.

Product Usage Predicted Mean
Category Value Value
7 Y
Nonusers............... a+b, a+b,
Light Users........... a+b, a+b,
Medium Users....... a+ b, a+ b,
Heavy Users.......... a a
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Analysis of Variance and Covariance with Regression

Given this equivalence, it is easy to see further relationships
between dummy variable regression and one-way ANOVA.

Dummy Variable Regression One-Way ANOVA
n PN
SSres = Z (Yl - Yl) = sswithin=sserrar
i=1
n ~ —2
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