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• Advanced MLR

• Qualitative

• Analysing Differences

Advanced MLR

• Residual analysis

• Interactions

• Analysis of change
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Residual analysis

• Based on Francis – MLR (Section 5.1.4) –

Practical Issues & Assumptions, p. 126-127

• 3 main MLR assumptions can be tested using 

plots of residuals

– Linearity (i.e., IVs are linearly related to DV) and 

additivity (i.e., no interactions b/w IVs)

– Normality of residuals

– Equal variances (Homoscedasticity)

Residual analysis

Residual analysis

Assumptions about residuals

• Random noise

• Sometimes positive, sometimes negative but, 

on

• average, it’s 0

• Normally distributed about 0
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Residual analysis

Residual analysis

Residual analysis
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Residual analysis

Residual analysis

Why the big fuss about 

residuals?

• Standard error formulae (which are used for 
confidence intervals and sig. tests) work when 
residuals are well-behaved.

• If the residuals don’t meet assumptions these 
formulae tend to underestimate coefficient 
standard errors giving overly optimistic p-
values and too narrow CIs.

• i.e., ↑ assumption violation → ↑ Type I error 
rate
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Interactions

• Additivity refers to the assumption that the IVs are 

independent, i.e., they do not interact.

• However, there may be interaction effects, e.g., 

Income and Education may interact in predicting 

Political Attitude (Conservatism), i.e., 

↓ Income * ↑ Education → ↓ Conservatism

• An interaction occurs when the magnitude of the 

effect of one IV on a DV varies as a function of a 

second IV. e.g., 

• Also known as a moderation effect.

Interactions

Y = b1x1 + b2x2 + b12x12 + a + e 

• b12 is the product of the first two slopes. 

• b12 is can be interpreted as the amount of 

change in the slope of the regression of Y on 

b1 when b2 changes by one unit.

Interactions

Model interactions by adding cross-product 

terms as IVs, e.g., IVs would be:

– Income

– Education

– Income x Education (cross-product)

• Use SPSS compute to create a cross-product 

term:

– Compute IncomeEducation = Income*Education.
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Interactions

• Conduct a Hierarchical MLR, with Step 1:

– Income

– Education

• Step 2:

– Income x Education (cross-product)

• Examine R2 change, to see whether the 

interaction term explains additional variance 

above and beyond the direct effects of Income 

and Education.

Interactions

Interactions

• Cross-product interaction terms may be highly 

correlated (multicollinear) with the 

corresponding simple independent variables, 

creating problems with assessing the relative 

importance of main effects and interaction 

effects.

• An alternative approach is to run separate 

regressions for each level of the interacting 

variable. 
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Analysis of Change

Example Research Question:

In group-based mental health interventions, 

does the quality of social support received 

from:

a) Group members (IV)

b) Group leaders (IV)

predict change in participants’ mental health 

(DV)?

Analysis of Change

Strategy: Use hierarchical MLR to “partial out” pre-

existing Time 1 individual differences in the DV, 

leaving only the variances of the changes in the DV 

b/w Time 1 and 2 for  analysis in Step 2. 

Example Data:

• DV = MH after the intervention (Time 2)

• IV1 = MH prior to intervention (Time 1)

• IV2 = Support from group members

• IV3 = Support from group leader

Analysis of Change

Hierarchical MLR

• DV = MH Time 2

Step 1

• IV1 = MH Time 1

Step 2

• IV2 = Support from group members

• IV3 = Support from group leader
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Summary

• Residual analysis

– a way to test key assumptions

• Interactions

– a way to model (rather than ignore) 
interactions b/w IVs

• Analysis of change

– hierarchical MLR, with Time 1 “partialled 
out” in Step 1 in order to use IVs to predict 
changes over time

Qualitative

• What is qualitative research?

• Qualitative methods

• Analysing open-ended responses

• Multiple response & dichotomy 

analyses

What is qualitative research?

• Analysis of data such as words (e.g., from 
interviews), pictures (e.g., video), or objects
(e.g., an artifact). 

"All research ultimately has 
a qualitative grounding"

- Donald Campbell

• Primary intent is to “listen” to or learn from the 
participants/clients themselves about the topic of 
interest.
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Qualitative method

• Aims for a complete, rich, detailed description.

• Researcher may only know roughly in advance 

what he/she is looking for. 

• Design may emerge as the study unfolds.

• Researcher becomes subjectively immersed in 

measuring and interpreting the subject matter.

• Recommended during earlier phases of 

research.

• Less objective and generalisable than 

quantitative.

Qualitative methods

• Participant observation

• Interviews & surveys

• Focus groups

• Historical

• Other

Close vs. open-ended questions

• Close-ended questions - researcher 

provides respondent with limited response 

options.

• Open-ended questions - respondents can 

formulate their own response.

• e.g., “What are the reasons you donate 

blood?”

___________________________________

_

___________________________________
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• Close-ended responses are easier to 
analyse.

• Open-ended responses

– useful for complex issues

– richer data collected

– can be less biased than close-ended

– useful in exploratory, pilot or pre-testing 
stage of research

– useful for instrument development and 
validation

Close vs. open-ended questions

Qualitative analysis

1. Treat as qualitative data.

- summarise responses in words

- look for underlying themes

- use illustrative quotes in report

2. Transform into quantitative data by 

coding.

Treat as qualitative data

• Discourse analysis - examine written word, 

transcripts etc - look for themes

• Disadvantages

– Labour intensive

– Researcher bias

– Poor generalisability

– Difficult to establish reliability & validity
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Treat as quantitative data

• Coding - convert response into numerical 

code.

• e.g., “What is you occupation?”

• Could code responses into these 

categories:

– 01. Professional

– 02. Clerical/administrative

– 03. Skilled manual

– 04. Unskilled manual

– 05. Unemployed/other

Coding

• “Why do you donate blood?”

• Could code responses into these 

categories:

– 01. Social

– 02. Protective

– 03. Understanding

– 04. Values

– 05. Enhancement

• The coding categories may be informed by 

theoretical literature

Coding

• Set objectives for coding frame

• Read through all responses

• Look for common categories 

• Try not to have too many categories - look 

to combine similar categories

• At least 2 researchers develop coding 

separately, then work together on final 

coding -> increased reliability & validity



12

Coding

• Inter-rater reliability – percentage of 

times that raters agree on the category 

each response goes into.

• Can use a statistic called Cohen’s 

kappa to assess inter-rater reliability –

interpret like a correlation coefficient.

Multiple Response Analysis

• Used for analysis of open-ended 

questions.

• e.g., 364 university students were asked 

to list characteristics they thought were 

important in a romantic partner.

• Max. no. of responses obtained from a 

respondent was 4.

• Via coding, 14 response characteristics 

were identified.

 

 

 

Group $CHARS  characteristics of partner 

 

                                                       Pct of  Pct of 
Category label                     Code      Count  Responses  Cases 
 

sense of humour                     1         33      4.3     12.0 

attractive                          2         85     11.0     30.8 

good communication                  3         85     11.0     30.8 

similar values                      4        180     23.3     65.2 

financially secure                  5         48      6.2     17.4 

mature                              6         76      9.8     27.5 

kind                                7         15      1.9      5.4 

sensitive                           8         47      6.1     17.0 

generous                            9         42      5.4     15.2 

able to compromise                  10         79     10.2     28.6 

ambitious                           11         15      1.9      5.4 

intelligent                         12         37      4.8     13.4 

attentive                           13         26      3.4      9.4 

other                               14          4       .5      1.4 

 

                           Total responses      772    100.0    279.7 

88 missing cases;  276 valid cases 
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Multiple Dichotomy Analysis

• 20 patients asked to indicate what 

symptoms they had experienced 

recently from following list (can choose 

>1):

– Fatigue

– Trouble sleeping

– Lack of appetite

– Mood swings

– Forgetfulness

– Feelings of hopelessness
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                              Pct of   Pct of 
Dichotomy label   Count  Responses  Cases 
 

fatigue                12     25.0     60.0 

trouble sleeping       10     20.8     50.0 

lack of appetite       7      14.6     35.0 

mood swings            7      14.6     35.0 

forgetfulness          8      16.7     40.0 

feelngs of hopeless    4       8.3     20.0 

                                                   

Total responses       48      100.0    240.0 

0 missing cases;  20 valid cases 

 

Writing up - Method

• Decision trail

• Rationale for the development of the 
thematic categories

• Process of transforming data into 
themes/codes

Writing up - Results

• Descriptive statistics (and graphs if 
appropriate)

• Category definitions and possibly 
illustrative quotes

• Inferential statistics (if appropriate)
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Writing up - Discussion

• Did a meaningful picture of the 
phenomenon under study emerge?

• Trustworthiness / rigour of the 
qualitative findings.

• Consistency between qualitative and 
quantitative findings.

• Contributions of findings to theory and 
practice.

Summary

• Open-ended questions can be analysed 

as qualitative data or converted to 

quantitative data.

• Once coded, can be summarised using 

either multiple response or multiple 

dichotomy analyses.

• Describe your decision-making to provide 

a rigorous ‘audit-trail’

Analysing Differences

• Correlational vs. difference tests

• Which difference test?

• Non-parametric tests

• Basic ANOVAs

• Advanced ANOVAs

• Interactions
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Basic ANOVAs

• t-test

– one sample

– independent

– paired

•One-way ANOVAs

•Factorial ANOVAs

Advanced ANOVAs

• One-way repeated measures ANOVA

• Mixed (SPANOVA)

• ANCOVA

• MANOVA

• Repeated measures MANOVA

Correlational statistics vs tests 

of differences between groups

• Correlation/regression techniques 

reflect the strength of association

• Tests of differences indicate whether 

significant differences in central 

tendency exist between groups.
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Correlational statistics vs tests 

of differences between groups
• In MLR we see the world as made of 

covariation.

Everywhere we look, we see relationships.

• In ANOVA we see the world as made of 

differences.

Everywhere we look we see differences.

Are the differences we see real?

0

5

10

15

20

25

30

Percentage 

Reporting 

Binge 

Drinking in 

Past Month

12 to 17 18 to 25 26 to 34 35+

Age of 1997 USA Household Sample

Are the differences we see real?
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How many groups?
(i.e. categories of IV)

More than 2 groups 

= ANOVA models
2 groups: Are the 

groups 

independent or 

dependent?
Independent groups Dependent groups

1 group = one-

sample t-test

Para DV = Independent 

samples t-test Para DV = Paired 

samples t-test

Non-para DV = Mann-

Whitney U Non-para DV = Wilcoxon

Which difference test? (Basic)

Non-parametric statistics

• There is at least one nonparametric 

equivalent per general type of parametric 

test.

• Often used when assumptions about the 

underlying population are questionable 

(e.g., non-normality).

Parametric versus non-

parametric statistics
Parametric statistic – inferential test that 

assumes certain characteristics are true of 

an underlying population, especially the 

shape of its distribution.

Non-parametric statistic – inferential test that 

makes few or no assumptions about the 

population from which observations were 

drawn (distribution-free tests).
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• Parametric statistics commonly used for 

normally distributed interval or ratio 

data.

• Non-parametric statistics can be used to 

analyse data that are non-normal or are  

nominal or ordinal.

• Non-parametric statistics are less 

powerful that parametric tests.

Parametric versus non-

parametric statistics

When to use a non-parametric test

• Assumptions, like normality, have been 

violated.

• Small number of observations.

• DVs are nominal or ordinal data.

Tests

Compares groups 

classified by two 

different factors

Friedman;

χ2 test of 

independence

2-way ANOVA

Compares three or 

more groups
Kruskal-Wallis1-way ANOVA

Compares two related 

samples

Wilcoxon matched 

pairs signed-rank
t test (paired)

Compares two 

independent samples

Mann-Whitney U; 

Wilcoxon rank-sum

t test 

(independent)

PurposeNonparametricParametric

Some Commonly Used Parametric & Nonparametric Tests
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t-tests

• Parametric inferential statistical test used 

to determine whether two sets of scores 

come from the same population.

• Is the difference between two sample 

means ‘real’ or due to chance?

t-tests

• One-sample

One group of participants, compared with fixed, 

pre-existing value (e.g., population norms)

• Independent

Compares mean scores on the same variable 

across different populations (groups)

• Paired

Same participants, with repeated measures

Use of t in t-tests

• t reflects the ratio of between group variance to 

within group variance

• Is the t large enough that it is unlikely that the two 

samples have come from the same population?

• Decision: Is t larger than the critical value for t 

(see t tables – depends on critical alpha and sample 

size)
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Assumptions (Indep. samples t-test)

• IV is ordinal / categorical 

• DV is interval / ratio 

• Homogeneity of Variance
– If variances unequal (Levene’s test), adjustment made

• Normality

– t-tests robust to modest departures from normality, 
otherwise consider use of Mann-Whitney U test

• Independence of observations (one participant’s 
score is not dependent on any other participant’s 
score)

Group Statistics

1189 7.34 2.109 .061

1330 8.24 2.252 .062

gender_R  Gender

of respondent

1  Male

2  Female

immrec  immediate

recall-number

correct_wave 1

N Mean Std. Deviation

Std. Error

Mean

Independent Samples Test

4.784 .029 -10.268 2517 .000

-10.306 2511.570 .000

Equal variances

assumed

Equal variances

not assumed

immrec  immediate

recall-number

correct_wave 1

F Sig.

Levene's Test for

Equality of Variances

t df Sig. (2-tailed)

t-test for Equality of Means

Do males & females differ in 

memory recall?

Indep. samples t-test → 1-way 

ANOVA

• Comparison b/w means of 2 independent 
sample variables = t-test
(e.g., what is the difference in Overall 
Satisfaction between male and female 
students?)

• Comparison b/w means of 3+ independent 
sample variables = 1-way ANOVA
(e.g., what is the difference in Overall 
Satisfaction between students enrolled in 
BLIS, HDS, and ComEdu?)
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Assumptions (Paired samples t-

test)

• Also related samples t-test or repeated measures t-test

• IV is ordinal / categorical w/in subjects 

• DV is interval / ratio

• Data consist of the same variable measured on two occasions 
or two different variables measured on the same occasion

• Normal distribution of difference scores (robust to violation 
with larger samples)

• Independence of observations (one participant’s score is not 
dependent on any other participant’s score)

Paired Samples Correlations

1234 .528 .000

immrec  immediate

recall-number correct_

wave 1 & bimrec 

immediate recall-number

correct_w2

Pair

1

N Correlation Sig.

Paired Samples Test

-.086 2.204 .063 -.209 .037 -1.369 1233 .171

immrec  immediate

recall-number correct_

wave 1 - bimrec 

immediate recall-number

correct_w2

Mean Std. Deviation

Std. Error

Mean Lower Upper

95% Confidence

Interval of the

Difference

Paired Differences

t df Sig. (2-tailed)

Does females memory recall 

change over time?

Paired samples t-test → 1-way 

repeated measures ANOVA

• Comparison b/w means of 2 within 

subject variables = t-test

• Comparison b/w means of 3+ within 

subject variables = 1-way ANOVA

(e.g., what is the difference in Campus, 

Social, and Teaching/Education 

Satisfaction?)



24

Factorial ANOVA

• 2 or more between subjects 

categorical/ordinal IVs

• 1 interval/ratio DV

• e.g., what is the effect of Gender (2) and 

Degree Type (3) on Overall Satisfaction?

This would be a 2 x 3 Factorial ANOVA

(or 2 x 3 Between-Subjects ANOVA) 

• Of interest are:

– Main effect of IV1

– Main effect of IV2

– Interaction b/w IV1 and IV2

• If significant effects are found and more than 2 
levels of an IV are involved, then specific 
contrasts are required, either:

– A priori (planned) contrasts

– Post-hoc contrasts

Factorial ANOVA

• 1 IV is between subjects (e.g., Gender)

• 1 IV is within subjects (e.g., Social Satisfaction 
and Campus Satisfaction)

• Of interest are:
– Main effect of IV1

– Main effect of IV2

– Interaction b/w IV1 and IV2

• If significant effects are found and more than 2 
levels of an IV are involved, then specific 
contrasts are required, either:
– A priori (planned) contrasts

– Post-hoc contrasts

Mixed ANOVA (SPANOVA)
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• Any number and type of IVs

• A covariate is added (dichotomous or metric)

• Effect of the covariate on the DV is removed 
(or partialled out) (akin to Hierarchical MLR)

• Of interest are:
– Main effects of IVs and interaction terms

– Contribution of CV (akin to Step 1 in HMLR)

• e.g., GPA is used as a CV, when analysing 
whether there is a difference in Overall 
Satisfaction between Males and Females.

ANCOVA (Analysis of Covariance)

• A better alternative to conducting several 

ANOVAs with related DVs.

• One-way repeated measures ANOVA and 

mixed ANOVA are subsets of MANOVA.

• If multivariate F is significant, then examine 

univariate Fs

• e.g., IV = Gender; DVs = Social, Campus, and 

Teaching/Education Satisfaction

MANOVA

• An extension of MANOVA in which there are typically:

– Multiple DVs (e.g., Social, Campus, and 

Teaching/Education Satisfaction)

– Multiple Occasions (e.g., 1st, 2nd, 3rd year)

• There are also any number of IVs (e.g., Gender)

• Of interest are:

– Main effects of the multiple DVs

– Main effect of the multiple occasions

– Main effects of IVs

– Interactions b/w IVs and the DVs.

Repeated Measures 

MANOVA
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Interactions

• Separate lines for morning and evening 

exercise.

Interactions

Interactions
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• ANOVA F-tests are a "gateway".

• If F is significant, then consider whether effects 

are interpretable or whether you will also need 

to look at followup tests of specific contrasts. 

Follow-up tests

• An effect may be statistically significant (i.e., 
unlikely to have occurred by chance), but this 
doesn’t necessarily indicate how large the 
effect is.

• Eta-square provides an overall test of size of 
effect (equivalent to R)

• Standardised differences between two means 
provide standardised mean effect sizes (e.g., 
Cohen’s d).

Effect sizes

Summary

• Non-parametric and parametric tests can be 
used for examining differences between the 
central tendency of two of more variables

• Develop a conceptualisation of when to each 
of the parametric tests from one-sample t-test 
through to MANOVA.

• F is an omnibus test; may require followup 
tests.

• Conceptualise each combination of main 
effects and interactions.

• Eta-square is the omnibus ES; standardised 
mean differences provide an ES for the 
differences b/w two means


