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Learning objectives

By the end of this session, learners should be able to

• Select variables for bivariate analysis

• Analyzing relationships between variables 
• The Chi-square test

• Generating cross-tabulations

• The ‘means’ procedure / comparing means

• The ‘correlations’ procedure



Bivariate analysis

Bivariate analysis is the second step in the analysis

• It is an analysis made to test the presence of a relationship between 
two variables

• It also could assess the presence of differences between two 
variables.

• Answers the question: 
• Is there a relationship or difference between the two variables? 

• It is the initial step in hypothesis testing



Chi-square test

Chi-square test is based on the 
simple idea of comparing the 
frequencies you observe in certain 
categories to the frequencies you 
might expect to get in those 
categories by chance. 

There are two different forms of the 
chi-square test: 
• The multidimensional chi-square 

test, and 
• The goodness of fit chi-square test. 

• The multidimensional chi-square: 
test assesses whether there is a 
relationship between two 
categorical variables/test of 
independence

• This goodness-of-fit test compares 
the observed and expected 
frequencies in each category to test 
whether all categories contain the 
same proportion of values or 
whether each category contains a 
user-specified proportion of values. 



Chi-square test

Assumptions
• Two or more unrelated categories in both variables

• Both variables should be categorical (i.e. nominal or ordinal) and 
consist of two or more groups

• Groups should be mutually exclusive



Chi-square test
Multidimensional Interpretation-which p-value to take

• If the variables are of 2X2 table 
format, take the x2 under the 
continuity correction

• If it is of 2X(>2) take the x2 under the 
Pearson chi-Square

• If any cell in the table has <5 expected 
count, choose likelihood ratio or 
Fisher’s Ex.

• If the independent variable is of 
ordinal type, choose linear by linear 
association.



Crosstabulation (contingency table)

What does it do?

It shows :  

• A wealth of information on the 
relationship between two or 
more variables 

• No formula is needed

• The Chi-squared test often is 
used to accompany a 
crosstabulation



Crosstabulation (contingency table)

Interpretation

• Asymptotic (2-sided); p=0.004

• There is a statistically significant 
relationship between gender
and stunting



Correlation analysis

• A correlation analysis tests the 
relationship between two 
continuous variables in terms of: 
• How strong is the relationship?

• In what direction the relationship 
goes?

• The strength of the relationship 
is given as a coefficient (r)-
Pearson’s r

• “r” lies between -1 and 1.

Number of variables 
• Two or more

Scale of variable(s) 
• Continuous (ratio/interval)



Correlation analysis



Correlation analysis

Assumption

• Continuous variable

• Linear relationship between the 
two variables

• No outliers

Pearson’s correlation 

• Pearson’s correlation is used to 
examine associations between 
variables (represented by 
continuous data) by looking at 
the direction and strength of the 
associations



Correlation analysis

Analyze > correlate > bivariate …



Correlation analysis

• There were small statistically significant positive 
correlations between MUACb and MUACf (r = 0.373; 
p < 0.001)

• Moderate strength



Compare means



Comparing means : parametric tests

• T-test: One sample

• T-test: independent samples

• T-test: paired samples

• One-way ANOVA

• Repeated measures ANOVA



Test of normality

• Histogram
• Bars should approximate the bell 

curve if it is normally distributed

• Doesn’t have to be perfect

• QQ plot
• In this plot, the normal 

distribution is a straight line

• If normally distributed, the points 
should cluster around the straight 
line

• Should not have ‘tails’

• Statistical test
• Kolmogorov-Smirnov standard

• Shapiro-Wilk for a small sample size

• Sig. column (p-value) interpreted as : 
• If >0.05, from the normal distribution

• If <0.05, not from a normal distribution



Tests of normality



Test of normality



One-Sample T Test 

• Evaluates whether the mean on a test variable is significantly different 
from a constant (test value). 

• Test value typically represents a neutral point. (e.g. midpoint on the 
test variable, the average value of the test variable based on past 
research)



One sample T-test

• A one-sample t-test is used to test 
differences between a sample mean 
and a hypothesized (null) value.

• Assume the mean of MUAC in the 
population is 12 

• This table presents results of 
the one-sample t-test with the 
t value=47.5, df(n-1) =1098 . 

• This is significant at both 
p=0.05 and p=0.01. 

• We reject our null hypothesis 
of no difference



Independent-Sample T test 

• Evaluates the difference between 
the means of two independent 
(unrelated) groups. 

• Also called “Between groups T test” 

• Hypothesis
• Ho: 1= 2 

• H1: 1≠2

• Number of variables 
• One independent (x)

• One dependent (y)

• Scale of variable(s) 
• Independent: categorical with two 

values (binary)

• Dependent: continuous 
(ratio/interval)



Independent Samples T-Test

Assumption

• Continuous dependent variable

• Two unrelated categories in the independent variable

• No outliers (normally distributed)



Independent Samples T-Test

Analyze → Compare Means → Independent-Samples T Test

Interpretation
• Equal variance assumed. 
• The t value is 0.458 with df =1097(n1+n2-2). 
• This is not significant (p= 0.647). Given alpha level = 0.05
• Accept the null hypothesis of no difference between the means



Paired-Sample T test 

• Evaluates whether the mean of the 
difference between the paired 
variables is significantly different 
than zero. 

• Applicable to 
• Repeated measures and 
• Matched subjects. 

• Aka “Within subject T test” 
“Repeated measures T test”. 

• Hypothesis 
• Ho: d = 0 
• H1: d ≠ 0

• Number of variables
• Two (reflecting repeated 

measurement points)

• Scale of variable(s) 
• Continuous (ratio/interval)



Paired sample T-test

Assumption 

• Continuous variable

• Two measurement points

• Normal distribution

• No outliers in the comparison 
between the two measurement 
points

Analyze → Compare Means → Paired-Samples T Test



Paired sample T-test

Interpretation

• The 95% confidence interval for the 
mean difference in presented (does 
not include zero) 

• The t value for this test is -27.55 with 
15 df(np-1)=1098. 

• P is .000 (or reported as <.001) 

• We can conclude that MUAC at 
baseline < at the end line



One-Way Analysis of Variance 
(one-way ANOVA)

• It is very similar to the independent 
samples t-test but with more than 
two categories in the independent 
variable

• Number of variables
• One independent(x)

• One dependent (y)

• Scale of variable(s) 
• Independent: categorical 

(nominal/ordinal)

• Dependent: continuous (ratio/interval)

Assumptions

• Continuous dependent variable

• Two or more unrelated categories in 
the independent variable

• No outliers



One-Way Analysis of Variance 
(one-way ANOVA)



One-Way Analysis of Variance 
(one-way ANOVA)

• The level of LFA for <12 months was higher than 
12-23 and >24 months ( p<0.001)

• The level of LFA for 12-23 months was lower 
than <12 months ( p<0.001)

• The level of LFA for >24 months was lower than 
<12 months ( p<0.001)

Variance of the three group is 
not different ( p>0.05)

Analyze > Compare Means > One-Way ANOVA …

There was statistically 
significant group differences 
in level of LFA among  the 
age groups, p <0.001.



One-way ANOVA -post hoc comparisons

Post hoc comparisons
• Comparisons of group means are made after data have been collected. 

• They do not assume any prior hypotheses.

• The more number of group means comparison, the higher the overall type-
I error 

• Control for multiple pairwise comparisons is needed like using Tukey’s test

• Requires a larger difference to declare significance compared to if no 
adjustment was used



Repeated measures ANOVA

• A repeated measures ANOVA is also 
referred to as a within-subjects ANOVA or 
ANOVA for correlated samples

• Used to compare three or more group 
means where the participants are the 
same in each group.

• This usually occurs in two situations: 
 When participants are measured multiple 

times 

 When participants are subjected to more than 
one condition/trial

Use = “RM_anova.sav”



Repeated measures ANOVA



Repeated measures ANOVA

Box’s test is not 
significant, then you have 
evidence of no violation



Repeated measures ANOVA ( cont…)

Here, we have the multivariate test 
results for time (the within-subjects 
factor) and the time X supplement 
interaction. 

• The main effect of time is statistically 
significant, Wilks’ lambda=.701, 
F(2,1088)=231.63, p<.001. 

• This effect is qualified by a significant 
time X supplement interaction, Wilks’ 
lambda = .903, F(2,1088)=58.577, 
p<.001.



Repeated measures ANOVA
The main effect of time on height is statistically 
significant, sphericity assumed F(2,2178)=254.400, 
p<.001

This effect was qualified by a significant time X 
supplement interaction effect, sphericity assumed 
F(2, 2178)=3.796, p=023.
.

• Although the test of the linear component of the trend is significant (p<.001), the higher-order 
quadratic component was also significant (p<.001). 

• Suggests the mean level of height exhibited a quadratic trend over the three measurement occasions.



Repeated measures ANOVA

• The test of the interaction between the linear component of the 
trend and supplement group is significant ( p=0.005)

• The interaction between treatment group and the higher-order 
quadratic component was also significant (p<0.001)



Repeated measures ANOVA

• The Levene’s test results involve tests of differences in 
variances at each time point, an assumption of the 
univariate ANOVA 

• All are not significant and assumption fulfilled (p>0.05)

• The main effect of supplement on the average height across time is 
statistically significant, F(1, 1089)=5.713, p=0.017.



Repeated measures ANOVA

Bonferroni-adjusted paired t-tests. Here we see all 
pairwise differences on height are statistically significant 
(p<0.05)).



Repeated measures ANOVA

• These are Bonferroni-adjusted pairwise comparisons
• These are pairwise comparisons on the average height (averaged over time) 

for each group.
• All pairwise differences were significant (as all p<0.001). 

Group means on height at each measurement 
occasion.



Questions?



Non-parametric tests



Non-parametric tests

Overview

• Used when assumptions of outliers, linearity, normality, and 
homoscedasticity are violated in common statistical analysis 

• Non-parametric tests make less assumption, not no assumption at all

• The compromise is that non-parametric tests are lower in power



Types of Non-parametric Tests

Independent t-test Mann-Whitney U Test

Parametric Test Non-parametric Test

Paired t-test Wilcoxon Signed Ranked Test

One-way ANOVA Kruskal-Wallis One-way ANOVA

Repeated measures ANOVA Friedman’s ANOVA

The non-parametric version of t-tests and ANOVAs 



Two-Independent-Samples Tests

• Useful for determining whether 
or not the values of a particular 
variable differ between two 
groups. 

• This is especially true when the 
assumptions of the t-test are not 
met.

• Mann-Whitney U test: To test 
for differences between two 
groups.

• The two-sample Kolmogorov-
Smirnov test: To test the null 
hypothesis that two samples 
have the same distribution

• Wlad-Walfowitz Run: Used to 
examine whether two random 
samples come from populations 
having same distribution



Mann-Whitney U Test
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Interpretation 
• Normally we have two p-values ( Asympt, Exact)
• Asymptotic is appropriate for large sample 
• Exact is independent of sample size. 
• p <0.001 = there a significant difference in LAZ between 

males and females

Analyze > Non-parametric test > legacy dialogs>2-
Independent- Sample Tests …



Multiple Independent Samples Tests 

• Useful for determining whether or not 
the values of a particular variable 
differ between two or more groups.

• Applied when the assumptions of 
ANOVA are not met. 

• Kruskal-Wallis H: 
• This test is a one-way analysis of variance 

by ranks. 
• It tests the null hypothesis that multiple 

independent samples come from the 
same population.

• Median test: 
• This method tests the null hypothesis 

that two or more independent samples 
have the same median. 

• It assumes nothing about the distribution 
of the test variable, making it a good 
choice when you suspect that the 
distribution varies by group

• Jonckheere-terpstra test: Exact test 
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Kruskal-Wallis Test

Interpretation:
The p-value is <0.001 which is significant. Therefore we 
conclude that there is a significant difference between the 
groups (meaning- at least two groups are different)

Analyze > Non-parametric test > legacy dialogs>K 
Independent- Samples



Tests for Two Related Samples

Description

• Allow you to test for differences between paired scores when you 

cannot (or would rather not) make the assumptions required by the 

paired-samples t test (within subjects t-test). 

• Procedures are available for testing nominal, ordinal, or scale 

variables. 



Tests for Two Related Samples /paired

Types 
• Wilcoxon signed-ranks

• A nonparametric alternative to the paired-sample t-test. 
• The only assumptions made by the Wilcoxon test are that the test variable is 

continuous and that the distribution of the difference scores is reasonably 
symmetric.

• McNemar
• Tests the null hypothesis that binary responses are unchanged. 
• As with the Wilcoxon test, the data may be from a single sample measured twice or 

from two matched samples. 
• The McNemar test is particularly appropriate with nominal or ordinal test variables 

for binary data. 



Wilcoxon Signed Ranks Test
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Interpretation
• P<0.001 which is significant. 
• This indicates that baseline 

and follow up MUAC are 
different



McNemar test

Interpretation
• P<0.001 which is 

significant. 
• Baseline and follow up 

dichotomized MUAC 
values are different



Tests for multiple related samples

• Useful alternatives to a repeated 
measures analysis of variance.

• They are especially appropriate 
for small samples and can be 
used with nominal or ordinal 
test variables.

• Friedman test is a 
nonparametric alternative to the 
repeated measures ANOVA. 

• It tests the null hypothesis that 
multiple ordinal responses come 
from the same population. 

• The only assumptions made by 
the Friedman test are that the 
test variables are at least ordinal 
and that their distributions are 
reasonably similar.



Friedman test 

Interpretation
• P value < 0.001. Hence there is significant difference 

among the three groups (meaning- at least two groups are 
different)



Questions?


