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Bi-variable analyses 

Dr. Htike Myat Phyu

Learning Outcomes

1. Analyse data using chi-squared, McNemar, t-
test, Paired t test, one-way ANOVA, 
correlation

2. Analyse data using non-parametric data 
3. Present the findings 

Bi-variable analyses 

Exposure Outcome

Independent 
Variable
e.g. Smoking

Dependent 
Variable
e.g. Lung 
Cancer

How to Choose Statistical Test
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Bivariate analyses
Variable (IV) Variable (DV) Test 

PT (Normal)

Categorical Categorical Chi-square

Categorical (2 pop) Numerical Independent sample 
t-test

Categorical (2 pop) Numerical
(Paired)

Paired t-test

Categorical (> 2 pop) Numerical One-way ANOVA

Numerical (Normal) Numerical Pearson Correlation 
Coefficient test

Bivariate analyses
Variable (IV) Variable (DV) Test 

PT (Normal) NPT (Not Normal)

Categorical Categorical Chi-square

Categorical (2 pop) Numerical Independent sample 
t-test

Mann-Whitney U test

Categorical (2 pop) Numerical
(Paired)

Paired t-test Friedman test

Categorical (> 2 pop) Numerical One-way ANOVA Kruskal-Wallis test

Numerical (Normal) Numerical Pearson Correlation 
Coefficient test

Spearman 
Correlation 
Coefficient test

Categorical data analysis

Chi-Squared Test

Chi-squared (߯ଶ)

• Chi-Squared test for independence (Pearson's 
Chi-squared test) or the Chi-squared test of 
association 

• is used to discover if there is a relationship 
between two categorical (ordinal or nominal) 
variables, two or more groups in each variable
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Conditions should not use Chi-square

Use Fisher’s exact test if 
• n < 20
• 20 < n < 40 and small expected value < 5
• > 20% of cells have expected value < 5
• Any cell expected value < 1

Use Yates’ correction if
• n < 100
• any cell contains < 10

Chi-square

Chi-Square

 Chi-square(2) = 
22.386, P = 0.000

 This tells us that there is 
statistically significant 
association between Gender 
and Occupation

 When ≥ 20% of cells have 
EC < 5, use Fisher’s Exact 
Test

E.g. Factor associated with depression among 
Respondents
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Mc Nemar’s Test

McNemar’s Test for Paired Samples

• Common subjects being observed under 2 conditions 
(2 treatments, before/after, 2 diagnostic tests)

• Two possible outcomes (Presence/Absence of 
Characteristic) on each measurement

McNemar’s Test for Paired Samples Example: Reporting of Silicone Breast Implant 
Leakage in Revision Surgery

• Subjects - 165 women having revision surgery involving 
silicone gel breast implants

• Conditions (Each being observed on all women)
– Self Report of Presence/Absence of Rupture/Leak
– Surgical Record of Presence/Absence of Rupture/Leak

Source: Brown and Pennello (2002)
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Follow the menu as indicated to conduct the McNemar test using 
Legacy Dialogs. Alternatively, one can run the test using the 

Related Samples option under the Nonparametric Tests menu.

Check Descriptive to generate descriptive 
statistics; click Continue then OK.

There is no significant different 
association between self and surgical 

rupture of silicone breast pump leakage

NUMERICAL DATA ANALYSIS
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Independent Sample t-test

Independent Sample (Student) t-test

• Compares the means between two unrelated 
independent groups for continuous (either interval or 
ratio) dependent variable

Assumptions
• The sample is a random sample, normally 

distributed either n ≥ 30 or n < 30 if population is 
normally distributed

• Similar variances between the two groups 
(homogeneity of variances)

Test of Normality
• Anderson-darling Test

• Corrected Kolmogorov-Smirnov Test (Lilliefors Test)

• Crame`r-von-mises Criterion

• D'agostino's K-squared Test

• Jarque-bera Test

• Pearson's Chi-square Test

• Shapiro-francia

• Shapiro-wik Test
 Use Normality test with caution

 Small samples almost always pass a normality test.

 With large samples, minor deviations from normality may be flagged as statistically 
significant, even though small deviations from a normal distribution

Test for Normality

• Kolmogorov-Smirnov Test 
• Shapiro-Wilk Test - for small (< 50)  and large sample (up to 

2000)
• P value > 0.05  data is normal 
• P value ≤ 0.05  data is significantly deviate from a 

normal distribution
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Normal Q-Q Plot

• If the data are normally distributed data points will be close to the diagonal line 
• If the data points stray from the line in an obvious non-linear fashion  data are not normally 

distributed.

Independent Sample t-test

Test for Equality of Variances 

• Levene’s Test for Equality of Variances 
– If p > 0.05 – use Equal variances assumed
– If p ≤ 0.05 - use Equal variances not assumed 

P value > 0.05  equal variances assumed

Test for Equality of Variances 

• Levene’s Test for Equality of Variances 
– If p > 0.05 – use Equal variances assumed
– If p ≤ 0.05 - use Equal variances not assumed 

P value > 0.05  There is no significant different age between 
gender
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Example Example

PAIRED T-TEST

Paired t-test

• Compares the means between two related groups on 
the same continuous variable.

Assumptions
• Dependent variable is continuous (interval or ratio)
• The differences between the two groups on the 

dependent t-test approximately normally distributed
• Independent variable consists of one group or two 

"matched-pairs" groups.
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Paired t-test Paired Sample t-test

ONE-WAY ANOVA

One-Way ANOVA

• Used to determine whether there are any 
significant differences between the means of ≥3 
independent groups

Assumptions
• Independent variable consists of two or more categorical independent groups.
• Dependent variable is either interval or ratio (continuous)
• Dependent variable is approximately normally distributed for each category of 

the independent variable
• Equality of variances between the independent groups (homogeneity of 

variances).
• Independence of cases
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One-Way ANOVA Post Hoc Tests

• Equal Variances Assumed
– Scheffé , LSD, Bonferroni, Tukey, Dunnett, etc.

• Equal Variances Not Assumed
– Tamhane's T2, Dunnett's T3, Games-Howell and 

Dunnett's C.

One-Way ANOVA

One-Way ANOVA One-Way ANOVA

 F test shows
that there is 
significant
difference body 
weight between
any two 
groups of race
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One-Way ANOVA
 To decide which Post-hoc
test to choose, we have to
test for equality of variances
i.e. Homogeneity of
variances (Levene’s test)
 The significant difference is
only for Chinese vs. Indian
(P=0.026)

CORRELATION

Correlation

• Correlation coefficient depicts basic 
relationship between two numerical variables

• To obtain Pearson’s correlation coefficients, 
Spearman’s rho and Kendall’s tau-b

• Includes 
– Bivariate
– Partial Correlations
– Computes distance statistics that measure 

similarities or dissimilarities

Bivariate Correlation

Pearson product-moment correlation coefficient 
• measure of the strength and direction of 

association that exists between two numerical 
variables

• Assumption
– Both variables have normal distributions
– There is a linear relationship between the two 

variables.
– If not normal, consider Spearman correlation



10/30/2013

Dr. Htike Myat Phyu 12

Bivariate Correlation

• +1 to – 1

Bivariate Correlation

• +1 to – 1

Bivariate Correlation Bivariate Correlation

Correlation between 2 
variables 

Perfect correlation 
with itself

correlation not significantly  
differs
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Non parametric tests  (NPT) (OR) 
Distribution Free Test

Dr. Htike Myat Phyu

Non-Parametric Test (NPT)

• are not concerned with population parameter
• do not depend on knowledge of distribution of 

sampled population (non-normal distribution)
• when the assumptions of parametric tests can’t 

be met
• “can be applied in study with small sample size
• fewer and weaker than those associated with 

parametric tests” (Siegel & Castellan, 1988)

Simple non parametric tests
Discrete data Continuous data 

• Chi-squared tests 
• McNemar ߯2

• Fisher’s exact

• sign test, median test, rank sum test
• Wilcoxon Signed rank test for 

location
• Mann Whitney U test
• Kolmogorov Smirnov test
• Kruskal Wallis test
• Friedmann test
• Spearman Ranks Order Correlation 

Coefficient 
• Kendall Rank Order Correlation 

Coefficient
• Non parametric regression analysis

Bivariate analyses
Variable (IV) Variable (DV) Test 

PT (Normal) NPT (Not Normal)

Categorical Categorical Chi-square

Categorical (2 pop) Numerical Independent sample 
t-test

Mann-Whitney U test

Categorical (2 pop) Numerical
(Paired)

Paired t-test Friedman test

Categorical (> 2 pop) Numerical One-way ANOVA Kruskal-Wallis test

Numerical (Normal) Numerical Pearson Correlation 
Coefficient test

Spearman 
Correlation 
Coefficient test
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MANN-WHITNEY U TEST

Mann-Whitney U Test

• Use for two-group independent groups when 
independent sample ‘t’ test can’t be used

Mann-Whitney U Test Mann-Whitney U Test

 There is no significant 
difference between gender and 
income.
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KRUSKAL-WALLIS H TEST

Kruskal-Wallis H test

• Kruskal-Wallis is one-way analysis of variance 
(one way ANOVA) by ranks 

• Use for k independent samples (k is ≥ 3)

Kruskal-Wallis test Kruskal-Wallis test

 There is significant difference 
between  occupation  and 
income.
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TAKE HOME MESSAGE

Descriptive Statistics

Variable

Categorical 

Frequency 
Percentage

Bar 
Pie

Numerical

Mean (SD)
Median(IQR)

Histogram, Line,
Dot, Box plot

Bivariate analyses
Variable (IV) Variable (DV) Test 

PT (Normal) NPT (Not Normal)

Categorical Categorical Chi-square

Categorical (2 pop) Numerical Independent sample 
t-test

Mann-Whitney U test

Categorical (2 pop) Numerical
(Paired)

Paired t-test Friedman test

Categorical (> 2 pop) Numerical One-way ANOVA Kruskal-Wallis test

Numerical (Normal) Numerical Pearson Correlation 
Coefficient test

Spearman 
Correlation 
Coefficient test

THANK U


