
14-Nov-17 

1 

Statistical Analyses:  
Choosing Your Test and Presenting Data  

R. F. Afolabi, PhD 
Dept of Epidemiology and Medical Statistics 

College of Medicine 
University of Ibadan 

• Understand basic concepts of biostatistics  

• Select appropriate statistical tests for 
particular types of data  

• Report statistical output in a concise and 
appropriate manner  

Learning Objectives 
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Statistical data analysis 

• It is a critical examination of the data for studying the 

characteristics of the object under study, and  

• for determining the patterns of relationships among 

the variables relating to it  

– using both quantitative and qualitative methods. 

 

Purpose of analysis 

• It summarises large mass of data 

• Statistical analysis makes descriptions to be 
exact. 

• Identification of causal factors underlying 
complex phenomena. 

• Reliable inferences from observational data. 

• Estimations and generalisations from sample 
surveys. 
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Analysis steps 

• Construction of statistical distribution and 
calculation of simple measures 

• Compare two or more distribution 

• Study the nature of relationships among 
variables 

• Find out the factors which affect the 
relationship between a set of variables 

 

• Variable   

– characteristics which varies   

• Measurement Scale  

– device on which observations are taken 

– nominal, ordinal, interval and ratio   

• Data  

– set of observations/measurements 

– value you get from observing (measuring, 
counting, assessing etc.) from experiment or 
survey  

…………..Recall…………. 
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• It is the science which deals with development and 
application of the most appropriate methods for the: 

– Collection of data 

– Presentation of the collected data. 

– Analysis and interpretation of the results. 

– Making decisions on the basis of such analysis 

 

– It deals with collection, classification and tabulation of 

numerical facts as the basis for explanation, description and 

comparison of  phenomenon 

– It has two branches: descriptive  and inferential  

 

Statistics / Biostatistics 
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•  Descriptive Biostatistics 

–  Methods of producing summaries of information 

in biological sciences 

– Tabulation, Graphical and numerical presentation 

Branches of Statistics 

• Inferential Biostatistics 

–Methods of making generalizations about a larger 
group based on information about a sample of that 
group in biological sciences. 

–Primarily performed in two ways: 

• Estimation 

• Testing of hypothesis 

Branches of Statistics … 
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Statistical inference  

 
• This process of inference (i.e., generalization), 

based upon a relative few (SAMPLE), is most 
accurate 

– when the subpopulation/sample being studied is 
homogenous (i.e., uniform in character), 

– when the sample is truly representative (i.e., 
correctly reflects the larger group), and  

– when the sample is chosen randomly to eliminate 
sampling error or bias    
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Categories of Statistical Inference 

• Depending on the research’s objectives, we can 
classify inferences into two categories:  

 Estimation 

– one in which we want to estimate the value of a parameter 

– e.g., the response rate of a leukemia investigative drug 
 

 Hypothesis testing 

– one where we want to compare the parameters for two 
subpopulations using statistical tests of significance, 

– e.g., we want to know whether men have higher cholesterol 
levels, on average, than women 
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Estimation 

• Involves computation of a single measure from the 
sample to represent the population (point estimate)  
– Difference in means or proportions 

– Measures of association 
• Correlation coefficients (r) 

• Odds ratios (OR) 

• Relative risk (RR) 

 

• A range of values computed from one sample such that a 
certain percentage (usually 95%) of intervals calculated 
from such samples will contain the true population value 
(confidence interval) 

• For comparison of mean values or proportions 

– confidence intervals containing zero implies data is 

consistent with Null Hypothesis 

• For Relative Risks or Odds Ratio –  

– Confidence Intervals containing 1 implies risk factor not 

statistically significant. 

• Increasing sample sizes … reduces confidence 

interval width, and vice-versa 

 

 

 
Notes on Confidence Intervals 
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Hypothesis Testing 

• Involves reduction of the research question into 2 mutually 
exclusive categories 
– A  statement of no association between 2 variables or no 

difference between groups (null hypothesis) 

– A statement of an association between 2 variables or a difference 
between groups (alternative hypothesis) 

 

• The process of evaluating the truth of a hypothesis, also 
referred to as tests of significance 
– … the process of inferring from your data whether an observed 

difference is likely to represent chance variation or a real difference 
(Does NOT address bias, confounding, or investigator error!) 
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Hypothesis 

• This is just a statement about an expected 
relationship between one or more 
independent variables and one dependent 
variable 

– Research hypothesis: this is the supposition that 
motivates the research 

– Statistical hypotheses: are stated in such a way 
that they may be evaluated by appropriate 
statistical techniques 

16 
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What is a Statistical Hypothesis? 

 It is a statement of fact yet to be tested 

 It is a conjecture about the characteristics or 
phenomena of a population that has not 
been verified 
– For instance, an endocrinologist may say NIDDM 

patients are generally younger than IDDM 
patients 

– Is this true? The answer is either Yes or No 

– The truth will only come out after investigation 
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Hypothesis Testing … 

• Data is then collected and based on the observed 
estimates (mean, difference in means, correlation 
etc) computed  from the sample, the null hypothesis 
is rejected or not 

 

• The procedure ends up with the computation of the 
p value 

 

• There are six basic steps in carrying out the test of 
any statistical hypothesis 
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Steps in Statistical Hypothesis Testing 

1. State the null hypothesis (H0) 

2. State  the alternative hypothesis (H1)  

3. State the level of significance () 

4. Choose the appropriate test statistic 

5. Evaluate the test statistic 

6. Decision making 

Intro to Statistical Inference_CAMH2017 19 

•We are testing both hypotheses at the same time 
•Our result will allow us to either: 

– “Reject H0” 
Or 

– “Fail to reject Ho” 14-Nov-17 

    Null Hypothesis (H0) 

• A statement that forms the basis of investigation in a 
significant test 

• A statement that does not prejudge the phenomenon 
of interest 

– It is a statement of no difference  

– It is a statement of no association  

– It is a statement of no effect 

– It is a statement of equality 

• H0: The observed difference is not real, i.e., the 
observed difference is the result of chance 
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Null Hypothesis (H0) … 

• It is the hypothesis to be tested 

 

• The ‘complement’ of the conclusion the 
researcher is trying to reach is usually the 
null hypothesis 

 

• It is either rejected or not rejected 

21 

Alternative Hypothesis (H1) 

 Hypothesis formulated as an alternative to 
the Null hypothesis which the 
investigators will accept if the null 
hypothesis is rejected 

 Specify what forms of departure from the 
null hypothesis are of potential concern 

 A statement of inequality 

14-Nov-17 Intro to Statistical Inference_CAMH2017 22 
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Alternative Hypothesis (H1) … 

• A statement of what the researcher believes is true if the 

sample data cause a rejection of the H0 

• It’s usually the same as the research question/hypothesis 

– supposition that motivates the research 

• H1: H0 is not true, i.e., the observed difference is not due 

to chance 

• We neither reject nor accept the H1 

 

 

 A full specification of Hypothesis 
must be one of the following: 

14-Nov-17 Intro to Statistical Inference_CAMH2017 24 
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Errors in Hypothesis Tests 
 Type I error 

• Error committed when the null hypothesis is 
rejected when in actual fact it is true  
– Probability of committing type I error is usually denoted 

by  α  

 Type II error 

• Error committed when we fail to reject the null 
hypothesis when in actual fact it is false 
– Probability of committing type II error is usually denoted 

by  β  

14-Nov-17 Intro to Statistical Inference_CAMH2017 25 

Errors’ compliments … right decision 

• Confidence level 

– (1- α) determines the confidence level, usually expressed in 

% 

• Power (1-β) of a test  

– (1-β) determines the power of a test i.e., the test  ability to 

reject a null hypothesis when it is false 
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Level of significance 
• Idea to keep the chance of “making a mistake” when the 

H0 is true and only reject if the sample result is “unlikely” 

 

• Unlikeliness threshold is determined by level of 
significance 

– Maximum probability of committing type I error 

– pre-determined cut-off/ pre-specified value, usually 0.05 

– chance of wrongfully rejecting the null hypothesis 

– Also called level of significance or alpha (α) error 

 

 

 

Test Statistic 

• A particular form of data summary to be used in a 

test 

– computed from the data to enable comparison with 

percentage points of the  appropriate distribution 

– The probability of such value (p-value) is compared with 

α level so as to reject or fail to reject Ho 
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Types of Statistical Tests 

•Parametric Tests 

•Non-parametric tests 

29 
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Parametric Tests 

• Assumes the distribution forms for the 
measurement and parameters in the 
population 

• Most common assumption is normal 
distribution 

– Common to test if data fits model assumptions for 
the test 

30 
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Examples of Parametric Tests 

• Z – test for comparing 2 proportions 

• T – test for comparing mean values 
between only 2 groups 

• F – test (ANOVA) for comparing mean 
values between several (more than 2) 
groups 

 

31 

Non-Parametric Tests 

• Do not specify any assumptions about the form 
of distribution of the population parameters 
– Also called distribution-free methods 
– Usually apply when the sample size is small 

– If the data is nominal or ordinal 

 

• Weaker than parametric tests in situations where 
data satisfies the parametric assumptions 
– Loss of information by converting to ranks 

– It is merely for testing of hypothesis and no 
confidence limits could be calculated 
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Nonparametric Equivalence of 
Parametric 

Nonparametric 

• Sign Test  

• Mann-Whitney Test 

• Wilcoxin sign ranked Test  

• Spearman Rank Test  

• Kruskal-Wallis Test 

• Friedman Test 

Parametric  

• One-sample t-test 

• Two-sample t-test (Independent) 

• Two sample t-test (dependent) 

• Correlation/Regression 

• One-way ANOVA 

• One-way blocked ANOVA or two way 
ANOVA 

p-Value 
• A measure of how much evidence we have against the 

null hypothesis (Ho) 

– Measures consistency by finding probability of observing the 

results from a sample with results more extreme, assuming Ho 

is true 

• Smaller p-value implies greater consistency 

– the smaller the p-value, the more evidence we have against 

Ho and vice versa 

– A small p-value leads to the rejection of the null hypothesis 



14-Nov-17 

18 

p-value … 
• Conventionally, we reject Ho if p-value<0.05; implying 

Significance ….. You don’t accept Ho 

 

• Interpretation:p-value = 0.03 

– 1: “If the null hypothesis were true, the probability of seeing 
something as or more extreme than we saw is the 0.03” 

– 2: “There is less than 3% chance of seeing something as this 
or more extreme if the two groups truly have the same 
means” 

 

• The result is said to be statistically significant  

– since the p-value is less than pre-determined α = 0.05 

 

Decision making based on p-value 

• If computed P-value < alpha, reject H0, i.e., conclude that 
difference is unlikely to be due to chance* 
 

• If computed P-value > alpha, do not reject H0, i.e., 
conclude that difference could be due to chance* 
 

• Decision rule:  
– Reject H0 if the p-value of the test statistic computed from the 

sample is less than or equal to the pre-specified level of 
significance (alpa level); otherwise do not reject H0 

 
* you could be right or you could be wrong! 
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Choice of test statistic 

• Depends on 

– Study objective (estimation, comparison) 

– Study design(independent or dependent samples) 

– Variable (data) type – quantitative or qualitative 

– Sample size and sampling method(random or not)  

– Sampling distribution 

… study objectives 

• Estimation of parameters of the population  

• Comparison of groups concerning one or more 

measures 

• Association between variables 
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… study design 

• For example, as a continuous or categorical 
variable or as an outcome or explanatory 
variable 

 

• Classification of variables depend on study 
designs  

 

• In most other observational and experimental 
studies, such as clinical trials, cross sectional 
and cohort studies, the disease will be the 
outcome and the exposure will be the 
explanatory variable 

… study design … 
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• It is very important to decide on classification 
of the variables when deciding how to analyze 
data i.e. as  

– Categorical variables (ordered or non-ordered) 

– Continuous variables 

• These classifications are essential  for 
selecting the correct statistical test to analyze 
data 

 

 

… nature / type of data 

• Relationship between two qualitative variables 
– Z test  OR chi-square test (for difference in proportion) 
– Chi-square test (for association/independence) 

• Relationship between one qualitative and one 
quantitative variable can be reduced to mean 
difference between groups 
– if two groups t test 
– if more than two groups F test (through ANOVA) 

• Relationship between two quantitative variables  
– Correlation analysis (strength of relationship) 
– Linear regression analysis (prediction of one variable from 

the other) 
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… nature / type of data … 
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• Using an appropriate method to collect  accurate and 
reliable data …  

• ??? 

• Process of performing certain calculations and 
evaluation in order to extract relevant information 
from data is called data analysis  

• It may take several steps to reach certain conclusions  

– simple data can be organized very easily, while 

– complex data requires proper processing (making data 
ready for analysis) 

Data analysis 

• Data preparation 

• Coding 

• Cleaning data 

• Choosing your test 

– Applying most appropriate tools for analysis  

 

Data analysis processes 
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Levels of Statistical Analysis 

• One variable 

(Univariate)  
• E.g. Age, gender, 

income etc.  

UNIVARIATE 
ANALYSIS 

• Two variables 

(Bivariate)  
• E.g. gender & 

CGPA  

BIVARIATE 
ANALYSIS 

• several variables 

(Multivariate)  
• E.g. Age, 

education, and 
prejudice 

 

MULTIVARIATE 
ANALYSIS 

Univariate (descriptive) analysis  

• Useful way to check the quality of the data 

• Graphical Method 
– For nominal & ordinal data: use bar or pie chart  

– For continuous data: use histogram, box plot 

• Numerical method  
– For nominal & ordinal data: use 

Frequency/proportions  

– For continuous data:  

– use mean , standard deviation (symmetry) 

– Use mean, interquartile range (skewed) 
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Univariate (descriptive) analysis  

• its purpose is more toward descriptive rather 
than explanatory 

– Because it does not involve relationships between 
two or more variables 

SUBGROUP COMPARISON 

Bivariate and multivariate analyses aimed primarily at 
explanation. 
 

Before turning into explanation, we should consider the case 
of subgroup description.  

Under 21 21-35 36-54 55 & older 

Should be legalized 27% 40% 37% 24% 

Should not be legalized 73 60 63 76 

100%= (34) (238) (338) (265) 

TABLE 4.1: Marijuana Legalization by Age of Respondents, 2004 

Source: General Social Survey, 2004, National Opinion Research Center. 

Subgroup comparisons tell how different groups responded 
to this question and some pattern in the results. 

48 
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BIVARIATE ANALYSIS 

   Unlike univariate analysis, subgroup  comparisons  
involve two variables 

 

constitute a kind of bivariate analysis –  
the analysis of two variables simultaneously 

 

   However, similarly with univariate analysis,  
the purpose of subgroup comparisons is largely 
descriptive  
 

Often add on another element - determining 
relationships between the variables themselves 

49 

• Type of variables  Graphical display
 Relationship 

  

• Categorical-categorical  Multiple bar / 
     Contingency table  

• Categorical-Scale   Box-plot /  
     Descriptive statistics for 
     each group  

• Scale-scale   Scatter plot /Correlation 
  

Guide for appropriate analysis for two 
variable  
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Data Analysis 

• Besides study objectives –  

– to either estimate or compare,  

• Data analysis depends on type of data/variable 

 

• Before analysis, prepare a formal plan that includes a 

list of questions to be answered and identify the 

variables that will be used for each 

 

• For each research question, a decision on how each 

variable will be used in the analyses should be made 

Test of Proportion 

• Involves categorical values 

• Two possible outcomes 

– “Success” (possesses a certain characteristic) and  
“Failure” (does not possess a certain characteristic) 

• Fraction or proportion of population in the 
“success” category is denoted by p 

n

q̂p̂

p-p̂
  z

n

)1(p)p-(1p

p-p
  

2211

21

p
z
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Chi-Square as a Statistical Test 

• Inferential statistic technique designed to test for 
significant relationships between two categorical 
variables  
– usually organized in a contingency table 

 

• Requires no stringent assumption about the 
shape of the population distribution from which a 
sample is drawn 
– Nonparametric test 

 

• Can be applied to nominally or ordinally 
measured variables 

Chi-Square Test 

• Choice of test statistic to investigate the significance of 
association between two qualitative variables 

– e.g., association between gender and educational 
attainment 

 

• Commonly applied to frequency and counts data 
 

• Common practice is to first present data in 
Contingency tables 
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Test Statistic (“Uncorrected”) 
 
 
 

degrees of freedom = (rows−1)  (columns −1)  
 
Chi-square test determines whether the 
deviations between observed and expected are 
too large to be attributed to chance. 
 

 
expected

 expected) -  (observed 2

2

Chi-Square Test for Independence 

Statistical Tests for a 2-by-2 Table 

• Fisher Exact Test 
– use when any expected value < 5 

• Chi-square Test 
– use when all expected values > 5 
– four variations 

– Uncorrected 
– Mantel-Haenszel uncorrected 
– Yates corrected 
– Mantel-Haenszel corrected 
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Chi-Square Tests for 2-by-2 Tables 

Uncorrected (Pearson) Chi-square Test 
 
 

Mantel-Haenszel Chi-square Test 
 
 
 
Yates corrected Chi-square Test 
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Limitations of a Chi-Square Test 

• Does not give much information about the strength of 
the relationship or its substantive significance in the 
population 
 

• Sensitive to sample size 
– The size of the calculated chi-square is directly proportional 

to the size of the sample, independent of the strength of the 
relationship between the variables 

 

• Also sensitive to small expected frequencies in one or 
more of the cells in the table 
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Small Sample: Fisher’s Exact Test 

• Conventionally for 2 x 2 tables 

• Useful where chi-square test is inappropriate; 

– Where the sample size is small (n<20) 

– One of the 2 x 2  cell value is less than 5 

• Gives the exact probability of all tables with 

– the same marginal totals 

– as or more deviant (extreme) than the observed table 

• Assumes Ho is true following the hyper-geometric 
distribution 

Fisher’s p-value expression 
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McNemar’s Test for Paired Samples 

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

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

• Four possibilities for each subjects wrt outcome: 

– Present in both conditions 

– Absent in both conditions 

– Present in Condition 1, Absent in Condition 2 

– Absent in Condition 1, Present in Condition 2 

McNemar’s Test for Paired Samples 

• H0: Probability the outcome is Present is same for the 2 
conditions 

• HA: Probabilities differ for the 2 conditions (Can also be 
conducted as 1-sided test) 
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  Student t test 

• Compare mean values between two groups 

• Data is measured on at least an interval scale 

• The two groups are independent  

– i.e., each score is measured separately 

• The distribution of the dependent variable is 
normal 

• The two groups have similar  variances  

– i.e., homogeneity of variance  

– It could be applied for unequal variances 

• Samples are drawn independently 

  

 

 

 

 
  Types 
• One Sample t-test 

– Compares the sample mean with the population mean 

 
• Dependent 2-sample t-test 

– Call related, matched or paired samples t-test 
– Compares the mean difference of paired samples 
 

• Independent 2-sample t-test 
– Compares the mean difference of 2 independent samples 

 
Remark: 
• The t-distribution with larger df (for n>30) is 

approximated as a N(0,1) distribution, we can thus 
compute the p-value by normal prob. approach 
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Comparison of population means of 
more than 2 groups 

• Means of more than two independent samples often need 
to be compared  
– Suppose interest is on whether differences exist in mean mid-

expiratory flow (FEF) amongst 6 groups 
• Outcome variable – FEF (in litres) 
• Exposure / factor – smoking categories (NS, PS, NIS, LS, MS, HS) 

 

• Analysis option 
– Multiple two-sample t-tests 

• How many? 
• What are the implications? 

 

• Is there a possibility of just one test to answer the 
research question? 

  Analysis Option 
• Two-sample t-test 

– Perform many two-sample t-tests (for possible pairs of group 
means)  

– But performing many tests  

• requires greater amount of work 

• increases the probability that one or more of the comparisons will 
result in a type I error 

– Thus, the need  to summarize the divergences' between several 
means 

 

• Analysis of Variance (ANOVA)  

– Procedure that tells whether there were any differences 
amongst groups 

– Simultaneously compares means amongst more than 2 
populations with one test (known as F test) 
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  Types of ANOVA 

• One-way (Single factor) ANOVA 

– Compares the means of three or more groups 

 

– E.g.,  

• Effect of different doses of Paracetamol on body 
temperature 
– What doses of Paracetamol? 1? 2? 3? Or 4 tabs? 

• Two-way (two factors) ANOVA 

– Compares the means of three or more groups with an 
additional grouping factor 

 

Group 1 Group 2 … Group t 

male Group 1 Group 2 … Group t 

female Group 1 Group 2 … Group t 

  One-Way ANOVA 

• Extension of the two independent samples 
t-test 
– t-test methodology generalizes to a procedure 

called the one-way ANOVA 

 

• Used to test the claim that three or more 
population means are equal 
– The p-value from ANOVA helps answer the 

question “are there any differences in the means 
among the populations?” 
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 One-way ANOVA Assumptions 
 

– The data are randomly sampled 

– The samples are from ‘t’ normal distributions 

• t = no of categories/groups 

– Sample sizes may or may not be equal 

– The variances of each sample are assumed equal 

– The residuals are normally distributed 

 

 

0 1 2 3
:
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 One-Way ANOVA Table 
Source of 
Variation 

SS df MS F P 
Ftab 

 

Between 
(Treatment) 

SSt t-1 MSt F p-value 
FV1,V2:α 

 

Within 
(Residual/Error) 

SSe n-t MSe 

Total SST n-1 

MS(t) = SSt /t-1  MSe = SSe /n-t  F = MSt /Mse  
 
FV1,V2:α= table value p=p-value depend on the value of F 
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 Rationale behind ANOVA 

• The variation in the sample means between groups 
is compared to the variation within a group 

 

– If the between group variation is a lot higher than the 
within group variation 

  

– that suggests there are some differences among the 
populations 

0 1 2 3
:

k
H       

Post-ANOVA Comparison of Means 
(Post-hoc test) 

• If that null hypothesis is rejected, we don’t know which specific 

mean(s) is/are different  

• Determining which specific means differ following an ANOVA is 

called the multiple comparisons problem 

• There are lots of ways to do this please read up for interest: 

– Least significant Difference (LSD) 

– Duncan multiple range test 

– Turkey test etc 
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Relationship between 2 or more 
quantitative variables 

• Correlation coefficient 
– Spearman’s  
– Pearson 

 
 

• Linear regression 
– Simple  
– Multiple 

  Y = β0 + β1X1 + β2X2 + β3X3……+ βiXi 
• Logistic regression 

– A regression method to deal with the case when the 
dependent  (outcome) variable y is binary (dichotomous) 

 

n(n2 – 1) 
6Σd2 

1 ─ r      = 

xy 10
ˆˆ  

Case studies 

• For each of the case studies, identify the 
following 

– Dependent and independent variables and their 
types 

– Hypotheses to be tested 

– Choice of significance test 
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Case  studies - 1 

• Investigation of the association between 
residence (rural vs urban) and antenatal care 

• Investigation of difference in birth weight 
between male and female neonates 

• Investigation of the effect of maternal 
smoking on birthweight 

• Investigation of association between type of 
school (public vs private) and depression 
among school children 

Case  studies - 2 

• Investigation of the association between 
alcohol/drug abuse and family type 

• Investigation of relationship between 
gestational age at booking and level of 
education 

• Investigation of the association between 
experience of domestic violence and bipolar 
disorder 

• Your own prospective research problem(s) 
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Common Statistical Procedures 

• Chi-Square Test 

• Student t-test 

• Analysis of Variance 

• Regression and Correlation 

• Non-Parametric tests 

• Other advanced Methods 
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• Thank you all for listening 


