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Objectives

• Describe how to prepare your dataset for analysis

• Understand the basic principles of statistics

• Be able to describe some common statistical tests for 
different types of data and research questions
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What is data cleaning?

• The process of amending 

or removing data that is 

incorrect, incomplete, 

improperly formatted or 

duplicated
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Start by sorting the data so you can 
see what’s there

• A large dataset can be 
overwhelming

• Run frequencies and summary 
statistics

• Alternatively, sort values in a 
variable from low to high so you 
can see what is there
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Are there missing values?

• Can the data be obtained (e.g. chart review)?

• How much data can be missing and still get useful results?

– It depends on how important to your central hypothesis and how 
many observations in the dataset

– As a general rule, 10% or less missing is acceptable

• What if it’s more than 10%?

• Consider imputing the missing data. Common in regression 
analyses where different data is missing from different subjects 
BUT the more missing data the less confident we can be in the 
result 5



Are there duplicates?

• Duplicates are common when data sets are combined

• Need to decide if two similar records are really the same subject or 
same encounter

• How do you find duplicate records?

– Sort the data according to a common elements (eg. Subject 
number, date of birth, etc)

– For a small dataset, you can “eyeball” it

– For large datasets, an algorithm is normally constructed to 
identify records that have the same numbers in certain 
elements/variables 6



Are the data valid?

• Are all data points in a variable expressed in the same 
units?

• For ordinal data, do all values correspond with a code?
• E.g. male =1, female =2 

• How do you find them?

• Run frequencies for count data, histograms for 
continuous data.

• Can also run correlation plots if another variable is 
expected to be correlated.
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Are the variable values biologically 
plausible?

Are the recorded vital signs  
physiologically possible?

• What do you do about it?

• See if you can find the 
correct value

• Otherwise, treat as missing

• Document the decision
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Subject Heart 
Rate

SBP

2 64 130

4 108 152

5 3 122

7 72 96

9 81 950

12 88 173

14 74 146



Are there outliers?
• An outlier is an observation that is distant from the 

others, but that is plausible!

• Involves a judgement about what is “distant”

• What do you do about it?
• Try to learn more about the observation and the 

subject to decide if it is likely an error (measurement 
error, coding error).

• If the observation is real you don’t want to ignore it.

• If clearly an error, treat as missing
• If not sure, analyse with and without that data 

point. If no impact on interpretation, leave it in. If 
changes interpretation, you need to make a choice.
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Are the data internally consistent?

• Some variables can only have certain values 
depending on another variable

– Menstrual information should be only for females
– Deferred blood donors should not have donations during 

their deferral period.

• Possible sources:

• Data entry error
• A column got resorted
• Error in combining two datasets
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Ethics and Data Cleaning
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Your credibility as a researcher depends on honest reporting!

Avoiding 
Temptation

- Review decisions 
with a colleague

- Always apply the 
same rules to data 
cleaning

- Document all 
decisions

Temptations

- Hoping for a 
significant result

- Wanting your 
hypothesis to be 
right



What are statistics?

• We start with raw data in a 
spreadsheet

• Statistics are a way to 
summarize and make sense 
of the data 

• They include procedures for 
analyzing, interpreting, 
displaying, and making 
decisions from data
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What kind of data do you have?
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Data Description Example

Dichotomous Discrete data (can be 
counted) and has only 2 
possible values

Has disease – yes, no

Male or female

Nominal Discrete data that is 
neither ordered nor 
measured and represents 
categories

Cause of death

Ordinal Nominal data that has a 
meaningful order

Rate agreement with a 
statement on a 5 point 
scale

Continuous Is a measurement g/L hemoglobin
mmHg systolic blood 
pressure



Describing your data is the first step

• It gives you an overview of what 
you have

• Often you have a pretty good idea 
of what your results are from 
looking at your descriptive 
statistics

• Then you can work out what 
questions you still have that 
might be answered with statistical 
tests and analytic methods
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We usually study a sample because we 
want to understand something about 

other people who are not in our sample 

Generalizing outward from a study data set (sample) to a larger 
group (population), and attaching measures of confidence to the 
generalization

Your 

sample

n=?

The 

population

N=?



To make inference to a population a 
sample has to be randomly selected, 

doesn’t it?

• In theory yes…
• In practice there is nearly always some doubt as to 

how representative a sample truly is.
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• Selection bias
• Participation bias
• Logistic issues
• Subjects lost to follow-up
• Laboratory errors
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Sampling



What is a p value?

For example when comparing the means of two 
samples

• A p-value is the percentage of times we would 
expect to see the observed difference or 
greater in two sample means if the two 
samples were drawn from the same underlying 
population
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Null Hypothesis  

 
= 

 
Sample A is from the same population as Sample B 

   
Alternative Hypothesis  = Sample A and Sample B are from different 

populations 
   

   

p ≥ 0.05 
 Not enough evidence to reject Null Hypothesis 

Do not accept Alternative Hypothesis 

 
 

  

p < 0.05 
 Evidence supports rejecting Null Hypothesis 

 and accepting Alternative Hypothesis 
 

P is helpful in evaluating if there is sufficient evidence to reject the null hypothesis, 
but does not actually prove that the null hypothesis is false (or that the alternative hypothesis is 
correct) 
 

Hypothesis Testing and p-values



Comparing two groups

• We are asking how likely it is 
that these two samples could 
have been drawn from the 
same population

• If p=0.05, the we expect that 
95% of samples would have this 
much overlap or more

• We can conclude that the 
treatment had an effect with 
the caveat that there is a 5% 
chance that it did not and by 
chance we had a sample that 
was uncommon.
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Statistical versus Clinical Significance



What is a 95% Confidence Interval?

• It is a range with an upper and lower number that is calculated 
from a sample when the true population statistic is unknown

• It takes into account the variability in individual values in the 
sample as well as the sample size

• It can be calculated for the mean as well as other statistics such 
as an odds ratio or percentage.

• If we drew multiple samples from a population, we would 
expect that 95% of these intervals would include the true 
population statistic (e.g. the mean)
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95% Confidence Intervals – Schematic Diagram of 
Sampling
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Impact of Variability and Sample Size on 95% 
Confidence Intervals
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95% Confidence Intervals of 20 
Randomly Selected Samples from the 

Same Population

• Approximately 19 of every 20 
randomly selected samples will 
include the population mean

• In other words, for any one 
sample there is a pretty good 
chance that it will include the 
true population mean, but 
every now and then we could 
draw an unusual sample that 
does not
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Interpreting 95% Confidence Intervals –
Do I need a statistical test?
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Making Inference to a Population

• For a single group cross-sectional study

• 2.5/1000 (1/1000 – 4/1000)

• I have 95% confidence that the population prevalence is 
between 1/1000 and 4/1000

• Why isn’t it exactly 2.5/1000 if that is what I measured?

Because if you repeated the study on a new sample the result might be a 
little different, but if you could measure everyone in the population the 
true prevalence is probably somewhere within the confidence interval.



Describe your data using summary 
statistics

• A measure of central tendency 
(e.g. the mean)

• And a measure of dispersion 
(e.g. standard deviation)

• For count data, display the 
counts in categories
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Are data normally distributed?

• Parametric tests are only valid with a normal distribution

• What if the distribution isn’t normal?
• Sometimes it can be transformed (e.g. log transform) to 

make it normal
• Or use non-parametric tests
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Univariate Statistics for Continuous Data

Nonparametric (skewed) data

Histogram, Mean ≠ Median, Mode, Outliers

http://www.biomedcentral.com/1471-2105/4/31/figure/F1?highres=y


Choose Correct Statistic

 Univariate   Describe data

 Bivariate  Association between two variables (Predictor & 

Outcome)

 Multivariable

 Multivariate

 Relationship of multiple variables to one 

outcome

 Relationship of one or more variables to 

multiple outcome



Univariate Statistics for Categorical Data

Type of Variable Example
Univariate 

Statistic

Dichotomous
Yes/No

Male/Female

Ordinal
Rank order (1-10)

Stage of cancer

Nominal
Race/Ethnicity

Cause of death



Bivariate Statistics

• Association between 
two variables:

Predictor and Outcome

• Choose statistic based 
on the type of variables 
you have.



Statistics for the association between two variables, 
unpaired data

Predictor

Independent 

variable (risk factor, 

exposure or group 

assignment)

Outcome or Dependent variable

Dichotomous Nominal Continuous, 

parametric

Continuous, 

nonparametric 

or Ordinal

Time to 

event, 

censored 

data

Dichotomous Chi-square, 

Fisher’s exact, 

Relative risk, 

Odds ratio

Chi-square t test Chi-square,

Wilcoxon rank-

sum

Log-rank, 

Wilcoxon

Nominal Chi-square Chi-square Anova Chi-square,

Kruskal-Wallis 

statistic

Log-rank, 

Wilcoxon

Continuous, 

parametric

t test,

Logistic 

regression

Anova,

Logistic 

regression

r, linear 

regression

Spearman rank 

correlation

---

Continuous, 

nonparametric, or

Ordinal

Mann-Whitney 

rank-sum test

Kruskal-

Wallis 

statistic

Anova Spearman rank 

correlation

---



Example – HCV viral load

•I want to compare the average viral load of HCV infected persons and ask 
whether males and females have a mean viral load that is really different

• What is the correct statistical test?

t test – continuous outcome, dichotomous predictor



2 by 2 Tables and Odds Ratios

• The odds of lung cancer for smokers 
is 5.4 times that of nonsmokers
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Cancer Control Total

Smokers 83 72 155

Nonsmokers 3 14 17

Total 86 86 172

OR= (83 x 14)/(72 x 3)
= 5.4  95%CI (1.5 – 19.5)

Dorn HF. American Statistician 1954: 8; 7-13 



Data Types in Inferential Statistics

• Unpaired data = Independent observations

• Types of paired data:

1) Cases matched to controls

2) Multiple observations of the same subjects at 
different times

3) Multiple observations of the same subjects by 
different observers



Comparison of bivariate tests 
for unpaired and paired data

Unpaired Data Paired Data

Two dichotomous variables Chi-square McNemar test

Two nominal variables Chi-square Cochrane Q

Dichotomous variable with a parametric 

continuous variable (two means)

t test Paired t test

Dichotomous variable with a 

nonparametric continuous or ordinal 

variable

Mann-Whitney rank 

sum test

Wilcoxon signed-rank 

test

Nominal variable with a parametric 

continuous variable (three or more 

means)

Anova Repeated measures 

analysis of variance 

(ANOVA)

Nominal variable with a nonparametric or 

ordinal variable

Kruskal-Wallis Friedman statistic

Survival time Log-rank No readily available test



Summary

• 1. “Clean” your data before starting any analyses

• 2. Assess descriptive statistics first to understand 
your results and decide how to proceed.

• 3. The choice of statistical test depends on the 
research question, the type of data you have and 
whether the assumptions of the test are met.

39
Clean Describe Inferential Statistics



Extra Slides
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Multivariable analysis

• Can allow us to identify the unique contribution of 

multiple factors to an outcome (disease) at the same time

• Minimize the effect of confounders especially in situations 

where randomization is not possible



Symptoms of WNV Infection in Donors

 
Symptom 

Confirmed 
Positive 
Number (%)  

False  
Positive 
Number (%) 

 
P value 

 
Odds Ratio (95% 
CI) 

 In the week before donation 
 n=292 n=131   
Fever 9 (3) 4 (3) 0.87 0.9 (0.3 – 3.1) 
Headache 60 (21) 24 (18) 0.57 1.2 (0.7 – 2.0) 
Eye Pain 29 (10) 8 (6) 0.19 1.7 (0.8 – 3.9) 
Body Aches 53 (18) 18 (14) 0.25 1.4 (0.8 – 2.5) 
Skin Rash 31 (11) 5 (4) 0.02 3.0 (1.2 – 7.9) 
Swollen Lymph Nodes 19 (6) 5 (4) 0.26 1.8 (0.7 – 4.8) 
Nausea/Vomitting/Diarrhea 19 (6) 7 (5) 0.63 1.2 (0.5 – 3.0) 
Muscle Weakness 30 (10) 8 (6) 0.16 1.8 (0.8 – 4.0) 
Confusion 8 (3) 2 (2) 0.44 1.8 (0.4 – 8.7)  
Disorientation 4 (1) 1 (1) 0.35 1.8 (0.2 – 16.4) 
Memory Problems 4 (1) 0 (0) 0.22 - 

 

Odds Ratio for 3 or more symptoms = 2.5, 95% CI 1.2-5.1



Multivariable analysis
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Limitations of Multivariable Analysis

• Statistical models are chosen that we believe fit the 
data, but the fit is always imperfect

• Can only statistically adjust for other predictors and 
potential confounders that you think exist and have 
measured in your study



The type of outcome variable 
determines multivariable analysis

• From Katz MH.  Multivariable Analysis: A practical guide for clinicians.  Cambridge University Press, 
1999, pg 28.

Type of outcome Example of 

outcome variable

Type of multivariable 
analysis

Continuous Blood pressure, weight, 
temperature, age

Multiple linear regression

Dichotomous Death, cancer, intensive care 
unit admission,  HIV

Multiple logistic regression

Time to occurrence of a 
dichotomous event

Time to death, time to cancer Cox proportional hazards 
analysis (survival analysis) 


