
1 Introduction to Biostatistics
STATISTICS LEVEL 1



Content
• What is statistics, biostatistics, and common terms used?
What is data, sources and types of data?

• Variables in statistics and their types.
Univariate, bivariate, and multivariate data.

• Data Exploration (How we can look at the data and what it tells us?)

• Plots for numerical and categorical data.

• Statistical tests

• Why run statistical tests?

• Summary
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• Where your data comes from?
• How your data was selected to begin with?
• Whether there is any missing data points?
• Whether the data sets were categorised or measured?

What Is Statistics?
Statistics is a science and art which deals with the 
collection, classification, analysis, and most importantly, 
drawing conclusions from data.

Statistics can help you answer following questions:
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What Is Biostatistics?

• When statistics is applied in biology 
(including health, medicine, human 
biology) then it is known as biostatistics.

• This branch of statistics is what we use 
most in chiropractic research. 

• There are vast number of parameters of 
biostatistics, however, in this class we 
will cover “data” and “variables” (type 
of data).
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Common Terms Used In Biostatistics
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1) Data: A set of 
recorded values (one or 

more observational 
units).

2) Variable: A 
characteristic that takes 

on different values in 
different 

people/places/things.

3) Population: Entire 
group of people for 

your study.

4) Sample: A small 
sample out of your 

targeted population.



Defining Population

A population is the entire group you want to look at and draw 
conclusions about:
• For example, you want to look at the data of people going for 

chiropractic adjustments in New Zealand.
• Or you want chiropractors in New Zealand to fill out a survey for you. 

Population

In the first example, your population includes all the people in NZ who are going 
for chiropractic adjustments. Similarly in the second example, your population 
includes all chiropractors in NZ. 
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Defining Sample

Population

Sample

A sample is a specific group from a population that 
you will collect data from.

• For example, if our population is people going for 
chiropractic adjustments in NZ, then our sample 
could be people going for chiropractic 
adjustments at NZCC. Or a group of people 
attending another local chiropractic clinic.
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What Is Data?

A collective recording of observations, either 
numerical or categorically, is known as “data”. 

Based on “how data was collected?” and for what 
purpose, we can divide data into two categories:

1) Primary data
2) Secondary data
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Primary and Secondary Data

• Primary data is the data collected by a particular person or 
organization for his/her own use directly from primary source.

• For example, direct personal observations or oral investigations.

• Secondary data is the data collected by some other person for 
his/her own use, but other investigators can also use it.

• For example, published reports or journals.
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Sources Of Data

• There can be different sources from where the data can be collected.

1) Experiments
2) Surveys
3) Records
4) Census
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Variables
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A variable is an attribute that 
describes a person, place, or 
thing.

There are two types of variables:

1) Qualitative (Categorical)

2) Quantitative (Numeric)



Qualitative 
Categorical 
variables

• Variables that yield observations on which 
individuals can be categorized according to 
some characteristics or qualities are 
referred to as qualitative variables.

• Or in simple words, qualitative variables 
take values that are name or labels

• Examples:
• Gender (male/female)
• Marital status (Married/single)
• Education level (medium/high/low)
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Types of 
Qualitative 
Categorical 
Variables

• Namely, there are two types of qualitative 
variables:

1) Nominal variables
2) Ordinal variables

• When variables are named/labelled 
without any order they are known as 
nominal variables. For example, gender 
(male/female).

• When variables are named/labelled with 
order they are known as ordinal variables. 
For example, income (low/middle/high).
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Quantitative  Numeric Variables

• Variables that yield observations that can be measured are 
considered to be quantitative variables.

• Or in simple words, quantitative variables are numeric and they 
represent a measurable quantity.

• Examples:
• Age, income, height, body temperature, and weight. 
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Types of 
Quantitative
Numeric
Variables

• Namely, there are two types of quantitative 
variables:

1) Discrete variables

2) Continuous variables

• Number of children in a family, blood sugar 
level, students at NZCC, blood pressure are 
always whole numbers and are termed as 
discrete variables.

• Continuous variables store data that can be 
precise to decimal places such as temperature 
(17 degrees), height (186.2cm), weight 
(57.8Kg). 
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Qualitative vs Quantitative Variables

# Quantitative Variables Qualitative Variables
1 Height (cm/m/feet) Height (short medium tall)

2 Weight (Kg/pound) Weight (under-weight, over-weight)

3 Blood sugar (mg%) Blood sugar (high, low)

4 Blood pressure (mm) Blood pressure (Norma, hypertension)

5 Neck pain (scale from 1 to 5) Neck pain (high, low)
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Types of 
variable

Quantitative
(Numeric)

Continuous
(measurements)

Discrete
(gaps between values)

Qualitative
(Categorical)

Nominal 
(no possible order)

Ordinal
(falls into natural order)

Example; height Example; number 
of children

Example; gender Example; income 
bracket (low, middle, high)

A Summary
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Variables In The Data

• Now we have a knowledge about the data and variables. Let us have a look 
at the types of data based on the number of variables in the data:

• 1) Univariate data contains only one variable. For example, you conduct a 
study to calculate weight of first year students at NZCC. You want to see 
average weight, as you are working with only one variable, your data is 
univariate.

• 2) Bivariate data contains two variables. For example, you conduct a study to 
calculate height and weight of first year students at NZCC. You want to see 
average weight/height ratio, as you are working with two variables, now 
your data is bivariate.

• Similarly, multivariable data contains multiple variables.
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How Best To 
Explore Data

• Plots, summaries, and graphs are great ways to gain insights into data.

• This will help you to see trends, similarities, and differences.

• Help you to interpret what this data can tell you.

• Two main features of plots are:
• Spread.
• Shape (modality, symmetry and skewness).
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Features Of Plots - Spread

• Large spread (data points are farther apart). For 
example, if I conduct a quiz and every student gets 
different marks, then I will have greater spread.

• Small spread (data points are closer together). For 
example, If I conduct a quiz and students show marks 
similar to one another, then I will have a small spread.

• Spread gives you information about how well 
distributed your data is.

• Two most common ways of measuring spread are:
• Interquartile range (IQR) (will study later)
• Standard deviation (sd) (will study later)
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Features Of Plots Shape - Modality

• By looking at the shape of the plots, as explained earlier, we 
can look at the trends in our dataset.

• Unimodal shape has only one peak. This means that only 
one number in data is repeated the most. 

• Bimodal shape has two peaks. This means two numbers are 
repeated more as compared to others.

• Trimodal shape has three peaks. This means that three 
numbers are repeated more as compared to others.
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Features Of Plots – Shape - Symmetry
• In these slides, we are covering the advantages of plotting your data. 
• Symmetry of your plot can give you key information about your data distribution.
• Let’s say we have three key data distribution parameters (mean, median and mode).

• Mean = average value of the data.
• Mode = most appeared value in the data.
• Median = it’s the middle number (when data is sorted).

• We will cover these in detail, but to explain how plots help us understand distribution 
these definitions will suffice.

• One of the features of the plots (Skewness) is the measure of the symmetry of the data. It 
shows how mean median and mode of the data are distributed.

• There are three types of a distribution 1) Symmetric, 2) Positively skewed, and 3) 
Negatively skewed.
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Skewness Example
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1) Dot plots
2) Box plots
3) Histograms
4) Scatter plots

Types Of Plots For Numerical Data
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Dot Plot
• A Dot Plot is a graph for displaying the distribution 

of quantitative variable where each dot represents a 
value. 

• For whole numbers, if a value occurs more than 
once, the dots are placed one above the other so 
that the height of the column of dots represents 
the frequency for that value.

• It is one of the basic types of plots, good for small 
datasets (imagine getting a column with 300 dots).

• It can highlight outliers (values that does not belong 
to any data cluster) and clusters of values.
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Histograms
• A histogram is a bar graph-like 

representation of data that buckets a range 
of outcomes into columns along the x-axis.

• Histograms are better for larger numbers of 
data.

• The y-axis represents the number count or 
percentage of occurrences in the data for 
each column and can be used to visualize 
data distributions.

• For example, how many times you got a 
rating above 6 for your chiropractic 
adjustment session.
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Box Plot

• Box Plot displays a five-number summary of a set of data. The 
five-number summary is the minimum, first quartile, median, 
third quartile, and maximum. 

• In a box plot, we draw a box from the first quartile to the third 
quartile. A vertical line goes through the box at the median.

• Very good for comparing different data sets.

• Displays centre and spread of the data.
• Shows median, upper and lower quartiles (so 50% of the data 

is within the box).
• Displays skewness and displays outliers. 

• Not good for small datasets.

Upper quartile (75%)

Lower quartile (25%) 
Median

Lowest value

Highest value

Outliers
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Scatter Plot

• Scatter plots are a simple way to visualize the 
association between TWO quantitative 
variables (two sets of numeric data).

• A scatter plot can suggest various kinds of 
correlations between variables.

• For example, in your adjustment sessions you 
are recording, how patients felt about your 
session, and want to compare it to how well 
you felt that session went. Do these sets of 
scores relate to one another?

You can trend of the data and how 
your patients rating varies with your own score
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Types Of 
Plots For 
Categorical 
Data

• If you have two or more categories in your data and 
want to see how many instances/frequency each 
category has, then there are different sorts of plots.

• Or how a certain value changes based on category.
• To look at categorical data we usually use.

• Pie charts (good for single proportions or 
percentages).

• Bar Chart (different bars for comparing different 
categories).

• Two-way table of counts (good if you have two sets 
of categorical data sets you want to compare).

• Side by side plots on the same scale (good if you 
have both categorical and numeric data sets you 
want to compare).
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Pie Chart

• A Pie Chart is a type of graph that displays 
data in a circular graph. The pieces of the 
graph are proportional to the fraction of the 
whole in each category. 

• In other words, each slice of the pie is relative 
to the size of that category in the group.

• These are not used much in statistics but are a 
good representative of how different 
categories are distributed among the sample.

• For example, you want to see how many of 
your patients are happy, unhappy, angry, 
neutral.

Patients in your 
treatment

Happy

Netral

Unhappy

Angry
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Bar Chart Of Proportion

• A bar chart of proportion is 
similar to a pie chart, but 
instead it shows the length 
or height of each bar and the 
proportional equivalent of 
the data that it represents. 

Happy

Angry 

Neutral

Unhappy
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Two Way Table Of Counts
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children No children total

Male 35 95 130

Female 75 13 88

total 110 108 218

Good for comparing 
two sets of 
categorical variables



Side By Side Bar Charts 
Of Proportion

• Good for comparing 
proportions of 
responses between 
multiple different 
categorical data sets.
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Bar Chart

• A bar chart for categorical data is 
basically used to aggregate the 
categorical data according to 
some methods (e.g., means).

• For example, mean score of 
patient satisfaction for 
Adjustment 1, Adjustment 2, and 
Adjustment 3.
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Side By Side Plots On The Same Scale

• If you have two 
variables in 
your data, and 
one is 
categorical and 
the other is 
numerical, 
then side by 
side plots on 
the same scale 
are ideal. 
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So How Do You Choose A Plot?
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Most Appropriate 
Statistical Test 

How to Explore 
This Data

Type(s) of 
Variable(s)

Number of 
Variables

First 
Question

How many 
variables?

ONE
Numeric Dot plot or box plot 1 sample t-test     

mean difference

Categorical Pie chart or bar 
chart of proportions

1 sample t-test of 
proportion

TWO

Numeric -
Numeric Scatter Plots Regression

Numeric -
Categorical

Side by side plots for 
each group on the 

same scale

2 sample t-test      
ANOVA

Categorical 
Categorical

Two way table of 
counts or side by side 

bar charts of 
proportions

2 sample t-test of 
proportion or          

Chi-square test of 
independence
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Before Choosing Statistical Tests?

• You need to know:
1) your data sets
2) your outcome variables (what type of data)
3) your research question 

• Based on your research question, you define your Null and Alternate 
hypotheses (we will cover them later).

• Keeping all this in mind, you chose a statistical test to validate your 
hypothesis (answer to your research question).
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Why Do We Do Statistical Tests?
• Statistical tests are used to confirm or deny a hypothesis.

• Your aim is to find proof that you can reject the null hypothesis, which means 
your alternative hypothesis is most likely true. 

• Statistical tests help you differentiate between theory and fact, based on 
mathematical logic. 

• So, if you have a theory, by using statistical testing you can provide evidence to 
support your theory or discover evidence that your theory is not likely true. 

• Statistics help you to make intelligent and accurate conclusions about a real-
world data.

• Statistics helps us to draw valid inferences or conclusions from large data sets
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Summary
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• Statistics is a science and art which deals with the collection, classification, analysis,                                              
and most importantly drawing conclusions from data. 

• When statistics is applied to biology then it is known as biostatistics.

• Primary data is the data collected by a particular person or organization for his/her own use                               
directly from primary source.

• Secondary data is the data collected by some other person that can be used by other investigators.

• Qualitative Categorical Variables are observations which can be categorized according to some characteristics or 
qualities:

• When variables are named/labelled without any order they are known as nominal variables. For example, 
gender (male/female).

• When variables are named/labelled with order they are known as ordinal variables. For example, income 
(low/middle/high).

• Quantitative Numeric variables are observations that can be measured:

• Discrete Variables are always whole numbers, such as the number of children in a family or number of 
students at NZCC. 

• Continuous Variables store data that can be precise to decimal places such as temperature (17 degrees), 
height (186.2cm), weight (57.8Kg). 
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