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STAT211: Chapters 1-3 
Chapter 1: What is Statistics? 
  
What is statistics? 

o    Is a way of reasoning, along with tools and methods used to understand the world 
o    Numerical characteristic of a sample 
o    Quantities calculated from data 

  
In this course we will take a look at both: 

o    Practicing Statistics: Analyse, understand and interpret data and make informed 
conclusions 

o    And Consuming Statistics: Understand, and critically interpret statistical analyses 
reported in research articles, media, etc. 

  
What is data? 

o    Values along with their context 
  

What is data analytics? 
o    Statistical analysis of large amounts of data to identify key information needed for 

corporate planning 
  

In statistics, data is often used to answer questions of interest. 
  
Descriptive Statistics 

o    Describes characteristics of data in an understandable manner 
o    Two basic methods: 

o     1. Numerical 
o    2. Graphical 

o    Results from these statistics cannot be further extended beyond the data set. They 
simply allow us to get a better sense of the data set that was collected 

o    These statistics can be represented as plots (histograms, boxplots, etc) or as 
summary statistics which include mean, median, mode (measures of central 
tendency), range, sample standard deviation (measures of spread) 

  
Inferential (Inductive) Statistics 



o    Using data characteristics to generalize, estimate, forecast and make other 
judgements about the data 

o    Inferential statistics are techniques that allow us to use these samples to make 
generalizations about the populations from which the samples were drawn 

o    Two main points of interest: 
o     1. Estimating the difference 
o    2. Testing if the difference is statistically significant 

  
Chapter 2: Gathering Data 
 
Terminology 

o    Individuals/Units/Cases: Represent objects on which measurements are taken 
o    Population: Complete set of all individuals of interest, can be finite or infinite in nature 
o    Parameter: Describes numerical characteristic of a population, usually unknown since 

information on all units of a population cannot be collected 
o    Sample: Subset/group of units selected from the population on which measurements 

are collected 
o    Statistic: Numerical characteristic of a sample 

  
Populations vs. Samples: 

o    EX: Heights of all students at UW vs. Heights of the STAT 211 students 
o    Population size: N and n respectively 
o    Note:  µ is Greek letter mu and 2 is sigma2 

  

Section 2.3 
How are Samples Selected? 

o    Many sampling protocols can be adopted to select samples 
o    Can be divided into two categories: 

o    Probability Vs. Non-Probability Sampling Protocols (process that does not 
give all the individuals in a population equal chances of being selected)  

  
1). Non-Probability Sampling Protocol Include: 

o    Self-selection: 
o    Units volunteer to be part of the sample, may produce a biased sample or one 

that is not representative of the population, will introduce error in statistics 
(only one source of error) 

o    Convenience sample: 
o    Measurements on units that are around us, could lead to a biased sample 

o    Quota sampling: 
o    Units selected where some attributes of sample match known attribute in 

target population 
o    Usually satisfy one or more characteristics 

o    Judgement sampling: 



o    Units selected where samplers think that sample will be representative of 
target 

population 
  

 
 
 
2). Probability Sampling Protocol: 

o    Each unit in population has known probability of selection 
o    Randomisation mechanism used to select specific units for sample 
o    Helps us reduce bias in our sample 
  
o    Common protocols include: 
o    Simple Random Sampling (SRS): 

o    Simplest form of probability sample, SRS of size n is taken when every 
possible 

subset of n units in population has same chance of being in the sample, 
implication is that every member of population has same chance of being 
selected, typically done without replacement 

o    Stratified Random Sampling: 
o    Population divided into subgroups called strata, often subgroups of interest 

where 
elements in same stratum are more similar than randomly selected elements 

from 
whole population 

o    Cluster Sampling: 
● Population is grouped into larger sampling units called clusters 

  
 
 
Section 2.4 
Experiments and Observational Studies 

o    Once sample is obtained, characteristic or characteristics of interest are collected 
o    Important statistical questions involve understanding/identifying possible relationships 

existing between multiple characteristics 
o    Variables (Variates): 

o    Quality/characteristic associated with each unit, can be classified as one of two 
types of variables 

1. Response Variable (Dependent): Outcome of the study, primary variable of 
interest 

2. Explanatory Variable (Factor/Independent): Used to explain/account for 
variation in values of the response variable, the way findings are interpreted 



between response and explanatory variable is dependent on type of study 
being done 

o    Two main types of studies: 
1. Observational Study 

o    Units of study are disturbed as little as possible; units are observed and 
information of interest is collected (i.e. analysing pre-existing groups with no 
influence) – correlation (does not measure causation) 

 
2. Experimental Study 

o    Instigator actively imposes treatment or condition to observe response to study 
if treatment changes response – causation 

  
o    Observational studies provide insight about effect of changes in differing inputs 
o    Only provides conclusions of association and do not give strong evidence of causal 

relationships 
o    Occurs under studies that have other unmeasurable variables, sometimes called 

lurking variables (can create confounding effects) - also called confounding variables 
o    Experimental studies assess effects of changing an existing process 
o    Time, money, or ethical reasons are variables that could prevent an experimental 

study  
o    Confounding variables are 2 variables carrying together and it is impossible to 

separate their effects on the response 
o    Confounding variables could still be a measured variable – can control variable and 

account for it 
o    Effects of the confounder could be lessened 
o    More information collected = better analysis 

  
EX: 
Examples: (Slides/ Textbook) 
  
1. [Dina’s Slides] The Gallup Poll interviewed 1007 randomly selected adults aged 18* 
between March 23-25, 2007. Gallup reports that when asked “When (if ever) the effects of 
global warming will begin to happen”, 60% of respondents said that the effects had already 
begun. Only 11% thought they would never happen. 
Identify: 
a) The population: All adults 18 and older 
b) The population parameter of interest: Percentage = proportion 
c) The sample: n = 1007 selected adults 
  
2. [2.3.2 - #5] A professor is interested in learning more about her students and she decides 
that she is going to draw a sample of 10 students from her population of 50. She knows she 
should be drawing some sort of random sample, but doesn’t quite know how to go about it. She 
considers the following 2 sampling designs: 



  
I - Put all the names of students on small pieces of paper, put them into a hat, and mix them up 
such that the names are randomly distributed. Then she will pick 10 names without 
replacement. 
  
II - To ensure equal representation of males and females, she will have separate hats for males 
and females. In the first hat she will mix up the names of the male students, then draw 5 names 
without replacement. She will carry out the same procedure with the females, drawing 5 female 
names. She will then pool these names together into a group of 10. 
Which of the following statements are true? 
  
a) Sampling method I results in a simple random sample: TRUE 
b) Sampling method II results in a stratified random sample: TRUE 
c) Both sampling designs result in very biased samples: FALSE 
  
3. [2.4 - #6] A doctor is investigating the relative effectiveness of two different procedures that 
may prolong life in patients with advanced heart disease. Twenty volunteers are randomly 
assigned to the 2 procedures, 10 to procedure A and 10 to procedure B. The time until death is 
recorded. 
  
a) Is this an experiment or observational study? It is an experiment. 
b) What are the experimental units? The 20 volunteers. 
c) What are the treatments? The procedures (A and B). 
d) What is the response variable? Time until death. 
e) If it is found that those patients from procedure B tended to live much longer on average, is it 
reasonable to conclude that procedure B caused this increase? Yes, since it is a randomized 
experiment. 
  
4. [2.5 - #15] Researchers are interested in estimating the proportion of full-time female 
graduate students at a university that have a job outside of the university. Surveys are sent out 
to all full-time female graduate students, and 67 surveys are completed and returned. Of these 
67 students, 19 have jobs outside of the university. 
  
a) What is the population of interest? All full-time female graduate students at the 
university. 
b) What is the sample? The 67 students that returned the survey 
c) What is the parameter of interest? The proportion of all female students at the university 
that have a job outside the university. 
d) What is the statistic that estimates this parameter? The proportion in the sample (1967). 
e) Is this an experiment? No, it is a survey (a type of observational study). 
f) Is this a simple random sample? No, it is a voluntary response sample. 



g) Will this sample be representative of the population as a whole? Possibly, but there could 
be all sorts of bias introduced. Students who work may very well be more or less likely to 
send in their survey than those who do not. 
  
5. [2.5 - #31] Consider the following scenarios. In each scenario determine whether it would be 
best investigated with an experiment, a survey, or an observational study that is not a survey. 
a) You are conducting a study investigating drivers in fatal single-vehicle accidents. You want to 
determine whether male drivers are more likely than female drivers to have alcohol in their 
system. An observational study (e.g. a study of coroner records). 
b) You want to determine whether new male MBA graduates have a higher salary on average 
than new female MBA graduates. If the data is available, an observational study would be 
best. If that is not possible, a survey of workers may have to suffice. 
c) You want to determine which of two commonly used headache medications results in the 
fastest pain relief. An experiment. 
d) You want to determine if there is a relationship between cocaine use and marital infidelity. An 
experiment would not be possible here. It would be tough to get appropriate data for an 
observational study. We would need to rely on a survey. Unfortunately, even the survey 
results may not be very reliable, as people may be likely to lie when faced with questions 
about cocaine use or marital infidelity. 
e) You want to investigate whether men who commit suicide tend to use a firearm more 
frequently than women who commit suicide. An observational study (e.g. a study of coroner 
reports). 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
Chapter 3: Descriptive Statistics 
  

● Variables can take on one of two types: 
○ Quantitative Vs Qualitative 

● Quantitative (Numeric) Variable 
○ Takes on a numeric value (can be measured) 
○ Quantifies some aspect of an individual or thing 
○ EX: height/ speed of car, # of hours spent studying (time) 

● Qualitative (categorical) Variable 
○ Takes on levels/ categories (cannot be measured) 
○ Qualifies some aspect of an individual or thing 
○ Special case: binary variable (2 levels) 
○ EX: which residence you live in, history of some disease (yes/ no) 

  
Section 3.2.1: Plots for Qualitative (categorical) Variables 

● We will consider 3 potential plots: 
○ Bar chart (bar graph) 
○ Pareto Diagrams (an ordered bar chart) 
○ Pie Charts 

● When gathering these plots, the first thing to do is to summarise the data in what we call 
a frequency table 

  

Level Of Education Frequency Relative Frequency % Relative 
Frequency 

No Level 164 164/512=0.32 32% 

Community 
College Diploma 

42 42/512=0.08 8% 

Bachelor’s Degree 225 225/512=0.44 44% 

Master’s Degree 52 52/512=0.10 10% 



PhDs 29 29/512=0.06 6% 

  
● Level of Education: column to capture the levels of the qualitative variable of interest 
● Frequency: total number of observations in a category 
● Relative Frequency: the proportion of observations in a category 

○ Solved as , where n= sample size (total # of observations in the sample) 
● % Relative Frequency: relative frequency expressed as a percentage, i.e.  x 100% 
● Bar Chart (graph): used to display the distribution of the categorical variable 

○ The x-axis typically represents the different categories and the y-axis can capture 
the frequency, relative frequency or % relative frequency 

○ In a bar graph, the categories can be sorted in any order, sometimes a natural 
ordering exists. A space is left between the bars. 

● Pareto Diagram: This is a bar chart in which the frequencies are sorted from largest to 
smallest 

● Pie Chart: used to represent the split in a variable that adds to 100% and hence typically 
the relative frequency or % relative frequency is used and is represented by the area of 
the segment 

  
Section 3.2.2: Plots for Quantitative Variables 

● Plots for quantitative variables 
● We will focus on 2 potential plots:  

○ Histograms 
○ Boxplots 

● Other examples include: 
○ Stem plots (also known as stem and leaf plots) 
○ Dot plot 

  
● Histograms: this plot is the analogue of bar graphs in that the x-axis represents the 

classes (intervals/range) of the variables and the y-axis will again capture the frequency, 
relative frequency, or the % relative frequency. Hence to draw this we again start by 
creating a frequency table. 

● The classes are defined by the investigator. We need to choose classes such that the 
full range of the variable is captured within a reasonable number of classes (5-20) and all 
classes need to be of equal length. 

● In a histogram there is no gap between classes 
  

● Histograms can be used to get an idea of the: 
○ 1). Centre of the distribution: roughly the middle point 
○ 2). Shape of the distribution 
○ 3). Spread of the distribution (Measures of Variability) 
○ 4). Outliers: observations that fall outside of the overall pattern observed (ie. 

extreme observations) 



○ One can get a rough idea of centre and spread by looking at the histogram but 
these are mainly captured by numerical measures 

Shape: 
● Describe the appearance of the data 
● Is it symmetric? Skewed to the left? Skewed to the right? 
● A distribution is symmetric if the right and left of the distribution are approximately mirror 

images of each other 
● If a distribution is symmetric we say it is approximately normal (this is a special random 

variable that we will consider later on) 
● A distribution is skewed to the left, if the left side extends farther out than the left side. Ie. 

the distribution has a longer left tail. 
● A distribution is skewed to the right, if the right side extends farther out than the left side. 

Ie. the distribution has a longer right tail 
  

● A distribution could also be: 
○ Unimodal: the data piles around a single peak 
○ Bimodal: data is piled around two peaks or 
○ Multimodal: data is piled around multiple peaks 

  
  
Section 3.3: Numerical Measures (calculations) 

● We will use numerical measures to get an idea of the centre and spread of the 
distribution. These measures are also required to draw a box plot. 

● Centre: Roughly speaking this represents the value that lies in the middle of the data or 
the “typical value” 

○ There are 3 measures of “central tendency” 
■ 1). Mode 
■ 2). Mean 
■ 3). Medium 

Mode: 
● Definition: Represents the most popular/ observed value in the data 
● is not very informative 
● EX: The delivery times (in days) for a made to order product for 25 orders is displayed 

below 
○ Identify the mode(s) 

50 64 56 43 64 82 65 49 32 

54 51 102 49 73 50 39 86 33 

68 63 44 71 95 59 51     

● 4 Modes: 49, 50, 51, 64 
  



Mean 
● Most popular measure of central tendency 
● Also called the “average” or “arithmetic mean” 
● Notation: (Summation Notation) 
● It is the sum from i to n (number in the dataset) 
● Sample Mean: 

o    Consider the delivery times example: 
o    Calculate the sample mean (represented by x̅  “x bar” - average of all observations) 

x̅  =  =   = 59.2  
Median (“Second Quartile”) 

● Definition: The middle value of the data (also called the 50th percentile) 
● Notation: Median Value = Q2 = 
● Algorithm: 

○ Given the data: x1, x2, … xn 
○ 1). Sort the data from smallest to largest 
○ 2).  If n is odd, then the median is the middle value 
○ 3). If n is even, the median is the average of the middle 2 values 

● Consider the delivery times example again: 
○ Calculate the median 
○ n=25 (odd) 
○ position of Q2 

○  =   = 12.5 ( round up) 
○ 13th value = 56 

  
Measures of Centre and Shape 

● observing how much each measure of centrality changes with outliers we can connect             
the mode, mean, and median to the shape of the data 

● Symmetric: 
○ Mode=median=mean  

● Right Skewed 
○ Median< mean 

● Left Skewed 
○ Medium> mean 

Measures of Variability 
● The variability or dispersion of a variable is often an important value to consider 
● EX: when looking at machines used in food production, often we want the machine to be                

consistent in the amount of product it places in a jar. If there is a lot of variation this                   
would suggest that the machine typically overfills or underfills the jar 

● In the world of finance, knowing the variability in the price of a stock allows us to model it                   
better 

Range 
● This gives the distance between the largest and the smallest value in the dataset: 



Range= Maximum Value- Minimum Value 
● Not very useful, since it only depends on two observations (largest and smallest).             

Extremely sensitive to outliers. 
Interquartile Range (IQR) 

● This is defined as the distance covered by the middle 50% of the data 
● To define this, we first need to define the Quartiles 
● Recall the median divides a dataset into two parts, and actually represents one of 3               

quartiles that we will talk about 
● Quartiles divide the dataset into four parts 

  
Order Statistics 

● Recall we represented the median by Q2 and said that it is called the second quartile                
(50th percentile) 

● In addition to this we also have: 
● The first quartile, Q1 (this also represents the 25th percentile) 
● The third quartile, Q3 (this also represents the 75th percentile) 

  
What do they actually mean? 

● 1). The first quartile, Q1 is the value such that 25% of our data lies below it 
● 2). The second quartile (Median), Q2 is the value such that 50% of our data lies below it 
● 3). The third quartile, Q3 is the value such that 75% of our data lies below it 

  
How do we solve to find these values? 

● Algorithm for Q1: 
○ Given the data: x1, x2, … xn 

● 1). Sort the data from smallest to largest 
● 2). Now, recall that the first quartile represents the 25th percentile of the data. We can 

use this fact to solve for the position of Q1: 
○ Position of Q1 is = n x   

● 3). If this number is not on integer, we round up to the next whole number. The first 
quartile is the value in that position 

● 4). If this number is an integer the pth percentile is the average of the values with 
position n x  and (n x ) + 1 

● Algorithm for Q2 

○ Given the data: x1, x2, … xn 

● 1). Sort the data from smallest to largest 
● 2). Now, recall that the third quartile represents the 75th percentile of the data. We can 

use this fact to solve for the position of Q3: 
○ Position of Q3 is = n x 

● 3). If this number is not on integer, we round up to the next whole number. The third 
quartile is the value in that position 



● 4). If this number is an integer the pth percentile is the average of the values with 
position n x  and (n x ) + 1 

  
● Formula: IQR= Q3 – Q1 

● is a ROBUST measure as it is generally not affected by outliers 
● In solving for the range and IQR, we have defined what is referred to as the five number 

summary of the data 
○ 1). Minimum Value, 
○ 2). Q1, 
○ 3). Q2 

○ 4). Q3 

○ 5). Maximum Value 
  
Empirical Rule 

● To properly interpret the standard deviation (rough guideline) 
● Does NOT apply to skewed distributions 
● For nicely behaved “distribution (ie. Fairly symmetric, no outliers), we expect to find: 

○ About 68% of the observations are within 1 (+/-1) standard deviation of the mean 
○ About 95% of the observations are within 2 (+/-2) standard deviations of the 

mean 
○ More than 99.7% of the observations are within 3 (+/-3) standard deviations of 

the mean 
  
Sample Standard Deviation 

● This is an example of a measure of variability based on deviations from the mean 
● Deviation is x1 -   
● Roughly speaking, the sample standard deviation is the square root of the average 

distance that the data values are from the centre (mean) 

● n-1 is called the degrees of freedom 

Sample variance 
● This is the square of the sample standard deviation 
● You will usually start by calculating the variance first, and then taking the positive square 

root to determine the standard deviation 
● NOTE: The variance and standard deviation are ALWAYS POSITIVE 

  
● EX: Consider a sample data set consisting of 3 observations: 4, 6, 11. These 3 

observations have a mean of 7 and a variance of: 
○  (remember represents mean) 

Units: 



● The sample standard deviation, mean, mode and median all have the SAME units as the 
data 

● The variance has the units squared 
● Similarly, to the mean, the variance and standard deviation are NOT robust to outliers 

  
Section 3.4: Boxplots 

● Allows us to visually represent the five- number summary (min, Q1, Q2, Q3 , max) 
● But, before drawing it we must first check to see if we have outliers 

  
 
 
Identifying Outliers 

● An outlier is a data value that is more extreme (larger or smaller) as compared to the 
other values 

● There is an algorithm/ formula that can be used to identify suspected outliers (involves 
the IQR as well as Q1 and Q3) 

● Formula: 
○ Mathematically, an outlier is any value that is: 

1). Less than the lower limit: 
○ LL= Q1- 1.5*IQR 

● And/or 
2). Greater than the upper limit: 

○ UL: Q3 + 1.5*LQR 
Modified Boxplot 

● Here the outliers are identified and there are “whiskers” 
● How are the outliers identified, and what are these whiskers? 
● The upper whiskers are either located at the maximum value or if outliers are present, it 

extends to the largest observation NOT considered to be an outlier 
● The lower whiskers are either located at the minimum value or, if outliers are present, 

they extend to the smallest observation NOT considered to be an outlier 
● Outliers are usually represented by a dot 
● Sometimes dotted lines are used to identify the boundary line between outliers and 

non-outliers 
  
  
Boxplots and Shape 

● The box portion of the boxplot is very useful in determining the shape of the distribution 
● Symmetric: The median lies roughly in the centre of the box, and the whiskers have 

similar lengths 
● Skewed to the Right: The median is closer to Q1 than it is to Q3, and the right whisker is 

longer than the left 
● Skewed to the Left: the median is closer to Q3 than it is to Q1 and the left whisker is 

longer than the right 



 


