
Class One 

Sampling and Experiments 

Problem Set #1 



Objectives for Class One 

ÅIdentify categorical and quantitative variables. 

ÅDistinguish between a population and a sample. 

ÅDiscuss the advantages and disadvantages of various sampling 

techniques. 

ÅDistinguish between an observational study and an 

experiment. 



The basic rules of statistics: 

 
Ådata beats anecdotes:  there is no such thing as proof by 

example 

Åbeware the lurking variable:  life is complicated 

Åwhere data comes from is important:  beware the magician 

Åvariation is everywhere:  no two things are exactly alike 

Åconclusions are not certain:  we are not God 



When you plan a statistical study or evaluate someone elseôs data 

ask yourself these questions. 

1.  Who? Who are the individuals described by the data and how 

many are there? 

2.  What?  What variables (characteristics) and how many do the 

data contain?  What are the units of measurement for these 

variables? 

3. How?  How did they collect the data?  Did they follow the 

correct procedure to be able to draw conclusions from the 

data?  

4. Will?   Will this information allow us to draw the conclusion 

we want about the individuals?  Can we answer the question 

Why? with the data we have created? 

5. Why?  Why were these individuals studied and or why did 

they collect information on these specific characteristics?   



We will be studying these components of the game of statistics: 

Ådata production:  turning experiences into numbers with 

meaning;  the Who?, What?, & How? of statistics 

Ådata analysis:  looking for patterns and trends;  the Will?  of 

statistics 

Åstatistical inference:  using the past and present to predict the 

future or using the past and present to make decisions; the 

Why? of statistics 



Answering the question: Who?  

Everything starts with an Individual. 

ÅIndividuals:  objects described by a set of data.  Individuals 

can be people, objects or events. 

ÅHow you choose your individuals can make or break you.  The 

process of choosing individuals is called sampling. 

ÅSampling involves two groups of individuals: 

ïpopulation:  the entire group of individuals about whom we want to 

discover information.  This group is usually so large that it is 

impractical or impossible to collect data from everyone. 

ïsample:  a group of people chosen to represent the entire population 

from whom we gather our information 



Answering the question: Who?  

continued 

ÅSample Design:  is a description of the process used to choose 

individuals to be included in the sample.   

ïAn effective sample design must eliminate bias which is the systematic 

favoring of an outcome.  Bias taints your data and will weaken your 

ability to make accurate predictions and good decisions. 

ïsample frame:  the list of individuals from which a sample is actually 

selected 

ÅBad sample designs that always contain bias: 

ïConvenience sample: a sample selected by taking the members of the 

population that are easiest to reach.  Bias is created by the person 

taking the sample. 

ïVoluntary response sample:  consists of people who choose themselves 

by responding to a broad appeal.  Bias is created by the individuals in 

the sample because only those with extreme opinions are likely to 

respond. 



Answering the question: Who?  

continued 

ÅIf bias is the systematic favoring of one outcome then its 
opposite is when all outcomes are equally likely.  This is the 
definition of a random event. 

ÅRandom events are governed by the impartial laws of 
mathematics and probability;  therefore, they contain no bias 
and allow us to make accurate predictions and good decisions. 

ÅGood sample designs that are random (probability samples): 

ïSRS (Simple Random Sample):  each individual in the sample frame is 
given a numerical label having the same number of digits.  Either a 
table of random digits or software which can generate random digits is 
then used to select the individuals for the sample. 

ïSystematic Random Sample:  choose individuals from the sample 
frame at fixed intervals from a randomly chosen starting point 

ïStratified Random Sample:  Individuals are first separated into groups 
(strata) of similar individuals, then and SRS is taken from each strata. 

ïMultistage Sample:  SRSôs are taken in succession to generate smaller 
and smaller subgroups of the initial sample frame. 



Answering the question: Who?  

continued 

ÅProblems can occur even with good sample designs: 

ïundercoverage:  some groups of the population are left out of the 

sampling process 

ïnonresponse:  individuals chosen for the sample canôt be contacted or 

refuse to participate 

ïresponse bias:  behavior of either the respondent or the interviewer can 

create a systematic error in the data. 

Årespondents may intentionally lie about behaviors that are 

unpopular or illegal 

Årespondents may unintentionally lie because the behavior occurred 

beyond their ability to remember accurately 

Åinterviewer may word a question in such a way as to elicit a 

specific response (wording effect) 

Åinterviewer may word a question in such a way that the respondent 

doesnôt understand the question or how to respond. (wording effect) 



Answering the question: Who?  

continued 

ÅImportant points to remember: 
ïsample results, no matter how good the sampling process, are only an 

estimate for the population 

ïdifferent samples will have different results because of variation 

ïalthough we cannot know the exact values of the variables for the 

population because random sampling eliminates systematic bias and 

follows the laws of probability we can calculate the margin of error our 

results have giving us a range of probable values for the population 

ïlarger random samples give more accurate results than smaller samples 



Answering the question: What?  

Attaching meaning to the numbers. 

ÅVariable:  a characteristic of an individual.  Variables can take 

different values for different individuals. 

ïTypes of Variables 

Åcategorical:  places an individual into group by labeling them with 

an adjective.  e.g. color, race, material, etc 

Åquantitative:  associates the individual with a numerical value that 

we can perform mathematical operations with by adding, 

subtracting, multiplying or dividing. 

ïProblems with variables: 

Åconfounding:  when the effects of two variables cannot be 

distinguished from each other. 

Ålurking: a variable which is not measured and for which there is no 

data but which has a significant impact on the outcome 

 



Answering the question: How? 

Quantifying our experiences. 

ÅThere are two basic ways to collect data: 

ïobservational study:  observes individuals and measures variables but 

does not attempt to influence responses 

Åcannot gauge the effect of an intervention 

Åpurpose is to describe a group or situation 

ïexperiment:  deliberately imposes treatments on individuals in order to 

observe their responses 

Åallows us to explore and understand cause and effect relationships 

Ågood experimental designs will attempt to eliminate confounding 

ÅThere are two categories for our variables in studies and 

experiments: 

ïresponse: measures the outcome of a study or experiment 

ïexplanatory: may explain or influence changes in the response variable. 



Answering the question: How? 

A closer look at experiments. 

ÅGeneral Principles of experimental design: 

ïcontrol:  minimizes the effects of confounding and lurking variables on 
the response.  Methods of control include: 

Åcomparison:  measuring the differences in the response to several 
treatments 

Årandomization:  uses chance to assign subjects to treatments 
creating similar groups 

Åexperimental blindness:  avoids unconscious bias by preventing 
either subject or experimenter from knowing the differences in 
treatments.  Blindness is often used with a placebo treatment. 

ïsample design:  use enough subjects in each group to reduce chance 
variation in the results. The greater the number of individuals you look 
at the better your decisions and predictions will be. 

ïstatistical significance:  an observed effect is so large that it would 
rarely occur by chance 

ïrealism:  the subjects, treatments and setting of an experiment should as 
closely as possible duplicate the conditions that are being studied.  
There is always a trade off between realism and control. 



Answering the question: How? 

A closer look at experiments. 

ÅElements of experimental designs: 

ïsubjects:  the individuals studied in an experiment selected by our 

sample design 

ïfactors:  the explanatory variables in an experiment 

ïtreatment:  any specific experimental condition applied to the subjects 

or a combination of specific values for the factors 

ÅExperimental outlines:  is a flowchart summarizing the 

elements of the experiment and identifying the response 

variable. 

sample 

design 

experimental 

groups: size, 

number, description 

treatments: number 

and specific values 

of factors 

response 

variable 



Answering the question: How? 

A closer look at experiments. 

ÅTypes of Experiments: 

ïcomparative experiments:  compares the results of the experimental 
group undergoing the treatment with a control group who receives a 
placebo treatment as a method of controlling lurking variables 

ïrandomized comparative experiments:  subjects are assigned to either 
experimental or control groups by the use of randomization not by 
characteristics of the subjects or judgments of the experimenters 

ïdouble blind designs:  neither the subjects nor the people who work 
with the subjects know which treatment the subjects are receiving 

ïmatched pairs designs:  compares just two treatments on two subjects 
who are as closely matched as possible or the same treatment is given 
to one subject in a random order 

ïblock designs:  the random assignment of subjects to treatments is 
carried out separately within each block, which is a group of 
individuals that are known before the experiment to be similar in some 
way that is expected to affect the response to the treatment 

 



Class Two 

Data Analysis 

Problem Set #2 



Objectives for Class Two 

ÅIdentify categorical and quantitative variables. 

ÅRepresent data graphically using: 

ïbar charts 

ïpie charts 

ïhistograms 

ïstem plots 

ïbox plots 

ïtime plots 



Answering the question:  Will?  

Making sense of what youôve got. 

ÅNow that you have designed and completed your study or 

experiment you must make sense of all of the data that you 

have collected before it can be interpreted.  This process is 

called:  Exploratory Data Analysis. 

ÅThe purpose of this process is to organize the data to determine 

what statistical tools we may use to make predictions or 

decisions about the population the data was collected from and 

to give us some basic insights into the content of the data. 

ÅOrganizing Data 

ïGroup and count each variable 

ïLook for relationships between/among variables or groups 

ïCreate simple graphs 

ïCreate numerical summaries 



Answering the question: Will?  

continued 

ÅRemember the two types of variables are: 

ïcategorical (words) 

ïquantitative (numbers) 

ÅDistribution:  describes the value of a variable and the 

frequency with which it appeared in the data set. 

ïFor categorical variables the value of the variable will be the specific 

word(s) you use to describe the individuals and the frequency is a count 

of how many individuals are described by the word. 

ïFor quantitative variables the value of the variable will be the 

number(s) you collected on an individual and the frequency is a count 

of how many individuals are described by the number. 

ïSometimes it is necessary with quantitative variables to make closely 

related groups of numerical values and then your frequency is a count 

of how many individuals have a number in your group. 



Answering the question:  Will?  

Working with categorical variables. 

Åidentify/calculate the distribution of each categorical variable 

ïcount:  the number of individuals in that category 

ïpercent:  the ratio of the number of individuals in that category to the 

total of all individuals in all the categories 

ïround-off error occurs when each category is rounded separately from 

the total of all categories 

Åselect a graphical display that will convey the importance of 

the relationships 

ïpie charts give a good visual comparison of percentages but are poor 

ways to communicate counts 

ïbar graphs provide a good visual comparison of counts 

ïmake sure that all diagrams are clearly labeled so that the viewer easily 

understands the information and relationships being displayed 

ïmake sure to include an other category for pie charts if the categories 

do not total to 100% 



Year Count Percent 

Freshman 18 41.9% 

Sophomore 10 23.3% 

Junior 6 14.0% 

Senior 9 20.9% 

Total 43 100.1% 

Data Table 
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Answering the question:  Will?  

Working with quantitative variables 

ÅDisplay distribution of quantitative variables with either a 

histogram, a stem plot or a time plot. 

ïA histogram is like a bar graph only instead of the x-axis being labeled 

with categories it is labeled with groups of closely related values.  It is  

used to diagram cross-sectional data from a fixed moment in time. 

ïA stem plot is a chart that saves time and space by writing numbers 

with the same first digits, called stems, in rows followed by a list of the 

last digits, called leaves.  

ÅOften it is easy to convert a stem plot into a histogram by using the 

stems as your groupings. 

ïA time plot allows the data to be tracked over time and reveal trends 

that would not be evident if only a single moment were analyzed. 



Creating a Histogram 

ÅChoose classes:  divide the range of the data into classes of 

equal width 

ïas the eye scans the histogram it responds to the area of each rectangle 

as a function of its height since all of the bases are of equal size.   

ïtoo few classes will give a ñskyscraperò effect 

ïtoo many will give a ñpancakeò effect 

ÅCount the individuals in each class 

ÅDraw the histogram:  note Microsoft Excel® will label the 

classes on the x-axis differently than the histograms in your 

text.  Excel will center the bar over the value of your class, 

grouping individuals based on whether they are below or equal 

to the class value but greater than the next lower class. 

 



Weight Data 

192 110 195 180 170 215

152 120 170 130 130 125

135 185 120 155 101 194

110 165 185 220 180

128 212 175 140 187

180 119 203 157 148

260 165 185 150 106

170 210 123 172 180

165 186 139 175 127

150 100 106 133 124



Weight Data: Frequency Table 

Weight Group Count 

100 - <120 7 
120 - <140 12 
140 - <160 7 
160 - <180 8 
180 - <200 12 
200 - <220 4 
220 - <240 1 
240 - <260 0 
260 - <280 1 

 
 



Weight Data: Histogram 
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Interpreting Histograms 

ÅLook for the overall pattern as well as any striking deviations 

from the pattern. 

ÅOverall pattern is described using words for: 

ïshape:  give the number of peaks and whether it is skewed right (lots of 

low bars on the right), skewed left (lots of low bars on the left), 

symmetric (roughly bell shaped), or has clusters of bars each with their 

own shape, center and spread. 

ïcenter:  midpoint (middle) of the values, the category or group where 

half of the observations are below and half are above 

ïspread:  give the smallest and largest values usually excluding outliers 

ÅDeviations are known as outliers because they lie outside the 

overall pattern. 



Shape:  Symmetric  Bell-Shaped 



Shape:  Symmetric Mound-Shaped 



Shape:  Symmetric Uniform 



Shape:  Asymmetric Skewed to the Left 



Shape:  Asymmetric Skewed to the Right 



Creating a Stem Plot 

ÅSeparate each observation into a stem, consisting of all but the 
final (rightmost) digit, and a leaf, the final digit.  Stems may 
have as many digits as needed, but each leaf contains only a 
single digit. 

ÅWrite the stems in a vertical column with the smallest at the 
top, and draw a vertical line at the right of this column.  Do not 
skip and stem values even if there is no data with that 
particular stem. 

ÅWrite each leaf in a row to the right of its stem, in increasing 
order out from the stem.  If there are no leaves for a stem leave 
the area next to it blank. 

ÅSpecial Circumstances: 

ïrounding:  if data have more than three digits sometimes it is better to 
round numbers to three significant digits before creating the stem plot 

ïsplit stems:  each stem can be split into two with leaves 0-4 appearing 
on the first stem and leaves 5-9 appearing on the second stem 

ïback-to-back stems are helpful when comparing two distributions 



Weight Data 

192 110 195 180 170 215

152 120 170 130 130 125

135 185 120 155 101 194

110 165 185 220 180

128 212 175 140 187

180 119 203 157 148

260 165 185 150 106

170 210 123 172 180

165 186 139 175 127

150 100 106 133 124



Weight Data: 

Stemplot 
(Stem & Leaf Plot) 
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Weight Data: 

Stemplot 
(Stem & Leaf Plot) 

 

10 0166  

11 009  

12 0034578  

13 00359  

14 08  

15 00257  

16 555  

17 000255  

18 000055567  
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Stems = 10ôs 
Leaves = 1ôs 



Creating a time plot 

ÅTime plots are used for quantitative variables that are measure 

at regular intervals over time. 

ÅTime is always the variable plotted on the x-axis. 

ÅConnecting the data points with line segments will often 

emphasize the trend over time. 
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Average Tuition (Public vs. Private) 



Class Three 

Descriptive Statistics 

Problem Set #3 



Objectives for Class Three 

ÅDescribe the distribution of a variable in terms of overall 

pattern and identify potential exceptions or outliers 

ÅCompute standard measures of the center and spread of a 

distribution and interpret their values. 



Numbers as a measure of center 

ÅMean (   ):  an arithmetic average found by finding the sum of 
all of the data and dividing by the number of data.  It is NOT a 
resistant measure of center, meaning outliers will pull the 
mean towards themselves;  therefore we only use the mean 
with symmetric data. 

 

 

ÅMedian (M):  the midpoint of the data.  It is a resistant 
measure of center, meaning it is effected little by outliers;  
therefore we use the median with skewed data. 

ïarrange the data in order by size from least to greatest 

ïif n is odd then M is the center of the ordered list or it is (n+1)/2 
observations from the beginning of the list 

ïif n is even then M is the mean of the two center positions 

ÅMode:  is the most frequent observation 
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Comparisons of Measures of Center 

ÅSymmetric Distributions:  the mean and the median will be 

close together.  If the distribution is perfectly symmetrical then 

the mean and the median will have the exact same value. 

ÅSkewed Distributions:  the mean will be pulled along the tail 

of the distribution towards any outliers. 



Basic Measures of Spread 

ÅRange:  the difference between the maximum and minimum 

observations (usually outliers are omitted) 

ÅQuartiles:  mark out the middle half of the data 

ï1st quartile (Q1)  is one-quarter of the way up the list or is larger than 

25% of the list 

ï2nd quartile (M)  is the median, half of the way up the list or is larger 

than 50% of the list 

ï3rd quartile (Q3) is three-quarters of the way up the list or is larger than 

75% of the list 

ÅInterquartile Range (IQR):  is the difference between the 1st 

and 3rd quartiles or Q3 - Q1 = IQR 

 



Weight Data: Sorted 

100 124 148 170 185 215

101 125 150 170 185 220

106 127 150 172 186 260

106 128 152 175 187

110 130 155 175 192

110 130 157 180 194

119 133 165 180 195

120 135 165 180 203

120 139 165 180 210

123 140 170 185 212



 

10 0166  

11 009  

12 0034578  

13 00359  

14 08  

15 00257  

16 555  

17 000255  

18 000055567  

19 245  

20 3  

21 025  

22 0  

23 

24 

25 

26 0  

 

Weight Data: 
Quartiles first quartile 

third quartile 

median or second quartile 



Five-Number Summary 

Åminimum = 100 

ÅQ1 = 127.5 

ÅM = 165 

ÅQ3 = 185 

Åmaximum = 260 

Interquartile 

Range (IQR) 

= Q3 - Q1 

= 57.5 

IQR gives spread of middle 50% of the data 



Diagramming the Basic Measures of Spread 

ÅFive Number Summary:  includes the minimum observation, 

Q1, M, Q3, and the maximum observation 

ÅThe five number summary is diagrammed using a box plot 

sometimes also known as a box and whisker plot. 

ïa central box (IQR) spans the quartiles Q1 and Q3 

ïa line marks the median 

ïlines (whiskers) extend from the box out to the minimum and 

maximum values of the observations 

ïAny whisker that is longer then 1.5 times the IQR(the box) indicates 

the presence of outliers. 

 



M 

Weight Data: Boxplot 

Q1 Q3 min max 

100          125          150          175          200          225          250          275 

Weight 



More Measures of Spread 

ÅVariance (s2):  is the average of the squares of the deviations 

of the observations from the mean 

 

 

 

ÅStandard Deviation (s):  is the square root of the variance   

 

 

 

 

Ådegrees of freedom:  is equal to n ï 1 
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Usefulness of Standard Deviation 

Ås measures the spread about the mean and should only be used 

when the mean is chosen as the measure of center 

Ås = 0 only when there is no spread.  This happens only when 

all of the observations have the same value.  Otherwise s > 0.  

As the observations become more spread out about the mean, s 

gets larger. 

Ås has the same units of measure as the original observations. 

Ås is NOT resistant.  Strong skewness or a few outliers can 

greatly increase s. 



Choosing Descriptive Statistics 

ÅUse the five number summary and box plots for distributions 

with skewness or outliers 

ÅUse mean and standard deviation for distributions that are 

symmetric 

ÅAlways plot your data;  remember a picture is worth a 

thousand words.  Keep in mind that bar graphs and pie charts 

are best for categorical variables and histograms, time plots 

and stem plots are best for quantitative variables. 



Class Four 

Normal Distributions 

Problem Set #4 



Objectives for Class Four 

ÅDescribe the relationship between the area under a density 

curve and the proportion of observations in a given range. 

ÅRecognize where standardized values fall on a Normal curve. 

ÅCalculate proportions by using a standard Normal table. 

 



Describing Distributions 

ÅPlot your data 

Ålook for overall pattern (shape, center, spread) and for outliers 

ÅCalculate numerical summary of center and spread 

ÅDescribe appropriate data sets with a smooth curve 



Density Curves 

Åcan be used to describe symmetric distributions 

ïsymmetric density curves will still have identical median 

and mean 

Åis always on or above the horizontal axis 

Åhas an area of exactly 1 underneath it 

ïarea under the curve and above a range of values is the 

proportion of all observations that fall in that range 

Ådescribes and overall pattern of a distribution 

Åmedian of a density curve is the point of equal areas i.e. half 

the area under the curve is to the left and half is to the right 

Åquartiles divide the area under the curve into equal quarters 



Normal Distributions 

ÅNormal Distributions:  are symmetric, single-peaked and bell-

shaped 

ïNormal curves are described by their mean ɛ and their 

standard deviation ů:   N(ɛ, ů) 

ïthe mean ɛ controls the position of the Normal curve along 

the horizontal axis 

ïthe standard deviation ů controls the spread of the Normal 

curve.  The point at which the curvature changes from 

down to up (inflection point) is the location of one standard 

deviation 

ÅReasons for using Normal Distribution 

ïare good descriptor of real data 

ïgood approximations of chance outcomes 

ïform the basis of many statistical inferences 



N(ɛ, ů) 

Å68% of the observations fall within one ů  of ɛ 

Å95% of the observations fall within 2ů  of ɛ 

Å99.7% of the observations fall within 3ů  of ɛ 

 

   ɛ   ů  2ů   3ů   - ů - 2ů - 3ů 

68% of data 

95% of data 

99.7% of data 



Standardized Scores (z-scores) & Standardized Normal 

Distributions 

ÅIf x is an observation form a distribution with mean ɛ and 

standard deviation ů, the standardized value or z-score of x is: 

 

 

Åstandard Normal Distribution:  the standardized scores of a 

Normal Distribution N(ɛ, ů) will be a standardized Normal 

distribution N(0, 1) 

s

m-
=

x
z

   0   1   2    3   - 1 - 2 - 3 



Normal Distribution Calculations 

ÅThe Standard Normal Table:  Table A in your text is a 

table of the areas under the standard Normal curve.   The 

table entry for each value z is the area (proportion of 

observations) under the curve to the left of z. 

z 

Table entry is the 

area to the left of 

z. 



Finding Normal Proportions 

Åstate the problem in terms of the observed variable x 

Åstandardize x to restate the problem in terms of a standardized 

Normal distribution 

Ådraw a picture to show the area under the standard Normal 

curve 

ÅFind the required area using the values from Table A 

ïthe mean cuts the curve in half 0.5 area is above the mean 

0.5 area is below the mean 

ïtotal area under the curve is 1 



Health and Nutrition Examination Study of 1976-1980 

ÅWhat proportion of men are less than  68 inches tall? 

? 

68  70   (height values) 

How many standard deviations is 68 from 70? 



Health and Nutrition Examination Study of 1976-1980 N(70,2.8) 

ÅWhat proportion of men are less than  68 inches tall? 

-0.71    0     (standardized values) 

68  70   (height values) 

? 



-0.71    0     (standardized values) 

68  70   (height values) 

Health and Nutrition Examination Study of 1976-1980 

ÅWhat proportion of men are less than  68 inches tall? 

.2389 



Health and Nutrition Examination Study of 1976-1980 

ÅWhat proportion of men are greater than  68 inches tall? 

.2389 

-0.71    0     (standardized values) 

68  70   (height values) 

1-.2389 = 

.7611 



Health and Nutrition Examination Study of 1976-1980 

ÅHow tall must a man be to place in the lower 10% for men 
aged 18 to 24? 

.10 

 ?   70   (height values) 



Health and Nutrition Examination Study of 1976-1980 

ÅHow tall must a man be to place in the lower 10% for men 
aged 18 to 24? 

 -1.28     0     (standardized values) 

.10 

 ?   70   (height values) 



Observed Value for a Standardized Score 

ÅNeed to ñunstandardizeò the z-score to find the observed 

value (x) : 

z
x
=
-m

s
x z= +m s



Observed Value for a Standardized Score 

Åobserved value = 

mean plus [(standardized score) ³ (std dev)] 

= 70 + [(-1.28 ) ³ (2.8)]  

= 70 + (-3.58) = 66.42 

ÅA man would have to be approximately 66.42 inches tall or 

less to place in the lower 10% of all men in the population. 



Class Five 

Scatter Plots 

Problem Set #5 



Objectives for Class Five 

ÅDistinguish between explanatory and response variables. 

ÅConstruct scatter plots and describe their form, direction and 

strength. 

 



Explanatory and Response Variables 

ÅRemember that one of the rules of statistics is that variation is 

everywhere.  As a consequence statistical relationships 

represent overall tendencies not ironclad rules. 

ÅOften we think one variable explains or influence another 

ïresponse variable measures the outcome of a study and 

comes later in time than an explanatory variable also called 

the dependent variable 

ïexplanatory variable explains or influence a response 

variable and comes before it in time also called the 

independent variable 



Scatter Plots 

Å scatter plots:  is a graphical display of the relationship between two 

quantitative variables measured on the same individual 

ï the explanatory variable appears on the horizontal (x) axis 

ï the response variable appears on the vertical (y) axis 

ï individuals appear on the scatter plot as points represented by the coordinates 

(explanatory value, response value) 

Å interpreting scatter plots 

ï look for the overall pattern 

Åform:  linear, polynomial, logarithmic, exponential, etc 

Ådirection:   

ïpositive:  both variable increase in value 

ïnegative:  one variable increases as the other decreases 

Åstrength:   

ïstrong:  tightly grouped 

ïweak:  widely scattered 

ï look for deviations from the pattern or outliers 

ï to add a categorical variable to a scatter plot use a different color or symbol to 

signify the data from different categories 
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Scatterplot 
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categorical 

variable, use a 

different plot color 

or symbol for each 

category 
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Examples of Relationships 
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Examples of the Forms of Relationships 

linear polynomial 

logarithmic exponential 



Class Six 

Correlation 

Problem Set #6 



Objectives for Class Six 

ÅCompute correlation. 

ÅInterpret the value of a correlation. 

 



Measuring Linear Association:  Correlation 

Ålinear relationships are easily described and common 

Åcorrelation (r):   is a numerical measure of the strength of the 

association between the explanatory and the response variable 

ïcorrelation should not be confused with causation 

ïcorrelation makes no distinction between explanatory and 

response variables 

ïcorrelation requires that both variables be quantitative 

ïcorrelation uses standardized values of the variable so it is 

independent of the units of measure for the variables 

ïpositive r indicates a positive association; likewise, a negative 

r indicates a negative association 

ïr always has a value between ï 1 and 1 inclusive 

Åthe extremes indicate a perfect linear relationship 

ïcorrelation cannot be used for curved (polynomial, 

logarithmic, exponential) relationships 

ïcorrelation is NOT resistant 



Calculating Correlation 

Åfind the mean and standard deviation for the two variables 

Åstandardize all of the data 

Åfind the product of the standardized values for each 

individual 

Åfind the sum of the products 

Ådivide by one less than the number of individuals 
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Examples of Correlations 



Outliers and Correlation 

For each scatterplot above, how does the outlier 
affect the correlation? 

A B 

  A:  outlier decreases the correlation 

  B:  outlier increases the correlation 



Class Seven 

Regression 

Problem Set #7 



Objectives for Class Seven 

ÅCompute linear regression lines. 

ÅPlot the linear regression line. 

ÅDiscuss the limitations of correlation and regression. 

 



Regression Lines 

Åa regression line:  is a straight line that describes how a 

response variable y changes as an explanatory variable x 

changes. 

ïprediction:  a regression line can be used to find predicted 

values of the response variable for given values of the 

explanatory variable 

ïprediction error:  (observed y ï predicted y), which is 

represented by the vertical distances from a data point to a 

point on the regression line 

ïno line will pass through all data points on a scatter plot 

Åleast-squares regression line:  one method for making the 

prediction errors as small as possible by making the sum of the 

squares of the prediction errors as small as possible 

 



Equation of the Least-Squares Regression Line 

Åif x is a quantitative explanatory variable and y is a 

quantitative response variable for n individuals in a data 

set, and     is the mean of the explanatory variable and        

is the mean of the response variable and the standard 

deviations are sx and sy respectively and they have a 

correlation of r, then the least-squares regression line is 

given by the formula Ȓ = a + bx where the slope of the line 

(b) is given by the formula: 

 

 

    and the intercept of the line (a) is given by the formula 

 

 

or the equation can be written as  
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Facts About the Least-Squares Regression Line 

Åthe distinction between explanatory and response variable is 

essential in regression 

Åa change of one standard deviation in x corresponds to a 

change of r standard deviations in y 

Åthe least-squares regression line always passes through the 

point  

Åthe square of the correlation, r2, is the fraction of the variation 

in the response variable y that can be explained by the least-

squares regression of y on x 

( )y,x



Residuals 

Åresidual:  is the difference between an observed value of the 

response variable and the value predicted by the regression 

line i.e. prediction error 

Åresidual = observed y ï predicted y 

Åresidual = y ï Ȓ 

Åthe mean of the least-squares residuals is always zero 

ïresidual plot:  is a scatter plot of the regression residuals 

against the explanatory variable 

ïresidual plots help to assess the fit of the regression line 



Influential Observations 

Åscatter plots can have outliers in both the x and y directions 

ïa point that is extreme in the x direction with no other 

points near it pulls the line towards itself and is called 

influential for a least-squares regression line 

ïa point that is extreme in the y direction with no other 

points near it is an outlier and has a large residual 

ïinfluential points:  a point is called influential if removing it 

from the data would make a significant change in the 

predicted values from the regression line resulting from a 

large shift in the position of the regression line 



Cautions About Correlation and Regression 

Åcorrelation and regression describe only linear relationships 

Åcorrelation r and least-squares regression are NOT resistant 

Åalways plot your data 

Åbeware extrapolation:  the use of regression to predict values 

far outside the range of the values of the explanatory variable 

x that you used to obtain the line 

Åbeware the lurking variable:  you should always think about 

lurking variables before drawing any conclusion from 

correlation and regression 

Åan association between an explanatory variable x and a 

response variable y, even if it is very strong, is not by itself 

good evidence the x actually causes changes in y 

ïcausation can only be determined by controlled 

experimentation 



Class Eight 

Sampling Distributions and Control Charts 

Problem Set #8 



Objectives for Class Eight 

Å Compare and contrast population parameters and sample statistics. 

Å Define basic terms related to statistics, including sampling variability, 

sampling distribution of a statistic, and unbiased statistic. 

Å Describe the sampling distribution of the sampling mean and calculate 

probabilities regarding the sample mean by using the central limit theorem. 

Å Calculate the central line and the upper and lower limits of a control chart. 

Å Interpret a control chart. 

 



Parameters and Statistics 

Åparameter:  a number that describes the population which is 

usually unknown because we cannot examine the entire 

population 

Åstatistic:  is a number that can be computed from the sample 

data without making use of any unknown parameters which is 

usually used to estimate an unknown parameter 

Åñpopulation meanò = ɛ 

Åñsample meanò =  

ÅLaw of Large Numbers:  draw observations from any 

population with finite mean ɛ.  As the number of observations 

drawn increases, the mean     of the observed values gets closer 

and closer to the mean ɛ of the population. 
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Sampling Distributions 

Åsampling distribution of a statistic:  is the distribution of  

values taken by the statistic in all possible samples of the same 

size from the same population 

Åsampling distribution of a sampling mean:  if individual 

observations have N(ɛ, ů) distribution, then the sample mean    

of n independent observations has the N(ɛ, ů/     ) distribution. 

Åmean and standard deviation of sample mean:  if     is the mean 

of an SRS of size n drawn from a large population with mean 

ɛ and standard deviation ů, then the mean of the sampling 

distribution of     is ɛ and its standard deviation is ů/ 

ïthe average of all the sample means will be the mean of the 
population which makes it an unbiased estimator of the 
parameter 

ïaverages of this nature are less variable than individual 
observations 

x

n

x
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Central Limit Theorem 

ÅDraw an SRS of any size n from a population with mean ɛ and 

standard deviation ů.  When n is large, the sampling 

distribution of the sample mean    is approximately Normal x
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Statistical Process Control 

ÅGoal is to make a process stable over time and keep it stable 

unless there are planned changes 

ÅAll processes have variation 

ÅStatistical description of stability over time:  the pattern of 

variation remains stable (does not say that there is no variation)  



Statistical Process Control 

ÅA variable described by the same distribution 

over time is said to be in control 

ÅTo see if a process has been disturbed and to 

signal when the process is out of control, control 

charts are used to monitor the process 

ïdistinguish natural variation in the process from 

additional variation that suggests a change 

ïmost common application:  industrial processes 



     Charts 

ÅThere is a true mean m that describes the center or 

aim of the process 

ÅMonitor the process by plotting the means 

(x-bars) of small samples taken from the process 

at regular intervals over time 

ÅProcess-monitoring conditions: 
ïmeasure quantitative variable x that is Normal 

ïprocess has been operating in control for a long period 

ïknow process mean m and standard deviation s that describe 

distribution of x when process is in control 

x



           Control Charts 

ÅPlot the means (x-bars) of regular samples of size 

n against time 

ÅDraw a horizontal center line at m 

ÅDraw horizontal control limits at m ± 3s/ 

 

 

ÅAny x-bar that does not fall between the control limits 

is evidence that the process is out of control 

 

 

x

n

ïalmost all (99.7%) of the values of x-bar should be within 

the mean plus or minus 3 standard deviations 



Case Study 

Need to control the tension in millivolts (mV) on the mesh of 

fine wires behind the surface of the screen.   

ïProper tension is 275 mV (target mean m) 

ïWhen in control, the standard deviation of the tension 

readings is s=43 mV 

Making Computer Monitors 



Case Study 

Proper tension is 275 mV (target mean m).  When in control, the standard 
deviation of the tension readings is s = 43 mV. 

Making Computer Monitors 

Take samples of n = 4 screens and calculate the 

means of these samples 

ïthe control limits of the x-bar control chart would be 

()
339.5  and  210.5

64.527532753ɛ
4

43

n
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Making 

Computer 

Monitors 
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