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CHAPTER 1 NOTES
CHAPTER 1.1
· Goal of survey is to collect data from a small part of a larger group so that we can learn about the large group, i.e. take a sample to learn about the population
· DATA: collected observations (survey responses, measurements, etc.)
· STATISTICS: methods for planning experiments, obtaining data, organizing, summarizing, analyzing, interpreting, presenting, and making conclusions based on data
· POPULATION: complete collection of all elements to be studied, includes all subjects to be studied
· CENSUS: collection of data from every member of the population
· SAMPLE: sub-collection of members selected to represent the population
· Sample data must be collected in an appropriate way (i.e. random selection)
· If not done so, data may be completely useless
CHAPTER 1.2
· PARAMETER: measurement describing a characteristic about a population
· STATISTIC: measurement describing a characteristic about a sample
· QUANTITATIVE DATA: consists of numbers representing counts/measurements
· i.e. weight, length, etc.
· QUALITATIVE (or categorical/attribute) DATA: can be separated into categories distinguished by non-number characteristics
· i.e. gender, colour etc.
· DISCRETE DATA: number of possible values is either finite number (i.e. 1-10)
· CONTINUOUS (numerical) DATA: infinitely possible values that corresponds to some continuous scale without gaps, jumps, or interruptions (i.e. sea level)
· Fewer for discrete amounts and less for continuous  amounts
· NOMINAL LEVEL OF MEASUREMENT: characterized by data that consists of labels, names etc. CANNOT be arranged in an ordering, i.e. high to low
· Yes or no, colours etc. 
· ORDINAL LEVEL OF MEASUREMENT: data CAN be arranged in some order, but difference between values cannot be determined or meaningless
· Course grades (A,B,C,D,F) or rankings
· INTERVAL LEVEL OF MEASUREMENT: like ordinal, and its difference between two data values is meaningless, but has no natural zero
· Temperature, years of an event (time didn’t begin at zero)
· RATIO LEVEL OF MEASUREMENT: additional property that there is a natural zero, differences and values are BOTH meaningful
· Weights, ages, etc.
· It’s hard to distinguish interval and ratio levels, use ratio test: consider the word ‘twice’, 40kg is twice as much as 20kg, but 40K is not twice as much as 20K
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CHAPTER 1.3
· VOLUNTARY RESPONSE SAMPLE: respondents themselves decided whether or not to be included
· Often people with strong opinions/interests are more likely to participate 
· Results in biased samples, and cannot make conclusions about the population
· OBSERVATIONAL STUDY: observe and measure specific things, but don’t attempt to modify the subjects being studied
· i.e. an interview, questions are asked but no modifying takes place
· EXPERIMENT: applying some treatment and the proceed to observe its effect on subjects
· i.e. clinical trials, the drug modifies the person
· CROSS-SECTIONAL STUDY: data is observed, measured and collected at one point in time
· RETROSPECTIVE (or case-control) STUDY: data is collected from past by going back in time 	
· i.e. going through interviews, exam records, etc.
· PROSPECTIVE (or longitudinal/cohort) STUDY: data is collected in the future from groups sharing common factors (called cohorts)
· Retrospective vs. Prospective
· Retrospective studies go back in time to collect data (i.e. study of disease might work backwards to determine which conditions could be linked to the disease)
· Prospective studies go forward in time by following groups with a potential causative factor (i.e. group of drivers that use cellphones and drivers that don’t)
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· CONFOUNDING: when effects of variables are somehow mixed so that the individual effects of the variables cannot be identified (confusion of variables)
· Placebo effect: a subject with a placebo (no vaccine) reports an improvement in symptoms
· May be real or imagined
· Blinding: technique in which the subject doesn’t know whether or not they received the treatment
· Single blind: subject doesn’t know whether or not they’re getting the treatment or placebo
· Double blind: subject’s don’t know whether or not they’re getting the treatment or placebo AND the doctors don’t know either
· Blocks: group of subjects that are known to be similar (prior to the experiment) in a way that may affect the outcome of the experiment
· When testing one or more different treatments, form blocks/groups of subjects with similar characteristics
· Completely randomized design: where treatments are assigned to subjects using complete random assignment process 
· Randomized block design: first form blocks that have subjects with similar characteristics, hen use randomization to assign subjects to treatments separately within each block
· Replication: repetition of the same experiment to verify results or to repeat the test to another set of subjects
· Use sample size that is large enough so that the true nature of effects can be seen 
· RANDOM SAMPLE: members of a population are selected in such a way that each individual member has the same chance of being selected
· SIMPLE RANDOM SAMPLE: size n subjects is selected in such a way that every possible sample of the same size n has the same chance of being chosen
· SYSTEMATIC SAMPLING: randomly selecting a starting point, then select every kth element
· CONVENIENCE SAMPLING: simply collect results that are very easy (convenient to get)
· STRATIFIED SAMPLING: subdivide population to at least two different groups (strata) that share the same characteristics then draw sample from each subgroup
· Reduces variation of the results
· CLUSTER SAMPLIGN: divide population area into sections then randomly select some of those clusters/sections then choose ALL the members from those selected clusters
· Stratified vs. cluster sampling:
· Cluster sampling uses all members from a clusters
· Stratified sampling uses a sample of members from all strata
· Usually results from these two types are weighted/adjusted
· Does not satisfy as a SIMPLE RANDOM SAMPLE 

CHAPTER 2 NOTES
CHAPTER 2.1
· IMPORTANT CHARACTERISTICS OF DATA
· CENTER: average value indicating where middle of data set is located
· VARIATION: measure of amount the data values vary among themselves
· DISTRIBUTION: nature or shape of distribution of data (i.e. skewed, uniform, normal)
· OUTLIERS: sample values that lie far away from vast majority of sample values
· TIME: changing characteristics of data over time
CHAPTER 2.2
· FREQUENCY DISTRIBUTION: list of data values along with their frequencies (counts)
· Number of original values falling into a specific class/category
· LOWER CLASS LIMITS: smallest number that can belong to the different classes 
· i.e. 100-200, lower class would be 100
· UPPER CLASS LIMITS: largest number that can belong to the different classes
· i.e. 100-200, upper class would be 200
· CLASS BOUNDARIES: number used to separate classes, without gaps
· Find size of gap between upper class limit of one, and lower class limit of the next class. Divide it by two and add half to the upper class, and subtract it from the lower class
· i.e. 100-200, the boundary is 100.5
· CLASS WIDTH: difference between two consecutive class limits or two consecutive lower class boundaries 
· i.e. 100-199 and 200-299, class width is 100
· CLASS MIDPOINTS: midpoints of classes
· i.e. 100-200, midpoint is 150
· frequence distributions are constructed because 1. large data set can be summarized 2. we can gain insight into nature of the data or 3. have basis of constructing graphs
· FIRST: decide number of classes, between 5-20 
· SECOND: calculate class width=(max.value-min.value)/number of classes
· THIRD: find starting point, begin by choosing a number for lower limit of first class (choose smallest data value or slightly smaller than that)
· FOURTH: use lower limit of first class and class width to find the other lower class limits 
· FIFTH: list the lower class, and then figure out the upper class limits
· SIXTH: go through data by using a tally to input the data values
· Make sure none of the values overlap, each value can only belong to ONE class
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· Relative frequency=class frequency/sum of all frequencies (can be expressed as percentage)
· Includes same class limits as frequency distribution but uses relative rather than actual
· Cumulative frequency=sum of all frequencies in that class and previous classes
· Open ended intervals: if there’s a relatively small portion of the sample 
· However it does introduce vague elements 
CHAPTER 2.3
· HISTOGRAMS: bar graph where horizontal scale represents classes of values, and vertical scale represents frequencies. Bar heights reflect the frequency values (there are no gaps between bars)]
· Not suitable to determine change over time
· The maximum frequency should suggest a value for the top of the vertical scale; and zero should be at the bottom
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· Ogive: line graph depicting cumulative frequencies, (uses class boundaries)
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· Dotplot: graph in which each data value is plotted as a point/dot on a scale of values. Data points with equal value are stacked 
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· Stem-leaf-plot: represents data by separating each value into two parts 
· Stem: the leftmost digit
· Leaf: rightmost digit
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· Distribution of the above data can be seen when the page is turned on its side. 
· Easy way to sort data
· Pareto chart: bar group for qualitative data with bars arranged in order of frequencies
· Tallest bar to the left (focus is driven to more important categories
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· Pie chart: visually depicts qualitative data 
· Shows proportions 
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· Scatter diagrams: plot of (x,y) paired data with x and y axis. Each value from one data set with a corresponding value from a second data set are paired
· Pattern of the plotted points will be helpful to determine relationships between two variables
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· Time-series data: data that has been collected at different points in time 
· Will show a trend over a time period 
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CHAPTER 2.4
· MEASURE OF CENTRE: value at the center/middle of a data set
· ARITHMETIC MEAN: measure of center found by adding values and dividing it by the number of values
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· mean of a sample uses x-bar, while mean of a population uses mu
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· MEDIAN: measure of center that is the middle value when the data values are arranged in order
· To find the median, first sort the values 
· Odd number of values: median is the middle of the list
· Even number of values: median is the mean of the two middle numbers
· MODE: value that occurs the most frequently (can be used with nominal level of measurement)
· Binomial: two values occur with same greatest frequency
· Multimodal: more than two values occur with same greatest frequency
· No mode: no values are repeated
· MIDRANGE: measure of center that is midway between highest and lowest values 
· Midrange=(max value-min value)/2
· Rarely used, because it is too sensitive to the extremes
· ROUND-OFF RULE: carry ONE more decimal place than is in the original data set
· Weighted mean: mean computed with different values assigned different weights denoted by w
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· SKEW: distribution of data is NOT symmetric and extends more to one side than the other 
· Left skewed: has a longer left tail 
· Right skewed: has a longer right tail 
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CHAPTER 2.5
· RANGE: difference between max and min value in a data set
· Range=max value-min value
· STANDARD DEVIATION: measure of variation of values about the mean 
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· Value of std.dev. s, is usually positive. If all data values are the same number then s=0. Larger value of s= greater variation
· S can be increased by inclusion of one or more outliers
· Units of std. dev. Are the same as the units of original data values
· Steps to calculating the standard deviation 
· Compute mean x-bar
· Subtract mean from each individual value to get deviations
· Square each value in previous step
· Add all squares together
· Divide previous step by n-1
· Square root the number from previous step
· Standard deviation of a population
· Uses different notation and rather than dividing with n-1, use N (population size)
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· VARIANCE: measure of variation equal to the square of the standard deviation
· Huge disadvantage of having units that are different than ones of the original data set
· SAMPLE VARIANCE: square of sample standard deviation, s
· Unbiased estimator of the population variance
· POPULATION VARIANCE: square of population standard deviation, sigma
· ROUND OFF RULE: carry one more decimal place than there are in the original data set
· COEFFICIENT OF VARIATION (CV): for a set of non-negative sample/population data, expressed as a percentage describing the standard deviation relative to the mean (has no units)
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· Values that are close together have small standard deviation compared to values far apart
· Range rule of thumb: majority (95%) of sample values will lie within two standard deviations of the mean (ONLY APPLIES TO BELL-SHAPED DISTRIBUTIONS)
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· CHEBYSHEV’S THEOREM: applies to any data set, but its results are very approximate
· Proportion of any data set lying within K standard deviations of the mean is always AT LEAST 1-1/K2, 1<K
· At least 75% of all values lie within 2 standard deviations of the mean
· At least 89% of all values lie within 3 standard deviations of the mean 
· For a particular value of x, the amount of deviation is x-xbar
· Mean absolute deviation: mean distance of the data from the mean 
CHAPTER 2.6
· Z-score: number of standard deviation that a given value x is above or below the mean[image: ]
· Usual values are within 2 standard deviations apart, unusual values are more 
· Z score will be negative when the value is less than the mean
· There are three quartiles
· Q1, first quartile: separates the bottom 25% from the top 75%
· Q2, second quartile: same as median, separates bottom 50% with top 50%
· Q3, third quartile: separates bottom 75% and top 25%
· There are 99 percentiles denoted by P1, P2,…,P99 partitioning the data into 100 groups of 1% of values in each group
· Percentile of value x=(number of values less than x/total number of values)x100
· L=k/100 xn
· L is the number position of the value
· Must be a whole number, if not round up
· Expressed as Lth 
· K, is the value’s percentile 
· Usually expressed in kth 
· N is the total number of values
· P25, is the 25th percentile value 
· Q1=25th percentile, Q2=50th percentile, Q3=75th  percentile
· IQR, interquartile range, is Q3-Q1
· Semi-interquartile range, is (Q3-Q1)/2
· Midquartile, (Q3+Q1)/2
· 10-90 percentile range=P90-P10
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CHAPTER 3 NOTES
CHAPTER 3.1
· RARE EVENT RULE FOR INFERENTIAL STATISTICS: if the probability of a particular observed event is extremely small, we conclude that the assumption is probably NOT correct
CHAPTER 3.2
· EVENT: any collection of results or outcomes of a procedure
· SIMPLE EVENT: is an outcome/event that cannot be further broken down into simpler components
· SAMPLE SPACE: consists of all possible simple events for a procedure. Sample space consists of all outcomes that cannot be broken down any further
· RULE 1: RELATIVE FREQUENCY APPROXIMATION OF PROBABILITY
· Conduct/observe a procedure and count the number of times event A occurs. Based on actual results P(A) is estimated:
· P(A)=number of times A occurred/number of times trial was repeated
· RULE 2: CLASSICAL APPROACH TO PROBABILITY
· Assume that a procedure has n different simple events that each of the simple events have equal chance of occurring. Event A can occur in s of these n ways, then
· Each outcome MUST BE equally likely
· P(A)= number of ways A can occur/number of different simple events = s/n
· RULE 3: SUBJECT PROBABILITIES
· P(A) is estimated by using knowledge of the relative circumstances
· i.e. predicting a weather uses expert knowledge and weather patterns
· LAW OF LARGE NUMBERS:
· As a procedure is repeated the relative frequency probability (from rule 1) of an event tends to approximates the actual probility
· Probability of an impossible even is zero
· Probability of a certain event is one
· For an event A, 0≤P(A)≤1
· COMPLEMENT: of an event A, is denoted by A-bar, it consists of all outcomes in which event A DOES NOT occur
· ROUNDING OFF PROBABILITIES: either give the exact fraction or round off final decimal result to three significant digits
CHAPTER 3.3
· Associate ‘or’ with addition
· COMPOUND EVENT: event combining two or more simple events
· P(A or B) = event A occurs or event B occurs, or BOTH occur
· FORMAL ADDITION RULE: P(A or B) = P(A) +P(B) – P(A and B) OR
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· To find P(A or B) find sum of the number of ways event A can occur and the number of ways event B can occur by adding so that every outcome is counted ONLY ONCE. P(A or B) is equal to the sum divided by total number of outcomes in the sample space
· DISJOINT (or mutually exclusive): if events A and B cannot occur at the same time
· Thus P(A or B) = P(A) +P(B) – P(A and B) becomes P(A or B) = P(A) +P(B), because P(A and B) is zero
CHAPTER 3.4
· P(A AND B) = event A occurs in first trial and event B occurs in second trial
· Associate ‘and’ with multiplication
· P(A and B) = P(A) x P(B)
· Tree diagram: shows all possible outcomes of a procedure 
· Probability of second event B must account for the event A
· i.e. if second event occurs without replacing the first event adjustments MUST be made
· NOTATION FOR CONDITIONAL PROBABILITY:
· P(B|A) represents the probability of event B occurring after it has assumed that event A has already occurred
· INDEPENDENT: if occurrence of one doesn’t affect the probability of another, if they aren’t independent then they’re DEPENDENT
· FORMAL MULTIPLICATION RULE: P(A and B) = P(A) x P(B|A)
· Intuitive multiplication rule: finding probability that event A occurs in one trial and event B occurs in the next trial, multiply the probability of event A by probability of event B
· Probability of event B takes into account the previous occurrence of event A
· If a sample size is less than 5% of size of population, treat the selection as independent
CHAPTER 3.5
· At least on = one or more
· Complement of getting one specific item is getting no items of that type
· P(at least one) = 1-P(none)
· CONDITIONAL PROBABILITY: obtained probability with the additional information that some other event has already occurred. P(B|A) denotes the conditional probability of event B occurring, given that event A has already occurred
· P(B|A)=P(A and B)/P(A)
· Conditional probability of B given A can be found by assuming that event A has occurred and working under that assumption, calculating the probability that event B will occur
· P(B|A) ≠ P(A|B)
· PRIOR PROBABILITY: initial probability value originally obtained before any additional information is obtained
· POSTERIOR PROBABILITY: probability value that has been revised by using additional information that is alter obtained
· BAYE’S THEOREM: review a probability value based on additional information that is later obtained 
· Probability of event A, given that event B has subsequently occurred:
· P(A|B)=[P(A) x P(B|A)]/{[P(A) x P(B|A)] + [P(A-bar) x P(B|A-bar)}
CHAPTER 3.8
· FUNDAMENTAL COUNTING RULE: for sequence of two events in which first event can occur in M ways and second event can occur in N ways, the events together can occur a total of M x N ways
· Example: assuming females and males are equally likely , find probability of 10 females in 10 births
· 2x2x2x2x2x2x2x2x2x2 = 1024
· There is 1/1024 chance of such occurrence 
· 

· FACTORIAL RULE: n different items can be arranged in order n! different ways
· If there are n different items available, and we want to select r of them:
· n! / (n-r)!
· PERMUTATION RULE (all items are different):  number of permutations of r items selected from n available items (without replacement) is
· nPr = n! / (n-r)!
· n, different items available 
· select r of the n items
· consider rearrangements of the same items to be different sequences
· ASSUME ORDER IS TAKEN INTO ACCOUNT
· PERMUTATION RULE (some items are identical): n items with n1 alike, n2 alike… nk alike, the number of permutations of all n items is
· n! / (n1!n2!n3!...nk!)
· example: 10 births, 8 females and 2 males. What is the probability?
· n=10 births, n1=8 alike, n2=2 alike
· 10! / (8!2!) = 45
· Different orderings of the same items are counted separately = PERMUTATION PROBLEM
· Different orderings of the same items are not counted separately = COMBINATION PROBLEM
· COMBINATION RULE: number of combination of r items selected from n different items is:
· nCr = n! / (n-r)!r!
· total of n different items available
· select r of the n items, without replacement
· consider rearrangements of the same items to be the same
· Example: testing a drug, treat 20 people and have 30 volunteers
· If subjects are selected and treated in sequence (order counts) so testing can stop if anyone has an adverse reaction. How many sequential arrangements are available?
· r=20 and n=30, n! / (n-r)!
· If subjects are selected and all treated at once, how many treatment groups are possible?
· r=20 and n=30m , n! / (n-r)!r!
CHAPTER 4.1
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CHAPTER 4.2
·  RANDOM VARIABLE: variable with a single numerical value, determined by chance
· PROBABILITY DISTRIBUTION: graph/table/formula that gives of each random variable’s probability
· DISCRETE RANDOM VARIABLE: has finite number of values or countable number of values 
· May have infinitely many values, but they are all countable
· CONTINUOUS RANDOM VARIABLE: infinitely many values 
· values can be associated with measurements on a continuous scale without gaps 
· Probability histogram: similar to frequency histogram, but vertical scale has probabilities instead of relative frequencies based on actual sample results
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· Areas under the rectangles are the probabilities 
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· f is frequency at which the value x occurs, and N is the population size
· f/N is the probability of x
· ROUND-OFF RULE: carry one more decimal place than random variable x. 
· Example: find mean number of girls (among 14), the variance, std. dev. and use results and range rule of thumb to find max and min values. Randomly select newborn babies, and count the girls.
· Using formulas 4-1 and 4-3
· µ = 7.0  
· σ2 = 3.6
· Σ = 1.9
· Thus mean number of girls is 7.0
· Variance is 3.6 girls squared
· Standard deviation is 1.9 girls
· Max usual value is µ  + 2σ = 7 + 2(1.9) = 10.8
· Min usual value is µ  - 2σ = 7 - 2(1.9) = 3.6
· Based on the results, groups of 14 randomly selected babies, the number of girls should usually fall between 3.2 and 10.8
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· RARE EVENT RULE: if under given assumption, the probability of a particular observed event (i.e. 13 girls in 14 births) is EXTREMELY small, we conclude that the assumption is probably not correct
· Using probabilities to determine when results are unusual
· Usually high: x successes among n trials is an unusually high number of successes if P(x or more) is very small (>0.5)
· Unusually low: x successes among n trials is unusually low number of successes if P(x or fewer) is very small (>0.5)
· EXPECTED VALUE: denoted by D, representing an average value of the outcomes 
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· NOTICE: mean of discrete random variable = expected value 
CHAPTER 4.3
· BINOMIAL PROBABILITY DISTRIBUTION: results from procedure that meets the following
· Has fixed number of trials
· Trials are independent
· Each tril has all outcomes classified into TWO categories
· Probabilities must remain constant for each trial
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· Make sure x AND p both refer to the same category being called a success 
· If sample size is small relative to population size, treat trials as independent (if 5% or n = 0.05 N)
· METHOD 1: USING BINOMIAL PROBABILITY FORMULA:
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· Can be re-written as:
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· METHOD 2: USING TABLE A-1 IN APPENDIX A:
· Locate n and the corresponding value of x desired
· METHOD 3: USING TECHNOLOGY:
· Computer software will do the work
· Binomial probability formula = multiplication rule + counting rule for number of arrangements
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CHAPTER 4.4
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CHAPTER 5 NOTES
CHAPTER 5.1
· NORMAL DISTRIBUTION: continuous random variable has a distribution with a graph that is symmetric / bell-shaped
· Normal distribution is governed by mean and standard deviation 
CHAPTER 5.2
· UNIFORM DISTRIBUTION: if a continuous random variable’s values spread evenly over the range of possibilities. Graph will result in a rectangular shape
· Sum of the probabilities of x = 1
· Probability of x is between 0 and 1
· DENSITY CURVE: graph of a continuous probability distribution
· Total under the curve MUST equal 1
· Every point on the curve must have a height greater than or equal to 0
· Because the total area under the density curve = 1, there is a link between AREA and PROBABILITY
· Of a uniform distribution is a horizontal line, more complicated for a normal distrbution
· Normal distributions are dependent on 2 parameters
· Population mean and population standard deviation 
· STANDARD NORMAL DISTRIBUTION: normal probability distribution with mean of o and standard deviation of 1. Total area under the curve = 1
· Z SCORES
· designed for STANDARD normal distribution only, they include positive AND negative z scores
· the value given is the CUMULATIVE area from the left up to the vertical boundary 
· distance along the horizontal scale of the standard normal distribution
· vs. area is the region under the curve
· Example: with a standard normal distribution what is the probability of getting a reading less than 1.58 on a thermometer 
· Z = 1.58 and using the table we find the value 0.9429
· Thus probability of a thermometer showing less than 1.58 is 94%
· Example: how about finding one that reads above -1.23
· Z = -1.23 corresponds to 0.1093, but that’s the area to the left
· We must subtract it from 1, 1-0.1093 = 0.8907
· Example: how about between -2.00 and 1.50
· Z = -2.00 is 0.0228 and Z = 1.5 is 0.9332
· 0.9332-0.0228 = 0.9104
· With a z score the probability of a specific instance = 0, P(z=1.5) = 0
CHAPTER 5.3
· Normally you would never find a standard normal distribution, but you can convert values to standard z scores
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· Procedure for finding values using z scores and a new formula
· Sketch the curve, label given probability and the x values sought after
· Use z scores to find corresponding z score
· Solve for x using a variation of previous formula:
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CHAPTER 5.4
· It’s rare that all values are known in a population
· Sampling with replacement has advantages
· When selecting a small sample from a large population, no significant difference is made whether or not replacement is used
· Results in independent event that are unaffected by previous outcomes. Independent events are easier to analyze with simpler formulas 
· SAMPLING DISTRIBUTION OF THE MEAN: probability distribution of sample means, with all samples having the same size, n. (Generally sampling distribution of any statistic = probability distribution of the statistic)
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· For a fixed sample size the mean of all possible sample means is equal to the mean of the population
· SAMPLING VARIABILITY: sample mean x-bar, depends on particular values included in sample, usually varies from sample to sample
· As sample size increases the sampling distribution of sample means approaches a normal distribution
· SAMPLING DISTRIBUTION OF THE PROPORTION: probability distribution of sample proportions, with all samples having the same sample size, n. 
· i.e. we use sample proportions to estimate population proportions
· in a survey of 1012 adults, 901 (89%) were against human cloning. Thus we say 89% of all adults think that cloning of humans shouldn’t be allowed
· Properties of the distribution of sample proportions:
· Sample proportions tend to approximate population proportions
· Under specific conditions, distribution of sample proportions approximates normal distribution
· Statistics that target population parameters: mean, variance, and proportions (though sample standard deviation doesn’t target population standard deviation the bias is relatively small in larger samples thus, s, is often used to estimate σ
CHAPTER 5.5
· CENTRAL LIMIT THEOREM AND THE SAMPLING DISTRIBUTION OF X-BAR
· Given: 
· Random variable x has a distribution with mean µ and standard deviation σ
· Simple random samples are all the same size, n
· Conclusions:
· Distribution of sample means x-bar will (as n increases) approach a normal distribution
· Mean of all sample means is the population mean 
· Standard deviation of all sample means is σ/√n 
· Practical rules:
· If the original population is not normally distributed: samples of size n ≥ 30, the distribution of sample means can be approximated by a normal distribution 
· Original population itself is normally distributed, then sample mean will be normally distributed for ANY sample size, n
· Involves 2 different distributions
· Original distribution and sample mean distribution 
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· Example: ski light capacity is 2004 lbs or 12 passengers. Men have a mean of 172 lbs and standard deviation of 29 lbs. 
· Probability an individual man is randomly selected and he will weigh more than 167 lbs
· Convert weight of 167 to corresponding z score = -0.17. 
· Use z score tables to find corresponding probability of 0.4325. 
· 1 – 0.4325 = 0.5675 is the probability a man weighing more than 167 lbs
· Probability of 12 randomly selected men have a mean weight greater than 167lbs 
· Original population is normally distributed thus sample will be normally distributed. Now dealing with sample, use appropriate (different from population) notation
· Mean of sample = mean of population = 172 and standard deviation of sample is 8.37158
· Convert to z score and find corresponding probability, z = -0.6 and probability = 0.2743. 
· 1- 0.2743 = 0.7257, probability of 12 men having a mean weight of 167 lbs
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CHAPTER 5.6
· Binominal probability distribution conditions:
· Must have a fixed number of trials
· Trials are independent
· Each trial has all outcomes put into two categories
· Probabilities remain constant for each trial
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· PROCEDURE FOR USING NORMAL DISTRBUTION TO APPROXIMATE A BINOMIAL DISTRIBUTION:
· Verify that np ≥ 5 and nq ≥ 5
· Find the values of µ = np and σ = √(npq)
· Identify discrete value, x. Replace it with x-0.5 or x+0.5
· Draw a normal curve and enter values µ and σ and either x-0.5 or x+0.5
· Change x by replacing it as appropriate
· Find area corresponding to desired probability using z scores 
· Example: find probably among 200 randomly selected people there are at least 120 men
· n = 200, p (male) = 0.5
· 1. Verify we can approximate the binomial distribution by the normal distribution
· np = 200 x 0.5 =100 (greater than 5)
· nq = 200 x 0.5 =100 (greater than 5)
· 2. Find values for µ and σ
· µ = np = 100 and σ = √(npq) = √(200 x 0.5 x 0.5) = 7.071678
· 3. Discrete value of 120  is bounded by 119.5 and 120.5 (continuity correction)
· 4. We want probability of at least 120, thus we want the area to the right
· 5. Find shaded area
· Z = (x- µ) / σ, = (119.5 – 100) / 7.0710678 = 2.76
· THUS, there is a 0.3% probability of getting at least 120 men among 200 passengers 
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· CONTINUITY CORRECTION: when normal distribution is used as an approximate of binomial distribution we must represent the single value of x by the interval from x – 0.5 to x + 0.5. Procedure:
· Always use continuity correction when using normal distribution as an approximation
· First identify the discrete whole number, x, 
· Draw normal distribution with centre at µ and a strip at x. mark left of strip as x – 0.5 and right side as x + 0.5
· Determine if value of x should be included in the probability
· Shade the region wanted and this will corresponding to probability being sought after

CHAPTER 6 NOTES
CHAPTER 6.1
· Major applications of inferential statistics involve the use of sample data
· Estimate value of a population parameter
· Test some claim (hypothesis) on a population
CHAPTER 6.2
· REQUIREMENTS FOR USING A NORMAL DISTRIBUTION AS AN APPROXIMATION TO A BINOMIAL DISTRIBUTION:
· Sample is a SRS
· Conditions for binomial distribution are satisfied
· Fixed number of trials, independent trials, two categories of outcomes, probabilities remain constant through the trials
· Normal distribution can be used approximate the distribution because np ≥ 5 and nq ≥ 5
[image: ]
· Though discussions involve proportions, they can be applied to probabilities or percentages
· Percentages must be converted into proportions 
· POINT ESTIMATE: single value used to approximate a population parameter
· Sample proportion is the best point estimate of the population proportion
· Unbiased and the most consistent estimator 
· CONFIDENCE INTERVAL: range of values used to estimate true value of population parameter 
· Often expressed as probability or area 1 – α, α is the complement of CI
· Proportion of times that the confidence interval contains the population parameter  
· Z score is called a critical value, based on:
· Sampling distribution of sample proportions can be approximated by a normal distribution
· Sample proportions have relatively small chance of falling in the red tails
· Denoting the area of each shaded tail by α/2, there is a total probability of α that is sample proportion will fall in the two red tails
· By rule of complements, there is probability of 1 – α that a sample proportion will faill within the inner region
· Z score separating the right tail region is commonly denoted as zα/2, referred to as a critical value 
· CRITICAL VALUE: a number of borderline separating sample statistics that are likely to occur from ones that are unlikely to occur. zα/2, is a critical value it separates the area of α/2 in the right tail of the standard normal distribution
[image: ]
· MARGIN OF ERROR: denoted by E, is max likely difference between observed sample proportion (p-hat) and the true value of population proportion (p)
· Found by multiplying critical value and the standard deviation of sample proportions
[image: ]
· There is a probability of 1 – α, or p  that a sample proportion will be in error by no more than E, and a probability of α that the sample proportion will be in error by more than E
[image: ]
· ROUND OFF RULE: round CI limits for p to three significant digits
· CONSTRUCT A CONFIDENCE INTERVAIL FOR P:
· Check requirements are satisfied (SRS, conditions for binomial distribution are satisfied, normal distribution can be used to approximate the sample proportions distribution) 
· Refer to z scores and find critical value  zα/2 that corresponds to the confidence level. REMEMBER TO ACCOUNBT FOR ALPHA
· Evaluate margin of error 
· Substitute the calculated and/or given values in a general format for the CI
· Round off if necessary
[image: ]
· Value of E never exceeds 1
[image: ]
· REQUIREMENTS FOR ESTIMATING µ WHEN σ IS KNOWN:
· SRS
· Standard deviation of population is known, σ
· Population is normally distributed or n > 30
· Sample mean x-bar is the best point estimate of the population mean µ
· Sample mean x-bar tends to be more consistent than other sample statistics 
· It is an unbiased estimator, because of sample mean center about the population mean
[image: ]
· There is a probability of 1 – α that a sample mean will be in error by no more than E
· There is a probability of α that the sample mean will be in error by more than E
[image: ]
· CONSTRUCTING A CI FOR µ (WITH KNOWN σ)
· Check requirements (SRS, σ is known, population is normally distributed or n > 30)
· Find critical value that corresponds to confidence interval zα/2
· Evaluate E
· Plug into above formats
· Round results
· ROUND-OFF RULE FOR CI USED TO ESTIMATE µ: round to one more dp than the original data set
· If data set is unknown, round CI limits to same number of dp as sample mean
· SUMMARY STATISTICS (n, x-bar, s)
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· SAMPLE SIZE TO ESTIMATE MEAN µ: rearrange the E formula
· ROUND-OFF RULE FOR SAMPLE SIZE n: always increase n to the next whole number
· Formula requires to sub-in a population standard deviation σ, but usually its unknown:
· Use range rule of thumb σ is approximately range/4
· Conduct pilot study
· Estimate σ using results from another study
· Using a too large σ will make the sample size larger
CHAPTER 6.4
· REQUIREMENTS FOR ESTIMATING µ WHEN σ IS UNKNOWN
· SRS
· Sample is normally distributed or n > 30
· Sample mean x-bar is the best point estimate of the population mean µ
· Since σ is unknown, rather than using z scores, use t-table
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· DEGREES OF FREEDOM: number of sample values that can vary after certain restrictions have been imposed
· n-1
[image: ]
· CONSTRUCTING A CONFIDENCE INTERVAL FOR µ WHEN σ IS UNKNOWN
· Check requirements (SRS, population is normally distributed or n > 30)
· Use n-1 df and find critical value corresponding to tα/2
· Evaluate margin of error
· Substitute values into a general format
· T-distribution properties:
· Different for different sample sizes
· Same general symmetric bell shape as the standard normal distribution, but reflects greater variability 
· Has a mean of t = 0 
· Standard deviation of it varies with sample size, but its greater than 1
· As n gets larger t distribution approaches standard normal distribution
· Use a t-distribution when:
· σ is known
· and population distribution is normal or n > 30
[image: ]
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CHAPTER 7 NOTES
CHAPTER 7.1
· HYPOTHESIS: a claim or statement about a property of a population
· HYPOTHESIS TEST: standard procedure for testing a claim about a property of a population
· RARE EVENT RULE: if under given assumption, the probability of a specific observed event is exceptionally small, we conclude that the assumption is probably incorrect
CHAPTER 7.2
· X successes among n trials is unusually high if P(x or more) is very small, less than 0.05
· NULL HYPOTHESIS: denoted by H0 is a statement that value of population parameter is EQUAL TO some claimed value. We assume it’s true
· ALTERNATIVE HYPOTHESIS: denoted by H1 or Ha, statement that the parameter has a value that somehow differs from the null hypothesis, < or > or ≠ 
· TEST STATISTIC; value computed from the sample data and is used in making the decision whether or not to reject the null hypothesis. 
· Found by converting the sample statistic to a score with assumption that null hypothesis is true. 
· Used to determine whether there is significant evidence against the null hypothesis
[image: ]
· Doesn’t include continuity correction that is usually used, we’re working with large samples thus continuity correction can be ignored
· CRITICAL REGION: set of all values of the test statistic that causes us to reject the null hypothesis
· SIGNIFICANCE LEVEL: denoted by alpha, probability that test statistic will fall in the critical region. If it does fall in the critical region, reject null hypothesis. 
· Alpha is the probability of making the mistake of rejecting the null hypothesis when it is true
· CRITICAL VALUE: any value that separates the critical region from values of the test statistic that do not lead the rejection of the null hypothesis
· Tails in a distribution are the extreme regions bounded by critical values
· TWO TAILED TEST: critical region is in the two extreme regions under the curve
· Each tail is α/2
· LEFT TAILED TEST: critical region is in the extreme left region under the curve
· Tail is α
· RIGHT TAILED TEST: critical region is the extreme right region under the curve
· Tail is α
· By examining the Ha, we can tell whether a test is right tailed, left tailed, or two tailed. 
· P-VALUE: probability of getting a value of the test statistic that is at least as extreme as the one representing the sample data, assuming H0 is true. H0 is rejected if P-value is very small, 0.05 or less
· Always test the null hypothesis, thus initial conclusion is:
· Reject null hypothesis 
· Then fail to reject the null hypothesis
· WAYS TO DECIDE IF REJECT OR FAIL TO REJECT NULL HYPOTHESIS:
· Traditional: 
· reject H0 if test statistic falls within the critical region
· fail to reject H0 if the test statistic doesn’t fall within the critical region
· P-value method:
· Reject H0 if P-value is less than alpha, where alpha is 0.05 or less
· Confidence intervals:
· CI estimate of a population parameter contains the likely values of the parameter reject a claim that the population parameter  has a value that is not included in the CI
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· When using P-values for a two tailed test, MULTIPLY the corresponding z score by 2 
· Type I error : mistake of rejecting a null hypothesis when it’s actually correct
· Alpha represents the probability of type I error
· Type II error: mistake of failing to reject the null hypothesis when it’s actually false
· Beta represents the probability of type II error
· RTN: reject true null and FRFN: fail to reject false null
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· For any fixed alpha, increase in sample size n will cause decrease in beta
· Larger n will lessen the chance of not rejecting null when it’s false
· For any fixed n, decrease in alpha will cause an increase in beta and vice versa
· Increase sample size to decrease alpha and beta
· POWER OF A TEST: beta denotes the probability of failing to reject null when it’s false (type II error). Thus 1 – beta is the probability of rejecting a false null hypothesis
· 1 – beta is referred to as the power of a test, used to gauge the test’s effectiveness in recognizing that a null hypothesis  is false
· Guideline for an experiment  is that the power is at least 0.8, so the hypothesis test is effective in rejecting false null
· If hypothesis test is conducted with sample data consisting of only a few observations the power will be low
· Sample size increases = power increases
· 0.05 is a common choice for a significance level, so is power of 0.8 to test effectiveness
· A confidence interval estimate of a population parameter contains the likely values of that parameter. We should therefore reject a claim that the population parameter has a value that is not included in the confidence interval. 
· In some cases a conclusion based on a CI may be different from a conclusion based on a hypothesis test
CHAPTER 7.3
· Claims about a population proportion are usually tested using a normal distribution as an approximation to the binomial distribution
· Don’t include correction for continuity 
· Requirements: 
· SRS
· Satisfy binomial distribution conditions (fixed number of trials, independent trials, 2 outcomes)
· Np ≥ 5 and nq ≥ 5 so that µ = np and σ = √npq
· P-hat : x/n (SAMPLE proportion)
· P: population proportion (used in null hypothesis)
· Example: n=580, p-hat=0.262 and p=0.25
· Traditional method:
· Original is p=0.25, H0: p=0.25
· Opposite p≠0.25, H1: p≠0.25
· No specific instructions, assume α=0.05 for significant level
· Sampling distribution of sample proportions p-hat is approximated by a normal distribution
· Thus: z=0.67 (two taild test), α area is 0.05 and α/2 = 0.025
· Z score = -1.96 and +1.96
· Test statistic doesn’t fall in the critical region thus we fail to reject null
· P-value method:
· First steps of traditional method are same as for p-value method
· Z=0.67 
· Two tailed test: p-value = twice the area of the extreme region bounded by the test statistic when z=0.67 the probability = 0.7486 to the left
· 1-0.7486 = 0.2514 then x2 = 0.5028
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· P-value is > than α=0.05 thus, we fail to reject null hypothesis 
· Confidence interval method:
· For two-tailed test use 1-α confidence level, for one tailed use 1-aα confidence level 
· i.e. p>0.5 is tested with 0.05 significance level by construction 90% confidence interval
· 95% confidence that true value of p is between 0.226 and 0.298 thus we cannot reject null 
· P-value and traditional will ALWAYS yield same result (use same standard deviation based on claimed proportion), but CI might not (use estimated standard deviation  based on sample proportion
CHAPTER 7.4
·  Testing claims about population mean with known population standard deviation
· Requirements:
· SRS
· σ (population standard deviation) is known
· population is normally distributed OR n > 30
· when testing a claim about population mean there is no different in the three methods (traditional, p value and confidence interval)
· CAREFUL WITH CONFIDENCE INTERVALS
· With a two tailed test, you see 0.05 significance level corresponds to 95% confidence level
· If µ < 98.6 with a 0.05 significance level then make a 90% CI
· If µ > 98.6 with a 0.01 significance level then make a 98% CI
CHAPTER 7.5
· Testing claims about a population mean with UNKNOWN σ (population standard deviation)
· Requirements:
· SRS
· Population standard deviation is NOT KNOWN
· N > 30 and/or population is normally distributed
· Use t-test
· Actual minimum sample size depends on how much the population distribution deviates from a normal distribution 
· Estimate population standard deviation with sample standard deviation 
· Important t-distribution properties:
· T-distribution is different for different n
· Same general shape as standard normal distribution, but wider in shape 
· Mean of t = 0 
· Standard deviation of t-distribution varies with n and is greater than 1 (normal standard distribution has a deviation of 1)
· As n increases, t-distribution approximates standard normal distribution
· USE T-DISTRIBUTION WHEN POPULATION STANDARD DEVIATION IS UNKNOWN
· When technology isn’t available use t-table 
· Example:
· N = 12, left tailed,  t = -2.007
· Because of the symmetry area of -x amount to the left is the same as the area of +x amount to the right
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· Confidence interval method:
· For a 2 tailed test with 0.05 significance level, construct 95% CI
· For 1 tailed test with a 0.05 significance level, construct a 90% CI
CHAPTER 8 NOTES
CHAPTER 8.1
· Most of the time we need to compare 2 sets of sample data opposed to 1
· i.e. when testing effectiveness between drug vs. placebo
CHAPTER 8.2
· Requirements to construct CI or test hypothesis of two populations:
· 2 SRS that are independent 
· For each sample, success number is AT LEAST 5 and failure number is AT LEAST 5 
· P1- ENTIRE population proportion
· N1- size of sample from population 1
· X1-number of success taken from population
· P-hat1 = x1/n1 (sample proportion)
· Q-hat1 = 1-p-hat1
· Consider hypothesis test made about two population proportions (BUT ONLY THOSE WHERE p1=p2)
· Pooled estimate p-bar is basically combining two different samples into a big sample 
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· Best estimate of common proportion is obtained by pooling both samples into one big one
· P-bar becomes more obvious estimate of the common population proportion
· Traditional method of testing hypotheses
· Find the critical values
· If test statistic falls does NOT fall in the range, REJECT the null
· Confidence intervals
· If a CI estimate of p1-p2 doesn’t include zero evidence suggests that p1 and p2 are different values
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· When confidence interval limits do NOT contain a zero, it means there IS significant difference between the two proportions 
· Because 0 isn’t a likely value of the difference, it’s unlikely that the two proportions are equal
· Variance of the differences between two independent random variables is the SUME of their individual variances
· P-hat1 can be approximated by a normal distribution with standard deviation √(p1q1/n1) , and mean p1
CHAPTER 8.3
· INDEPENDENT SAMPLE: if sample values selected from one population are not related to the other population
· INDEPENDENT SAMPLE: members of one sample are used to determine members of the other sample
· Requirements for testing claims between µ1 - µ2 or constructing a CI estimate of µ1 - µ2
· Samples are independent
· SRS
· Both n1 and n2 > 30 or the population of the samples are normally distributed 
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· When finding degrees of freedom: USE SMALLER OF n1-1 and n2-1
· Hypothesis test and CI use same distribution and standard error thus result in SAME conclusions
· If CI range includes zero, FAIL TO ACCEPT null
· Don’t assume both populations have same standard deviation 
· Doesn’t matter if we know standard deviations of both populations
· Alternative method” assume σ1 = σ2 and POOL the sample variances 
· Requirements
· BOTH populations are have same standard deviation σ1 = σ2
· Both samples are independent
· SRS 
· BOTH are > 30 or are normally distributed populations 
· DEGREES OF FREEDOME IS : n1 + n2 – 2
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· Assume that σ1 and σ2 are UNKNOWN, DON’T assume that σ1 = σ2
· Use test statistic and confidence interval
CHAPTER 9 NOTES
CHAPTER 9.1
· Correlation is used to determine if there is statistically significant association between variables
· Use scatterplot and linear correlation coefficient 
CHAPTER 9.2
· CORRELATION: exists between two variables when one is related to the other in some way
· SCATTERPLOT: graph in which the paired (x,y) sample data are plotted with horizontal x-axis and vertical y-axis. Each point (x,y) is plotted as a single point
· Linear correlation coefficient (r), measurement of strength of linear association between x and y pairs in a SAMPLE. Sometimes referred to as Pearson product moment correlation coefficient 
· Requirements:
· Sample of paired (x,y) is a random sample of quantitative data 
· Points approximate straight line pattern visually
· Outliers are removed if there are known to be errors
· Outliers will affect the outcome
· Pairs of data (x,y) must have a bivariate normal distribution: for fixed value of x the corresponding values of y have a BELL-shaped distribution. For fixed value of y, the corresponding values of x have a BELL-shaped distribution
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· Using table A-6
· If the ABSOLUTE VALUE of the computed value of r EXCEEDS the value in the table, conclude there IS significant linear correlation
· Tables in the table show CRITICAL VALUES (separation from usual and unusual) 
· Round linear correlation coefficient (r) to THREE decimal places
· Value of r will ALWAYS be between -1 and +1
· Closer to 0, there ISN’T significant correlation
· Closer to -1 or +1 there IS significant correlation  
· Value of r DOESN’T chance all values of either variable are converted to a different scale
· Choice of x or y DOESN’T affect the value of r
· R measures the strength of a linear association 
· R^2 is the proportion of variation in y that is explained by linear association between x AND y
· If r=0.897 and r^2=0.805, we say 81% of variation can be explained by linear association, thus 19% of variation is explained by OTHER factors
· ERRORS:
· Correlation DOES NOT mean causality (it may be a lurking variable)
· Averages suppress individual variation and may inflate correlation coefficient
· Association may exist between x and y even when there isn’t significant linear correlation 
· When rejection null hypothesis, it means there is evidence in support to claim a linear correlation between two variables (if it exceeds the critical values)
· If we don’t exceed critical values, we FAIL TO REJECT ρ = 0
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· Method 1: 
· Degrees of freedom: n – 2
· Use p-value
· Method 2:
· Use critical values
[image: ][image: ]
· One tailed tests: modify table A-6 to double up alpha
· CENTROID: in a collection of paired (x,y) data, (x-bar, y-bar) is the centroid
CHAPTER 9.3
· Regression line represents the association 
· Regression equation expresses and association between y and y-hat
· Can be expression in y = mx + b
· Requirements:
· Sample paired (x,y) are random sample of qualitative data
· Visually there is a straight-line pattern
· Outliners are removed if known to be errors
· For fixed value of x, corresponding y values have a BELL-shaped distribution
· Different values of x, the corresponding y have same variance 
· Different fixed values of x, the distributions of corresponding y-values have means that lie along the same straight line
· y values are independent
· regression line also known as line of best fit
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· regression line fits the sample points best
· ROUND TO THREE SIGNIFICANT FIGURES 
· Regression line can be used to predict values. Do not go beyond the boundaries of the known sample data 
· Only use the regression line when there is a significant LC 
· Predicting values of y based on x
· Best predicted y value is y-bar IF there is no SLC
· If there is SLC use the regression equation
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· MARGINAL CHANGE: amount a variable changes when the other variable changes by exactly one unit. The slop in a regression line is the marginal change in y when x changes by one unit
· OUTLIER: point lying far away from other data points
· INFLUENTIAL POINTS: strongly affect the graph of the regression line 
· RESIDUALS: for a sample paired data, residual is the difference (y-ybar) between observed sample y value and the y-hat value. Y-hat value is the value predicted using the regression equation
· Residual = (actual y value) – (theoretical y value) = y - yhat
· LEAST-SQUARES PROPERTY: if sum of squares of residuals is the smallest sum possible 
· RESIDUAL PLOT: scatter plot where all y-coordinates are replaced by the residual value y – yhat 
· All values are (x, y-yhat)
· If residual plot does not reveal any pattern the regression equation is a good representation of the association between the two variables 
· If there ARE patters, the regression equation is NOT a good representation of the association
CHAPTER 9.4
· TOTAL DEVIATION (from the mean): vertical distance y – ybar
· EXPLAINED DEVIATION: vertical distance yhat – ybar
· UNEXPLAINED DEVIATION: vertical distance from y- yhat. Also called residual 
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· COEFFICIENT OF DETERMINATION: amount of variation y explained by regression line
· R^2 = explained variation/total variation
· STANDARD ERROR OF ESTIMATE: Se, measure of the differences between observed sample y values and predicted yhat values obtained using regression equation
· Standard deviation shows how values deviate from mean, standard error of estimate shows how values deviate from regression line 
· For degree of freedom use n – 2 
CHAPTER 9.5 
· MULTIPLE REGRESSION EQUATION: expresses a linear association between y and other independent variables
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· Requirements: 
· When finding multiple regression equation involving k independent variables, there must be k + 2 sample values 
· MULTIPLE COEFFICIENT OF DETERMINATION: measure of how well multiple regression equation first the sample data 
· Perfect fit is R^2 = 1
· Has a flaw: will increase when more including all the variables, not necessarily a best multiple regression equation if we have all the variables
· Thus better to use ADJUSTED coefficient of determination
· ADJUSTED COEFFICIENT OF DETERMINATION: modified R^2 to account for number of variables and sample size
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· P-value: measure of overall significance of the multiple regression equation. 
· Smaller p-values are better, showing the equation has good overall significance
· Guidelines for finding best multiple regression equation:
· Use common sense to include/exclude variables 
· Consider the p-value 
· Consider equations with high values of ADJUSTED R^2
· If another independent variable is included the value of adjusted R^2 does not increase by substantial amount 
· For a given number of independent variables, select equation with largest value of adjusted R^2
· Weed out independent variables that don’t have much of an effect on dependent variables
· Stepwise regression has flaws:
· May not be the best model if some predictor variables are highly correlated
· Inflated values for R^2
· DUMMY VARIABLE: where there are only 2 outcomes, i.e. yes/no, female/male etc. 
· Called a dichotomous variable
CHAPTER 11 NOTES
CHAPTER 11.1 
· ANALYSIS OF VARIANCE (ANOVA): testing equality of three or more population means by analyzing sample variances
· ANOVA: requires a F distribution 
· Is not symmetric (skewed to the right)
· Values can be 0 or positive
· Different F distribution for each pair of DF for the numerator and denominator 
· If P –value is small, reject equality of means 
CHAPTER 11.2
· We use one-way analysis of variance (single-factor analysis of variance), because we use a single property for a population 
· TREATMENT: is a property, characteristic, allows us to distinguish the different populations from one another
· Requirements:
· Population distribution is approximately normal
· Population has same variance (or standard deviation)
· SRS of quantitative data
· Independent of each other
· Only categorized one way
· If P-value is less than alpha, REJECT NULL
· If p-value is more than alpha, FAIL TO REJECT NULL 
[image: ]
· Two methods for estimating value of population standard deviation:
· Variance between samples, based on variance among sample means
· Variance within samples, based on sample variances 
[image: ]
· Large F value = reject equal means
 (
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2.2 Frequency Distributions
Christina Wang
December 287,201
EXAMPLE Cotinine Levels of Smokers Using the 40 co-
tinine levels for the smokers in Table 2-1, follow the above procedure mber that can belong to the differentclasses
to construct the frequency distribution shown in Table 2-2. Assume would be 100
that you want § classes. ber that can belong to the differentclasses

SOLUTION

Step I: Begin by selecting 5 as the number of desired classes.

Step2: Caleulate the class width. In the following calcula @ 982 is

rounded up to 100, which is a more convenient number.

imum value) — (Minimum value)

Class widih ~
Number of classes

= 98.2 = 100

Step 3t We choose a starting point of 0, which is the lowest value i the fist bructed because 1. arge data setcan be summarized 2. we can
and is also a convenient number. ta or 3. have basis of constructing graphs

Step4: Add the class widih of 100 to the starting point of 0 to determine that
the second lower class limit is. 100. Coninue to add the class width of s width=(max valug:min alus)/number of classes
100 to get the remaining lower class limits of 200, 300, and 400, t, begin by choosing a number for lower limit of first class.
alue or slightly smaller than that)

Step5: List the lower class limits vertically as shown in the margin. From
offirst class and class width to find the other lower class limits

this list, we can easily identify the corresponding upper class limits
2599, 199, 299, 399, and 499 and then figure out the upper class imits
by using 2 ally to nput the data values

Step 6:  After idenifying the lower and upper limits of cach class. proceed (o
P H e " values overlap,each value can only belong o ONE class

work through the data set by entering a tally mark for each value
‘When the tally marks are completed, add them to find the frequencies
shown in Table 2-2.

Relative Frequency Distribution

wency distribution uses relative frequen- ordsi 743 | B |
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FIGURE 2.2 Relative Frequency 23 Frequeney Polygon
Histogram

thumb that the vertical height of the histogram should be about three-fourths of the
total width. Both axes should be clearly labeled.

Interpreting a Histogram Remember that the objective is not simply to
construct a histogram, but rather to learn something about the data. Analyze the
histogram to see what can be learned about the center of the data, the variation
(which will be discussed at length in Section 2-5), the shape of the distribution,
and whether there are any outliers (values far away from the other values). The
histogram is not suitable for determining whether there are changes over time.
Examining Figure 2-1, we see that the histogram is centered around 175, the
values vary from around zero to 500, and the shape of the distribution is heavier
on the left.
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Florence Nightingale
Table 2-4. Note that the ogive uses class boundaries along the horizontal scale, @um 1910)isknown
and the graph begins with the lower boundary of the first class and ends with the

upper boundary of the last class. Ogives are useful for determining the number of
values below some particular value. For example, see Figure 2-4 where it is

shown that 37 of the cotinine valucs are less than 299.5, CHLCEFHED

undersupplid hospital,
Datplots proved thos conditons|
Adotplot consists of a graph in which each data value is plotted as a point (or dot)  usedsatstis o convind
along a scale of values. Dots representing equal values are stacked. See FIgure of thepeed for more wil
2:5, which includes two separate dotplots generated by Minitab with the same w0 o o]
scale. The top dotplot representing fertilizer and irrigation shows dots correspond-
ing (0 values of 3.2, 3.9, 4.4, 5.4, 6.3, 6.3, 6.4, 6.7, 6.8, 6.8. 69, 6.9, 6.9. 7.1 7.3
7.3,7.3,7.6,7.7, and 8.0, The values are heights (in meers) of poplar trees. Note
that the (wo values of 6.3 m are represented by the two dots that are stacked ver
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Table 2-4. Note tht the ogive uses class boundaries along the horizontal scale.
and the graph begins with the lower boundary of the first class and ends with the
upper boundary of the st class. Ogives are useful for determining the number of
values below some particular value. For example, see Figure 2-4 where it is ('t % o R
shown that 37 of the gfinine valucs are less than 299.5. § Bio statstcs 22444

R Ee oecend

undersupplied hospital,

Dotplots proved those conditions » Relative frequency=class frequency/sum of all frequencies (can be expressed as perce
Adotplot consists of a graph in which ach data value is plotted as a point (or dot)  used statstics o cnvind o Includes same class limis asfrequency distrbution but uses elative rather
along a scale of values. Dots representing cqual values are stacked. Sce FIgure of thneed fo more wid « Cumultive frequency=sum ofll frequencies nthat class and previous classes
2.5, which includes two separate dotplots generated by Minitab with the same « Openended nterval:fthere’s s relstively small porton of the sample
scale. The top dotplot representing fertlizer and irrigation shows dots correspond- © Howeveritdoes ntroduce vague elements
ing (0 values of 3.2, 3.9, 4.4, 5.4, 63, 6.3, 6.4, 6.7, 6.8, 65, 69, 6.9, 6.9, 7.1. 1.3,
7.3,7.3,7.6,7.7, and 8.0. The values are heights (in meters) of poplar trees. Note.
that the two values of 6.3 m are represented by the two dors that are stacked verti-  soliers diedasa sult CHAPTER2.3
cally. The two values of 6.8 m are also stacked, as are the three heights of 6.9 m.  tary conditions than e « HISTOGRAWS: bar graph where horizontal scle represents classes of values, and verl
The top dotplot represents 20 poplar trecs treated with both ferilizer and irfiga-  combat. Flrence gl represents frequencies. Bar heightsreflectthe frequency values (there are no gaps be
tion, and the bottom doplot represents 20 similar trees treated With TIZAION  yycered the s of soci o Notsuitsble to determine change over ime
only. (The data are from a study conducted by researchers at Pennsylvania State —(0F 0l U + The maximur frequency should suggest a value for the top of the verticalscale; and |
University: the data were obtained from Minitab, Inc.) We can sce that the inclu- be ot the bottom.
sion of ferilizer as part of the treatment appears to have the effect of resulting in

« Ogiye: line graph depicting cumulative frequencies, uses class boundaries]
trees that tend (o be somewhat tller. sopneepeine - . !

= Dotalot: graph in which each data value is plotted s a point/dot on a scale of values.
with equalvalue are stacked

Fertiirg e e e . P 1%

Irrig @ o oo o 0 3 eel et
g
T 3 I 5 ¢ 7

FIGURE 2.5 Dotplots of Poplar Tree Heights

Blostatsis o the Bologicaland Hoalt Sciences wih Siad; i Edion by Marc M. Trola snd Maro F. T, Publshed by Pesrson Education.
Copyrigh © 2006 by Pearson Education, nc. age: 4 of 4
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Stem-and-Leaf Plots

A stem-and-leaf plot (or stemplot) represents data by separating each value into
two parts: the stem (such as the leftmost digit) and the leaf (such as the rightmost
digit). The illustration below shows a stem-and-leaf plot for the same heights ¢
meters) of the poplar trees represented in the top dotplot from the preceding illus-
tration. Itis easy to see how the first height of 3.2 m is separated into its stem of 3
and leaf of 2. Each of the remaining values is broken up in a similar way. The
leaves are arranged in increasing order, not necessarily the order in which they o
curin the original list.

Stem-and-Leaf Plot

< Values are 3.2 and 3.9,

8 <« Value is 8.0.

By turming the page on its side, we can see a distribution of these data. A great

advantage of the stem-and-leaf plot is that we can see the distribution of data and yet

all the information in the original list. If necessary, we could reconstruct the.

nal list of values. Another advantage s that construction of a stem-and-leaf plot

is @ quick and easy way 10 sort data (arrange them in order), and sorting is required
for some statistical procedures (such as finding medians, percentiles, or ranks).

‘The rows of digits in a stem-and-leaf plot are similar in nature to the bars in a

histogram. One of the guidelines for constructing histograms is that the number of

sses should be between 5 and 20, and the same guideline applies to stem-and-

f plots for the same reasons. Better stem-: plots are often obtained by

ind-leaf plots can be expanded

1o include more rows and can be condensed (o include fewer rows (by combining

stems). For example, the above stem-and-leaf plot can be expanded by subdivid-

Bio statistics 2244A
FINAL EXAM REVIEW

= Dotalot: graph in which each data value is plotted as 3 point/dot on a scale of value,
wth squelvaue are stacked
Fartiins . o 3

g esl oo o LI W |
7 7 H 7 H 7 T

» Stem-leaf-plot: represents data by separating each value into two parts
o Stem:the leftmost digit
o Leaf:rightmost digit
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Cause of Death

FIGURE 26 Pareto Chart of Causes of Accidental
Deaths Among US. Residents Aged 15-24

at the left, and the smaller bars are farther to the
y, the Pareto chart focuses atte

der of frequen:

23 Visualizing Data

- =
"””""\ —— Fres/burrs
Drowning

—um

FIGURE 2.7 Pie Chartof Types of Accidental
Deaths Among US. Residents Aged 15-24

0

ight. By arranging the bars in o1
i on the more important cate-

‘gories. Figure 2+6 is a Pareto chart clearly showing that the category of motor ve-

hicle accidents is most serious by far.

Pie Charts

Pie charts are also used to visually depict qualitative data. Figure 2-7 is an exam-
ple of a pie chart, which is a graph depicting qualitative data as slices of 4 pic.

Figure 2-7 represents the same d:

as Figure 2-6. Construction of a pie chart in-

< Values are 3.2 and 3.9.

< Value is 8.0.

o Distribution of the above data can be seen when the page is turned onts si
© Easywayto sortdata

» paretochart: bar group for qualitative data with bars arranged in order of frequencie.
© Tallest bar to the left focusis driven to more important categories

o @





image9.png
<[+]

[ o T

Home | Insert

(] =

Stytes Editing

4 calibri (Body) cln -

\u L0 )
s

JE
ERP ]

Paragraph

CHaPTER 2

Describing, Exploring, and Comparing Data

FIGURE 28
Seatter Diagram

20,

220.

200,

190,

180.

Weight (pounds)

® 3

Waist circumference (cm)

length when the topic of correlation s considered in Section 9-2.) Using the weight
(in 1b) and waist circumference (in cm) for the males in Data Set 1 of Appendix B.
we used SPSS to generate the scatter diagram shown here (Figure 2-8). On the b
sis of that graph, there does appear o be a relationship between weight and waist
circumference, as shown by the pattern of the points,

Time-Series Graph
Time-series data are data that have been collected at different points in time. For
example, Figure 2-9 shows the numbers of manatee deaths resulting from power-
boat encounters over the past decade (based on data from the Florida Marine Re-
search Institute). We can see that for this time period, there is a trend of increasing

Bio statistics 2244A
FINAL EXAM REVIEW

» pie chart: visually depicts qualitative data

© Showsproportions

Freem A [ Fousuars

%ﬁi

Draths Ao U, Resdnt e 1531

= Scatter diagrams: plot of (5. pared data with x and y axis. Each value from one data
corresponding value froma second data set are paired
o Pattern of the plotted points willbe helpfulto determine relationships bef
variables
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Waist circumference (cm)

FIGURE 2.5
length when the topic of correlation s considered in Section 9-2.) Using the weight Scater Diagram

(in 1b) and waist circumference (in cm) for the males in Data Set 1 of Appendix B.
we used SPSS to generate the scatter diagram shown here (Figure 2-8). On the b
sis of that graph, there does appear o be a relationship between weight and waist
circumference, as shown by the pattern of the points.

Time-Series Graph

Time-series data are data that have been collected at different points in time. For
example, Figure 2-9 shows the numbers of manatee deaths resulting from power-
boat encounters over the past decade (based on data from the Florida Marine Re-
search Institute). We can see that for this time period, there is a trend of increasing
values. Tt is often critically important to know when population values change
over time. Companies have gone bankrupt because they failed to monitor the Waist ecumterence (cm)

FIGURF 2.5 Manate Deaths
from Powerboat Encounters %0
0
3
w
50
“0
50
2
10
o o Y ~
gl g g

Manatee Deaths

Year
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Formula 2-1 Mean = = y P Ty

‘The mean is denoted by ¥ (pronounced “v-bar”) if the data set is a sample fom & o’ ot (dentsin 7374 b

larger population; if all values of the population are used, then we denote the
mean by u (lowercase Greek mu). (Sample statistics are usually represented by
English letters, such as ¥, and population parameters are usually represented by
Greek letters, such as )

‘getamean of 40 studenf
wewere to compile a s
classszesfor each studes

this st we would geta
Notation sizeof 147.This larged
isdue tothe fact tht h
denotes the addition of a set of values. many tudents in large o
is the variable usually usd 1o reprsent the individual data vlues. Ty

Bio statistics 2244A

whilethere are few stude
FINAL EXAM REVIEW

represents the number of values in a sample.

represents the number of values in a population. I

the number of clasesor CHAPTER2.4

I
S blsnEneae o ccould e the e - MEASURE OF CENTRE: value o the center/middleof dat set

experienced by students| = ARITHMETIC MEAN: measuire of center found by adding values and dividing it by the 1

% is the mean of all values in a population. values

EXAMPLE Monitoring Lead in Air Lead is known to have some
serious adverse affects on health. Listed below are measured amounts of lead
(in micrograms per cubic meter, or ug/m’) in the air. The Environmental
Protection Agency has established an air quality standard for lead: a maximum
of 1.5 jug/m’. The measurements shown below were recorded at Building 5 of
the World Trade Center site on different days immediately following the
destruction caused by the terrorist attacks of September 11, 2001. Find the
mean for this sample of measured levels of lead in the air

540 110 042 073 048 110 e
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Formula 2-1 Mean = =
‘The mean is denoted by ¥ (pronounced “v-bar”) if the data set is a sample fom & o’ ot (dentsin 7374
larger population; if all values of the population are used, then we denote the
mean by u (lowercase Greek mu). (Sample statistics are usually represented by
English letters, such as ¥, and population parameters are usually represented by
Greek letters, such as )

e Bio statistics 2244A

wewere to compilea i FINAL EXAM REVIEW

class sizes for each studes

thislist, we would get a CHAPTER 2.4

Notation sizeof 147. Thishrge « MEASURE OF CENTRE: value at the center/middle of s data set

2 dvs o the ottt * ARITHMETIC MEAN: measure of center found by adding values and dividing it by

denotes the addition of a set of values. ‘many students n large values

is the variable usually used to represent the individual data values. ‘whilether are few tud N

represents the number of values in a sample. —— Mean =

represents the mumber of values in a population. n
the number of classes or

is the mean of a sct of sample valucs. e could reduce the mea © Meanis denoted by x-bar, meaning the sample
experinced by students

S

n

% is the mean of all values in a population.

EXAMPLE Monitoring Lead in Air Lead is known to have some
serious adverse affects on health. Listed below are measured amounts of lead
(in micrograms per cubic meter, or ug/m’) in the air. The Environmental
Protection Agency has established an air quality standard for lead: a maximum
of 1.5 jug/m’. The measurements shown below were recorded at Building 5 of
the World Trade Center site on different days immediately following the
destruction caused by the terrorist attacks of September 11, 2001. Find the
mean for this sample of measured levels of lead in the air o

540 110 042 073 048 110 e
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CHaPTER 2

Describing, Exploring, and Comparing Data

the x values, which is a mean computed with the different values assigned differ
ent weights denoted by w in Formula 2-2.

S(w-x)

S

Formula 2-2 tells us to multiply each weight w by the corresponding value x, then
add the products, then divide that total by the sum of the weights w. For example,
suppose we need a mean of 3 test scores (85, 90, 75), but the first test counts for
20%, the second test counts for 30%, and the third test counts for 50% of the final
grade. We can assign weights of 20, 30, and 50 10 the test scores, then proceed to
calculate the mean by using Formula 2-2 with x = 85, 90, 75 and the correspond-
ing weights of w = 20,30, 50, as shown here:

Formula 2-2 Weighted mean: T

S(w - x)
Sw

(20 X 85) + (30 X 90) + (50 X 75) _ 8150

=815
20+ 30 + 50 100

As another example, college grade-point averages can be computed by as-

ning each letter grade the appropriate number of points (A = 4, B = 3, etc.).
then assigning to each number a weight equal to the number of credit hours,
Again, Formula 2-2 can be used to compute the grade-point average

The Best Measure of Center

Sofar, we have considered the mean, median, mode, and mi sures of
center. Which one of these is best? Unfortunately, there is no single best answer to
that question because there are no objective criteria for determining the most rep-
resentative measure for all data sets. The different measures of center have differ

ent advantages and disadvantages, some of which are summarized in Table 2-9.
An important advantage of the mean is that it takes every value into account, but

an important disadvantage is that it is sometimes dramatically affected by a few

denotes the addition of a set of values.
is the variable usually used to represent the individual data values.
represents the mumber of values in a sample.

represents the mumber of values in a population.
B

x .
=2 is the mean of a set of sample values.

P
WX is the mean of all values in a population.

= MEDIAN: measure of center that s the middle value when the data valuesare arrang
© Tofind the median, first sort the values.
o 0dd number of values: median is the middle of the list
o Evennumber of values: median is the mean of the two middle numbers
* MODE value that occursthe most frequently (can be used with nominal level of meas
o Binomial: two values occur with same greatest frequency
o Multimodal: more than two values occur with same greatest frequency
o Nomode: no valuesare repeated
* MIDRANGE: measure of center that is midway between highest and lowest values
© Midrange=(maxvalue-min value)/2
© Rarelyused, because it s too sensitive to the extremes.
= ROUND-OFF RULE: carry ONE more decimal place than is in the original data set
* Weighted mean: mean computed with differentalues assigned different weights der
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Comparison of Mean, Median, Mode, and Midrange

carry ONE more decimal place thanis i the origina] data set

Takes Every | Affected by £ o ONemores etenis o "
Measure How. Valueinto | Extreme Advantages and puted with ifferent values assfgned different welghts denoted by

of Center | Definition | Common? | Existence | Account? | Values? Disadvantages Zlw o)

23 most always. yes yes used through-

" familiar exists out this book; [yfen of gata is NOT symmetric and extends more to one side than the other
“average” works well with
many statistical
methods

Mean

commonly | always often a good
used exists choice if there
are some ex-
treme values

most sometimes | might not appropriate for
frequent | used exist; may data at the
data value be more nominal level
than one
mode

high + low

Midrange 3

rarely always very sensitive
used exists extreme values

General comments:

« For adata collecton that is approximately symmetric with one mo, the mean, median, mod, and midrangs tend to be about the
same. (b) Symmetric (@) Skewed o the Right

« For a data collecion that is obviously asymmetric, it would be good to report both the mean and median. the  (Zero i ., (Posiciely Skewed): The

 The mean s relativly reiable That is,when samplesare drawn from the same population, the sample means tend to be more con- median, an mean and median are to
sistet than the other measares of center (consistent n the sense that the means of samples dravn from the same population dor't 3 same, the right of the mode.
vary as much as the other measures of center).

Definition
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FIGURE 2-11 Skewness

20+ 30 + 50 100

As another example, college grade-point averages can be computed by as-

ning each letter grade the appropriate number of points (A = 4, B = 3, etc.).
then assigning to each number a weight equal to the number of credit hours,
Again, Formula 2-2 can be used to compute the grade-point average

The Best Measure of Center

So far, we have considered the mean, median, mode, and mi sures of
center. Which one of these is best? Unfortunately, there is no single best answer to
that question because there are no objective criteria for determining the most rep-
resentative measure for all data sets. The different measures of center have diffe
ent advantages and disadvantages, some of which are summarized in Table 2-9.
An important advantage of the mean is that it takes every value into account, but
an important disadvantage is that it is sometimes dramatically affected by a few
extreme values. This disadvantage can be overcome by using a trimmed mean, as
described in Exercise 20.

Skewness

A comparison of the mean, median, and mode can reveal information about the
characteristic of skewness, defined below and illustrated in Figure 2-11

P PP RS ¥
(@ Skewed to the Left (b) Symmetric () Skewed to the Right
(Negatively Skewed): The  (Zero Skewness): The mean, ~ (Positively Skewed): The
the left of the mode. same. the right of the mode.

Blostatsis o the Bologicaland Hoalt Sciences wih Siad; i Edion by Marc M. Trola snd Maro F. T, Publshed by Pesrson Education.
Copyrigh © 2006 by Pearson Education, nc.

x

T = =% is the mean of a st of sample values.
n

P .
n= WX is the mean of all values in a population.

= MEDIAN: measure of center that s the middle value when the data valuesare arran)
© Tofind the median, first sort the values.
o 0dd number of values: median is the middle of the list
o Evennumber of values: median is the mean of the two middle numbers

* MODE:value that occursthe most frequently (can be used with nominal level of me.
o Binomial: two values occur with same greatest frequency
o Multimodal: more than two values occur with same greatest frequency
o Nomode: no valuesare repeated

* MIDRANGE: measure of center that is midway between highest and lowest values
© Midrange=(maxvalue-min value)/2
© Rarelyused, because it s too sensitive to the extremes.

= ROUND-OFF RULE: carry ONE more decimal place than is in the original data set

* Weighted mean: mean computed with differentalues assigned different weights d

Weighted mean: ¥
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2-5  Measures of Variation an and median are to median, and mode are the | mean and median are to
the left of the mode. same. the right of the mode.

20—
Formula 23 e sample standard deviation
-

nn =1 sample standard deviation

Later in this section we will discuss the rationale for these formulas, but for now
we recommend that you use Formula 2-3 for a few examples, then learn how to
find standard deviation values using your calculator and by using a software pro- R E—
‘gram. (Most scientific calculators are designed so that you can enter a lst of values FINALEXAM REVEW December 26%, 203
and automatically get the standard deviation.) For now, we cite important proper-
ties that are consequences of the way in which the standard deviation is defined. CHAPTER2.5

 The standard deviation is a measure of variation of all values from the RANGE:gifference between maxand minvelueina detaset

e o Range=maxvalue-minvaiue

= STANDARD DEVIATION: measure of variation of vlues about the mean
The value of the standard deviation s is usually positive. It is zero only

when all of the data values are the same number. Also, larger values of s in-
dicate greater amounts of variation.

The value of the standard deviation s can increase dramatically with the in-
clusion of one or more outliers (data values that are very far away from all
of the others).

The units of the standard deviation s (such as minutes, feet, pounds, and so.
on) are the same as the units of the original data values.

Procedure for Finding the Standard Deviation
with Formula 2-3

Step 1: Compute the mean .

Step2:  Subtract the mean from each individual value (o get a list of deviations
of the form (x — %)
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times for the single fine (1.7 min) is much lower than the standard deviation for mul-
tiple lines (7.0 min). This supports our subjective conclusion that the wating times
with the single line have much less variation than the times from muliple lines.

Stytes Editing

Standard Deviation of a Population somisianus e g

Tn our definition of standard deviation, we referred to the standard deviation of

sample data. A slighty different formula s used o calculate the standard devia- A et v e st

tion o (lowercase Greek sigma) of a population: Instead of dividing by n — 1, di- i

vide by the population size N, as in the following expression. = STANDARD DEVIATION: messure f varistio ofvaloes st the mesn

CHAPTER2.5

population standard deviation [E—

Because we generally deal with sample data, we will usually use Formula 2-3, in e ;’:;::‘_m:um
which we divide by n — 1. Many calculators give both the sample standard devia-
tion and the population standard deviation, but they use a variety of different nota Valosof st cev. 5 i sl positive. 2 ata values are he same number then 5<0.
tions. Be sure to identify the notation used by your caleulator, so that you ge arger vl ofs=grestr variaion
cormect result o Scante narsssed by ncuson ofone r morscutrs
corredt N o Units of std. dev. Are the s3me 25 the units of original Cats valuss.
. . St cacsatng e tncard deviton
Variance of a Sample and Population = Comps maanetar

Subtactmean rom each niviual vaue o g evitons
We are using the term variation as a general description of the amount that values Square cachvalo in previons sep

vary among themselves. (The terms variability, dispersion, spread are sometimes el sqares ogeter
used instead of variation.) The term variance refers to a specific definition. oivid revious sep byt
Sauarerctine number from revious sep
= Standard devaion of 2 ppulton
Definition o uses ferent rotton andraper ran Gvidng wih v, e (popuaton sz
“The variance of a set of values is a measure of variation equal (0 the square of
the standard deviation.
‘Sample variance: Square of the standard deviation 5.

Population variance: Square of the population standard deviation o

Blostatsis o the Bologicaland Hoalt Sciences wih Siad; i Edion by Marc M. Trola snd Maro F. T, Publshed by Pesrson Education.
Copyrigh © 2006 by Pearson Education, nc.
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2-5  Measures of Variation

PART 2 Beyond the Basics ——

Comparing Variation in Different Populations Value of s dev. ,is usually positive. If 2l data values ae the same number then s=0.
e ——
We stated earlier that because the units of the standard deviation are the same as e ot e oirs

the units of the original data, it is easier to understand the standard deviation than = U of 1. e, Ar o s 1 e ofarignal e vk
the variance. However, that same property makes it difficult to compare variation St cacsatng e tncard deviton
for values taken from different populations. By resulting in a value that is free of o compue meanctar

specific units of measure, the coefficient of variation overcomes this disadvantage. A mean o st PRl ks o g v
pes . . = Sauare cachvalue i previows step

deansqaresogener
oivid revious sep byt
Sauarerctine number from revious sep
= stanéaradeviston of  opuation
‘The coefficient of variation (or CV) for a set of non-negative sample or popula- o uses iferent rotton 2ndraper than dvidig Wi s, e (opuaton se)
tion data, expressed as a percent, describes the standard deviation relative to the
mean, and is given by the following:

Sample Population

Definition

populition sandand deiation

P « VARANCE: messie of variaion squa o e suare o th sandard dviton
v= o T B T v
 SAMPLE VARANGE. sevar o ssmpe sancerd cevtn,
P ———
= PORULATION VARANGE: e of ppulaton sacard deson, s
EXAMPLE Heights and Weights of Men Using the sample height « FOUND 07# ULE cary one mors decmal e threar i e origal s st
and weight data for the 40 males included in Data Set 1 in Appendix B, we * COEFFICIENT OF VARIATION (CV): for 356t of on-negatve samp/population G, expressed a5
find the statistics given in the table below. Find the coefficient of variation for 3 percentage descriig the standard deviation relative 10 the mean
heighs, then find the coefficient of variation for weights, then compare the
two results.

Mean (3) Standard Deviation (s)

Height 68.341n. 3.02in
Weight 17255 1b 26.331b
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Range Rule of Thumb

For Estimating a Value of the Standard Deviation 5: To roughly cstimatc.
the standard deviation, usc

_ range

s 4

where range = (maximum value) — (minimum valuc).
For Interpreting a Known Value of the Standard Deviation s: If the stan-
dard deviation s is known, use i to find rough estimaes of the minimum and
maximum “usual” sample values by using

um “usual"value = (mean) — 2 X (standard deviation)

maximum “usual” value = (mean) + 2 X (standard deviation)

‘When calculating a standard deviation using Formula 2-3 or 2-4, you can use
the range rule of thumb as a check on your result, but you must realize that al-
though the approximation will get you in the general vicinity of the answer, it can
be off by a fairly large amount

EXAMPLE Cotinine Levels of Smokers Use the range rule of
thumb to find a rough estimate of the standard deviation of the sample of 40
as listed in Table 2-1

SOLUTION
ation of
cotini
range

Tn using the range rule of thumb to estimate the standard devi

mple data, we find the range and divide by 4. By scanning the list of
levels, we can see that the lowest is 0 and the highest is 491, 50 the
491. The standard deviation s is estimated as follows

« ROUND OFF RULE: cary one more Gecinal place ran there arein he orignal data set
 COEFFICENT OF VARIATION €] for 3 560 of nnenegative sampe/popuation ats, exressed 32
2 percentag escrbing the standard deviton relae 1o the mean (s 70 )

Sample Population

S100% cv=Z-100%

m

rvitns ware.
Dscamber 267, 2011

= Vales that are dose together havesmall standard Geiation compared 1 values fr part
= Range e of them: majory (55%) of sampe values wil e within two standard devitrs of
e mean

©

Blostatsis o the Bologicaland Hoalt Sciences wih Siad; i Edion by Marc M. Trola snd Maro F. T, Publshed by Pesrson Education.
Copyrigh © 2006 by Pearson Education, nc.
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yeroeeps
be considered “unusual.”

SOLUTION  With a mean of 40.05 em and a standard deviation of 1.64 cm,
we use the range rule of thumb to find the minimum and maximum usual
heights as follows:
minimum “usual” value = (mean) — 2 X (standard deviation)
40,05~ 2(1.64) = 3677 em
maximum “usual” value = (mean) + 2 X (standard deviation)
= 4005 + 2(1.64) = 4333 cm

INTERPRETATION Based on these results, we expect that typical two-month-
old girls have head circumferences between 36.77 cm and 43.33 cm. Because
42.6 em falls within those limits, it would be considered usual or typical, not [t i
unusual

= Vates e cs tgeper nav sl stancard vt compared o vaues o apat

= Fange e of thumt: oty 55K) ofsample vlos wil e witn two sandarddevatrs of
Empirical (or 68-95-99.7) Rule for Data with a Bell-Shaped wemean
Distribution

Range Rule of Thumb

Another rule that is helpful in interpreting values for a standard deviation is the. For Estimating a Value of the Standard Deviation : To roughly cs
empirical rule. This rule states that for data sets having a distribution that is thesandard deviation. use

approximately bellshaped, the following propertics apply. (Sec Figure 2-13)

® About 68% of all values fall within 1 standard deviation of the mean. (e (e

® About 95% of all values fall within 2 standard deviations of the mean. For Interpreing  Known Value of the Standard Deviation s I the st~
® About 99.7% of all values fall within 3 standard deviations of the mean. G G R T ST

minimum “usual"value = (mean) — 2 X (standard deviation)

EXAMPLE Heights of Women Heights of women have a bell-shaped
distribution with a mean of 163 cm and a standard deviation of 6 cm. What
percentage of women have heights between 145 cm and 181 em?

maximom “usual” value = (mean) + 2 X (standand devistion)

continued

Blostatsis o the Bologicaland Hoalt Sciences wih Siad; i Edion by Marc M. Trola snd Maro F. T, Publshed by Pesrson Education.
Copyrigh © 2006 by Pearson Education, nc.





image21.png
<[+]

Home | Insert  Pagelayout  References

T 2 A A& X

4| calior Boay) n -
[B 7 U - x x5

J
ERERP ]

CuarTer 2 Describing, Exploring, and Comparing Data

FIGURE 213
‘The Empirical Rule

9974 of deta are within ———————
3 standard deviations of
the mean (7 — 35 t0 7+ 3¢

T —

2 standard deviations

8% within —
1 standard
deviation

= Vales that are dose together havesmall standard Geiation compared 1 values fr part

= Range e of them: majory (55%) of sampe values wil e within two standard devitrs of

e mean

Range Rule of Thumb

For Estimating a Value of the Standard Deviation s: To roughiy csimatc
the standard deviaion, use

5 e

‘where ange = (maximum value) ~ (minimum valuc).
For Interpreting a Known Value o the Standard Deviation s: If the stan-
dard eviation s is Known, use it 0 find rough estimates of the minimum and
maximum “usual” sample values by using.

minimum “usual"value = (mean) — 2 X (standard deviation)

maximom “usual” value = (mean) + 2 X (standand devistion)

Empirical (or 68-95-99.7) Rule for Data with a Bell-Shaped
Distribution

SOLUTION The key to solving this problem is to recognize that 145 em
and 181 cm are each exactly 3 standard deviations away from the mean of 163,
as shown below.

3 standard deviations = 35
Therefore, 3 standard deviations from the mean is
163 ~ 18 = 145

163 + 18 = 181
I rule tells us that about 99.7% of all values are within 3 standard

Ancther rule tha i helpful i iterpreting values for  stndard deviation s he
empirical rule. This rle staics tha for data seis having a distributon tha is
approximately bel-shaped. the Tollowing propeties apply. (Sec Figure 2-13.)
‘» About 685% of al values full within 1 standard deviation of the mean

‘o About 95% of al values fall within 2 standard deviations of the mean,

‘o About 99.7% of all values fall within 3 standard deviations of the mean.
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Paragraph 5

2:6  Measures of Relative Standing

Measures of Relative Standing

This section introduces measures that can be used to compare values from differ-
ent data sets, or to compare values within the same data set. We introduce 2 scores
(for comparing values from different data sets) and quartiles and percentiles (for
comparing values within the same data set).

zScores
2 score (or standardized score) is found by converting a value to a standardized

scale, as given in the following definition. We will use < scores extensiv
Chapter 5 and later chapters, so they are extremely important.

Definition
Astandardized score, orz score, s the number of standard deviations that a given
value xis above or below the mean. It s found using the following expressions.
Sample Population
X i-n
s 7

(Round z 10 two decimal places.)

The following example illustrates how z scores can be used to compare val-
ues, even though they might come from different populaions

EXAMPLE Comparing Heights Former NBA superstar Michacl
Jordan is 78 in. tall and WNBA basketball player Rebecca Lobo is 76 in. tal.
Jordan is obviously taller by 2 in., but which player is relatively taller? Does
Jordan's height among men exceed Lobo’s height among women? Men have

Gaining FDA approval
drogisexpensive and i
suming. It begins with a
one study in which he
the drug s tested with a

phase two, the drug s e
efectivenes in randomiz
involving a larger (1004
‘group of subjcts This
ten has subjects randorn
tocither a reatment e
placebo group,In phase
goal i o better unders

‘» About 685% of al values full within 1 standard deviation of the mean
‘o About 95% of al values fal within 2 standard devi

rvitns ware.
Dscamber 267, 2011

= CHEBYSHE'S THEOREM: appies 1 any daaset, bt resuls arevery spprosimate
o ropordon of any dataset ing withn K standard deviators ofthe mean's ahays AT
et
 Atledet 75%ofshvalues b itk 2 standard devistons of e mean
« Ateast55%of shvalues b withn 3 standard devistons of o mean
= Fora partuar vlusof , the amount of deviton 53835
« Misanstzoute deviston: mean dtence ofthe cta from th mean

CHAPTER2.6
= 2core:number of sandard deviaton trat a gven vlue xis above o blow the men
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FIGURE 2:15 Converting from
the kth Percentile to the
Corresponding Data Value

Sort the data.
(Arrange the dota in
order of lowest fo

- 50 statitics 2488 crvstna warg.
b FINAL BXGAM REVIEW December 26%, 2011
= CHEBYSHE'S THEOREM: appies 1 any daaset, bt resuls arevery spprosimate

o ropordon of any dataset ing withn K standard deviators ofthe mean's ahays AT
Compute et
L= e  Atledet 75%ofshvalues b itk 2 standard devistons of e mean
100 « Ateast55%of shvalues b withn 3 standard devistons of o mean
= number of values « ror prtar vaus o ,the smount of eviton o887
k= percentile n question « Misanstzoute deviston: mean dtence ofthe cta from th mean

CHAPTER2.6

The value of the kih percentile
= 25core:rumber of standard dvation thata givenvalus x s above o belowthe mean

L a whole and the next value in the sorted Sample Population
o R s v e
; b

ard dviding th totol by 2.
No ﬁ (Round z to two decimal places.)

Change L by rourding  Usialvauas are it 2 standard devistons apert sl vakes are e
it up to the next = 25core il be egative when the values s han the mean
lorger whole rumber. = Thereare e quaries

o Qs fistauartie ssparates the botom 25% rom th 1op 7%
o Q2 second quarte: same 3 medan, sepaates botom 50% Wit 10p 0%
o a3, wiraquarie:separates botom 75% ad 1op 25%

The value of Py is the = There are 55 percenties dereted by P, 2., 93 partioning the daa o 100 roups of 1% o
Lth volus, counting from valesin sachgroup
the lowest,

—

EXAMPLE Cotinine Levels of Smokers Refer to the sam-
ple of cotinine levels of smokers given in Table 2-11. Use Figure 2-15
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FIGURE 3.4 Venn Diagram
Showing Overlapping Events

FIGURE 3:5 Venn Diageam
‘Showing Nonoverlapping
Exents

P(A or B). Similarly, the notation P(A 1 B) is sometimes used in place of P(A and
B) so the formal addition rule can be expressed as
P(AUB) = P(A) + P(B) - P(AN B)

‘The addition rule is simplified whenever A and B cannot occur simultancously. so
P(A and B) becomes zero. Figure 3-5 illustrates that when there is no overlapping
of 4 and B, we have P(A or B) = P(4) + P(B). The following definition formal-
izes the lack of overlapping shown in Figure 3-5.

Definition
Exents A and B are disjoint (or mutually exclusive) if they cannot oceur at the
same time.

The flowchart of Figure 3-6 shows how disjoint events affect the addition rule.

Copyright © 2011 Pearson Education, inc. Alghts reserved. _ Legal Notce | Privacy Policy | Permissions | Feedback

= laJenumber oftmes A occurred/number of tmes tialwas repeated
o Assumethat a procedure has n aferet simie events hat eachof e sinple evers
D saual chance of ocuring. Event canocar ins oftese n ways, e
o Eachoutcome WUST B squaly el
= laJ=rumber of ways A can o rumber of Sfferent simple events =5/
o pla)s estimated by sing knowedge of the relative raumstances
+ i precitng 3 weather uses epart nowiige and weathr paterns
o 453 procedure s repeated the relatve frequency probabiy (from ruk 1)ofan evert
s 1 spprosimtes the sctual prob.
= Probabiy of an impossbie even's 510
= Probatiy of 3 ceran event s one
= roraneverts, osplalst
= COMPLEMENT:of anevet s deoted by A-5ar, . consiss of alotzomes i which event &
« ROUNDING OFF PROBABIUTIES: thr gv the oact fracion o round off il decinal resut o
e sgniant dgts

CHAPTER3.3
= COMPOUND EVENT: avert comtiing two or more simple verts
o lAorB) - event A czurs or event B ocurs, or 80TH osr
« FORMALADDITIONRULE: P or 8)~#(a) 5(8) i anc']
o Tofing A or ) find sumof th number of ways €vent A can osar 3nd th rumb of
Ways event 5 can ocur by ading 50 hat every outcome i couted GNLY ONCE. PlAr
815 sl 1 he sum iide by ral umber of cucomes i he samplespace
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are able to find its important characteristics. such as the mean and standard devi

tion. The remainder of this book and the very core of inferential statistics a Bio statstics 2244A
based on some knowledge of probability distributions. We begin by examining the FINAL EXAM REVIEW
concept of a random variable, and then we consider important distributions that

have many real applications. CHAPTER4.1

Collect zomple . @i

data, then T361 Craate o theoretical model

g statistics describing how the sxperimant

and grophs. is expectad to behove, then
gt it paramatars.

Chapter 2

©

e Pl = 116

i P = 176
probabilty for

hopter 3
Chep cach cutcome.

o) = 116

FIGURE 4-1 Combining Deseriptive Methods and Probabilitis to Form a Theoretical
Model of Behasior

Copyright © 2011 Pearson Education, nc. Allights reserved,  LegalNotce | Privacy Polcy | Permissions | Feedback
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FIGURE 4-2 Devices Used

to Count and Measure Discrete

and Continous Random

Variables

continuous scale, 5o it can be used o obtain values for a contintons fan-
dom variable.

Graphs

There are various ways to graph a probability distribution, but we will consider
only the probability histogram. Figure 4-3 is a probabilicy histogram that s very
similar (0 the relative frequency histogram discussed in Chapter 2, but the verti-

al scale shows probabilities instead of relative frequencies based on sctual sam-
ple results,

In Figure 4-3, note that along the horizontal axis, the values of 0,1, 2, ..., 14
are located at the centers of the rectangles. This implies that the rectangles are
each | unit wide, so the areas of the rectangles are 0.000, 0.001, 0,006, and so on.
The areas of these rectangles are the same as the probabilities in Table 4-1. We
will see in Chapter 5 and future chapters that such a correspondence between area
and probability is very useful in statistcs.

Every probability distribution must satisfy each of the following two require-
ments

CHAPTER4.1

Collct sample
date then
et sitics
o groph

Chaprar 2

kel

Chaprer

Chapter 4
Craote o thaoratical mode!
how the
s aapacted 1o bebava hen.
gor s paromatars
L)

P =16
P =16

P =1

LRI 4.1 Combining Descrptive Methods and Prababilies o Form  Theoreticl

Mode of Behavor

CHAPTER4.2

* RANDOM VARIABLE: variable with 3 single numerical value, determined by chance

* PROBABILITY DISTRIBUTION: graph/table/formula that gives of each random variable
= DISCRETE RANDOM VARIABLE: has finte number of values or countable number of v
© Mayhave infinitely many values, but they are all countable

[Eegurenientefosaln oL EyID e uC on * CONTINUOUS RANDOM VARIABLE: infinitely many values

1 ¥P() = 1 where x assumes all possible values. (That i, the sum of
all probabilities must be 1)

2. 0= P(y) = 1 forevery individual value of x. (That s, cach probability
value must be between O and 1 inclusive.)

» Probability histogram: similar to frequency histogram, but vertical scale has probabil
ofrelative frequencies based on actual sample results
* REQUIREMENTS FOR A PROBABILITY DISTRIBUTION

sttt o he i) an Hesi Sciances with Sk, Fist Edton by e M. Tk and Mars £ T Putished by Pesrson Edcaton
Copyron £ 2006 by P Ecvcaon, .
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© selectrof the n tems, without replacement
© consider rearrangementsof the same items to be the same
= Example: testing a drug,treat 20 people and have 30volunteers
o Ifsubjects are selected and treated in sequence (order counts) sotesting c/
anyone has an adverse reaction. How many sequentialrrangements are 3
Random Variables . * r=20andn=30,nl/ (1)l
o Ifsubjects are selected and al treated at once, how many treatment grour
FIGURE 4-3 possible?
Probabily Histogram * r=20andn=30m, n!/ (rrll!
for Number of Girls

Among 14 Newborn
Babies

T Bio statistics 2244A

Number of Girls amang 14 Newbaorns FINAL EXAM REVIEW

‘The first requirement makes sense when we realize that the values of the ran- CHAPTER 4.1

dom varisble x represent all possible events in the entire sample space, so we are

certain (with probability 1) that one of the events will occur, In Table 4-1, the sum

of the probabilities is 0.999; that sum is exactly 1 if we carry more decimal places Collec somple

and thereby climinate the small rounding crror. Also, the probbiliy rule stating dtathn

0= P(x) = I for any event A (given in Section 3-2) implies that P(x) mus be be- perpiey

tween 0 and 1 for any value of x. Again, refer to Table 4-1 and nore that each indi-

dual value of P(x) does fall between 0 and 1 for any value of x. Because Table

4-1 does satisfy both of the reauirements. it is an examole of a probability distri-

Copyright © 2011 Pearson Education, Inc. Al rights reserved. _LegalNatice | Privacy Poliy | Permissions | Feedback
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2. Variation: A measure of the amount that the values vary among themselves.
3. Distribution: The nature or shape of the distribution of the data (such as bell-
shaped, uniform, or skewed).
4. Outliers: Sample values that lie very far away from the vast majority of the
other sample values,
5. Time: Changing characteristics of the data over time.
“The probability histogram can give us insightinto the nature or shape of the distri-
bution. Also, we can often find the mean, variance, and standard deviation of data,
which provide insight into the other characteristics. The mean, variance, and stan-

CHAPTER4.2
= FANDOW VARIABLE: varisbie it 3 single numercal vals,Setsrmined by chance
= PROBABIUTY DISTRIUTION: grap/tabi/formila hat gives of €ach random variabie’sprobabity
 DISCRETE RANDOM VARIABLE:ras e nmber of auss or countaie numbr of vaues
o May haveinfitely many values, bt hey arel ourable
= CONTINUGLS RANDOM VARIABL: ey many vaues
o valuss cn besssocated with messurements on 3 Gontnus Scale WL £36%
= Proabiy hstogram: Smiar to frequency stogram, bt erta cale s ot nstesd
ofretate frequencies based on ctual sample resus

Requirements for a Probability Distribution

L XPG) =1 where xassumes al posible values. (That s, the sum of
all probabilies must be 1)
2. 0% P() = 1 for every individal value of x. (That i, each probabilty

dard deviation for 4 probability distribution can be found by applying Formulas v el
41,42,43,and 44

Formula 4-1 g = X[x - P()]
Formula 42

mean for a probability distribution
S[(c = P+ P(]  variance fora probability distribution
S P - B
Formula 4-4 PO)] = 4 standard deviation for a probability
disibution

Formula 4-3 variance for a probability distibution

Caution: Evaluate P()] by first squaring each value of x, then multiplying
each square by the corresponding probability P(x), then adding.

Rationale for Formulas 4-1 through 4-4
Why do Formulas 4-1 through 4-4 work? Formula 4-1 accomplishes the same task
s the formula for the mean of  frequency table. (Recall that frepresents class fre-
quency and N represents population size.) Revwriting the formula for the mean of a
frequency table sothat it apples o & population and then changing it form, we get
ITRE R W I A B
== s = s g = s pw]
Copyright @ 2011 Pearson Educaton, nc. Alrighs reserved.Legallotice | Privacy Polcy | Permissions | Fecdback
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bution. Also, we can often find the mean, variance, and standard deviation of data,

which provide insight into the other characteristics. The mean, variance, and stan- !

dard deviation for a probability distribution can be found by applying Formulzs Formula 42 . vaiace fo  probubilt disboion

41,42,43,and 44 Formula 4:3 > rianc o  probubiley disiboron

Formula 4-4 PRI p——————
dhanation

Formula 4-1 Sl P mean fora probabily disribution

Formula 4-1 g = X[x - P()] mean for a probability distribution

Formulad2 o = $[(c = w) - P(O]  variance for a probabilicy distribution

Formulad-3 o® = S[i? - P(y)] - * variance for a probability distribution

Formula4-4 o = VI[*- P(] = 4 standurd deviation for a probability
disibution

Caution: Bvaluate S[x* + P(x)] by first squaring each value of x, then multiplying

each square by the corresponding probability P(v), then adding.

Rationale for Formulas 4-1 through 4-4
Why do Formulas 4-1 through 44 work? Formula 4-1 accomplishes the same task
as the formula for the mean of  frequency table. (Recall that frepresents clas fre-
quency and N represens population size.) Rewriting the formula forthe mean of a
frequency table so that it applies o a population and then changing its form, we get

s /.uzg[/” [ /]:\_[r_m]

In the fraction J/N. the value of fis the frequency with which the value x occurs
and N i the population size, so f/N is the probabilty for the value of x.

imilar reasoning enables us to take the variance formula from Chapter 2
and apply it to a random variable for a probability distribution; the result is

sttt o he i) an Hesi Sciances with Sk, Fist Edton by e M. Tk and Mars £ T Putished by Pesrson Edcaton
Copyron £ 2006 by P Ecvcaon, .

Copyright © 2011 Pearson Education, Inc. Al rights reserved. __Lega Natice | Privacy Policy | Permissions | Feedback Page:19 0119 | Words: 3698 | 5 |





image30.png
[ Wome | e ageloyout  Refeences _ Malings _Review  View @
LY vischookpcpeamoncongcomichookTuncheTer ol 321 C. Bl[coeipon o - Bl

[B 7 U - x x5 |
0 mce K = I 2 A mla ] ool
Pearson Learning Solutions | UNIVERS... - | " Pearson eText ipboard % 5 Paragroph -
vewang

PEARSON
S w - RENEE

164 CuapTer 4 Discrete Probability Distributions

Paste

Stytes Editing

= areasundar e ractanges are e probabites

Formula 4-1 Sl P mean fora probabily disribution
Formula 4.2 : Varance fora probabile disibotion

[OTSIPEN Calculating . 0. and o for a Probability Distrbution Formula 4.3 2 rianc o  probubiley disiboron

Formula 4-4 sandand deviation for  probabily
P X P disibtion

0000 0000 Cs¢ 1] - s re)
0.001 0.001 L | TP

s QOB o fisfrequency at which the value x occurs, and Nis the population size.

002 0066 = v e e o5

0061 0244 « ROUN01F A oy onkmor i et ando vrbiex

0122 0G0 bl fd e s o s (o ) o viacs, v 2 i ks 3 g

i oftnumb 10 fnd max ae min values Ry seect newborn babes, and count he .
0183 1.098 '

0209 1.463
0183 1464
0122 1.098
0.061 0,610
0022 0.242
0.006 0072
0.001 0.013
0.000 0.000
6993

t
Six- Pw)

Using Formulas 4-1 and 4-3 and the table results, we get
Copyright © 2011 Pearson Education, Inc. Al rights reserved. __Lega Natice | Privacy Policy | Permissions | Feedback
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13gisin 14 birts) s ECTREMIELY smal, we condue at te assumpton i probably not corect
= Usingpronabites 1o etermine when resuts ae uusual
o Usualy igh x successs among s s an nusualy igh number ofsuecesss  lx
or more) s very smat 0.3}
o Unusualylow:xsucesses among il s sl fow number of sucesses 1 e or
‘The following notation is commonly used. fever) s verysmat (03]
= EXPECTED VALLE: denoted by O, representing anaverage vave of e outcomes

Notation for Binomial Probability Distributions Formulad-1 P} mean for a probabiliy disi

S and F (success and filure) denote the two possible categories of all out- o nOTIcE: meanof ree random variabe = expecsd vaue
comes: p and g will denote the probabilitis of S and F, respectively, so

PS)=p (p = probability of a success) CHAPTER 43
PR =1-p=q (g = probability of a ailure) - BOMIAL PROBABLITY DISTRSUTION: ress rom proccur tat et e ko

s fued umter of s
denotes the fixed number of tials e are cependent

denotes a specific mumber of successes in n rials, s0.x can be any Exenyg sl otcomes s into T ategaries
whole number betuween 0 and n. inclusive. procabies mustremain costat foresen il
denotes the probability of success in ane of the  trials

denotes the probability of failure in ane of the  trials

denotes the probability of getting exactly x successes among the

rials.

The word suuccess as used here is arbitrary and does not necessarily represent

Something good. Either of the two possible categories may be called the success §

aslong as its probability is dentified as p. Once 4 category has been designated as So sasiazzas cristra warg
the success S, be sure that p is the probability of a success and x is the number of sy o e
successes. That is, be sure that the values of p and x refer to the same category

designated as a success. (The value of g can always be found by sublracting p

from 15 if p = 0.95, then g = | — 0.95 = 0.05) Here is an important hint for

working with binomial probability problems:

Be sure that x and p both refer to the same category being called a
success.

When selecting a sample for some statistical analysis, we usually sample
Copyright © 2011 Pearson Education, Inc. Al rights reserved. _Lega Natice | Privacy Policy | Permissions | Feedback age: 20 of 21 | Words 4007 | < |
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S and F (suceess and failure) denote the wo possible categorics of all out-
comes; p and ¢ will denote the probabiltes of $ and F, especively, so

S =p (p = probability of a success)
Method 1: Using the Binomial Probability Formula ~Tn a binomial distri- PA=1-p=q (g = probability of a failurc)
bution, probabilities can be calculated by using the binomial probability formula denote the fixed number of triaks

denotes a specific mumber of successes in  trials, s0.x can b any.
whole number between 0 and 1, inclusive.

demotes the probabilty of success in ne of the n rial.
enote the probabiliy o failure i ane of the n ias.
where 1 = mumber of trals denotes the probabiliy of geting exactly x successes among the
x = number of successes among n trials Co
p = probability of success in any one wial

g = probability of failure in any one tial (¢ = 1 = p) = Wil sure xAND bt et he same categry beig caed s sucess
fsamp s s smal rte o papiation s, st it 35 dsgandent (1 %01 =0.051)

Formula 45 P() = —2— . .
s = G

“The factorial symbol !, introduced in Section 3-7, denotes the product of de-
creasing factors. Two examples of factorials are 3t = 3+ 2+ 1 = 6 and 0! = |
(by definition). Many c well as a key labeled ,C,
that can simplify the computations. For calculators with the ,C, key. use this ver-
sion of the binomial probability formula (where 1, x, p, and q are the same as in
Formula 4-5).

P =,Copte gt

EXAMPLE Analysis of Multiple-Choice Answers Use the bino-
‘mial probability formula to find the probability of getting exac

swers when random guesses are made for 4 multiple choice questions. That is,
find P(3) given thatn = 4,x = 3,p = 0.2.and g = 0.8

SOLUTION Using the given values of . x, . and ¢ in the binomial proba-
bility formula (Formula 4-5), we get
4
Pla) = et 0
W= T
"
Copyright © 2011 Pearson Education, Inc. Al rights reserved. __Leg Natice | Privacy Policy | Permissions | Feedback
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and the last response i wrong, but there are other arrangements possible for three
correct responses and one wrong response,

In Section 3-8 we saw that with three items identical to each other (such as
cormect responses) and one other item (such zs a wrong response), the total mumber
of arrangements (permutations) is 41/[(4 — 3)!31] or 4. Each of those 4 different

angements has a probabiliy of 0.2° - 0.8, 5o the total probability is a follows:

P comectamong 4) = T+ 02708

Generalize this result as follows: Replace 4 with . replace x with 3, repla
with p, replace 0.8 with g, and express the exponent of 1 as 4 — 3, which can be
replaced with n ~ x. The result is the binomial probability formula. That s, the
binomial probability formula is a combination of the multiplication rule of proba-
bility and the counting rule for the number of arrangements of  items when x of
them are identical to each other and the other  — v are identical to each other
(See Exercises 9 and 10.)

“The mumber of outcomes with  The probability of x successes among

exactly x successes among  trials 1 rials for any one paricular order

—_——

Pw= {n = ) -

4-3 Exercises

Identifying Binomial Distributions. In Exercises 1-8, determine whether the given pro.
cedure results in a binomial distribution. For those that are not binomial, identify at least
one requiremen that is not satisfied.

1. Surveying people by ..«u.g@.ﬁ,., what they think of methods of gender slection.

2 Sarveving 1017 nennile and\_hrding whether thers i + “shond no” resnanse t0 this

Legal lotice | Privacy Policy | Permissions | Feedback

Formula 45 P(x) =

where = number of rals
= number of successes among n rials
= probbilty of success n any one ial
g = probabilty of ailure i any one wial (g = 1~ p)

JreT—
PO =G pt g

o Locate nand e coresponding value ofxdesied
o compute software wil o he work
= Scomial procabiy formula = mutpicaton.rue-+ couning e for umber ofarangements

rvitns ware.
Dscamber 267, 2011
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o Locate nand e coresponding value ofxdesied
o computer software wil o he work
= Scomial procabiy formua = mutpicaton.rue+ couning ul for umber ofarangements

distribution is a special type of probability c a “Thc e ofccomeswith  The proalbilty o  siccesessmong
41, 4-3, and 4-4 (from Section 4-2) for finding the mean, variance, and sta XY S N 1l o one il
deviation. Fortunately, those formulas can be greatly simplified for binomial dis- e

tributions, as shown below P

For Any Discrete Probability Distribution For Binomial Distributions

Formula -1 g = X[x - P(x)] Formula -6 p = np

Formula 43 o? = 3[x - P(9)] = Formula 47 o* = npq

Formula 44 o = VIR - P()] - & Formula 48 o = Vipg

EXAMPLE Gender of Children In Section 4-2 we included an exam- So sutisic 2018 vt ware
ple illustrating calculations for 1 and 0. We used the example of the random sy December 28°, 2011
variable X representing the number of girls in 14 births. (Sce Table 4-3 on CHAPTER 4.4

page 164 for the calculations that illustrate Formulas 4-1 and 4-4.) Use For-
‘mulas 4-6 and 4-8 to find the mean and standard deviation for the numbers of
girls in groups of 14 births.

SOLUTION  Using the valuesn = 14,p = 0.5, and g = 0.5, Formulas 4-6
and 4-8 can be applied as follows:

w=np = (19(05) =70
o= Vg
= V905)03) = 19 rounded)

If you compare these calculations to those required in Table 4-3, it should be CHAPTER 5 NOTES

obvious that Formulas 4-6 and 4-8 are substantially easier to use

.:

CHAPTER 5.1
Formula 4-6 for the mean makes sense intitively. Ask most people how

Copyright © 2011 Pearson Education, Inc. Al rights reserved. LegaiNatice | Privacy Policy | Permissions | Feedback
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*41. For a standand normal distribution, find the percentge of data that are
within | standard deviation of the mean.

b. within 1.96 standard devitions of the mican. gl with a sandard normal ditbuton what i th pratabiy of gttng a eading
c. between — 3o and . + 3o ez tran 1.58 on 3 rermomster
d. hetween | standard deviation below the mean and 2 standard deviations above the 22158303 uing e bl we i the vale 0.9429
mean. s ottty of s thermomater shoing s than .58 584%
€. more than 2 standard deviations away from the mean. ‘ampie: how about fiing one hat reads above .23
=123 corresponds 1001035, but B’ he area o e ket
 Wemst subvacti rom, 10,1083 = 0.8507

Applications of Normal Distributions

Because the examples and exercises in Section 5-2 all involved the standard nor-
mal distribution (with 2 mean of 0 and a standard deviation of 1), they were neces
sarily unrealistic. In this section we include nonstandard normal distributions so.
that we can work with applications that are real and practical. Fortunately, we can
transform values from a nonstandard normal distribution to a standard normal dis-
wibution so that we can continue to use the same procedures from Section 5-2.

If we convert values to standard scores using Formula 5-2, then pro-
cedures for working with all normal distributions are the same as

S0 vt 2ass crvstna warg.
those for the standard normal distribution.

AL Exata reviEw oscember 25%, 2011
Formula 52 L8 (Round 2 scores to 2 decimal places.) o Wi 2score the robabity of a spechc nstance =0, Pe=L5) =0
Continued use of Table A-2 requires understanding and application of the above CHAPTERS.3
principle. (If you use certain calculators or software programs, the conversion to. = Normly yu wou never i 3 standard ormal deruton, bt you canconvert vakes o
sandara: scres

sttt o he i) an Hesi Sciances with Sk, Fist Edton by e M. Tk and Mars £ T Putished by Pesrson Edcaton
Copyron £ 2006 by P Ecvcaon, .
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Applications of Normal Distributions

FIGURE 512

Comerting from, o satstszan crvana iars
Nomstandard o AL B EVIEW oscemoer 7, 000
Standard Normal

Samdara e o Wiha25core theprobabity of specc nsance =0, =L)< 0

(@ Nonstardord
Normal Distributian Narmal Distribution

CHAPTERS.3
 Normat yu wou never find 3 standerd normal ditribaton, Bt you G VTt vk to
stz sares

scores is not necessary because probabilites can be found directly) Regardless of
the method used, you need to clearly understand the above basic principle, because
itis an important foundation for concepts introduced in the following chapters.
Figure 5-12 illustrates the conversion from a nonstandard (o a standard nor

mal distribution. The area in any normal distribution bounded by some score x [as.
in Figure 5-12(a)] i the same as the area bounded by the equivalent = score in the
standard normal distribution [2s in Figure 5-12(b)]. This means that when work.
ing with  nonstandard normal distribution, you can use Table A-2 the same way it
was used in Section 5-2 as long as you first convert the values to = scores. When
finding areas with a nonstandard normal distribution, use this procedure:

(Round = scores to 2 decimal places.)

Procedure for Converting Values in a
Nonstandard Normal Distribution to z Scores

1. Sketch a normal label the mean and the specific x values, then shade /34t Shopt
the region representing the desired probability

2. For each relevant value x that is a boundary for the shaded region, use For-  What doyou do when you'e test-
mula 5-2 to convert that value to the equivalent z score. inganew treatment and, before

Copyright © 2011 Pearson Education, nc. Alghts reserved. _ Legal Notce | Privacy Policy | Permissions | Feedback





image37.png
B e e

(<)

Sun™ Convergence ] Facebook I YouTube - Brosdcast . R Student Services ® We... () The Uriversity of West..

S Pearson Learing Solutions | UNIVERS.. « |} Pearson eText

yewang

PEARSON

Copyright © 2011 Pearson Education, nc. Al rghts reserved.

Bookshelf | Print | Setings

1. Sketeh a normal distribution curve, enter the given prabability or percentage
in the appropriate region of the graph, and idenify the v value(s) being sough.

2. Use Table A-2 o find the : score corresponding to the cumulative left area
bounded by x. Refer to the body of Table A-2 to find the closest area, then

Fy the corresponding < score.

3. Usink Formula 5-2, enter the values for g, o, and the < score found in Step 2,
then solve for x. Based on the format of Formula 5-2, we can solve for x as
follows:

(another form of Formula 5:2)

c=p o)
T

(I 2 located o the Ieft of the mean, be sure that it i a negative number)

4. Refer to the sketch of the curve to verify that the solution makes sense in the
context of the graph and in the context of the problem.

The following example uses this four-step procedure just outlined.

EXAMPLE Hip Breadths and Airplane Seats In designing seats
o be installed in commercial aircraft, engineers want to make the seats wide
enough o fit 98% of all males. (Accommodating 100% of males would re-
quire very wide seats that would be much too expensive,) Men have hip
breadihs that are normally distributed with a mean of 14.4 in. and a standard
deviation of 1.0_in. (based on anthropometric survey data from Gordon,
Clauser, e al). Find Pys. That i, find the hip breadth of men that separates
the bottom (no pun intended) 985 from the top 2%

SOLUTION
Step 1 We begin with the graph shown in Figure 5-15. We have entered the
mean of 14.4 in., shaded the area representing the bottom 98%, and
identified the desired value as x
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Charten 5 Normal Probability Distributions

Sampling Distributions of Different Statistics (for Samples of Size 2 Drawn with Replacement
from the Population 1, 2, 5)

Standard
Mean Variance  Deviation

sample ¥ Medan Range s s

Proportion
of Odd

Numbers _ Probability

1,1 00 10 00 0,000 1 19
12 15 s s 0.707 0s 19
s 30 30 80 2828 1 19
21 15 1s 05 0.707 05 19
2,2 20 20 00 0000 0 19
25 35 35 45 2121 0s 19
51 30 30 80 2828 1 19
5,2 35 35 45 2121 05 19
5,5 50 s0 00 0,000 1

Mean of Statistic 27 27 i 29 13
Values

Population Parameter 2.7 29 1.7

Does the sample Yes Yes No
statistic target the
population parameter?
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“The central limit theorem involves two different distributions: the dist
of the original population and the distribution of the sample means. As in previous
chapters, we use the symbols 4 and o to denote the mean and standard deviation
of the original population, but we now need new notation for the mean and stan-
dard deviation of the distribution of sample means,

Notation for the Sampling Distribution of ¥

If all possible random samples of size 1 are selected from a population with
mean p and standard deviation o, the mean of the sample means is denoted.
by pz. 50

oz is often called the standard error of the mean.

EXAMPLE Random Digits Again consider the population of digits 0. 1,
2,3,4,5,6, 7.8, 9, which are randomly selected with replacement. Assume that
we randomly select samples of size 1 = 4. In the original population of digits,
all of the values are equally likely. Based on the “Practical Rules Commonly
Used” (lsted in the central limit theorem box), we cannot conclude that the
sample means are nomally distributed, because the original population does not
have a normal distribution and the sample size of 4is not larger than 30, How-
ever, we will explore the sampling distribution to see what we can learn.

“Table 5-6 was constructed by recording the last four digits of social se
ity numbers from each of 50 different students. The last four digits of social
security numbers are random, unlike the beginning digits, which are used to
code particular information. If we combine the four digits from each student

Legal lotice | Privacy Policy | Permissions | Feedback

0101 GO NG = O WA B L NG DO N O N BB 0

rvitns ware.
Dscamber 267, 2011

o underspechc conitors, Gstruton of sample proportons approsinates reral
erin
= satstics tat g opulation parametrs: e, variance, and proportons (inough sample
Standard devstion dossr'. arget population sandard Seistion th bis srelatuey smallin
largersampes s, 5, s ofen e 1o estimate o

CHAPTERS.S
 andom varisbe xhas  derbutn with mean i nd sandard devstin o
= simperandom sampls arelhe samesize,n
o concusons:
= Disrbution ofsampe means ar il (a5 increzss) approach 3 ormal
erton
= Meanofal sample mears s he popuistion mean
= Standard deviaton o allsampie mears s avn
-
= it riginal populaton s notnormally disvited: samples of 22 0230, he
Gsriution ofsampl mears canbe approsimated by 3 rormal Gt ton
* Orignalpopuiaton fsef s normaly dtiutes then sample mean il b
rormaty datrisd for ANy samp s, 0
R —
« orignalstrbution and sampie mean dsrbution |

CHAPTERS.6
= scominal probabiy distiotion conditons:
o Mustrave s ed rumesr of s

o _triat areinsepensent

Fage: 250128 | Woras 5,284 | B |




image40.png
File Edit Vi

(<]

B e e

B Pesrson Learing Solutions | UNIVERS...« | | Pearson eText

Home | Insert

Page Layout

References  Mailings  Review  View

4 calibri (Body) -l

(] =

J
I[34){ar]

Paragraph 5

Stytes Editing

yewang

PEARSON

As the sample size increases, the sampling distribution of sample
means approaches a normal distribution.

Applying the Central Limit Theorem

Many important and practical problems can be solved with the central limit theo-
rem. When working on such problems, remember that if the sample size is greater
than 30, or i the original population is normally distributed, treat the distribution
of sample means as if it were a normal distribution with mean yu and standard de-
viation o/ V.

In the following example, part (2) involves an individual value, but part (b) in-
Volves the mean for a sample of 12 men, so we must use the central limit theorem
i working with the random variable . Study this example carefully to understand
the significant difference between the procedures used in parts () and (b). See
how this example illustrates the following working procedure:

© When working with an individual value from a normally distributed

population, use the methods of Section 5-3. Use ;“ 3

 When working with a mean for some sample (or group), be sure (o use
the value of o/ \/ for the standard deviation of the sample means. Use
LoEo e

T e/Vn

EXAMPLE Ski Gondola Safety In the Chapter Problem we noted that

a'ski gondola in Vail, Colorado, carres skiers to the top of 4 mountain. It

bears  plague sating that the maximum capacity is 12 people or 2004

sttt o he i) an Hesi Sciances with Sk, Fist Edton by e M. Tk and Mars £ T Putished by Pesrson Edcaton
Copyron £ 2006 by P Ecvcaon, .
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Notation for the Sampling Distribution of ¥

If all possible random samples of size 1 are selected from a population with
mean p and standard deviation 7, the mean of the sample means is denoted
by pz 50
wi=n
Also, the standard deviation of the sample means is denoted by o, S0
o
or=2
i

3 is often called the standard error of the mean.
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» cepts in statstics,

S ® =

At o deision of e el s ek by 7.0
TV
el e s crorf e mesn.

inividuat vlue from  normlly disteibted
population, use the methods of Section 3 Use: = 2,

Correction for a Finite Population

In applying the central limi theorem, our use of o5 = o/ assumes that the
population has infinitely many members. When we sample with replacement (that
is. put back each selected item before making the next selection), the population is
effectively infinite. Yet many realistic applications involve sampling withou re-
placement, so successive samples depend on previous outcomes. In manufactur-
ing, quality-control inspectors typically sample items from a finite production run
without replacing them. For such a finite population, we may need to adjust o,
Here s a common rule of thumb: m

 When working with  mean for some sample (o group), be sure o e
he vl o ] ' for hesandard deiaton ofth sample means. Use

When sampling without replacement and the sample size u i greater
than 5% of the fnite population size N (tha is,n > 0.05N), adjust the [ — it warg
m standard deviation of sample means o'z by multiplying it by the finite FiNAC XM sEviEw, December 26°, 2011

population correction factor: gl s g capacy i 2004 r 12 passngers. Menbave: meanf 72 s an sncard

Geviton of 9 2.
o robatity a ndhidial mans randomy selecied and e wil weigh more an 167 s
 Comertweignt of 157 t corresponding £ score - 0.7

Except for Exercises 15 and 16, the examples and exercises in this section assume e e v 57
that the finite population correction factor does not apply, because the population 1 o proabiyof 12 randomiy selced men hve a mean weghtgreser an 16785
is infinite or the sample size doesn't exceed 5% of the population size. = origialpopuston i normaly detted tus sampe il be rormaly

“The centrallimit theorem is so important because it allows us to use the basic rtusea, Now deing win sampe,use sppropriste (aferen from
normal distribution methods in a wide variety of different circumstances. In Chap- ~ popuaton) raton

Mot sampe - mean of opuation = 172 snd stancerd devstn of e
« Comertto ;scre an i corasponding ot <= 0.8 20d oty =
 1-0.2743= 07257, robabity of 12 men having 3 mean weightof 167 s

ter , for example, we will apply the theorem when we use sample data to estimate
means of populations. In Chapter 7 we will apply it when we use sample data to.

sttt o ho gl and Haaih Sciancs wih S, Fis E6ion oy e M. Tilaand Mar . Ticka, Pubished by Poarson E&caton.
Copyron £ 2006 by P Ecvcaon, . m
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FiGURE
Comerting ros
Nonsandard
Standard Normal

Normal Distribution as Approximation to Binomial Disribaton
Distribution

Lan Affect
When working with a binomial distibution, if 1p = 5 and ng = S, then the
Results binomial random variable has a probability distribution that can be approxi-
mated by & normal distibution withthe mean and standsrd deviation given as o e o o e s s st
= erscres o o g 50re
= Sokefor g3 variton o rvios formut

Inasurveyof Catholisin Boston,
the subjecs were asked if contra- =
ceptves should be made aailable o= Vg

tounmarried women. In pesonal x=p+(z+0)  (another form of Formula 5:2)

inteviews, 4% of the respon- To beter understand how the normal distribution can be used to approximate
dentsaidys Butamongasiniat 4 binomial distribution, refer t Figure 5-18 in Section 5-4. That figure is a rela-
sroup contacted bymil o tcle tive frequency histogram for values of 10,000 sample proportions, where
phore, 75% of th respondents the 10,000 samples consiss of 50 genders randomly selected with rept

from 4 population in which the proportion of females is 0.13. Those sample pro-
portions can be considered to be binomial probabilities, so Figure 5-18 shows that
under suitable conditions, binomial probabilities have a sampling distribution that
is approximately normal. The formal justification that allows us o use the normal
distribution as an approximation to the binomial distribution results from more
advanced mathematics, but Figure 5-18 i a convincing visual argument support-
ing that approximation.

When solving binomial probability problems, fist try to get more exact re-
sults by using computer software or 4 calculator, or Table A-I, or the binomial
probabiliy formula. If the binomial probabilicy cannot be found using those more
exact procedures, try the technique of using the normal distribution as an approxi- I P
mation to the binomial distribution. This approach involves the following proce- FINALEXAM REVIEW December 25%, 2011
dure, which is also shown as a flowchart i Figure 5-23.

s located (0 the left of the mean, be sure that it s a negative number,)

CHAPTERS.6
= scominal probabiy distiotion conditons:
o Mustrave s ed rumesr of s

o Tt areinsependent

answered yes 0 thesame question.

o Eachualhasall outcomes ut o two categores

Procedure for Using a Normal Distriby o protabites remain consant for each il

to Approximate a Binomial Distribution
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Hlustrations

hen working with a binomial distribution, i np = S and ng = S, then the
binomial random variable has a probability distrbution that can be approxi-

w=np.
o= Vig

Veriy matgg s sand gz 5

e P——

Identy Gscete vaue . Felace wih x0.3 o103

ravea normal urveand eter valvs s and o and eiher 105 r X105

hangex by repcing it s sppropriste

Fintares corresponing 1 cesird prosabity g 2scores

‘gl i provably smong 200 randomy seeced peop there aretiess 120 men
 ne0, plmae) =03
L verfy we can spprosimte the Bomial distbuton by te rermal

Normal as Approximation to Binomial

FIGURE 524 Findi
Probabilty of “At Least” 120
Men Among 200 Passengers

Ths nterval

e

Copyright © 2011 Pearson Education, nc. Al rghts reserved.

Using Table A
the shaded region s |

3 2%

“The discrete value of 120 is represented by the vertical strip bounded
by 119.5 and 120.5. (See the discussion of continuity corrections,
which follows this example.)

Because we want the probability of ar least 120 men, we want the area
representing the discrete number of 120 (the region bounded by 119.5
and 120.5), as well as the area to the right, as shown in Figure 5-24.
‘We can now proceed to find the shaded area of Figure 5-24 by using
the same methods used in Section 5-3. In order to use Table A-2 for
the standard normal distribution, we must first convert 119.5 to a
= score, then use the table to find the area to the left of 119.5, which is
then sublracted from 1. The = score is found as follows:

_ 1195100 _

2
70710678 °

Legal lotice | Privacy Policy | Permissions | Feedback

aron
* p=200x0.5-100 grester tan 5]
* p3=200 0.5 =100 grester tan 5]
2 rindvalues for pand o
[
« o=virgg) =vizo0x05x05)= 7 071e7s
3. Direte valeof 120 & bounded by 119,50 1203 (contiity correctn)
W want procatity of st esst 12, s e want th area o e gt
5. rinaaced sres
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ment of random selection means that the methods of this scction cannot be used  ficlt 0 obtainrandom sampls. o st s i warg
with some other types of sampling, such as stratified, cluster, and convenience  The Council of American Survey s ey December 28%, 2011
sampling. We should be especially clear about this important point Resarch Onganizations reported o Ahays s continty corecion when i el Gt o 330 spproaaten
PR ——————
Data collected in an inappropriate way can be absolutely worthless, that in a recent year, 38% of et i e o :amamuau ittt 35 5- 05
even i the sample is quite large. consumers efuged 10 respond to andright side asx+05
surveys The eadof nermarket [P R—
‘We know that different samples naturally produce different resuls. The methods . oy sid “Eversone = Shade e region warted and i wl corrsponding 1 pobabity being sovght sfer
of this section assume that those sample differences are due to chance random fearful of selfselect 4
fluctuations, not some unsound method of sampling. If you were to conducta sur- " 5 ‘; s I""" o
vey of opinions about cloning by surveying members of the American Genetic  0ried that genralizations you
Association, you should not use the results for making some estimate of the pro-  makeare based on cooprators CHAPTER 6 NOTES
portion of all adult Americans. The sample of American Genetic Association  only” Resultsfrom the mul
members is very likely to be a biascd sample in the semse that it is not representa- biliondolla market rsarch n-
tive of all Americans. CHAPTER 6.1
ey ffectthe products we buy, = e applatons of ferental ats e h s of s Gia
m Assuming that we have a simple random sample and the other requirements -+ PRSI o e e e
listed above are also satisfied, we can now proceed with our major objective: us- N o e et e o
ing the sample s a basis for estimating the value of the population proportion p. iy T (rvpsness) on 2 popi
‘We introduce the new notation  (called “p hat®)for the sample proportion. P
« EQUIENIENT FOR LSING & NORMAL DSTRUTION A5 AN APPROXIVATION TO A BIOMIAL
Notation for Proportions o sampsasss
s —
= proportion o successes in the entire populain e —
i remaincorstat e oigh 4 s
= = sample propotion of x successesina sample of size = o e ek st o oy s g S22 5 e
=1~ = sample proportion of fuiures in a sample of size 1 .
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Notation for Critical Value FINALEXAM REVIEW December 28%, 2011

The eritical value 2,53 is the positive < value that is a the vertical boundary
separating an area of /2 in the right (sl ofthe standard normal distribution.
(The value of 2, is a the vertical boundary for the area of a2 in the lefi
tail) The subscript a/2 i simply a reminder that the 2 score separates an area
of a/2 in the right tail o the standard norma distribution.

Definition
Aeritical value is the mumber on the borderline separating sample statistics that
are likely to occur from those that are unlikely to occur. The number 2,3 is a

m critical value that is a z score with the property that it separates an arca of /2 in

the right til of the standard normal distribution. (Sec Figure 6-1.)

EXAMPLE Finding a Critical Value Find the critical value 2, cor-
responding to 4 95% confidence level.

SOLUTION  Caution: To find the critical = value for a 95% confidence
Tevel, do ot Took up 0.95 in the body of Table A-2. A 95% confidence level
corresponds to @ = 0.05. See Figure 6-2, where we show that the area in each
of the red-shaded tails is /2 = 0.025. We find z,, = 196 by neting that all of
the area to its left must be 1 — 0.025, or 0.975. We can refer to Table A-2 and
find that the area of 0.9750 (found in the body of the table) corresponds exactly
toa 2 score of 1.96. For a 95% confidence level, the critical value is therefore
24 = 1.96. To find the critical = score for a 95% confidence level, look up
0.9750 in the body of Table A-2, not 0.95.

Copyright © 2011 Pearson Education, inc. Alghts reserved. _Legal Notce | Privacy Policy | Permissions | Feedback
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o 2scoreseparatng theright il regin s commonly dented 35 g, referred ozsa
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‘When we collect a set of sample data, such as the experimental pea data given in
the Chapter Problem, we can calculate the sample propartion p and that sample
proportion is typically different from the population proportion p. The difference
between the sample proportion and the population proportion can be thought of as
an error. We now define the margin of error E as follows.

‘When data from a simple random sample are used to estimate a population pro-
portion p, the margin of error, denoted by E, is the maximun likely (with prob-
ability 1 — @) difference between the observed sample proportion  and the tric.
alue of the population proportion p. The margin of error £ i also called the
maximun error of the estimate and can be found by multiplying the critial value
and the standard deviation of sample proportions, as shown in Formula 6-1

Formula 6-1 E margin of error for proportions

l
Given the way that the margin of error £ is defined, there is a probability of 1 = a
that a sample proportion will be in error (different from the population proportion
) by no more than E, and there is a probability of e that the sample proportion
will be in error by more than E.

sttt o ho gl and Haaih Sciancs wih S, Fis E6ion oy e M. Tilaand Mar . Ticka, Pubished by Poarson E&caton.

Copyron £ 2006 by P Ecvcaon, .
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separating an arca of a2 in the right tail of the standard normal distribation.

(The value of —z, i a the vertical boundary for the arca of /2 in the Iefl.

- il The subscript a/2 s simply a reminder that the 2 score separates an arca.
of /2 n the righttail ofthe standard normal distibution.

 MARGINOF ERROR: dencted by £, maxIiely Gfference between observed sample roporton
N p-rat s e rue val of poguistion. proporton ()
o Found by mutplying rtca valueand he standard deviatn of sampe progertrs.
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Confidence Interval (or Interval Estimate) for the j| SRS on
Eerniadcnliouo ro e = MARGIN OF ERROR: denoted by E,is max ikely Gifference between observed sample proportion
: oy s e ot v i resrion
[P e P -
poE<p<hHE  where  E= g2
Fomias1 £ s P —
“The confidence inerval i ofen exprescd inthe following cquivalent formats, -
e o Tarica sty of 8,0t sl g il by e
pEE 1 e s e o -t e erion v i by
I ’ :
G-Ep+B B :
I Chapter 3, when probbiliies were given in decimal form, e rounded to .
three significan digis. We use that same rounding ule here .
‘Round-Off Rule for Confidence Interval Estimates of p 0 -
Round the confidence intervallnit for p 1o thre significant diis
Based on the preceding resuls, e can summarize the procedure for con- R .
et a confidence intervalestimite of  population proportion p s folows m
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CharTer 6 Estimates and Sample Sizes with One Sample
How many such children must we observe to develop a reasonable estimate? (The =) [ [
U.S. Department and Health and Human Services tracks the numbers of multiple AL Exata reviEw oscember 25%, 2011

births, but not the genders of the babies in multple births.)

If we begin with the expression for the margin of error E (Formula 6-1), then
solive for n, we get Formula 6-2. Formula 6-2 requires  as an estimate of the pop-
ulation proportion p, but if no such estimate is known (as i often the case), we re-
place j by 0.5 and replace § by 0.5, with the result given in Formula 6-3.

 ROUND OFF RULE:round s for p o tree sigicant digs
o Check reuicemens are satsfied (58S, condors for Binomial dstution aresatsid,
ormal dsioion can beused o approvinate the sampe ropordons dsrbuton)
B o ferto scors and find crcal Y34, s S Correspands o the conficence Vel
o tvakatemargnof eror
Substute the clcuated andor g values i  general formatfor e O
o ound off f necessary

Sample Size for Estimating Proportion p

:
When an estimate p is known: Formula 62 n BE',L”

P -02s
Whenno csmatepisknown:  Formula 6-3 = L2l 033 B

Round-Off Rule for Determining Sample Size

In order to ensure that the required sample size is at east as arge as it should
be, if the computed sample size is not a whole number, round it up o the next
higher whole number,

B

Use Formula 6-2 when reasonable estimates of j can be made by using previ-
Copyright @ 2011 Pearson Education, Inc. Al rights reserved. __Leg Natice 1 Privacy Policy | Permissions | Feedback
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Round-Off Rule for Determining Sample Size

» In onder to cnsure that the required sample size is at leastas large as it should
the computed sample sze i not a whole number, round it up (0 the next.

higher whole numb.

0.004% of the households are surveyed; still, we can be 95% confident that the
sample percentage will be within one percentage point of the true population
percentage

« Vaieof Enever aceess £

Finding the Point Estimate and E from a Confidence Interval Some-
times we want to better understand 4 confidence interval that might have been
obtained from a journal artcle, or it might have been generated using software or
4 caleulator. If we already know the confidence interval limits, the sample
proportion > and the margin of error E can be found s follows

Point estimte of p:

~_ {upper cor
5 = Lupper
m Margin of error:

5 — (upper confidence | (lower confidence imit)

EXAMPLE The article “High-Dose Nicotine Patch Therapy” by Dale,
Hurt, et al. ournal of the American Medical Association, Vol. 274, No. 17)
includes this statement: “OF the 71 subjects, 0% were abstinent from smok-
ing at 8 weeks (95% confidence interval [CI, 58% to 81%)." Use that state-
ment to find the point estimate  and the margin of error £

S0 vt 2ass crvstna warg.

SOLUTION  From the given statement, we see that the 95% confidence in- fermmena oecernbe 250, 20rs

terval is 0.58 < p < 0.81. The point estimate  is the value midway between
the upper and lower confidence interval limits, so we get

i) + (lower c nit)

(upper confidence i
- Luppe

Copyright © 2011 Pearson Education, inc. Alghts reserved. _Legal Notce | Privacy Policy | Permissions | Feedback

Page:31 032 | Words:5955 | <5 |





image51.png
B b Home | Insert | Pagelayout  References  Maiings

I iicsook.- semonern corebonbTaincheTes. el L EAC, (2] = ) B | 8] e

— o Footer~

Sun™ Convergence ] Facebook I YouTube - Brosdcast . R Student Services ® We... {_} The Uriversity of West.. Pages | Table || Fwre Cip ks ﬁh ey | T Smbols
ges | T & T 2 rage humper | 1S

| Pearson Learning Soutions | UNIVERS.. | Pearson eText Tables | flustations Header & Footer

yewang Bookshelf | Print | Setings |

PEARSON Searcn. | = Sampie mean xtar s the bast gt stmate of o pogulton mean
o Sampl mesn xtar ten 1o be more consten tran over s S

O s | = i ubiased sstimtar,bcais of . ean et abo s popiston mean

Margin of Error When we collect a set of sample data, such as the set of 106
body temperatures listed for 12 .M. of day 2 in Data Set 2 in Appendix B, we

can calculate the sample mean ¥ and that sample mean is typically different from

the population mean . The difference between the sample mean and the

population mean is an error. In Section 5-5 we saw that /i is the standard o stz vt ware
deviation of sample means. Using @/ Vi and the .,z notation introduced in sy o e
Section 6-2, we now use the margin of error E expressed as follows: |

Formula -4 E'= 2,2 7 margin of eror for mean (when oris known)

Formula 6-4 reflects the fact that the sampling distribution of sample means ¥ is
exactly a normal distribution with mean 4 and standard deviation o/ \n when-
ever the population has a normal distribution with mean 4 and standard deviation
.1 the population s not normally distributed, large samples yield sample means
with a distribution that is approximately normal

Given the way that the margin of error  is defined, there is a probability of
1~ athat a sample mean will be in error (different from the population mean )
by o more than £, and there is a probability of a that the sample mean will be in
exror by more than E. The calculation of the margin of error E s given in Formula
6-4 requires that you know the population standard deviation o but Section 6-4
will present a method for calculating the margin of error £ when oris not known.

Using the margin of error E, we can now idenify the confidence interval for
the population mean p (f the requirements for this section are satisfied). The three
commonly used formats for expressing the confidence interval are shown in the
following box.

sttt o ho gl and Haaih Sciancs wih S, Fis E6ion oy e M. Tilaand Mar . Ticka, Pubished by Poarson E&caton.
Copyron £ 2006 by P Ecvcaon, .
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Formula 6:1 Eean/2 margin o cvor forproportions

Estimates and Sample Sizes with One Sample o Thereisa protabiy of ~a, orp that s sampeproporien wilbe nerr by o mare

CHarTER 6
thane, anc 2 probabiy of  that the sampe proporton wil ben errr by moretran €

Confidence Interval Estimate of the Population Mean y
(With o Known)

The confidence imervalis offn xpressed in e following quivlent formats.
beE

repexin e Eea

G-Ep+B

Definition
The two values ¥ — E and ¥ + E are called confidence interval limits. ermmeni e e v
 ROUND OFF RULE:round s for p o tree sigicant digs
Procedure for Constructing a Confidence Interval for 4 (with Known o) o Check requiremens are satisfed (555, condirs for ol debuton are satsied,
ormaldingion can beused 1o agrosmate th sampe rogartons Gitton)

1. Check that the requirements are satisfied. (Requirements: We have  simple Fefer o3 scores anc i it Yl v st corresgonds ot confidene Jevel

indom sample, o is known, and either the population appears to be normally
distributed or n > 30 Evate margnoteror
2. Refer to Table A-2 and find the critical value 2,3 that corresponds to the de- Sl e el srdler g ies el st e
[ep—
sired confidence level. (For example, if the confidence level is 95%, the criti-

cal value is 2., = 196)
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= margin of error for mean (when r is known)
Va Mo

Formula 64 E=
o Thereisa rovabity of 1 ~a that sample mean wil be i rror by no moretran e

FIGURE 6.4 Disribution of o Thereisa rovabity o tat th sampl mean wil be inerrr by moretran e

There 1so 1 = a probabilty that
‘Sample Means with Known

& sample meon wil be in rror

Ly laos then £ or 220N Confidence Interval Estimate of the Population Mean

(With o Known)

There iz a probabilty of @ that o
<ample mean wil be i error

by mor than & (i one of the
red tails)

Akey feature of the methods we are using in this section is that we want (o ¢s-
timate an unknown population mean 1, and the population standard deviation o is
known. In the next section we present a method for estimating an unknown popu-

Definition

The twovaloes  — £ and ¥ + £ are caled confidence nterval it

= CONSTRUCTING A1 FORM (WITH KNOWN o]
heck requirements (555, s known, popistn i normally dstbuted orn>30)

Copyright © 2011 Pearson Education, nc. Al ights reserved.

lation mean s when the population standard deviation is not known. The condi-
tions of the following section are much more likely to occur in real circumstances.
Although the methods of this section are unrealistc because they are based on
knowledge of the population standard deviation o, they do enable us to see the ba-
sic method for constructing a confidence interval estimate of . by using the same
normal distribution that has been used often in Chapter 5 and Section 6-2. Also,
the methods we have discussed so far in this section lead t0 a very practical
method for determining sample size.

Determining Sample Size Required to Estimate p

We now want to address this key question: When we plan to collect a simple ran-
dom sample of data that will be used to estinate a population mean g, how many
sample values must be obained? In other words, we will find the sample size  that

Legal lotice | Privacy Policy | Permissions | Feedback

Fin il vale tat coresponds 1o confidnce terval 9/2
ates
Phgint above formats
Found resuts
« ROUND-OFF RULE FORCI USED TO ESTIMATE b round  one more g han the original ot set
o 1fdata set s unknown, round G s 1 same b of g 35 sample mean
 SUMMARYSTATISTIC 0 231, 3)
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= SAMPLE I26TO ESTIMATE MEAN: rearrange e £ formula
« ROUND-OFF RULE FORSAMPLE SIZE : vays incrase n o the next whoe number
= Formuarequires 0 subin 3 popuaton sandard deviaton , but wsualy s uknown:

= Userange rs of trumb o agprosmately range/t

o conduc plo sty

o estimate ousing resuts rom another study

o using 100 arge. il make the sample s larger

CharTer 6 Estimates and Sample Sizes with One Sample

Student ¢ Distribution

CHAPTER 6.4
« FEQUIREMENTS FOR ESTIMATING  WHEN & 1S LIKNOWN
o sampis normaly divibuted orn>30
= Samplemean xbar s the best pin. stimate of the poplaton mean
= since s unknown,rather than sing 2scores, e b

I the distribution of a population is essentially normal (approximately bell-
shaped), then the distribution of

is essentially a Student ¢ distribution for all samples of size n. The Student /
distribution, often referred to simply as the ¢ distribution, is used to find crit-
ical values denoted by 1,

‘We will soon discuss some of the important propertes of the ¢ distribution, but
we first present the components needed for the construction of confidence inter-
vals. Let’s start with the critical value denoted by . A value of £, can be found
in'Table A-3. To find a critical value {2, in Table A-3, locate the appropriate num-
ber of degrees of freedom in the left column and proceed across the corresponding
row until reaching the number directly below the appropriate area at the top.

Definition
‘The number of degrees of freedom for a collection of sample data is the mumber
of sample values that can vary afier certain restrictions have been imposed on all
data values.
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= ROUND-OFF RAE FORSAMPLE SIZE 1 ahays nreas n o e et whoe number
= Formus requres 1 sben  opustion sancar deitn bt sl s unkrown:

= Lserange e of s i ssrosmatey rergels

64 Estimating a Population Mean: o Not Known M "

o ctmate ousng et o seovr sy

using 100 arge 0 WAl makethe sampe s2e rger
Margin of Error E for the Estimate of 2 [With o Not Known]

CHAPTER 6.4
« FEQUIREMENTS FOR ESTIMATING  WHEN & 1S LIKNOWN
o sampis normaly divibuted orn>30
= Samplemean xbar s the best pin. stimate of the poplaton mean
= since s unknown,rather than sing 2scores, e b

Formula 6-6  E

s
v

where 1,5, has n — 1 degrees of freedom

Confidence Interval for the Estimate of s [With o Not Known] Btndeat t Distribution’

B 1 th distiburion of s opultion i csenislly normal (spprosmatly el
FoE<p<ErE  whee  E=ipoe shaped,then the distbuton of

TrE

(T~ EX+E)
s cssaially a Studen  distrbotionfor al sampes of iz . The Student 1
distibuion,oftn efrrd o simply 4 the £ distributon, s uscd o find et
el valuesdenoted by 1.

= DEGREES OF FREEDOM: number of sampl values that canvary afer ceran restictons have
osenimposed

“The following procedure uses the above margin of error in the construction of
confidence interval estimates of .

Procedure for Constructing a Confidence Interval for g (With o Unknown)

1. Check that the requirements are satisfied. (Requirements: We have a simple
indom sample, and either the population appears to be normally distributed
orn > 30)
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FIGURE 66 Choosing
between z and 1

rvitns ware.

Dscamber 267, 2011

s the s the. FiNAC XM sEviEw,

population rormaly 1 > peplation narmally
e s  CONSTRUCTING A CONFIDENCE INTERVAL FOR X WHEN 15 UNKIOWN
o chack recuiremens (55, popuaton i rermally dstuted or > 30)
& & st g and i et vaus corresponding o /2
o tvaktemargnof eror
o Sttt valoss o 3 neralformat
Yes = T-gstrbution propertes:
ifrentfor Giferant sampe sizes
‘Same generalsymmetricbe shape 2 the standard nomal trbution, bt reiecs
greatr variabity
Fasamean it
z Standard deviaton of tvaries withsample sze, bt s greser than 1
Use the normal 250 et arger  isiouion approsches standard rormal Gt uton
dstribution. = Usea tstuton wher:
« cizkooun
= andpopuaton Gstuton s rermal o >30

Yes
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- CONSTRLCTING A CONFIDEICE INTERVAL FOR e 15 U
o couckrasuramens (55, sepiaton & rrmay deinged >0
< e v o il v soresnding o2
64 Estimating a Population Mean: & Not Known = takamargnat eror
< Suti vaes o gereraormat
R p——
R ——
Choosing between 2and ¢ 2 o e o 5 sanrd el dsion, b s
e ety
Method Conditions o ratamanditzo
= St devatn o varis it sl e . s greter tan .
Use normal (2) distribution  known and normally distributed st bt
population = Usea tstriboution when:
or “omknom
7 known and n > 30 « sndgesuaton dsvingion i pormalorn>30

Use t distribution. r not known and normally. RS 65 g
distributed population Cerets

o not known and n > 30

Use a nonparametric method o Population is not normally distributed
bootstrapping. andn =30

Notes: 1. Critela for deciding whether the population is normally distrbuted:
Population need not be exactly normal, but it should appear to be some-
what symmetric with one mode and no outles.

2. Sample size n > 30: This is a commonly used guideline, but sample
sizes of 15 to 30 are adequate i the population appears to have a disti-
bution that i ot fa from being normal and there aré no outlers. For
some population distributions that are extremely far from normal, the
sample size might need to be larger than 50 or even 100.

EXAMPLE Choosing Distributions Assuming that you plan to con-
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alternative hypothesis H, be o > 6.0 (because it does not contain equality),
and we let Ho be o = 6.0.

Test Statistic

© The test statistic is a value computed from the sample data, and it is used
in making the decision about the rejection of the null hypothesis. The test
statistic is found by converting the sample statistic (such as the sample pro-
portion j, or the sample mean T, or the sample standard deviation s) to a
score (such as . {, or x°) with the assumption that the null hypothess is
e The test satistic can therefore be used for determining whether there
is significant evidence against the null hypothesis. In this chapter, we con-
sider hypothesis tests involving proportions, means, and standard devia-
tions (or variances). Based on results from preceding chapters about the
sampling distributions of proportions, means, and standard deviations, we
use the following test statistics:

Test statstc for proportion

Test statste for mean

Test statstc for standard deviation  x? = Sz

“The sbove teststatisic for a proportion is based on the results given in Section 5.6,

but it does not include the continuity correction that we usually use When approxi-

mating a binomial distribution by a normal distribution. When working with propor-

tions in this chapter, we will work with large samples, so the continity comection

can be ignored because it effect s small. Also,the test statistic for 4 mean can be

hasedt an the normal ar Srudent 1 disribwrion_denendino on the canditions fhat are
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CHAPTER 7 NOTES

CHAPTER7.1
@ FPOTHESIS 3 i or satemant st 3 propary o 3 popstn
« HIPOTHESISTEST: standardprocedure for testing 3 caim 3bout 3 property of 3 poplaton
 FARE EVENT RULE  under gven assumptio, te probabity of 3 specic oserved svent s
xceptnaty smal, e concuce tht he szumpton  protabl ncorrest

CHAPTER7.2
« Xsuscesses among n s sl igh (s or more) s vry smal, s than 0.05
 NULL HYPOTHESI: denoted by H0's 3 satement that vlue ofpopuaton parameter s EQUALTO
Some caimed vau. W ssume s rue
 ALTERNATIVE HYPOTHESI: denoted by 1 or 13, satemen that the paramete has 3 vaue it
Somshow fes from the null ypothess, < or>or =

S0 vt 2ass

rvitns ware.
Dscamber 267, 2011

 TESTSTATISTIC; valos comput fom te sampe ata 3nd s used o makig e cecsion whether
ornot o rejct he nll ypothess.

o Found by converting the sampe sttt 13 scor with assumpton that ol ypothess
B o Usedto cetarmine whether there s sgficant evidnce against e il hypess
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Type I and Type Il Errors

True State of Nature
The null

hypothesis
is false.

The null

hypothesis
is true,

We decide to reject
the null hypothesis.

| Dec

We fail to reject
the null hypothesis.

Type | and Type Il Errors When testing a null hypothesis, we arrive at @
conclusion of rejecting or failing to reject that null hypothesis. Suich conclusions
are sometimes correct and sometimes wrong (even if we do everything correctly).
Table 7-1 summarizes the two different types of errors that can be made, along
with the two different types of correct decisions. We distinguish between the two.
types of errors by calling them type I and type Il errors.

« Type I error: The mistake of rejecting the null hypothesis when it is actu-

ity tmie The cumial o (alaha ie wseed 1 smneosenr the nehobiling of o

Copyright © 2011 Pearson Education, nc. Alights reserved.
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Testing a Claim Ab

_ 202514 = 05028 FIGURE 7-10 P-Vald
02514

must be doubled to yield a P-value of 0.5028. Figure 7-10 shows the te!
statistic and P-value for this example.

a = 0.05, we fail to reject the null hypothesis.

As with the traditional method, we conclude that there is not sufficiel
sample evidence to warrant rejection of Mendel’s claim that 25% of tl
offspring peas have yellow pods. (See Figure 7-7 for help with wordi
this final conclusion.)

opulation proportion are usually tested using a normal distribution as an
the binormial distribution
nelude correction for continuity

binomia distrbution conditions (fxed number of tral, independenttrils, 2
5)
and pa2 5 s0that u=ppand o= Vog.
X/ (SAMPLE proportion)
ultion proportion (usedn null hypothesis)
p-hat=0262and p=0.25
onal method:
Originalis p=0 25, HO: p=0.25
Opposite p£0.25,H1: 2025
Nospecifcinstructions,assume a=0.05 for signifcant level
Sampling distribution of sample proportions p-hatis pproximated by a normal
distrbution
Thus: 220,67 (6wo taild test), areais0.05 and /2 20025
Zscore=-1.96 and +1.96
Teststatisic doesn'tfallin the crticalregion thus we fail to rejectnull
method:
Firststeps of traitional method are same as for p-value method
2087
Two taled test: p-value = twice the area of the extreme region boundd by the
teststatistc when 220,67 the probability = 0.7486 to the left
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For a positive test statistic
greater than 3.106:
« Right-taled test has a

« Two-tailed test has a
P-value less than 0.01.

P-value less than 0.005.

For a positive test statistic
between 2.201 and 1.796:
« Right-tailed test has a

* Two-tailed test has a
P-value between 0.05
and 0.10.

For a positive test statistic

less than 1.363:

« Right-tailed test has a
P-value greater than
0.10.

« Two-tailed test has a
Pvalue greater than

t

0.20.
t

Note: If the test statitic is negative, drop the negative sign, then...
« Let-tailed test has the same P-value as described above for
a right-tailed test.

* Two-tailed test has the same P-value as described above for
a two-tailed test

« Right-tailed test has a P-value greater than 0.5.
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Pooled Estimate of p, and p,

§ ) o i stetcs 2648 Covstina Wang
The pooled estimate of p, and p, s denoted by 7 and is given by FINALEXAMREVEW December 257, 2011

5o St o Fora 2taiestestwith .05 signficance eve,construct 5% 1

m o+, o For ailedestwitha .05 signfcance lvel, constructa 0% I

We denote the complement of 5 by 7, s0g = | — CHAPTER 8 NOTES

Test Statistic for Two Proportions (with Hy: p; = p,)

CHAPTERS.1
* Mostofthe time we needto compare 2sets of sample data opposed to 1
© e whentesting effectiveness between irug . placebo

_ B —p) = (= p)
z

n ny CHAPTERS.2
where  p; —p, =0 (assumed in the null hypothesis) * Reauirements to constructClor testhypothesis of o populations:
2585 thatareindependent
For each sample, success numberis AT LEAST S and alure umber s AT LEASTS
P1- ENTIRE population poportion
N-size o sample from popuistion .
Xi-number ofsuccess takenfrom populaton
P-hat1=x1/n1 (sample proportion)
o Qheti=lphent
= Consder hypothesis test made about twopogulaion progrtions (BUTONLY THOSE WHERE
pl=p2)

Use Table A-2. (Use the computed value of the test statistic Dot timatebaris bascalycombining o diferentsamplesinto i ample

2 and find the P-value by following the procedure summa-
rized in Figure 7-6.)

Critical values: Use Table A-2. (Based on the significance level a, find criti-
cal values by using the procedures introduced in Section 7-2.)

ge: 41 of 41 | Words: 7994 | B |
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Paragraph 5

82 Inferences About Two

Confidence Intervals

‘We can construct a confidence interval estimate of the difference between popula-
tion proportions (p; — p,) by using the format given below. If a confidence inter-
val estimate of p; — p, does not include zero, we have evidence suggesting that
py and p, have different values. (If p, and p, are the same value, then p, = p,,
which is equivalent to p; — p, = 0.)

Confidence Interval Estimate of p; — p,

The confidence interval estimate of the difference p; — p, is:

(Br=p) ~E<(p1~ p)<(p1—p)+E

E = zam n n,

EXAMPLE Estimating Vaccine’s Effectiveness Use the sample
data given in Table 8-1 to construct a 90% confidence interval for the differ-

Bio swisics 22444

‘Chvistina Wang
FINAL EXAM REVEW

December28°, 2011
* Best estimate of common proportion’s obtained by pooling both samples ntoone big one:

o P-bar becomes mor obvious estimate of the common population proportion
* Traditional method oftesting hypotheses.
o Findthecritical values
* Iftest statiticfalls does NOT fallnthe range, REIECT the null
* Confidenceintervals:

© IfaClestimate of pl-p2 dossn't include zero evidence suggests that pl and p2are
differentvalues.
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Hypothesis Test Statistic for Two Means:
Independent Samples

Degrees of Freedom: When finding critical values or P-values, use the following
for determining the number of degrees of freedom, denoted by df. (Although these
two methods typically result in different numbers of degrees of freedom, the conclu-
sion of a hypothesis test is rarely affected by which method is used to compute the
number of degrees of freedom.)
1. In this book we use this simple and conservative estimate:
df = smaller of m, — 1 and m, — 1.
2. Statistical software packages typically use the more accurate but more diffi-
cult estimate given in Formula 8-1. (We will not use Formula 8-1 for the ex-
amples and exercises in this book.)

(A + B)?
Formula §-1 df =
where A=S B2
n n,

* When confidence intervalimits do NOT contain zero, it means there S sigrificant ifference.
M betweenthe twoproportions
© BecauseOisnita ikely value of the difference, i unikely that the two proportions are
equal
* Variance o the differences between twoindependent random variables is the SUME of their

individual variances.
o * P-hatl can be appromated by a normal distribution with standard deviationV(pia/n1), and

meanpt

CHAPTERS.3
* INDEPENDENT SAMPLE: if sample values selected from one population are ot reated tothe
other popuiation
N * INDEPENDENT SAMPLE: members of one sample are used to determine members of the other
sample.
* Reaquirements for testing claims betueen uL- 2 o constructing a C estimate of wl- 2
© Samplesareindependent
o SRS
© Bothnl.and n2 >30 orthe population of the samples are normally distributed

Fage: 120143 | Worasi5.208 | B |
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* Whenfinging degrees o freedom: USE SMALLER OF ni-1andn2-1
* Hypothesistestand Cluse same distribution andstandard erfor thus esult in SAME conlusions.
* fClrange nclugeszero, FAILTO ACCEPT nul
Use normal distribution * Dontassume both populations have same standard deviation
o b e This case » Dosst matterfe knowstancarddeiaion of both pouiatons
almost never * Alternative method assume 61 =2 and POOLthe sample variances

T—— 2
B G o Requirements
Y. Lo oceurs in * BOTH populations are have same standard deviation o1 =2

reality. *  Bothsamples areindependent
. sms
* BOTHare>30orare normally distributed populations
© DEGREES OF FREEDOMEIS :nL+n2-2

n bz Use # distribution Some
assumed that ———> with POOLED statisticians

o, standard error. recommend against
2 this approach
No

Approximate method:
Use # distribution

with standard error. Use this method

unless instructed
otherwise.

statistics for the Biological and Health Sciences with Statdisk, First Edition by Marc M. Triola and Mario F. Triola. Published i
syright © 2006 by Pearson Education, Inc.
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Bio smtistcs 22448 Crvistina Wang
FINAL EXAM REVEW December28°, 2011

CHAPTER9.1
* Correlationis usedto determine if there i staistcally significant assocition betwezn variables
o Usescamarplgtand linear corrlation coefficient

PTER 9 Correlation and Regression
CHAPTER9.2
* CORRELATION: xists between twovariables when one i related o the otherinsome way.
= SCATTERPLOT: graphin which the paired 1) sample data are lotted with hoizontal x-axis and
(Ex)? indicates that the x-values should be added and the total then ‘vertical y-axis. Each point () is plotted s a single point

squared. It is extremely important to avoid confusing $1 and (Sx)2. * Linear correlation coefficent r), measurement of strength oflinear association betuweenxandy.
o ) ) paisina SAMPLE.Sometimes efered o Pearson roduct moment orelsion oeficnt
Sxy indicates that each x-value should first be multiplied by its corre- * Requirements
sponding y-value. After obtaining all such products, find their sum. o Sampleof sire (1) 3 random sampe of uantiatve cata
- o points spproxmate straight e patemvisully
r represents the linear correlation coefficient for a sample. oot e om0 e et

» represents the linear correlation coefficient for a population. * Oulerswilafecthe outcome
Pairs of data (x) must have a biyariatg normal distribution:for fixed value of x the

nSxy — (3x)(Sy) corresponding values ofy have a BELL shaped distribution. For ixed value o y, the
Formula%1 r=——7"7—"——""——— ‘corresponding values of x have a BELL-shaped distribution

Vin(Ex) — (207 Va(Sy) — (39
Shortcut formula that simplifies manual calculations. The format
of this formula makes it casy to use with a spreadsheet or com-
puter program. See other equivalent formulas given later in this
section, and also sce a rationale for the calculation of r.

Interpreting r Using Table A-6: If the absolute value of the computed value of
exceeds the value in Table A-6, conclude that there is a significant linear correlation.
Otherwise. there is not sufficient evidence to support the conclusion of a significant

Copyriht© 2012 Parson Educato, Inc. Al ghts reserved.__LogalNotos | Privacy Poloy | Permisoons | Fesdback gessor4t | Wordsisn | B
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of p = 0 means that there is sufficient evidence to support a claim of a linear cor-
relation between the two variables. If the absolute value of the test statistic does not
exceed the critical values, then we fail to reject p = 0; that is, there is not sufficient
evidence to conclude that there is a lincar correlation between the two variables.

Hypothesis Test for Correlation (See Figure 9-4.)

Hyp=0 (There s no significant lincar correlation.)
Hi:p#0 (Thereisasignificant linear correlation.)

Method 1: Test Statistic Is ¢

Test statistic: + =

Critical values: Use Table A-3 with n — 2 degrees of freedom.
continued

Biostatistics for the Biological and Health Sciences with Statdisk, First Edition by Marc M. Triola and Mario F. Triola. Published by Pear

Copyright © 2006 by Pearson Education, Inc.

conclude there 5 sigrificant linear correlation
o Tables inthe table show CRITICALVALUES (separation rom usual and unusual)
* Roundilinear correlation coefficient (1) to THREE ecimal places.
* Valueof rwill ALWAYS be between-1and-+1
o Closerto, there ISN'T significant orrelation
o Closerto-Lor +1 there IS significant correlation
* Valueof rDOESN'T chance all values of either variable are converted o a different scale.
* Choice ofx or y DOESNTaffect the value of
* Rmeasures thestrength o a linear association
* Re2isthe proportion of variationiny that is explained by linear association between xANDY.
© Ifr=0.897 300 2=0 805, we say 81% of variation can be explained by linear association,
thus 19% of variationis explained by OTHER factors
* ERRORS:
© Correlation DOES NOT mean causality (it may be alurking variable)

Bio smtistcs 22448 Crvistina Wang
FINAL EXAM REVEW December28°, 2011

o Averages suppress individualvariation and may nflate correlation cosfficent
o Associationmay exist between xandy even when there sn'tsignificant linear
correlation

* Whenrejection null hypothesis, ft means there’s evidence n support to claim a linear orrelation (|

betweentwovariables (fit exceeds the critical values)
* Ifwe don'texceed critcalvalues, we FAILTOREJECT p=0

Copyright © 2012 Pearson Education, Inc. Allights reserved. __LegalNotice | Privacy Polcy | Permissions | Feedback
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o Averages suppress individualvariation and may nflate correlation cosfficent
o Associationmay exist between xandy even when there sn'tsignificant linear
correlation
* Whenrejection null hypothesis, it means there s evidence in support to caim alinear correlation
betweentwovariables (fit exceeds the citical values)
* Ifwe don't exceed critcalvalues, we FAILTOREJECT p=0

Test for Correlation (See Figure 9-4.)

(There s no significant linear corelaton.)
(There s a significant inear correlation)

Test statistic
+=4971

Test statstc:

(Critcal values: Use Table A-3 with 1 — 2 degres offrdom.

FIGURFE 9-6 Testing * Method 1
Hy: p = 0 with Method 2 Fail to reject o Degreesoffreedom:n~2
p=0 o Usepalue
* Methog 2
o Useaiticalvelues
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PEARSON Hgp=0 (There is no significant lincar corrclation.).
Hyip#0  (There s a significant lincar corelaion.)

Method 1: Test Statistic Is

Test statstc:

V=2
(Critcal values: Use Table A-3 with 1 — 2 degres offrdom.

Test statistic: * Method 1
= 4971 o Degressoffressomin-—2
o Usepalue
* Methog 2
o Useaiticalvelues

FIGURE 9-6 Testing L . ( Rt ) s
Hy: p = 0 with Method 2 [Reject| Fail to reject
=0 p=0

r=07074

Test statistic:
r=0891

The critical values of 1 = *2.447 are found in Table A-3, where 2.447 cor-

responds to an area of 0.05 divided between two tails and the number of de-
[ST— i
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variances are not (oo extreme.

Definitions

T
Given a collection of paired sample data, the regression equation = e
§=by+ byx « One taletests: mosy table A+ o doube up algha
algebraically describes the relationship between the two variables. The graph of the * CENTROID:ins collctionfpalre () Gta, cbar, v-bar s the srisid
regression equation is called the regression line (or line of best fif, or least-squares
line). CHAPTER9.3
* Regrssionline represents he associaton

Notation for Regression Equation

Population Parameter Sample Statistic
y-intercept of regression equation By
Slope of regression equation B,
Equation of the regression line y=By+ By

—_— . . . T i stetcs 2648 Covstina Wang
Finding the slope b, and y-intercept b, in the regression equation j = by + byx FINALEXAMREVEW December 257, 2011

* Regression eauation expresses andassodation betweenyandy-hat

n(Exn) = (39 o Canbe xpressoniny = e

= * Reauirements:

n(Ex) = (Xx) ‘Sample paired (5 are random sample of quaitatve data
. _ Visually there i  straght lne patzern
Formula 9-3 y-intercept: by = bix ‘Outliners are removed if known tobbe errors
Forfixed alue o ,corresponing y values havea BELL shaped distriution
Diferent alues o the corresponding y have samevariance
Different fixed values of , th distrbutions f orresponding -velues have means that
liealong the same straight ine
o ywelues areindependent
20 Health Sciences with Statdisk, First Edition by Marc M. Triola and Mario F. Triola. Published by Pearson Education, * regressionlinealsoknownas i o best it
ducation, Inc.

Formula 9-2 Slope: by =
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* Regression equation expresses and association betweeny andy-hat
© Canbeexpressioniny =g+t

= Requirements
Caleulate the value of r ‘Sample paired (x) are random sample of qualitative data
ot ms s Visually there i  straght lne patzern
Outlinersare removeditknown tobe errors
that p = Forfixedvalue o, correspondingy values have  BELL-shaped istribution
Diferent alues o the corresponding y have samevariance
Different fixed values of , th distrbutions f orresponding -velues have means that
liealong the same straight ine
o ywelues areindependent
Use the regression * regressionline alsoknownas line of best it

equation fo make
predictions. Substitute e

the given value In the S

.. {1 1QS Bookmarklet B Student Services @ We... {_| The University of West...

x||:rm

P o
rejected (so that Yes
there is a significant &>
linear correlation).

regression equation.

Sope:
Formula0:3 yintercep:

- * regressontne i the samle o st
Given any value of one * ROUNDTO THREE SIGNIFICANTFIGURES

variable. the best predicted * Regressonlne canbe s topredict values. Do ok gobeand he boundariso hefown
value of the other variable ‘sample data

is its sample mean. © Onlyuse the regression ine when there s a significantLC.
» Predicting values of y based on x

o Bestprediciedyvalueis y-bar F there s no SLC.
© Ifthereis SLCuse the regression equation

10 Health Sciences with Statdisk, First Edition by Marc M. Triola and Mario F. Triola. Published by Pearson Education.
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1.2 Typesof Data

values cannot be determined or meaningless
0 Course grades (A,8,C,D,F) or rankings
Levels of Measurement of Data * INTERVAL LEVEL OF MEASUREMENT: like ordinal, and is difference be
meaningless,but has no natural ero
Level Summary Example o Temperature, years of an event time didn't begin st zero]
* RATIO LEVEL OF MEASUREMENT: additonsl property that there i a
] valuesare BOTH meaningful

Nominal  Categories only. Data Bear encounter states:
cannot be arranged in 5 New York
an ordering scheme 20 Idaho
40 Wyoming

Categories or o Weights,ages, etc.
names only.

Ordinal  Categories are ordered, Bears according to
but differences can't aggressiveness

ERfouiicr e ] An order I determined

by “not,” “somewhat,"”

meaningless. 20 somewhat aggressive gy

40 highly aggressive

Interval  Differences are meaningful,  Bear den temperatures:

but there is no natural 5°F A S
starting point, and ratios  20°F 40°F s mot twice. Bio statstics 22444
are meaningless. 40°F 2 hot as 20°F FINAL EXAM REVIEW

There is a natural zero Bear migration distances: = It hard to distinguish interval and ratio levels, use ratio test: consider

starting point 5 miles. ; A
A ] 40 roiles is twice twice s much as 20k, but 40K ot tuice s much as 20€

and ratios are 20 miles .
asfar as 20 1

meaningful. o

.
.
.
. -F
1-2 Exercises .

In Exercises 14, determine whether the given value s a staristic or a parameter

1. Tn studying the effects of peese near an airport, a random sample of Canada geese in-
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FIGURE 9-10
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deviation
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CHAPTER9.4
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Notation

$ =by+byx; +byx, + -+ - + bx, (General form of the estimated
multiple regression equation)

n = sample size

k = number of independent variables. (The independent variables are also
called predictor variables or x variables.)

predicted value of the dependent variable y (computed by using the
multiple regression equation)

X X - - - X, are the independent variables

By= the y-intercept, or the value of y when all of the predictor variables are
0. (This value is a population parameter.)
by = estimate of B, based on the sample data. (b, is a sample statistic.)

By B - - - » By are the coefficients of the independent variables x,, X, . . ., X,
by by, - ., by are the sample estimates of the coefficients By, B, , - - -, By

Requirements

When attempting to find a multiple regression equation involving k independent
(x) variables, there must be at least k + 2 sample values for each of the indepen-
dent and dependent variables. This requirement is usually not an issue. If this re-

uirement is not satisfied. the software will either provide an error message (such
rﬂ———%g—(—y—w X I

* STANDARD ERROR OF ESTIMATE:Se, measure of the differences between observed sampley.
Values and predicted yhat values obtained using regression equation
o Standard deviation shows how values dewiate from mean, standard error of estimate.
Shows how values deviate from regressionline:

a

Bio smtistcs 22448 Crvistina Wang
FINAL EXAM REVEW December28°, 2011

* Fordegree of fresdom usen -2
CHAPTER9.5

* MULTIPLE REGRESSION EQUATION: expresses 3 inear assocation betweeny and other
ingependent variables

e:48 of 48 | Words: 9,284 | B |
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regression equations is better accomplished with the adjusted coefficient of deter- | =
mination, which is R? adjusted for the number of variables and the sample size. CHAPTER9.5
N = MULTIPLE REGRESSION EQUATION: expresses  linear association between yand ciher
independent veriables
H Notation

Definition
The adjusted coefficient of determination is the multiple coefficient of deter-

mination R* modified to account for the number of variables and the sample
size. It is calculated by using Formula 9-6.

B Gt ) P
TG

sample size

adjusted R

Formula 9-6

where n
k

number of independent (x) variables

The preceding SPSS display for the data in Table 9-3 shows the adjusted co-
efficient of determination is 0.759. If we use Formula 9-6 with the R’ value of
0.828, n = 8 and k = 2, we find that the adjusted R? value is 0.759, confirming
the value displayed by SPSS. For the weight, head length, and length data in
Table 9-3, the R? value of 0.828 indicates that 82.8% of the variation in weight
can be explained by the head length x5 and overall length x¢, but when we com-
pare this multiple regression equation to others, it is better to use the adjusted R*

§ = byt byx + by -+ by (Generalform ofthe esimated

muliple regression equalion)

ample size.

K = number of independent variables. (The independent variables are also.
called predictor variables or x variables.)

predicted value of the dependent variable y (computed by using the
muliple egression cquation)

o8 3, are the independent variables

he yintercept, or the vlue of y when allof the predictor variables are
0. (This value is a population parameter.)

stimate of 8, based on the sample data. (b s & sample statistic:)

B, are the coefficients of the independent variables ¥, xy
by are the sample estimates of the coeficients B, By .. B

by
BioBa
biby

* Requirements:
© Whenfinding muitple regression equation involving kindependent variables, there
mustbek-+2 sample values
* MULTIPLE COEFFICIENT OF DETERMINATION: measure o how well multple regression equation
firstthe sample data
o PerectfitisRr2=1
o Hasa flaw:willincrese when more incucing al the variables, not necessarlya best
‘multipl regression equationif we have all the variables
o Thus better to use ADIUSTED coefficient o determination
* ADJUSTED COEFFICIENT OF DETERMINATION: mocified R*2 to account for number of variables.

i i

Page: 48 0149 | Words: 9374 | B |
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P! o Population has same varianc (or standard deviation)
sample means. o sRsofcuntiative data
o Indepencentar eschoter
At least one © Onlycategorized one way
Sample means . « fPlue s s thanlhs, REJECT NULL
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= —
Fhere F here +H

Fail to reject equality Reject equality

of population means. I of population means. I
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Test Statistic for One-Way ANOVA

_ variance between samples
variance within samples

The numerator of the test statistic F measures variation between sample means.
The estimate of variance in the denominator depends only on the sample vari-
ances and is not affected by differences among the sample means. Consequently,
sample means that are close in value result in an F test statistic that is close to 1,
and we conclude that there are no significant differences among the sample
means. But if the value of F is excessively large, then we reject the claim of equal
means. (The vague terms “close to 17 and “excessively large” are made dbjective
by the corresponding P-value, which tells us whether the F test statistic is or is not
in the critical region.) Because excessively large values of F reflect unequal
means, the test is right-tailed.

Calculations with Equal Sample Sizes n

Refer to Data Set A in Table 11-2. If the data sets all have the same sample size (as
in n = 4 for Data Set A in Table 11-2), the required calculations aren’t over-
whelmingly difficult. First, find the variance between samples by evaluating ns%,
where s;” is the variance of the sample means and 7 is the size of each of the sam-
ples. That is, consider the sample means to be an ordinary set of values and calcu-
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Cuarter 1 Introduction

Crosssactional Study
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Retraspective lor Cose Control) Stud
G bk i e o et ot

Prospective (o Longitudinal or Cahort) Study:
Go forward in ime and observe groups
Sharing common factors such oz
amokers ond nomsmokers

Statisica

Studies

Key elements in dsign of experiments

1. Control effects of varicbls through
blinding blocks, completely randomied
experimental design rigorously controlied
experimental design

2 Replcation

3 Randomization

FIGURE 1-1 Elements of Statistical Studies

There is an important distinction between the sampling done in retrospective
and prospective studies. In retrospective studies we go back in time (o collect data
about the resulting characteristic that is of concern. For example, a retrospective
study of a disease might work backward to determine which conditions could be

inked to the disease. Such a retrospective study requires subjects with the disease

and subjects without the disease, so that the effects of the prior conditions are

nked (0 the di
David Salsburg cites the case of a retrospective study showing that artificial
sweeteners were linked to bladder cancer. However, almost all of the discased

se, not the general population. In The Lady Tasting Tea, auth
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