1.1 What are Data?
· Stats: science of collecting, organizing, presenting, analyzing, interpreting data to assist in making effective decisions
· Descriptive: collect, summarize, present, analyze set of data
· Inferential: uses data collected to draw conclusions
· Statistic: numerical measure that describes characteristic of sample
· Parameter: numerical measure that describes char of population
· Data: collection of numbers and/or attributes of an entity
1.2 Data Collection
· Variable: name to describe data  name (variable) + value (data)
· Population: includes all items/persons in study
· Census: set of data that includes all members of population
· Sample: subset of population
· Sample size (n): # of items/persons in sample; population size (N)
1.3 Classification of Data
1. Quantitative Data (numerical)
· Results from measuring  discrete or continuous
· Discrete: numerical values arising from counting process
· Continuous: num. responses from measuring (decimals)
2. Qualitative Data (categorical)
· Non-numeric data describing attribute/char of items being studied
1.4 Measurement of Scales
· Measurement scale: set of all possible values that results when data collected
	Types of Data
	Qualitative
	Quantitative

	Measurement Scale
	Nominal                                Ordinal
	Interval                                           Ratio

	Num. Data Value
	
	Continuous/ Discrete


· Ratio > Interval > Ordinal > Nominal
1.5 Define Measurement Scales
· Nominal: qualitative data with no particular order in categories
· Ordinal: qualitative data that has an ORDER
· Interval: data has units of measurement; value “0” is an arbitrary reference (0 does not mean nothing)
· E.g. temperature (0 does not mean no heat)
· Ratio: quantitative data; “0” means absence of char being measured
· Discrete: # of part-time employees in company
· Continuous: sales (in $)
Interval vs. Ratio
· Use zero: interval  0 is reference point; ratio  0 is absence of characteristic
· Compare 2 values: interval  meaningful diff; ratio  meaningful division
3.1 Organize Qualitative Data Graphically
· Stem-and-leaf plots, frequency dist, histogram, polygon
· OGIVE, contingency table, scatter plot
· Graphically  charts, graphs, tables
· Numerically  mean, mode, median, standard deviation
3.3 Rules and Conventions for Stem and Leaf
Stem rules:
1. # of stems is 6-13 stems
2. Stem values should be consecutive/repeated #s (repeat 2 OR 5 times)
3. Stem units indicated if not taken @face value (e.g. stem (10,000))
4. Must be at least one leaf associated with first and last stem
Leaf rules:
1. Leaf for each data value is next single digit after stem
a. Repeat twice: 0-4, 5-9; repeat 5: 0-1, 2-3…. 8-9
b. Order reversed when stems -ve values (think smallest first)
2. No rounding
3. Leaf values written in asc. order when +ve & desc, when –ve
4. Leaf values are evenly spaced; No commas/dashes between #s
3.6 Interpretation of Results Using Stem and Leaf
· Detect shape of data distribution:
· Skewed to left  bulk of data on right side of distribution
· Symmetrical  bulk of data in middle
· Skewed to right  bulk of data on left side of distribution
· Extract info from summarized stem-and-leaf plot
3.7 Frequency Distribution
· Used to group data in form of a table, gives general idea of distribution
· Advantage: handles large (50+) data set
Rules:
1. # of classes is 5-10
2. Notation of classes uses “and under”  boundaries of classes
3. Close-ended classes: has both upper & lower boundary (e.g. NOT “100 & over”)
4. Class width: has upper and lower boundary 
a. Use easy #s of 1, 2, 2.5, 5 multiples
5. No gaps between classes  upper boundary of one is lower of next
6. All classes must have same class width
7. First and last class must contain frequencies
8. Boundaries:
a. Should look like data (e.g. 2.00) 
b. Boundary should be multiple of class width
Class Width = (Highest value – lowest value) / Min. # of classes (5)
Histogram
· Horizontal axis = class boundaries
· Vertical axis = class frequencies (or rf (f/total) or f%) (f% = rf x 100%)
Polygon
· Horizontal axis = class midpoints
· Vertical axis = class frequencies
· Extra class midpoint on left and right side needs to be included (these are 0)
3.8 Cumulative Distributions and OGIVES
OGIVE
· Graph of cf distribution
· Can retrieve certain “percentile” info quickly
· E.g. what % of bottles had at least 2000 mL?
· Draw OGIVE
· Need frequency dist, cf, and crf (cf / total) OR c% (crf x 100%)
· Cf = sum of all frequencies up to and including class 
· Vertical axis = c% or crf
· Horizontal axis = upper boundary for each class interval
· Add extra upper boundary to beginning and end of graph
*** OGIVE never touches 0 ***
3.9 Measure of Location
· Percentile: value below which certain percent of observations fall
· E.g. 30th percentile = value below which 30% of observations may be found
· Denoted by Pk where k is the kth percentile
· Kth percentile = value such that k% of data is lower than value and (100 –k)% of data is higher than value
· Calculate Percentile:
1. Arrange data in ascending data array
2. Calculate rank of kth percentile:

* round .25 and .75 down if k < 50 and round up if k > 50
3. Compute Pk:
 	
where x is observation value corresponding to rank (r)
E.g. rank = 4.5 (between rank 4 & 5)  take avg of rank 4 + 5 values /2 
Chapter 4: Numerical Descriptive Measures
Descriptive stats: numbers calculated to describe various aspects of data set
· Measure of central tendency: single value to represent data set
· Measures of variability: single value describe spread of data set
4.1 Descriptive Statistics I: Measures of Central Tendency
Mean vs median (median not affected by extreme values)
· If mean and median ARE close  mean gives correct impression
· If mean and median NOT close  median gives correct impression
· Data set has unbalanced extreme values
· Closeness: determined by 10% rule
· Calculate difference between mean and median
· Calculate 10% of smaller value
· If difference < 10%  mean; If difference > 10%  median
Mode
· Value in set of data that appears most frequently
· Not affected by extreme values
4.2 Descriptive Statistics II: Measures of Variability
Range (resistant measure)
· 
· Has limited use  measures total spread, ignores the values in between (how data is distributed)
Interquartile Range (resistant measure)
· 
· Not affected by limited # of extreme values
Variance & Standard of Deviation
	Symbol
	Population Parameter
	Sample Statistic

	Variance
	
	

	Formula
	
	

	Standard deviation
	
	

	Formula
	
	

	Size (# of elements)
	N
	n


· Variance takes into account all values HOWEVER units don’t make sense
· Does not provide practical interpretation, used solely in theoretical dev. of formulas
SUMMARY
1. More spread out/dispersed data are  larger range, IQR, variance, SD
2. More concentrated/homogenous data are  smaller range, IQR, variance, SD
3. If values are all same (no variation)  range, IQR, variance, SD = 0
4. None of measures of variation can ever be negative
Coefficient of Variation
· Range, IQR, variance, SD  absolute measures
· Coefficient of variation  relative measure
· Formula: 
· Used when sizes/units of #s in two data sets are different
4.3 Descriptive Statistics III
Shape
· Pattern of distribution of data values throughout entire range of all values
· Symmetrical: values below mean distributed exactly as values above mean
· Skewed: values not symmetrical
· Mean < median: -ve, left skewed
· Mean = median: symmetric, 0 skewness
· Mean > median: +ve, right skewed
4.4 Box-Whisker Plot
· Gives overall picture of set of numerical data
· Uses 5-number summary
· Min, Q1, median (Q2), Q3, max
Drawing Box-Whisker Plot
1. Draw evenly spaced scale covering all data values
2. Draw box with Q1 & Q3 as sides of box and form a box
3. Draw vertical line across box to represent median
4. Draw horizontal line linking Q1 to min (left whisker) and Q3 to max (right whisker)
a. DEFINE OUTLIERS FIRST

Inner and Outer Fences
· Help to determine if there are outliers
· Uses IQR (inter quartile range)  Q3 – Q1
· Outliers plotted using * symbol
· Suspect outliers (values between inner and outer fence) plotted using ‘o’ symbol
· RIF = Q3 + (1.5 x IQR) 
· ROF = RIF + (1.5 x IQR)
· LIF = Q1 – (1.5 x IQR)
· LOF = LIF – (1.5 x IQR)
· If there are outliers, whiskers need to be redefined
Determining Whisker Length
1. Whiskers cannot go past inner fence
· Left whisker min value > LIF
· Right whisker max value < RIF
2. Whiskers must end at data point (value)
Data Analysis
· Helps to recognize shape of data set
	Comparison
	Left-Skewed
	Symmetric
	Right-Skewed

	Xmin to med vs med to Xmax
	Xmin to med > med to Xmax 
	Distances same
	Xmin to med < med to Xmax

	Xmin to Q1 vs Q3 to Xmax
	Xmin to Q1 > Q3 to Xmax
	Distances same
	Xmin to Q1 < Q3 to Xmax

	Q1 to med vs med to Q3
	Q1 to med > med to Q3
	Distances same
	Q1 to med < med to Q3



4.5 Covariance and Coefficient of Correlation
Covariance
· Measures strength of linear relationship between 2 numerical variables


· Flawed bc covariance can have any value  unable to determine relative strength of relationship
Coefficient of Correlation
· Measures relative strength of linear relationship between 2 numerical variables
· Values range from -1 for perfect –ve correlation to +1 for perfect +1 correlation
· Perfect means all points plotted on scatter plot will be connected in straight line


· When coefficient gets closer to +1/-1, linear relation between 2 vars is stronger
· When near 0, no linear relationship exists
· Strong correlation does not imply causation effect; only indicates tendencies present in data
5.1 Basic Probability Concepts
· Probability: numeric value representing chance/likelihood/possibility a particular even will occur
· Three types of probability
· A priori: probability of success based on prior knowledge of process involved
· Empirical: probabilities based on observed data
· Subjective: differs from person to person, probability is assigned
Event and Sample Spaces
· Basic elements of probability theory are indv outcomes of variable under study
· Event: each possible outcome of variable
· Simple event: described by single characteristic
· Joint event: 2+ characteristics
· Complement: all events not part of event X
· Sample space: collection of all possible events
Contingency Tables and Venn Diagrams
· Contingency table: cell values are subdivided by total amount
· Venn diagram: represented with events of unions and intersections
Simple Probability
· Probability of occurrence of simple event, P(A)
· Probability = # of times of occurrence / total
Joint Probability
· Probability of occurrence involving 2+ events
· E.g. probability of getting heads on 2 coin tosses
Marginal Probability
· Consists of set of joint probabilities
· Events are mutually exclusive if both events CANNOT occur simultaneously
· Set of events are collectively exhaustive if one of events must occur
General Addition Rule
· Probability of A or B = probability of A + probability of B – probability of A & B

· Subtracting joint event needed bc is incl in computing both prob of A & prob of B
5.2 Conditional Probability
· Conditional probability: probability of event A, given info about occurrence of event B

· Decision tree: alternative to contingency table
· Independence: when outcome of one event does NOT affect prob of occurrence of another 

· General multiplication rule: for solving joint probability P(A and B)

· Multiplication rule for independent events

· Therefore, 2 ways to determine independence
· Events A and B independent iif P(A|B) = P(A)
· Events A and B independent iif (P and B) = P(A)P(B)
5.3 Bayes’ Theorem
· Used to revise previously calculated probabilities based on new information


Chapter 6: Discrete Probability Distributions
6.1 Discrete Probability Distributions: Introductory Concepts
· Numerical variable: variable that yielded numerical responses
· Discrete: counting process
· Continuous: measuring process
· Probability distribution for a discrete random variable: mutually exclusive listing of all possible numerical outcomes along with probability of occurrence of each outcome
· Random variable (X): variable whose value determined by outcome of random experiment
· Discrete random variable: values are discrete, clearly separated individual values
· Discrete probability distribution: table/ formula that shows probability associated with each possible value of discrete random variable

Expected Value of Discrete Random Variable
· Mean, μ, is expected value of random variable


Mean, Variance, and Standard Deviation
· Discrete probability distribution equivalent to population of data
· Mean of Expected Value:
· 
· Variance:
· 
· Standard Deviation
· 
6.2 Binomial Distribution
· Mathematical model: mathematical expression that represents variable of interest
· Binomial distribution: when discrete random variable is # of events of interest in sample of n observations
Binomial Experiment Characteristics
1. Experiment consists of n trials of some action OR sample of n items selected from popu
2. Each trial will result in 1 of 2 possible outcomes called success or failure, where success is when outcome of interest occurs
Each item in n will either possess certain characteristic (success) or it will not (failure)
3. The probability of success on each trial or selection is constant and given symbol π
Probability of failure is (1 – π)
Binomial Probability Distribution Function:

where n = # of trials/ sample size
	π = probability of success	n! = n factorial
Binomial Probability Shape
· Depends on values of n and π
· Whenever π = 0.5, distribution is symmetrical, regardless of size of n
· When π ≠ 0.5, distribution is skewed
Mean/ Expected Value of Binomial Random Variable


Standard Deviation

6.3 Poisson Probability Distribution
· Area of opportunity: continuous unit/ interval of time, volume/ any physical area in which there can be more than one occurrence of event
Characteristics of Poisson Experiment
· Consists of observing some situation for period of time OR amount of space (length, area, volume, weight) inspected/ analyzed
· Each small amount of time/ space there will either be one success or no successes, where success is when outcome of interest occurs
· Success must occur randomly
· Successes are independent of each other
· Average rate of success for amount of time/space is given by symbol λ
· Random variable associated with experiment is X (# of success in certain time/space)

· All probabilities must sum to 1, therefore terms where P(X > 2) = 1 – P (X <= 2)
Chapter 7: The Normal Distribution
7.1 Continuous Probability Distributions
· Continuous probability density function: mathematical expression that defines the distribution of the values for a continuous random variable
· Normal distribution: symmetrical and bell shaped, most values tend to cluster around mean which is equal to the median
· Uniform distribution: each value has equal probability of occurrence anywhere between smallest value, a, and largest value, b
· Exponential distribution: skewed to the right, mean is larger than median; range is 0 to +ve infinity
7.2 The Normal Distribution
· Can calculate probability that various values occur within certain ranges/ intervals
· Exact probability of particular value from continuous distribution such as normal distribution is zero
Characteristics
· Symmetrical: mean and median equal
· Bell shaped in appearance
· IQR equal to 1.33 standard deviations (middle 50% of values contained within interval of 2/3rds of SD below mean and 2/3rds of SD above mean
· Infinite range (-ve infinity < X < +ve infinity)
Normal Probability Density Function

· Probabilities of random variable X is dependent on mean (μ) and SD (σ)
· Every time there is different combo of mean and SD, different normal probability distribution is generated
7.3 The Standard Normal Distribution
· Transformation formula: converts any normal random variable, X, to a standardized normal random variable, Z

· Z-score: difference between value and mean, divided by SD
· Useful in identifying outliers
· The larger the Z score, the greater the distance form value to mean
· Standard deviation is the unit of measurement
· Empirical rule: if data has bell-shaped distribution:
· Approx. 68% of values within distance of +=1 SD from mean
· Approx. 95% of values within distance of +=2 SD from mean  
· Approx. 99.7% of values within distance of +=3 SD from mean  
· Helps measure how values distribute above & below mean to identify outliers
· Chebyshev rule: for any data set, regardless of shape, % of values found within distances of k SDs from mean must be at least:

· 75% of data falls within +=2 SD
· 88.89% of data falls within += 3 SD
Inverse Normal
· Find an X value associated with known probability

7.4 Evaluating Normality
· Not all distributions are normal  
· Important to evaluate how well data set is approximated by normal distribution
· Normally distributed data should approximate theoretical normal distribution:
· Is bell shaped (symmetrical) where mean = median 
· Empirical rule applies to normal distribution
· IQR of normal distribution is 1.33 SDs
Comparing data characteristics to theoretical properties:
· Construct charts/graphs
· Compute descriptive summary measures
· Do mean, median, mode have similar values?
· Is range approx. 6SDs?
· Observe distribution of data set
· Do approx. 68% of observations lie within mean +=1 SD?
· Evaluate normal probability plot
· Is plot approx. linear with positive slope?
Construct Quantile-Quantile Normal Probability Plot
· Arrange data into ordered array
· Calculate cumulative probability associated with each rank-ordered point of data using:
· P = i/ (n+1) where p is cumulative probability
· Find corresponding Z-score
· Plot pairs of points with observed data values (X) on vertical axis and standardized normal quantile values (Z) on horizontal axis
· Evaluate plot for evidence of linearity
Chapter 8: Sampling and Sampling Distributions
8.1 Types of Sampling Methods
· Sample: portion of the population that has been selected for analysis
· Reasons for selecting sample:
· Less time-consuming than selecting every item in population
· Less costly
· Less cumbersome and more practical than analysis of entire popu
· Frame: sampling process begins w/ frame  listing of items that make up popu
· Data sources such as popu lists, directories, maps
· Inaccurate/biased results if frame excludes certain portions of popu
· Types of Samples Used:
· Non-probability Samples: select items/indv w/o knowing probabilities of selection
· Theory of statistical inference cannot be applied
· Convenience sample: items selected inexpensive/ convenient to sample (Participants select samples)
· Judgement sample: opinions of preselected experts
· Cannot generalize results to general public
· Probability Samples: select items based on known probabilities
· Make unbiased inferences about popu of interest
· 4 types
Simple Random Sample
· Every item from frame has same chance of selection as every other item
· Use n to represent sample size and N to represent frame size
· Chance to select any particular number of frame is 1/N
· Sampling with replacement: after select sample, return it to frame, where it has same probability of being selected again
· Sampling w/o replacement: once select item, cannot select it again
· Drawback: “fishbowl” method has inability to thoroughly mix cards and randomly select sample
· Table of random numbers: used to select sample
· More scientific method of selection
· Assign everyone in population a code

Systematic Samples
· Partition N items in frame into n groups of k items where

· To select systematic sample, choose first item to be selected at random from first k items
· Then select remaining n-1 items by taking every kth item after in entire frame
· Has possibility of selection bias and lack representation of popu characteristics

Stratified Samples
· First subdivide N items in frame into separate subpopulations, or strata
· Stratum: defined by common characteristic
· Select simple random sample within each strata and combine results
· More efficient than simple random sample and systematic sampling b/c ensures representation of items across entire popu
· Homogeneity of items within each stratum provides greater precision in estimates

Cluster Samples
· Divide N items in frame into several clusters so each cluster representation of entire popu
· Are natural occurring designations
· E.g. counties, city blocks, sales territories
· Take random sample of 1+ clusters and study all items in each cluster
· More cost-effective, especially if popu is spread over wide geographic region
· Often requires larger sample size to produce results as precise as those from simple random sampling/stratified sampling
8.2 Evaluating Survey Worthiness
· Evaluate purpose of survey, why it was conducted, and for whom
· Determine whether it was based on probability or non-probability sample
Survey Errors
· Coverage Error
· Occurs if certain groups of items are excluded from frame so they have no chance of being selected in sample
· Results in selection bias
· Nonresponse Error
· Arises from failure to collect data on all items in sample
· Results in nonresponse bias
· Cannot always assume persons that do not respond to surveys are similar to those who do
· Sampling Error
· Reflect variation/ “chance differences” from sample to sample, based on probability of particular indvs/ items being selected in particular samples
· Sampling error is margin of error
· Can reduce sampling error by taking larger sample sizes
· Measurement Error
· Process of measurement often governed by what is convenient, not what is needed
· Sources: ambiguous wording, Hawthorne effect, respondent error
· Hawthorne effect: respondent feels obligated to please interviewer
· Respondent error: result of over/under zealous effort by respondent
Ethical Issues
· Coverage error: particular groups are purposely excluded from frame to provide more favourable results
· Nonresponse: survey knowingly designed  so some groups less likely to respond
· Sampling: if findings purposely presented w/o reference to sample size and margin error so sponsor can promote viewpoint that may be insignificant
· Measurement: issue if (1) sponsor chooses leading q’s that guide responses in particular direction, (2) interviewer purposely creates Hawthorne effect/ guides response in particular direction, (3) respondent wilfully provides false info
· Arise when results of nonprobability samples used to form conclusions of entire popu
8.3 Sampling Distributions
· Main concern when making statistical inference is drawing conclusions about population, NOT about sample
· In practice, select single random sample of predetermined size from popu
· Hypothetically, could examine every possible sample that could occur
· Sampling distribution: distribution of results if you actually selected all possible samples
· Single result obtained in practice is one of many results
8.4 Sampling Distribution of the Mean
· Sampling distribution of the mean: distribution of all possible sample means if you select all possible samples of given size
Unbiased Property of Sample Mean
· Unbiased: bc mean of all possible sample means is equal to population mean
· Mean of all possible sample means that could have been selected is equal to popu mean
Standard Error of Mean
· The value of SD of all possible sample means
· Expresses how sample means vary from sample to sample

· As sample size incr, standard error of mean decreases by factor equal to sqrt of sample size
Sampling from Normally Distributed Populations
· If sampling from popu that is normally distributed with mean, μ, and SD, σ, regardless of sample size, n, sampling distribution of mean is normally distributed w/mean μ, SD σ/√n
· Although sampling distribution of mean is approximately normal for each sample size, sample means are distributed more tightly around popu mean as sample size increases
Finding Z for Sampling Distribution of Mean
· Z value is equal to difference between sample mean and population mean, divided by standard error of mean (SD)

Sampling from Non-Normally Distributed Populations – Central Limit Theorem
· Central limit theorem: states that as sample size gets large enough, sampling distribution of mean is approx. normally distributed
· True regardless of shape of distribution of indv values in popu
· General rule that when sample size is at least 30, sampling distribution of mean is approx. normal
· For most population distributions, regardless of shape, sampling distribution of mean is approx. normally distributed
· If popu distribution fairly symmetric, sampling distribution of mean is approx. normal for samples as small as 5
· If popu normally distributed, sampling distribution of mean is normally distributed, regardless of sample size
8.5 Sampling Distribution of the Proportion
· Interested in the proportion of items belonging to one of categories
· Popu proportion π: proportion of items in entire popu with characteristic of interest
· Sample proportion p: proportion of items in sample with characteristic of interest
· Statistic is used to estimate popu proportion (parameter)
· To calculate sample proportion, assign 2 possible outcome scores of 1 or 0 to represent presence/ absence of characteristic
· Sum all 1 and 0 scores, divide by n
Sample Proportion
· Number of items having characteristic of interest / sample size

Standard Error of Proportion

· Follow binomial distribution
· Can use normal distribution to approximate binomial distribution when n and  are at least 5
Finding Z for Sampling Distribution of Proportion

Chapter 9: Statistical Applications in Quality Management
9.1 The Theory of Control Charts
· Process: value-added transformation of inputs to outputs
· Control charts: commonly used statistical tools for monitoring and improving processes
· Each input is a source of variability
· Results in poor service and poor product quality  decrease customer satisfaction
· Control chart: used to analyze a process in which data collected sequentially over time
· Used at beginning of quality improvement efforts to study existing process (Phase 1)
· Used to monitor processes to ensure improvements continue (Phase 2)
· Special causes of variation (assignable causes): large fluctuations/patterns in data not part of process
· Caused by unusual events and represent either problems to correct/opportunities to exploit
· Common causes of variation (chance causes): inherent variability that exists in process
· Consist of numerous small causes that operate randomly/by chance
· Special causes are not part of process and are correctable/exploitable w/o changing process
· Common causes can be reduced only by changing process
· Control charts allow monitor special causes, prevents 2 types of errors:
· Belief that observed value represents special cause variation when it is due to common cause variation
· Treatment results in over-adjusting process  tampering  increases variation in process
· Treating special cause variation as common cause variation
· Results in not taking immediate corrective action when necessary
Constructing control chart:
· Collect samples from output of process over time
· Samples used are known as subgroups
· Calculate sample statistic for each subgroup (sample proportion, mean, range)
· Plot values over time and add control limits to chart
· Most typical form of control chart sets limits +- 3 SDs

Pattern for trend/shift in mean level of process:
· 8+ consecutive points that lie above center line OR 8+ consecutive points that lie below
· Process whose control chart indicates out-of-control condition (point outside control limits or series of points that exhibit pattern) is said to be out of control
· Out-of-control process: contains both common & special causes of variation
· Bc special causes not part of process design, out-of-control process is unpredictable
· If special causes detrimental to quality, need to eliminate source of variation
· In-control process: contains only common causes of variation
· Bc common causes are inherent to process itself, in-control process is predictable
· These processes are in state of statistical control
· Must determine whether amount of common cause variation is small enough to satisfy customers
· If common cause variation too large, need to alter process itself
9.2 Types of Control Charts
· Two types of control charts:
· Variable control chart: uses quantitative measurement
· R Charts, X charts, S charts
· Attribute control chart: uses qualitative measurement
· P charts, c-charts, np-charts, u-charts

* use n (# of observations in sample) to look up control factors

R Chart
· Monitors process range
· Constructed with range values over period of time
Range (R) = Max value – min value
Center line = average of range
Upper Control Limit: UCL = D4R
Lower Control Limit: LCL = D3R

X-bar Chart
· Monitors process sample means
· Constructed with mean values over period of time
Mean (x) = Sum of x values / n
Center line = average of means
Upper Control Limit = x + A2R
Lower Control Limit = x – A2R

Quality Control Charts
· Only out of control indicators we are concerned with:
· Point above UCL on R chart
· Point above UCL OR point below LCL on X-bar chart
· If there is an indication that process is out of control, people monitoring process will find “special cause” for situation
· Will take appropriate steps to make changes in process
· If initial samples used to set control charts are found to be out of control, will assume there is special cause to be found
· Sample data for any point out of control is removed from calculations
For x:
· If samples are out of control (below or above levels), need to remove AND recalculate R with removed samples
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Binomial Probability Presentation

X=# of (successes)

=__

TI= (decimals)

P( ) =P (X symbol #) = Bpd or Bed (X, n, IT) = 0.XXxXx
(words) (<,>,<2=) (4decimals)

e If(=)then Bpd

e If(>) then Bed, but for example (X>5 means 1-X<5). This
is when they ask a more than type question.

e If(<) then Bed, but for example (X<5 means X<4). This is
‘when they ask a less than type question.

e If (<) then Bed. This is when they ask an at most type
question.

e If (=) then Bed, but for example (X=5 means 1-X=<4). This
is when they ask an at least type question. N

Poisson Probability Presentation
X=# of (successes) IN (time of space
A= (given rate)
P( ) =P (X symbol #) =Ppd or Pcd (X, 1) = 0.XXXX
(words) (<,><>=) (4decimals)
e If (=) then Ppd
e If (>) then Pcd. but for example (X>5 means 1-X<5). This
is when they ask a more than type question.
e If(<) then Pcd. but for example (X<5 means X<4). This is
when they ask a less than type question.
e If (<) then Pcd. This is when they ask an at most type
question.
e If (=) then Pcd, but for example (X=5 means 1-X<4). This

is when they ask an at least type question. R

Another case is from ___ to . Thisis
expressed for example P(2<X<5). Which means

The normal probability distribution has several
important properties:

probability is calculated P(X<5) — P(X<I).









