STAT2507 - Midterm Review
Chapter 1
Descriptive Statistics: The procedures used to summarize and describe the important characteristics of a set of measurements contain:
· Graphical (Pie chart, stem and leaf, histogram, boxplot, scatterplot)
· Numerical Summary Measures (Mean, Median, Variance, Standard Deviation)
Inferential Statistics: Procedures used to make inferences about population characteristics from information contained in a sample drown from this population contain:
· Point estimation, confidence interval, hypothesis testing
Population is the set of all measurements of interest to the investigator. 
Sample is a subset of measurements selected from the population of interest. 
Variable is a characteristic that changes or varies over time and/or for different individuals or objects under consideration. 
Experimental unit is the individual or object on which a variable is measured 
· Qualitative variables measure a quality or characteristic on each experimental unit. 
· Quantitative variables measure a numerical quantity or amount on each experimental unit.
· Discrete variable is almost always result from counting and its possible values are 0,1,2,.... or some subset of these digits.
· Continuous variable is possible values consists of an entire interval on the number line and arises from making measurements. 
Stem and Leaf Plot
· Stem can have one or more values
· Trailing digit is the leaf, only one digit
· Must define leaf unit
Discrete Histogram
· Frequency= # times the val occurs
· Relative frequency= frequency/n
· Each bar is usually one val
Continuous Histogram
· Each bar can be a range
Histogram Shapes:
· Unimodal, Bimodal, Multimodal, Symmetric
· Positively skewed (Skewed to the right)
· Negatively skewed (Skewed to the left)
Chapter 2
Measures of Location:
Mean: Average		Median: middle		Mode: most frequent
Measures of Variability:
Range(R)
Variance: [image: ]	
Standard Deviation:[image: ] 	Approx std dev: [image: ]
Tchebysheff’s Theorem: Given a number k greater than of equal to 1 and a set of n measurements, at least 1-(1/k²) of the measurement will lie within k standard deviations of the mean. Can be used for a sample or a population.
[image: ]



The Empirical Rule: Given a distribution of measurements that approximate mound-shapes. 
[image: ]
Measures of Relative Standing:
z-Score: how many standard deviations away from the mean the measurement lies. 
-2<=z<=2: normal, z>+/-3: possible outlier
[image: ]
Percentiles: How many measurements lie below the measurement on interest. 
Quartiles: 
· First Quartile (Lower): 25th percentile. Position of Q1=0.25(n+1)
· Second Quartile (Median): 50th percentile. 
· Third Quartile (Upper): 75th percentile. Position of Q3=0.75(n+1)
· Interquartile Range (IQR): range of the middle 50th of the measurements. IQR=Q3-Q1
Box Plot: 
1. calculate five number summary (smallest val, Q1, Q2, Q3, largest val)
2. draw vertical lines for Q1, Q2 and Q3 and horiz lines to make a box
3. draw 2 vert lines for the upper and lower fences 
· Upper Fence= Q1-1.5(IQR)
· Lower Fence=Q3+1.5(IQR)
4. Determine outliers ( any data beyond fence use *)
5. Draw whiskers: the largest and smallest vals inside fence
Chapter 3
Bivariate Data: two variables are measures (x and y)
Correlation Coefficient (r): the strength and direction of the relationship between x and y. Weak: r=0, Strong: r=1
[image: ][image: ]
Regression Line: where a=y-int, b=slope, = predicted y-val
   [image: ]
Chapter 4: Probability
Event is a collection of one or some outcomes from sample space, usually denoted by a capital letter.
Simple Event: The event that cannot decomposed. 
Relations Between Events:
Union: The union of events A and B, denoted by A ∪ B is the event that contains all outcomes that are either in A or B or both. 
Intersection: The intersection of events A and B, denoted by A∩B is the event that contains all outcomes that are in both A and B. 
Complement: The complement of an event A, denoted by A’ is the event that contains all outcomes in sample space S but not in A. 
Mutually exclusive or disjoint, if they don’t have any common outcome, or when one event occurs, the other cannot, and vice versa.
Properties of Probability: 
P(A) = 1 − P(A0 ) ∀A.
P(A ∩ B) = 0 ∀A and B mutually exclusive events. 
P(A ∪ B) = P(A) + P(B) − P(A ∩ B) ∀A and B.
Counting Techniques:
Simple events: n=number of simple events, n(A)=number of simple events in A
[image: ]
The mn rule: If an experiment is performed in two stages, with m ways to accomplish the first stage and n ways to accomplish the second stage, then there are mn ways to accomplish the experiment
Permutation: There are n distinct objects and want to choose k objects in a specific order
[image: ] 
Combination: There are n distinct objects and want to take r objects at a time. Not a specific order
[image: ]
Conditional Probability: The conditional probability of A given that B has occurred, is
[image: ]
Multiplication Rule 
P(A ∩ B) = P(A|B)P(B) = P(B|A)P(A) 
Law of Total Probability If A1, A2, · · ·, Ak be mutually exclusive and exhaustive events, for an event B
[image: ]
Bayes’ Rule Let A1, A2, · · · , Ak be mutually exclusive and exhaustive events, if an event B occurs, then
[image: ]
Independence Two events A and B are independent if the [image: ]

Probability Distribution for Discrete Random Variables:
The probability distribution of X determine how the total probability is distributed among the values of X. For showing probability distribution can use a formula, graph, or table. The probability distribution or probability mass function for discrete random variable p(x) = P(X = x) has two conditions:
[image: ]
Expected Values 
[image: ]
[image: ]
[image: ]
[image: ]
The Variance
[image: ]		[image: ]
[image: ]
[image: ]
[image: ]
Chapter 5: Discrete Distribution
Binomial Distribution: one that has these 5 characteristics
1. The experiment consists of n identical trials. 
2. Each trial results in one of two outcomes. The one outcome is called a success S, and the other a failure, F. 
3. The probability of success on a single trial is equal to p and probability of failure is equal to (1 − p) = q. 
4. The trials are independent. 
5. We are interested in x, the number of successes observed during the n trials, for x = 0, · · ·, n.

When the sample came from a large population, the probability of success p stayed about the same from trial to trial. Rule of thumb: If the sample size is large relative to the population size- in particular, if n/N > 0.05- then the resulting experiment is not binomial.
Binomial Probability Distribution: A binomial experiment consists of n identical trials with probability of success p on each trial. The probability of k successes in n trials is
[image: ]
[image: ]
Binomial Cumulative Probability Tables: use the tables to find properties for binomial distributions
Poisson Distribution: The Poisson random variable x is a model for data that present the number of occurrences of a specified event in a given unit of time or space. 
The Poisson Probability Distribution: Let µ be the average number of times that an event occurs in a certain period of time or space. The probability of k occurrences of this event is
[image: ]
[image: ]
Poisson Cumulative Probability Tables: yeah use them
The Poisson Approximation to the Binomial Distribution: The Poisson probability distribution provides a simple, easy-to-compute, and accurate approximation to binomial probabilities when n is large and µ = np is small, preferably with np < 7.
Hypergeometric Distribution: A bowl contains M red balls and N − M white balls, for a total of N balls in the bowl. Select n balls from the bowl and record x the number of red balls. If define a success to be a red ball, then x is a hypergeometric random variable
The Hypergeometric Probability Distribution A population contains M successes and N−M failures. The probability of exactly k successes in a random sample of size n is
[image: ]
[image: ]


Post Midterm Review
Chapter 6: Continuous Distribution
Continuous Random Variable: can assume the infinitely many values corresponding to points on a line interval
Probability Density or Distribution Function: the depth or density of the probability which varies with x. F(x)
· The area under a continuous probability distribution is 1
· The probability that x will fall into a particular interval is equal to the area under the curve between the two points
· There is no probability attached to any single value for the continuous random variable x. P(x=a)=0
· This implies that: (which is not true in general for discrete random variables)
[image: ]
Normal Random Variable: provides a good model for many continuous random variables that have mound-shape frequency distributions 
Normal Probability Distribution: large number of random variables that is approx. mound shaped or normally distributed
To find P(a<x<b) we need to find the area under the appropriate normal curve, which is standardized as a z-score.
[image: ]	[image: ]
We can draw these conclusions:
· Mean=0, Std Dev=1
· When x=μ, z=0
· Symmetric about z=0
· Values of z to the left are negative and positive to the right
· Total area under the curve is 1
Finding Probabilities for the General Normal Random Variable: standardize or rescale the interval in terms of z, then find the appropriate area by using the table.
[image: ]
Normal Approximation to the Binomial Probability Distribution: The probability distribution of x is approximated using a normal curve with: [image: ]
This approximation is adequate as long as:
· n is large
· p is not too close to 0 or 1
· [image: ]
Continuity Correction: you need this adjustment for the fact that you are approximating a discrete random variable with a continuous one.
Chapter 7
Simple Random Sampling: a method of sampling that allows each possible sample of size n an equal probability of being selected. A sample of n elements is selected from a population of N elements. 
Sampling Distributions: is the probability distribution for the possible values of the statistic that results when random samples of size n are repeatedly drawn from the population. They can be theorems or mathematically derived.
Central Limit Theory (CLT): if random samples of n observations are drawn from a NON-normal population with finite μ and std dev σ, then when n is large:
· the sampling distribution of the sample mean  is approx. normally distributed, with mean μ, and std dev  
· CLT also implies that the sum of n measurements is approx. normal with mean nμ and std dev 
· Many stats that are used for statistical inference are the sum or average of sample measurements
· When n is large, these stats will have approx. normal distributions
· This allows us to describe their behavior and evaluate the reliability of our inferences
Large Sample?:
· If the sample is normal, then the sampling distribution of  will also be normal, no matter what the sample size
· When the sample population is approx. symmetric, the distribution becomes approx. normal for relatively small n values
· When the sample population is skewed, the sample size must be at least 30 

The Sampling Distribution of the Sample Mean : 
· If a random sample of n measurements is selected from a population with mean μ and std dev σ, the sampling dist of sample mean  will have mean μ and std dev 
· If the population has a normal distribution, the sampling dist of  will be exactly normally distributed, regardless of the sample size n.
· If the population distribution is non-normal, the sampling dist of  will be approx. normally distributed for large samples (by CLT) 
Standard Error: the std dev of a stat is used as an estimator of a population parameter is also called the standard error of the estimator (SE). The std dev of , (which is , is referred to as the Standard error of the mean.
Finding Probabilities for the Sample Mean: If the sampling distribution of  is normal or approx. normal, standardize the interval of interest in terms of: 
[image: ]
The Sample Distribution of the Sample Proportion:
· The CLT can be used to conclude that the binomial random variable x is approx. normal when n is large, with mean np and std dev npq
· The sample proportion  simply a rescaling of the binomial random variable x.
· From the CLT, the sampling dist of  will also be approx. normal, with a rescaled mean and std dev
· A random sample of size n is selected from a binomial population with parameter p. 
· The sampling dist of sample proportion  will have mean p and std dev SE()=  
· If n is large and p is not too close to 1 or 0, the sampling dist of  will be approx. normal
Finding	Probabilities for the Sample Proportion: if the sampling dist of  is normal or approx. normal, standardize the interval in terms of: 
[image: ]
Chapter 8&10
Types of Inference:
· Estimation: estimating or predicting the value of the parameter
· Hypothesis Testing: deciding about the value of a parameter based on some preconceived idea
· Point Estimation: A single number is calculated to estimate the parameter
· Interval Estimation: Two numbers are calculated to create an interval where the parameter is expected to lie
Estimator: a rule, usually a formula, which tells you how to calculate the estimate based on the sample.
Properties of Point Estimators:
· Since an estimator is calculated from sample values, it varies from sample to sample according to its sampling distribution
· An estimator is unbiased if the mean of its sampling distribution equals the parameter of interest
· Of all the unbiased estimators, we prefer the estimator whose sampling distribution has the smallest spread.
Error of Estimation: the distance between an estimate and the true val of the parameter. 
*For a large sample our unbiased estimators will have normal distribution.
Margin of Error: for unbiased estimators with normal sampling dist, 95% of all point estimates will lie within 1.96 std deviations of the parameter of interest. The max error of estimation is 1.96*std error of estimation

To estimate the population mean μ for a quantitative population: the point estimator  is unbiased, with std error estimated as: [image: ] 	The margin of error when n30 is estimated as: [image: ]
To estimate the population proportion p for a binomial population: the point estimator  is unbiased, with std error estimated as: [image: ]        The margin of error is estimated as: [image: ] 	assuming: [image: ]

Interval Estimation: the probability that a confidence interval with contain the estimated parameter is called the confidence coefficient
· Create an interval (a,b) so that you are fairly sure that the parameter lies between these two values
· Fairly sure means high probability, measured using the confidence coefficient (1-α)
Inference from Small Samples: when n is small, the z stat doesn’t have normal distribution. Use the stat: 
[image: ]
· It is mound shaped and symmetric about t=0
· It is more variable than z
· The shape of the t distribution depends on the sample size n. As n increases, the variability of t decreases. Eventually when n is infinitely large, the t and z distributions are identical. 
· df=degrees of freedom= (n-1)
· Assumptions: the sample must be randomly selected and the population must be normally distributed
A (1-α)100% Large Sample Confidence Interval for a Population Mean μ
[image: ], if σ is unknown use s when the sample size is large
A (1-α)100% Small Sample Confidence Interval for a Population Mean μ
[image: ]
A (1-α)100% Large Sample Confidence Interval for a Population Proportion p
[image: ]	since p and q are unknown, estimate using  and. Large when

Properties of the Sampling Distribution of (-):  
1. The mean of (-) is - and the standard error is [image: ], σ can be estimated as s when the sample size is large.
2. If the sample populations are NORMALLY DIST, then the sampling dist is exactly normally dist, regardless of the sample size
3. If the sampled population are NOT NORMALLY DIST, then the sampling dist is approx. normally dist when both sample sizes are >30 (due to CLT)

 A (1-α)100% Large Sample Confidence Interval for (-:
[image: ]
A (1-α)100% Small Sample Confidence Interval for (-
When sample size is small the stat is not approx. normally dist and doesn’t have t-dist. Sooooo you can use pooled variance:[image: ] 			[image: ]
Properties of the Sampling Distribution of -:
1. The mean of - is - and the std error is [image: ](actually p and q but we estimate with this)
2. The sampling distribution of - can be approximated by a normal distribution when both n are large (due to CLT)
A (1-α)100% Large Sample Confidence Interval for (-):
[image: ] 	assuming: [image: ][image: ]


Choosing the Sample Size:
· If   [image: ], then [image: ]
· For binomial population: [image: ] and if you have no idea what pq are: [image: ]

Chapter 9&10: Hypothesis Testing
Parts of a Statistical Test:
· Null Hypothesis ()
· Alternate Hypothesis ()
· The test statistic and its p-value
· The rejection region
· The conclusion
Type I Error: the error of rejecting the null hypothesis when it’s true
Type II Error: the error of accepting the null hypothesis when it’s false
Level of Significance:
[image: ]
[image: ]
Power of a Statistical Test: 
[image: ]
Sample Statistical Test for μ:
1. Null Hypothesis (): 
2. Alternate Hypothesis (): 
a. One Tailed: [image: ]
b. Two Tailed: [image: ]
3. Test Statistic: 	Large:[image: ]	Small:[image: ]
4. Rejection region: Reject  when
a. One Tailed: [image: ](or [image: ] when  [image: ] ) (same shit for small but with t)
b. Two Tailed: [image: ]
OR
c. P-value: the p-val or observed significant level of a statistical test is the smallest value of α for which  can be rejected. It is the actual risk of committing a Type I error, if  is rejected based on the observed value of the test statistic. The p-val measures the strength of the evidence against . 
Large Sample: If the p-val  α then  can be rejected
Small Sample: p-val < α then  can be rejected
[bookmark: _GoBack]Sample Statistical Test for p:
1. Null Hypothesis (): 
2. Alternate Hypothesis (): 
a. One Tailed: [image: ]
b. Two Tailed: [image: ]
3. Test Statistic:  [image: ]	
4. Rejection region: Reject  when
a. One Tailed: [image: ](or [image: ] when  [image: ] ) 
b. Two Tailed: [image: ]
c. P-value: If the p-val < α then  can be rejected
Assume: [image: ]
Sample Statistical Test for (-:
1. Null Hypothesis (): (-= 
2. Alternate Hypothesis (): 
a. One Tailed: [image: ]
b. Two Tailed: [image: ]
3. Test Statistic:  Large:	[image: ]   Small: [image: ] [image: ]
4. Rejection region: Reject  when
a. One Tailed: [image: ]  (same shit for small but with t)
b. Two Tailed: [image: ]
OR
c. P-value:    Large: If the p-val < α then  can be rejected       Small: The critical values of t are based on df
Sample Statistical Test for (-:
1. Null Hypothesis (): [image: ]
2. Alternate Hypothesis (): 
a. One Tailed: [image: ]
b. Two Tailed: [image: ]
3. Test Statistic:  [image: ]	where [image: ]
4. Rejection region: Reject  when
a. One Tailed: [image: ]
b. Two Tailed: [image: ]
c. P-value: If the p-val < α then  can be rejected
Assume: [image: ][image: ]
Chapter 10: Paired- Difference Test
Paired Difference or Matched pairs: dependent variables allow us to eliminate variability
[image: ](mean of sample difference)
Paired- Difference Test for (-= : Dependent Samples
1. Null Hypothesis (): [image: ]
2. Alternate Hypothesis (): 
a. One Tailed: [image: ]
b. Two Tailed: [image: ]
3. Test Statistic:  [image: ] sd: std dev of the sample differences
4. Rejection region: Reject  when
a. One Tailed: [image: ][image: ]
b. Two Tailed: [image: ]
c. P-value: If the p-val < α then  can be rejected
(1-α)100% Small-Sample Confidence Interval for (-= : Based on a Paired- Difference Experiment
[image: ]
Inference Concerning a Population Variance: an estimate of the population var , is usually needed before you can make inferences about population means.
Chi-Square Variable: has a sampling distribution called the chi-square probability distribution  [image: ]
Test of Hypothesis Concerning a Population Variance
1. Null Hypothesis (): [image: ]
2. Alternate Hypothesis (): 
a. One Tailed: [image: ]
b. Two Tailed: [image: ]
3. Test Statistic:  [image: ] 
4. Rejection region: Reject  when
a. One Tailed: [image: ] [image: ]
b. Two Tailed: [image: ]
c. P-value: If the p-val < α then  can be rejected
A (1-α)100% Confidence Interval for 
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