Mat 217

Exam 1 Study Guide

2-9-06
Exam 1 (Thursday 2-16-06, 7pm, in CFA 107) covers chapters 1 and 2 plus section 9.1.  I’ve set aside Wednesday’s class (2/15) as a review day.  There will be no regular class meeting during the day on 2/16.  I give evening exams to relieve the anxiety of time pressure and give you the best opportunity to do well.  If this creates a conflict for you, please consult with me a.s.a.p. about alternative arrangements.

Exam 1 will count for 10% of your final course grade.
Many of the exam questions will be taken directly from the reading and from the exercises I’ve assigned.  Other exam questions will be based on labs, worksheets, or class discussions.  
The best way to study for this exam is to review the section summaries, work lots of exercises, and let me know what you’re still struggling with.  I especially recommend that you review the following topics:

· Examining a distribution (p.12)

· Properties of standard deviation (p.50)

· Standard normal distribution (p.73)

· Examining a scatterplot; positive association, negative association (p.108)

· Properties of correlation (p.128)

· 
[image: image1.wmf]2

r

 in regression (p.144)

· Simpson’s paradox (p.618)

· Cautions about correlation and regression (p.168)

· Diagrams for explaining association (p.180)

You should know how to use your calculator for finding 1-variable statistics, correlation, and linear regression.  PLEASE REMEMBER TO BRING YOUR CALCULATOR TO THE EXAM.  You should know how to use Table A for finding normal probabilities.
You may need to create graphs (bar, histogram, pie, boxplot, scatterplot, residual plot, etc.) and tables by hand, but more emphasis will be placed on interpreting a given graph or chart.

I will provide the following materials along with the exam:

· Table A (standard normal distribution)

· Least-squares regression line formulas for the coefficients as on p.141 (if needed)
You do not need to memorize the formulas for standard deviation (s) and correlation (r), but you should understand some of the implications of these formulas (as in bullets 2 and 5 above).

You should memorize rules for calculating:

· Mean (
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· Median (M or 
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· Quartiles (
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· IQR, 1.5*IQR criterion for outliers

· Standardized value of x:
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 (when using a normal density curve) or 
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 (when working with actual data).
Sample exam questions for you to practice on (not exhaustive!)
1.  Just as inflation means prices are rising, deflation means prices are falling.  In the imaginary town of Yurtown, Indiana, deflation has hit the housing market.  House values are falling.  Question:  If we calculate the correlation (r) between the value (y) of a house in Yurtown in 2006 versus the value (x) of the same house in Yurtown in 1996, for a representative group of houses, will we find a positive relationship between the two variables, or a negative relationship?  ________  Explain your reasoning and draw a possible scatterplot for this situation.
2.  The figure below plots the city and highway fuel consumption of 1997 model midsize cars, from the EPA’s Model Year 1997 Fuel Economy Guide. [image: image9.wmf]12.5
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City and highway fuel consumption for 1997 model midsize cars.


(a)  Circle the most influential observation on the scatterplot.

(b)  If that most influential observation were not included, would the correlation increase, or decrease?  ___________  Explain:

(c)  The regression equation is as follows:
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= 3.45 + 1.22x
Use the regression equation to predict the highway mileage for a 1997 midsize car with city mileage of 23 mpg (show your work clearly):
(d)  Does the intercept (3.45 mpg) represent a meaningful quantity in this context?  Explain.

(e)  What units belong on the slope number (1.22) in this context?  Write a sentence interpreting the slope number.
(f)  Find two specific points on the regression line (show your work).  Add the points to the plot above and use them to accurately draw the regression line on the plot.
4.  Eleanor scores 680 on the mathematics part of the SAT.  The distribution of SAT scores in a reference population is normal with mean 500 and standard deviation 100.  

Gerald takes the ACT mathematics test and scores 27.  ACT scores are normally distributed with mean 18 and standard deviation 6.

(a)  What proportion of students taking the SAT math test scored 680 or above?

(b)  What proportion of students taking the ACT math test scored 27 or above?

(c)  Which student (Eleanor or Gerald) did “better”?

(d)  How high would a student have to score on the Math SAT to be in the top 3%?  On the Math ACT?
5.  To help consumers make informed decisions about health care, the government releases data about patient outcomes in hospitals.  The following 3-way table relates these variables:  (x) survival of patients after surgery, (y) which hospital performed the surgery, and (z) patient condition before the surgery.

	
	GOOD CONDITION
	GOOD CONDITION
	
	POOR CONDITION
	POOR CONDITION

	
	Hospital A
	Hospital B
	
	Hospital A
	Hospital B

	Died
	6
	8
	Died
	57
	8

	Survived
	594
	592
	Survived
	1443
	192

	Total
	600
	600
	Total
	1500
	200


(a)  According to the 3-way table, which hospital is better for patients in good condition, A or B?  ____  Justify by citing specific ratios:

(b)  According to the 3-way table, which hospital is better for patients in poor condition, A or B?  ____  Justify by citing specific ratios:

(c)  Aggregate the data to form a 2-way table showing survival of patients after surgery in the two hospitals (fill in the table below).  What variable are we now ignoring?  __________________  Does this seem like an important variable?  ________
	
	Hospital A
	Hospital B

	Died
	
	

	Survived
	
	

	Total
	
	


(d)  According to this new 2-way table, which hospital is better, A or B? _____


Justify by citing specific ratios:

(e)  Which table (original 3-way, or aggregated 2-way) should be shown to consumers to help them make an informed choice between Hospital A and Hospital B?  ______________  Why?
(f)  The original 3-way table and the aggregated 2-way table lead to opposite conclusions.  What is the name of this effect?  _____________________________
6.  There is a strong negative correlation between the number of flu cases y reported each week through the year and the amount of ice cream x sold that week.  It is unlikely that eating ice cream prevents flu.  (a)  What is a more plausible explanation for this correlation?  (b)  Make a diagram as in section 2.4 to illustrate your explanation.  (c)  Is this an example of confounding?  Explain.
7.  People who use artificial sweeteners in place of sugar tend to be heavier than people who use sugar.  It is unlikely that the use of artificial sweeteners causes weight gain.  What is a more plausible explanation for this association?  Is this an example of common response?
8.  A sociologist notices that for a large group of elementary school children, when given a choice of toy (toy gun or baby doll), most boys choose the gun and most girls choose the doll.  That is, she finds a strong association between gender (x) and choice of toy (y).  Can she conclude that inherent (biological) gender differences cause boys and girls to prefer different types of toys?  _____  Explain:
9.  The GRE is widely used to help predict the performance of applicants to graduate schools.  The range of possible scores on a GRE is 200 to 800.  The psychology department at a university finds that the scores of its applicants on the quantitative GRE are approximately normal with mean μ = 544 and standard deviation σ = 85.  Find the relative frequency of applicants whose score X satisfies each of the following conditions (show your work clearly):

a. X > 720

b. 500 < X < 720
10.  Find the mean, standard deviation, and 5-number summary for the following data (grams of fat in 16 different fast food items from Taco Bell and McDonalds):


23
30
25
23
18
9



16
9
15
10
25
10



30
18
21
46
Mean = ____________

Standard Deviation = ____________

5-number summary: ________ , ________ , ________ , ________ , ________
11.  A group of college students believes that herb tea has remarkable healing powers.  To test this belief, they make weekly visits to a local nursing home, visiting with the residents and serving them herb tea.  The nursing home staff reports that after several months, many of these residents are more cheerful and healthy.  

a.  Is this most likely an example of “common response,” “confounding,” or “causation”?  (circle one)

b. There is a strong positive association between the amount of herb tea a resident receives and that resident’s improvement in mood and health.  Is this good evidence that the herb tea is causing these improvements?  ______  Explain:
12.  The IRS reports that in 1998, about 124 million individual income tax returns showed adjusted gross income (AGI) greater than zero.  The mean and median AGI on these tax returns were $25,491 and $44,186.  Which of these numbers is the mean?  How do you know?

13.  The lower and upper deciles of any distribution are the points that mark off the lowest 10% and the highest 10%.  On a density curve, these are the points with area 0.1 and 0.9 to their left under the curve.

(a) What are the lower and upper deciles of the standard normal distribution?

(b) Scores on the Wechsler Adult Intelligence Scale for the 20 to 34 age group are approximately normally distributed with mean 110 and standard deviation 25.  Find the lower and upper deciles of this distribution.
14.  Draw the density curve for the outcomes of a random number generator if the outcomes are real numbers uniformly distributed between 0 and 5.  Include scales on both axes.  What is the probability of generating a value between 2 and 3?

15.  Explain why correlation (r) is “unitless” (has no units).

16.  What is the effect known as “Simpson’s Paradox”?
17.  Is standard deviation resistant to outliers?  Explain.

18.  What are the two rules for density curves?  
19.  When analyzing a histogram, what aspects of the histogram should you always discuss?

20.  Draw a scatterplot which represents a strong association between two variables in which the correlation is r = 0.  Explain how this is possible.
21.  Many studies have found that children who watch the most TV are also the most overweight (in general).  That is, there is a strong positive association between TV viewing and obesity for children.  Does this prove that TV watching causes obesity in children?  Explain.
22.  A study shows that there is a strong positive correlation between the size of a hospital (number of beds) and the median number of days that patients remain in the hospital.  

(a)  Does this mean that you can shorten the length of your hospital stay by choosing a small hospital?  Explain.

(b)   Make a diagram to show the most likely reason for the association between hospital size and length of stay. 
23.  If a linear regression model provides an excellent fit to a scatterplot, then the r2 value should be ____________________________ and the residual plot should look ____________________ .

24.  In Professor Friedman’s economics class, 30% of the variation in students’ final exam scores is explained by the regression model with students’ point totals prior to the exam.  What is the correlation between the two variables x (point total prior to the final exam) and y (final exam score)?  ________  What other factors would probably affect or help predict a student’s final exam score in a class?
Brief answers:

1.  positive

2.  (a)  outlier in lower left corner  (b)  decrease  (c)  31.51 mpg  (d)  no  
(e)  mpg per mpg.  For these 1997 model midsize cars, on average, a 1 mpg increase in city mileage corresponds with a 1.22 mpg increase in highway mileage.  (f)  Find the points for 
x = 12.5 and x = 22.5.  

4.  (a)  3.6%  (b)  6.7%  (c)  Eleanor  (d)  688 or higher  (e)  29.3 (30) or higher

5.  (a)  A is better  (b)  A is better  (c)  ignoring patient’s condition (yes, important!)  
(d)  B is better  (e)  3-way  (f)  Simpson’s Paradox

6.  The lurking variable is “season” or “outdoor temperature” (common response).

7.  This is essentially causation in the opposite direction (not common response).  People who are overweight are more likely to be dieting and using artificial sweeteners.

8.  No.  A strong association does not prove causation.  There are lurking variables such as societal expectations, advertising targeted at specific genders, etc.

9.  (a)  2%  (b)  68%

10.  (a)  20.5 grams  (b)  9.77 grams  (c)  9, 12.5, 19.5 25, 46 grams

11.  (a)  confounding  (b)  No.  A strong association does not prove causation.  The herb tea may have some beneficial active ingredients, but another important variable (whose effects are mixed up with the increased tea drinking) is social interaction.  Maybe the increased number of visits is the real explanation for the seniors’ improvement.

12.  mean is $44,186.  Incomes for the general population are always skewed right, and the mean is not resistant to outliers so the skewness and high outliers pull the mean up above the median.

13.  (a)  -1.28, 1.28  (b)  78, 142

14.  1/5

15.  Correlation is based on standardized data, and standardizing cancels out the units.  (The standard value is a unitless ratio.)

16.  An observed association which holds for each category of a variable in a three-way association can be reversed when that variable is ignored and the data are aggregated.  (If the 2-way association is the opposite of that observed in the 3-way table, that third variable is important and should not be ignored.)

17.  No.  Outliers on a scatterplot can greatly reduce the correlation (if they contradict the general trend) or exaggerate the correlation (if they reinforce the general trend).

18.  (i)  A density curve may not dip below the horizontal axis.  (ii)  The total area between a density curve and the horizontal axis is always 1.

19.  (i)  # of peaks (unimodal? bimodal?) and their location(s)  (ii)  shape (symmetric? skewed left? skewed right?)  (ii)  center (median)  (iv)  spread (report minimum and maximum data values)  (v)  outliers (indicated by significant horizontal separation)  

20.  Correlation (r) only applies to linear associations.  A perfect nonlinear association like a parabola will have correlation zero (exactly or approximately).  For example, plot these data and calculate r:

	x
	1
	2
	3
	4
	5

	y
	4
	1
	0
	1
	4


21.  No.  A strong association does not prove causation.  There are many other important variables to consider such as diet, exercise, genetics, etc.

22.  (a)  No.  A strong association does not prove causation.  Probably the most serious cases are handled by larger hospitals and require longer stays.  Imagine heart transplants, care for extremely premature infants, etc.  (b)  Common response to the seriousness of the patient’s condition.

23.  Close to 1;  unpatterned (randomly scattered about close to the line y = 0).

24.  r = square root of .30 which is about .55.  Other important factors might be hours of preparation; hours of sleep before the exam; etc.
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