Mat 217

Exam 1 Study Guide

5-14-10
Exam 1, to be given in class on Tuesday, 5/18/10, covers Sections 1.1 through 2.3, plus the material on binomial distributions and the continuity correction (see binomial handout).  We will do some in-class reviewing on Monday 5/17.  Please begin your own reviewing before then, and be prepared to ask specific questions in class on Monday.
Exam details:  Many of the questions will be taken directly from the reading, in-class examples,  and study problems I’ve assigned. The best way to study for this exam is to review the text examples and section summaries, work numerous exercises, and let me know what you’re still struggling with.  Here are the main topics to review from the textbook:
1. Stemplots and histograms (p.11-16)

2. Examining a distribution (p.17)

3. Mean and Median (p.41-43)

4. Five-number summary and boxplot (p.46)

5. Variance and standard deviation (p.49-51)

6. Resistant measure  (p.56)

7. Requirements for a Density Curve (p.67)

8. Standardizing, and the standard normal distribution (p.73-74)

9. Using the standard normal table, Table A (p.76-79)
10. Binomial setting (p.335) + handout
11. Binomial distribution (p.336) + handout
12. Binomial mean and standard deviation (p.341)
13. Continuity correction (p.347-348) + handout
14. Response variable, explanatory variable (p.103)

15. Examining a scatterplot; positive association, negative association (p.105-106)

16. Correlation (p.124)

17. Properties of correlation (p.125)
18. Finding the regression line equation using TI-83, SPSS output, or formulas (p.137)
19. Using the regression line to make predictions, and the dangers of extrapolation (p.135)
20. Interpreting the slope of the regression line (p.138)

21. Interpreting the r2 value relative to the regression line (p.141)
You may be asked to create tables and graphs (like bar graph, histogram, stemplot, boxplot, or scatterplot) by hand, but more emphasis will be placed on interpreting a given graph, table, or SPSS output.
Remember to bring your calculator to the exam.  Know how to use your calculator for finding one-variable statistics, correlation, linear regression, and binomial distributions.  
You may create your own two-sided handwritten 3-by-5 index card of formulas and other information for use on the exam.  If there is a formula or a concept you think you may need to know, put the information on your card. I will not include any formulas on the exam.
Sample exam questions (These are only meant to be illustrative, 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 have fallen over the last two years.  Question:  If we calculate the correlation (r) between the value (y) of a house in Yurtown in 2009 versus the value (x) of the same house in Yurtown in 2007, for a representative group of houses, will we find a positive association between the two variables, or a negative association?  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: image1.wmf]12.5
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City and highway fuel consumption for 1997 model midsize cars.


(a)  Circle the outlier on the scatterplot.

(b)  If the outlier were not included, would the correlation increase, decrease, or stay about the same?  Explain:

3.  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 30.  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 30 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 1%?  On the Math ACT?
4.  Consider tossing 12 fair coins at a time and counting up X, the number of heads (out of 10).  X should follow the binomial distribution B(12,0.5) if the experiment is repeated many times.
a) Use B(12,0.5) to find the probability of getting 4, 5, or 6 heads out of 10.

b) The mean of X is _______ and the standard deviation is _________ .
c) Use a normal distribution with the continuity correction to find the probability of getting 4, 5, or 6 heads out of 12 tosses.
5.  "What do you think is the ideal number of children for a family to have?"  A Gallup poll asked this question of 1006 randomly chosen adults in the U.S.  49% of respondents thought two children was ideal.  
a) If this poll were repeated over and over, and if 49% is exactly true for the population of all U.S. adults (49% believe 2 children is ideal), let X be the count of how many respondents answer "two" (out of 1006).  Which binomial distribution will model X?

b) Which normal distribution will model X?

c) Since the n is so large, the continuity correction is not necessary in this situation.  Use the normal distribution in part (b) to estimate the probability that such a poll will result in X between 470 and 510.
6.  Pam plays a scratch-off lottery game every day for a month (30 days).  Each ticket has a 1/1000 chance of winning.  
a) Which binomial distribution will model X = number of wins for Pam (out of 30 tickets)?

b) Use the binomial distribution to find the probability that Pam wins at least once:  P (X > 0).

7.  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.  Draw the normal density curve with these parameters, and 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
8.  Display the following data in a stemplot (use "split" stems); find the mean, standard deviation, and 5-number summary.  The data represent grams of fat in 16 different fast food items from Taco Bell and McDonalds:
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30
18
21
46
Mean = ____________

Standard Deviation = ____________

5-number summary: ________ , ________ , ________ , ________ , ________
Is the mean an appropriate measure of center for these data?   ________  Explain.
9.  Shuffle a standard deck of playing cards and start flipping the cards over until you see an ace.  
Count X = how many cards before the first ace.  Should X be modeled with a binomial distribution?  Explain.

10.  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?

11.  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 areas 0.1 and 0.9, respectively, 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.
12.  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?  What is the probability of generating the exact value 2?
13.  Explain why correlation (r) is “unitless” (carries no units).

14.  Give a set of 6 numbers in the range 0 to 10 (repetitions allowed) whose mean is 5 and whose standard deviation is (a) as large as possible; (b) as small as possible.

15.  Is standard deviation resistant to outliers?  Explain.

16.  What are the two requirements for density curves?  
17.  When analyzing a histogram, what are the five aspects of the graph you should always consider?
18.  Draw a scatterplot which represents a strong association between two variables in which the correlation is close to zero.  Explain how this is possible. 
19.  If the scatterplot showing the association between two quantitative variables shows a very strong linear association, then the correlation (r) should be close to _______________ .
20.  For fast food data, you wonder if serving size is a good predictor of calories.  Which is the explanatory variable?  Which is the response variable?  Which variable should be plotted on the horizontal axis?  What is the correct title for the scatterplot?
21. More than a million high school seniors take the SAT college entrance examination each year.  We sometimes see the states "rated" by the average SAT scores of their seniors.  For example, Illinois students average 1179 on the SAT, which looks better than the 1038 average of Massachusetts students.  
The scatterplot and other SPSS output shown below allows us to see how the mean SAT score in each state is related to the percent of that state's high school seniors who take the SAT.  There are 50 points in the scatterplot, one for each state.
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	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	1150.153
	7.687
	
	149.625
	.000

	
	Percent taking SAT
	-2.016
	.158
	-.877
	-12.769
	.000

	a. Dependent Variable: Mean SAT total score
	
	
	


	Correlations

	
	
	Percent taking SAT
	Mean SAT total score

	Percent taking SAT
	Pearson Correlation
	1.000
	-.877**

	
	Sig. (2-tailed)
	
	.000

	
	N
	51.000
	51


Use the SPSS output shown above to answer these questions.

(a)  Describe the form, direction, and strength of the association shown in the scatterplot 
(y = mean SAT total vs. x = percent taking SAT).  The form is __________________ . The strength is ___________________ . The direction is ___________________ .  
(b)  Write the equation of the least-squares regression line for predicting y from x.

(c)  What is the y-intercept of this regression equation?  ___________  
Does it make sense to interpret the intercept of the regression line in this context?  _____ If yes, do so.  If not, explain.

(d)  What is the slope of this regression equation?  ___________  
(e)  For these data, 
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= ___________ (find the numerical value).  Write a sentence accurately interpreting 
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 in this context.
(f)  Use the regression equation to predict the mean total SAT for a state in which 65% of high school seniors take the SAT.  Show your work.

(g)  What specific evidence do we have that the linear regression model is or is not a good fit to these data?  State your position clearly.
Answer key:

1.  Positive (imagine what the scatterplot would look like).
2.  (a)  outlier in lower left corner  (b)  decrease (closer to zero); this outlier exaggerates the strength of the linear association since it lies close to the regression line.
3.  (a)  3.6%  (b)  2.3%  (c)  Gerald  (d)  733 or higher or higher  (e)  32 or higher

4.  (a)  .12085 + .19336 + .22559 = .5398; about 54%.  (b)  The binomial mean is np = 12*0.5 = 6.  The binomial standard deviation is the square root of np(1-p) = square root of 3 = 1.73.  
(c)  The probability of the normal distribution X = N(6, 1.73) having X between 3.5 and 6.5 = .6141 - .0749 = .5392, about 54%.
5. (a) B(1006, 0.49)  (b)  N(492.94, 15.856)  (c)  P(470 <= X <= 510) = .7864, about 78.6%
6.  (a)  B(30, 0.001)  (b)  1 - .9704 = .0296 (about 3%)
7.  (a)  .0192, about 2%  (b)  .6793, about 68%

8.  (a)  20.5 grams  (b)  9.77 grams  (c)  9, 12.5, 19.5, 25, 46 grams (d)  yes, it is close to the median
9.  No, X is not binomial.  There is no reasonable value for n (pre-determined number of trials).  
10.  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.

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

12.  1/5; 0
13.  Correlation is based on standardized data, and standardizing cancels out the units.  (The standard value is a unitless ratio.)

14.  (a) 0, 0, 0, 20, 20, 20 
(b) 10, 10, 10, 10, 10, 10
15.  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).

16.  (i)  A density curve is not allowed to dip below the horizontal axis.  (ii)  The total area between a density curve and the horizontal axis must always equal one.

17.  (i)  shape (symmetric? skewed left? skewed right? idiosyncratic?) and number of peaks (unimodal? bimodal?); (ii)  location of peaks;  (iii) center (the median);  (iv)  spread (report minimum and maximum data values);  (v)  outliers

18.  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


19. 1 or -1
20.  serving size; calories; serving size; "Calories vs. Serving Size"

21. a)  Form = fairly linear, slightly curved; Strength = fairly strong; Direction = negative             

b)   
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ˆ

 = 1150.153 - 2.016x  c)  The y-intercept is 1150.153.  This would be interpreted as, "the predicted mean SAT score in a state where the percentage of h.s. students taking the exam is 0%."  Clearly this is nonsense.  d)  The slope is -2.016  e)  r sq linear = .769:  About 77% of the variation in mean SAT scores is explained by the linear regression on x = percent of students taking the exam.  f)  Using x = 65, we have predicted y-value = 1150.153 - 2.016*65 = 1019.113, about 1019.  g)  According to the r sq linear = .769, and the fact that the scatterplot is roughly linear with no extreme outliers, this is a decent model.  An even better model would capture the slight curvature in the scatterplot.
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