	STATISTICS FOR BEHAVIORAL SCIENTISTS 
	Practice

	Name:
	


You have 3 hours for the real test.  This is longer, to give you more practice. Still, we haven’t comprehensively sampled the set of possible exam topics in this practice test. You should be prepared to answer questions on any topic covered in lecture, reading, lab, and homework problems.

Note: There will be no multiple choice problems on the actual test.  There will be Excel problems on the actual test. 

You must show work on computational problems.

In computations, keep as much accuracy as possible in your intermediate work, but round your final answers off to two decimal places.
1.
In the New York Mets data set, there are these four variables: Age (in years), Position (whether the player is a pitcher, a catcher, an outfielder, etc.), Height (in inches), and Country of Birth (USA, Japan, etc.). Which of these variables are continuous? Which are discrete?
Age and height are continuous
2.  These are the scores of a sample of 25 students on a test: 65, 67, 69, 70, 73, 76, 77, 79, 82, 84, 85, 86, 86, 87, 88, 88, 88, 89, 89, 90, 92, 94, 95, 96, 99.  Make a frequency chart showing the relative frequencies and cumulative frequencies.  Plot the relative frequencies in a histogram.  Describe the characteristics of the distribution in words.

Charts and histograms will vary.  Check with instructors.  This distribution has a center in the mid to high 80s, it is unimodal, it has a modest spread (interquartile range might be something like 80 to 90) and it seems to be slightly negatively skewed.
3. Identify the mean, median, and mode of the data in problem 2. Identify the range, interquartile range, and variability.  Make a box-plot.  
Mean = 84.38, Median = 86.5, Mode = 88.  Range = 65 to 99, which translates to a distance of 34.  Interquartile range = 78.5 to 89.25, which translates to a distance of 10.75.  Variability = 83.11.
4.
Describe in words how to calculate s, the standard deviation of a sample.  Why is the formula for s different than the formula for (?

Calculate a deviation score for each datapoint by subtracting the sample mean from each datapoint.  Square the deviations, sum them up, and divide by n-1.  Take that number (the variance) and get the square root.  This is the standard deviation.  In s we divide by n-1, not n, because samples systematically underestimate the true population standard deviation and we are correcting for this bias.
5.
The mean of a set of n observations is



(a)
the sum of the n numbers, divided by n-1.



(b)
always the same as the 50th percentile.



(c)
a measure of the spread of the observations.



(d)
none of the above.

D (the median, not the mean, is the 50th percentile)
6.
Rose has five children, whose ages today are 5, 7, 11, 12, and 15. Their mean age is ((((((((((( years, and their standard deviation is ((((((((((( years. One year from now, the mean age will be ((((((((((( years, and the standard deviation will be ((((((((((( years. The youngest child is ((((((((((( standard deviations below the mean.
Mean age 10, stdev 3.58 (this is a population, not a sample).  One year from now mean age 11, stdev 3.58.  Youngest child is z=-1.40 standard deviations below the mean.

7. When a statistician says that a certain process (or phenomenon) is random, he or she means that

The outcome of any given trial is not certain, but can be described by characteristic properties of uncertainty (such as a probability distribution).  Long term frequencies will correspond to the true probability distribution, but short term will not.
8.  Define sample space.

The set of possible outcomes of a random variable.
9. A roulette wheel has 38 slots. Two of the slots are numbered 0 and 00; the remaining slots are numbered from 1 to 36. The wheel is carefully balanced so that the ball is equally likely to land in any of the 38 slots. Suppose Scott bets on the number 23. What is the probability that the ball will land in slot 23? What is the probability that it lands in a different slot?

P(slot 23) = 1/38      P(not slot 23) = 37/38
Around the Fourth of July, candy shops sell specially mixed bags of M&Ms to celebrate the Independence Day holiday. These bags contain 30% red candies, 40% white candies, and 30% blue candies. Suppose you reach into one of these bags, without looking, and pull out one candy at random. (Each candy in the bag has an equal chance of being selected.)  What are the following probabilities?

10.
P(red) =  .30
11.
P(not red) =  .70
12.
P(red or white) =  .70
Suppose Tim has one of these red-white-and-blue bags, and his friend Troy has one, too. Tim pulls one candy out of his bag, at random. Troy pulls one candy out of his bag, at random. (Each candy has an equal chance of being selected.) Let A represent the event “Tim gets a red candy” and let B represent the event “Troy gets a white candy.” 

13.
In this example, are event A and event B independent? Briefly explain why they are or are not independent.

Yes.  Because they each have different bags, Troy’s selection of a candy cannot possibly influence Tim’s selection of a candy.
14.
In this example, are event A and event B mutually exclusive? Briefly explain why they are or are not mutually exclusive.

No they are not mutually exclusive.  Troy could get a white candy AND Tim could get a red candy.  Independent events are never mutually exclusive.
15.
P(both candies are red) = 

P(red and red) = P(tim red) x P(troy red) =.3 x .3 = .09
16.
P(neither candy is red) = 

P(not red and not red) = .7 x .7 = .49
17.
P(A and B) = 

P(red and white) = .3 x .4 = .12
When Gene and Jackie go to Atlantic City, they like to make a series of ten-dollar bets on red at a roulette table. If the ball lands in a red slot (with probability 18/38 = .4737), they make twenty dollars. If the ball lands in an un-red slot (with probability 20/38 = .5263), they lose their $10. Let X be the random variable which represents their net gain after placing one such bet. The distribution of X is fully described in the table below.

	Value of X
	-$10
	$20

	Probability
	.5263
	.4737

	Deviation squared
	201.95
	249.29


18.
Is X a discrete or continuous random variable? How do you know?

Discrete.  There are only two outcomes in the sample space – they lose $10, they win $20.
19.
What is (X , the expected value of X?

-10(.5263) + 20(.4737) = 4.211
20.

What is (2X , the variance of X?

201.95(.5263)+249.29(.4737)= 224.37
21.

Imagine that Gene and Jackie each place bets at separate tables and they will be pooling their winnings.  What is the expected value and variance of the sum of their winnings?

Mean = 8.422, Variance = 448.74

Imagine a psychological experiment in which a person is seated in front of a computer. When a certain signal flashes on the screen, the subject presses a key on the keyboard as quickly as possible. The computer’s clock measures the amount of time that elapses between the signal’s appearance and the subject’s keypress. This amount of time is known as the reaction time (RT).
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Different subjects will take different amounts of time to react to the signal. Based on previous research, the experimenter believes that the reaction times will have a normal distribution with ( = 200 milliseconds and ( = 25 milliseconds.

22.

What percent of the subjects in the experiment should have reaction times of 240 milliseconds or more? .055
23.

What percent should have reaction times less than 50 milliseconds? Almost none
24.

What percent should have reaction times between 150 and 240 milliseconds? .945
25.

What percent should have RTs within one standard deviation of the mean?  68%
26.

Jill’s reaction time has a z-score of -1.50. What is her reaction time in milliseconds? 162.5
27.

What should we expect the seventy-fifth percentile of the reaction times to be? Z=.67 so x=216.86
28.

Another name for the 50th percentile of a set of observations is the median
There are a few hundred thousand sport utility vehicles (SUVs) on the highways of the United States. The average gas mileage for all these vehicles is known to be 15.5 miles per gallon (mpg). The mileages are approximately normally distributed in the population of SUVs, with a standard deviation of 1.0 mpg.

29.
Suppose you select one SUV from the population at random. What is the approximate probability that this SUV gets 16 miles per gallon or more?

Z=0.5, p=.309
30 .
Suppose you draw a simple random sample of 25 SUVs from the population. What is the approximate probability that they will have an average mileage of 16 miles per gallon or more?

SE=.20, Z=2.5, p=.006
31.
Suppose you suspect that a certain car dealership is selling sub-standard SUVs.  You get a simple random sample of 8 SUVs and observe that the average gas mileage is 14 mpg.  Can you conclude the dealer is guilty of fraud?

Z=4.24, p<.01.  We would probably reject the null hypothesis that his SUVs come from the general population of SUVs.  This is not a random sampling blip.  But we cannot, on the basis of this data alone, conclude that fraud is the explanation for the non-randomness.
32.  
Describe in your own words the logic of a hypothesis test.

Select a null hypothesis and alternative hypothesis.  Select a criterion alpha and critical value of Z or t at which you will reject the null.  Calculate a test statistic from the data and compare it to your criterion: is it in the rejection region?  If yes, reject the null, if no, then fail to reject the null.
33.

We reject a null hypothesis whenever


(a)
the probability of the data, given the null hypothesis, is small.


(b)
the probability of the null hypothesis, given the data, is small.


(c)
the null hypothesis is false.


(d)
the p value is larger than alpha.

A
34.  

When can we accept the null hypothesis?

We never “accept” the null hypothesis.  We “retain” the null hypothesis (or “fail to reject”) the null hypothesis whenever we get a sample mean within the retention region we have set up.
35.
Please give a brief description of Type I and Type II errors.

Type I error: the false positive rate.  You reject the null when the null is true.  Type II error:  the false negative rate.  You fail to reject the null when the alternative is true.
36.   
Describe the t-statistic and what it stands for (what does it tell us and why does it have the formula it does?).

The t-statistic is computed when we want to compare our data to a hypothesized null distribution but we have to estimate the population standard deviation using s.  The t-statistic allows us to put our sample mean on the “map” of the null sampling distribution, and see how likely it would be to have arisen by chance alone.  If the probability is small, we reject the null.  The formula for t allows us to look up the likelihood of getting a sample mean like ours under the null hypothesis.  It compares the observed difference between our sample mean and the null hypothesized mean and the difference one would expect by chance alone (the standard error).
37.
A researcher runs a study to compare a sample to a population and discovers a highly significant difference.  She reports the effect size as d = .15.  How do you interpret this value of d (what is its meaning in words)? Is it possible for both results to be true?  

This is a small effect size.  It means the mean of the sample is .15 standard deviations above the mean of the population.  It is possible for an effect this small to be highly significant if the sample size is large enough.
Suppose you read a journal article in which the authors report that the 95% confidence interval for an unknown population mean is between 93 and 103. There were 45 observations in the sample.

38.
What would have happened if the authors had tested the null hypothesis (using a two-tailed test, with an alpha of .05) that the population mean was equal to 100?

They would retain the null.  100 is in the 95% confidence interval, so we cannot rule it out with an alpha of .05.

39.
If the authors had constructed the 99% confidence interval, it would have been


(a)
wider than the 95% confidence interval.


(b)
about the same width as the 95% confidence interval.


(c)
narrower than the 95% confidence interval.


(d)
infinitely wide.

A
40.
If the authors had collected data from a much larger sample, we would expect the 95% confidence interval to be


(a)
wider than the 95% confidence interval for n=45.


(b)
about the same width as the 95% confidence interval for n=45.


(c)
narrower than the 95% confidence interval for n=45.


(d)
infinitely wide.

C
41.
Nicholas has drawn a sample of eight numbers from a population whose standard deviation is known to be 100. Nicholas’s sample has a mean of 536.25. 
Construct the 95% confidence interval for the unknown population mean.

536.25 +- 1.96(35.36)  =  (466.94, 605.56)
42.
Eight people participated in Professor Jackson’s experiment. Each person (a) answered a questionnaire about his or her emotional state, then (b) watched a very sad 15-minute video clip from the movie Old Yeller, then (c) answered the emotions questionnaire again. The data are presented below. Test the null hypothesis that µ Before = µ After .

	Subject
	1
	2
	3
	4
	5
	6
	7
	8

	Before
	9
	30
	10
	20
	11
	19
	16
	19

	After
	5
	26
	7
	22
	8
	18
	15
	17


D-bar = 2, SE = .71, t = 2.83, df = 7, two-tailed p-value less than .05, greater than .02.
Daphne is an educational researcher who is interested in how much undergraduates work at paying jobs, while they are in school. She was particularly interested in the question of whether the average Columbia undergraduate works the same number of hours as the average NYU undergraduate. She obtained a random sample of 300 Columbia undergraduates and found that they worked an average of 10.20 hours per week, with a standard deviation of 9.90. She also obtained a random sample of 400 NYU undergraduates and found that they worked an average of 12.20 hours per week, with a standard deviation of 10.50. 

43.
If Daphne assumes that the two population variances are equal, what is her best estimate of what that variance is?

SS1 = 29304.99  DF1 = 299; SS2 = 43989.75  DF2 = 399

S^2-pooled = 105.01

44.
Test Daphne’s hypothesis that the two population means are equal. (Please use a two-tailed test, with an alpha of .05.)

X-X = 2

SE = .78

T = 2-0/.78 = 2.55

Df = 698

45.
Dwight is interested in how environmental sounds influence the ability of children to concentrate on their schoolwork. He conducted an experiment in which children came into his lab, and were asked to read short paragraphs and then answer questions to measure how well they remembered and understood what they had read. 


Dwight manipulated the type of background sounds which the children heard while they were doing the task. There were two different experimental conditions: (a) Classical music was playing softly. (b) Jack hammers and power drills were destroying the walls of the room next door.


Suppose Dwight wants to re-design his experiment, making some changes so that the new experiment will have more power than the first one. Name four things Dwight could do to increase the power of his next experiment.

Increase his n.  Increase his alpha (not recommended).  Reduce his variability (Run all conditions at the same time of day, in same lighting conditions, match kids of the same age and ability in each condition, etc.).  Increase his effect size (make the differences between conditions even more dramatic – maybe play sounds through earphones)
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