Socy 601

Answers to HW #3 (Due 9/25/07)

Chapter 4 (16*2.5=40 points):

32a) Y does not have a normal distribution, since the mean is only 1 standard deviation above 0, i.e., one cannot have a negative number of sex partners in the last 12 months.  Alternatively, we can work the logic backwards. If we assume that the sample distribution is normal and the mean is 1 standard deviation above 0, then 16% of responses will be less than 0. However, in reality none of the responses is below 0 (negative number of sex partners). Therefore, Y does not have a normal distribution.
32b) For a random sample of 100 adults, the sampling distribution of Y(bar) is approximately normal, with a mean of 1.0 sex partners in the previous 12 months and a standard deviation of  1.0.

Std. error =  s / √(n) = (1.0) / √(100) = .10

32c) An interval within three standard deviations of the mean is (.70, 1.3). We estimate that the sampling distribution of Ybar has a mean of 1 and a standard error of .1.  Hence a typical sample would be about .1 off from the true population mean.  If we were being cautious, we might speculate that it is very unlikely that any one sample would be more than 3 times that far from the population mean. By this reasoning, we are pretty sure that the sample mean of 1 came from a population with a mean somewhere between 1 - .3 and 1 + .3, or 0.7 to 1.3. (Z=3, P = .997).
35a) Assuming a normal distribution, with a mean of 100 and a standard deviation of 15, the probability that an infant’s Psychomotor Development Index (PDI) score is at least 100 is .5.
P-value of score of at least 100

100 = µ                          
z-score of 0.0 = .50

35b) Assuming a normal distribution, with a mean of 100 and a standard deviation of 15, the probability that an infant’s Psychomotor Development Index (PDI) score exceeds 103 is .42.

z-score = (Yi-µ) / σ
 = 103-100 / 15

 = .20

    p(.20) = .4207

35c)  Assuming a normal distribution, with a mean of 100 and a standard deviation of 15, the probability that an infant’s Psychomotor Development Index (PDI) score is between 97 and 103 is .16 .
p(103) = .42

p (97) = (1-.42) = .58

.58-.42 = .16

35d)  Assuming a normal distribution, with a mean of 100 and a standard deviation of 15, the z-score for a PDI value of 90 is .67. We would not be surprised to find a value of 90, because a score of 90 is only within  a single (1) standard deviation away from the mean. 

z-score = (Yi-µ) / σ
 = (90-100) / 15

 = -.67

35e)  Supposing we converted all PDI observations to z-scores (i.e., for each infant, subtract 100 from their respective PDI score and divide by 15), the distribution of the z-scores would be called the normal standard distribution . The mean (µ) of these scores would be 0 and the standard deviation (σ) would be 1.
47.) The standard error of a statistics describes…
a) …the standard deviation of the sampling distribution of that statistic

c) …how close that statistic is likely to fall to the parameter that it estimates

d) …the variability in the values of the statistic for repeated random samples of size n 

48.) The Central Limit Theorem implies that 

c) For large random sample, the sampling distribution of Y(bar) is approximately normal regardless of the shape of the population distribution (see pg. 103)
51a) Assuming a normal distribution and relatively equal group size, the proportion of applicants not admitted to Lake Wobegon Junior College from group A is .16, i.e., 16 % of applicants from group A will not be admitted. The proportion of students not admitted to Lake Wobegon Junior College from group B is .31, i.e., 31% of applicants from group B will not be admitted.

Group A

µ = 500

σ = 100
z 
= Y – µ / σ 

  
= (400-500)/(100) = -1.0

P(Y<400) = .1587

Group B 

µ = 450

σ = 100
z 
= Y – µ / σ 

= (400-450)/(100) = -.5

P(Y<400) = .3085

51b) Of the students who were not admitted to Lake Wobegon Junior College, .66 or 66 % are from group B

P(Group B)/ [P(Group B) + P(Group A)]
=

        .31       /          (.16     +            .31) 
= .66

51c) Changing the cutoff point for admission to Lake Wobegon Junior College to 300 would actually increase the proportion of students not admitted from Group B to .75.

Group A

µ = 500

σ = 100
z 
= Y – µ / σ 

  
= (300-500)/(100) = -2.0

P(Y<300) = .0228

Group B 

µ = 450

σ = 100
z 
= Y – µ / σ 

= (300-450)/(100) = -1.5

P(Y<300) = .0668

P(Group B)
/   [P(Group B) + P(Group A)]
=

      (.0668)
/          (.0668
  +       .0228) 

= .75

52a) For a normal distribution, show that the upper quartile equals µ + .67σ

z = .67 has a p(.25), so…

…µ +.67 σ is the upper quartile (i.e. 75th percentile)

…µ − .67 σ is the lower quartile (i.e. 25th percentile)

52b) For a normal distribution, show that the interquartile range (IQR) is related to σ by IQR = 1.35 σ.

Interquartile range (IQR)

= upper quartile − lower quartile 

= (µ +.67 σ) − (µ − .67 σ)

= 2(.6745 σ)

= 1.35 σ

52c) For a normal distribution, show that for sample data that are approximately normal, an outlier is an observation falling more than 2.7 standard deviations below or above the mean, and this happens for only .7% of the data.

The probability of a z-score 2.7 standard deviations from the mean is p(.0035), so the probability of outliers in a normal distribution is 2(.0035), or .7% (Note 2 x, because we can have observations 2.7 standard deviations above AND below the mean).
Chapter 5 (pgs 145-153) (1-50, = 20*2.5 =50 points, Q51. 3 points  Q52. 4 points, Q53. 3 points )
1. 
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= (1 + 4 + 0 + 0 + 6 + 7) / 6  = 18 / 6 = 3.0

The point estimate (
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) of the population mean (µ) is 3, meaning that we would estimate that the average number of children per family recorded in the 1870 census records of a southern town is 3.
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Based on this sample, the point estimate for the standard deviation within this population is 3.1.  This tells us that we could expect a fairly large variance around the mean of 3 children per family. 

2a) 
     C.I. = 
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= (66, 74)

I estimate a 95% confidence interval from 66 to 74. This means that on average, the true population mean is estimated to lie within the confidence interval for 95% of samples collected in this way.

2b) 
     C.I. = 
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= (68, 72)
I estimate a 95% confidence interval from 68 to 72. This means that on average, the true population mean is estimated to lie within the confidence interval for 95% of samples collected in this way.
3a) 
      C.I = 
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= 4.171 
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 (1.96) 0.02591 
= 4.171
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.05078 

= (4.12, 4.22)

I estimate a 95% confidence interval from 4.12 to 4.22 for the mean political ideology, or slightly more conservative than moderate.  This means that on average, the true population mean is estimated to lie within the confidence interval for 95% of samples collected in this way. 
3b) 

C.I = 
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= 4.171 
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 (2.57) 0.02591 

= 4.171
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0.06659 

= (4.10, 4.24)

I estimate a 99% confidence interval for the mean political ideology from 4.10 and 4.24.  Increasing the confidence level broadens the estimated range of the population’s mean political ideology.
3c) The political ideology is measured on an ordinal scale and we are assuming it can be (re)defined/treated as an interval.
8) (see table below)
Confidence Coefficient:
 P-value (one-tailed):
Z-score:


a) 
               .98


.0099

   2.33

b) 
               .90


.0495

   1.65

c) 
               .50


.2514

   0.67

d)
               .9973


.00135

   3.00

As the confidence coefficient increases, the z-score also increases, indicating a larger number of standard deviations from the mean. 

10a) Do you think that the population distribution is normal?  Why or why not?
The population distribution is not normal because the mean exceeds the median and is only 1.1 standard deviations above 0 (20.3/18.2). Similar to Question 32a in Chapter4, one cannot have a negative number of years lived somewhere. We will expect a certain percentage of responses fall below 0 if the distribution is normal. Alternatively, for a normal distribution, the mode, median and mean should be the same. In this case, they are not the same. Therefore the distribution is not normal.
10b) Based on your answer in (a), is it valid to construct a 99% confidence interval for the true mean for the population represented by this sample?  If not, explain why not.  If it is valid, do so and interpret.

While the population distribution is not normal, the Central Limit Theorem tells us that the sampling distribution of the sample mean 
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is approximately normal, so we can therefore estimate the population’s true mean given an estimator (e.g., sample mean), standard deviation, and sample size.  Our desired 99% confidence gives us a z-score of 2.58 (from the Empirical Rule).
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[image: image37.wmf]U

± z
[image: image38.wmf]s

ˆ



 EMBED Equation.3  [image: image39.wmf]U

 , where 
[image: image40.wmf]s

ˆ



 EMBED Equation.3  [image: image41.wmf]U

 = 
[image: image42.wmf]n

s



= 20.3 
[image: image43.wmf]±

 2.58(
[image: image44.wmf]1415

2

.

18

)


= 20.3 
[image: image45.wmf]±

 1.24828


= (19.05, 21.55)


We can therefore construct a confidence interval for the population's true mean, given the point estimate (sample mean), standard deviation, and sample size.  We estimate a 99% confidence interval from 19.05 to 21.55.  This means that on average, the true population mean is estimated to lie within the confidence interval for 99% of samples collected in this way.

15) Proportion ‘yes’(
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= (0.71, 0.75)

16a)

 π  = f / n = 3 / 30 = 0.10
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C.I. 
= 0.10 ± 1.65 (0.0548)



= 0.10 ± 0.09



= (0.01, 0.19)

The 90% confidence interval for π is between 0.01 and 0.19. This means that on average, the true proportion of children who die before reaching adulthood is estimated to lie within this confidence interval for 90% of the samples collected in this way. Stated differently, we can expect that anywhere from 1 % to 19 % (+/- 10 %) of children will die before reaching adulthood.

16b) The sample size is very small (n = 30), and therefore gives us an estimated interval that is rather wide (from 0.01 to 0.19) if not impractical. This provides a rather imprecise prediction of the population proportion, suggesting that anywhere from 1 % to 19 % (+/- 10 %) of children in the tribe will die before reaching adulthood; in other words, as many as 0 to 29 % of children could be expected to fail to reach adulthood. Moreover, the small sample size undermines a key assumption of confidence intervals: a normal distribution of samples. Accordingly, the researcher should gain a larger sample size before estimating the proportion of children in the tribe who die before reaching adulthood. 

22a) Sample size is 50 (n=50).
The sample proportion and the estimate of the proportion of the student body who own automobiles (
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 0.1728
       = (0.49, 0.83)

For sample sizes of 50, we are 99% confident that the proportion of the student body that owns automobiles falls between 0.49 and 0.83.

22b) Sample size is 100 (n=100).
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[image: image70.wmf]p

ˆ

 ± z 
[image: image71.wmf]s

ˆ



 EMBED Equation.3  [image: image72.wmf]p

ˆ

 

C.I. = 0.66 
[image: image73.wmf]±

 2.58
[image: image74.wmf]100

)

34

(.

66

.



       = 0.66 
[image: image75.wmf]±


2.58 
[image: image76.wmf]100

2244

.

0



       = 0.66 
[image: image77.wmf]±

 2.58 (0.4737)


       = 0.66 
[image: image78.wmf]±

0.1222
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For sample sizes of 100, we are 99% confident that the proportion of the student body that owns automobiles falls between 0.54 and 0.78.
22c) Sample size is 400 (n=400).
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For sample sizes of 400, we are 99% confident that the proportion of the student body that owns automobiles falls between 0.60 and 0.72.
27.

a)  If we set π(1- π)=.25 , based on the formula  n = π(1- π) (Z/B)2 ,   we get n= .25 (1.96/.10) 2 = 96
b)  n = .25 (1.96/.05) 2 =384

c)  n =.25 (2.58/.05) 2 = 666
d) n= .25(2.58/.01) 2=16,641
Comparing the sample sizes from parts a through d, we see that at a given confidence interval, the smaller the error, the bigger sample size is needed. On the other hand, at a given error level, the bigger confidence interval, the bigger sample size is needed.
41) A statistic of interest is the proportion of married couples who lived together before they got married (note: remember to discard the “not applicable” and “no answer” responses!). 

π (‘yes’) = 176/742 = 0.24
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For a 95% confidence interval:

c.i. = 
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0.03136 = (0.21, 0.27)
      Accordingly, we can state with 95% confidence that the true proportion of the population of married couples who lived together before they got married is between 0.21 and 0.27, or 24 %
[image: image96.wmf]±

3%.

42) An estimator is unbiased if its sampling distribution for the sample statistic centers on the parameter. An estimator is efficient if its standard error is smaller than those of other estimators of the same sample size.  

44) The confidence interval for the population mean (µ) helps us to estimate the probable accuracy of the estimate of the mean. It tells us how close the point estimate (the sample mean,
[image: image97.wmf]U

) is likely to be to the true population mean. The sample mean itself will not give you any information regarding its accuracy. (p.125)    

45) Explain why confidence intervals are wider when we use (a) larger confidence coefficients, and…


Algebraically, one can see from the formula for a confidence interval that as the confidence coefficient (z) increases, so does the interval.  


C.I. = 
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 EMBED Equation.3 [image: image101.wmf]U



Conceptually, higher confidence coefficients equate to higher degrees of certainty that the true value of the parameter falls within the interval, and with a constant sample size, that increased certainty has a “cost” of a wider spread of possible values for the parameter, and thus a wider interval.


(b) …smaller sample sizes


Algebraically, one can see from the formula for confidence interval that as the sample size (n) decreases, the interval increases by the square root of n.


C.I. = 
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Conceptually, a smaller sample size induces more sampling error into the estimation.  Therefore, our confidence interval must increase with smaller sample sizes to account for the increased uncertainty of the value of the parameter.

50) Other things being equal, quadrupling the sample size causes the width of a confidence interval to (b) halve.

Holding
[image: image104.wmf]U

, s, and z constant, as the sample size quadruples, the confidence interval width will halve.  Because the sample size is an inverse square root, when the sample size quadruples, it will halve the confidence interval.  This is expected since an increase in the number of samples will decrease the width of the confidence interval.
51) Answers b) and e) are correct.
a) We can be 95% confident that 
[image: image105.wmf]U

is between 6.8 and 8.0

This is incorrect. We already know that 
[image: image106.wmf]U

is between 6.8 and 8.0 because the confidence interval is calculated from plus or minus the sample mean.

b) We can by 95% confident that μ is between 6.8 and 8.0.

This is a correct statement. The confidence interval helps us estimate the accuracy of the sample mean as a point estimate of the population mean. 

c) Ninety-five percent of the values of Y = number of close friends (for this sample) are between 6.8 and 8.0.

This is incorrect. The confidence interval does not describe the spread of the values of Y.

d) If random samples of size 1467 were repeatedly selected, then 95% of the time 
[image: image107.wmf]U

would be between 6.8 and 8.0.

This is incorrect. Repeated sampling may result in different sample means and different confidence intervals based on the specific characteristics of the sample.

e) If random samples of size 1467 were repeatedly selected, then in the long run 95% of the confidence intervals formed would contain the true value of μ.

This is correct. For large random samples, the sampling distribution of 
[image: image108.wmf]U

is approximately normal.  Since 95% of a normal distribution falls within two standard deviations (or more precisely 1.96 standard deviations) of the mean, 95% of the confidence intervals formed from repeated sampling would contain the true value of μ. 

52a) If random samples of 50 records were repeatedly selected, then 95% of the time the sample mean age at first marriage for women would be between 21.5 and 23.0 years.
It is true that 95 % of the 
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 values would be between  μ-1.96 
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and μ+1.96
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, but we do not know for sure that μ-1.96 
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 =21.5  and  μ+1.96
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 =23.0 . Those numbers are just our best estimates from one random sample  
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 and 1.96
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52b)  Ninety-five percent of the ages at first marriage for women in the county are between 21.5 and 23.0 years.
(21.5, 23.0) is a confidence interval for µ, based on the sampling distribution of 
[image: image120.wmf]U

. The distribution of the ages at first marriage is a population distribution.  This makes a statement for a probability associated with a population distribution, when it should be a statement about probabilities for the distribution of samples.  
52c) We can be 95% confident that 
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 is between 21.5 and 23.0 years.
We know exactly what 
[image: image122.wmf]U

is,  we can be 95% confident that µ, not
[image: image123.wmf]U

, is between 21.5 and 23.0 years.

52d) If we repeatedly sampled the entire population, then 95% of the time the population mean would be between 21.5 and 23.5 years.
The population mean is always exactly μ. The 95% confidence interval refers to sample means (=estimated population mean).
53)  Refer to the previous exercise.  Provide the proper interpretation.

For a random sample size of 50, we can be 95% confident that the population mean, age of first marriage for a woman in this county, is between 21.5 and 23.0.  
Supplementary question #1 (Practice for the test)

Here is an estimator for the confidence interval of a population proportion:
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Question:  “Are there any circumstances under which you would support the death penalty?”

Sample size = 100 respondents, with 70 ”yes” responses. 

For a 95% interval, use z = 1.96.

A.)  Estimate a 95% confidence interval for the proportion of “yes” responses in the following case. 

π (‘yes’) = 70/100 = 0.7

[image: image125.wmf]s

ˆ



 EMBED Equation.3  [image: image126.wmf]p

ˆ

 = 
[image: image127.wmf].7(1.7)

100

-

= .04582
For a 95% confidence interval:

c.i. = 
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0.0898 = (0.6102, 0.7898)
B.)  Explain your result as if you were explaining it to an educated person with no statistical background. 

     We can say with 95% confidence that the true proportion of the population of people who support the death penalty is between 0.6102 and 0.7898, or  61.02 %  to 78.98 %.
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