
Workshop Statistics: Discovery with Data, 
Second Edition 
Topic 22: Tests of Significance II: Means 

Activity 22-5: Exploring the t-Distribution (cont.) 

(a)  
d.f. Pr(T>1.415) Pr(T>1.960) Pr(T>2.517) Pr(T>3.168) 

4 .1<p-value 
<.2 

.05<p-
value<.1 

.025<p-
value<.05 

.01<p-
value<.025 

11 .05<p-
value<.1 

.025<p-
value<.05 

.025<p-
value<.05 

.001<p-
value<.005 

23 .05<p-
value<.1 

.025<p-
value<.05 

.005<p-
value<.01 

.001<p-
value<.005 

80 .05<p-
value<.1 

.025<p-
value<.05 

.005<p-
value<.01 

.001<p-
value<.005 

infinity .05<p-
value<.1 

p-
value=.025 

.005<p-
value<.01 

.0005<p-
value<.001 

(b) smaller, as seen by moving across a row  
(c) smaller, as seen by moving down a column  

Activity 22-6: Exploring the t-Distribution (cont.) 

(a)  

d.f. Pr(T<-
1.415) Pr(T<-1.960) 2Pr(T<|-

2.517|) 
2Pr(T<|-
3.168|) 

4 .1<p-
value<.2 

.05<p-
value<.1 

.05<p-
value<.1 

.02<p-
value<.05 

11 .05<p-
value<.1 

.025<p-
value<.05 

.05<p-
value<.1 

.002<p-
value<.01 

23 .05<p-
value<.1 

.025<p-
value<.05 

.01<p-
value<.02 

.002<p-
value<.01 

80 .05<p-
value<.1 

.025<p-
value<.05 

.01<p-
value<.02 

.002<p-
value<.01 

infinity .05<p-
value<.1 p-value=.025 .01<p-

value<.02 
.001<p-
value<.002 

(b) they are equal because of the symmetry of the t-distribution  
(c) they are double because of the two-sided nature and the symmetry  



Activity 22-7: Sleeping Times (cont.) 

The p-values will be double those listed in Activity 22-3: .16, .448, .012, .18  

Activity 22-8: UFO Sighters' Personalities 

(a) Let µ=the mean IQ of all people who claim to have had an intense experience with a 
UFO  
(b) two-sided because of the ≠ symbol in the statement of the alternative hypothesis  
(c)  

 
(d) t=(101.6-100)/(8.9/sqrt(25)) = .899  



 
(e) p-value is between 2(.1) and 2(.2); i.e., .2 < p-value < .4  
(f) Since the sample size < 30, we would need to decide whether the population 
distribution of IQs of UFO sighters was normal to meet the that condition. Since we don't 
have the sample data values we can't examine graphical displays of the data.  
(g) With such a large p-value, we do not have evidence against the null hypothesis. If the 
mean IQ of those who have had intense UFO experiences was 100, we'd get a sample 
result this extreme in more than 20% of repeated samples from the population. These 
sample data do not appear to be extreme or unusual when µ=100. Thus, there is no reason 
to doubt that the mean IQ of UFO sighters equals 100.  

Activity 22-9: Basketball Scoring (cont.) 

(a) Let µ=mean number of points per game during the 1999-2000 season  
Ho: µ=183.2 (there has been no change in the scoring average)  
Ha: µ>183.2 (the mean number of points per game for the 1999-2000 season exceeds 
183.2)  
(b) No, we also need the sample standard deviation, s  
(c) With df=149-1=148, we will round to d.f.=100. To reject for the one-sided test, we 
need t>2.364 so p-value<.01  
(d) With s=20.27, t=(196.2-183.2)/(20.27/sqrt(149)) = 7.83. This test statistic is much 
larger than the critical value found in (c).  
(e) With a reasonable estimate for the standard deviation, our test statistic was much 
larger than the critical value giving us a p-value <<.01. This provides strong evidence 
against the null hypothesis.  We would be surprised if the sample standard deviation for 
this sample was much different from 20.27, leading us to predict that the test result would 
be significant at the .01 level.  
(f) No since the sample size was large (149>30), however one might question whether 



points totals for games played at the beginning of the season are representative of all 
games in the season.  

Activity 22-10: Exam Score Improvements 

(a)  

 
(b) 11 points  
(c) 30 points  
(d) 18/23 or about 78% scored higher on exam one than exam two  
(e) sample mean =-8.70, sample standard deviation s=10.73  
(f) Let µ=mean improvement of all introductory statistics students on these two exams  
Ho: µ=0 (no overall improvement on average)  
Ha: µ≠0 (mean improvement differs from zero)  
t=(-8.70-0)/(10.73/sqrt(23)) = -3.89  
With d.f.=22, p-value<2(.0005) = .001 (From Minitab, p-value=.001)  
This procedure is valid since the sample appears reasonably normally distributed 
(allowing us to assume the population of improvements follows a normal distribution) 
and it is not stated whether the sample was randomly selected  
(g) Yes, we would reject the null hypothesis at the .10 level. The data are also significant 
at the .05 level and the .01 level since the p-value is smaller than these values as well.  
(h) t* for 95% confidence with 22 degrees of freedom = 2.074  
-8.70 + 2.074(10.73)/sqrt(23) = (-13.34, -4.05)  
(i) We have very strong evidence that there was an overall change in the mean exam 
score. We are 95% confident that the mean improvement is between 4.04 and 13.34 
points, meaning on average there was a 4-13 point drop in scores on the second exam.  
(j)  New values: = -12.00, s=19.29, t=-3.05, .002 < p-value < .01, 95% confidence 
interval: (-20.15, -3.85)  
(k) We still have strong evidence of a change, but now the confidence interval ranges 
from roughly 4 to 20 points. This just allows for the possibility of a slightly more extreme 
mean decrease.  
(l) Let θ = proportion of all statistics students whose scores improved between these 
exams  
Ho: θ=.5 (half the students improve)  
Ho: θ<.5 (less than half the students improve)  
We would then do a significance test for one population proportion.  
(m) z=(.217-.5)/sqrt(.5(.5)/23) = -2.71  
From Table II, p-value = Pr(Z<-2.71) = .0034  
We have strong evidence against the null hypothesis. However, our sample size is too 
small (only 5 "successes") for us to consider this procedure valid.  

Activity 22-11: Marriage Ages (cont.) 



(a)  

 
= -1.920, s=5.047  

Since the sample size exceeds 30 that condition is met. The following procedures are 
valid if the sample is representative of the population of married couples with regard to 
age differences.  
Let µ=mean age difference for population of couples in Cumberland County, PA, in 1993  
Ho: µ=0 (on average, husbands and wives are the same age)  
Ho: µ>0 (husband is older than wife on average in this population)  
t=(-1.920-0)/(5.047/sqrt(100)) = -3.81  
With approximately 100 d.f., p-value<.0005 (from Table III)  
95% confidence interval for µ= (.919, 2.921)  
This is much stronger evidence that the mean of the population of age differences 
exceeds zero then we saw with the smaller sample. Here we would reject the null 
hypothesis of no difference at all standard significance levels. We are confident that on 
average the husband is about 1-3 years older than the wife.  

Activity 22-12: Comparison Shopping (cont.) 

(a) Since we have two sets of prices for each product this is a matched pairs design. We 
did not independently select two samples of prices but used the same products.  
(b) Took Lucky - Vons, for example.  
(c)  

 
= .0163, s=.4180  

(d) Let µ=mean price difference for all products common to the two stores  
Ho: µ=0 (mean price difference is zero)  
Ho: µ≠ 0 (mean price difference is not zero)  
Since the sample size exceeds 30, we can apply the following procedures if the products 
selected are representative of all the products common to the two stores.  



t=(.0163-0)/(.4180/sqrt(35)) = .231  
With d.f.=34, p-value > 2(.2)=.4 from Table III. (Minitab reports p-value=.819)  
We do not have evidence that the mean price difference is different from zero.  
(e) t* for 95% confidence and 34 d.f. = 2.032  
.0163 + 2.032(.4180/sqrt(35)) = (-.1273, .1599)  
You expect to save from 13 cents per item at Luckys to around 16 cents per item at Vons.  
(f) The test statistic would be -.231, the p-value the same. The signs on the endpoints of 
the confidence interval would reverse.  
(g)  Removing navel oranges because of their unusually large price difference:  

 
= -.0368, s=.2803  

t=-.76, p-value = .450 (from Minitab)  
95% c.i. from Minitab: (-.1346, .0610)  
The conclusions don't change that much, we still would conclude that there is not price 
difference on average between the two stores.  

Activity 22-13: Comparison Shopping (cont.) 

(a) categorical  
(b) 17 items cost more at Von's, 5 items cost the same, 13 items cost more at Lucky's  
(c) 30 items differed between the two stores  
(d) Population = all items that differ in price between the two stores  
Parameter, θ=proportion of items that cost more at Lucky's (when there is a price 
difference)  
Ho: θ=.5 (half of all items cost more at Lucky's)  
Ha: θ≠ .5 (different than one-half of all items cost more at Lucky's)  
(e) =13/30 = .4333  
z=(.4333-.5)/sqrt(.5(.5)/30) = -.73  
p-value = 2Pr(Z>|-.73|) = 2(.2327) = .4654 (from Table II)  
Since we have at least 5 successes and failures, this procedure is valid if the items 
selected are representative of the population of all items that hav ea price difference at the 
two stores.  
(f) z* for 96% confidence = 2.05  
96% confidence interval for θ: .4333 + 2.05 sqrt(.4333(1-.4333)/30) = (.248, .619)  
We are 96% confident that between 25% and 62% of items cost more at Lucky's.  

Activity 22-14: Age Guess (cont.) 

Answers will vary.  



Activity 22-15: Random Babies (cont.) 

Answers will vary.  

Activity 22-16: Random Babies (cont.) 

Note: This activity does not appear in the Calculator version. The answer to 22-16 in the 
Calculator version appears in 22-17 below.  
Answers will vary. These are meant to be sample answers.  
(b)  
Variable             95.0% CI            T      P  
C3            (   0.974,   1.386)     1.73 0.086  
C4            (   0.901,   1.339)     1.09  0.279  
C5            (   0.802,   1.218)     0.10  0.924  
C6            (   0.831,   1.289)     0.52  0.604  
C7            (  0.8132,  1.1468)    -0.24  0.812  
C8            (   0.809,   1.271)     0.34  0.732  
C9            (  1.0444,  1.4356)     2.43  0.017  
C10           (   0.832,   1.228)     0.30  0.765  
C11           (  0.6238,  1.0162)    -1.82  0.072  
C12           (  0.6969,  1.0831)    -1.13  0.261  
C13           (  0.7576,  1.1224)    -0.65  0.515  
C14           (   0.950,   1.350)     1.49  0.140  
C15           (  0.6668,  1.0132)    -1.83  0.070  
C16           (  0.7010,  1.0790)    -1.16  0.251  
C17           (   0.796,   1.224)     0.09  0.926  
C18           (  0.8216,  1.1784)     0.00  1.000  
C19           (  0.7403,  1.1197)    -0.73  0.466  
C20           (   0.689,   1.091)    -1.08  0.281  
C21           (  0.7210,  1.0590)    -1.29  0.199  
C22           (  0.7909,  1.1691)    -0.21  0.834  
C23           (  0.6664,  1.0336)    -1.62  0.108  
C24           (   0.757,   1.163)    -0.39  0.697  
C25           (   0.842,   1.258)     0.48  0.634  
C26           (  0.9148,  1.3052)     1.12  0.266  
C27           (  0.8062,  1.1738)    -0.11  0.914  
C28           (  0.8832,  1.2768)     0.81  0.422  
C29           (  0.7491,  1.1309)    -0.62  0.534  
C30           (  0.8600,  1.2400)     0.52  0.603  
C31           (  0.5790,  0.9610)    -2.39  0.019  
C32           (   0.839,   1.241)     0.39  0.694  
C33           (   0.846,   1.274)     0.56  0.580  
C34           (   0.770,   1.170)    -0.30  0.767  
C35           (   0.851,   1.269)     0.57  0.570  
C36           (  0.7884,  1.1516)    -0.33  0.744  
C37           (  0.7643,  1.1357)    -0.53  0.594  
C38           (  0.8799,  1.2201)     0.58  0.561  



C39           (  0.7198,  1.0402)    -1.49  0.140  
C40           (  0.8448,  1.2352)     0.41  0.685  
C41          (   0.850,   1.310)     0.69  0.492  
C42           (  0.8288,  1.2112)     0.21  0.836  
C43           (  0.7337,  1.0863)    -1.01  0.314  
C44           (   0.877,   1.283)     0.78  0.436  
C45           (  0.6687,  1.0513)    -1.45  0.150  
C46           (   0.844,   1.256)     0.48  0.631  
C47           (   0.795,   1.205)     0.00  1.000  
C48           (  0.7403,  1.1197)    -0.73  0.466  
C49           (   0.855,   1.305)     0.71  0.482  
C50           (   0.810,   1.210)     0.10  0.921  
C51           (   0.648,   1.052)    -1.47  0.144  
C52           (  0.8895,  1.2105)     0.62  0.538  

 
(c) 5 of the 50 p-values are less than .1  
(d) We would falsely reject the null hypothesis at the .10 level for about 10% of samples. 
This matches the proportion specified by the level of significance α.  

Activity 22-17: Children's Television Viewing (cont.) 

(a) Let µ=mean number of hours of television watched by children  
Ho: µ=14 (children watch 14 hours of television per week on average)  
Ha: µ>14 (children watch more than 14 hours of television per week on average)  
(b)  



 
t=(15.41-14)/(14.16/sqrt(198)) = 1.40  
(c) p-value=Pr(T197>1.40). Using d.f.=100, .05<p-value <.10 from Table III (TI gives 
.0813)  
(d) Since p-value=.0813 > .05, the data do not provide evidence at the .05 level for 
concluding that third and fourth graders watch more than 14 hours of television per week 
on average.  
(e) The sample size is large (198>30), however these children were selected from public 
elementary schools in San Jose and may not be representative of all third and fourth 
graders.  
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