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Chapter 4

Inferences About One Or Two
Populations: Interval Data

4.1 Introduction

We look a simple statistical inference related to interval data.

4.2 Scales of Measurement

Exercise 4.1 (Nominal, Ordinal (Ranked), Interval and Ratio: Milk Yield)
Most (not all, though) data can be described as either nominal, ordinal, interval or
ratio variables, according to the following definitions1.

Nominal Variable (Data) Variable where not only is the order of the data for this
variable irrelevant, but also, it is meaningless to determine the interval or ratio
between any two of the data points for this variable.

Ordinal (Ranked) Variable (Data) Variable, where the order of this data is
meaningful, but where it is meaningless to determine the interval or ratio be-
tween any two of the data points for this variable.

Interval Variable (Data) Variable, whose data is described by numbers in which
order matters, the interval between any two of its data points can be determined,
but the ratio is not meaningful.

1The author of the text does not describe all four categories; he describes only nominal, ordinal

and interval; furthermore, he equates nominal measurements with qualitative data and interval

measurements with quantitative data.
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Ratio Variable (Data) Interval variable, whose data is described by numbers in
which not only there is order but also both the interval and ratio between any
two of its data points can be determined.

Consider the table below which contains various measurements on a number of cows
taken during a study on the effect of a hormone, given in tablet form, on daily milk
yield.

Cow Test Date Farm Height Health Tablets Before Yield After Yield
17 9/11/98 M 41 poor 2 100.7 100.3
18 9/11/98 F 40 bad 1 97.8 98.1
14 9/03/98 F 49 fair 3 98.8 99.6
15 9/01/98 M 45 good 3 100.9 100.0
16 9/10/98 F 42 poor 1 101.1 100.1
19 9/25/98 M 45 good 2 100.0 100.4
20 9/25/98 M 37 good 3 101.5 100.8

1. True / False A data point for the variable (shoulder) height (of cow), “41”, is
an example of a ratio data point because

(a) the data can be ordered; for example, height “41” is smaller than height
“49”

(b) difference between data points is meaningful; for example, it makes sense
to say the cow 41 inches tall is 41− 49 = −8 inches shorter than the cow
49 inches tall

(c) ratio between data points is meaningful; for example, it makes sense to say
the cow 40 inches tall is 40÷ 20 = 2 times as tall as the cow 20 inches tall

2. A data point for the variable farm, farm “M”, is an example of a (circle one)
nominal / ordinal (ranked) / interval / ratio data point because

(a) the data cannot be ordered; for example, it is not clear from the data
whether farm “M” is “smaller” or “bigger” than farm “F”

(b) the difference between data points is meaningless; for example, it does not
make sense to subtract farm “M” from farm “F”, F − M = huh?

(c) the ratio between data points is meaningless; for example, it does not make
sense to divide farm “M” by farm “F”, F ÷ M = huh?

3. A data point for the variable “number of tablets of the hormone”, “2”, is an
example of a (circle one) nominal / ordinal (ranked) / interval / ratio data
point because

(a) the data can be ordered; for example, “2” tablets is greater than tablet
“1”
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(b) difference between data points is meaningful; for example, it makes sense
to say two tablets is 2− 1 = 1 more tablet than one tablet

(c) ratio between data points is meaningful; for example, it makes sense to say
two tablets is 2÷ 1 = 2 times more than one tablet

4. True / False A data point for the variable cow, “14”, is an example of a nominal
data point because

(a) there is no inherent order; for example, cow “14” is not necessarily
“smaller” than cow “15” in any way

(b) difference between data points is meaningless; for example, cow 14 − cow
15 = huh?

(c) ratio between data points is meaningless; for example, cow 14 ÷ cow 15 =
huh?

5. The variable test date (the date when the cow is subjected to the hormone) is
an interval variable because

(a) the data can be ordered; for example, ,

(b) difference between data points is meaningful;

for example, .

(c) ratio between data points is meaningless; for example, date “9/20/98” ÷
“9/10/98” = huh?

6. Both variables before yield (the milk yield before the cow took the hormone) and
after yield (the milk yield after the cow took the hormone) are ratio variables
because

(a) the data can be ordered; for example, ,

(b) difference between data points is meaningful;

for example, .

(c) ratio between data points is meaningful;

for example, .

7. True / False A data point for the variable (level of) health (of a cow), “good”,
is an ordinal data point because
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(a) although the data can be ordered; for example, level of health “good” is
better than level of health “bad”

(b) the difference between data points is meaningless; for example, it “good”
− “bad” = huh?

(c) the ratio between data points is meaningless; for example, it “good” ÷
“bad” = huh?

4.3 Inferences About Means

We look at examples of the hypothesis test and confidence interval when θ̂ is an
estimator of θ, where the sampling distribution of θ̂ is normal with mean θ and
unknown standard deviation σ̂θ̂ but where the random sample is small, typically
n < 30, with (standardized) test statistic,

t =
θ̂ − θ0

σ̂θ̂

with calculated value tc and where,

H0 H1 reject H0 at level α if
θ ≤ θ0 θ > θ0 tc > t(ν, α)
θ ≥ θ0 θ < θ0 tc < −t(ν, α)
θ = θ0 θ 6= θ0 tc > t(ν, α/2) or tc < −t(ν, α/2)

and where
(

θ̂L, θ̂U
)

is either a/n

• (two–sided) confidence interval, CI:
(

Y − t(ν, α/2)σ̂θ̂, Y + t(ν, α/2)σ̂θ̂

)

• lower confidence interval, LCI:
(

Y − t(ν, α)σ̂θ̂, ∞
)

• upper confidence interval, UCI:
(

−∞, Y + t(ν, α)σ̂θ̂

)

Specifically, we look at tests and confidence intervals for

• θ = µ, where σ̂θ̂ =
s
√

n

and we assume normality and a small random sample

• θ = µ1 − µ2, where σ̂θ̂ = Sp
√

1
n1

+ 1
n2

and we assume normality, small independent random samples
and unknown σ2

1 = σ2
2

• θ = µ1 − µ2, where σ̂θ̂ =

√

S2

1

n1

+
S2

2

n2

and we assume normality, small independent random samples
and unknown σ2

1 6= σ2
2
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• θ = µD = µ1 − µ2, where σ̂θ̂ =
SD√

n

and we assume normality and small dependent (paired) random samples

From a “big picture” point of view, we look at the small n, one–sample and two–
sample mean problems.

mean variance proportion
µ σ2 π

one large n, 3.7, 3.8, 3.9, 3.10, 4.6 4.4 6.2
small n, 4.3, 4.6

sample two large n, 3.11 4.4 6.3
small n, 4.3

multiple chapters not 6.2, 6.3
7, 8, 9 done

If not specified, assume normality in all exercises below.

Exercise 4.2 (Hypothesis Test and Confidence Interval of µ, Small Sample,
Unknown Variance)

See Lab 6: Test and CI For Mean, µ, Small Sample.

1. Hypothesis Test: Domestic Cat Weight. The average weight of domestic cats
in the midwest is assumed to be 10.05 pounds. The Animal Humane Society
(AHS), however, claims the average weight of cats to be heavier than this. The
average weight of a random sample of size n = 15 of cats is ȳ = 10.83 pounds
and the standard deviation in weight is s = 3.25 pounds. Does this data support
AHS’s claim at α = 0.05? Assume normality.

(a) P–Value Versus Level of Significance, Standardized.

i. Statement. The statement of the test, in this case, is (circle one)

A. H0 : µ = 10.05 versus H1 : µ < 10.05

B. H0 : µ = 10.05 versus H1 : µ 6= 10.05

C. H0 : µ = 10.05 versus H1 : µ > 10.05

ii. Test. Since the standardized test statistic of ȳ = 10.83 is

t test statistic =
ȳ − µ

s/
√
n
=

10.83− 10.05

3.25/
√
15

=

(circle one) 0.42 / 0.93 / 1.52,
the p–value, at n − 1 = 15 − 1 = 14 degrees of freedom (df), is given
by

p–value = P (T ≥ 0.93)
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which equals (circle one) 0.18 / 0.20 / 0.23.
(Use 2nd DISTR 5:tcdf(0.93,E99,14).)

iii. Conclusion. Since the p–value, 0.18, is greater than the level of sig-
nificance, α = 0.05, we (circle one) accept / reject the null guess of
10.05.

iv. Using The TI–83.
STAT TESTS T–Test Stats 10.05 10.83 3.25 15 > µ0 Calculate

(b) Test Statistic Versus Critical Value, Standardized.

i. Statement. The statement of the test, in this case, is (circle one)

A. H0 : µ = 10.05 versus H1 : µ < 10.05

B. H0 : µ = 10.05 versus H1 : µ 6= 10.05

C. H0 : µ = 10.05 versus H1 : µ > 10.05

ii. Test. The standardized test statistic of ȳ = 10.83 is

t test statistic =
ȳ − µ

s/
√
n
=

10.83− 10.05

3.25/
√
15

=

(circle one) 0.42 / 0.93 / 1.52.
The standardized critical value, at n−1 = 15−1 = 14 df, and α = 0.05
is
(circle one) 1.18 / 1.76 / 2.32
(Use PRGM ENTER INVT ENTER 14 ENTER 0.95 ENTER)

iii. Conclusion. Since the test statistic, 0.93, is smaller than the critical
value, 1.76, we (circle one) accept / reject the null guess of 10.05.

(c) More Questions.

i. Since the value of the t–test statistic, 0.93, is (circle one)

A. smaller than the critical value, 1.76, we will reject that the average
weight of domestic cats is 10.05.

B. larger than the level of significance, α = 0.05, we will reject that
the average weight of domestic cats is 10.05.

C. smaller than the critical value, 1.76, we will accept that the average
weight of domestic cats is 10.05.

D. larger than the p–value, 0.18, we will accept the average weight of
domestic cats is 10.05

ii. Since the value p–value, 0.18, is (circle one)

A. smaller than the critical value, 1.76, we will accept that the average
weight of domestic cats is 10.05.

B. smaller than the critical value, 1.76, we will reject that the average
weight of domestic cats is 10.05.
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C. larger than the level of significance, α = 0.05, we will accept that
the average weight of domestic cats is 10.05.

D. smaller than the observed t test statistic, we will accept the average
weight of domestic cats is 10.05.

iii. Match the statistical items with the appropriate parts of this wage
example.

terms wage example

(i) population (i) weights of all midwest cats
(ii) sample (ii) weights of 15 cats
(iii) statistic (iii) observed average weight of 15 cats
(iv) parameter (iv) average weight of midwest cats, µ

terms (i) (ii) (iii) (iv)
cat weight example

iv. True / False. There is no nonstandard version of the t–test.

v. One reason the t–test is used instead of the z–test is because the
sample size is (circle one) small / large.

2. Hypothesis Test: Accounting Program. The program director for an accounting
program wishes to test, at 5%, the hypothesis that her students score higher
than the national average of 615 on the final exam. She randomly selects 11
recent graduates of the two–year program and discovers that ȳ = 630, and
s = 23. Assume normality.

(a) P–Value Versus Level of Significance, Standardized.

i. Statement. The statement of the test, in this case, is (circle one)

A. H0 : µ = 615 versus H1 : µ < 615

B. H0 : µ = 615 versus H1 : µ 6= 615

C. H0 : µ = 615 versus H1 : µ > 615

ii. Test. Since the standardized test statistic of ȳ = 630 is

t test statistic =
ȳ − µ

s/
√
n
=

630− 615

23/
√
11

=

(circle one) 0.42 / 0.93 / 2.16,
the p–value is given by

p–value = P (T ≥ 2.16)

which equals (circle one) 0.03 / 0.20 / 0.23.
(Use 2nd DISTR 5:tcdf(2.16,E99,10).)
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iii. Conclusion. Since the p–value, 0.03, is less than the level of signif-
icance, α = 0.05, we (circle one) accept / reject the null guess of
615.

(b) Test Statistic Versus Critical Value, Standardized.

i. Statement. The statement of the test, in this case, is (circle one)

A. H0 : µ = 615 versus H1 : µ < 615

B. H0 : µ = 615 versus H1 : µ 6= 615

C. H0 : µ = 615 versus H1 : µ > 615

ii. Test. The standardized test statistic of ȳ = 615 is

t test statistic =
ȳ − µ

s/
√
n
=

630− 615

23/
√
11

= 2.16

The standardized critical value at α = 0.05 is
(circle one) 1.18 / 1.81 / 2.32
(Use PRGM ENTER INVT ENTER 10 ENTER 0.95 ENTER)

iii. Conclusion. Since the test statistic, 2.16, is larger than the critical
value, 1.81, we (circle one) accept / reject the null guess of 615.

3. Confidence Interval: Domestic Cat Weight. The average weight of a random
sample of size n = 15 of cats is ȳ = 10.83 pounds and the standard deviation
in weight is s = 3.25 pounds. Assume normality.

(a) The critical value for a lower 95% CI for µ is given by
t(n−1, α) = t(15−1, 0.05) = t(14, 0.05) = (circle one) 1.65 / 1.76 / 2.58.
(Type PRGM ENTER INVT ENTER 14 ENTER 0.95 ENTER)

(b) The 95% lower confidence interval, LCI, for µ is given by
(

ȳ − t(n− 1, α) σ
√

n
,∞

)

= (circle one)
(

10.83− 1.65
(

3.25
√

15

)

,∞
)

/
(

10.83− 1.76
(

3.25
√

15

)

,∞
)

/
(

10.83− 2.58
(

3.25
√

15

)

,∞
)

.

(c) The 95% LCI for µ is given by
(circle one) (9.25,∞) / (9.35,∞) / (9.45,∞).

(d) The 92% confidence interval, CI, is given by
(circle one) (9.25, 12.41) / (9.35, 12.51) / (9.45, 12.61).
(Type STAT TESTS 8:TInterval... Stats 10.83 3.25 15 .92 Calculate)

(e) The 97% upper confidence interval, UCI, is given by
(circle one) (−∞, 12.45) / (−∞, 12.55) / (−∞, 12.65).
(Type STAT TESTS 8:TInterval... Stats 10.83 3.25 15 .94 Calculate; No-
tice 0.94 is used instead of 0.97!)
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Exercise 4.3 (Difference In Two Means, Small Independent Samples, Un-
known But Equal Variances, σ2

1 = σ2
2)

See Lab 6: Test and CI for Difference in Means, Small Independent Samples, Equal Variances.

1. Hypothesis Test: Progesterone. A study is conducted to determine the cellular
response to progesterone in females. Blood cells from four females are injected
with progesterone; blood cells from four different females are, for comparison
purposes, left untreated. Test if the average progesterone response is greater
than the average control response at 5%. Assume σ2

1 = σ2
2.

(a) Test Statistic Versus Critical Value, Standardized.

i. Statement. If the average progesterone response, µ1, is greater than
the average control response, µ2, then the statement of the test is
(circle one)

A. H0 : µ1 − µ2 = 0 versus H1 : µ1 − µ2 < 0

B. H0 : µ1 − µ2 ≤ 0 versus H1 : µ1 − µ2 > 0

C. H0 : µ1 − µ2 = 0 versus H1 : µ1 − µ2 > 0

ii. Test. First, calculate the average progesterone amount and the average
control amount, by completing the table below.

female progesterone (1) female control (2)
1 5.85 5 5.23
2 2.28 6 1.21
3 1.51 7 1.40
4 2.12 8 1.38

average ȳ1 = 5.85+2.28+1.51+2.12
4

= 2.94 ȳ2 =

The difference of the averages is ȳ1 − ȳ2 = 2.94 − 2.305 = 0.635 and
the pooled standard deviation of the two samples is

s =

√

(n1 − 1)s2
1 + (n2 − 1)s2

2

n1 + n2 − 2
=

√

(4− 1)1.972 + (4− 1)s2
2

4 + 4− 2

which is equal to (circle one) 1.97 / 2.93 / 3.52,
(To find s2

2, type control data into L1, then STAT CALC 1:1–Var Stats
ENTER, and then square sx.)
The standardized test statistic of ȳ1 − ȳ2 = 0.635 is then

t test statistic =
(x1 − ȳ2)− (µ1 − µ2)

s
√

1
n1

+ 1
n2

=
0.635− 0

1.96
√

1
4
+ 1

4

=
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(circle one) 0.46 / 2.93 / 4.56.
The standardized upper critical value at α = 0.05 with n1 + n2 − 2 =
4 + 4− 2 = 6 df is (circle one) 1.18 / 1.94 / 2.35
(Use PRGM ENTER INVT ENTER 6 ENTER 0.95 ENTER)

iii. Conclusion. Since the test statistic, 0.46, is smaller than the critical
value, 1.94, we (circle one) accept / reject the null hypothesis that
µ1 − µ2 = 0.

(b) P–Value Versus Level of Significance, Standardized.

i. Statement. The statement of the test is (circle one)

A. H0 : µ1 − µ2 = 0 versus H1 : µ1 − µ2 < 0

B. H0 : µ1 − µ2 ≤ 0 versus H1 : µ1 − µ2 > 0

C. H0 : µ1 − µ2 = 0 versus H1 : µ1 − µ2 > 0

ii. Test. Since the standardized test statistic is t = 0.46, the p–value is
given by

p–value = P (T ≥ 0.46)

which equals (circle one) 0.002 / 0.005 / 0.37.
(Use 2nd DISTR 5:tcdf(0.46,E99,6).)
The level of significance is 0.05.

iii. Conclusion. Since the p–value, 0.37, is larger than the level of signifi-
cance, 0.05, we (circle one) accept / reject the null hypothesis that
µ1 − µ2 = 0.

iv. Using The TI–83.
Type first four female progesterone values in L1, other values into L2

STAT TESTS 2–SampTTest... Data L1 L2 1 1 > µ2 Yes

2. Hypothesis Test: Salamander and Newt Infection Levels. Researchers measured
the infection levels in the blood of 12 salamanders and 15 newts, and tabulated
the following results.

salamanders newts
(1) (2)

ȳ 972.1 843.2
s 245.1 251.2
n 12 15

Test if the average infection level for the salamanders is greater than the average
infection level for newts at a level of significance of 5%. Assume σ2

1 = σ2
2.

(a) Test Statistic Versus Critical Value, Standardized.
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i. Statement. If the average salamander infection level, µ1, is greater
than the average newt infection level, µ2, then the statement of the
test is (circle one)

A. H0 : µ1 − µ2 = 0 versus H1 : µ1 − µ2 < 0

B. H0 : µ1 − µ2 ≤ 0 versus H1 : µ1 − µ2 > 0

C. H0 : µ1 − µ2 = 0 versus H1 : µ1 − µ2 > 0

ii. Test. Since the difference of the averages is ȳ1 − ȳ2 = 972.1− 843.2
which is equal to (circle one) 128.9 / 293.4 / 352.6, and the pooled
standard deviation of the two samples is

s =

√

(n1 − 1)s2
1 + (n2 − 1)s2

2

n1 + n2 − 2
=

√

(12− 1)245.12 + (15− 1)251.22

12 + 15− 2

which is equal to (circle one) 128.9 / 248.5 / 352.6,
The standardized test statistic of ȳ1 − ȳ2 = 128.9 is then

t test statistic =
(ȳ1 − ȳ2)− (µ1 − µ2)

s
√

1
n1

+ 1
n2

=
128.9− 0

248.5
√

1
12

+ 1
15

=

(circle one) 1.34 / 2.93 / 4.56.
The standardized upper critical value at α = 0.05 with n1 + n2 − 2 =
12 + 15− 2 = 25 df is (circle one) 1.18 / 1.71 / 2.35
(Use PRGM ENTER INVT ENTER 25 ENTER 0.95 ENTER)

iii. Conclusion. Since the test statistic, 1.34, is smaller than the critical
value, 1.71, we (circle one) accept / reject the null hypothesis that
µ1 − µ2 = 0.

(b) P–Value Versus Level of Significance, Standardized.

i. Statement. The statement of the test is (circle one)

A. H0 : µ1 − µ2 = 0 versus H1 : µ1 − µ2 < 0

B. H0 : µ1 − µ2 ≤ 0 versus H1 : µ1 − µ2 > 0

C. H0 : µ1 − µ2 = 0 versus H1 : µ1 − µ2 > 0

ii. Test. Since the standardized test statistic is t = 1.34, the p–value is
given by

p–value = P (T ≥ 1.34)

which equals (circle one) 0.02 / 0.05 / 0.10.
(Use 2nd DISTR 5:tcdf(1.34,E99,25).)
The level of significance is 0.05.

iii. Conclusion. Since the p–value, 0.10, is larger than the level of signifi-
cance, 0.05, we (circle one) accept / reject the null hypothesis that
µ1 − µ2 = 0.
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3. Confidence Intervals: Salamander and Newt Infection Levels. Researchers mea-
sured the infection levels in the blood of 12 salamanders and 15 newts, and
tabulated the following results. Assume σ2

1 = σ2
2.

salamanders newts
(1) (2)

ȳ 972.1 843.2
s 245.1 251.2
n 12 15

(a) The critical value for a lower 95% CI for µ is given by
t(n1 + n2 − 2, α) = t(12 + 15− 2, 0.05) = t(25, 0.05) = (circle one) 1.65 /
1.71 / 2.58.
(Type PRGM ENTER INVT ENTER 25 ENTER 0.95 ENTER)

(b) The 95% lower confidence interval, LCI, for µ is given by
(

(ȳ1 − ȳ2)− t(n1 + n2 − 2, α)

√

(n1−1)s2
1
+(n2−1)s2

2

n1+n2−2
,∞

)

= (circle one)
(

(972.1− 843.2)− 1.65

√

(12−1)245.12+(15−1)251.22

12+15−2
,∞

)

/
(

(972.1− 843.2)− 1.71

√

(12−1)245.12+(15−1)251.22

12+15−2
,∞

)

/
(

(972.1− 843.2)− 2.58

√

(12−1)245.12+(15−1)251.22

12+15−2
,∞

)

.

(c) The 95% LCI for µ is given by
(circle one) (−35.52,∞) / (−30.52,∞) / (−296.09,∞).

(d) The 92% confidence interval, CI, is given by
(circle one) (−46.75, 304.55) / (−40.75, 309.55) / (−35.75, 314.55).
(Type STAT TESTS 0:2–SampTInt... Stats 972.1 245.1 12 843.2 251.2 15
.92 Yes Calculate.)

(e) The 97% upper confidence interval, UCI, is given by
(circle one) (−∞, 298.54) / (−∞, 308.54) / (−∞, 318.54).
(Type STAT TESTS 0:2–SampTInt... Stats 972.1 245.1 12 843.2 251.2 15
.94 Yes Calculate. Notice 0.94, rather than 0.97 is used!)

Exercise 4.4 (Difference In Two Means, Small Independent Samples, Un-
known and Unequal Variances, σ2

1 6= σ2
2)

See Lab 6: Test and CI for Difference in Means, Small Independent Samples, Unequal Variances.

1. Hypothesis Test: Salamander and Newt Infection Levels. Researchers measured
the infection levels in the blood of 12 salamanders and 15 newts, and tabulated
the following results.
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salamanders newts
(1) (2)

ȳ 972.1 843.2
s 245.1 251.2
n 12 15

Test if the average infection level for the salamanders is greater than the average
infection level for newts at a level of significance of 5%.

(a) Test Statistic Versus Critical Value, Standardized.

i. Statement. If the average salamander infection level, µ1, is greater
than the average newt infection level, µ2, then the statement of the
test is (circle one)

A. H0 : µ1 − µ2 = 0 versus H1 : µ1 − µ2 < 0

B. H0 : µ1 − µ2 ≤ 0 versus H1 : µ1 − µ2 > 0

C. H0 : µ1 − µ2 = 0 versus H1 : µ1 − µ2 > 0

ii. Test. Since the difference of the averages is ȳ1 − ȳ2 = 972.1− 843.2
which is equal to (circle one) 128.9 / 293.4 / 352.6, and the unpooled
standard deviation of the two samples is

√

s2
1

n1

+
s2
2

n2

=

√

245.12

12
+

251.22

15

which is equal to (circle one) 95.98 / 248.52 / 352.64,
The standardized test statistic of ȳ1 − ȳ2 = 128.9 is then

t test statistic =
(ȳ1 − ȳ2)− (µ1 − µ2)

√

s2
1

n1

+
s2
2

n2

=
128.9− 0

95.98
=

(circle one) 1.34 / 2.93 / 4.56.
The degrees of freedom2, ν, is the largest integer less than or equal to
k, where

1

k
=

1

n1 − 1

[

S2
1/n1

S2
1/n1 + S2

2/n2

]2

+
1

n2 − 1

[

S2
2/n2

S2
1/n1 + S2

2/n2

]2

=
1

12− 1

[

245.12/12

245.12/12 + 251.22/15

]2

+
1

15− 1

[

251.22/15

245.12/12 + 251.22/15

]2

and so 1
k
=(circle one) 0.032 / 0.042 / 0.052

and since 1
k
= 0.032 then ν ≤ k = 31.17,

2The method given here and in the text is not the method used on the TI–83 calculator.
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and so the standardized upper critical value at α = 0.05 with ν = 31
df is
t(31, 0.05) = (circle one) 1.18 / 1.70 / 2.35
(Use PRGM ENTER INVT ENTER 31 ENTER 0.95 ENTER)

iii. Conclusion. Since the test statistic, 1.34, is smaller than the critical
value, 1.70, we (circle one) accept / reject the null hypothesis that
µ1 − µ2 = 0.

(b) P–Value Versus Level of Significance, Standardized.

i. Statement. The statement of the test is (circle one)

A. H0 : µ1 − µ2 = 0 versus H1 : µ1 − µ2 < 0

B. H0 : µ1 − µ2 ≤ 0 versus H1 : µ1 − µ2 > 0

C. H0 : µ1 − µ2 = 0 versus H1 : µ1 − µ2 > 0

ii. Test. Since the standardized test statistic is t = 1.34, the p–value with
ν = 31 df, is given by

p–value = P (T ≥ 1.34)

which equals (circle one) 0.02 / 0.05 / 0.10.
(Use 2nd DISTR 5:tcdf(1.34,E99,31).)
The level of significance is 0.05.

iii. Conclusion. Since the p–value, 0.10, is larger than the level of signifi-
cance, 0.05, we (circle one) accept / reject the null hypothesis that
µ1 − µ2 = 0.

2. Confidence Intervals: Salamander and Newt Infection Levels. Researchers mea-
sured the infection levels in the blood of 12 salamanders and 15 newts, and
tabulated the following results.

salamanders newts
(1) (2)

ȳ 972.1 843.2
s 245.1 251.2
n 12 15

(a) Since the degrees of freedom, ν, is the largest integer less than or equal to
k, where

1

k
=

1

n1 − 1

[

S2
1/n1

S2
1/n1 + S2

2/n2

]2

+
1

n2 − 1

[

S2
2/n2

S2
1/n1 + S2

2/n2

]2

=
1

12− 1

[

245.12/12

245.12/12 + 251.22/15

]2

+
1

15− 1

[

251.22/15

245.12/12 + 251.22/15

]2

= 0.032
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and since 1
k
= 0.032, then ν = 31 ≤ k = 31.17, and so the critical value

for a lower 95% CI for µ is given by
t(31, α) = t(31, 0.05) =
(circle one) 1.65 / 1.70 / 2.58.
(Type PRGM ENTER INVT ENTER 31 ENTER 0.95 ENTER)

(b) The 95% lower confidence interval, LCI, for µ is given by
(

(ȳ1 − ȳ2)− t(ν, α)

√

s2
1

n1

+
s2
2

n2

,∞
)

= (circle one)
(

(972.1− 843.2)− 1.65
√

245.12

12
+ 251.22

15
,∞

)

(

(972.1− 843.2)− 1.70
√

245.12

12
+ 251.22

15
,∞

)

(

(972.1− 843.2)− 2.58
√

245.12

12
+ 251.22

15
,∞

)

.

(c) The 95% LCI for µ is given by
(circle one) (−34.27,∞) / (−30.33,∞) / (−296.09,∞).

Exercise 4.5 (Difference In Two Means, Small Dependent Samples)

See Lab 6: Test for Difference in Means, Small Dependent Samples.

1. Progesterone. A study is conducted to determine the cellular response to pro-
gesterone in females. Blood cells from female 1 are broken into two groups.
One group of these blood cells are injected with progesterone; the other group,
called the control, is, for comparison purposes, left untreated. The blood cells of
females 2, 3 and 4 are handled in the same way. Test if the average progesterone
response is greater than the average control response at 5%.

(a) Test Statistic Versus Critical Value, Standardized.

i. Statement. If the average progesterone response, µ1, is greater than the
average control response, µ2, then the difference in responses, µD =
µ1 − µ2, must be greater than zero and so the statement of the test is
(circle one)

A. H0 : µD = 0 versus H1 : µD < 0

B. H0 : µD ≤ 0 versus H1 : µD > 0

C. H0 : µD = 0 versus H1 : µD > 0

ii. Test. First, calculate the differences between progesterone and control,
by completing the table below.
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female progesterone (1) control (2) differences, Di

1 5.85 5.23
2 2.28 1.21
3 1.51 1.40 D3 = 1.51− 1.40 = 0.11
4 2.12 1.38

Since the average of the differences is D = 0.62+1.07+0.11+0.74
4

= 0.635
and the standard deviation of the differences, σ̂D, is
(circle one) 0.398 / 0.931 / 1.522,
(Use STAT CALC 1–Var Stats L3.)
The standardized test statistic of D = 0.635 is then

t test statistic =
D − µD
σ̂D/

√
n

=
0.635− 0

0.398/
√
4
=

(circle one) 1.42 / 2.93 / 3.19.
The standardized upper critical value at α = 0.05 with n−1 = 4−1 = 3
df is (circle one) 1.18 / 1.76 / 2.35
(Use PRGM ENTER INVT ENTER 3 ENTER 0.95 ENTER)

iii. Conclusion. Since the test statistic, 3.19, is larger than the critical
value, 2.35, we (circle one) accept / reject the null hypothesis that
µD = 0.

(b) P–Value Versus Level of Significance, Standardized.

i. Statement. The statement of the test is (circle one)

A. H0 : µD = 0 versus H1 : µD < 0

B. H0 : µD ≤ 0 versus H1 : µD > 0

C. H0 : µD = 0 versus H1 : µD > 0

ii. Test. Since the standardized test statistic is t = 3.19, the p–value is
given by

p–value = P (T ≥ 3.19)

which equals (circle one) 0.02 / 0.05 / 0.08.
(Use 2nd DISTR 5:tcdf(3.19,E99,3).)
The level of significance is 0.05.

iii. Conclusion. Since the p–value, 0.02, is smaller than the level of signif-
icance, 0.05, we (circle one) accept / reject the null hypothesis that
µD = 0.

(c) Related Questions.

i. The control blood samples (circle one) depend on / are indepen-
dent of the four samples of progesterone–infected blood. These depen-
dent samples are said to have been paired (or, more generally, blocked)
across females.
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ii. True / False. We must assume the n data pairs are sampled at
random, and these differences are normally distributed.

iii. If the sample size is large enough, we could, because of the CLT, use
the (circle one) normal / t–distribution.

2. Milk Yield. A study is conducted to determine the effect of “gentech” animal
feed on the milk yield of 9 cows. Cow 1 is fed a control feed for three months
and then the gentech feed for the next three months for comparison purposes.
The other cows are treated in the same way. Test if the average gentech milk
yield is greater than the average control milk yield at 5%.

(a) Test Statistic Versus Critical Value, Standardized.

i. Statement. If the average gentech response, µ1, is greater than the
average control response, µ2, then the difference in responses, µD =
µ1 − µ2, must be greater than zero and so the statement of the test is
(circle one)

A. H0 : µD = 0 versus H1 : µD < 0

B. H0 : µD ≤ 0 versus H1 : µD > 0

C. H0 : µD = 0 versus H1 : µD > 0

ii. Test. First, calculate the differences between gentech and control, by
completing the table below.

cow gentech (1) control (2)
1 62 54
2 45 43
3 53 55
4 35 39
5 71 65
6 64 62
7 63 56
8 57 50
9 43 52

Since the average of the differences, D, is
(circle one) 1.41 / 1.89 / 2.52,
the standard deviation of the differences, σ̂D, is
(circle one) 5.47 / 5.86 / 6.52,
(Use STAT CALC 1–Var Stats L3.)
The standardized test statistic of D = 1.89 is then

t test statistic =
D − µD
σ̂D/

√
n

=
1.89− 0

5.86/
√
8
=

(circle one) 0.42 / 0.91 / 1.34.
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The standardized critical value at α = 0.05 with n− 1 = 9− 1 = 8 df
is (circle one) 1.18 / 1.86 / 2.35
(Use PRGM ENTER INVT ENTER 8 ENTER 0.95 ENTER)

iii. Conclusion. Since the test statistic, 0.91, is smaller than the critical
value, 1.86, we (circle one) accept / reject the null hypothesis that
µD = 0.

(b) P–Value Versus Level of Significance, Standardized.

i. Statement. The statement of the test is (circle one)

A. H0 : µD = 0 versus H1 : µD < 0

B. H0 : µD ≤ 0 versus H1 : µD > 0

C. H0 : µD = 0 versus H1 : µD > 0

ii. Test. Since the standardized test statistic is t = 0.91, the p–value is
given by

p–value = P (T ≥ 0.91)

which equals (circle one) 0.12 / 0.15 / 0.19.
(Use 2nd DISTR 5:tcdf(0.91,E99,8).)
The level of significance is 0.05.

iii. Conclusion. Since the p–value, 0.19, is larger than the level of signifi-
cance, 0.05, we (circle one) accept / reject the null hypothesis that
µD = 0.


