448 CHAPTER 9 » Inferences Based on Two Samples

9.12 [ndependent random samples selected from two normal
populations produced the following sample means and
standard deviations:

Sample 1 Sample 2
n =17 i =12

¥ =54 =74
5= 34 3 = 4.8

a. Assuming  equal  variances,  conduct  the  test

Hy (py = pa) = 0 against H: (g — pa) = 0 using
= 05

Find and imerpret the 93% confidence interval for

(1 = p2).
Applying the Concepts —Basic

9.13 Shared leadership in airplune crews, Flunan Faclors
(Mar. 2014} published a study that examined the cffect
of shared leadership by the cockpit and cabin crews of a
commercial airplane. Simulated flights were taken by
84 six-person crews, where cach crew consisted of a two-
person cockpit (captain and first officer) and a four-person
cabin team (three flight attendants and a purser). During
the simulation, smoke appeared in the cabin and the reac-
tionss of the crew were monitored for teamwork. Each crew
was rated as working either successfully or unsuccessfully
as a team. Also, cach individual member was evaluated for
leadership {(measured as number of leadership functions
exhibited per minute). The mean leadership values for suc-
cessful and unsuccessful teams were compared. A summary
of the test results for both captains and lead flight atten-
dants is displayed in the table at the bottom of the page.

a. Consider the data for captains. Interpret the p-value for
testing (at o = ,03) whether the mean leadership val-
ues for captains from successful and unsuccessful teams
differ. reject H

b. Consider the data for flight attendants. Interpret the
p-value for testing (at o = 15) whether the mean lead-
ership values for flight atteadants from suceessful and
unsuccessful teams differ,  Fail to reject H

b

9.14 Last name and acquisition timing. The speed with which
consumers decide to purchase a product was investigated
in the Journal of Consumer Research (Aug. 2011). The
rescarchers theorized that consumers with last names
that begin with letters later in the alphabet will tend 1o
acyuire items faster than those whose last names are ear-
licr in the alphabet—called the fasr name effect, MBA
students were olfered up to four free tickets to attend a
top-ranked women's college basketball game for which
there were a limited supply of tickets. The first letter of
the last name of those who responded to an e-mail offer
in time to receive the tickets was noted as well as the

Table for Exercise 9.13

response time (measured in minutes), The rt.scarche
compared the response times [or two groups of MB
students: (1) those with last names beginning with

of the first 9 letters of the alphabet and (2) those wi °
last names beginning with one of the last 9 letters af ¢ .
alphabet. Summary statistics for the two groups are Pro..
vided in the table.

* First9 Lastg 3
Letters: A-l  Letters: Rz ©
Sample size 25 25 o
Meag response time (minutes) 25.08 19.38
Standard deviation (minutes) 10.41 7.12

Seurce: Carlson, K. AL & Conrad, E M. *The last name clfect: How 195t namg
influences acyuisition timing," Josrnal af Constmer Rescarch, Vol 38, No. 2,
Aug. 2011

u. Construct a 95% confidence interval for the difference
between the true mean response times for MBA stu.;
dents in the two groups. (R

I. Based on the interval, part a, which group has the short.
est mean response lime? Does this resull support th
rescarchers' fast naine effect theory? Explain. il

9.15 Effectiveness of teaching software, The U.S. Department’ 4
of Education (DOE) conducted a national study of the
effectiveness of educational software. In one phase
of the study, a sample of 1,516 first-grade students in
classrooms that used educational soltware was com-
pared to a sample of 1,103 first-grade students in class-+
rooms that did not use the technology. In its Report rarT
Congress (Mar. 2007), the DOE concluded that “[mean)
test scores [of students on the SAT reading test] werel
not signilicantly higher in classrooms using reading ...
software products™ than in classrooms that did not use
cducational software. [
w, ldentily the parameter ol interest to the DOE,  py- g2
b. Specify the null and alicrnative hypotheses for the testi o

conducied by the DOE. My o = O M, joy pz =000
. The p-value for the test was reported as 62, Based
on this value, do you agree with the conclusion of lhcr
DOE? Explain. e faif toreject H

1

9,16 Cognitive impairment of schizophrenics. A study of lhe W
differences in cognitive function between normal mdlvld' B
uals and patients diagnosed with schizophrenia was pub-2
lished in the American Journal of Psychiarry (Apr. 2010).
The total titne (in minutes) a subject spent on the Trail
Making Test (a standard psychological test) was used 85
a measure of cognitive function. The researchers thOl‘lze ;
that the mean time on the Trail Making Test for schizo-!
phreaics will be larger than the corresponding mean
for normal subjects. The data for independent ‘r.mdom ]

Successful Teams (n = 60) Unsuccessful Teams (n = 24)

Mean Std. Dev. Mean Std. Dev. f-value p-value
Captain 66 10 50 20 372 000
Flight An. A0 e Y A3 012 67

Sowrce: Bienefeld, N, & Grote, GShared leadership in mibiteam systems: How cockpit and cabin crews Jead cach other o safety,”

Humtan Factors, Yol 65, No, 2, Mar 204 {Table 2).
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SECTION 9.2 m Comparing Two Population Means: Independent Sampling

samples of 41 schizophrenics and 49 normal individuals
yickded the foltowing resulls:

Schizophrenia Normal
Sample size 41l 4y
Mean time 114,23 62.24
Standard deviation 4545 16.34

Based o Peres-Tplenas, R et al =White maten miegruy and cognitine
wmpaineenl i firsiepivicde psselisis,” Ameeran Jotosal of Pvyotiaees,
Vol IoT Nod Apr 2010 e 10

a. Define the parameter ol mterest to the researchers,

Ir. Sct up the null and alternative hypothesis for testing the
rescarchers” theory.

¢, The rescarchers conducted the test, part b, and reported

a pevalue of 000 Whan canclusions ¢on you draw from

this result? (Use or = 01)

Find a 99% conlidence interval Tor the target param-

eter. Intevpret the result, Does your conclusion agree

with that of part ¢?

Children's recall of TV ads. Children's recall and rec-
ognitien of television advertisements was studied in the
Jewirnad of Advertising (Spring 2006), Two groups of chil-
dren were shown a 6f)-second contnercial for Sunkist
Funfruit Rock-n-Roll Shapes. One proup (the A/V
group) was shown the ad with both audio and video: the
seeond group (the video-only group) was shown only the
vidvo portion of the commercial. Following the viewing,
the children were asked to recall 10 specific items from
the ad. The number of items recalled correctly by each
child is sunmarized in the accompanying table. The re-
searchers theovized that “children who reecive an audio-
visual presentation will unve the same level of mean re-
call ol ad information as those who receive only the visual
aspects of the ad.”

Video-Only Group AN Group
o= 20 ns = 20
T o= 370 2 - 330
s - LR vao 243

Bised om Maher, DK H MY nd Kellbwe R 1 Chldven s recall
ol televesion sk Cemens” Jeianol ol Adverisamg, Val 33 No. | Sprng
20006 {Tabke 1)

. Set up the appropriste null and alternative hypotheses

Lo test the researchers” theory.

Find the value of the wst statistic.

€. Give the rejection region lorw = i,

d. Make the appropriate inference. What cam vou say
about the researchers™ theory?

e The researchers reported the p-value of the test as
p-value = 62 Interpret this resull

F. What conditions are required Tor The inderence o b
valid?

Comparing taste test rating pratocobs. Taste testers of new

faod products are presented with several competing food

samples andasked o rate the w@aste ol cach ona Y-point seale

{where 1 = dislike extremely™ andY = ~hke extremely™).

In the fonrnat of Seasory Stwdies (June 2009), food scien-

tists compared two different taste testing protocols. The

sequential monadic (SM) method presented the samples

ome atatime tothe taster inacrandom order, while the rank

—
-
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rating {RR) method presented the samples 1o the taster ol
al onee side by side, In one experiment, 108 consumers ol
pach jim were asked to Brste-test live dilferend varielies.
Elalf the testers vsed the SMoprotocol, and hall used the
RR protocol during lesting, In-aseeond experiment, 108
consumers of cheese were asked to taste-test four different
varieties. Again, hall the testers used the SM protocal, and
hall used the RR protocol during testing, For cach produa
(preach jam and cheese), the mean tiste scores of the two
protocols (S8 and RRY were compared, The results are
showen in the accompanying tables,

Peach jam (taste means)

Variety RR SM p-value
A R 55 tLAD
B AN 57 (1,665
C 4.4 4.4 0,962
D 59 56 0414
1: 54 5 0535

Cheese (taste means})

Variety RR SM p-value
A 03 33 g7
B h8 [ 476
C h.6 37 00001
D [ 57 0o

Sowee Crutrerres<Saloamon AT, Cambaro A and Angabo, 00 Influeiee
uf samaple prosertation protooel op U aesilts ol consame s tests” feerrard
eof Seroory Stedien, Vol 20 8003, Tnne 2004 Clblos Tand &)

a. Consider the Hve varietics ol peach jam. kdentily the

varicties Tor which vou can conclude that “the mcan

sty scores of the two protocols (SM and RR} diller

significantly at w = 057

Consider the four vaneties of cheese. Fdenuty the

varictics for which you can conclude that “the mean

taste scores of the two protocols (SM oand RR) differ

significontly nt or = 037

¢. Explain why the taste test scores do not need W be
noematly distributed in order for the imlerences, parts o
and b, 1o be valid,

{]

Bulimia stwdy, The “fear of oegative evaluanon™ (T-NI-)
seares for T female students known tasulier rom the eating

s disorder bulimia and 14 Temale stadents with normal cating

habits, first presented i Exereise 244 {p. 8, are repro-
duced in the next table. (Recall that the higher the score, the
greater is the fear of o negative evaluation.)

Bulimse
students: 21

Normal
students: 13

13 010020 25 19 16 21 24 13 14

G 13 S 1923 I8 11 1v 710103 o

Hosed om Randles, BB On neated tesponses frctos) in the sipn st amd s
il WalcosonaMannaWhitnes st A denerivne Stistie e, Vil 35 N ?
Rl 2001 (Figue §)

we Locate o 95% conlidence mtesval for the  ditfer-
enee belween the populatton means ol the NI
scores for bulimic and normal female students on the
MINITAB prmtout shown on page 475, Interpset the
result,
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Teaching T

Ethics IN Statistics
In a two-group analysis,
intentionally pairing observations
after the data have been
collected in order to produce

a desired result is considered
unethical statistical practice.

Teac T

Exercises 9.31-9.54

Understanding the Principles
9.31  Ina paired difference experiment, when should the obser-
valions be paired, before or after the data are collected?

932 What are the advanmages of using a paired difference ¢
experiment over an independent samples design?

933 True or False
Xy =% — X1 True

9.34  Whalt conditions are required lor valid large-sample inler-
ences aboult g7 small-sample inferences? [NW/

CHAPTER 9 = Inferences Based on Two Samples

In a paired difference  experiment,

SPSS performed these calculations and obtained the interval ($-10,537.50, §1 1,337,50)
highlighted in Figure 9.14. )
Notice that the independent samples interval includes 0. Consequently, if we wq, -
to use this interval to make an inference about {4y — g3), we would incorrectly Con'._'
clude that the mean starting salaries of males and females do not differ! You cap g
that the confidence interval for the independent sampling experiment is about 35 lime
wider than for the corresponding paired difference confidence interval. Blocking oyt lhef
variability due Lo differences in majors and grade point averages significantly increas“{
the information about the difference in males’ and females’ mean starting salaries
providing a much more accurate (a smaller confidence interval for the same confidenc, -
coefficient) estimate of (g — pa). .
You may wonder whether a paired difference experiment is always supcrior 1g an
independent samples experiment. The answer is, most of the time, but not always. We sacyj.
fice half the degrees of freedom in the r-statistic when a paired difference design is used jp.
stead of an independent samples design. This is a loss of information, and unless that logg is
more than compensated for by ihe reduction in variability obtained by blocking (pairing), !
the paired difference experiment will result in a net loss of information about (g - B2
Thus, we should be convinced that the pairing will significantly reduce variability before -
performing a paired difference experiment. Most of the time, this will happen. ,
One final note: The pairing of the observations is determined before the experimeny
is performed (i.e., by the design of the experiment). A paired difference experiment is never.
obtained by pairing the sample observations afier the measurements have been acquired,

What Do You Do When the Assumption of a Normal Distribution
for the Population of Differences Is Not Satisfied?

Answer: Use the Wilcoxon signed rank test for the paired difference design |°
{Chapicr 14). ;

¢. What assumptions are necessary so that the paired dif-
ference test will be valid?
d. Find a 90% conlidence interval for the mean differ-
ence pry. YR i
Which of the two inferential procedures, the confidence”
interval of part d or the test of hypothesis of part b, pro-
vides more information about the difference between '
the population means? g

9.37 The data for a random sample of six paired observations:
are shown in the following table.

(D) o

Learning the Mechanics

Sample from Sample from

935 A [)zlircd difference expcrimcnt yic!dc(! Hy p.li-rs of obser- Pair Population 1 Population 2
fnw] vations. In each case, what is the rejection region for test-
ing Hy: py = 2 against My > 27 i T
a ny=10,a =05 t 1833 2 3 1
b. ny=20,a=.10 t 1328 3 9 7
comg=5a=.025 t 2776 4 6 2
domg=9%a=01 t 286 2 : :}
9.36 A paired difference experiment produced the foliowing data:

ng=16 Y =143 TH=150 T;= -7 s7= 64

a. Determine the values of ¢ for which the null hypothesis
= 2 = 0 would be rejected in favor of the alterna-
tve hypothesis gy — pa < 0. Usc e = .10, GEEiNEER

h. Conduct the paired difference test described in part a.
Draw the appropriate conclusions. (il

a. Caleulate the difference between each pair of ohserva:

. = 3
Use the differences o calculate X7 and s3.

, : ec i
b If g, and g3 are the means of populations | and 2, respe 4

pr ~ H2

tvely, express g in terms of gy and o, 4y
1.484

¢. Form a93% confidence interval for gy 2

tions by subtracting observation 2 from observation =28
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SECTION 9.3 m Comparing Two Population Means: Paired Difference Experiments

A Testthe nult hypothesis gy = against the ailerna-
tive hypothesis fFpy 2 00 Useac = 08

Phe data tor o random sample of 10 paired obscervations

are showmin the following table.

Pair Population 1 Population 2
| 14 24
2 25 27
3 3 3h
4 32 53
3 <} 55
iy KR} 34
7 U iy
b 47 b
4 17 il

14t 51 35

a1 vou wish 1o test whether these diata are suificient to
indicate that the mean for poputanion 2 s larger than
that for population 1, what are the appropriate null
and altermative hypotheses? Define any symbols you
use.

. Conduct the test from part g, using e = 10, What is
vour decision?

. Find a 90% confidence interval for pop Interpret this
interval.

L What assumptions are neeessary to ensure the validity
of the preceding analysis?

~

-

A paired difference expenment vielded the following results:
Hy 44, dg = 13, L] fi,

me Test Mgy = 100 against

My = gy = ) Use o = 03,

b Report the p-value for the Lest you conducted in part w.
Intespret the p-value.

Hopg # 10, where

Applying the Concepts —Basic

9.4 Summer weipht-loss camp. Camp Jump Start is an

B-weck summer camp (or overweight and obese adoles-
cents. Counselors develop a weight-management pro-
gram for cach camper that cenlers on nutrition edugation
and physical activity, In @ <tudy published in Pediatricos
{Apr. 2010), the body mass index (BM1) was measired
{or cach of 76 campers boll at the start and end of camp,
Summary statistics on BMI measurements are shown in
the table.

Mean Standard Deviation
Starting BMI 3 Y
Ending BMI KIS 02
Paired Dilferences 33 1.5

Baascal on Flaching, 3. Katataon N A, Lol White N T1 s
T Start Elleets ol o eesickential susmmer weight-loss cimp for obder
whiliron i adoleseents” Prediaticn, Vol 125 Nocd Apr 2000 Labl, 3

. Ginve the nulland aliernative hypothesis Tor determining
whether the mean BMIE at the codof camp is less than the
muan BMIat the start of camp,

b. How should the data be analyzed, as an independent-
samples Aest or as a paired-difference +test? Explain,

9.41

942

bRILLZ

489

e Caleulate the test statistic using the formula Tor an
independent-simples =test {Node: This is meor how (e
test should be comducted.)

. Caleolate the test statistic using the formula for o
paired-dificrence r-iest.

e Compare the test statistics, parts ¢ and d. Which fest
statistic provides more evidenee in support of the alter-
native hy pothoesis?

. The p-value of the test. part dowas reported as g
Interpret this result assuming o = 01,

g Do the differences in BMI values need 10 be normally
distributed in order for the inference, part £ 1o be valid?
Fxplain

h. Find a 994 conlidence interval for the true mean
chimnge in BMI Tor Clunp Jump Stnt campers. Enterprat
the result

Oni,

Packaging of a children's heslth food, Refer to the
dovrnad of Consamer Belviour (Vol 10,2011 sty of
packaging ol a childsen’s health food product., xercise
RAZ (p. 419), Recall than a fictitious brand of a healthy
lood product =slived apples —was packaged o appeal
1o children (4 smiling cartoon apple on the front of the
packige). The researchers compared the appeal of this
licttious brand to a commuercially available brand of
sliced apples that was not packaged for children. Each
of 408 schoolchildren rated both brands on a 5-point
“willingness 10 cat™ scale. with | = “notwilling acall”
and 5 — "very willing” The fictitious brand had a sam-
ple mean score of .69, while the commercially available
brand fad a sample mean seore of 340, The rescarchers
wanted 1a compare the populatiom mean seore lor ihe
fictitions brand, gg. to the population mean score for the
commeraally availabde band, s They theorized that
e willl be greater than pag
s, Specity the oull and aliernative hypothesis for the st
b. Explain how the rescarchers should analyze the data
and why.
€. The researchers reported a0 test statistic value of
5.75 Imterpret this resull, Use o= 03 10 draw vow
conclusion.
d. Find the approxumate p-value of (he wst.
¢. Could the rescarchers hove tested af o
rived at the sume conclusion?

O aned ar-

Twinned drill hotes, A traditional method of verifying
mincralization grades in mining is (o il twinned holes,
i.c.. the drilling of 3 new hole, or “twin,”™ next to an car-
lict drillhole. “The use of twinned diill holes was ins esti-
gated in Foploranton and Muoring Geology (Vol. 18, 2009),
Geologists use data eollected at both holes o estimate the
totalamount of heavy minerals CUHIND present at the Jrilk-
ing site, The data in the next taibke (hased on information
provided in the journal article) represent THM pereent-
ages Tor a sample of 13 twinaed hdes drilfed at a diamaond
mine in Alrice. The geologists want 1o know il there i any
evidenee ofa difference in the teue THM means of all org-
inal holes and their twin holes dritled at the mine.
a Explan why the data should be analyvzed as paired
differences.
b, Compute the difference between the =18 hole™ and
“2nd hole™ measurements tor each drilling location
e Find the mean and standard deviation of the difier-
ences, parl b,




