Unit 23
Experimental Design

Objectives:

* To understand the difference between an obsenatsiandy and an experiment

* To understand how a completely randomized desigmigloyed

* Tounderstand how a randomized block design is emgloye

* To understand how to identify response variableseaplanatory variables

* To understand how to identify extraneous variables sources of bias which may influence the results
in a study

» To understand the importance and the role of ditutienal review board, informed consent, and
confidentiality in a study involving human subjects

The hypothesis tests we have discussed thusddramed on the assumption that simple random
sampling is used to collect data. We have notedgh that for the purpose of statistical analysisample may
be treated as a simple random sample even thorighystpeaking it may not be. For example, onghhiind
it more convenient to use systematic random sagjalina substitute for simple random sampling, while
expecting the systematic random sample to be sit ésagood as a simple random sample at repregehén
desired population.

However, in some situations, some type of a nolgen may be the only option. For instance, if the
purpose of a study is to draw some conclusionstaheupopulation of college students, it is verfficlilt, if
not impossible, to obtain a truly simple random glenfrom this population. The large number of egis
spread over a wide geographical area make it ustieab attempt selecting a sample where evenglsin
college student has an equal chance of being isdimple. Even if this were possible, there is umargntee that
selected students will agree to participate instinely, and no one can ethically force individualagree to
participate. Consequently, some sort of convemiesaenple is often used in such a study. The fiattat
statistical analysis which is designed for use wiimple random sample is applied to a non-ransimple
has to be acknowledged as one of the limitatiorie@btudy. Every study, no matter how carefutipe or
how many resources are available, will generallyelgome limitations.

The items on which one or more variables are medsare called sampling units; sampling units which
are human beings are callgdjects. In some situations, data can be collected imatelyi upon obtaining one
or more samples; in other situations, however, soeevention by a researcher must be employedrbefata
can be collected. For instance, if we are comparisdy temperature for males and females, then aye m
proceed to record body temperatures as soon aswveedbtained our subjects; however, if we are comga
the time to perform a specific task with and withbackground music, we will not be able to recdre time it
takes for each of our subjects to perform the tek we first make some decisions: (1) Do we haseh
subject perform the task only once, some with bemkgd music and some without, or do we have eabjesu
perform the task twice, once with background masid once without? (2) If we have each subjectoperthe
task only once, which subjects will have backgroomgic and which will not; if we have each subjeetform
the task twice, will background music be suppliest for second?

An observational study is performed when dataikected by merely making observations with no
intervention from a researcher. Comparing bodyptenature for males and females after observing and
recording body temperatures from our subjects isxample of an observational study, since them®is
intervention by a researcher when data is collecfetexperiment is performed when data is collected after
some intervention by the researcher is employeaingaring the time to perform a specific task witid a
without background music after deciding whetherjettis will be assigned to two separate groups threach
perform the task twice is an example of an expammdhe decisions concerning what interventions a
researcher will perform before collecting dataaled anexperimental design.

We shall only discuss two very simple and basjmexnental designs. To motivate the discussion
about experimental design, we shall consider hygxightests where two or more population meanseing b
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compared. Our discussion of hypothesis testingeaming means thus far has involved only tests &/bae
population mean is being compared to a hypothesiakek. In many practical situations, howeveis bf
interest to compare two or means with each other.

Let us imagine that we want to see if there isewigience that the mean time to perform a spetzifik
is reduced when background music is provided. ®efollecting data, we would of course have toiobta
subjects for our study. As we have already meetodata can not be collected immediately uponimibth
subjects. We must first decide what type of experital design will be used to collect data fromghbjects.
One way to obtain data for a hypothesis test wbaltb divide the available subjects randomly imto groups,
where one group would perform the task with backgcbmusic, and the other group would perform tk& ta
without background music. An alternative way tdaod data for a hypothesis test would be to allasheof the
available subjects to perform the task twice, anith background music provided and once without
background music, in random order. These tworadtére methods to collect data are examples of two
different types of experimental design.

A completely randomized design is one where sampling units (subjects) are rangamdl independently
assigned to two or more groups.ra@udomized block design is one where random assignment to two or more
groups is done withiblocks. Dividing the available subjects randomly intatgroups, where one group
performs the task with background music and theragnoup performs the task without background missé
completely randomized design. Allowing each of d@lailable subjects to perform the task twice, onitk
background music provided and once without backgdauausic, in random order, is a randomized block
design; the subjects are the blocks within whiehrdmdomization is done. These two different desigsult in
two different kinds of data.

Data from the completely randomized design cossibtwo independent samples of observations of
times to complete the task. Data from the randedhtdock design consists of one sample of paired
observations of times to complete the task. Th#mdition between these two approaches to comparaan
performance time with and without background missithat with two independent samples, our focumishe
difference between two sample means, but with angpe of paired data, our focus is on the meahef t
differences between paired observations. Befoydather discussion of the appropriate data amahygth
each these two approaches, let us first considatigxhow the randomization can be done in eack.cas
Suppose 14 subjects are available for the studedale if there is any evidence that the mean toxgerform a
specific task is reduced when background musicdsiged.

To utilize a completely randomized design, we ceke use of a random number table (or any other
source of random number generation) to assign stsije one group or the other by first labelingreatthe 14
subjects with the integers

01, 02, 03, 04, 05, 06, 07, 08, 09, 10, 11, 12,143

We then read seven two-digit entries from the ramdamber table to obtain one group of subjects,thad
remaining subjects would comprise the other grolipis always the case in reading a random nunatixe t
we skip repeats. If we were to read the first tigits of each set of five starting in the 21st rofthe first
page of Table A.1, the subjects selected for onamwill be those labeled

12, 02, 05, 04, 14, 09, 07.

These subjects would then be assigned to one gaodpthe remaining subjects would be assignedetottiner
group.

To utilize a randomized block design, we can made of a random number table to decide the order of
the conditions under which each subject will perfahe task twice. If we first label the subjectnfi 1 to 14,
we could then read 14 digits from the random nuntddlgle, one for each subject; each subject for wanm
even digit was read from the table could be assigo@erform the task without background first anth
background music second, and each subject for vdroodd digit was read from the table could be assidgo
perform the task with background first and withbatkground music second. If we were to read tise T4
digits in the 25th row of the first page of TablelAwe would find

2,3,8,97,16,92,8,4,2,3,8.
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This would tell us that subject #1 will perform ttask without background first and with backgroumasic
second, subject #2 will perform the task with baokad first and without background music secontjes #3
will perform the task without background first awih background music second, etc. It is importaat the
order be randomized, so that if a significant défece is found, this difference can be attributedhether or
not background music was provided and not to tderan which background music was provided and not
provided.

Recall that when we discussed linear regressiergefined a response variable to be a variable we
predict from one or more other variables, and wisndd an explanatory variable to be a variable fshich we
make predictions. We may generalize these defmstio include experimental design situations. niie
define aresponse variable to be a variable whose changes are being stualietive define aexplanatory
variable to be a variable which potentially influences alpemin a response variable. An experimental design
enables us to study the influence one or more agpday variables exert on a response variablehdrstudy to
see if there is any evidence that the mean tinpetfmrm a specific task is reduced when backgrouuoslic is
provided, the response variable is "time to perfarthe task," and the explanatory variable is "Wlebr not
background music is present"; note that the respwagable can be treated as quantitative, andxtpenatory
can be treated as qualitative-dichotomous.

It is impossible to identify all the variables whican potentially influence changes in a givepoase
variable. Anextraneous variable is one which we do not or can not measure dirdzitymay potentially
influence the response variable being studied;ddispotentially lead to incorrect conclusionsr &mample,
with the randomized block design where each oftlalable subjects to perform a task twice, ondé wi
background music provided and once without backgidauausic, the order in which background music was
provided and not provided is an extraneous variatleh has the potential to influence our results.
Randomizing the order is an effort to reduce anglate the influence of this particular extraneeasable.

In trying to decide if mean time to perform a spedifisk is reduced when background music is
provided, extraneous variables related to a subjabtlity have the potential to influence our tesuWill the
completely randomized design or the randomizedkbliasign do a better job of eliminating the infloerof
such extraneous variables? To answer this quesiisihconsider what might happen if two indepeamtde
samples were used. It is possible that one saogpi@ins a substantial number of individuals wheairicker
at performing the task than those in the other $amip the quicker individuals are assigned toshenple
where subjects perform the task with backgroundieruevided, we might attribute a significant retion in
mean performance time to the background music, whanotual fact the background music may have hte |
or no effect; if the quicker individuals are assidrio the sample where subjects perform the tagkvoi
background music provided, we might fail to findignificant reduction which should be attributedrie
background music. The random assignment of subjedhe two samples will tend to reduce but niotiekate
the influence of such extraneous variables; howallawing each subject to perform the task twi&e under
each condition in random order, guarantees thagxtraneous variables related to a subject's yhiiit be
eliminated from influencing our results. We seentlthat, in general, a randomized block desigmefepable to
a completely randomized design, when possible.

There are situations where a randomized bloclgdesay not be possible though. Suppose we are
comparing the lifetime of two brands of light bullber instance. Lifetime is the response variahfe] brand of
light bulb is the explanatory variable; each busllaisampling unit. We certainly cannot assignla tmione
brand for the purpose of measuring its lifetimed afterward assign the same bulb to another bimntesure
its lifetime again! Instead of paired data fromaadomized block design, we must settle for datmftwo
independent samples. That is, we obtain a singpidam sample of bulbs from one brand and anothwglsi
random sample of bulbs from the other brand.

Even when we are unable to assign individual sexgpinits to one group or another, there may Iséll
ways in which a randomized block design can be eyegl to eliminate the influence of an extraneoutabie.
Matching two or more sampling units which can leated as similar (or identical) is one way to emlo
randomized block design. For instance, let us ineathat we want to compare mean height for twe $ypf
plants. Height is the response variable, and dfg#ant is the explanatory variable; each seeanfplis a
sampling unit. We certainly cannot assign a seaxhe type of plant for the purpose of measurimghtight to
which it grows, and then grow the same seed againdifferent type of plant to measure its heigjatial
However, we can design the experiment in a way fwhidl generate paired data by eliminating theuefice of
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extraneous variables related to the care each gdstas it grows. By growing two plants, oneaiftetype, in
each of say = 20 pots, we can measure two plant heights frach @ot, yielding a sample of 20 paired
measurements. The pots would be the blocks irrdhidomized block design. It is reasonable torassthat
the two plants in any one pot would be given pcatliy identical treatment in all respects, thusatiating the
influence of several extraneous variables on csulte Consequently, this randomized block desgiguold be
better than simply generating two independent sesnpl observations by growing one plant in eackOgbots
where ten were of one type, and ten were of therdagtpe. (In studies involving animals or humaimgs,
researchers may attempt to employ a randomizedk blesign through the use of twins. Of coursejnggtt
twins as subjects in an experiment may not alwaysdeasy in practice.)

Self-Test Problem 23-1. A study is being done to compare right-hand gtipngth and left-hand grip strengt
in 21-year-old, right-handed males. Eight 21-yalar-right-handed males are available as subjgstip
strength is measured by having each subject ushangkto grip two bars separated by a spring, minthe
bars as close together as possible.
(a) Isthis an observational study or an expent? Why?
(b) Identify the response variable, the exatary variable, and the sampling unit.
(c) Describe how a completely randomized desiguld be employed to obtain data.
(d) Describe how a randomized block designld/ve employed to obtain data.
(e) Which of the two designs described ingér} and (d) would be preferable, and why?
() For each of eight 21-year-old, right-hadaeales, the right-hand grip strength and theHaftd grip
strength are recorded in pounds of force with ttewing results:
Right 86 87 83 93 71 76 91 100
Left 84 84 76 90 67 70 87 99
Should this data be treated as one sample ofchabreervations or as two independent samples of
observations?

Self-Test Problem 23-2. For each situation described, (i) identify thep@nse variable, (ii) identify the
explanatory variable, (iii) identify the samplingiyy and (iv) decide whether the data should batée as one
sample of paired observations or as two indepersinples of observations.

(@) The variables "Weekly TV Hours" and "WegeRladio Hours" in the SURVEY DATA, displayed as
Data Set 1-1 at the end of Unit 1, are being usexdé¢ if there is any evidence of a differencén t
mean time spent watching television weekly anditiean time spent listening to the radio weekly fo
voters in a state.

(b) The variables "Weekly TV Hours" and "WeeRadio Hours" in the SURVEY DATA, displayed as
Data Set 1-1 at the end of Unit 1, are being usex@¢ if there is any evidence of a difference betw
males and females in the mean time spent watcbklagision weekly for voters in a state.

(c) In order to see if there is any eviderwd thean breaking strength is higher for Deluxedrape than
for Econ brand rope, the breaking strength in pswidorce is recorded for 12 pieces of Deluxe tra
rope and 10 pieces of Econ brand rope with thevighg results:

Deluxe 183 197 179 177 176 187 171 199 182 197 19787
Econ 162 165 180 185 189 176 159 164 186 164

Sdf-Test Problem 23-3. Each of parts (a), (b), and (c) in Self Test Raob23-2 describes a hypothesis testi
situation. Indicate whether the hypothesis te#ithwei one-sided or two-sided. (Do not try to pemio

-

any of the steps of a hypothesis test.)

Our illustrations of completely randomized designsl randomized block designs thus far have app
to situations where two means are being compargdhbse designs can be utilized even when moretitha
means are being compared. Let us suppose thab&&eb physicians identifies four patients suiifgy from a
specific ailment, and these 20 patients are madsaie for a study which will be designed to congpa
placebo and three different treatments of the aitrtabeled A, B, and C. Placebo is a dummy preparation
having no medical value, but it is given to sulgegho believe it is a genuine treatment. (It hesnbclaimed
that the psychological effects of believing thatesmtment is genuine may produce very real andreaske
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improvement in one's condition!) The conditioracdubject is the response variable, and type afrtrent is
the explanatory variable; each patient selectedsisbject (sampling unit).

Each subject will be treated with one of A, B,oCthe placebo. After one month, each subjectlvaill
examined by his or her physician. The physiciadhthen assign to each subject examined a scolectigfg
how much change has occurred in the subject's tondimprovement or otherwise. The mean of thwes
assigned to the subjects at the end of one motuhing compared with regard to the type of medicati
administered.

Regardless of what type of design is used indkperiment, there could be a concern that knowledge
which treatment was administered to a subject contbnsciously influence a physician's scoringhat t
subject. For instance, one of the physicians nwdg & personal belief that one treatment is bétn another
or may not expect any improvement in a subject whs given the placebo. If both the physiciansthed
subjects are given no information on what is adsténed, the experiment is calldouble-blind; if only the
subjects are given no information on what is adsténed, the experiment is callgdgle-blind. We next
consider how we might perform this experiment usirpmpletely randomized design and using a rarzkmmi
block design.

We would employ a completely randomized designamglomly assigning five of the 20 subjects to
each of the four medications. One way to accornligs would be to label each subject with a douwlidgt
integer and assign the first 4 labels read frommaom number table (or any other source of randomber
generation) to treatment A, the next 4 labels teadeatment B, the next 4 labels read to treatr@emind the
remaining labels to the placebo.

Among the extraneous variables which can influgheesubjects’ scores is which physician does the
examination. Even in a double-blind experimenis itot inconceivable that there will be some défeces
among physicians in scoring. While a completehdamized design is likely to reduce the influentéhcs
extraneous variable on the response variable ¢ibres), a randomized block design can guarantéé¢hisa
extraneous variable will not have any influence.

We could employ a randomized block design by ramgassigning one of the four subjects identified
by one particular physician to each of the four it&tibns; then we repeat this procedure for eachebther
five physicians. In other words, the physiciansilddoe the blocks. With a random number tableaor other
source of random number generation) we could easlge the assignments for each physician's 4 dstygc
first labeling each of the four subjects with ofiehe integers 1, 2, 3, and 4. We then assigritsidabel read
in the random number table (or other source ofseandumber generation) to treatment A, the secdmel lzad
to treatment B, the third label read to treatmerar@ the remaining label to the placebo. Thisgthes
guarantees that each physician will score one sufsm each medication administered.

The randomized block design results in four okestons per physician, one for each treatmenthdfe
were only two observations per physician, we wddde paired data, but when two or more measureraeats
made from the same source (such as the physiciansg iillustration), the resulting data can beezhtkepeated
measures data. Paired data is the special case of repeaadures where only two repetitions are made cim ea
source.

Many complex randomization schemes are possilgerang on the number and types of variables
involved. The type of experimental design used affect the decision about what hypothesis test is
appropriate. We shall be considering hypothesis tenly for completely randomized designs, whiehagate
two or more independent samples of data, and fatamized block designs, which generate paired data.

Thus far, we have really only addressed tech@ispécts of experimental design. In a study innglvi
human subjects, ethical issues must also be corsid&tudies funded by the federal governmenteayeired
by law to satisfy the following principles: (1) amstitutional review board must review the plan for the study to
protect subjects from possible harm; (2) all suisj@c the study must give thenformed consent prior to data
collection; (3) individual data must be kept coefitial, and only group summary statistics may pered
publicly. Let us consider these principles withaed to the earlier illustration where each of fphg/sicians
identifies four patients suffering from a specHditment. There are 20 subjects (patients) madiade for a
study which is designed to compare a placebo amee tifferent treatments of the ailment labeledAand C.

An institutional review board will be concernedyowith the manner by which data is to be collected
from subjects, the information given to subjectsutltpotential risks and benefits, and the mannewttigh a
subject's consent is obtained; it is not the pwrmdthe institutional review board to consider design of the
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study or the value of the knowledge to be gainethfthe study. It is federal policy to include edidt one
non-scientist as part of the board to guard againgsire for new knowledge reducing the inclinatm
criticize the plan for the study. In the studyctompare a placebo and treatments A, B, and C, cishjeed to
be informed about the denial of a potentially vhleareatment or the administration of untestedtiments
before giving consent to be part of a study. Famrtiore, consent should be obtained without coereind
subjects should have the right to withdraw fromghely at any time.

Ensuring that informed consent is obtained frobjestts can be a complex process. Even when every
effort is made to indicate that participation istady is purely voluntary, potential subjects mtly suspect that
they will be penalized or denied some benefitfthey do not participate in the study. Whethenaora
potential subject has the ability to give inforntashsent is an important consideration; for instaaaghild or a
mentally impaired person may not be capable ofiding informed consent without some assistanceordier
to document informed consent, subjects are gegexsled to sign a consent form. It is importaat the
consent form include complete information that eatg need to know about the study. A researchghtron a
consent form include a discussion about the valulkeoresults of the study in order to encouragemal
subjects to participate; however, the longer theseat form is, the less likely people will be tkedhe time to
read it carefully. To entice potential subjectpéoticipate in a study without having them feedgaured, some
form of compensation might be offered. If the dathe collected is of a sensitive nature, theaieter may
offer potential subjects anonymity in addition tmidentiality; this is easily accomplished by iti§nng each
subject only by a code and separating names aed ioéntifying characteristics from the data calekc

The difficulties with obtaining human subjects &ostudy will contribute to the limitations of teaudy.
The population from which subjects are obtainesl,(the accessible population) may not be exaetysame as
the population to which the researcher would igeatint the results to apply. If the charactersstihich make
a subject less inclined to participate in a studyralated to one or more of the variables beindist, the
results of the study could be biased; a similarroemt can be made concerning the characteristioshwhake
a subject more inclined to withdraw from the study.

Another potential source of bias in a study cofmas the fact that subjects’ behavior could tendeo
influenced merely by the fact that they are awhae they are part of a study; this is known ad-thethorne
effect. The Hawthorne effect was named after the Hawiidvorks of the Western Electric Company in the
1920s. When experiments were performed to studit wiianges in working conditions would improve
productivity, it was found that any change madelevtiie workers were aware they were part of a s(edgn
negative changes) resulted in at least some ireiaggoductivity! The amount of information tovgito
subjects in a study can be problematic. On thehanel, informed consent suggests that no vitatinéion is
withheld from subjects; on the other hand, speaifiormation must be withheld from subjects in artie
design a single-blind or double-blind experiment.

Some studies involve animal subjects instead ofdrusubjects, but animals are certainly not capaible
giving informed consent to be part of a study. Tiggues concerned with the ethics of using anifoals
experimentation are the conditions under which atsrshould be used for experimentation and theysafds
which should be employed to ensure that animaltreated humanely in experiments.
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Answersto Self-Test Problems

23-1 (a) This is an experiment, since data is colleetgd intervention from a researcher, the researche
having each subject use one hand to grip two legoarated by a spring. (b) "Right-hand grip strehg
is the response variable, and "which hand is uiseitiie explanatory variable; each of the eight
21-year-old male subjects is a sampling unit. T¢@ subjects would be divided randomly into two
groups; the right-hand grip strength would be messtor each subject in one group, and the lefdhan
grip strength would be measured for each subjetttdrother group. (d) The right-hand grip strength
and the left-hand grip strength would be measurechfdom order) for each of the available subjects
(e) The randomized block design would be preferdi#eause the influence of extraneous variables| on
the results can be greatly reduced. (f) one sanfgbaired observations

23-2 (a) (i) response variable: “weekly hours” ) (iexplanatory variable: “television or radi¢”
(iif) sampling units: the voters in the stat (iv) one sample of paired observations
(b) (i) response variable: “weekly tv hours” (i) explanatory variable: “sex”
(i) sampling units: the voters in the stat (iv) two independent samples of observations
(c) (i) response variable: “breaking strength” (i) explanatory variable: “brand of rope”
(iii) sampling units: the pieces of rope v) (i two independent samples of observatians

23-3 (a) two-sided (b) two-sided (c) one-sided

Summary

The items on which one or more variables are medsare calledampling units, sampling units which
are human beings are calladjects. An observational study is performed when data is collected by merely
making observations with no intervention from seagsher; amxperiment is performed when data is collected
after some intervention by the researcher is engaloyl' he decisions concerning what interventioresaarcher
will perform before collecting data to reduce améhate the influence of extraneous variables ikedan
experimental design. A completely randomized design is one where sampling units (subjects) are ranglamd
independently assigned to two or more groupsamdomized block design is one where random assignment to
two or more groups is done withiohocks. Random numbers generated by a computer or progable
calculator can be used to make the necessary raagsignments.

A response variable is a variable whose changes are being studiedamaedlanatory variable is a
variable which potentially influences changes nesponse variable. An experimental design enalsiés
study the influence one or more explanatory vaeisigixert on a response variable. eXinaneous variable is
one which we do not or can not measure directlyntay potentially influence the response variabladpe
studied. In general, a randomized block desigmegerable to a completely randomized design, wiassible,
because a randomized block design guaranteesetttaincextraneous variables will not influence tessu
whereas a completely randomized design can onlyceethe influence of these extraneous variables.

Completely randomized designs and randomized ldeskgns can be utilized when two or more means
are being compared. Data resulting from a comigieédomized design can be treated as two or more
independent simple random samples. Data resuhimg a randomized block design can be catlgmbated
measures data; paired data is the special case of rep@a¢edures where only two repetitions are made dm eac
source.

In experiments where subjects are assigned tortezeis and human evaluators score the subjects, the
experiment is calledouble-blind if both the evaluators and the subjects are gigeimformation on what
treatment is administered,; if only the subjectsgawven no information on what treatment is admamest, the
experiment is calledngle-blind. Studies involving human subjects funded by ddefal government are
required by law to satisfy the following principl€4) aninstitutional review board must review the plan for the
study to protect subjects from possible harm; ([Bubjects in the study must give thiaiformed consent prior
to data collection; (3) individual data must be tkkepnfidential, and only group summary statistiesyrbe
reported publicly. The difficulties with obtainitmman subjects for a study can result in sevienéitions of
the study: the population to which the resultspply, bias resulting from subjects who refuse tdipigpate or
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who drop out of the study, and bias resulting ftbmfact that subjects' behavior will tend to bituenced
merely by the fact that they are aware that theypart of a study, known as tHawthorne effect.

Animals are not capable of giving informed congertte part of a study. Nevertheless, it is imgairt
to consider the conditions under which animals khba used for experimentation and the safeguatishw
should be employed to ensure that animals areettdatmanely in experiments.

Data Set 23-1
CHAIN DATA

On the west coast of the United States is a chfaiestaurants known as McDoogle's. Informationuibo
expenses, sales, and number of customers for theg/gar is gathered for a sample of restaurartteeimorthern
part of the chain, and for a sample of restaurantse southern part of the chain. For some reatds, number
of customers for the past year was not available

(Expenses and Sales are in millions of dollars)

ID Millions of ID Millions of
No. Location Expenses Sales Customers | No. Location Expenses Sales Customers
01 South 1.0 0.1 3.5 16 North 1.0 8.1 3.9
02 North 1.2 1.8 4.4 17 South 1.9 1.7 15
03 South 2.8 4.0 18 North 1.4 6.7 3.5
04 North 1.9 6.1 19 North 0.7 3.8

05 South 0.3 5.3 4.2 20 North 1.0 5.2 4.4
06 South 1.5 4.0 0.5 21 North 1.3 7.8

07 South 34 7.4 51 22 North 2.4 51 4.7
08 North 1.0 3.6 3.7 23  North 1.2 7.8 3.7
09 South 1.6 2.2 24  North 1.7 7.7 4.5
10 North 0.9 7.5 35 25 South 1.4 2.8 3.7
11  North 1.6 4.6 3.1 26 North 1.0 4.9 3.5
12 North 1.9 8.0 27 North 1.2 8.0

13 North 0.6 3.3 3.8 28 South 2.3 2.0 2.9
14  North 1.0 2.5 35 29 North 2.2 2.5 4.1
15 South 2.5 2.6 2.4 30 North 0.8 5.1 4.2
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Data Set 23-2
STUDENT DATA
For a sample of high school students, data onaressidence (rsd), hours spent watching TV perkwed),
hours spent studying per week (std), and high darade point average (gpa) are recorded.
High High
Weekly Weekly  Schoal Weekly Weekly  Schoal

Residence TV Hours Study Hours GRAMAResidence TV Hours Study Hours GRA

(rsd) (tvh) (std) (gpa)__(rsd) (tvh) (std) (gpa)
urban 29 17 3.11 urban 24 21 2.58
rural 21 27 3.25 suburban 30 29 2.88
urban 48 9 2.08 urban 23 26 2.60
rural 30 22 3.31 suburban 34 21 2.25
rural 28 28 2.79 urban 40 12 2.01
suburban 25 27 3.40 urban 33 19 2.53
rural 11 46 3.95 rural 17 29 3.56
urban 36 16 2.23 urban 44 10 1.97
rural 14 32 2.84 rural 33 19 2.99
suburban 39 14 2.5[ suburban 18 40 3.74
suburban 41 2 2.46 suburban 22 37 3.211
urban 20 35 3.42 suburban 24 31 2.5p
rural 13 41 3.36 urban 27 21 3.20
suburban 38 17 2.9
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Data Set 23-3
GPA DATA

For a sample of freshmen at a junior college, igfool grade point average (hsgpa), high schoscla
percentile rank (cpr), verbal SAT (vsat), math SA¥at), and college freshman year grade point geera

(cgpa) are recorded

High School Class Verbal Math FreshmanrYea

GPA Percentile Rank SAT SAT ColeGPA
(hsgpa) (cpr) (vsat) (msat) gp@)
3.38 80 650 530 3.26
4.23 89 610 660 3.48
3.95 95 630 520 3.59
2.89 62 460 530 1.84
3.26 96 540 640 2.77
3.25 55 590 690 2.22
3.92 77 640 600 3.53
3.79 91 590 530 3.22
3.33 66 610 610 2.82
3.20 73 700 690 3.46
3.70 71 560 620 2.53
3.43 57 490 500 1.98
3.38 60 490 600 2.70
3.40 78 710 580 3.48
3.12 61 510 510 2.59
2.71 60 560 490 2.04
2.92 55 610 510 2.58
3.66 79 550 520 2.90
2.63 58 660 570 2.50
2.87 59 620 600 2.46
3.72 60 520 630 2.44
3.18 83 520 610 2.61
2.83 70 600 630 2.82
3.35 92 630 560 3.23
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