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‘Drawing Conclusions
from Studies

There is considerable concern about the issue of young people injuring themselves

intentionally. Can you use statistics to better understand the seriousness of this

problem, by estimating the proportion of college students who have attempted to injure
S - themselves? On an issue of less societal importance, can you estimate what proportion

of people believe that Elvis Presley faked his widely reported death, and would it matter —————
which people you asked? Or consider a different kind of question, which may appear

whimsical but may prove important: Do candy lovers live longer than other people? If

s0, is candy a secret to long life? In this topic, you will begin to study issues related to

these questions, focusing on concerns that limit the scope of conclusions you can draw

from some statistical studies.

Overview

You have begun to understand that data can be useful for gaining insights into
interesting questions. But to what extent can statistics provide answers to these
questions? This topic begins your introduction to key concepts that determine the
scope of conclusions you can draw from a study. For example, when can you generalize
the results of a study to a larger group than those used in the study itself? Also, why
can’t you always conclude that one variable affects another when a study shows a
relationship between the variables?

As you consider those questions, you will encounter some more fundamental
terms, such as population and sample, parameter and statistic, and explanatory and
response variables. You will also study the important concepts of bias and confounding,
and you will begin to understand why those concepts sometimes limit the scope of
conclusions you can draw.

1. Do you believe that Elvis Presley faked his death on August 16, 19772

2. Take a guess for the percentage of adult Americans who believe that Elvis Presley

faked his death.
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3. Guess the percentage of American college students who have ever injured
themselves intentionally.

4. Would you say that you consume candy rarely, sometimes, or often?

® @ ® In-Class Activities

Activity 3-1: Elvis Presley and Alf Landon
3-1, 3-6, 16-5

Elvis Presley is reported to have died in his Graceland mansion on August 16, 1977.
On the 12th anniversary of this event, a Dallas record company wanted to learn the
opinions of all adult Americans on the issue of whether Elvis was really dead.

But of course they could not ask every adult American this question, so they
sponsored a national call-in survey. Listeners of more than 100 radio stations were
asked to call a 1-900 number (at a charge of $2.50) to voice an opinion concerning
whether Elvis was really dead. It turned out that 56% of the callers thought that Elvis
was alive.

This scenario is very common in statistics: wanting to learn about a large group
based on data from a smaller group.

The population in a study refers to the entire group of people or objects
- (observational units) of interest. A sample is a (typically small) pars of the
population from whom or about which data are gathered to learn about the
population as a whole. If the sample is selected carefully, so it is representative
of (has similar characteristics to) the population, you can learn useful ‘
information, The number of observational units (people or objects) studied in a

sample is the sample size.

a. Identify the population and sample in this study.
Population: P\ \\ odw\t A e ricmns

Sample: VWo4e YT~y C/o,\\—(oo VA OIO" ALOND

b. Do you think that 56% accurately reflects the opinions of all Americans on this
issue? If not, identify some of the flaws in the sampling method.

N0, Or\\:_} Sm“(é Df.'/\.‘o!\.i woou\d {)4‘3 o~ ‘&’C
Al Ca\ o Vo Thamsaduwd . One fx/‘s.m
Cond \eve cofed moriple el Pegle

WHour o lio Cod noF St
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In 1936, Literary Digest magazine conducted the most extensive (to that date) public
opinion poll in history. They mailed out questionnaires to over 10 million people whose
names and addresses they had obtained from telephone books and vehicle registration
lists. More than 2.4 million people responded, with 57% indicating they would vote for
Republican Alf Landon in the upcoming presidential election. (Incumbent Democrat
Franklin Roosevelt won the actual election, carrying 63% of the popular vote.)

c. Identify theﬂ,popula,tion of interest and the sample actually used to study that
population in this poll.

Population: H (I VO 4’\/\(3 A ML LS

Sample: Q.4 pAtWVoa Ty S ponded

d. Explain how Literary Digest’s prediction could have been so much in error.
In particular, comment on why its sampling method made it vulnerable to
overestimating support for the Republican candidate.

TN A only Wty Popie own ed
P"‘O s C»/\J CorS, The M\7%77%K'2 a7 B
Vote (lapm\o \TCon (bnde” o ue/agxb

In both the Elvis study and the Lizerary Digest presidential election poll, the goal
was to learn something about a very large population (all American adults and all
American registered voters, respectively) by studying a sample. However, both studies
used a poor method of selecting the sample from the population. In neither case was
the sample representative of the population, so you could not accurately infer anything
about the population of interest from the sample results. This is because the sampling
methods used were biased.

A sampling procedure is said to have sampling bias if it tends systermatically to
overrepresent certain segments of the population and to underrepresent others.

These scenarios also indicate some common problems that produce biased
samples. Both are convenience samples to some extent because they reach those
people most readily accessible (e.g., those listening to the radio station or listed in
the phone book). Another problem is voluntary response, which refers to samples
collected in such a way that members of the population decide for themselves whether
or not to participate in the study. For instance, radio stations asked listeners to call in
if they wanted to participate. The related problem of nonresponse can arise even if an
unbiased sampling method is used (e.g., those who are not home when the survey is
conducted may have longer working hours than those who participate). Furthermore,
the sampling frame (the list used to select the subjects) in the Literary Digest poll was
not representative of the population in 1936 because the wealthier segment of society
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was more likely to have vehicles and telephones, which overrepresented those who
would vote Republican. '

A parameter is a number that describes a population, whereas a statistic is a

number that describes a sample.

Note: To help keep this straight, notice that population and parameter start with
the same letter, as do sample and statistic.

e. Identify each of the following as a parameter or a statistic:
* The 56% of callers who believed that Elvis was alive
Stersye
* The 57% of voters who indicated they would vote for Alf Landon
Sty O
* The 63% of voters who actually voted for Franklin Roosevelt
Cov-mears”

f. Consider the students in your class as a sample from the population of all students
at your school. Identify each of the following as a parameter or a statistic:

* The proportion of students in your class who use instant-messaging or text-
messaging on a daily basis
Dt ST C
* The proportion of students at your school who use instant-messaging or text-
messaging on a daily basis

P oo e
* The average number of hours students at your school spent watching television
last week

P(‘}J“O‘\- AR/
* The average number of hours students in your class slept last night
St SR
g- Identify each of the following as a parameter or a statistic. If you need to make

an assumption about who or what the population of interest is in a given case,
explain that.

* "The proportion of voters who voted for President Bush in the 2004 election

P oo s

* The proportion of voters surveyed by CNN who voted for John Kerry in the
2004 election
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* The proportion of voters among your school’s faculty members who vorted for <
Ralph Nader in the 2004 election )
Sters ¥ ‘
* The average number of points scored in a Super Bowl game ’
P oo e~
~ h. What type of variable leads to a parameter or statistic that is aﬂproportion? What
type of variable leads to a parameter or statistic that is an average? Hint: Review
your answers to the last few questions and look for a pattern.

Proportion: Cou\-e_(&c),qm\ dverage: ( gt nuwowd + ¢z AsA Feat ./<

\

Watch Out

* A categorical variable leads to a parameter or statistic that is a proportion, whereas
a quantitative variable usually leads to a parameter or statistic thar is an average.

* Many students confuse a parameter with a population and a statistic with
a sample. Remember that parameters and statistics are numbers, whereas
populations and samples are groups of observational units (people or objects).

* Ifyou believe that a sampling method is biased, suggest a likely direction for that
bias. Do not simply say “there is bias” or “the results will be off™ or “the results
could be higher or lower.” Remember, bias is a systematic tendency to err in a
particular direction, not just to err.

Activity 3-2: Self-Injuries

An article published in the June 6, 2006, issue of the journal Pediatrics describes the
results of a survey on the topic of college students injuring themselves intentionally
(Whitlock, Eckenrode, and Silverman, 2006). Researchers invited 8300 undergraduate
and graduate students at Cornell University and Princeton University to participate in
the survey. A total of 2875 students responded, with 17% of them saying that they had
purposefully injured themselves.

a. Identify the observational units and variable in this study. Also, classify the
variable as categorical (also binary) or quantitative.

. - Stndaents
Observational units: 3 200 WMC&M ¥ ‘{)M i

Variable: P‘-*f posw @V‘“& N ‘(\J wred el Type: CO\*\—QS(DT e\

Wws o no o
b. Identify the population and sample. : B AMQ
Population: N\ \\ (o \\QL(‘YQ/ Stk Sample: §300
Qra s (0 A\ &
c. What is the sample size in this study? & 300 Q¢ ‘nCroN

d. Is 17% a parameter or a statistic? Explain.
St C
7% Wwos Lol o~ o Soru-ea of
Ow S OJV\f’\e/
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e. Do you think it likely this sample is representative of the population of all college
students in the world? What about of all college students in the U.S.? Explain.

NO, Vo, Peiratron ¥ Corall are bhigh
S¢resS \/?jg_ Ampnd ScCasls  wh- ch
(/aut)de Corsl S fudinis to Gt Hemselves

Activity 3-3: Candy and Longevity
3-3,21-27

Newspaper headlines proclaimed that chocolate lovers live longer, following the
publication of a study titled “Life Is Sweet: Candy Consumption and Longevity”

in the British Medical Journal (Lee and Paffenbarger, 1998). In 1988, researchers

sent a health questionnaire to men who entered Harvard University as undergraduates

between 1916 and 1950. They then obtained death certificates for those who died by
the end of 1993, '

a. With regard to learning about the health habits in the population of all adult
Americans, do you consider this a representative sample? Explain.

No, W+ only lools ov men Lorn  Horver!
Muse men Had 1 be wieMly . 50 Het

SHressS Aoy mMore) (oo WAL [Cnowin 559
s low.

Researchers found that 3312 of the respondents said that they almost never

consumed candy, whereas 4529 did consume candy. H+otar\ T78Y)

b. Determine the proportion of respondents who consumed candy. Is this a
parameter or a statistic?

Usa9
witl

oS s

Of the 3312 nonconsumers of candy, 247 had died by the end of 1993, compared
to 267 of the 4529 consumers of candy.

c. Calculate the proportion of deaths in each group.

Nonconsumers: Consumers:
LT sd o Yy, /c,
Imig v U vsaq

The variable whose effect you want to study is the explanatory variable. The.
variable that you suspect is affected by the other variable is the response variable.

T
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d. Identify the observational units in this study. Also identify the explanatory and
response variables. Classify each variable as categorical (also binary) or quantitative.

Observational units: ”I o \/GWJ MLN

Explanatory: CU"W{& Lo of not Type &N.-PC a0 % ut‘

Lw\w{y
“Response: D,‘e‘,c’i" l::ael I‘? CI’S —  Typer CA.NFCS CI/.U\\ -

YEaY.
The researchers went on to show that this difference in proportions is too large
to have reasonably occurred by chance. They also used more sophisticated analyses
to estimate that candy consumers in this study would enjoy 0.92 added years of life,
compared with nonconsumers.

e. Even if you focus on this group of males who attended Harvard and not some
larger population, it is not reasonable to conclude that candy consumption caused

the lower death rate and the higher longevity. Provide an alternative explanation.

for why candy consumers might live longer than nonconsumers.

m}—f M“’é— be naore  Cart (Zhe(, o
st o Lttty ity Loainry

In part e, you identified a possible second difference between the candy
consumers and the nonconsumers, which often happens when the individuals self-
select into the explanatory variable groups. Whenever a second variable changes
between the explanatory variable groups, you cannot conclude that the explanatory
variable causes an effect on the response variable. You have no way of knowing
whether the explanatory variable or some other variable led to the different response
variable outcomes in the two groups.

In an observatronal study, researchers passrvely observe and record
information, about observational units. An observational study may establish an
assocratron or relarronshrp between the: explanatory and response variables, but

~ you cannot draw a cause-and—eﬁect conclusion between the explanatory and

) response varrables frorn an observatlona[ study o

The researchers provided data on more health-related variables in this study.
Among the 3312 nonconsumers of candy, 1201 had never smoked, compared to 1852
who had never smoked among the 4529 consumers.




Activity 3-3 41
f. Among the nonconsumers, calculate the proportion who never smoked. Then do
the same for the candy consumers.

Nonconsumers: Consumers:
- / A0 | NV . (‘? | ? 5"’1 N
—_— s . P L/
FETFAR T qsag =~ 0.1

g- Comment on what the calculations in part f reveal, and how they might

help to explain why candy consumers in this study tended to live longer than
nonconsumers.

A Jw?i/ prpoction of non condly
C('U\ SwLs NYaal luj L/J\’"\CLV C()w’ (1
(/\a»u{ ol e o ﬂd s L\,uLL)/e\_

An observation_al study does not control for the possible effects of variables
that are not considered in the study but could affect the response variable.
These unrecorded variables are called lurking variables. Lurking variables
can have effects on the response variable that are confounded with those of
the explanatory variable. A confounding variable is a lurking variable whose
effects on the response variable are indistinguishable from the effects of the .
explanatory variable. - o

When confounding variables are present, even if you observe a difference
in the response variable between treatment groups, you have no way of knowing
which variable (explanatory or confounding), or some combination of the two,
is responsible because the treatment groups differ in more ways than simply the
explanatory variable. Thus, you cannot draw cause-and-effect conclusions from
observational studies because confounding might provide an alternative explanation
for any observed relationship.

In this study, the person’s smoking status is confounded with his candy
consumption because those who consumed candy were less likely to smoke than
those who did not consume candy. Because smoking status is known to be associated
with longevity, you cannot say whether it was the lack of smoking or the candy
consumption, or both (or something else entirely) that led to a tendency to live longer
in the candy-consuming group.

In order to conduct a study in which you can draw a cause-and-effect conclusion,
you have to impose the explanatory variable on subjects (i.e., assign the subjects to
“treatment groups”) in such a way that the groups are nearly identical except for the
explanatory variable (eating candy or not, for example). Then, if the groups are found
to differ substantially on the response variable as well, you can attribute that difference
to the explanatory variable. You will study strategies for designing such a study and
assigning subjects to treatment groups in Topic 5.
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Note thar the issue of generalizing results from a sample to a larger population is a
completely different issue than drawing a cause-and-effect conclusion. In this study, it
might be reasonable to generalize the finding about a relationship between candy and
longevity to all males who attend Ivy League colleges. But it might not be safe to generalize
to all males because those who attend Harvard probably have access to better healthcare
and other advantages. It would certainly be risky to generalize this finding to women, as
their bodies may respond differently to candy than men’s bodies do. In Topic 4, you will

_learn how to select a sample from a population so that it is likely to be representative.

Activity 3-4: Sporting Examples
2-6, 3-4, 8-14, 10-11, 22-26

Recall from Activity 2-6 that a statistics professor compared academic performance
between two sections of students: one taught using sports examples exclusively and the
other taught using a variety of examples. The sections were clearly advertised, and students
signed up for whichever section they preferred. The sports section was offered at an earlier
hour of the morning than the regular section. The professor found that the students taught
using sports examples exclusively tended to perform more poorly than students taught with
a variety of examples.

a. Identify the observational units and explanatory and response variables. Also
classify the variables’ type.

Observational units: S+t s C 0,\'\ S'ﬁ/\d,u Y

Explanatory variable: (ASra 9 S ports Cpipmples Type: oA ggTica \

b rey

Response variable: S a(cest  n Cless Type: CC‘“?) a renl

b. Explain why this is an observational study. b' 'AC%

P!bf&&&a/ Y P e C\osS '\’(MA C)LJS-Uuﬂ.bﬂ
Yl Saceeds o+ T ST A3 I’ coclh

(/'lv—%.S .

c. Is it legitimate to conclude that the sports examples caused the lower academic
performance from students? If so, explain. If not, identify a potential confounding
variable and explain why it is confounded with the explanatory variable. Hint:
Describe how the confounding variable provides an alternative explanation for
the observed difference in academic performance between the two groups. Be
sure to explain the connection of your proposed confounding variable to both the
explanatory variable and the response variable.

e gorler hont conld haut Cawnged

m o wtr /;\x/éormoﬂw
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Activity 3-5: Childhood Obesity and Sleep

A March 2006 article in the International Journal of Obesity described a study involving
422 children aged 5-10 from primary schools in the city of Trois-Rivieres, Quebec,
(Chaput, Brunet, and Tremblay, 2006). The researchers found that children who

reported sleeping more hours per night were less likely to be obese than children who
reported sleeping fewer hours.

a. Identify the explanatory and response variables in this study. Also classify them.

Explanatory: OegA @uend o £ g eep Type: Qupntitstive
Con AN 0 us
Response: (g LL-\/LQJf ’K,‘.L,g are C”\gé se¢.  Type: Q(;ckcgdf, Cé

b. Is it legitimate to conclude from this study that less sleep caused the higher ra{tedy
of obesity in Quebec children? If so, explain. If not, identify a confounding
variable and explain why its effect on the response is confounded with that of the
explanatory variable.

Con QOU«/\()\f ~y Verithgle @ GCch \/"-43 \«eu\Cl
C W \dren Ww\Wo e o e Ol neel
MO TOY aA{en ‘(ji‘f/) who 50t

(L@ (,u,:\&( el (,(céf

¢. Do you think that the study’s conclusion (of a relationship between sleep and
obesity) applies to children outside of Quebec? Explain.

YeS ) by Wl Al Some c@j\-@omdi}j
Voo e,

Solution

a. The explanatory variable is the amount of sleep that a child gets per night. This
is a quantitative variable, although it would be categorical if the sleep information
wete reported only in intervals. The response variable is whether the child is
obese, which is a binary categorical variable.

b. This is an observational study because the researchers passively recorded
information about the child’s sleeping habit. They did not impose a certain
amount of sleep on children. Therefore, it is not appropriate to draw a cause-and-
effect conclusion that less sleep causes a higher rate of obesity. Children who get
less sleep may differ in some other way that could account for the increased rate of
obesity. For example, amount of exercise could be a confounding variable. Perhaps
children who exercise less have more trouble sleeping, in which case exercise
would be confounded with sleep. You have no way of knowing whether the higher
rate of obesity is due to less sleep or less exercise, or both, or some other variable
that is also related to both sleep and obesity.
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