CHAPTER3

Measurements, Mistakes,
and Misunderstandings

Thought Questions

‘a Suppose you were interested in finding out what people felt to be the most impor-
~ tant problem facing society today. Do you think it would be better to give thema
fixed set of choices from which they must choose or an open-ended question that

allowed them to specify whatever they wished? What would be the advantages
and disadvantages of each approach?

ﬂ You and a friend are each doing a survey to see if there is a relationship between
height and happiness. Without discussing in advance how you will do so, you both
attempt to measure the height and happiness of the same 100 people. Are you
more likely to agree on your measurement of height or on your measurement of
happiness? Explain, discussing how you would measure each characteristic.

Q A newsletter distributed by a politician to his constituents gave the results of a
“nationwide survey on Americans’ attitudes about a variety of educational issues.
One of the questions asked was, “Should your legislature adopt a policy to as-
sist children in failing schools to opt out of that school and attend an alternative
:school——public, private, or parochial—of the parents’ choosing?” From the word-
ing of this question, can you speculate on what answer was desired? Explain.

g You are at a swimming pool with a friend and become curious about the width of
the pool. Your friend has a 12-inc

h ruler, with which he sets about measuring the

width. He reports that the width is 15 771 feet. D [ [
: X .Doyo tl
that width? What is the problem? AR b

(Note that .771 feet is 9 1 /4 inches.)
l If you were to have your intellig

eénce, or 1Q, measured twice using a standard IC

test, do you think it would be exactl 3 9 Zo

A the same both times? igh
account for any changes? y h times? What factors mig
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37.'1’/Simple Measures Don’t Exist

In the last chapter, we listed Seven Critical Components th.at. need to be considered
when someone conducts a study. You saw that many decisions need to be made,
and many potential problems can arise when you try to use data to answer a ques-
tion. One of the hardest decisions is contained in Component 4—that is, in decid-
ing exactly what to measure or what questions to ask. In this chapter, we focus on
problems with defining measurements and on the subsequent misunderstandings
and mistakes that can result. When you read the results of a study, it is important
that you understand exactly how the information was collected and what was
measured or asked. Consider something as apparently simple as trying to measure
your own height. Try it a few times and see if you get the measurement to within
a quarter of an inch from one time to the next. Now imagine trying to measure
something much more complex, such as the amount of fat in someone’s diet or the
degree of happiness in someone’s life. Researchers routinely attempt to measure

these kinds of factors.

3.2 It’s All in the Wording
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You may be surprised at how much answers to questions can change based on sim-
ple changes in wording. Here are two examples.

You Get What You Ask for: Two Polls on Immigration

In the spring of 2013, the question of immigration into the United States was at
the forefront of many political discussions. So, polling organizations naturally
wanted to know how the public felt about increasing versus decreasing the num-
ber of legal immigrants allowed into the United States. Just ask, right? Well, it's
not quite so simple. Here are two polls conducted within a few days of each other,

with similar wording:

« A Fox News poll conducted April 20-22, 2013, asked, “Do you think the United States
should increase or decrease the number of LEGAL immigrants allowed to move to this

country?”
. A CBS News/New York Times poll conducted April 24-28, 2013, asked, “Should LEGAL

immigration into the United States be kept at its present level, increased, or decreased?”

The results of the two polls are shown in the following table.

Poll Increase Decrease Stay Same Unsure
_ % 7%
News 28% 55% 10 b
Ao 25% 31% 35% 8%

CBS/NYTimes
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. While the percentage responding in favor of increasing IGQSL':'I‘(';";&' :;‘:? |
lar in the two polls, the percentage in favor of decreasw'\t_ljt;1 e When
much different. Why? A close look at the wording 'reveaC ESBS/ New Yorkl
. “kept at its present level” was given in the question ( o and
of respondents chose it. But when that option was nc(J)t 3 o The
come up with it on their own (Fox News Poll), qnly 10% o i e :
changes in wording can make a big difference In how pe dpin o rasih
should always find out exactly what was asked when rea d?w w1108 ,
(Source: http://po||ingreport.com/immigration.htm, accesse '

Is Marijuana Easy to Buy but Hard to Get?

Refer to the detailed report on the companion website labeled as Ong.i al !
13: “2003 CASA National Survey of American Attitudes on Substance:@
Teens and Parents,” which describes a survey of teens ar‘1d drug use.
questions (number 36, p. 44) asked teens about the relative ease of gett
rettes, beer, and marijuana. About half of the teens were asked about “b
these items and the other half about “obtaining” them. The questions
- giving each response were:

“Which is easiest for someone of your age to buy: cigarettes, beer or mari
“Which is easiest for someone of your age to obtain: cigarettes, beer or

Response Version with “buy” Version

Cigarettes 35% 3

Beer 18%
Marijuana 34%
The Same 4%

Don't know/no response 9%

Notice that the responses indicate th
.marijuana is easier to “buy”
Important difference in rea| |j
difficult for teenagers to by
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Deliberate Bias

Sometimes, if a survey is being conducted to support a certain cause, questions are
deliberately worded in a biased manner. Be careful about survey questions that begin
with phrases like “Do you agree that. . . .” Most people want to be agreeable and will
be inclined to answer “yes” unless they have strong feelings the other way. For example,
suppose an anti-abortion group and a pro-choice group each wanted to conduct a sur-
vey in which they would find the best possible agreement with their position. Here
are two questions that would each produce an estimate of the proportion of people
who think abortion should be completely illegal. Each question is almost certain to
produce a different estimate:

1. Do you agree that abortion, the murder of innocent beings, should be outlawed?

2. Do you agree that there are circumstances under which abortion should be legal,
to protect the rights of the mother?

Appropriate wording should not indicate a desired answer. For instance, a Gallup
Poll conducted in May 2013 (Saad, 2013) contained the question “Do you think
abortion should be legal under any circumstances, legal only under certain circum-
stances, or illegal in all circumstances?” Notice that the question does not indicate
which answer is preferable. In case you're curious, 26% of respondents thought it
should always be legal, 20% thought it should always be illegal, and 52% thought it
depends on the circumstance. (The remaining 2% had no opinion.).

Unintentional Bias

Sometimes questions are worded in such a way that the meaning is misinterpreted by a
large percentage of the respondents. For example, if you were to ask people what drugs
they use, you would need to specify if you mean prescription drugs, illegal drugs, over-
the-counter drugs, or common substances such as caffeine. If you were to ask people
- to recall the most important date in their life, you would need to clarify if you meant
the most important calendar date or the most important social engagement with a po-
~tential partner. (It is unlikely that anyone would mistake the question as being about
~the shriveled fruit, but you can see that the same word can have multiple meanings.)

ents have a desire to please the person who is asking the ques-
understate their responses about undesirable social habits and
. For example, in recent years estimates of the prevalence of
ed on surveys do not match those based on cigarette sales.
ei o completely truthful or lots of mgarettes are endmgup in
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. informed :
Asking the Un { they don’t know what you are talking about w

like to admit tha ; . 682) su
People do nOtal uestion. In a paper on the topic, (irasll (2007%1) ] i)ven opini
you ask them a q h by noting that “survey respondents have freely given opinion;
much of the research by gencies, congressional bills, nonexistent nationalities

fictitious governmental a ; 1ona’ e
?it:t)iltlitous political figures, and have even given directions to places

. . t

m Giving Opinions on Fictional Brands

To test the extent to which people don’t want to admit th?y don’t kr.10w 2
thing, Graeff (2007) asked students at his university to prgvnde n.umencal rati
of their opinion of six brands of running shoes. Included in the list were five real
brands and a fictional brand named Pontrey. Different versions of the survey er
given to different groups of students. One version provided the option of “D on’
Know/No Opinion,” and in that version, only 18% of the respondents expressed a
opinion about Pontrey shoes. But another version provided no such option, and i
that case, 88% of respondents gave an opinion about the fictional Pontrey sho
They did not want to admit that they had never heard of them. (Not surpris
| the average rating for Pontrey shoes was lower than the average for any o
; rands.) In other versions of the survey, students were first asked to rate
dge of each brand on a scale from 1 (not familiar at all) to 7 (very fam
 giving their opinion of the brand. Admitting that they had little knowl

shoes reduced the uninformed responses somewhat, but not as
“don’t know” option.

0od, they must be kept simple. A question
not be allowed to work in hospitals after g
© ‘ead fo confusion. Does 5 Yes answer me

; Mm hospﬂals" It would take 2
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leenagers toda
Y worr 3 6, 1o
ask, “Name the Y about peer pressure related to drinking alcohol?” and then

to )
that respondents wr())ill\(;e pressufes you think face teenagers today.” It is quite likely
relie use the idea they had Just been given and name peer pressure

nking alcohol as one of the five choices.

In general
g » Survey respondents assume that questions on the survey are related

to each othe il i
s pA I, S0 they wﬂl_mterpret subsequent questions in the context of questions
preceded them. Here is an amusing example.

Is Happiness Related to Dating?

Clark and Schober (1992, p. 41)

, report on a survey that asked the following two
questions:

1. How happy are you with life in general?
2. How often do you normally go out on a date? (about ___times a month)

When the questions were asked in this order, there was almost no relationship be-

- tween the two answers. But when question 2 was asked first, the answers were highly

Sources: Morin (1016 April 1995), p. 36.

related. Clark and Schober speculate that in that case, respondents consequently
interpreted question 1 to mean; “Now, considering what you just told me about dat-
ing, how happy are you with life in general?” L

Confidentiality versus Anonymity

People sometimes answer questions differently based on the degree to which they
believe they are anonymous. Because researchers often need to perform follow-up
surveys, it is easier to try to ensure confidentiality than true anonymity. In ensuring
confidentiality, the researcher promises not to release identifying information about
respondents. In a truly anonymous survey, the researcher does not know the identity
of the respondents.

Questions on issues such as sexual behavior and income are particularly difficult
because people consider those to be private matters. A variety of techniques have
been developed to help ensure confidentiality, but surveys on such issues are hard to

conduct accurately.

http://www.huffingtonpost.com, 11 April 2013

This is an excellent example of how people will respond to survey questions, even
when they do not know about the issues, and how the wording of questions can in-
fluence responses. In 1995, the Washington Post decided to expand on a 1978 poll
taken in Cincinnati, Ohio, in which people were asked whether they “favored or op-
aling the 1975 Public Affairs Act.” There was no such act, but about one-

posed repealing the 19

third of the respondents expressed an opinion about it.
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Washington Post added this fictitious question fg
mly selected respondents: “Som§ people say -the
be repealed. Do you agree or disagree thi.it .1t S
f (43%) of the sample ex'pressec'l an opinion, wi
24% agreeing that it should be repealed and '19% filsagreellng-Tflt_]e P 0st th

tried another trick that produced even more disturbing resu 15; 3 1S time
polled two separate groups of 500 randomly. selected adults. The .1rst grot
asked: “President Clinton [a Democrat] said that the 1975 Public Affairs
should be repealed. Do you agree or disagree?” The s'econd group was g
“The Republicans in Congress said that the 1975 Public Affairs Act sho
repealed. Do you agree or disagree?” Respondents were also asked.al?ou
party affiliation. Overall, 53% of the respondents e)fpre.ssed an op1n.1c?n
repealing this fictional act. The results by party affiliation were strikin
the “Clinton” version, 36% of the Democrats but only 16% of the Repub:
agreed that the act should be repealed. For the “Republicans in Congress
sion, 36% of the Republicans but only 19% of the Democrats agreed
act should be repealed.

In April 2013, the Huffington Post repeated this poll, replacing
with “Obama.” The results were similar. (Sources: http://www.huffing
com/2013/04/11/survey-questions-fiction_n_2994363.html and http://bi
-huffingtonpost.com/toplines_full.pdf)

In February 1995, the
weekly poll of 1000 rando
public Affairs Act should
be repealed?” Almost hal

Cl sed Questions: Should Choices Be Given?

eN question is one in which respondents are allowed to answer in
Whereas a closed question is one in which they are given a list of alt

-h to choose the'ir answer. Usually the latter form offers a choice o
dent is allowed to fill in the blank.

ii!aﬂvantages of Open Questions

1 a;ud 3.3, when people respond to s |
the choices given, |

OPen questions is th;
limiting then
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1 Is the Invention of the Computer Important?

- In the 19805, Schuman and Sco

;T&cgt::;nnztrl)z:a;jers‘g’oﬂd heVenl'(S) or change(s) during the past 50 years.” When
| et S, Won, t 0e most commorm response was World War |l (14%), foi—
| ool r;‘o ar (10%), the exploration of space (7%), and the assassination
e ; y (5%). I?ut 54% of respondents didn't give any of those most com-

i nswgrs, and 10% didn’t know what to say. Only five people (1.4%) mentioned
the invention of the computer, which in retrospect was probably the most important
change from that time period. It seems that respondents thought of events and not
changes, although the question mentioned both.

The survey was then repeated with a new sample of 354 people who were given a
| closed form question with five choices. The choices were the four most common ones
- from the open form, plus “Invention of the computer.” When asked as a closed form
- question, 30% chose the invention of the computer, more than any other response.
- The common responses from the open form poll also received more support in the

- closed form question, when they were provided as options. For instance, 23% chose
World War I, and 16% chose the exploration of space. &l

tt asked 347 people to “name one or two of the most

Advantages and Disadvantages of Closed Form Questions

One advantage of closed form questions is that they are easier to administer and to
analyze than open form questions. Another advantage should be obvious to you if
you have taken multiple choice tests—you don’t have to come up with the answer
on your own; you only need to select from the choices given.

A disadvantage of closed form questions is that they may limit the options because
respondents will rarely volunteer a choice that isn’t presented, even if they are given
the option to choose “Other, please specify.” Therefore, it is very important that survey
authors think carefully about the choices offered, and it is important that you know
what choices were given when you read the results of a survey. Another disadvantage,
especially with phone interviews, is that respondents tend to choose the options given
later in the list. To compensate for this “recency effect,” pollsters often randomize the
order of the response options, giving them in different orders to different participants.

Pilot Studies and Pilot Surveys

One compromise that takes into account the advantages and disadvantages of both
methods is to conduct an open form pilot study, or pilot survey, before creating
choices for a closed form survey. (No, this doesn’t mean that surveys should be
conducted on airline pilots!) In a pilot study, a small group of people are asked the
questions in open form (the “pilot survey”), and their responses are used to create
the choices for the closed form. Often the pilot study will include a focus group dis-
cussion to find out what thought process respondents used to arrive at their answers.
Other features can be tested in a pilot study as well, such as whether the order of the
questions influenced the responses and whether participants understood the ques-
tions in the way the survey designers intended.
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EXAMPLE 3.6 JeH L0 Advertising Wall Street Journal reporter Gyt ¥

inted Truth, : g "
In her excellent book, Ta/n;:’en present results of surveys without giving the
o

le. an advertisement for Triumph cigarettes btc:asted:,:l'm, ’
' story. As an example, ina 60% said Triumph tastes as gooq as ?r etter than
B MEF‘,lT——ahn ?m: Zwegre offered to respondents, incl'udmg “2 pre.ference.- %
n truth, thrf.ee Co/OICr:ferred Triumph, 40% preferred Merit, and' 24% said thfe bran
' results werle.536 ;lit)hough the wording of the advertisement' is not false, it js
| gﬁ;etﬁgtugé%zaid Merit tastes as good as or better than Triumph (Crossen,

' pp. 74-75). Which brand do you think wins?

explains how advertisers

g

CASE STUDY 3.2

Sources:

http://www.people-press.org/2008/11/1 3/section-4-early-voting-campaign-outreach-
issues/, released November 13, 2008; accessed May 12, 2013.

http://www.people-press.org/methodology/questionnaire-design/open-and-closed ‘
questions/, accessed May 12, 2013,

If you had just won your first term as president of the United States, you
be curious to know what prompted people to vote for you instead of yo
nent. Just get a polling agency to ask them, right? It’s not as simple as you n
think! In November, 2008, shortly after Barack Obama beat John e
idential election, the Pew Research organization conducted two polls ask
they voted as they did. One poll was closed form and the other

d closed form of the survey, people were asked “W
ding how you voted for President?” Resul
1 on the day of the election as vo
as asked in closeq form and in
fione. The results of the
1 in the table below

&
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313)1:2 ‘I?;;Seelgsg with gle five options shown in the table, over half of respondents
Spipt L norpy. Although “The economy” was still the most frequent re-
by i pen orm, only 35% of respondents chose it. Because 43% of respon-
all B ot dpzn ChOlce_ form chpse something not included in the closed form list,
ot ed form cho1ces'rece1ved less support than they did when they were the

N1y options explicitly provided. In case you are curious about what responses were
offered by the remaining 43% in the open form, they included things like moral is-

Sues, taxes, hope for change, and specific mentions of the candidates by name. W

Remember that, as the reader, you have an important role in interpreting the

resultsh of any survey. You should always be informed as to whether questions were
asked in open or closed form, and if the latter, you should be told what the choices

were. You should also be told whether “don’t know” or “no opinion” was offered
as a choice in either case.

3.4 Defining What Is Being Measured

n’ Teenage Sex

To understand the results of a survey or an experiment, we need to know exactly what
' was measured. Consider this example. A letter to advice columnist Ann Landers stated:
“According to a report from the University of California at San Francisco . .. sexual ac-
' tivity among adolescents is on the rise. There is no indication that this trend is slowing

| down or reversing itself.” The letter went on to explain that these results were based

' on a national survey (Davis (CA) Enterprise, 19 February 1990, p. B-4). On the same

day, in the same newspaper, an article entitled “Survey: Americans conservative with
| sex” reported that “teenage boys are not living up to their reputations. [A study by
' the Urban Institute in Washington] found that adolescents seem to be having sex less
4 often, with fewer girls and at a later age than teenagers did a decade ago” (p. A-9).

7 Here we have two apparently conflicting reports on adolescent sexuality, both
‘ reported on the same day in the same newspaper. One indicated that teenage sex
' was on the rise; the other indicated that it was on the decline. Although neither
| report specified exactly what was measured, the letter to Ann Landers proceeded
to note that “national statistics show the average age of first intercourse is17.2 for
- females and 16.5 for males.” The article stating that adolescent sex was on the de-
' cline measured it in terms of frequency. The result was based on interviews with
' 1880 boys between the ages of 15 and 19, in which “the boys said they had had
'~ six sex partners, compared with seven a decade earlier. They reported having had
' sex an average of three times during the previous month, compared with almost
. five times in the earlier survey.” Thus, it is not enough to note that both surveys
- were measuring adolescent or teenage sexual behavior. In one case, the author
- was, at least partially, discussing the age of first intercourse, whereas in the other
~ case the author was discussing the frequency. &



g0 PARTH Finding Data in Life

| A
- ; ¢ Not Unemployed! :
EXAMPLE 3.8 kel Work, Discouraged, but No oloyed; they will invariably s

who is unem

whether they know anyone ‘ i k

e %z:pr::ost people don't realize that in order to be officially unemployed,
yes.

isti i U.S. government, you my

i m tics given by the
: in the unemployment statis 145 : 3
|nclutd5:w stringent criteria. The Bureau of Labor Statistics uses t/|';l5 deﬁg;tlon \'
. mee . : b ;
| computing the official United States unemployment rate (http://www Sgov/

' Ifcharacteristics.ntm#unemp, accessed May 12, 2013):

Persons are classified as unemployed if they do not.have ajob, h;(Jve actively looked
for work in the prior 4 weeks, and are currently available for work.

' To find the unemployment rate, the number of people \:vho'me.et this deﬁnitic.m;
divided by the total number of people “in the labor force,” which lnsludes th.ese i
viduals and people classified as employed. But “discouraged workers” are not incl
| at all. “Discouraged workers” are defined as:

| Persons not in the labor force who want and are available for a job and who have
| looked for work sometime in the past 12 months (or since the end of their last job
if they held one within the past 12 months), but who are not currently looking be-
cause they believe there are no jobs available or there are none for which they woul
qualify. (http://www.bls.gov/bls/glossary.htm; accessed May 12, 2013) %

If you know someone who fits that definition, you would undoubtedly think of t
person as unemployed even though they hadn’t looked for work in the past 4 w
However, he or she would not be included in the official statistics. You can see th

| thetrue number of people who are not working is higher than government statistic
e.

amples illustrate that when you read about measurements |
should not automatically assume you are speaking a con
nition of what is meant by “adolescent sexuality” or *

nning of the 20th ¢
intelligence quotie
‘*‘by his or her ‘
&e Child’s Der
o find the
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defl,ne what is meant by intelligence. It is difficult to measure something if you
AN €ven agree on what it is you are trying to measure. If you are interested in
knowing more about these tests and the surrounding controversies, you can find
numerous books on the subject. A classic book on this topic is by Anastasi and

Ul’bini':l (1997). It provides a detailed discussion of a large variety of psychological
tests, including IQ tests.

EXAMPLE 3.9 % Kids

- The studies reported in News Stories 13 and 15 both included “stress” as one of the
important measurements used. But they differed in how they measured stress. In
Original Source 13, “2003 CASA National Survey of American Attitudes on Substance
. Abuse VIlI: Teens and Parents,” teenage respondents were asked:

How much stress is there in your life? Think of a scale between 0 and 10, where 0
3 means you usually have no stress at all and 10 means you usually have a very great

deal of stress, which number would you pick to indicate how much stress there is in
your life? (p. 40)

Categorizing responses as low stress (0 to 3), moderate stress (4 to 6), and high stress

. (7 to 10), the researchers found that low, medium, and high stress were reported by

' 29%, 45%, and 26% of teens, respectively.

For News Story 15, the children were asked more specific questions to measure

| stress. According to Additional News Story 15, “To gauge their stress, the children were given

| a standard questionnaire that included questions like: ‘How often have you felt that

§ you couldn’t control the important things in your life?"”

' There is no way to know which method is more likely to produce an accurate
measure of “stress,” partly because there is no fixed definition of stress. Stress in one
scenario might mean that someone is working hard to finish an exciting project with
a tight deadline. In another scenario, it might mean that someone feels helpless and
out of control. Those two versions are likely to have very different consequences
| on someone’s health and well-being. What is important is that as a reader, you are
" informed about how the researchers measured stress in any given study. |

Measuring Attitudes and Emotions

Similar problems exist with trying to measure attitudes and emotions such as self-
esteem and happiness. The most common method for trying to measure such things

is to have respondents read statements and determine the extent to which they agree
with the statement. For example, a test for measuring happiness might ask respon-
dents to indicate their level of agreement, from “strongly disagree” to "mﬂély |
agree,” with statements such as “I generally feel optimistic mlw@ fiﬂ?m &
morning.” To produce agreement on what is meant by char acteri WM% o

version,” psychologists have developed standardized gk

those attributes.

. b
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3.5 Defining a Common Language

t of this book, we
| language for the res :

: speaking a common Ia . i different
So that we ret:i:nsp We cgan perform different manipulations Onr e. Othet (i
it S(\)ereneed a .common understanding of WhaF L tﬁpesuza .e but that h:
git:é js this section are those that are well known 1n everyday usag

slightly different technical meaning.

Categorical versus Measurement Variables

Thus far in this book, we have seen examples qf m'easurmgt. opl(I;LoCrll]s ags:;}},
whether you think abortion should be legal), numerical 1pforma 1on' -
gain in infants), and attributes that can be transfgrmed 1nto numerica h“hj
(such as IQ). To understand what we can do with these measurements', we 1

definitions to distinguish numerical, quantitative measures .fr01'n categorical, g
tative ones. Although statisticians make numerous fine dlstmct.lons among typ%
measurements, for our purposes it will be sufficient to distinguish betwefen just t
main types: categorical variables and measurement variables. Subcategories of these
types will be defined for those who want more detail.

Categorical Variables
~ Categorical variables are those we can

place into a category but that may not hav
ple, you could be categorized as male or female.
ed on which option you choose as your reason [
ate, as in Case Study 3.2. Notice that we are limite
is kind of information numerically. For example, v
average reason for voting for a candidate in the same
‘€rage weight gain of infants during the first few days
ries have a natura] ordering, the term ordinal varial
C€, in a public opinion poll respondents may be asked

] f“strongly agree, agree, neutral, disagree, strongly d
d may be categorized g “less than high scho

"¢ Postgraduate degree » T, distinguish

ries do not h;

manipulate th

bles for which the catego
'minal variab]eg,
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f)nterqfal and Ratio Varigbles
W;:;;?‘;:gi’) sin lel(retl;er dlstinc.tion 18 madfe for‘measurement variables pased on
it makes sonse g ta]keli)se. Al.l Interval variable is a measurement varlable'm which
example of an intery la out dlfferc?nces, but not about ratios. Temperature is a good
. a .Véhlrlabl.e. If it was 20 degree§ last night apd it’s 40 .degrees to-
et gt 1S twice as warm today as it was last night. But it w01'11d be
>onable to say that it is 20 degrees warmer, and it would mean the same thing as
Sa)'}ng thaft when it’s 60 degrees it’s 20 degrees warmer than when it’s 40 degrees. A
rago variable has a meaningful value of zero, and it makes sense to talk about the
ratio of one value to another. Pulse rate is a good example. For instance, if your pulse
ercise and 120 after you exercise, it makes sense to say that

your pulse rate doubled during exercise. (And of course having a pulse rate of 0 is
extremely meaningful!)

Continuous versus Discrete Measurement Variables

Even when we can measure something with a number, we may need to distinguish
further whether it can fall on a continuum. A discrete variable is one for which you
could actually count the possible responses. For example, if we measure the number
of automobile accidents on a certain stretch of highway, the answer could be 0, 1, 2,
3, and so on. It could not be 2 1 /2 or 3.8. Conversely, a continuous variable can be
anything within a given interval. Age, for example, falls on a continuum.

Something of a gray area exists between these definitions. For example, if we
measure age to the nearest year, it may seem as though it should be called a discrete
variable. But the real difference is conceptual. With a discrete variable you can count
the possible responses without having to round off. With a continuous variable you
can’t. In case you are confused by this, note that long ago you probably figured
out the difference between the phrases “the number of” and “the amount of.” You
wouldn’t say, “the amount of cigarettes smoked,” nor would you say, “the number of
water consumed.” Discrete variables are analogous to numbers of things, and con-
tinuous variables are analogous to amounts. You still need to be careful about word-
ing, however, because we have a tendency to express continuous variables in discrete
units. Although you wouldn’t say, “the number of water consumed,” you might say,
“the number of glasses of water consumed.” That’s why it’s the concept of number
versus amount that you need to think about.

Validity, Reliability, and Bias

The words we define in this section are commonly used in the English language, but
they also have specific definitions when applied to measurements. Although these
definitions are close to the general usage of the words, to avoid confusion we will
spell them out.
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i talk about something being valid, you generally mean that it m:.kes

o k . i
Wher} )-/0{1 d and defensible. The same can be said for a measurement. A dn
JOULILE SOCHE Ily measures what it claims to measure. Thus, if you g

surement is one that actua Wi s hap

i i u woul
sure happiness with an IQ test, yo : . ) |
meal:urrfloremr)ealistic example would be trying to determine the selling pri

home. Getting a valid measurement of the actual sales. price of a home is trj
involves bargaining on what items are to be left beh
cause the purchase often invo _ is sold. o
the old owners, what repairs will be made before the house is sold, S0 ong
items can change the recorded sales price l_)y thogsands of dpllars. If we were to ¢
fine the “selling price” as the price recorded in public records, it may not actually
the price the buyer and seller had agreed was the true worth of the home, ‘3
To determine whether a measurement is valid, you need to know exactly
was measured. For example, many readers, once they are informed of the defijp
do not think the unemployment figures provided by the U.S. government are
measure of unemployment, as the term is generally understood. Remember
Example 3.8) that the figures do not include “discouraged workers.” Howew,
government statistics are a valid measure of the percentage of the “labor force” ¢
is currently “unemployed,” according to the precise definitions supplied by :.*;
reau of Labor Statistics. The problem is that most people do not understand exax
what the government has measured.

Reliability
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width o ¢
P s gfa S\,)/wmmmg pool with a ruler and reports that it is 15.771 feet wide, which
st [/4", you should be suspicious

tance that Jar . It would be very difficult to measure a dis-

ge reliably with a 12-inch ruler. A second measuring attempt would un-
doubtedly give a different number.

Bias

A Systematic prejudice in one direction is called a bias. Similarly, a measurement that
> Systematically off the mark in the same direction is called a biased measurement.
If you were trying to weigh yourself with a scale that was not satisfactorily adjusted at
the faCt(?l'y and was always a few pounds under, you would get a biased view of your
own weight. When we used the term earlier in discussing the wording of questions,
Wwe noted that either intentional or unintentional bias could enter into the responses of

a poorly worded survey question. Notice that a biased measurement differs from an
unreliable measurement because it is consistently off the mark in the same direction.

Connections between Validity, Reliability, and Bias

The differences and connections among the meanings of validity, reliability, and
bias can be confusing. For instance, it is not possible for a measurement to be un-
reliable but still valid in every individual instance. If it’s truly measuring what it’s
supposed to measure every time (i.e., is always valid), it would have to be consistent
(i.e. reliable). Let’s look at some examples:

* Suppose a woman’s weight varies between 140 and 150 pounds, but when asked
her weight she always answers (optimistically!) that it’s 140 pounds. Then her an-
swer is reliable, but it is not valid (except on the days when she really does weight
140). Her response is biased in the low direction.

Suppose you take a multiple choice test that truly does measure what you know.

Then the test is a valid measurement of your knowledge. If you retook a similar

test, you should do about equally well, so the test is reliable. (Any professor will

tell you that designing such tests is a difficult task!)

* A highway patrol officer parks on the side of an open stretch of highway and uses
radar to measure the speed of cars as they pass her car. She takes an average of the
speeds of 100 cars. The average is a reliable measure of the speed of cars passing
that point in the sense that she will probably get fairly consistent data, but it is not
a valid measurement of the average speed of cars for that highway in general. Cars
would surely slow down when they saw her parked there, so the measurement is
biased in the low direction.

* A campus has an academic honesty policy in which students are asked to report all
observed cheating incidences to a centralized office. The number of reported inci-
dences per year would probably be relatively consistent and a reliable measure of
how many incidences students would report, but would not be a valid measure of
the amount of cheating that occurs. Students are reluctant to turn in other students if
they observe them cheating. The measurement would be biased in the low direction.

* A thermometer always overestimates the ambient temperature by 5 degrees when
it’s in the direct sun and always underestimates it by 5 degrees when it's in the
shade, but averages out to the correct average daily temperature. At any given
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not a valid measure of the ambient temperature,
ure of the daily temperature. As a measu“ng
instrument for daily temperature, the thermometer is unbiased. But at any giyepn
point in time, it is biased either too high (when sunny) or too low (when Shady). It

is also reliably too high or too low at any given time, because it is always off by a

consistent amount.

point in time, the thermometer is
but it does produce a valid meas

Variability across Measurements
If someone has variable moods, we mean that that person has unpredictab
swings in mood. When we say the weather is quite variable, we mean it Chang‘
without any consistent pattern. Most measurements are prone to some degree o f
variability. By that, we mean that they are likely to differ from one time to the
nfext or from one individual to the next because of unpredictable errors, discrep
cies, or natural differences that are not readily explained. If you tried to meas
our height as instructed at the beginning of this chapter, you probably found sg
inable variability from one time to the next. If you tried to measurev )

o each other. Sometimes two measurements vary beca
duces umeﬁable results—for example, when we try to me

ruler. The amount by which each measurement
measurement error. ,

from changes across time in the system be' il




abortion are likely to remain constant over short time periods.

In summary, variability among measurements can occur for at least the follow-
ing three reasons: ‘
* Measurements are imprecise, and measurement error is a source of variability.
* There is natural variability across individuals at any given time.
* There may be natural variability across time in a characteristic on the same

individual. A sk P
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The Key to Statistical Discoveries: Comparing Natural
VariabilitytoCmqted Jariability
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