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Met hods and Dat a
WHAT' S THE ANSWER?

Why i1s 1t not enough for an advertiser to say, '"Brushing
with Ripsnort yields 16% fewer cavities'?

"Sheila, | don't think I'll ever forget an argunent | heard
when | visited the Canadi an Parlianment during the Spring of
1998. Two Menbers of Parliament (MPs) were arguing on the floor
about the average annual incone for Canadi an househol ds."

"What's so nenorabl e about that, Bart?" asks Sheil a.

"A Liberal MP said sonething |ike, 'The average annua
income is al nbst $63,000 (CD) per househol d throughout Ontari o!
Anot her MP who was a Conservative got up -- in fact, he
interrupted -- to point out, 'Nonsense! The average Ontario
househol d earns | ess than $55,000 (CD) per year!' What nmade it
So interesting is that both MPs were right."

"That can't be,"” replies Sheila. "One of themhas to be
wrong! "

Who"s right here, Sheila or Bart? Why?
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As an enpirical science,
psychol ogi cal studies require
the creation of experinents,
wi th proper control
conditions and regard for the
et hics of conducting
experinments. Ideas for
experinments cone from
curiosity, past research, and
theory. To establish a
functional relationship between a cause and an effect,
psychol ogi sts use control groups. They conpare experinental -
and control -group behavi or between groups or within groups. In
doi ng research psychol ogi sts nust be on guard agai nst vari ous
errors, including demand characteristics, and experinenter
bi ases, caused by the process of neasuring behavior. Al
psychol ogi cal research is done following a strict set of ethica
gui delines for treatnent of participants.

Statistics are inportant in analyzing the data generated in
many psychol ogi cal experinents. The sinplest type of
descriptive statistic is a frequency distribution of the raw
data. Averages (node, nedian, or nean) can al so be cal cul at ed,
as well as neasures of variability and of the skewness of data.
Inferential statistics are used to help a scientist decide
whet her experinental -control differences could occur by chance
or are nore likely due to the effects of the independent
variable. Correlations summari ze the size and nature (positive,
zero, or negative) of a relation between two sets of data. A
hi gh correl ati on does not nean one vari abl e has caused the
ot her.

Once the results are collected and the results anal yzed, a
psychol ogi st nust then wite a report regarding his or her
findings. Such reports typically have four nmain sections
(I'ntroduction, Method, Results, and Di scussion), but nmay al so
have two or nore ancillary sections including an Abstract and
Ref er ences.

Experinents Controls and Ethics

As denonstrated throughout this book, psychology is an
enpi rical science. This neans that psychol ogi cal studies focus
on things which can be neasured. Enpirical observations yield
obj ective data -- nunbers or frequencies of events. And thus
psychol ogi sts ultimately face two major challenges -- how are
our enpirical studies to be designed, and how are the data
generated fromthose studies to be anal yzed?
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The conduct of psychol ogical research continues as we try
to answer questions about human (and ani mal) behavior. Wereas
astrol ogers appeal to ancient oft-unconfirmed truths,
psychol ogi sts -- and scientists generally -- are distinguished
because of their use of control groups. The classic forns for
such studies involve the use of between-groups conparisons in
whi ch control group performance is conpared with that of one (or
nore) experinmental groups. O in sone situations participants
serve as their own control and psychol ogists are naking wthin
group conparisons of the sanme humans' or animals' performnce
under two or nore conditions. Unlike physical scientists,
psychol ogi sts face the unusual situation of studying
i nteracting, thinking, (oft-)human organi sns who are usually
trying to determ ne exactly what the researcher him or her-self
is trying to study. Al such human-to-human interactions
bet ween researchers and participants are subject to a variety of
sources of error generated out of those interactions. The
human- human or human-aninmal interaction is a central part of
noder n- day psychol ogi cal research. Because of this, the
Ameri can Psychol ogi cal Association -- a national association of
over 100, 000 psychol ogists -- endorses a series of ethica
princi pl es encouragi ng courteous, safe, proper treatnent of al
who participate in psychol ogi cal research studies.

Psychol ogi sts' research generates nunbers in studying
everything fromtesting of intelligence to hunger in animals.
Such nunbers lead to the need for statistics which are inportant
in summarizing and interpreting data. To hel p you understand
statistics, it is inportant to talk about how psychol ogi sts
conduct research. Fromthat we can show you how statistics are
used.

What is an Experinent?

As we discuss in the Psychology: Its Nature and Nurture
chapter, do you know what an experinment is? |It's an attenpt to
establish a functional relationship between independent and
dependent variables. 1In short, it's an effort to find out what
stinmulus causes what response or what response is related to
what response. W suggested that to do that you coul d gat her
data using experinmental (laboratory) methods, naturalistic
(field-research) observations, or statistical nethods. You
could al so conduct interviews or surveys. A nunber of exanples
of such procedures for gathering data are given throughout this
book.

From where do ideas for experinents come? That's a problem
you may have al ready faced when your instructor asked you to "do
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an experinment studying behavior"! As you m ght suspect, nost
experinments don't occur "out of the blue.” Thomas Edi son once
said, "Genius is 5 percent inspiration and 95 percent
perspiration!™ He's not far fromright, but the ideas for
experinments cone froma nunber of sources. One is the "I wonder
what woul d happen if process. Have you ever been curious as to
why peopl e al nost always wal k in the right door when a buil ding
has two doors, even without signs telling themto do so?
Qbserving our environnent, noting sonething that usually
happens, and then trying to devel op an explanation for it is one
ready source of ideas.

Anot her source is the research that sonme other person has
done in the past. Many psychol ogi sts engage in what is called
“programmti c" research nmeani ng that each study may be but a
smal | part of an ongoing research program One psychol ogi st
publ i shed al nost 30 studies back in the 1950s and 1960s. They
were attenpts to explain why it is that distributed practice is
better than massed practice, as we discuss in the Learning
Chapt er!

A third source is to test hypotheses derived froma theory.
If a theory is correct, it ought to be possible to extend it and
make predictions about what shoul d happen in situations never
tested before. A fourth related source of ideas is sinply to
review the research literature. Checking recent publications --
journals, nagazi nes, books, texts or even e-nmail -- is a good
way to discover the latest findings on current topics.

Regardl ess of the source of the ideas, once the question is
posed, the difficulties of finding the right answer have only
begun. Research studies in psychol ogy can often be classified as
one of three designs. Between-groups studies involve conparing
the performance of separate groups of randomy sanpl ed
participants. Want to know the optinmum tenperature for
sl eeping? You can quickly narrow the range of tenperatures to
be studi ed by assessing the sleep behavior of separate groups of
randomy sel ected participants at 100 increnents from300 to
110 o.

Alternatively a within-group conparisons can be used if the
experimental mani pul ati on does not pernmanently alter the subject
in any way. |If we want to determ ne the nost effective diet for
wei ght | oss, we could try each of several strategies on the sane
group of people and nmake wi t hin-group conparisons to identify
the best. The reason? 1In this case we don't care what the
starting weight of our participants is, we are nainly interested
in which diet strategy causes the greatest weight-loss fromthe
starting weight.

A third design involves statistical anal yses which are
attenpting to establish the extent to which a participant's
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responses in one situation can be predicted fromhis or her
performance in another situation. Assessing your life-tine
driving skills with a 10-m nute driving test is an exanple of
such an assessnment. |In these studies the statistic of interest
is usually a correlation between the two sets of responses. Al
three types of studies nust be designed so as to reduce the

i kel i hood that unanticipated sources of error will adversely

i npact the results. Likewise, a strict code of ethics should
al so be followed in conducting any psychol ogi cal study.

Bet ween- G oups Conpari son

We stress throughout the book how inportant it is to have
control groups. Do you renmenber why? |n any experinent to
establish a functional relationship between an i ndependent and a
dependent variable, we nust isolate the effect of the
I ndependent variable. So we establish a situation in which
partici pants experience every inportant variable. That's our
control group. |In addition, then, we have a second group or
condition that includes all of the nornmal variables plus the
i ndependent variable in which we're interested. That's our
"experinental" group. |If differences occur between what our
experi mental group does and what our control group does, what
can we conclude? It nust be due to the effects of our
i ndependent variable. Inferential statistics help us decide
whet her such differences are inportant.

One inportant alternative nust be consi dered when we set up
our control. Should we use two separate groups -- one
experinmental, one control? O, should we use one group for both
experinmental and control conditions and | et each person
experience both conditions which | eads to conparisons within
participants? There are a nunber of guidelines to help us make
that decision. Regardless of the design choice we make, both
approaches face the necessity of keeping errors in data
collection to a m ni mum

Suppose we're interested in |earning how the lighting in
one of your classroons or lecture halls influences your ability
to learn material by reading. W mght set the lights at sone
| evel, give your class a piece of material to |earn, and then
test to see how nmuch you' ve | earned. But now we can't use your
cl ass agai n, because you've already |l earned the material! You
are no | onger experinentally naive. If we set the |ights at
anot her | evel and gave your class the sane material, you'd
instantly know it as well as the first time you' d learned it!

I nstead, a between-groups conparison -- using simlar, but
different students -- is needed.
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In the Social Behavior of Goups Chapter we tal k about

| eader shi p and about what nekes a person attractive to us. 1In
order for any group to operate effectively, it nust include
peopl e with good ideas -- new views, new ways to achi eve a

group's goals, and so forth. Oten the | eader is such a person,
yet it has been observed that frequently the nost intelligent
person in a group is neither the nost popul ar nor the | eader.

M ght | eadership be better if an intelligent person could be
made nore attractive, and thus better |iked?

Feature 2.1 describes a piece of research intended to
measure exactly this effect. It was suggested that smart people
m ght (sonetines) sinply seemless attractive. How could you
make such a person appear nore approachabl e? Wy not have him
or her nake a m stake -- sonething that could happen to any of
us? Read the Feature to see how this was done.

FEATURE 2.1

Falling on Face to Gain Face

Forty eight 19-year-old coll ege sophonore nmales were
recruited to listen to one of four tape recordings. One
recordi ng contained a taped interview consisting of 50 difficult
questions and the replies to themwi th 46 questi ons answered
correctly, indicating a very bright person; another recording
featured the sane person answering 15 of the sanme questions
correctly—quite average. A separate tape was created which
i ncl uded the noises of a cup of coffee being spilled. There was
much noi se and chatter, and the person being interviewed was

heard to say, "Oh, |I've spilled coffee all over ny new suit."
Each group included 12 nales listened to one of four tapes,
created by inserting the coffee-spilling incident near the end

of each of the two interviews to create four groups: G oup
heard the person being interviewed answer 15 of the questions
correctly; no coffee was spilled. Goup Il heard the sane tape;
coffee was spilled. Goup Ill listened to the tape of the

bri ght person being interviewed; no coffee was spilled; Goup IV
heard the bright-person interview and coffee was spill ed.

During the taped interview, the person being interviewed al so
made statenents about his high school activities. These
reinforced the inpression of his being quite average in high
school on the average-performnce tape or the aside comments
suggested he was of superior ability (if he' d answered 46 of 50
guesti ons).
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After listening to the interview, each participant was
individually interviewed by one of two interviewers, who did not
know whi ch tape the participant had heard. The participants
wer e questioned about their feelings concerning the ability and
attractiveness of the person interviewed on the tape. The
person who gave the superior performances (G oups Il and |V)
was rated significantly nore intelligent by his |isteners than
was the person giving the average performance rated by G oups |

and Il. But what is nore interesting, the person of superior
ability was rated to be nore attractive if he had nmade the
soci al blunder of spilling his coffee, while the person of

average ability was rated significantly | ess attractive by
virtue of spilling his coffee!

Thus, in this particular experinment the hypothesis was
confirmed. A person thought to be of high ability was seen as
nore attractive, and thus nore approachabl e, when his behavi or
made hi m nore human.

Have you read the Feature? Al right, now think about it
for a nonent. Wy couldn't we just let one group listen to the
smart person, rate him and then collect the ratings again after
the smart person had commtted the blunder of spilling the
cof fee? Because the group has been permanently altered by
listening to the first tape. They've already fornmed an
i npression and then commtted thensel ves to paper. They are no
| onger naive -neaning that they now "know' sonething about the
person. Thus they do not have the necessary qualifications any
nore to serve as the experinental group in our experinent. This
i nportant change is the nmain reason why the experinent described
in the Feature was conducted using four separate groups. |It's
call ed a between-groups design. Experinental and control group
ratings are being conpared here between groups.

Wthin Goups Conparison

There are situations in designing an experinent when a
bet ween- gr oups conparison wll not work. Have you ever said a
word or a phrase over and over again out |oud? Renmenber as a
child how the phrase "toy boat" becane very hard to pronounce if
you repeated it out loud as rapidly as possible? Soon you
couldn't pronounce it correctly. One thing that m ght have
happened to you when you said the word over and over again is
that the word began to | ose sone of its neaningful ness for you.
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When what is being neasured is the |oss in neaningful ness
of individual words, the sane neasures can be nade over and over
again within the sanme person -- because your repetition affects
t he neani ngful ness of only one word at a tine. You could rate
t he nmeani ngful ness of a series of words or phrases such as "toy
boat" or "putrid."” Then say "toy boat" nmany tines and rate it
again. You could then say "putrid” many tines and rate it
meani ngf ul ness, and so forth. The | oss of neani ngful ness is not
i nfluenced by the fact that the sanme person is saying and rating
many words. Here, then, a w thin-groups experinental procedure
iIs used wth the same participants saying and rating each of the
wor ds.

Throughout this book there are exanples of both types of
research, some wthin-groups and sone between-groups designs.
The effects of the experinent itself on the participant are what
force us to use one or the other procedure. The Think About It
suggests the inportance of control groups in enriching our
ability to interpret data from experinments. Regardless of the
procedure sel ected, an experinenter nust conduct his or her
research consistent with the guidelines for ethical research.

Think About It

The question: Wy is it not enough for an advertiser to say "Brushing with
Ri psnort yields 15 percent fewer cavities"?

The answer: Fewer than what? Because no control -group data has been
reported, it's possible that brushing with sonmething el se would yield 28
percent fewer cavities. To be expressed properly, any statistic should

i nclude enough information to allowit to be properly analyzed. Aren't you
better inforned if you're told, "Brushing with R psnort yields 16 percent
fewer cavities than no brushing at all," or "Brushing with Ripsnort with
Crandec yields 13 percent fewer cavities than brushing with R psnort al one"?

Sources of Error

We all make errors. Sonetimes they' re deliberate -- which
rai ses ethical concerns -- and sonetines they're totally
unintentional. There are three types of error that

psychol ogi sts nust al ways be on guard agai nst in running
experi nments.

Psychol ogi sts sonetines forget that humans are human.
Humans are smart; they're (alnost) always thinking; and they're
often trying to please each other. So when an experinent is
conducted, the people who serve as participants are going to be
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guessi ng about everything that happens to them That includes
the instructions, the room the task, and even the smle on the
researcher's face. They may devel op hypot heses (guesses) about
what's being studied that have absolutely nothing to do with the
real purpose of the study. Yet those guesses may cause the
participant to behave other than naturally. Such changes in
behavi or may influence the conclusions that the researcher is
trying to reach

Denmand characteristics are those aspects of an experi nent
that influence a participant's responses unintentionally. Every
time you get an injection of nmedication to cure an illness, the
drug itself is probably causing changes in your body. But what
else is involved? Calling for the appointnent, driving to the
doctor's office, waiting, being exam ned, rolling up your
sl eeve, and feeling the pin-prick of pain are also part of the
total "treatnment.” They're irrelevant to the effects of the
drug; they're demand characteristics. They nust be controlled
in an experinment, to be sure that they inpact both the
experinmental and the control group simlarly.

To control demand characteristics, researchers use a
single-blind technique. Here the experinenter knows what group
a participant is in, but the participant hinmself or herself does
not .

Experinenter bias is another problem W humans sm | e when
we're pleased. And it pleases researchers to have their
theories confirnmed in the |aboratory. So it would be natura
for a researcher to snmle when participants perform®"correctly”
and to frown when they don't. Since participants notice how the
experinmenter reacts, they may try to guide their responses in
order to receive that smle. 1In short, unless care is taken to
make sure every participant is treated exactly the sane in an
experinment, it's possible for experinenter biases to influence
the results of an experinent unintentionally.

Experinenters need to be alert and honest in the collection
and anal ysis of data. A scientist mght comrunicate his or her
bi ases to research assistants, so care nust be taken to prevent
this. For instance, in the Language and Conmuni cati on Chapter
you learn that as little as seven percent of an enotiona
nessage may be communi cated by the verbal portion of that
message. The other 93 percent nmay be conmuni cated nonverbally
by a tone of voice, a frown or smle, or even a delay in
respondi ng.

Such conmuni cation errors are al nost always uni ntentiona
in an experinental; one estimate is that about one percent of
data may be incorrect. Thus, one of the best controls is sinply
to make everyone aware of the errors. |In addition, in sone
experinments it's possible to use a double-blind technique. Here
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nei ther the experinenter nor the participant knows the
experinmental conditions to which a participant has been

assi gned. The experinment we describe in Feature 2.2 involves a
doubl e- bl i nd procedure. Each participant knew only about the
one tape to which he had |istened. Each interviewer did not
know whi ch tape the participant had heard. Since no one
participating in the interview knew enough about the experi nent
to bias the results, it was a doubl e-bli nd.

FEATURE 2. 2
(Ab)Using Statistics

Here are sone exanples of statistics being used to confuse,
not to conmunicate. Can you find the flaws?

First, "Wth proper treatnent, a cold can be cured in seven
days, but left toitself a cold will hang on for a week!" All
that's happened here is a change of terms, not a change of

nmessage!
Second, "80 percent of all fatal accidents occur within
five mles of hone."” But, then, how many trips have you ever

taken where the first and last five mles weren't within five
ml|es of home? Here's another view of the same situation: How
much of your driving is done within five mles of home?

Third, and this one is a bit tricky, "If | buy an article
every norning for $.99 and sell it for $1.00 every afternoon,
then I make only one percent on total daily sales.” However, we
shoul d point out that the sanme nmerchant is nmaki ng 365 percent
annual |y on the noney he or she has invested in the business (by
repeating the sane purchase-and-resell cycle each day)!

Fourth, read carefully: "For every VWsold in Italy, three
Fiats are sold in Germany!" Does that nean Fiat is three tines
as popular? Were? In Gernmany? In Italy? The inportant
m ssing fact here is the absol ute nunber of cars that Gernans
and Italians buy. If Germans buy nore than three tines as many
cars as ltalians, then the Fiat is actually a | ess popul ar car
in Germany than the Vol kswagen is in Italyl Wthout all the
data, we can't make a deci sion.

Finally, "The nore races Mario Andretti runs on Pennsyl
Motor G, the nore he wins!" Does that nean we shoul d buy
Pennsyl Motor GO 1? Another equally true statenent would be,
"The fewer races Andretti runs on any notor oil, the fewer he
wi ns!" Sonetines statisticians sinply seemto be assuring that
we have a firmgrasp of the obvi ous!
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Any tinme a psychol ogi st wants to neasure soneone's
behavi or, he or she nust do so without interfering with the
behavi or bei ng nmeasured. |In the Learning Chapter we note that
one of the nmeasures of the strength of a | earned response is how
long it takes to extinguish the response. The problem of
course, is obvious: By the tinme we know how well |earned the
response is, we've destroyed it! Naturalistic observation
of fers possibilities for watching and recordi ng natural behavior
wi thout influencing it at all

Psychol ogi sts nust always be on guard to assure that their
nmet hods don't influence the behavior being neasured, and to
assure this they' ve devel oped a nunber of protective strategies.
W' ve already reviewed two of them-- single- and doubl e-blind
techni ques of data collection. Deceptionis a third way; under
certain conditions participants may not be informed until after
the experinment about the true purposes of the experinent. A
fourth way invol ves assessing a participant's awareness. Asking
the participant a series of questions after the experinent in
order to | earn whether he or she has detected what was being
done does this. In this way adjustnents can be nmade if they are
needed. In addition, participants who knew (or guessed
correctly) what was being nmeasured can be conpared with those
who renai ned naive. This will reveal whether or not know edge
of being neasured influenced anyone's behavi or.

Et hics i n Research

What happens to a participant? There are sonme very strict
et hi cal guidelines that are endorsed by psychol ogi sts through
t he American Psychol ogi cal Association. Table 2.1 lists the
"rights" of anyone who is asked to participate in an experinent.
One of the nost inportant rights is that of inforned consent.
Few experinments woul d be destroyed by telling the participants
bef or ehand what is going to be done to them

But what if we're studying honesty -- for instance, as it
is denonstrated (or not!) by a participant's response to finding
noney on a sidewal k? Suppose we're interested in what you' d do
when (1) alone, (2) with a friend, or (3) as part of a large
crowd of people. Cearly, we couldn't tell you beforehand that
we were studying your honesty! If we'd told you, then of course
you' d try to return the noney. But what if you didn't know you
wer e bei ng wat ched?

So there are situations where the experinent could be
conducted before your permission to use the results would be
asked. This, however, is done very rarely! Al of us have a
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right to know the benefits and dangers that m ght
any experinment before decidi ng whether or

it.

result from
not to take part in

Table 2.1

The rights of research subjects

SUBJECT HAS A
RIGAT TO

VH CH MEANS:

G ve i nforned consent

No pressure to

subj ects

partici pate

An honorable "contract"”

bound

partici pate.
Freedom from physi ca

and nental stress
t he

Conpl ete debriefing and
fol |l ow up

Anonym ty and
confidentiality

(Adapted from APA, 1973)

The decision to participate should be
based on all relevant information that
can be rel eased before the experinent.

Psychol ogi sts nmust be sure their
are not forced to participate.

Bot h psychol ogi st and subject should
performas if norally and ethically

to a clearly stated series of nutua
obl i gati ons upon agreeing to

Any possi bl e psychol ogi cal or physica
harm shoul d be fully expl ai ned before

start of an experinment to assure the
subj ect understands any ri sks.

Once the experiment is conpleted, the
subj ect should be fully inforned of al
rel evant aspects. The psychol ogi st
assunmes a responsibility to correct any

possi bl e physical or nental damage
created by the experinent.
The subject's individual data will be

held in secret and never reported in a
formallow ng identification of a
speci fic subject's performance w t hout
prior perm ssion fromthe subject.
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In addition, sone experinents -- several are discussed in
the Psychology: Its Nature and Nurture Chapter involve ani mals.
Again, there are very strict ethical rules describing the care
with which research aninmals nust be treated. These rules
provi de specific guidance as to what can and cannot be done.

How are these human and ani mal -care deci si ons reached?
Thi s question nust be asked: Are the benefits to society as a
whol e greater than any potential (or actual) harmthat m ght be
done? That is, do the benefits of the know edge gai ned outwei gh
the costs of gaining the know edge sought? If the answer is
yes, then the research should be done. However, reaching that
decision is not always easy. And the responsibility for making
it is an inportant factor in designing any experinent.

The I nportance of Statistics

The "What's the Answer?" section shows you two ways in
whi ch statistics are used in our everyday world. W're
surrounded by statistics. There seens to be no way to avoid
them W're tenpted to say that past studies have shown average
North Anmericans to be 21 percent confident of their know edge of
statistics, 38 percent worried about it, 16 percent uncertain,
and 25 percent eager to forget the whole thing! Do statistics
scare you? They shouldn't. The fear of statistics that nmany
peopl e have is based on a | ack of understanding. Statistics
thensel ves are not difficult to understand. The only thing you
ought to be worried about is how people use statistics to try to
convi nce you of sonething, because statisticians can "lie."

There are basic principles by which psychol ogi sts design
experinments, specify their independent and dependent vari abl es,
and cal cul ate statistics. The processes by which they create
their control and experinental groups and how they collect their
data, or results usually |lead to nunbers. Nunbers lead to
confusion. Confusion |eads to m stakes. To prevent m stakes
we' ve got to reduce confusion. To reduce confusion we've got to
reduce the nunber of nunbers. To reduce the nunber of nunbers
we've got to have a system That systemis statistics!
Soneti nmes they can be m sused, but npbst often that happens only
because they are m sunderstood. Statistics should be considered
an aid to, not a substitute for, commopn sense. Read Feature
17.2 for sonme exanples of where commopbn sense shoul d suggest the
next question that needs to be asked. A statistic is a nunerica
fact or datum Statistics has to do with the collection
arrangenent, and use of those nunerical facts or data.

In doing an experinment we are usually trying to reach
concl usi ons about a nuch | arger group of people than the ones we
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are actually studying. 1In the Psychology: Its Nature and
Nurture Chapter we try to decide whether it was true that

bl ondes have nore fun. Gbviously we can't study all bl ondes.
Instead we draw a sanple. Doing so inmediately involves us in
sone very basic descriptive statistics.

The popul ation in psychol ogi cal research is any group of
peopl e, animals, concepts, or events all of which are alike in
(at least) one respect. In our study described in the
Psychol ogy: Its Nature and Nurture Chapter the population is al
bl ondes. But we mght study all autonobile accidents, or al
sal espeopl e, or all males weighing |less than 130 pounds. Al of
t hese are popul ations. W al nost never know sonething for sure
about a popul ati on, because we can never study all nenbers of a
popul ation -- it's usually too |arge a group.

Because of this problemwe study a sanple, which is any
subgroup drawn by a nonbi ased nethod froma popul ation. A
sanple is always smaller than the population fromwhich it is
drawn -- else we'd have no need for our sanple. GCbviously, the
nmet hod by which we draw our sanple fromthe population is very
I nportant. The usual nethod is to draw a random sanple. That's
a sanple for which every nenber of a popul ati on has an equa
chance of being chosen.

An estimate is any characteristic of a sanple. In
sel ecting your sanple of blondes you m ght be interested in the
age of your sanple. That average age woul d be an estinmate.
Clearly, the "fun" reported by nenbers of our sanple would be
anot her estimate.

A paraneter is any characteristic of a population. Wat is
the average age of all blondes in North Anerica? W have no way
of knowi ng for sure, but we can estimate it by cal cul ati ng that
age for our sanple of blondes. Thus, a sanple average is an
estimate of the correspondi ng popul ati on paraneter. W hope our
sanpl e has been drawn at random-- that is, w thout bias--from
the population. |If it has, then our estinmates should al so be
true for the paraneters of the popul ation fromwhich that sanple
was drawn. Using sanple statistics to draw concl usi ons about
popul ati ons frequently involves the use of inferentia
statistics, though this process nay al so be aided through the
use of correlations.

Descriptive Statistics

To summari ze and anal yze any data, three types of
statistics can be used. The sinplest are the descriptive
statistics. Inferential statistics are used for making
deci sions, and they can be nuch nore conpl ex than descriptive
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statistics. Correlational statistics are descriptive, but they
can al so be used to make certain kinds of decisions. The
primary use for descriptive statistics is to collapse |arge

anmounts of data into a few nunbers. These nunbers will convey
an i npression about -- a description of -- the whole group of
nunbers.

For exanple, if you scored 45 on a test in your psychol ogy
cl ass, would you be happy? |If you' ve been paying attention so
far, then you should have nunbled to yourself that we haven't
told you enough yet. A frequency distribution wll list all the
possi bl e scores (the distribution), and show how many peopl e
gai ned each possi ble score (the frequency of that score).

Devel oping a frequency distribution for a set of data is the
sinpl est statistical analysis we can perform

One of the nost common fornms of such distributions is
called a normal distribution, as seen in the Figure. However,
in addition to how you placed in the distribution, you d al so
want to know sone other information. The first piece of
i nformati on nost people would want to know is the "average"
score -- also called the central tendency -- for the class.
That's not an easy question to answer -- there are severa
"averages." The average nay be a point around which scores are
grouped, or the nost typical score, or sonetines the nost
frequent one. Different distributions yield different averages.

The node is the sinplest neasure of central tendency. |It's
the score that occurs nost often. To calculate it, develop a
frequency distribution, and then report the nbost comon score.
When woul d you use it? Wen the data are grouped nainly at one
end of the distribution of scores. For exanple, giving the node
woul d be the nost revealing way to show the salary structure of
a conmpany. This would show the salary that nost people earn

The nmedian is a slightly nore conpl ex neasure of central
tendency. It is the score that is the m dpoint of the
di stribution; half the scores are above it and half below. How
do you find the nedian? First, count all the scores and divide
in half to identify the mddle score (or scores). Second, you
woul d rank-order your data in ascendi ng or descendi ng order.
Then start at the top or bottom and count hal fway. Wth an odd
nunber of scores, the mddle value is your nedian; with an even
nunber, the nedian is hal fway between the two m ddl e scores.

The nean is the "average" you're probably nost used to
reporting. To find the nean you just add up all the scores and
di vide by the nunber of scores. The fornula for this
calculation is (SX)/N. The capital Geek letter S, or sigm
Is a statistical operator. It tells the person manipul ating
data to Sumor add all of the X values. S(X+M would indicate
to add up all of the quantities (X+tM. The nean is the nost
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sensitive neasure of "average," because every score affects the
nmean.

When shoul d we use the nean, the nedian, or the node? The
Thi nk About It suggests one basis for deciding which to report.

Think About It

The question: W reported to you a conversation in which two nmenbers of the
Canadi an Parlianent were said to be arguing about the average annual income
for households in Ontario Province. The Liberal MP reported the average was
| ess than $55,000 (CD); the Conservative MP indicated it was al nost $63, 000
(CD). Who was right, and why?

The answer: Both were. Renenber, the Liberal Party was not in power at the
time. Thus a Liberal MP would wish to select "averages" that would not nake
Canadi ans seemwel|l off. The Conservative Party was in power, so its MPs
woul d sel ect figures suggesting great progress by Canadian citizens. Since
they were both working with the sane set of data, the Liberal MP reported
medi an i ncone, while the Conservative MP reported nean incone.

Any distribution of a nation's annual income by household is not
normal ly distributed. Mst citizens nake adequate sal aries, but a few nake
very high salaries—neaning the mean is nost inflated. Thus, the nmedian wll
be somewhat |ower, but the nmean will be higher because of the few extrenely
positive earnings figures. Wthout identifying their "averages" each was
correct—but only partly so

If your distribution is normal, then the node, nedian, and nean
are identical -- right at the md-point of your data. As the
scores shift so that nore and nore scores fall at one end or the
other, the nmean is nost affected. Under conditions of severe
skew, the node is least affected while the nedian typically
falls between the node and nean, usually closer to the node

Inferential Statistics

You' ve just gotten a new car during Christmas vacati on.
Just as you drive up in front of your best friend s house to
show it off, your friend backs out of the driveway in her
famly's brand new car. The two of you are planning to go
sonmewher e toget her, but whose car are you going to use?
Nat ural ly, an argunent follows. The two of you finally decide
to flip acoin. |It's an arbitrary but fair decision, since it
| eaves the "decision” up to the laws of chance. Your friend
| oses, so she suggests, "Two out of three?" She wins the next
flip, but you win the third one. As she asks, "Three out of
five?" we hope the inpossibility of it is beginning to occur to
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you. How many tines will you get a "head" if you flip a coin
100 times? On average, fifty -- we hope. So we always resolve
argunments by a previously negotiated odd nunber of random
events.

What if you flipped coins with her 100 tines and you won
60? Wuld you worry about the coin? Wat if you won 70 tines -
- al ways guessing "heads"? How about 80? Wen would you start
to worry that your coin was biased, or that sonething other than
chance was causing the results? 1In resolving that question you

wi Il make an inferential decision using an elenentary form of
statistics. |If extrene things happen too often, then we assune
it was not chance that was operating. Sonething -- probably

your independent variable in an experinment--was causing the data
to behave other than randomy. And your coin? Table 2.2 shows
how likely it is that you would flip 10 coins and by chance end
up with various ratios of heads to tails.

Table 2.2
The Laws of Chance in Tossing 100 Coins

If you tossed 1 coin in the air 100 times, then you would find
at | east:

heads and tails about tines

1
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Descriptive statistics are used to describe data or
col | apse nunerous data to a represent few. Correlations are
used to describe the degree of relationship existing between two
sets of data, though they can be used to aid decision-making in
desi gni ng an experinent. However, inferential statistics are
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specifically designed and used to help scientists nake
decisions. Could the differences that occur between an
experinmental group's perfornmance and that of the properly

mat ched control group occur by chance? The |less the |ikelihood
that a chance difference could have occurred, the nore the

|'i kel i hood that your independent variable is having an effect on
your dependent variable. A significant difference is sinply a
statenment that the difference between two (or nore) groups'
performances is too great to be due only to chance factors --
that is, your independent variable had a (statistically)
significant effect.

When neasured, many human skills, abilities, and features
turn out to be normally distributed. Plotted as seen in the
Figure, few people have a narked deficit of an individual skill
-- such as high junmping -- but equally few have marked skills in
the sport. The vast mpjority of us fall somewhere near the
m ddl e. The normal distribution occurs so often in
psychol ogi cal data that statisticians have studied the
distribution itself. Doing so, a nunber of nmjor consistencies
I n such distributions have been identified.

As seen in the figure, slightly I ess than 100% of the data
in a normal distribution falls within three standard devi ati ons
(SD) of the nmean. W can use this fact to isolate the effects
of an i ndependent variable. W've invented a new toothpaste
ingredient; we want to neasure its effectiveness as a deterrent
to decay. W set up two groups. Qur experinental group of 100
chil dren brushes using Ripsnort with Crandec for three years.

Qur control group of 100 children selected by the sanme nethod as
our experinmental group brushes for three years with Ri psnort

(wi thout Crandec). At the conclusion of the experinental trials
we count all the cavities in every child s nouth. For each
group we cal cul ate the nean nunber of cavities and the standard
devi ation of that data. W conduct that entire experinent in
order to obtain one nunber: The nean difference in the average
nunber of cavities in our experinental and control groups. The
final question is whether the obtained difference is significant
-- does the Crandec actively retard cavity devel opnment nore than
just brushing with Ripsnort.

So far, everything we've calculated is a descriptive
statistic, but these are used to nmake inferences (reach

concl usi ons) about our findings. Inmagine that we conducted this
same 200-child experinent a mllion tinmes. Each experinment
yi el ds one nean difference between our two groups' cavities -- a
single nunber. If we plot that nunber on a distribution of

di fferences between the neans, we woul d achi eve data sonet hi ng
like that pictured in the Figure. |If adding Crandec has had no
ef fect on cavity-reduction, on what nunber woul d our
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di stribution of the differences between the neans center? Zero.
In the long run across all of our experinents, we would be as
likely to have greater cavities in one group as the other, so
our distribution of differences would center on zero.

If we find a difference between the average cavities in
each group, we can use inferential statistics to estinmate the
i kelihood that the difference we found is due purely to chance
factors. W can use the variability of our data in the two
groups to estimate the |ikelihood that we have achi eved a
significant difference between our two groups. Let's take an
extrene exanple. Suppose we found that every single child in
our control group had 4.0 cavities, while every child in our
experinmental group had 3 cavities, as seen in the upper part of
the Figure. At this point if |I tell you ny own child had four
cavities, you know that if he was in the study, he was in the
Control group -- he brushed w thout Crandec. The |ack of
variability in our two groups' data gives us great confidence in
our findings.

By contrast, suppose we found 4 cavities in each Control
G oup child, but the range was fromO to 20 cavities in that
group, and the Experinmental G oup averaged 3 cavities, but also
had a range fromO to 20 anpong its participants as seen in the
| oner part of the Figure. Now if | said nmy child had 4 cavities
could you confidently predict the condition in which he
partici pated? No. There are two factors which affect our
confidence in an experinental finding: the variability of the
data within each group and the size of any difference obtained
bet ween groups -- that is, the size of the difference in the
nmeans.

Inferential statistics are usually a ratio in which the
bet ween-groups differences in the neans is the nunerator, and
the within-groups variability beconmes the denom nator. W could
(theoretically) create a distribution of that ratio just as we
could with our difference between the neans. Such distributions
(which can be calcul ated theoretically -- a process about which
you do not need to worry -- are often normally distributed.
Thus, if we find a |arge difference between the neans
(Experinmental mnus Control) and/or very low variability in the
data within our groups, our confidence that we have identified
an i nportant independent variable increases. Wen a researcher
says he or she has obtained a significant difference (between
the neans) they are sinply saying that the likelihood is very
low that a difference as big as they obtai ned woul d have
occurred sinply by change. Most |ikely, the obtained effects
can be attributed to their independent variable. At that point
the researcher is ready to start witing up his or her report.
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Correl ati on

A correlation is a very useful statistic -- especially in
the early stages of research. It indicates the anmount of
variation in one variable (such as your weight) that can be
predi cted from know edge about another variable (such as your
height). A correlation is always reported as a nunber that can
vary from-1.00 to +1.00. The size of the nunber tells you how
strong a correlation exists between two sets of data. A
correlation of O nmeans that there is no relation. And renenber
the | aws of chance. Just by chance there m ght appear to be a
slight correlation between two sets of data even when no actua
rel ationship exists. Thus, a correlation smaller than + or -.40
is seldomof interest to a psychologist. A correlation of + or
-1.00 nmeans there is a perfect correlation -- every change in
one variable can be predicted exactly by a change in the other
variable. Qoviously, we don't find correlations that big very
often -- and when we do, we usually call themlaws, not
correl ations!

A correlation also tells us sonething about the nature of
the relationship -- whether positive, negative, or zero (neaning
nonsignificant). A positive correlation usually exists between
your salary and the anount of inconme tax you have to pay. As
your salary goes up, your taxes also tend to go up. Positive
correlations can range from+ .01 to +1.00.

A zero, or nonsignificant correlation neans sinply that it
is of no help to you to know anyt hing about one variable if you
nmust predict the other. An exanple of a zero correlation would
be an attenpt to use the speed of a truck to try to predict the
hei ght of its load. They sinply are not significantly rel ated.

A negative correlation neans that as one variable
i ncreases, the other is actually decreasing. A fall in one is
associated with a rise in the other.

By now you' ve probably been able to guess for yourself:
Correl ation research is usually passive. This neans that the
researcher sinply watches and records hei ght, speed through a
stop sign, or whatever. Such data sinply report the extent to
which two sets of data are related to each other. Doing
experinments, on the other hand, involves actively changing the
i ndependent variable to note changes in the dependent vari abl e.
Experinents can establish cause-and-effect rel ationshi ps,
especially with the aid of inferential statistics.

Correl ational studies sinply denonstrate or describe degrees of
rel ati onshi p although they can ai d deci si on- naki ng.
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USI NG PSYCHOLOGY: Witing a Research Report

Once you' ve finished your research you' ve got this huge
stack of data. Wiat next? 1In the Psychology: Its Nature and
Nurture Chapter we say that one part of the total activities of
a scientist is comunication. In sone ways, it's the nost vital
activity of all. No research can have an inpact until it's been
publ i shed or word of it has spread around.

The key to good research is keeping accurate, detail ed,
readabl e records. Wthout them a researcher is lost. The body
of a report describing conpleted research contains an
i ntroduction, and a nethods-, results-, and di scussion-sections.
However, there are several possible ancillary sections which are
just as crucial to accurate conmunication as those primary
conmponents. For instance, a single issue of a research journa
may have fromthree to fifty or nore research reports init! No
scientist is interested in all of them The Title and Abstract
of a report attract attention and provide cursory details of the
report.

There is general agreenment on the formin which reports
should be witten. Moreover, a lot of help is available to
anyone wishing to wite a research report. The proper formfor
witing a report is detailed in the Publication Manual of the
Aneri can Psychol ogi cal Association. This is the sourcebook for
the details of APA-style reports. The APA style is markedly
different fromthat of the Mddern Language Association's MA
style -- especially a different style of referencing the work of
ot hers, and the APA style places nmuch | ess enphasis on footnotes
and ancillary materials. Al psychol ogy papers -- as well as
many papers in the physical sciences -- are witten APA style.

USI NG PSYCHOLOGY: Main Sections of a Witten Report

Paul Chu, a research physicist at the University of
Houst on, published his first major paper announcing his work on
superconductivity -- involving efficient conduction of
electricity -- in the Physical Review Letters in 1987. The
report unleashed a furious array of scientific research in
physics labs all around the world. This was possibl e because
Chu reported all of the pertinent details of his research. Such
reports are crucial to fostering scientific research. 1In
addition to stinmulating additional research, such reports al so
make science self-correcting. Attenpts to replicate what turn
out to be erroneous reports typically lead to published
corrections of such errors.
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A standard report includes four mpjor sections: An

i ntroduction, a nethods section, results, and discussion. In
the Introduction you state why you conducted the research on
which you're reporting. 1In this section, you sunmarize (1) what

has al ready been found out about what is being studied, (2) any
conflicts in previous research (which nay be noted or comrented
upon), (3) hypot heses (guesses) about what may be occurring, and
(4) the specific factors to be studied and how they will be
i nvestigated. The goal here is sinply to tell the reader what
you' re studying and why.

In the Method section you nay have as many as three or four
separate sections. (1) Participants will describe the
popul ati on you were studying and the sanple you drew fromthat

popul ation. (2) Design will describe how nany groups were
involved. You will identify the independent and dependent

vari ables, as well as the relationship of the control group to
the experinmental group(s). (3) Apparatus will include a

description of any unusual equi pnent used for the experinent.
Everyone knows what a slide projector is, so namng it is
enough. However, if you're using a "nodified one-way platform

avoi dance chanber," you'll want to describe it in nore detail.
Finally, (4), procedure will explain what the participants were
asked to do, and often will include the various activities of

the experinmenter. The instructions you gave to your
partici pants may be included; if not, the reader should at | east
know what each partici pant was tol d.

One effective way to check on how good your nethod section
is, istogive it toa friend. Let himor her read it, and then
ask your friend to explain it to you -- with no hints from you!
If he or she can't accurately describe your experinent, then you
shoul d add to or change the information you' ve included (or find
a smarter friend)!

The third is the Results section in which you report what
you actually found. Don't interpret it in this section, just
report your findings. Here you would include tables of nunbers
such as averages and neasures of variation. |In addition, any
graphs of the participants' behavior would also be included. 1In
this section you nmight also add any ot her descriptive,
inferential, or correlational statistics you have cal cul at ed.

Al so report the values showi ng the probability your differences
(bet ween experinmental and control groups) could have occurred
just by chance. You do not usually show the cal cul ati ons

t hensel ves, just the results.

The last major section is your Discussion. Bad experinents
are not usually reported -- nore often they're just called
"pilot studies!™ That's an indirect way of saying the
di scussi on section should not sinply be a |ist of apol ogies.

PSYCHOLOGY: Exploring Behavior



Methods and Numbers - Chapter 2 59

Here you anal yze what you've found in your experinment. You talk
about how your results confirmthe hypotheses you devel oped in
the introduction, or howthey fail to do so. Aside fromthese
maj or sections of a standard report, it is also inportant to

i ncl ude any necessary ancillary sections of support nmaterials
such as a required Abstract and References--necessary if you
cite the work of others.

USI NG PSYCHOLOGY: Ancillaries of a Research Report

Because of the hundreds of research articles published on
many w dely studied topics, a psychologist is hard-pressed to
read everything in his or her field. 1In addition to the main
el ements of a report -- including a Methods and a Results
section -- there are several ancillary sections that serve a
vital purpose. The title is crucial for attracting a reader's
attention. The abstract of a report is the first conponent
where you lay out the skeleton of your research -- your
hypot hesi s, the design (nmethod) of your experinment, the very
basi cs of what you found (or, alas, failed to find), and what
you conclude. Each fact is given in no nore than one sentence.
The goal is not to relay all the information, but to nention the
essential parts.

After the mpjor sections of properly witten research
reports there is a section that is totally boring to read --
nost people don't -- but crucial to putting the report is its
proper context: References. Harry Harlow -- a very prom nent
research psychol ogi st -- once commented that "plagiarismis
stealing fromone person without credit; scholarship is stealing
frommany without credit"! There's a nugget of truth to the
statenent, one not easily |earned by young scientists. Very few
original pieces of research are done. There's only been one
Freud in the world of psychoanalysis. Ohers have built on his
work. It's the same in nost fields of research

Al ways include in your references the work of others from
whi ch your research is being drawn. It is not uncomon even for
short research reports to contain as many as 100 references.
You' Il notice that hundreds of references are cited at the end
of this book. Research studies build on the work of others and
may stinmulate future work. Thus, references are the nortar
hol ding the brickwork of science together. Particularly the
i ntroduction and di scussion of your work should typically cite a
nunber of other studies. This identifies the intellectual arena
and foundation of your work and all ows those who read your work
to reach the papers on which your work is based.
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A third conponent anong the support materials are the
figures and graphs which acconpany your work. These shoul d

summari ze the report's findings -- not sinply present themin
anot her form Cccasionally, reports may al so include a fourth
support conponent: footnotes or appendices -- which may det ai

a uni que questionnaire used in the study, or a description of
sonme procedure within the experinental protocol.

Revi ew

EXPERI MENTS, CONTRCLS, AND ETHI CS

1. Fromwhere do scientists get their ideas for experinents?

2. Wiy are control groups necessary in experinments?

3. Conpare and contrast "between-group" experinents and
"W t hi n-group” experinents.

4. \What are "demand characteristics,” and how do we keep
themfrominfluencing the results of experinents?

5. What is "experinmenter bias," and how can it be prevented?

6. What kinds of errors can be caused by the processes of
nmeasuri ng behavi or ?

7. What ethical restrictions limt experinentation?

THE | MPORTANCE OF STATI STI CS

1. Define and give an exanple of each of the follow ng:
popul ati on, sanple, estinate, paraneter.

2. Nane and distinguish anong the three nost common types of
statistics.

3. Wiat is a frequency distribution?

4. How are the node, the nedian, and the nmean of a set of
data simlar and how are they different? Wen will their
numeri cal val ue be cl osest to equal ?

5. How do inferential statistics differ fromdescriptive
statistics?

6. Nanme and describe two types of information given by a
correl ation

7. Wat does it nean when two variables in an experinent are
found to be highly correl ated?

ACTI VI TI ES

1. Career Search. Wite to the Publications Ofice,
Ameri can Psychol ogi cal Association, 1200 Seventeenth Street,
N. W, Washington, D.C. 20036, for a copy of their ethica
standards that apply to research conducted with aninmals. Before
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the publication arrives, imgine that your class is a group of
research psychol ogi sts. From what you' ve |earned in this book,
devel op your own set of standards. Wen the APA standards
arrive, conpare themwth yours.

2. To watch the |laws of chance and the principles of
sanpling in operation, find a supply of marbl es-red ones, white
ones, and blue ones. Place sixty marbles of one color, thirty
of another, and ten of the third into a box. Allow a nunber of
your friends to draw one marble at a tine w thout | ooking into
the box. After you have recorded which color marble each one
drew, have themreplace the marble in the box. Shake the box
and allow themto draw again. Do this ten tines and then ask
each of your friends to guess how many marbl es of what col or
there are in the box. Keep track of all the data you collect,
and after ten or nore friends have drawn their marbles (and
repl aced them, see what your totals are for each col or of al
the sets of ten marbles. How accurate woul d your own guess be,
based on the repeated sets of ten that were drawn? Ildentify the
popul ation, the sanple, the estimte, and the paraneter in this
experinment. And ... don't |ose your nmarbl es!

3. Run an experinment to develop a frequency distribution.
Does the main entrance to your school have at |east four doors?
If so, get sone friends to help and then observe for fifteen
m nutes one norning. Record how nany people enter each door and
(on a separate distribution) how nmany | eave. O you could ask
as many people as possible to choose their favorite nunber
bet ween zero and nine, inclusive. 1s there a favorite?

4. If you ran the experinment in Activity 3 in the norning,
as suggested, try repeating it for the sane length of tine in
the afternoon. Conpare the two frequency distributions. |Is
there a difference in the nunber of people entering as opposed
to leaving? Now, |ook only at those who enter in the norning,
and those who leave in the afternoon: |Is there any difference in
the frequency with which they choose to use each door? Wat can
you conclude fromthis?

| NTERESTED | N MORE?

AGNEW N. M & PYKE, S. (1976). The Science Game:
An Introduction to Research in the Behavioral Sciences, 2nd ed.
Prentice-Hall. Discusses howto design, conduct, and wite a
research report on an experinment in psychol ogy.
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BRADLEY, J. |. & McCLELLAND, J. N. (1978). Basic
Statistical Concepts: A Self-Instructional Text, 2nd ed. Scott,
Foresman. A programmed-| earning text introducing descriptive,
inferential, and correlational statistics.

CAVPBELL, S. K (1974). Flaws and Fallacies in Statistical
Thinking. Prentice-Hall. A painless and funny | ook at how
statistics can be used to msrepresent the data they are
summari zing. I ncludes exanples fromresearch and adverti sing.

DOHERTY, M E. & SREMBERG, X. M (1978). Asking Questions
About Behavior: An Introduction to What Psychologists Do, 2nd
ed. Scott, Foresman. Shows how to devel op a question and
design a sinple experinent to answer it. Enphasizes the study
of stress.
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