Introduction to
Simple Experiments

A CAUSAL CLAIM IS the boldest kind of claim a scientist can make.
A causal claim replaces verb phrases such as related to, is associated
with, or linked to with powerful verbs such as makes, influences,

or affects. Causal claims are special: When researchers make a
causal claim, they are also stating something about interventions
and treatments. The advice to not take notes with a laptop is based
on a causal inference: Taking notes on a laptop causes something
negative. Similarly, if babies are influenced by watching adults,
those adults should think carefully about what behaviors they
model. Interventions are often the ultimate goal of psychological
studies, and they must be based on sound experimental research.
Experiments are the only way to investigate such causal issues.

TWO EXAMPLES OF SIMPLE
EXPERIMENTS

Let’s begin with two examples of experiments that supported valid
causal claims. As you read about the two studies, consider how each
one differs from the bivariate correlational studies in Chapter 8.

What makes each of these studies an experiment? How does the
port a causal claim

experimental design allow the researchers to sup
rather than an association claim?

J

LEARNING
OBJECTIVES

A year from now, you should
still be able to:

1.

Apply the three criteria for
establishing causation to
experiments and explain why
experiments can support
causal claims.

2.

Identify an experiment's
independent, dependent,
and control variables.

3.

Classify experiments as
independent-groups and within-
groups designs and explain why
researchers might conduct each
type of study.

q.

Evaluate three potential

threats to internal validity in an
experiment—design confounds,
selection effects, and order
effects—and explain how
experimenters usually avoid them.

5.
Interrogate an experimental
design using the four validities.
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Example 1: Taking Notes

Do you bring a pen to class for taking note's on what y(()jur fsrofszst?:)li;iying? Orgq
you open your laptop and type? If you're like most studen y » e the “O'tﬂakin
habit you think works for you. But should you trust your own experience? Mayhe
one way of taking notes is actually better than the ot.her (Figure 10-1):

Researchers Pam Mueller and Daniel Oppen'henmer (2014) decided to con. |
duct an experiment that compared the two practices. When they COH'SldL?red the
processes involved, both approaches seemed to ha\fe advantages- Typingis faster
than longhand, they reasoned, so students can easﬂy.transcrlbe the exact worgg
and phrases a professor is saying, resulting in seemingly more complete notes,
However, students might not think about the material when they’re typing, When
taking handwritten notes, in contrast, students can summarize, paraphrase, or
make drawings to connect ideas—even if they record fewer words than they woy)q |
on a computer. Longhand notes could result in deeper processing of the materi|
and more effective comprehension. Which way would be better?

Sixty-seven college students were recruited to come to a laboratory classroom,
usually in pairs. The classroom was prepared in advance: Half the time it con-
tained laptops; the other half, notebooks and pens. Having selected five TED
talks on interesting topics, the researchers showed one of the lectures on a video
screen. They told the students to take notes on the lectures using their assigned
method (Mueller & Oppenheimer, 2014). After the lecture, students spent 30 min-
utes doing another activity meant to distract them from thinking about the lecture.

FIGURE 10.1

Take note.

Which form of notetaking
would lead to better
learning?
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Then they were tested on what they had learned

from the TED talk. The essay questions asked 04
about straightforward factual information (e.g. 03
«ppproximately how many years ago did the Indus' =
civilization exist?”) as well as conceptual infor- BEofe o S I I
mation (e.g., “How do Japan and Sweden differ in ::s,z,ons 0
their approaches to equality in their societies?”), (standardized) -0.1 J j
Their answers were scored by a research assistant -02
who did not know which form of notetaking each .03
participant had used. o
The results Mueller and Oppenheimer obtained Factual Conceptual
are shown in Figure 10.2. Students in both the lap- FIGURE 10.2

top and the longhand groups scored about equally The effect of laptop and longhand notetaking

on the factual questions, but the longhand group Iont:esttp:rformance.

scored higher on the conceptual questions. Bk a1 EA05s O FTEhand proups, BUE performancs
Mueller and Oppenheimer didn’t stop at just on conceptual questions was better for those who took

one study. They wanted to demonstrate that the handwritten notes. The error bars represent standard

original result could happen again. Their journal Z’;Zﬁ;ﬁ?niz rmzeg;: ;Source: FEIERS G MRINE 1%

article reports two other studies, each of which ; ;

compared longhand to laptop notetaking, and each

of which showed the same effect: The longhand group performed better on con-

ceptual test questions. (The two other studies, unlike the first, showed that long-

hand notetakers did better on factual questions, too.) The authors made a causal

claim: Taking notes in longhand causes students to better understand what they

hear. Do you think their study supports the causal claim?

Example 2: Motivating Babies

In an article with this headline—“Infants can learn the value of perseverance by
watching adults”—journalist Ed Yong (2017) summarized a series of studies on
how watching adult models can motivate babies to persist at difficult tasks. What
were the studies behind this science writer’s story?

The studies took place at a play lab at the Boston Children’s Museum. The
researchers (Leonard et al., 2017) recruited more than 100 babies, aged 13 to 18
months, to participate. Parents sat next to their babies duri{]g the stu<-iy but w?ere
asked not to help. Behind the scenes, the researchers had flipped a coin to a.ss.lgn
half of the babies to an “effort” condition and half to a “no-effort” condition.
In the effort condition, the babies watched a model try to_get a t,oy frog out of
a plastic box. The model kept repeating, “How do I get fhls :’Ut? ' .Afterlfr)’}ing
several ways, she finally opened the box’s secret doox:. saying, “I got it Ou;.- Tf ;{1
the model tried to unhook a toy from a carabiner, saying, “How do I get this ot

After several tries, she finally released the toy an

d said, “Yay!”
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FIGURE 10.3 Effort No effor
Measuring persistence. FIGURE 10.4
A baby tries to get the toy to play music in the The results of Leonard et al.’s study on persistence in
persistence study. The researchers measured how babies.

many times the baby pressed the large, inert button

on the toy.
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In the no-effort condition, the model wc?rked with the samtf? toys for the Same
amount of time. But in this condition, she simply took th.e toyhrog 0.ut of the box
three times in a row and easily took the toy off the carabiner L ;)ee times,

After modeling effort or no effort, the model handedlthe a l);.a cube-shapeg
toy that played music (see Figure 10.3). The toy had a arge w ite button thy
looked like it should start the music, but it was actually inert. The researchers
recorded how long the babies spent playing with the toy. How many times woy]g
the babies try the inert button?

The results of the study are depicted in Figure 10.4. The researchers foypq
that babies in the effort condition pressed the inert button about 11 times more
than babies in the no-effort condition. The researchers wrote, “Seeing just twg
examples of an adult working hard to achieve her goals can lead infants to work
harder at a novel task relative to infants who see an adult succeed effortlessly”

(Leonard et al., 2017, p. 357). What do you think: Do the results of this study
support the researcher’s causal claim?

EXPERIMENTAL VARIABLES

The word experiment is common in everyday use. Colloquially, “to experiment”
means to try something out. A cook might say they experimented with a recipe
by replacing the eggs with applesauce. A friend might say they experimented

The error bars re
Present standard Source
Adapted from | error of each mean. (

€onard et al,, 2017)
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witha different driving'r(.)ute to the beach. In psycholog
(erm experiment specifically means that the researc
one variable and measured another (as you learned
«an take place in a laboratory, a school, or just about
manipulate one variable and measure another.

A manipulated variable is a variable that is controlled, such as when the
researchers assign participants to a particular leve] (value) of the variable. For
cxample, Mueller and Oppenheimer (2014) manipulated notetaking by ﬂipping a ;
«oin to determine whether a person would take notes with a laptop or in longhand |
(Inother words, the participants did not get to choose which form they would use.). ‘v
Notetaking method was a variable because it had more than one level (laptop and
longhand), and it was a manipulated variable because the experimenter assigned
each participant to a particular level. The Leonard team (2017) similarly manip-
ulated which model the babies watched by flipping a coin ahead of time to decide
which session participants were in. (Parents did not choose which type of model
their babies would see.)

Measured variables take the form of records of behavior or attitudes, such as
self-reports, behavioral observations, or physiological measures (see Chapter 5).
After an experimental situation is set up, the researchers simply record what
happens. In their first study, Mueller and Oppenheimer measured student
performance on the essay questions. After manipulating the notetaking method,
they watched and recorded—that is, they measured—how well people answered
the factual and conceptual questions. The Leonard team manipulated the adult
model's effort behavior and then measured how many times each baby pressed
the inert button.

ical science, however, the
hers manipulated at least
n Chapter 3). Experiments |
anywhere a researcher can

Independent and Dependent Variables

Inan experiment, the manipulated (causal) variable is the independent variable.
The name comes from the fact that the researcher has some “independence” in
assigning people to different levels of this variable. A study’s independent variable
should not be confused with its levels, which are also referred to as conditions.
The independent variable in the Leonard study was the adult model’s effort
behavior, which had two conditions: effort and no effort.

The measured variable is the dependent variable, or outcome variable. How
aparticipant acts on the measured variable depends on the level of the indepen-
dent variable, Researchers have less control over the dependent variable; the,y
Mmanipulate the independent variable and then watch what happens .tO pef)ple s
self-reports, behaviors, or physiological responses. A dependent variable is not
the same as jts levels, either. The dependent variable in the Leonard study was the

Mumber of button presses (not “25 presses”).

EXPcriments must have at least one independe :
Variable, but they often have more than one dependent varia

nt variable and one dependent
ble. For example, the
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notetaking study had two dependent v'ariablf:s: .performance on fac.tual Question,
and performance on conceptual questions. Similarly, the baby persistence studys
main dependent variable was the number of button press.es, but th.e researcher,
also measured how long each baby played with the tOS" during a 2-minute interyy]
When the dependent variables are measured on different scales (e.g., butty
presses and seconds), they are usually presented on separate gr.aphs. (Experiments
can also have more than one independent variable; Chapter 12 introduces this type
of experiment.)

Here’s a way to tell the two kinds of variables apart. When researchers graph
their results, the independent variable is almost always on the x-axis, and the
dependent variable is almost always on the y-axis (see Figures 10.2 and 104 for
examples). A mnemonic for remembering the two types of variables is that the
independent variable comes first in time (and the letter Ilooks like the number ),
and the dependent variable is measured afterward (or second).

Control Variables

When researchers are manipulating an independent variable, they need to make
sure they are varying only one thing at a time—the potential causal force or
proposed “active ingredient” (e.g., only the form of notetaking, or only the amount
of effort the adult model displays). Therefore, besides the independent variable,
researchers also control potential third variables (or nuisance variables) in their
studies by holding all other factors constant between the levels of the independent
variable. For example, Mueller and Oppenheimer (2014) manipulated the method
people used to take notes, but they held constant several other potential variables:
People in both groups watched lectures in the same room and had the same exper-
imenter. They watched the same videos and answered the same questions about
them, and so on. Any variable that an experimenter holds constant on purpose is
called a control variable.

In the Leonard et al. study (2017), one control variable was the toys the model
was using. In both conditions, she modeled the same frog-in-the-box and carabinef
toys. She used the same cheerful, enthusiastic voice. The researchers also ke?
constant how long the model demonstrated each toy (30 seconds each), the g

der of .the model (always female), the chair the infant sat in, the cubicle wheretht
experiment took place, and so on,

Control variables are not really
experimenters keep the levels the
variables are essentia] in experime
potential cause from another ang

results. Control variables are the
validity.

variables at all because they do not v
same for all participants. Clearly, con™
nts. They allow researchers to separat¢ e
thus eliminate alternative explanationS f’r
refore important for establishing intern”
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cHECK YOUR UNDERSTANDING

1. What are the minimum requirements for a study to be an experiment?

2, Define independent variable, dependent variable, and control variable using
your own words. '

'Z8Z-18Z 'dd 935 'Z °18T "d 2as !a|qejieA painseaw e pue 9|qeiieA paje|ndjuew v ‘L

WHY EXPERIMENTS SUPPORT
CAUSAL CLAIMS

In both of the examples above, the researchers manipulated one variable and
measured another, so both studies can be considered experiments. But are these
researchers really justified in making causal claims on the basis of these experi-
ments? Yes. To understand how experiments support causal claims, you can first
apply the three rules for causation to the baby persistence study. The three rules

should be familiar to you by now:

l. Covariance. Do the results show that the causal variable is related to the
outcome variable? Are distinct levels of the independent variable associated

with different levels of the dependent variable?
2. Temporal precedence. Does the study design ensure that the causal variable

comes before the outcome variable in time?
3. Internal validity. Does the study design rule out alternative explanations for

the results?

Experiments Establish Covariance

d and her colleagues did show covari-
dependent variable: model’s behavior)
ble: button presses). On average,

button 11 times more often than
variance

The results of the experiment by Leonar
ance between the causal variable (the in
and the outcome variable (the dependent varia

babies who saw the “effort” model pressed the

babies who saw the “no-effort” model (see Figure 10.4). In this case, co
s: The number of button presses

is indicated by a difference in the group mean es
was different in the effort condition than it was in the no-effort condmoni
The notetaking study’s results also showed covariance, at Jeast for conceptua

Why Experiments Support Causal Claims 283

— —————— T



questions: Longhand notetakers had higher scores than laptop notetakers on
conceptual questions.

INDEPENDENT VARIABLES ANSWER «COMPARED TO WHAT?”

The covariance criterion might seem obvious. In our everyday reasoning, though,
we tend to ignore its importance because most of our personal experiences do not
have the benefit of a comparison group, or comparison condition. For instance,
you might have wondered if your painstaking, handwritten notes are making you
learn more, but without comparing longhand with laptop notetaking for the same
class session, you cannot know for sure. An experiment, in contrast, provides
the comparison group you need. Therefore, an experiment is a better source of
information than your own experience because an experiment allows you to ask
and answer: Compared to what? (For a review of experience versus empiricism,
see Chapter 2.

If independent variables did not vary, a study could not establish covari-
ance. For example, a few years ago, a psychology blogger described a study he
had conducted informally, concluding that dogs don’t like being hugged (Coren,
2016). The press widely covered the conclusion, but the study behind it was flawed.
Having collected Internet photos of people hugging their dogs, the researcher
reported that 82% of the hugged dogs showed signs of stress. However, this study
did not have a comparison group: Coren did not collect photos of dogs not being
hugged. Therefore, we cannot know, based on this study, if signs of stress are
actually higher in hugged dogs than not-hugged dogs. In contrast, true experi-
ments manipulate an independent variable. Because every independent variable
has at least two levels, true experiments are always set up to look for covariance.

COVARIANCE: IT’S ALSO ABOUT THE RESULTS

Manipulating the independent (causal) variable is necessary for establishing cova-
riance, but the results matter, too. Suppose the baby researchers had found no
difference in how babies behaved in the two conditions. In that case, the study
would have found no covariance, and the experimenters would have had to
conclude that persistent adult models do not cause babies to persist more. After

all, if button presses did not covary with the effort/no-effort conditions, there is
no causal impact to explain.

CONTROL GROUPS, TREATMENT GROUPS,
AND COMPARISON GROUPS

There are a couple of ways an independent variable might be designed to show
covariance. Your early science classes may have emphasized the importance of
a control group in an experiment. A control group is a level of an independent
variable that is intended to represent “no treatment” or a neutral condition. When
a study has a control group, the other level or levels of the independent variable
are usually called the treatment group(s). For example, if an experiment is test
ing the effectiveness of a new medication, the researchers might assign some
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ricipants t0 take the medication (the treatmen
inert sugar pill (the control group), whe

ptake an!
aninert treatment such as a sugar pill, it is ca]]e

control gToUP- h
rexperiment has—or needs—
Not every exp S—a control group, and often, a clear contro] <€

ist. ‘
oup does not ev‘en exist. The Mueller and Oppenheimer notetaking study (2014) For more detalls on the
had two COMPArison groups—laptop and longhand—buyt neither was a control oo e cartrol for

_in the sense that neither of them cle . ) : researchers control for It, see
group arly established a “no notetaking” chapter 11, pp. 335-337.

condition.

Also consider the experiment by Harry Harlow (1958), discussed in Chapter 1
inwhich baby monkeys were put in cages with artificial “mothers” made of zither,
«old wire or warm cloth. There was no control group, just a carefully designed
comparison condition. When a study uses comparison groups, the levels of the
independent variable differ in some intended and meaningful way. All experi-
ments need a comparison group so the researchers can compare one condition to
another, but the comparison group may not need to be a control group.

group) and other participants
n the contro] group is exposed
d aplacebo group, or a placebo

Experiments Establish Temporal Precedence

The experiment by Leonard’s team also established temporal precedence. The
experimenters manipulated the causal (independent) variable (adult model’s effort
behavior) to ensure that it came first in time. Then the babies took the musical
cube and pressed its button. The causal variable clearly did come before the out-
come (dependent) variable. This ability to establish temporal precedence, by con-
trolling which variable comes first, is a strong advantage of experimental designs.
By manipulating the independent variable, the experimenter virtually ensures that
the cause comes before the effect (or outcome).

The ability to establish temporal precedence is a feature that makes exper-
iments superior to correlational designs. A simple correlational study is a
snapshot—all variables are measured at the same time, so when two variables
covary (such as time spent sitting and measured cortical thickness, or deep con-
versations and well-being), it’s impossible to tell which variable came first. In
contrast, experiments unfold over time, and the experimenter makes sure the

independent variable comes first.

We11-Desig'ned Experiments Establish
Internal Validity

Did the Mueller and Oppenheimer study esta
dlternative explanations for why students in t o
on conceptual t in the laptop condition?

p ests than students p Shidhtshent

A well-designed experiment establishes internal validity, s
the most important validities to interrogate when you encounter causa .

blish internal validity? Are there any
he longhand condition scored better
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riability can lead to other probler.ns inan ex'periment. Specif.
ically, it can obscure, or make it difficult to detect dlfference:c, in, t‘he_d-ependem
variable, as discussed fully in Chapter 11. However, unsystematic variability sho,
not be called a design confound (Figure 10.6). : o

Some babies like music more than others, some babies cax.l sit still longer than
others, and some babies just had a nap while others are tired. But i“dividual
differe,nces don’t become a confound unless one type of baby ends up in one group

Unsystematic va

35
30
25

20
Number of

button presses 15

Effort No effort

© o
O
.
Can't sit still 12 months ‘ |l . At b
old Needs ﬂ il 4
ana
. Just had . * . & ﬁ
a nap . Loves musical ‘
D toys Prefers
Vars O ﬁ 2] quiet play
. patient . .
. Needs . * . Vgry
’ e @ oatient @ [ ]
ﬁ ﬁ 13 months ﬁ
old

Loves
musical toys Parent looked away Parent looked away
during experiment during experiment

FIGURE 10.6

Unsystematic variability is not the same as a confound
Some babies like music more than others '

some babies just had a nap while others il oo b VL e -

a confound unless one i are tired. But individual differences don’t becomé
group. If individual differences aaby ends up in one group systematically more than anot"é’
corfaund. re distributed evenly in both groups, they are not a
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matically more than another group. If indiy; 0

syste
both groups, they are not a confound.

/

. al differences are distributed
e‘.en]y n

GELECTION EFFECTS

Jnan experiment, thm the kinds of participants in one level of the independent
variable are systematically different from those in the other selectionpeffects
anresult. They can also happen when the experimenters Jet I;articipants choose
(select) which group they want to be in. A selection effect may result if the exper-
\menters assign one type of person (e.g., all the women, or all who sign up early in
the semester) to one condition, and another type of person (e.g., all the men, or all
those who wait until later in the semester) to another condition. ,

Here's a real-world example. A study was designed to test a new intensive
therapy for autism, involving one-on-one sessions with a therapist for 40 hours
per week (Lovaas, 1987; see Gernsbacher, 2003). To determine whether this
therapy would cause a significant improvement in children’s autism symp-
toms, the researchers recruited 38 families that had children with autism and
arranged for some children to receive the new intensive treatment while others
received their usual treatment. The researchers initially intended to randomly
assign families to either the intensive-treatment group or
the treatment-as-usual group. However, some of the fami-
lies lived too far away to receive the new treatment; other
parents protested that they preferred to be in the inten-
sive-treatment group. Thus, not all the families were ran-
domly assigned to the two groups.

At the end of the study, the researchers found that the
symptoms of the children in the intensive-treatment group
had improved more than the symptoms of those who received
their usual treatment. However, this study suffered from a
clear selection effect: The families in the intensive-treatment
group were probably systematically different from the
treatment-as-usual group because the groups self-selected. o
Many parents in the intensive-treatment group were placed
there because of their eagerness to try a focused, 40-hour-
per-week treatment regimen. Therefore, parents in that
group may have been more motivated to help their children,

More N

Improvement

Intensive
treatment

Treatment
as usual

FIGURE 10.7
Selection effects.

In a study for treating autism, some parents

.

sothere was a clear threat to internal validity.

Because of the selection effect, it’s impossible to t.ell the
eason for the results (Figure 10.7). Did the children in that
group improve because of the intensive treatment? Or did they
mprove because the families who selected the new therapy
"ere simply more engaged in their children’s treatme.nt.?

course, in any study that tests a therapy, sSome particis
Pants will be more motivated than others. T his variability in

insisted that their children be in the new
intensive-treatment group rather than the
treatment-as-usual group. Because they had this
choice, it's not possible to determine whether
the improvement in the intensive group was
caused by the treatment itself or by the fact

that the more motivated parents chose it. (Data
and error bars are fabricated for illustration

purposes.)
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motivation becomes a confound only when the more motivated folks tend to be ip
one group—that is, when the variability is systematic.

Avoiding Selection Effects with Random Assignment. Well-designed
experiments often use random assignment to avoid selection effects. In the
baby study, an experimenter flipped a coin to determine which participants
would be in each group, so each one had an equal chance of being in the effort
[ or no-effort condition. What does this mean? Suppose that, of the 100 babies in
1 the study, 20 were exceptionally focused. Probabilistically speaking, the flips of
t the coin would have placed about 10 of these very focused babies in the effort
f condition and about 10 in the no-effort condition. Similarly, if 12 of the babies
" were acting fussy that day, random assignment would place about 6 of them in
l

|

‘

each group. In other words, since the researchers used random assignment, it’s
very unlikely, given the random (deliberately unsystematic) way people were
assigned to each group, that all the focused or fussy babies would have been
clustered in the same group.

Assigning participants at random to different levels of the independent
variable—by flipping a coin, rolling a die, or using a random number generator—
controls for all sorts of potential selection effects (Figure 10.8). Of course, random
assignment may not always create numbers that are perfectly even. The 20
exceptionally focused babies may be distributed as 9 and 11, or 12 and 8, rather
than exactly 10 and 10. However, random assignment almost always works. In fact,
simulations have shown that random assignment creates similar groups up to 98%
v of the time, even when there are as few as 4 people in each group (Sawilowsky,
1] »  2005; Strube, 1991).

{1 b“w:‘:;‘r:'::o:"a:s'r;‘:";:f: Random assignment is a way of desystematizing the types of participants
i and random sampling, see  Who end up in each level of the independent variable. It creates a situation in
Chapter 7, pp. 190-191.  which the experimental groups will become virtually equal, on average, before

il the independent variable is applied. After random assignment (and before

Randomly assign

FIGURE 10.8
[ Random assignment.

’ Random assignment ensures that every
participant in an experiment has an equal
chance to be in each group
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nmnipulating the independent variable), researchers should be able to test the
c7\,‘,L,rim(_vnml groups for intelligence, extroversion, motivation and so m; and

qverages of each group should be comparable on these traits

avolding Selection Effects with Matched Groups. In the simplest type of
random assignment, researchers assign participants at random to onc-condition or
another in the experiment. For certain studies, researchers may wish to be abso-
lutely sure the experimental groups are as equal as possible before they administer
the independent variable. In these cases, they may choose to use

; matched groups, or matching.

, To create matched groups from a sample of 30, the researchers [#] 5]
would first measure the participants on a particular variable Two participants

that might matter to the dependent variable. Student achieve- with highest GPA

ment, operationalized by GPA, for instance, might matter in
the study of notetaking. The researchers would next match up
participants in pairs, starting with the two having the highest
GPAs, and within that matched set, randomly assign one of them
to each of the two notetaking conditions. They would then take

ﬁ i

the pair with the next-highest GPAs and within that set again
(and so on) l l
@ %

Group 1 Group 2

Next two highest

assign randomly to the two groups. They would continue this
process until they reach the participants with the lowest GPAs
and assign them at random too (Figure 10.9).

Matching has the advantage of randomness. Because each
member of the matched pair is randomly assigned, the tech-

Two lowest

nique prevents selection effects. This method also ensures that FIGURE 10.9
the groups are equal on some important variable, such as GPA, Matching groups to eliminate
before the manipulation of the independent variable. The disad- selection effects.
vantage is that the matching process requires an extra step—in To create matched groups, participants
. " 5 ac i are sorted from lowest to highest on some
oups.
this Ca'se, finding out pe'ople S GP}'} before assigning to group variable and grouped into sets of two
Matching therefore requires more time and often more resources Individuals within each set are then assigned

than random assignment. at random to the two experimental groups

v

=
‘; CHECK YOUR UNDERSTANDING

1. Why do experiments usually satisfy the three causal criteria?

2. How are design confounds and control variables related?
o
3. How does random assignment prevent selection effects?

4. How does using matched groups prevent selection effects?
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INDEPENDENT-GROUPS DESIGNS

| Although the minimum requirement for an experiment is that researchers
I ; manipulate one variable and measure another, experiments can take many forms,
One of the most basic distinctions is between independent-groups designs ang

within-groups designs.

‘! Independent-Groups Versus Within-Groups

] Designs
Il | In the notetaking and baby persistence studies, there were different participants
at each level of the independent variable. In the notetaking study, some partici-
| pants took notes on laptops and others took notes in longhand. In the persistence
study, some babies were in the effort condition and others were in the no-effort
condition. Both of these studies used an independent-groups design, in which
| separate groups of participants are placed into different levels of the independent
variable. This type of design is also called a between-subjects design or between-
groups design.

In a within-groups design, or within-subjects design, each person is presented
with all levels of the independent variable. For example, Mueller and Oppenheimer
(2014) used an independent-groups design. But they might have run their study
as a within-groups design if they had asked each participant to take notes on two
videos—using a laptop for one and handwriting their notes for the other.

Two basic forms of independent-groups designs are the posttest-only design
and the pretest/posttest design. The two types of designs are used in different

situations.

Posttest-Only Design

The posttest-only design, also known as an equivalent groups, posttest-only
design, is one of the simplest independent-groups experimental designs. In this
design, participants are randomly assigned to independent variable groups and are
tested on the dependent variable once (Figure 10.10). The notetaking study is an

Independent Measure on

’ variable Group 1 dependent variable
| Randomly
‘ assign

‘ Independent Measure on

; FIGURE 10.10 variable Group 2 dependent variablé

A posttest-only design.
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Comprehension

test

Randomly
assign

Lo:g.:i"d Comprehension FIGURE 10.11
test Studying notetaking: a
posttest-only design.

example of a posttest-only design, with two independent variable levels (Mueller &
Oppenheimer, 2014). Participants were randomly assigned to a laptop condition or
alonghand condition (Figure 10.11), and they were tested only once on the video
they watched.

Posttest-only designs satisfy all three criteria for causation. They allow
researchers to test for covariance by detecting differences in the dependent vari-
able. (Having at least two groups makes it possible to do so.) They establish tem-
poral precedence because the independent variable comes first in time. And when
they are conducted well, they establish internal validity. When researchers use
appropriate control variables, there should be no design confounds, and random
assignment takes care of selection effects.

Pretest/Posttest Design

In a pretest/posttest design, or equivalent groups, pretest/posttest design, par-
ticipants are randomly assigned to at least two groups and are tested on the key
dependent variable twice—once before and once after exposure to the independent

variable (Figure 10.12).

A study on the effects of mindfulness training,
example of a pretest/posttest design. In this study,
assigned to participate in either a 5-week mindfulness class or a 2 '
tion class (Mrazek et al., 2013). One week before starting their respective classes,
all students completed a verbal-reasoning section of a GRE test. (?ne week after
their classes ended, all students completed another verbal-reasoning GRE test of

introduced in Chapter 1, is an
48 students were randomly
-week nutri-

Verbal GRE

Verbal GRE
score

score

Randomly
assign

Verbal GRE FIGURE 10.12

Verbal GRE score A pretest/posttest
score design.
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Star means posttest score the same difficulty. The results, showp
1

of mindfulness group was in Figure 10.13, revealed that, while the
Ihq::em:‘:u; G (] Pretest ﬁ::se??hg{\ :;gent':l:ta :r%e. 7 nutrition group did not improve signifi.
&m&wd?&f [ Posttest cantly from pretest to posttest, the mind-
N both groups scored * fulness group scored significantly higher
: equally on verbal GRE. poaeey|
(|| | at posttest than at pretest.
it lr 05 Researchers might use a pretest/
\ ‘| g ol posttest design when they want to be sure
‘\ ' 04 | random assignment made groups equal,
\ ?E';‘;“':‘:{ g In this case, a pretest/posttest design
‘ SOURCE 0.3 1 means researchers can be absolutely sure
il 8 there is no selection effect in a study. If
E 0.2 you examine the white pretest bars in
] }& 5 Figure 10.13, you'll see the nutrition and
‘ 0.1 { mindfulness groups had almost identical
| ol pretest scores, indicating that random
‘ Dapendant vadable | 0 v almost assignment worked as expected.
" It‘h:‘r;-gﬁs‘.“ways - Nutrition ~ Mindfulness - {2572 0 In addition, pretest/posttest designs

enable researchers to track people’s

change in performance over time.
Results using a pretest/posttest design.

Although the two groups started out, as
In this study, mindfulness training caused students to improve their expected, with about the same GRE abil-
GRE verbal scores. (Source: Mrazek et al., 2013, Fig. 1A)

ity, only the mindfulness group improved
their GRE scores.

FIGURE 10.13

Which Design Is Better?

Why might researchers choose to do a posttest-only experiment rather than a
pretest/posttest design? Shouldn’t they always make sure groups are equal on GRE
ability or persistence before they experience a manipulation?

Not necessarily. In some situations, it is problematic to use a pretest/posttest
| design. Imagine that the Leonard team had pretested the babies to see how per-
“ sistent they were at pressing an inert button. If they had, the babies might have
; % become too frustrated to continue. (Studies with babies need to be short!) Instead,
' the researchers trusted in random assignment to create equivalent groups. More
1 persistent and less persistent babies all had an equal chance of being in either one

\ of the two groups, and if they were distributed evenly across both groups, their

‘ effects would cancel each other out. Therefore, any observed difference in the

number of button presses between these two groups of babies should be attribut-
able only to the two model conditions. In other words,
was a potential selection effect, but random assignment helped avoid it.

In SoaTaNy n pr(?test/ posttest design made sense for the Mrazek team’s study:
| They could justify giving their sample of students the GRE test two times because

“being a persistent baby”

| 294 CHAPTER 10 Introduction to Simple Experiments

il e




nad told participants they were s g '
r};zol‘; ince” tudying ways of “improving cognitive

In short, the posttest-only design may be the most basic fi

ups experiment, but its combination of random assignmenttyple ’ mde}?endem—
qariable can lead to powerful causal conclusions, The pretest/] gsl:ts " H;an.l pulsted
a pretesting step to the most basic indepe“dent-gmups dESignpReSESt ;lzslgn a'dds
use pretest/posttest design if they want to study impr °Vemer;t overaéc ers mlgll:t
extrasure that two groups are equivalent at the start—as long as the retz::,dor -
make the participants change their subsequent behavior. P s

v

[osrss]
CHECK YOUR UNDERSTANDING

1. What is the difference between independent-groups and within-groups
designs? Use the term /eve/s in your answer.

2. Describe why posttest-only and pretest/posttest designs are both
independent-groups designs. Explain how they differ.

‘v62-26¢ 'dd 295 'z 'Z67 'd 995 7L

WITHIN-GROUPS DESIGNS

There are two basic types of within-groups designs. When researchers expose
participants to all levels of the independent variable, they might do so by repeated
exposures, over time, to different levels, or they might do so concurrently.

Repeated-Measures Design

Arepeated-measures design is a type of within-groups design in which partic-
ipants are measured on a dependent variable more than once, after exposure to
each level of the independent variable. Here’s an exa mple. Humans are social ani-
mals, and we know that many of our thoughts and behaviors are influenced by the
Presence of other people. Happy times may be happier, and sad times sadder, when
experienced with others. Researchers Erica Boothby and her colleagues used a
fepeated-measures design to investigate whether a shared experience would be
Intensified even when people do not interact with the other person (Boothby etal.,
2014), They hypothesized that sharing a good experience with another person
Makes it even better than it would have been if experienced alone, and that sharing

a : :
bad experience would make it even worse.

Within-Groups Designs 295
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They recruited 23 college women to come to a laboratory. Each participap,
was joined by a female confederate (a research assistant pretending to be 3 par-
ticipant). The two sat side-by-side, facing forward, and never spoke to each other,
The experimenter explained that each person in the pair would do a variety of
activities, including tasting some dark chocolates and viewing some paintings,
During the experiment, the order of activities was determined by drawing cards,
but the drawings were rigged so that the real participant’s first two activities were
always tasting chocolates. In addition, the real participant tasted one chocolate 5t
the same time the confederate was also tasting it, but she tasted the other chocolate
while the confederate was viewing a painting. The participant was told that the two
chocolates were different, but in fact they were exactly the same. After tasting each
i chocolate, participants rated how much they liked it. The results showed that peo.-
* ple liked the chocolate more when the confederate was also tasting it (Figure 10.14),

In this study, the independent variable had two levels: sharing and not sharing
‘. an experience. Participants experienced both levels, making it a within-groups
| design. The dependent variable was participants’ rating of the chocolate. It was
a repeated-measures design because each participant rated the chocolate twice
(i.e., repeatedly).

Concurrent-Measures Design

f In a concurrent-measures design, participants are exposed to all the levels
of an independent variable at roughly the same time, and a single attitudinal or
behavioral preference is the dependent variable. An example is a study investigat-
ing infant cognition, in which infants were shown a male face and a female face

Taste chocolate Rate Taste chocolate Rate

with confederate chocolate alone chocolate

B 8
;
7
6
|
| 5
Liking of
| chocolate
3
2
FIGURE 10.14
" Testing the eff i i
g effect of sharing an experience using a
5 repeated-measures design.
Unshared
exSpr;a”rs:CQ exgseri'sce (A) The design of the study. (B) The results of the study. Error bars
represent 95% Cls. (Source: Adapted from Boothby et al., 2014
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ot the same time, and an experimenter recorded
which face they looked at the longest (Quinn
etal,, 2002). The independent variable was the
gender of the face, and babies experienced both
evels (male and female) at the same time. The
baby’s looking preference was the dependent
variable (Figure 10.15). This study found that
babies show a preference for looking at female
faces, unless their primary caretaker is male.
Harlow also used a concurrent-measures
design when he presented baby monkeys with

Female face

Looking
preference

Male face

FIGURE 10.15
A concurrent-measures design for an infant

both a wire and a cloth “mother” (Harlow, cognition study.
1958). The monkeys indicated their preference Babies saw two faces simultaneously, and the experimenters
by spending more time with one mother than recorded which face they looked at more.

the other. In Harlow’s study, the type of mother was the independent variable

(manipulated as within-groups), and each baby monkey’s clinging behavior was
the dependent variable.

Advantages of Within-Groups Designs

The main advantage of a within-groups design is that it ensures the participants
in the two groups will be equivalent. After all, they are the same participants!
For example, some people really like dark chocolate and others do not. But in a
repeated-measures design, people bring their same liking of chocolate to both condi-
tions, so their individual liking for the chocolate stays the same. The only difference
between the two conditions can be attributed to the independent variable (whether
people were sharing the experience with the confederate or not). Ina within-groups
design such as the chocolate study, researchers say that each woman “acted as her
own control” because individual or personal variables are kept constant.

Similarly, when the Quinn team (2002) studied whether infants prefer to look
at male or female faces as a within-groups design, they did not have to worry
(for instance) that all the girl babies would be in one group or the other, or that
babies with older siblings or who go to daycare would be in one group or the (')ther.
Every baby saw both types of faces, which kept any extraneous personal variables
constant across the two facial gender conditions.

The idea of “treating each participant as his or her own C(?ntrol” als? means
matched-groups designs can be treated as within-groups designs. As d15cus§e'd
earlier, in g matched-groups design, researchers carefully match sets of partici-
Pants on some key control variable (such as GPA) and assign each member of a set
1 a different group. The matched participants in the groups are assumed to be «

. g To review matched-groups
i . s -groups design,
More similar to each other than in a more traditional independent-group & designs, see p. 291.

whi .
hich uses random assignment. -
Besides providing the ability to use each participa
Wlthm-groups designs also enable researchers t0 make

nt as his or her own control,
more precise estimates of
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l For more on measurement
| error and noise in a study,
I 1 see Chapter 11, pp. 347-350.
I
|
[

FIGURE 10.16
l Within-groups
f designs require fewer
‘ ' participants.
If researchers want a certain
11 number of participants in
' ! each of two experimental
‘ conditions, a within-groups
‘ design is more efficient than
l an independent-groups
design. Although only 40
' participants are shown
here (for reasons of space),
| psychologists usually need
J | to use larger samples than
this in their studies.
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the differences between conditions. Statistically speaking, when extraneous dif.
ferences (unsystematic variability) in personality, food preferences, gender, ability,
and so on are held constant across all conditions, researchers can estimate the
effect of the independent variable manipulation more precisely—there is less extrg.
neous error in the measurement. Having extraneous differences between condi.
tions in a study is like being at a noisy party: Your ability to understand somebody’s
exact words is hampered when many other conversations are going on around yoy,

A within-groups design can also be attractive because it generally requires
fewer participants overall. Suppose a team of researchers is running a study with
two conditions. If they want 50 participants in each condition, they will need
total of 100 people for an independent-groups design. However, if they run the
same study as a within-groups design, they will need only 50 participants because
each participant experiences all levels of the independent variable (Figure 10.16).
In this way, a repeated-measures design can be much more efficient.

Covariance, Temporal Precedence, and Internal
Validity in Within-Groups Designs

Do within-groups designs allow researchers to make causal claims? In other
words, do they stand up to the three criteria for causation?

Condition 1 Condition 2

Independent-groups
design

wf o w0 =D 0 =R 0
iR o =R o P o Do
=Y 0 =m0 =T 0 =ulR0
R o =S 0 s 0 =il 0
eI o =nf o =i o =T 0
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pecause within-groups designs enable researc
dent\'ﬁ"i“ble and incorporate comparison conditio
for establishing covariance. The Boothby team ¥)
the chocolate ratings covaried with whether peo

hers to manipulate an indepen-
ns, they provide an opportunity
014) observed, for example, that

ple shared the tasting experience
or nOt,

A repeated-measures design also establishes temporal precedence. Th i
menter controls the independent variable and can ensure that it come; ﬁr:te)l(pil:l-
chocolate study, each person tasted chocolate as either a shared or an un‘shrz:re:i3
experience and then rated the chocolate. In the infant cognition study, the research-
ers presented the male and female faces first and then measured loo,king time

What about internal validity? For a within-groups design, researchers don’t };ave
to worry about selection effects because participants are exactly the same in the two
conditions. They do need to avoid design confounds, however. For example, Boothby’s
team made sure both chocolates were exactly the same. If the chocolate that people
tasted in the shared condition was of better quality, the experimenters would not
know if it was the chocolate quality or the shared experience that was responsible
for higher ratings. Similarly, Quinn’s team made sure the male and female faces they
presented to the babies were equally attractive and of the same ethnicity.

INTERNAL VALIDITY: CONTROLLING FOR ORDER EFFECTS

Within-groups designs have the potential for a particular threat to internal valid-
ity: Sometimes, being exposed to one condition first changes how participants
react to the later condition. Such responses are called order effects, and they hap-
pen when exposure to one level of the independent variable influences responses
to the next level. An order effect in a within-groups design is a confound, meaning
that behavior at later levels of the independent variable might be caused not by the
experimental manipulation but rather by the sequence in which the conditions
were experienced.

Order effects can include practice effects, also known as fatigue effects, in
which a long sequence might lead participants to get better at the task or to get
tired or bored toward the end. Order effects also include carryover effects, in
which some form of contamination carries over from one condition to the next.
For example, imagine sipping orange juice right after brushing your teeth; the first
taste contaminates your experience of the second one.

An order effect in the chocolate-tasting study could have occurred if people
rated the first chocolate higher than the second simply because the first bite of
chocolate is always the best; subsequent bites are never quite as good. That woy]d
be an order effect and a threat to internal validity because the order of tasting
chocolate is confounded with the condition (shared versus unshared experiences).

AVOIDING ORDER EFFECTS BY COUNTERBALANCING
ems in a within-groups
rs use counterbalanc-
articipants in different

Because order effects are potential internal validity probl
fieSlgn, experimenters want to avoid them. When researche
™M, they present the levels of the independent variable to p
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FIGURE 10.17

Counterbalanced design.
Using counterbalancing in an experiment will cancel out any order effectsin a
repeated-measures design.

sequences. With counterbalancing, any order effects should cancel each other out
when all the data are combined.

Boothby and her colleagues (2014) used counterbalancing in their experiment
(Figure 10.17). Half the participants tasted their first chocolate in the shared con-
dition followed by a second chocolate in the unshared condition. The other half
tasted chocolate in the unshared followed by the shared condition. Therefore, the
potential order effect of “first taste of chocolate” was present for half of the people
in each condition. When the data were combined from these two sequences, any
order effect dropped out of the comparison between the shared and unshared
conditions. As a result, the researchers knew that the difference they noticed was
attributable only to the shared (versus unshared) experiences, and not to practice,
carryover, or some other order effect.

Procedures Behind Counterbalancing. When researchers counterbalance
conditions (or levels) in a within-groups design, they split their participants into
groups, and each group receives one of the condition sequences. How do the exper-
imenters decide which participants receive the first order of presentation and
which ones receive the second? Through random assignment, of course! They
might recruit, say, 50 participants to a study and randomly assign 25 of them to
receive the order A then B, and assign 25 of them to the order B then A.

There are two methods for counterbalancing an experiment: full and partial.
When a within-groups experiment has only two or three levels of an indepen-
dent variable, researchers can use full counterbalancing, in which all possi-
ble condition orders are represented. For example, a repeated-measures design
with two conditions is easy to counterbalance because there are only two orders
(A— Band B — A). In a repeated-measures design with three conditions—A, B.

and C—each group of participants could be randomly assigned to one of the six
following sequences:

A-B->C Boyi€ issa A
B—- A->C Coa B =l
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Asthe number of conditions increases, however,
needcd for full c.ounterbal.ancing increases dramati
<ith four conditions requires 24 possible sequen

Jatleasta few part.|c1pants in ?ach order, the need for participants :
: rease, Coumerz.ictmg the tyPlcaI efficiency of a repeated-measuiz::n 3“‘?kly
herefore, they might use partial counterbalancing, in which onl soS esflgl:].
ssible condition or(.ie?rs are represented. One way to partially coZnteTs(l) =
i to present the conc?mons.m arandomized order for every subject. (This ;’SZ“CG
o do when an experiment is administered by a computer; the com;.)uter delivz::'y
conditions in a new random order for each participant.) S

Another technique for partial counterbalancing is to use a Latin square, a
formal system to ensure that every condition appears in each position at least onc,e
ALatin square for six conditions (conditions 1 through 6) looks like this: .

ces. If experimenters want to

- OO U b W N
U Hh NN~
N = O 01 b (N
AW N - O O
(O I S S o ; S ) IR - S

1

2
3
4
5
6

The first row is set up according to a formula, and then the conditions simply go
innumerical order down each column. Latin squares work differently for odd and
even numbers of conditions. If you wish to create your own, you can find formulas
for setting up the first rows of a Latin square online.

Disadvantages of Within-Groups Designs

Within-groups designs are true experiments because they involve a manipulated
variable and a measured variable. They potentially establish covariance, they
ensure temporal precedence, and when experimenters control for order effects
and design confounds, they can establish internal validity, too. So why wouldn’ta
researcher choose a within-groups design all the time? )
Within-groups designs have three main disadvantages. First, as noted earlier,
repeated-measures designs have the potential for order effects, which can threa.ten
internal validity. But a researcher can usually control for order effects by using
Cunterbalancing, so they may not be much of a concern. - . 1
A'second possible disadvantage is that a within-groups design rr?lghthl}l(:if c
Possible or practical. Suppose someone has devised a new way of teaching ¢ 'lh :ﬁz
how to ride a bike, called Method A. She wants to compare Meth,Od . +d
older method, Method B. Obviously, she cannot teach a group of children tf) ri et}z:
bike With Method A and then return them to baseline and teach them ahg 3‘“3‘:; a
Method B, Opce taught, the children are permanently R Sl}ic : quns,e
within~groups design x:vith or without counterbalanciflg’ 'WOUI,d s no'.once-
e study on mindfu,lness training and GRE scores fits in this category:
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FIGURE 10.18
Pretest/posttest
design versus
repeated-measures
design.

In a pretest/posttest design,
participants see only one
level of the independent
variable, but in a repeated-
measures design,

they see all the levels.

(DV = dependent variable.
|V = independent variable.)

people had participated in mindfulness training, they presumably could apply

their new skill indefinitely. . .
A third problem occurs when people see all levels of the independent variable

and then change the way they would normally act. Imagine a study that asks people
to rate the attractiveness of two photographed people—o.ne.r Blz.iCk .amd one White,
Participants in such a study might think, “I know I'm participatingin a study at the
moment; seeing both a White and a Black person makes me wonder'whether it has
something to do with prejudice.” As a result, they might change their spontaneouys
behavior. A cue that can lead participants to guess an experiment’s hypothesis is
known as a demand characteristic, or an experimental demand. Demand charac-
teristics create an alternative explanation for a study’s results. You would have to
ask: Did the manipulation really work, or did the participants simply guess what
the researchers expected them to do and change their behavior accordingly?

Is Pretest/Posttest a Repeated-Measures
Design?
You might wonder whether pretest/posttest independent-groups design should be

considered a repeated-measures design. After all, in both designs, participants are
tested on the dependent variable twice.

In a true repeated-measures design, however, participants are exposed to all lev-
els of a meaningful independent variable, such as a shared or unshared experience,
or the gender of the face they’re looking at. The levels of such independent variables
can also be counterbalanced. In contrast, in a pretest/posttest design, participants
see only one level of the independent variable, not all levels (Figure 10.18). Table 10.1
summarizes the four types of experimental designs covered in this chapter.

Pretest/posttest design

Pretest Exposure to Posttest
(DV) IV level A (DV)
Pretest Exposure to Posttest
(DV) IV level B (DV)

Repeated-measures design

Randomly

assign

Exposure
to
IV level A

Measure Exposure Measure
(DV) to )
Randomly IV level B

assign
Exposure
to
IV level B

Exposure

(DV) to V)
IV level A

Measure Measure
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TABLE 101
WO Independent-Groups Designs and Two Within-

gPENDENT-GROUPS DESIGNS

Groups Designs
WITHIN-GROUPS DESIGNS

IND

pefinition: Different participants at
each level of independent variable

Definition: Same participants see all
levels of independent variable

ttest-only design Pretest/posttest Repeated-measures

pos ;
design design

Concurrent-measures
design

—

INTERROGATING CAUSAL CLAIMS WITH
' THE FOUR VALIDITIES

To interrogate an experimental design using the four big validities as a framework,
what questions should you ask, and what do the answers mean? Let’s use Mueller
and Oppenheimer’s (2014) study on notetaking as an illustration.

Construct Validity: How Well Were the
Variables Measured and Manipulated?

Inan experiment, researchers operationalize two constructs: the independent vari-
able and the dependent variable. When you interrogate the construct validity of an
experiment, you should ask about the construct validity of each of these variables.

DEPENDENT VARIABLES: HOW WELL WERE THEY MEASURED?

Chapters 5 and 6 explained in detail how to interrogate the construct validity of a
dependent (measured) variable. To interrogate construct validity in the notetaking
tudy, you would start by asking how well the researchers measured their depen-
ent variables: factual knowledge and conceptual knowledge.
One aspect of good measurement is face validity. Mueller and Oppenheimer
014) provided examples of the factual and conceptual questions they used, so you
nexamine these and evaluate whether they actually constitute good measures
f factual learning (e.g., “What is the purpose of adding calcium propionate to
read?”) and conceptual learning (e.g., “If a person’s epiglottis was not working
perly, what would be likely to happen?”). These two examples do seem to be
propriate types of questions because the first asks for direct recall of a lecture’s
tual information, and the second requires people to understand the epiglottis
make an inference. The researchers also noted that each of these open-ended
tions was graded by two coders. The two sets of scores, they reported, showe‘d «
dinterrater reliability (:89). In this study, the strong interrater rel.iability indi- P
s that the two coders agreed about which participants got the right answers il s e
Which ones did not. R 12328,
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L WERE THEY MANIPULATED?

INDEPENDENT VARIABLES: HOW WEL
ndependent variables, you would agj

To interrogate the construct validity of the i
how well the researchers manipulated (or operationalizcd) them. In the Mueller ang
Oppenheimer study, this was straightforward: People were given either a pen or 5
laptop. This operationalization clearly manipulated the intended independent variabja.
dies. Inother studies, researchers need to
rical data on the construct validity of their
heck is an extra dependent variable that
e them that their experimen-

Manipulation Checks and Pilot Stu
use manipulation checks to collect empi
independent variables. A manipulation ¢
researchers can insert into an experiment to convinc

tal manipulation worked.
A manipulation check was not necessary in the notetaking study because

research assistants could simply observe participants to make sure they were
actually using the laptops or pens they had been assigned. Manipulation checks
are more likely to be used when the intention is to make participants think or feel
certain ways. For example, researchers may want to manipulate feelings of anx-
iety by telling some students they have to give a public speech. Or they may wish
to manipulate people’s empathy by showing a poignant film. They may manipu-
late amusement by telling jokes. In these cases, a manipulation check can help
researchers determine whether the operationalization worked as intended.

Here’s an example. Researchers were interested in investigating whether
humor would improve students’ memory of a college lecture (Kaplan & Pascoe,
1977). Students were randomly assigned to listen to a serious lecture or one punc-
tuated by humorous examples, and the key dependent variable was their memory
for the material. In addition, to ensure they actually found the humorous lec-
ture funnier than the serious one, students rated the lecture on how “funny” and
“light” it was. As expected, the students in the humorous lecture condition rated
the speaker as funnier and lighter than students in the serious lecture condition.
The researchers concluded that the manipulation worked as expected.

A similar procedure, called a pilot study, is a simple study, using a separate
group of participants, that is completed before (or sometimes after) the study of
primary interest to confirm the effectiveness of the manipulations. Kaplan and
Pascoe (1977) might have exposed a separate group of students to either a serious
or a humorous lecture and then asked them how amusing they found it.

CONSTRUCT VALIDITY AND THEORY TESTING

Experiments are designed to test theories. Therefore, interrogating the construct
validity of an experiment requires you to evaluate how well the measures and manipt-
lations researchers used in their study capture the conceptual variables in their theory:

Recall that Mueller and Oppenheimer (2014) originally proposed that laptop
notetaking would let students more easily take notes verbatim, compared with tak-
ing handwritten notes. In fact, their study included measure’s of “verbatim over”
lap” so they could test their theory about why laptop notetakers might perform
worse. After transcribing each person’s notes, they measured hox\:closel\' the notes
overlapped verbatim with the video lecture narration. It turned out tha't people .
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the laptop condition hadé:in fact, written more verbatim notes thap ] :
[ R ] eo e v
longhand condition. In addition, the more People wrote verbatin notIer t[;] ‘ :1 tse
’ orse

they did on the essay te'st. The researchers Supported their theo b i
key constructs that their theory proposed. i

Here's another example of how theor
manipulate and measure in an experimen
study was designed to test the theory
intense (Boothby et al., 2014). In addi
late tastes better when another perso
| 1o demonstrate the same effect in re
same repeated-measures design, in a

Y guides the variables researchers
t. Recall that the chocolate-tasting
t.hat sharing an experience makes it more
tl‘On to showing that good-tasting choco-
N Is tasting it, the researchers also needed
sponse to a negative experience. Using the

e secorld study they used squares of 90% dark
chocolate, containing almost no sugar, so it was more bitter than the chocolate in

the first study. People rated their liking for the bitter chocolate lower when the
experience was shared, compared with unshared (Figure 10.19).

T

F 8 8
7 :
; 6 6
y
] S 5
4
Liking Liking ¢
A chocolate B chocolate
3
2 2
1 1
i 0 0
% Shared Unshared Shared Unshared
3‘ experience experience experience experience
{1‘ Study 1 Study 2:
il Tasting sweet chocolate Tasting bitter chocolate
&
B 7
6
S

Absorption .

FIGURE 10.19
in experience

Construct validity is theory-driven.

(A) When people tasted bitter chocolate in this study, they
rated it more negatively when the experience was shared

than when it was unshared. They also rated both of the bitter
chocolates lower than the sweet chocolates in the first study,
providing construct validity evidence that the experience in the
Shared Unshared second study was negative. (B) People were more absorbed
experience in the shared experience, evidence that the shared versus
unshared experience was manipulated as intended. Error bars
represent 95% Cls. (Source: Adapted from Boothby et al., 2014)

experience

Study 2:
Tasting bitter chocolate
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Two main results of the chocolate studies support their construct validity: (1) pe,_
ple in the first study rated the chocolate higher overall than those in the second study,
which is what you'd expect if one was supposed to represent a positive experience
and the other a negative experience. (2) People reported being more absorbed i,
the shared experience than the unshared one. This result supports the theory thy,
shared experiences should be more intense (absorbing) than unshared ones.

External Validity: To Whom or What |
Can the Causal Claim Generalize? |

Chapters 7 and 8 discussed external validity in the context of frequency claimg
and association claims. Interrogating external validity in the context of causa]
claims is similar. You ask whether the causal relationship can generalize to other
people, places, and times. (Chapter 14 goes into even more detail about externg]

validity questions.)

GENERALIZING TO OTHER PEOPLE

As with an association claim or a frequency claim, when interrogating a causal
claim’s external validity, you should ask how the experimenters recruited their
participants. Remember that when you interrogate external validity, you ask about
random sampling—randomly gathering a sample from a population. (In contrast,
when you interrogate internal validity, you ask about random assignment—
randomly assigning each participant in a sample into one experimental group or
another.) Were the participants in a study sampled randomly from the population
of interest? If they were, you can be relatively sure the results can be generalized,
at least to the population of participants from which the sample came.

In the Mueller and Oppenheimer study (2014), the 67 students were a conve-
’ nience sample (rather than a random sample) of undergraduates from Princeton Uni-
l
|

versity. Because they were a convenience sample, you can’t be sure that the results
would generalize to all Princeton University students, not to mention to college
students in general. In addition, because the study was run only on college students,
‘ you can’t assume the results would apply to middle school or high school students.
j The ability of this sample to generalize to other populations is simply unknown.

GENERALIZING TO OTHER SITUATIONS

1 External validity also applies to the types of situations to which an experiment
might generalize. For example, the notetaking study used five videotaped TED
talk lectures. In their published article, Mueller and Oppenheimer (2014) reported
two additional experiments, each of which used new video lectures. All three
experiments found the same pattern, so you can infer that the effect of laptop
notetaking does generalize to other TED talks. However, you can’t be sure from
this study whether laptop notetaking would generalize to a live lecture class. Yo!
also don’t know whether the effect of laptop notetaking would generalize to other
kinds of college teaching, such as team-based learning or lab courses.
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we need to conduct more research. One exper:
oppenheimer's three studies, helped demor?setnmentv conducted after Mueller and
can generalize to live lecture classes (Carter rate that the laptop notetaking ef?enct
West Point were randomly assigned to their rzt laL 2016). College student cadets at
There were 30 sections of the class, which al] f‘:)l’]Semester-IOng A v——
came textbook, and gave almost the same exa owed the same syllabus, used the
were not allowed to use laptops or tablets andn?s. In 10 of the sections, students
Jllowed to use them. In the last 10 section,s» Stug;s?other 10 sections, they were
they w.'ere kept flat on their desk during the class. T}j:(r)uldlqua ta.blets as long as
dents in the two computerized sections scored lower Onesu ts indicated that stu-
the computer-free classrooms. This study helps us gener:{.am; than students in
oppenheimer’s short-term lecture situation to a real semesltZi ]rom Mueller and
Similarly, you'might ask if Boothby et al’s hypothes’is about s}-l:::egdcz)](tg;:lzs;
gt e other experiences besides tasting chocolate (Figure 10.20). »

WHAT IF EXTERNAL VALIDITY IS POOR?
Mueller and Oppenheimer did not select their par-

pulation of college students? Should you be con-

Should you be concerned that
udies used TED talks instead of other kinds of

ticipants at random from the po
cerned that all three of their st

classroom material?

Remember from
al control—that is, interna
have to conduct their stud
Such locations may not represent si
o achieve both internal and external validity in

cult. Therefore, many experimenters decide to

for internal validity.

archers usually priori-

Chapter 3 that in an experiment, rese
] validity. To get a clean, confound-free
y in an artificial environment

tize experiment
tuations in the

manipulation, they may
like a university laboratory.
real world. Although it’s possible t

doing so can be diffi

asingle study,
iveness

sacrifice real-world representat

ting causal

intarrogad

Claims with
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For more discussion on
prioritizing validities, see
Chapter 14, pp- 438-452.

FIGURE 10.20
Generalizing to other
situations.

The chocolate-tasting study
showed that flavors are
percexved as more intense
when the experience IS
shared. A future study
might explore whether

the shared experiences
effect generahzes to other
situations, such as watching
a happy or sad movie
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Testing their theory and teasing out the causal variable from potential cop.
founds were the steps Mueller and Oppenheimer, like most experimenters, took
care of first. In addition, running an experiment on a relatively homogenous sam.
ple (such as college students) meant that the unsystematic variability was Jess
likely to obscure the effect of the independent variable (see Chapter 11). Replicat-
ing the study using several samples in a variety of contexts is a step saved for later.
Although Mueller and Oppenheimer sampled only college students and ran their
studies in a laboratory, at least one other study demonstrated that taking notes
by computer can cause lower grades even in real, semester-long courses. Future
researchers might also be interested in testing the effect of using laptops among
younger students or for other subjects (such as psychology or literature courses).
Such studies would demonstrate whether longhand notetaking is more effective
than laptop notetaking for all subjects and for all types of students.

Statistical Validity: How Much? How Precise?
What Else Is Known?

Interrogating the statistical validity of an experiment involves asking about effect
size, precision of the estimate, and replication. In your statistics class, you will

learn how to ask other questions, such as whether the researchers conducted the
right statistical tests.

HOW LARGE IS THE EFFECT?

The first question we can ask is, How large is the difference between the laptop
and longhand groups? It appears that longhand groups learned more, but how
much more? Asking this question helps you evaluate covariance (i.e., the difference
between the experimental groups). In general, the larger the difference, the more
important, and the stronger, the causal effect.

When we do experiments, we have two ways to express effect size. The firstis
to use original units. In Mueller and Oppenheimer’s studies, the original units for
the dependent variable were the number of points people scored correctly. Partic-
ipants were tested on both factual and conceptual questions, but we’ll focus on the
conceptual questions here. People in the longhand condition earned an average of
4.29 points on the conceptual questions, compared with 3.77 in the laptop condi-
tion. Therefore, the effect size in original units is 0.52 points of improvement. On
the 7-question test, that might be the difference between a grade of A or B.

The second way is to use a standardized effect size. In Chapter 8, you Jearned
that the correlation coefficient r helps researchers evaluate the effect siz
(strength) of an ‘association. When there are two groups in an experiment, V¢
?)fte;\ 1;1se ;n indicator called d. This standardized effect size takes into account
e e
a large change in the d‘epfmdentlS ar-g A mean.s the independent variable c2t*

: ; ; variable, relative to how spread out the s
are. When d is small, it means the scores of ici i imental
participants in the two experime

el



Effect size and overlap between groups. '

Effect sizes are larger when the scores in the two
experimental groups overlap less. Overlap is a function
of how far apart the group means are as well as how
variable the scores are within each group. On both sides
of the graph, the two group means (M) are the same
distance apart (about 2 units), but the overlap of the
scores between groups is greater in the blue scores

on the right. Because there is more overlap between
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groups, the effect size is smaller

groups overlap more. Figure 10.21 shows what two d values might look like when <€

astudy’s results are graphed, showing all participants. Even though the difference
hetween means is exactly the same in the two graphs, the effect sizes reflect the
different degrees of overlap between the group participants.

In Mueller and Oppenheimer’s first study (2014), the effect size for the differ-
ence in conceptual test performance between the longhand and laptop groups was
d = 0.38. This means the laptop group scored 0.38 of a standard deviation higher
than the longhand group. Psychologists sometimes start by saying a d of 0.2 should
be considered small, a d of 0.5 is moderate, and a d of 0.8 is large (Cohen, 1992;
in Chapter 8 you learned that that comparable benchmarks for r were .1, .3, and
5, respectively.) According to these guidelines, a d of 0.38 would be considered
small to moderate. However, you also need context. As you learned in Chapter
8,a “small” effect size (such as a tiny adjustment to an athlete’s form) can have
alarge real-world impact, especially when accumulated over multiple people or
situations.

Which one should you use—original units or d? It depends on your goal. Original
units are useful when you want to estimate the real-world impact of an intervention:
How much would taking laptop notes affect a course grade? Standardized effect sizes
are useful when you want to compare effect sizes that are based on different units. For
example, using d you can compare effect sizes for exam points, time spent reading,
and words used. Because d is standardized, it also enables you to compare the results
found in one study to a body of knowledge. For example, in education research, one
review found that the average effect size across experimental tests of educational
interventions for high school students was d = 0.27 (Hill et al., 2008). It might be

helpful to know that the pen versus laptop effect is in this same ballpark.

HOW PRECISE IS THE ESTIMATE?
In addition to estimating the size of the effect, we can also compute its 95% con-
fidence interval (CI). Confidence intervals, introduced in Chapters 3 and 8, are

Interrogating Causal Claims with the Four Validities

For more detail on standard
deviation and effect size,
see Statistics Review:
Descriptive Statistics,

pp. 472-477 and

pp. 484-488,

«

For more questions to

ask when interrogating
statistical validity, see
Statistics Review: Inferential
Statistics, pp. 491-493.
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' ! L;,Zf: d,ffzee,::‘ce LO;,%';ZM culated the difference (in original

higher higher units) between longhand and laptop

|
s
’ ‘ to be 0.52, and one calculation of the

FIGURE 10.22 - '
95% CI for the difference in original units. 95% CI for this difference is [-0.16,
1.20]. You don’t know the true popu-

In Mueller and Oppenheimer’s Study 1, the estimate of the difference in
conceptual test score between laptop and longhand conditions was lation difference for longhand versus

}
| , 0.52 points (out of 7 possible); here’s one calculation of its 95% CI. (Source ]aptop notes, but 95% of CIs will con-

Open data from Mueller & Oppenheimer, 2014; no covariates used.) 7 3 :
tain the true difference. This CI also
suggests we should not be surprised

‘ if the true difference turns out to be as large as a 1.20-point advantage or even that

-‘ ' the laptop group scored a bit higher (-0.16 on a 7-point test; Figure 10.22).

: The width of the 95% CI reflects precision. When a study has a relatively small
sample and more variability in the data, the CI will be relatively wide (less precise).
When a study has a larger sample and less variability, then the CI will be narrower
(more precise). If there were a narrower CI—say, [0.04, 0.72] for the notetaking
study—it would suggest that we can probably rule out zero as the true difference
between the two conditions; we’d call this result “statistically significant.”

i R WO the)c)l Instead of using original units, we can also compute the 95% CI for the d of 0.38,

is computed, see Statistics which might be presented like this: 95% CI for d [-0.16, 1.20]. Just as for original

Review: Inferential Statistics,  scores, 95% of the CIs for d will contain the d for the population. The more people

pp.493-495. 1 the study and the less variability, the more precise (narrow) the 95% CI will be.

REPLICATION

Each experiment we conduct uses data from a sample (something we know) to
make an inference about a true population effect (which we may never know). A
| single 95% CI provides important information about how large the population
effect might be. Another step in estimating the population effect is to conduct the
study again and find multiple estimates.

The baby persistence researchers replicated their study exactly and reported both
studies’ data in their empirical journal article. Science journalist Ed Yong interviewed
Leonard and reported, “After Leonard had spent a year studying the value of per-
‘ sistence, her advisor Laura Schulz told her to do the experiment again. ‘It was a very
‘ meta moment,’ she says. She recruited another 120 infants. . .. And to her delight, she
‘ got exactly the same results” (Yong, 2017). Mueller and Oppenheimer’s study was pub-
’ lished alongside two other studies, almost identical to the first, that manipulated pe?

versus laptop notetaking and measured factual and conceptual knowledge; all three
studies found similar effects. Nevertheless, some other researchers have found small”
| and even no, benefits of longhand over laptop notes (Luo et al., 2018; Morehead ¢t al.
2019; 'Urry etal,, 2020). When the studies you encounter have been replicated, you ¢"
combine their estimates to get an even better estimate of the true population value
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mnternal Validity: Are There Alternative
gxplanations for the Results?

when you are interrogating causal claims, keep in mind that
often the priority. Experimenters isolate and manipulate a k
while controlling for all other possible variables, precisely s
internal validity. If the internal validity of an experiment is sound, you know that a
causal claim is almost certainly appropriate. But if there js some confound, a causal
claim would be inappropriate. It should instead be demoted to an association claim.

Three potential threats to internal validity have already been discussed in this

chapter. These fundamental internal validity questions are worth asking of any
experiment:

internal validity is
ey causal variable,
o they can achieve

1. Did the experimental design ensure that there were no design confounds, or did
some other variable accidentally covary along with the intended independent
variable? (Mueller and Oppenheimer made sure people in both groups saw the
same video lectures, were in the same room, and so on.)

2. If the experimenters used an independent-groups design, did they control for
selection effects by using random assignment or matching? (Random assign-
ment controlled for selection effects in the notetaking study.)

3. If the experimenters used a within-groups design, did they control for order
effects by counterbalancing? (Counterbalancing is not relevant in Mueller and
Oppenheimer’s design because it was an independent-groups design.)

Chapter 11 goes into further detail on these threats to internal validity and covers
nine more threats.

v

vl
CHECK YOUR UNDERSTANDING

1. How do manipulation checks provide evidence for the construct validity
of an experiment’s independent variable? Why does theory matter in
evaluating construct validity?
2. Besides generalization to other people, what other aspect of generalization
does external validity address?
3. What does it mean when an effect size is large (as opposed to small) in an
experiment?
4. Summarize the three threats to internal validity discussed in this chapter.
‘g -daas‘y

P - ‘dd 89S °L
'60£-805 'dd a5 '§ ,0g-90¢ "dd @95 ‘suoiIENIIs 1240 0} UO|jRZI[RIBUAD T "90£-P 0L
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For a full discussion of
replication, including meta-
analysis, see Chapter 14,
pp.437-447.
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CHAPTER REVIEW

o}

Summary

It’s time to complete your study experience! Go to INQUIZITIVE to practice actively
with this chapter’s concepts and get personalized feedback along the way.

Causal claims are special because they can lead to advice, treatments, and interventions. The only way to
support a causal claim is to conduct a well-designed experiment.

TWO EXAMPLES OF SIMPLE EXPERIMENTS

« An experiment showed that taking notes on a laptop
rather than in longhand caused students to do worse
on a conceptual test of lecture material.

« An experiment showed that babies who watch adults
being persistent try harder on a subsequent task.

EXPERIMENTAL VARIABLES

« Experiments study the effect of an independent
(manipulated) variable on a dependent (measured)
variable.

« Experiments deliberately keep all extraneous vari-
ables constant as control variables.

WHY EXPERIMENTS SUPPORT
CAUSAL CLAIMS
- Experiments support causal claims because they

potentially allow researchers to establish covariance,
temporal precedence, and internal validity.

« The three potential internal validity threats covered in
this chapter that researchers work to avoid are design
confounds, selection effects, and order effects.

INDEPENDENT-GROUPS DESIGNS

« In an independent-groups design, different partici-
pants are exposed to each level of the independent
variable.

312 CHAPTER 10 Introduction to Simple Experiments

« In a posttest-only design, participants are randomly
assigned to one of at least two levels of an inde-
pendent variable and then measured once on the
dependent variable.

+ In a pretest/posttest design, participants are
randomly assigned to one of at least two levels of an
independent variable and are then measured ona
dependent variable twice—once before and once after
they experience the independent variable

« Random assignment or matched groups can help
establish internal validity in independent-groups
designs by minimizing selection effects.

WITHIN-GROUPS DESIGNS

« In a within-groups design, the same participants aré
exposed to all levels of the independent variable

In a repeated-measures design, participants are test-
ed on the dependent variable after each exposure 0
an independent variable condition.

In a concurrent-measures design, participants are
exposed to at least two levels of an independent va'”
able at the same time and then indicate a preferencé
for one level (the dependent variable)

Within-groups designs allow researchers to treat
each participant as his or her own control and requiré
fewer participants than independent-groups desidn®
Within-groups designs also present the potential for
order effects and demand characteristics

_




INTERROGATING CAUSAL CLAIMS

WITH THE FOUR VALIDITIES

interrogating construct validity involves evaluating
whether the variables were manipulated and mea-
sured in ways consistent with the theory behind the
experiment.

the experiment’s results can be generalized to other
people or to other situations and settings.

Key Terms

experiment, p. 281
manipulated variable, p. 281
measured variable, p. 281
independent variable, p. 281
condition, p. 281

dependent variable, p. 281
control variable, p. 282
comparison group, p. 284
control group, p. 284
treatment group, p. 284
placebo group, p. 285
confound, p. 286

|nterrogating external validity involves asking whether

design confound, p. 286
systematic variability, p. 287
unsystematic variability, p. 287
selection effect, p. 289

random assignment, p. 290
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independent-groups design, p. 292
within-groups design, p. 292
posttest-only design, p. 292
pretest/posttest design, p. 293
repeated-measures design, p. 295
concurrent-measures design, p. 296

* Interrogating statistical validity starts by asking about

the effect size, precision of the estimate as assessed by
the 95% CI, and whether the study has been replicated.
Interrogating internal validity involves looking for

design confounds and seeing whether the researchers

used techniques such as random assignment and
counterbalancing.

order effect, p. 299

practice effect, p. 299
carryover effect, p. 299
counterbalancing, p. 299

full counterbalancing, p. 300
partial counterbalancing, p. 301
Latin square, p. 301

demand characteristic, p. 302
manipulation check, p. 304
pilot study, p. 304

r To see samples of chapter concepts in the popular media,
visit www.everydayresearchmethods.com and click the box for Chapter 10.

Review Questions

Max ran an experiment in which he asked people to
shake hands with an experimenter (played by a female
friend) and rate the experimenter’s friendliness using
aself-report measure. The experimenter was always
the same person and used the same standard greeting
for all participants. People were randomly assigned

' shake hands with her either after she had cooled

her hands under cold water or after she had warmed
her hands under warm water. Max's results found that
People rated the experimenter as friendlier when her
hands were warm than when they were cold.

1. Why does Max’s experiment satisfy the causal criteri-
on of temporal precedence?

a. Because Max found a difference in rated friendli-
ness between the two conditions, cold hands and
warm hands.

b. Because the participants shook the experiment-
er’'s hand before rating her friendliness.

c. Because the experimenter acted the same in all
conditions, except having cold or warm hands.

d. Because Max randomly assigned people to the
warm hands or cold hands condition.

Review Questions 313

e e S e S N |



5. Which of the following questions would you use to

2. In Max's experiment, what was a control variable? e
interrogate the construct validity of Max’s experi-

a. The participants’ rating of the friendliness of the

experimenter. ment?
i e effect size comparing the
b. The temperature of the experimenter's hands a. Howlargm 18 tfhthe s cgld - fa;ed
‘ (warm or cold). frlendl'mess o ands
‘ ¢ Th der of th d h d conditions?
| | . e gender of the students in t A )
} . ) Sy ? ey b. How well did Max’s “experimenter friendliness”
; d. The standard greeting the experimenter used rating capture participants’ actual impressions of
‘ while shaking hands. the experimenter?

" 3. What type of design is Max’s experiment? c. Were there any confounds in the experiment?
d. Can we generalize the results from Max’s friend

imenters with whom peopl
Pretest/posttest design to other experime people might
shake hands?

a. Posttest-only design

b.
c. Concurrent-measures design
d.

Repeated-measures design

4. Max randomly assigned people to shake hands either
with the “warm hands” experimenter or the “cold
hands" experimenter. Why did he randomly assign
participants?

a. Because he had a within-groups design.

. Because he wanted to avoid selection effects.

b
c. Because he wanted to avoid an order effect.
d

_ Because he wanted to generalize the results to the
population of students at his university.

Learning Actively

! 1. Design a posttest-only experiment that would test 2. For each of the following independent variables,
; each of the following causal claims. For each one, how would you design a manipulation that uses
| identify the study’s independent variable(s), identify an independent-groups design? How would you
[ its dependent variable(s), and suggest some import- design a manipulation that uses a within-groups
1 ant control variables. Then sketch a bar graph of design? Explain the advantages and disadvantages
the results you would predict (remember to put the of manipulating each independent variable as
dependent variable on the y-axis). Finally, apply the independent-groups versus within-groups.
three causal criteria to each study. a. Listening to a lesson from a friendly teacher
a. Having a friendly (versus a stern) teacher for a versus a stern teacher.
brief lesson causes children to score better on a b. Practicing the piano for 30 minutes a day Versus

|

l

! test of material for that lesson.

1 b. Practicing the piano for 30 minutes a day (com-

' pared with 10 minutes a day) causes new neural
connections in the temporal region of the brain.

10 minutes a day.

c. Drinking sugared versus sugar-free lemonade

Drinking sugared lemonade (compared with
sugar-free lemonade) makes people perform
petter on a task that requires self-control.

314 CHAPTER 10 Introduction to Simple Experiments
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3. To study people’s willingness to help others, social
psychologlsts Latané and Darley (1969) inviteq B
ple to complete questionnaires in a lab room. After
handing out the questionnaires, the female experi-
menter went next door and staged a loud accident:
she pretended to fall off a chair and get hurt (she
actually played an audio recording of this accident),
Then the experimenters observed whether each
participant stopped filling out the questionnaire and
went to try to help the “victim.”

Behind the scenes, the experimenters had flipped
a coin to assign participants randomly to either an
“alone” group, in which they were in the question-
naire room by themselves, or a “passive confederate”
group, in which they were in the questionnaire room
with a confederate (an actor) who sat impassively
during the “accident” and did not attempt to help the
“victim.”

In the end, Latané and Darley found that when
Participants were alone, 70% reacted, but when
participants were with a passive confederate, only
7% reacted. This experiment supported the research-
ers’ theory that during an accident, people take
Cues from others, looking to them to decide how to
Interpret the situation.

a. What are the independent, dependent, and con-
trol variables in this study?

b. Sketch a graph of the results of this study.

C. Is the independent variable in this study
manipulated as independent-groups or as
repeated-measures? How do you know?

d. For this study, ask at least one question for each
of the four validities.

Learning Actively 315
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REPLICATE THE STUDY

Do we remember words
better if we process
them deeply?

You and a lab partner can work together to replicate a
memory effect associated with levels of processing the-
ory. The theory states that when we are learning new
information (such as a list of words), we remember it bet-
ter when we process it deeply; that is, make connections
to what we already know (Craik & Lockhart, 1972). In this

experiment, you'll replicate a classic study on the levels
of processing effect.

518D Prepare your materials.

Working with your partner, prepare a list of 24 common
words, making sure that some are pleasant and some are

not, and making sure that some of them contain the let-
ters a or e, and some do not (for example: sunset, snow
cupcake, war, closet).

41D Prepare two sets of instructions.

Prepare two sets of instructions. One page should have
Instruction 1, followed by the response table, and the
other page should have Instruction 2, followed by the
same response table. Prepare enough copies for each
person in your study.

Your participants will be reading these instructions
privately to themselves before they participate

Instructions 1

After you hear each word, answer this question: Does the
word contain an e or a g? Answer yes or no. Please use
this table to enter your responses after | read each word.

Item Response (Y/N)
1
2
3.
24
316 CHAPTER 10 Introduction to Simple Experiments
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Instructions 2

After you hear each word, answer this question: Is the
word pleasant? Answer yes or no. Please use this table to
enter your responses after | read each word.

Item Response (Y/N)

24.




Run the experimental sessjon.

B our experimental session will take about 10 min-
Jtes. Find some classmates or friends willing to partic-
pate. It's preferable to run a group of people all at the
same time. That way, each person will be following one
‘ B w0 different instructions, but you will be keeping
constant several variables, such as the inflection of your
voice, the time of day, and so on.

As you invite people to participate, ask each person
for permission. You can follow this script:

“Hil I'm wondering if you have 10 minutes to help me
out for my psychology class. I'm practicing research
and | am looking for volunteers to be in a short study
where you rate 24 words. There are no risks or benefits
in this study, and your participation would be volun-
tary. I'm also not going to collect your name. Would
you be willing to participate?”

As each person says yes, you and your partner will
need to randomly assign them to one of the two condi-
tions. Therefore, flip a coin for each person (heads gets
Instruction 1 and tails gets Instruction 2). Alternatively,
you can fan out a shuffled set of copies of Instruction 1
and Instruction 2, and ask each participant to choose one
page.

When everyone has a page of instructions, it's time to
read the words on your word list. As you read your list
of 24 words out loud, people will answer their assigned
question in the blanks provided. After they are done, say:

“Thanks for rating all the words. Now I'd like you all to
do one more thing for me. Please turn your page over
and write down all the words that you can remember.
I'll give you 2 minutes for this part.”

After 2 minutes you may thank your participants and
send them on their way.

m Enter your data.

When we enter data into a data matrix, each person gets
arow and each variable gets a column. Therefore, you'll
need one column labeled “Condition” and one labeled
“Words Recalled.” The “words recalled” variable is simply
your count, for each person, of how many words they
remembered from the study. The data matrix will look
something like this:
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Have your partner(s) check your data entry to make sure
you've done it correctly.

Use the statistics program JASP to
calculate means and Cls.

A. Save your data as .csv.
B. Open JASP on your computer. (Obtain this free
program at www.jaspstats.org.)
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C.

In JASP, select File/Open/Computer to find the .csv
data file you have downloaded.
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D. Once the file is open, select the Common tab to
get to the data view. Change each variable type to
“Scale"” if needed (next to each variable name).
Select T-Tests, Independent Samples T-test.
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“Condition” is the Grouping Variable and “Words
Recalled” is the Dependent Variable. You should
also check the boxes for several Additional Statistics
as in the image below.
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. The results below come from a different set of data;
' your own results will vary.

Results * = ¢

Independent Samples T-Test v The Mean Difference gives the
off.ot:t size estimate in original
units; j i
e ts 95% Cl is listed next to it.
95% C1 for Mean Dilerence _35%Clfor Conenn d
1 o p Mean Difference  SE Difference  Lower Upper  Cohen'sd  Lower  Upper
WordiRecalled 6689 1300  <.001 1343 LIS -1010 -53E8  -2269 ) -3119  -119
Note. Student’s -test.

The means for the two groups

Descriptives ¥ are under Descriptives, The Cohen’s d is the
standardized effect size;
— its 95% Ci is listed next to it
Croup N Mean D [
Words Recalled | i) (V3] 1653 0838
2 16 378 300 oM

Descriptives Plot Use the means from Group Descriptives to see
which group remembered more: Group 1

Wonks Rucaiied (shallow processing) or Group 2 (deep processing).
18
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Condition
sTEP 6 Y| t ur results content noted with [square brackets]. Take the brackets
eport yo .

out after you add the content, with the exception of 95%
Cls, which are normally shown in square brackets.

Write up a mini version of your study (Method, Results,
and Discussion section only) using this APA-sty‘le Lo
plate. You should fill in all the blanks and provide any
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APA paper template:
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Method

This was a posttest-only designinwhich _____ was the indepen-
dentvariableand _______ was the dependent variable.
Participants

Participants were___________volunteers who were students at

. They participated voluntarily in [location].
Procedure

The participants participated in groups of [size of groups]. One experi-
menter read a list of 24 common words, including [list 5-6 of your words here].

Participants were randomly assigned to one of two conditions. Those
receiving the shallow level of processing instructions were asked to [describe
this condition]. Those receiving the deep level of processing instructions were
asked to [describe each condition]. Participants rated each word on a paper
rating sheet.

After rating each word, the experimenter asked the participants to turn
over their rating page and list as many words as they recalled out of the 24
rated words. Participants were given 2 minutes for this task. Participants were
then thanked and dismissed.

The experimenters counted how many words each participant recalled.
Data were analyzed using [JASP/SPSS/Excel].

Results

Participants in the deep level of processing condition (M = x.xx, SD = x.xx)
remembered [more/less] words than those in the shallow level of processing
condition (M = x.xx, SD = x.xx). Therefore, the difference in the number of
words recalled was x.xx. The 95% CI on this difference was [x.xx, x.xx]. This

CI means that [explain].
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The standardized effect size of the difference between deep and shallow
processing was d = x.xx, and the 95% CI was [x.xx, x.xx].

These 95% CIs [do/do not] contain zero, so we can conclude that the dif-
ference between the two conditions [is not/is] statistically significant.

Discussion

The results of this experiment suggest that when people engage in deep
processing about words (rather than shallow), they remember [a lot more/a
few more about the same number/a few less/a lot less] of those words.

[Here you can make a comment about your study’s internal, external, and

construct validities.]

COMPREHENSION QUESTIONS

1. This was billed as a posttest-only experiment. Why does it fit that label?

2. What was the independent variable? What were its levels?

3. What was the dependent variable?

4. Using your own words, what does the 95% CI for the difference between the two
groups in original units mean?

5. Can we use the results of this study to support the causal claim that "evaluating how
pleasant words are leads to better memory for those words, compared with deciding
if the word contains a certain letter”? Why or why not? Apply the three causal

criteria.

Replicate the Study 321

———— TR — T e i T e




