LEARNING OBJECTIVES

o Explain the difference between between-subjects and within-subjects experiments, list some of the
pros and cons of each approach, and decide which approach to use to answer a particular research
question.

e Define random assignment, distinguish it from random sampling, explain its purpose in
experimental research, and use some simple strategies to implement it.

¢ Define what a control condition is, explain its purpose in research on treatment effectiveness, and
describe some alternative types of control conditions.

o Define several types of carryover effect, give examples of each, and explain how counterbalancing
helps to deal with them.

In this section, we look at some different ways to design an experiment. The primary distinction we will
make is between approaches in which each participant experiences one level of the independent variable
and approaches in which each participant experiences all levels of the independent variable. The former
are called between-subjects experiments and the latter are called within-subjects experiments.

Between-Subjects Experiments

In a between-subjects experiment, each participant is tested in only one condition. For example, a
researcher with a sample of 100 college students might assign half of them to write about a traumatic event
and the other half write about a neutral event. Or a researcher with a sample of 60 people with severe
agoraphobia (fear of open spaces) might assign 20 of them to receive each of three different treatments for
that disorder. It is essential in a between-subjects experiment that the researcher assign participants to
conditions so that the different groups are, on average, highly similar to each other. Those in a trauma
condition and a neutral condition, for example, should include a similar proportion of men and women, and
they should have similar average intelligence quotients (IQs), similar average levels of motivation, similar
average numbers of health problems, and so on. This is a matter of controlling these extraneous participant
variables across conditions so that they do not become confounding variables.

Random Assignment

The primary way that researchers accomplish this kind of control of extraneous variables across conditions
is called random assignment, which means using a random process to decide which participants are
tested in which conditions. Do not confuse random assignment with random sampling. Random sampling is
a method for selecting a sample from a population, and it is rarely used in psychological research. Random
assignment is a method for assigning participants in a sample to the different conditions, and it is an
important element of all experimental research in psychology and other fields too.

In its strictest sense, random assignment should meet two criteria. One is that each participant has an
equal chance of being assigned to each condition (e.g., a 50% chance of being assigned to each of two
conditions). The second is that each participant is assigned to a condition independently of other
participants. Thus, one way to assign participants to two conditions would be to flip a coin for each one. If
the coin lands heads, the participant is assigned to Condition A, and if it lands tails, the participant is
assigned to Condition B. For three conditions, one could use a computer to generate a random integer from
1 to 3 for each participant. If the integer is 1, the participant is assigned to Condition A; if it is 2, the
participant is assigned to Condition B; and if it is 3, the participant is assigned to Condition C. In practice, a
full sequence of conditions—one for each participant expected to be in the experiment—is usually created
ahead of time, and each new participant is assigned to the next condition in the sequence as he or she is
tested. When the procedure is computerized, the computer program often handles the random assignment.

Block Randomization

One problem with coin flipping and other strict procedures for random assignment is that they are likely to
result in unequal sample sizes in the different conditions. Unequal sample sizes are generally not a serious
problem, and you should never throw away data you have already collected to achieve equal sample sizes.
However, for a fixed number of participants, it is statistically most efficient to divide them into equal-sized
groups. It is standard practice, therefore, to use a kind of modified random assignment that keeps the
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number of participants in each group as similar as possible. One approach is block randomization. In
block randomization, all the conditions occur once in the sequence before any of them is repeated. Then
they all occur again before any of them is repeated again. Within each of these “blocks,” the conditions
occur in a random order. Again, the sequence of conditions is usually generated before any participants are
tested, and each new participant is assigned to the next condition in the sequence. Table 6.2 "Block
Randomization Sequence for Assigning Nine Participants to Three Conditions" shows such a sequence for
assigning nine participants to three conditions. The Research Randomizer website
(hitp://www.randomizer.org) will generate block randomization sequences for any number of participants
and conditions. Again, when the procedure is computerized, the computer program often handles the block
randomization.

Random assignment is not guaranteed to control all extraneous variables across conditions. It is always
possible that just by chance, the participants in one condition might turn out to be substantially older, less
tired, more motivated, or less depressed on average than the participants in another condition. However,
there are some reasons that this is not a major concern. One is that random assignment works better than
one might expect, especially for large samples. Another is that the inferential statistics that researchers use
to decide whether a difference between groups reflects a difference in the population takes the “fallibility” of
random assignment into account. Yet another reason is that even if random assignment does result in a
confounding variable and therefore produces misleading results, this is likely to be detected when the
experiment is replicated. The upshot is that random assignment to conditions—although not infallible in
terms of controlling extraneous variables—is always considered a strength of a research design.

Treatment and Control Conditions

Between-subjects experiments are often used to determine whether a treatment works. In psychological
research, a treatment is any intervention meant to change people’s behavior for the better. This includes
psychotherapies and medical treatments for psychological disorders but also interventions designed to
improve learning, promote conservation, reduce prejudice, and so on. To determine whether a treatment
works, participants are randomly assigned to either a treatment condition, in which they receive the
treatment, or a control condition, in which they do not receive the treatment. If participants in the
treatment condition end up better off than participants in the control condition—for example, they are less
depressed, learn faster, conserve more, express less prejudice—then the researcher can conclude that the
treatment works. In research on the effectiveness of psychotherapies and medical treatments, this type of
experiment is often called a randomized clinical trial.

No-Treatment Control Condition & the Placebo Effect

There are different types of control conditions. In a no-treatment control condition, participants receive
no treatment whatsoever. One problem with this approach, however, is the existence of placebo effects.

A placebo is a simulated treatment that lacks any active ingredient or element that should make it
effective, and a placebo effect is a positive effect of such a treatment. Many folk remedies that seem to
work—such as eating chicken soup for a cold or placing soap under the bedsheets to stop nighttime leg
cramps—are probably nothing more than placebos. Although placebo effects are not well understood, they
are probably driven primarily by people’s expectations that they will improve. Having the expectation to
improve can result in reduced stress, anxiety, and depression, which can alter perceptions and even
improve immune system functioning (Price, Finniss, & Benedetti, 2008). [l

Placebo effects are interesting in their own right (see Note 6.28 "The Powerful Placebo"), but they also
pose a serious problem for researchers who want to determine whether a treatment works. Figure 6.2
"Hypothetical Results From a Study Including Treatment, No-Treatment, and Placebo Conditions" shows
some hypothetical results in which participants in a treatment condition improved more on average than
participants in a no-treatment control condition. If these conditions (the two leftmost bars in Figure 6.2
"Hypothetical Results from a Study Including Treatment, No-Treatment, and Placebo Conditions") were the
only conditions in this experiment, however, one could not conclude that the treatment worked. It could be
instead that participants in the treatment group improved more because they expected to improve, while
those in the no-treatment control condition did not.
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Figure 6.2 Hypothetical Results from a Study Including Treatment, No-Treatment, and Placebo Conditions
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Fortunately, there are several solutions to this problem. One is to include a placebo control condition, in
which participants receive a placebo that looks much like the treatment but lacks the active ingredient or
element thought to be responsible for the treatment’s effectiveness. When participants in a treatment
condition take a pill, for example, then those in a placebo control condition would take an identical-looking
pill that lacks the active ingredient in the treatment (a “sugar pill”). In research on psychotherapy
effectiveness, the placebo might involve going to a psychotherapist and talking in an unstructured way
about one’s problems. The idea is that if participants in both the treatment and the placebo control groups
expect to improve, then any improvement in the treatment group over and above that in the placebo control
group must have been caused by the treatment and not by participants’ expectations. This is what is shown
by a comparison of the two outer bars in Figure 6.2 "Hypothetical Results from a Study Including
Treatment, No-Treatment, and Placebo Conditions”.

Of course, the principle of informed consent requires that participants be told that they will be assigned to
either a treatment or a placebo control condition—even though they cannot be told which until the
experiment ends. In many cases the participants who had been in the control condition are then offered an
opportunity to have the real treatment. An alternative approach is to use a waitlist control condition, in
which participants are told that they will receive the treatment but must wait until the participants in the
treatment condition have already received it. This allows researchers to compare participants who have
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received the treatment with participants who are not currently receiving it but who still expect to improve
(eventually). A final solution to the problem of placebo effects is to leave out the control condition
completely and compare any new treatment with the best available alternative treatment. For example, a
new treatment for simple phobia could be compared with standard exposure therapy. Because participants
in both conditions receive a treatment, their expectations about improvement should be similar. This
approach also makes sense because once there is an effective treatment, the interesting question about a
new treatment is not simply “Does it work?” but “Does it work better than what is already available?”

The Powerful Placebo

Many people are not surprised that placebos can have a positive effect on disorders that seem
fundamentally psychological, including depression, anxiety, and insomnia. However, placebos can also
have a positive effect on disorders that most people think of as fundamentally physiological. These include
asthma, ulcers, and warts (Shapiro & Shapiro, 1999). ! There is even evidence that placebo surgery—also
called “sham surgery’—can be as effective as actual surgery.

Medical researcher J. Bruce Moseley and his colleagues conducted a study on the effectiveness of two
arthroscopic surgery procedures for osteoarthritis of the knee (Moseley et al., 2002). ¥l The control
participants in this study were prepped for surgery, received a tranquilizer, and even received three small
incisions in their knees. But they did not receive the actual arthroscopic surgical procedure. The surprising
result was that all participants improved in terms of both knee pain and function, and the sham surgery
group improved just as much as the treatment groups. According to the researchers, “This study provides
strong evidence that arthroscopic lavage with or without débridement [the surgical procedures used] is not
better than and appears to be equivalent to a placebo procedure in improving knee pain and self-reported
function” (p. 85).

Within-Subjects Experiments

In a within-subjects experiment, each participant is tested under all conditions. Consider an experiment
on the effect of a defendant’s physical attractiveness on judgments of his guilt. Again, in a between-
subjects experiment, one group of participants would be shown an attractive defendant and asked to judge
his guilt, and another group of participants would be shown an unattractive defendant and asked to judge
his guilt. In a within-subjects experiment, however, the same group of participants would judge the guilt of
both an attractive and an unattractive defendant.

The primary advantage of this approach is that it provides maximum control of extraneous participant
variables. Participants in all conditions have the same mean 1Q, same socioeconomic status, same number
of siblings, and so on—because they are the very same people. Within-subjects experiments also make it
possible to use statistical procedures that remove the effect of these extraneous participant variables on
the dependent variable and therefore make the data less “noisy” and the effect of the independent variable
easier to detect. We will look more closely at this idea later in the book.

Carryover Effects and Counterbalancing

The primary disadvantage of within-subjects designs is that they can result in carryover effects.

A carryover effect is an effect of being tested in one condition on participants’ behavior in later conditions.
One type of carryover effect is a practice effect, where participants perform a task better in later conditions
because they have had a chance to practice it. Another type is a fatigue effect, where participants perform
a task worse in later conditions because they become tired or bored.

Being tested in one condition can also change how participants perceive stimuli or interpret their task in
later conditions. This is called a context effect. For example, an average-looking defendant might be
judged more harshly when participants have just judged an attractive defendant than when they have just
judged an unattractive defendant. Within-subjects experiments also make it easier for participants to guess
the hypothesis. For example, a participant who is asked to judge the guilt of an attractive defendant and
then is asked to judge the guilt of an unattractive defendant is likely to guess that the hypothesis is that
defendant attractiveness affects judgments of guilt. This could lead the participant to judge the unattractive
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