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Correlated-Groups and
Developmental Designs

LEARNING OBJECTIVES

e Explain correlated-groups designs.

e Describe order effects and how counterbalancing is related to this
concept.

* Explain what a Latin square design is.

¢ Describe the differences among cross-sectional, longitudinal, and
sequential developmental designs.
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correlated-groups
design: An experimental
design in which the
participants in the
experimental and control
groups are related in
some way.
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he designs described so far have all been between-participants
designs, that is, the participants in each condition were different.
We now consider the use of correlated-groups designs, designs
in which the participants in the experimental and control groups are related.
There are two types of correlated-groups designs: within-participants de-
signs and matched-participants designs. In addition, we will consider devel-
opmental designs, most commonly used by developmental psychologists.
These designs differ from those already described in that they use age as
a variable.

WITHIN-PARTICIPANTS EXPERIMENTAL DESIGNS

within-participants
design: A type of
correlated-groups design
n which the same
participants are used in
each condition.

In a within-participants design the same participants are used in all condi-
tions. Within-participants designs are often referred to as repeated-measures
designs because we are repeatedly measuring the same individuals. A random
sample of participants is selected, but random assignment is not relevant or
necessary because all participants serve in all conditions. Within-participants
designs are popular in psychological research for several reasons.

First, within-participants designs typically require fewer participants than
between-participants designs. For example, we could conduct the mnemonic
devices study using a between-participants design and randomly assign differ-
ent people to the control condition (no mnemonic device) and the experimen-
tal condition (those using a mnemonic device). If we wanted 20 participants
in each condition, we would need a minimum of 20 people to serve in the
control condition and 20 to serve in the experimental condition for a total of
40 participants. If we conducted the experiment using a within-participants
design, we would need only 20 participants who would serve in both the con-
trol and experimental conditions. Because participants for research studies are
difficult to recruit, using a within-participants design to minimize the number
of participants needed is advantageous.

Second, within-participants designs usually require less time to conduct
than between-participants designs. The study is conducted more quickly be-
cause participants can usually take part in all conditions in one session; the
experimenter does not use a participant in one condition and then wait
around for the next person to participate in the next condition. Further, the
instructions need to be given to each participant only once. If there are 10
participants in a within-participants design and participants are run individu-
ally, the experiment need only be explained 10 times. If there are 10 partici-
pants in each condition in a between-participants design in which participants
are run individually, the experiment needs to be explained 20 times.

Third, and most important, within-participants designs increase statistical
power. When the same individuals participate in multiple conditions, individ-
A Afierences beoween the conditions ate wimmzed. This mimmzanon of
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order effects: A problem
for within-participants
designs in which the order
of the conditions has an
cffect on the dependent
variable.

counterbalancing: A
mechanism for controlling
order effects either by in-
cluding all orders of
treatment presentation or
by randomly determining
the order for each
participant.

differences in turn reduces variability and increases the chances of achieving
statistical significance. Think about it this way. In a between-participants de-
sign the differences between the groups or conditions may be mainly due to
the independent variable. Some of the difference between the performances
of the two groups, however, is due to the fact that the individuals in one
group are different from the individuals in the other group. This difference i
referred to as variability due to individual differences. In a within-participants
design, however, most variability berween the two conditions (groups) must
come from the manipulation of the independent variable because both groups
of scores are produced by the same participants. The differences between the
groups cannot be caused by individual differences because the scores in bots
conditions come from the same person. Because of the reduction in individua’
differences (variability), a within-participants design has greater statistica’
power than a between-participants design—it provides a purer measure of
the true effects of the independent variable.

Although the within-participants design has advantages, it also has weak-
nesses. First, within-participants designs are open to many types of con-
founds. As with between-participants designs internal validity is a concern for
within-participants designs. In fact, several of the confounds described in the
previous module are especially troublesome for within-participants designs.
For instance, testing effects, called order effects in a within-participants de-
sign, are more problematic because all participants are measured at leass
twice: in the control condition and in the experimental condition. Because of
the multiple testing both practice and fatigue effects are common.

Still, the effects can be equalized across conditions in a within-participants
design by counterbalancing, that is, systematically varying the order of con-
ditions for participants in a within-participants experiment. So if our memory
experiment were counterbalanced, half of the people would participate in the
control condition first, and the other half would participate in the experimental
condition first. In this manner practice and fatigue effects would be evenly dis-
tributed across conditions.

When experimental designs are more complicated (i.e., they have three,
four, or more conditions), counterbalancing can become more cumbersome.
For example, a design with three conditions has 6 possible orders (3! = 3
2 x 1) in which to present the conditions, a design with four conditions has
24 (4! =4 x 3 x 2 x 1) possible orderings for the conditions, and a design
with five conditions has 120 possible orderings (5! =35 x 4 x 3 x 2 x 1).
Given that most research studies use a limited number of participants in
each condition (usually 20 to 30), it is not possible to use all of the orderings
of conditions (called complete counterbalancing) in studies with four or more
conditions. Luckily there are alternatives to complete counterbalancing,
known as partial counterbalancing. One partial counterbalancing alternative
is to randomize the order of presentation of conditions for each participant.
Another is to randomly select the number of orders that matches the number
of participants. For instance, in a study with four conditions and 24 possible

orderings, if we had 15 participants, we could randomly select 15 of the
24 possible orderings.
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A more formal way to use partial counterbalancing is to construct a Latin
square, which utilizes a limited number of orders. When using a Latin square,
we have the same number of orders as we have conditions. Thus a Latin
square for a design with four conditions uses 4 orders rather than the 24 or-
ders necessary to completely counterbalance a design with four conditions.
Another criterion that must be met when constructing a Latin square is that
each condition should be presented at each order. In other words, for a study
with four conditions each condition should appear once in each ordinal posi-
tion. In addition, in a Latin square, each condition should precede and follow
every other condition once. A Latin square for a study with four conditions
appears in Table 13.1. The conditions are designated A, B, C, and D so that
you can see how the order of conditions changes in each of the four orders
used; however, once the Latin square is constructed using the letter symbols,
each of the four conditions is randomly assigned to one of the letters to deter-
mine which condition will be A, B, and so on. A more complete discussion of
Latin square designs can be found in Keppel (1991).

Another type of testing effect often present in within-participants designs
is known as a carryover effect; that is, participants “carry” something with
them from one condition to another. As a result of participating in one condi-
tion, they experience a change that they now carry with them to the second
condition. Some drug research may involve carryover effects. The effects of
the drug received in one condition are present for a while and may be carried
to the next condition. Our memory experiment would probably also involve a
carryover effect. If individuals participate in the control condition first (no
mnemonic) and then the experimental condition (using a mnemonic device),
there probably would not be a carryover effect. If some individuals partici-
pate in the experimental condition first, however, it would be difficult not to
continue using the mnemonic device once they have learned it. What they
learned in one condition is carried with them to the next condition and alters
their performance in it. Counterbalancing enables the experimenter to assess
the extent of carryover effects by comparing performance in the experimental
condition when presented first versus second. Using a matched-participants
design (to be discussed next) eliminates carryover effects.

Finally, within-participants designs are more open to demand characteris-
tics, the information the participant infers about what the researcher wants,

TaBLE 13.1

A Latin Square for a Design with Four Conditions

Order of Conditions

A B D @
B ® A D
[ D B A
D A C B

Note: The four conditions n this experiment are randomly given the letter designations A, B, C, and D.
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Because individuals participate in all conditions, they know how the instruc-
tions vary by condition and how each condition differs from the previous
ones. This knowledge gives them information about the study thar a partici-
pant in a between-participants design does not have. This information in
turn may enable them to determine the purpose of the investigation and could
lead to a change in their performance.

Not all research can be conducted using a within-participants design.
Most drug research is conducted using different participants in each condition
because drugs often permanently affect or change an individual. Consequently
participants cannot serve in more than one condition. In addition, researchers
who study reasoning and problem solving often cannot use within-
participants designs because, once a participant has solved a problem, they
cannot serve in another condition that requires them to solve the same prob-
lem again. Where possible, however, many psychologists choose to use
within-participants designs because they believe the added strengths of the de-
sign outweigh the weaknesses.

MATCHED-PARTICIPANTS EXPERIMENTAL DESIGNS

matched-participants
design: A type of
correlated-groups design
in which participants are
matched between condi-
tions on variable(s) that
the researcher believes is

(are) relevant to the study.

The second type of correlated-groups design is a matched-participants design,
which shares certain characteristics with both between- and within-participants
designs. As in a between-participants design different participants are used
in each condition. Yet for each participant in one condition, there is a partici-
pant in the other condition(s) who matches him or her on some relevant vari-
able or variables. For example, if weight is a concern in a study and the
researchers want to ensure that for each participant in the control condition
there is a participant of the same weight in the experimental condition, they
match participants on weight. Matching the participants on one or more vari-
ables makes the matched-participants design similar to the within-participants
design. A within-participants design has perfect matching because the same
people serve in each condition, whereas with the matched-participants design
we are attempting to achieve as much equivalence between groups of different
participants as we can.

Why then do we not simply use a within-participants design? The answer
is usually carryover effects. Taking part in one condition changes the partici-
pants in such a way that they cannot take part in the second condition. For
instance, drug research usually utilizes between-participants designs or
matched-participants designs but rarely within-participants designs. Partici-
pants cannot take both the placebo and the real drug as part of an experi-
ment; hence, this type of research requires that different people serve in each
condition. But to ensure equivalency between groups, the researcher may
choose to use a matched-participants design.

The matched-participants design has advantages over both between-
participants and within-participants designs. First, because there are different
people in each group, testing effects and demand characteristics are mini-
mized in comparison to a within-participants design. Second, the groups are
more equivalent than those in a between-participants design and almost as

Description

Strengths

Weaknesses




hey know how the INstrag
1 differs from the previoes
t the study that 3 parooe
have. This informarios =
the investigation and . vl

within-participants de
‘ticipants in each cond oo
n individual, Consequensis
m. In addition, resear foe
fen cannot use wirhs
15 solved a problem,
1 1o solve the same ~
“hologists choose o, o~

added strengths of the -

ched-participants desigm.
1~ and within-participa -
0t participants are (e
dition, there is 2 parmx
‘T on some relevant -
ern in a study and
n the control conditioe
rimental condition, the
Its on one or more van-
» the within-participans
‘hing because the sam-
ched-participants design
veen groups of differer-

ats design? The answe-
on changes the parnic-
second condition. Fo-
irticipants designs -
pants designs. Partic:-
as part of an exper:-
t people serve in each
i, the researcher mas

over both between-
1se there are differen:
iracteristics are mini-
:cond, the groups are
lesign and almost as

Comparison of Designs

Matched-Participants Experimental Designs 191

equivalent as those in a within-participants design. Third, because partcipants
have been matched on variables of importance to the study, the same tvpes of
statistics used for the within-participants designs are used for the marched-
participants designs. In other words, data from a matched-participants design
are treated like data from a within-participants design. This similarity in dara
analysis means that a matched-participants design is as powerful as a within-
participants design because individual differences have been minimized.

Of course, matched-participants designs also have weaknesses. First, more
participants are needed than in a within-participants design. Second, if one par-
ticipant in a matched-participants design drops out, the entire pair is lost. Thus
mortality is even more of an issue in matched-participants designs than in other
designs. Finally, the biggest weakness of the matched-participants design is the
matching itself. Finding an individual willing to participate in an experiment
who exactly (or very closely) matches another participant on a specific variable
can be difficult. If the researcher is matching participants on more than one var-
iable (say, height and weight), it becomes even more difficult. Because partici-
pants are hard to find, it is very difficult to find enough matched participants o
take part in a matched-participants study.

Within-Participants Design Matched-Participants Design
Description The same participants are used in all Participants are randomly assigned o
conditions each condition after being marched on
relevant variables
strengths Fewer participants needed Testing effects minimized
Less time-consuming Demand characteristics minimized
Equivalency of groups ensured Groups are fairly equivalent
More powerful statistically More powerful statistically
Weaknesses Probability of testing effects is high Matching is very difficult

Probability of demand characteristics More participants are needed
is high

CRITICAL

THINKING
CHECK 13.1

1. If a researcher wants to conduct a study with four conditions and 15
participants in each condition, how many participants are needed for a
between-participants design? For a within-participants design? For a
matched-participants design?

2. People with anxiety disorders are selected to participate in a study on a
new drug for the treatment of these disorders. The researchers know
that the drug is effective in treating them, but they are concerned with
possible side effects. In particular, they are concerned with the effects
of the drug on cognitive abilities. Therefore they ask each participant in
the experiment to identify a family member or friend of the same

(continues)
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gender as the participant and of a similar age {(within 5 years) who
does not have an anxiety disorder. The researchers then administer the
drug to those with the disorder and measure cognitive functioning in
both groups. What type of design is this? Would you suggest measur-
ing cognitive functioning more than once? When and why?

3
}

DEVELOPMENTAL DESIGNS

cross-sectional design:
A type of developmental
design in which partici-
pants of different ages are
studied at the same time.

cohort: A group of indi-
viduals born at about the
same time.

cohort effect: A genera-
tional effect in a study that
occurs when the eras in
which individuals are born
affect how they respond in
the sludj. .

longitudinal design:

A type of developmental
design in which the same
participants are studied
repeatedly over time as
they age.

Developmental psychologists typically use a special group of designs knows
as developmental designs. These designs differ from those already described
in that they use age as a variable. There are two basic developmental designs:
the cross-sectional design and the longitudinal design. The cross-sectional de-
sign shares some characteristics with between-participants designs in that in-
dividuals of different ages are studied. The longitudinal design shares some
characteristics with within-participants designs in that the same individuals
are studied over time as they mature.

Cross-Sectional Designs

When using the cross-sectional design, researchers study individuals of differ-
ent ages at the same time. Thus a researcher interested in differences across
ages in cognitive abilities might study groups of S-year-olds, 8-year-olds, 11-
year-olds, and so on. The advantage of this design is that a wide variety of
ages can be studied in a short period. In fact, in some studies it is possible to
collect all of the data in one day.

Even though ease of data collection is a great advantage, the cross-sectional
method has its disadvantages. The main one is that although the researcher typi-
cally attempts to determine whether there are differences across different ages, the
reality is that the researcher tests not only individuals of different ages but also in-
dividuals who were born at different times and raised in different generations, or
cohorts. A cohort is a group of individuals born at about the same time. In a
cross-sectional study the researcher wants to be able to conclude that any differ-
ence observed in the dependent variable (for example, cognitive abilities) 1s due
to age, but because these individuals were raised at different times, some or all of
the observed differences in cognitive ability could be due to a cohort effect, a gen-
erational effect. In a cross-sectional study a cohort effect might influence cogni-
tive abilities because individuals born in successive generations go through
different educational systems and have varying opportunities for education—for
example, those born earlier might have had less access to education.

Longitudinal Designs

An alternative to a cross-sectional design is a longitudinal design. With a
longitudinal design the same participants are studied over a period of time.
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Depending on the age range the researcher wants to study, a longitudinal de-
sign may span from a few years or months to decades. If the cognitive study
just described were conducted longitudinally, the same participants would pe-
riodically be tested on cognitive abilities (say, every 3 years). This type of
study eliminates any cohort effects because the same participants are studied
over a period of time. Thus we do not have the confound of using partici-
pants who were born in different generations.

However, longitudinal designs introduce their own problems into a re-
search study. First, they are more expensive and time-consuming than cross-
sectional studies. Second, researchers using longitudinal studies need to be
particularly cognizant of attrition problems over time because those who
drop out of the study likely differ in some possibly meaningful way from
those who remain. For instance, those who drop out may be healthier,
wealthier, or more conscientious, and in general they may have more stable
lives.

Sequential Designs

One way to overcome many of the problems with both cross-sectional and
longitudinal designs is to use a design that is a combination of the two. The
sequential design is a combined cross-sectional and longitudinal design in
that a researcher begins with participants of different ages (as in a cross-
sectional design) and tests or measures them. Then, either a number of months
or years later, the researcher retests or measures the same individuals (as in a
longitudinal design). A researcher could therefore measure cognitive abilities
in a group of 5-, 8-, and 11-year-olds, then 3 years later measure the same indi-
viduals when they are 8, 11, and 14 years old, and finally measure them again
when they are 11, 14, and 17 years old. Sequential designs are more expensive
and time-consuming than the previous two types, but they have the advantage
of allowing researchers to examine cohort effects, usually without taking as
much time as a longitudinal design alone.

Researchers should use the design most appropriate for the type of research
they are conducting. This decision means considering the strengths and weak-
nesses of the between-, within-, and matched-participants designs when deter-
mining which would be best for their study. Further, when conducting
developmental studies, researchers have three designs from which to choose: a
cross-sectional design, a longitudinal design, or a combination of the two,
called a sequential design.

REVIEW OF KEY TERMS

~orrelated-groups
design

design

“wthin-participants

order effects matched-participants cohort effect

counterbalancing design longitudinal design

Latin square cross-sectional design sequential design

cohort




