CHAPTER 10

COMPLEX EXPERIMENTAL DESIGNS

LEARNING OBJECTIVES






Define a factorial design and why a researcher would
use this design
Describe the information provided by main effects and
interaction effects in a factorial design
Describe an IV x PV design
Discuss the role of simple main effects in interpreting
interactions
Compare the assignment of participants in an
independent groups design, a repeated measures design,
and a mixed factorial design
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Increasing the Number of Levels of
an Independent Variable (IV)
 The

simplest experimental design, has only
two levels of the IV.
 Two levels of the IV cannot provide very
much information about the exact form of
the relationship between the IV and DV
Introducing more Levels of an IV Provides
More Information about the relationship
than a two level design
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Increasing the Number of Levels of
an Independent Variable (IV)
more levels can provide a curvilinear
relationship

 Adding

Designs with only two levels of the independent variable
cannot detect curvilinear relationships between
variables.
 If a curvilinear relationship is predicted, at least three levels must
be used.

 Further, researchers

frequently are
interested in comparing more than two
groups.
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CURVILINEAR
RELATIONSHIP
This depicts just 1
Independent Variable
(IV) with 3 levels
and its effects on 1
Dependent Variable
(DV)
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FACTORIAL DESIGNS
 Factorial

Designs are designs with Two or More
Independent Variables (IV) (or what’s referred to as a
Factor)
 All levels of each independent variable are
combined with all levels of the other
independent variables.
 A general way of describing a factorial design is by
determining the number of levels of the first IV by the
number of levels of the second IV
 Simplest factorial design
2 x 2 factorial design
 It has two independent variables
 Each independent variable has two levels
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2 X 2 FACTORIAL DESIGN: TIME IN
INSTRUCTION & SETTING ON SCHOOL
PERFORMANCE


IV 1: Time in Instruction
◦ 2 levels:
◦ Sociable vs. Unsociable



IV 2: Setting
◦ 2 Levels:
◦ In-class
◦ Out of class



DV: School Performance
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FACTORIAL DESIGNS
 Factorial

designs yield two kinds of
information.
Main Effects
Interactions
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FACTORIAL DESIGNS:
Main Effect
 Main

Effect

Information about the effect of each independent
variable taken by itself:
We would say, “There was a main effect of Time in
Instruction (IV1)”.

The main effect of each IV is the overall
relationship between that IV and the DV
In a design with two independent variables, there are two
possible main effects—one for each independent variable.
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FACTORIAL DESIGNS: Interaction
Interaction


The second type of information is called an
interaction.

◦ If there is an interaction between two independent
variables, the effect of one IV depends on the
particular level of the other IV.
 In other words, the effect that an IV has on the DV
depends on the level of the other IV.

◦ Interaction between IVs indicates that the effect of
one IV is different at different levels of the other IV.


The main reason for using a 2 X 2 factorial design
instead of two separate experiments is to find an
interaction.
9

2 X 2 FACTORIAL DESIGN: MAIN EFFECTS
Main Effects of Setting





A main effect is an outcome that is a
consistent difference between levels of a
factor.
For instance, we would say there’s a main
effect for setting if we find a statistical
difference between the averages for the inclass and pull-out groups, at all levels of time in
instruction.
For all settings, the 4 hour/week condition
worked better than the 1 hour/week one. It is
also possible to have a main effect for setting
(and none for time).

Main Effects of Time

In the second main effect graph we see
that in-class training was better than
pull-out training for all amounts of time.

2 X 2 FACTORIAL DESIGN: MAIN EFFECTS
Main Effects of Setting & Time
 Finally, it is possible to have a main
effect on both variables simultaneously
as depicted in the third main effect
figure.
 In this instance 4 hours/week always
works better than 1 hour/week and inclass setting always works better than
out of class.

The Null Outcome





The null case is a situation where the
treatments have no effect.
This figure assumes that even if we didn't give
the training we could expect that students
would score a 5 on average on the outcome
test.
You can see in this hypothetical case that all
four groups score an average of 5 and
therefore the row and column averages must
be 5.

INTERACTION EFFECTS



An interaction effect exists when differences on one factor
depend on the level you are on another factor.
It's important to recognize that an interaction is between factors,
not levels.
◦ We wouldn't say there's an interaction between 4 hours/week and in-class
treatment.
◦ Instead, we would say that there's an interaction between time and setting, and
then we would go on to describe the specific levels involved.

INTERACTION EFFECTS


Three ways to determine an interaction
1.
2.

When you run the statistical analysis

 the statistical table will report on all main effects and interactions.

When you can't talk about effect on one factor without mentioning the
other factor

 If, you can say that time in instruction makes a difference, then you know that you have
a main effect and not an interaction
 (because you did not have to mention the setting factor when describing the results for time).

 On the other hand, when you have an interaction it is impossible to describe your
results accurately without mentioning both factors.

3.

You can spot an interaction in the graphs of group means -- whenever
there are lines that are not parallel there is an interaction present!

 Review the Main Effects Graphs: you will notice that all of the lines within a graph are
parallel.
 In contrast, for all interaction graphs, you will see that the lines are not parallel.

FACTORIAL DESIGNS: INTERACTION
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YOUR TURN
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ANSWERS
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INTERACTION AS SEEN IN A BAR GRAPH

FACTORIAL DESIGNS: MAIN EFFECTS &
INTERACTIONS


In this example, the difference between the low and high confederate
food intake is significant when the confederate is sociable and unsociable.
In this case, the simple main effect of confederate food intake is significant
when the confederate is unsociable (the difference between the means of
2.14 and 10.63), but the simple main effect of confederate food intake is
not significant when the confederate is sociable (6.58 subtracted by 5.68).

Interactions

Main Effect of B
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OUTCOMES RECAP
 Outcomes

of a 2 x 2 factorial design

There may or may not be a significant:
Main effect for independent variable A
Main effect for independent variable B
Interaction between the independent variables
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FACTORIAL DESIGNS:
Simple Main Effects
 Interactions

and simple main effects

Analysis Of Variance (ANOVA) is used to assess the
statistical significance of the main effects and the
interaction in a factorial design.
 Plot the individual means to determine a significant interaction.

When there is a significant interaction, the next step is to
look at the simple main effects.
 Simple effects (sometimes called Simple Main Effects) are
differences among particular cell means within the design. It
examines mean differences at each level of an independent variable.
 More precisely, a simple effect is the effect of one independent
variable within one level of a second independent variable.
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FACTORIAL DESIGNS: SIMPLE MAIN
EFFECTS


In this example, the difference between the low and high confederate
food intake is significant when the confederate is sociable and unsociable.
In this case, the simple main effect of confederate food intake is significant
when the confederate is unsociable (the difference between the means of
2.14 and 10.63), but the simple main effect of confederate food intake is
not significant when the confederate is sociable (6.58 subtracted by 5.68).

Simple Main Effects compares
the difference between these
two means. These are
significantly different. 11

Reporting Results for Factorial
Designs
 Interpretation

of factorial designs

When you report more than one IV with 2 or
more levels you must report:
The Main effects (whether significant or not) of an
independent variable
The Interaction between the independent variables
(whether significant or not)
Also any significant Simple Main effects, if any.
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Manipulated vs. Non-manipulated Variables
IV x PV designs: Independent Variable by
Participant Variable
One common type of factorial design includes both
experimental (manipulated) and non-experimental
(measured or non-manipulated) variables.
These designs allow researchers to investigate how
different types of individuals (i.e., participants)
respond to the same manipulated variable.
These “participant variables” are personal attributes
such as gender, age, ethnic group, personality
characteristics, and clinical diagnostic category.
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INTERACTION IN IV X PV DESIGN AS
SEEN IN A BAR GRAPH
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FACTORIAL DESIGNS
 Assignment

procedures and factorial designs

Independent Groups (between-subjects) Design
 In a 2 X 2 factorial design, there are four conditions.
 For a completely independent groups (between-subjects)
design, a different group of participants will be assigned to each of
the four conditions.

Repeated Measures (within-subjects) Design
 In a completely repeated measures (within-subjects) design,
the same individuals will participate in all conditions.

Mixed Factorial (mixed between- and withinsubjects) Design
 The mixed factorial design is, a combination of a between-subjects
design and a within-subjects design.
 This model is used to test two or more groups while also
subjecting participants to repeated measures.
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FACTORIAL DESIGNS:
Mixed-Factor Design





One special type of mixed design is the pre-post-control
design.
This is a design in which all subjects are given a pre-test and
a post-test, and these two together serve as a withinsubjects factor (a.k.a. repeated measures)
Participants are also divided into two groups. One group is
the focus of the experiment (i.e., experimental group) and
one group is a base line (i.e., control) group (betweensubjects)

Example: If we are examining the effects of a new type of cognitive therapy on depression,
we would give a depression pre-test to a group of persons diagnosed as clinically
depressed and randomly assign them into two groups (traditional and cognitive therapy).
 After the patients were treated according to their assigned condition for some period of
time, they would be given a measure of depression again (post-test).
 This design would consist of one within-subject variable (tests), with two levels (pre and
post), and one between-subjects variable (therapy), with two levels (traditional and
cognitive)
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NUMBER OF PARTICIPANTS (P) REQUIRED TO HAVE
10 OBSERVATIONS IN EACH CONDITION

N = 40

N = 10

N = 20

Notice the large number of participants needed for an independent factorial
design.You can see how costly this kind of design might be to conduct.
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Increasing the Number of Levels
 Increasing

the number of levels of an
independent variable

The 2 X 2 is the simplest factorial design.
With this basic design, the researcher can arrange
experiments that are more and more complex.
One way to increase complexity is to increase the
number of levels of one or more of the
independent variables.
A 2 X 3 design, for example, contains two
independent variables:
Independent variable A has two levels, and independent
variable B has three levels.
Thus, the 2 X 3 design has six conditions.
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Increasing the Number of Variables
 Increasing

the number of independent
variables in a factorial design
One can also increase the number of variables in
the design.
A 2 X 2 X 2 factorial design contains three
variables, each with two levels. Thus, there are
eight conditions in this design.
In a 2 X 2 X 3 design, there are 12 conditions
in a 2 X 2 X 2 X 2 design, there are 16.
Drawbacks of more variables:
It becomes complex
It requires enormous numbers of participants
It loses statistical significance
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LINE GRAPHS OF MULTI LEVEL FACTORIAL
DESIGNS

3x2

4x2
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