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Logic of Experimental Research



Why Psychologists Conduct Experiments

• Researchers conduct experiments to test hypotheses about
the causes of behavior.

• Experiments allow researchers to decide whether a
treatment or program effectively changes behavior.
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Logic of Experimental Research

• Researchers manipulate an independent variable in an
experiment to observe the effect on behavior, as assessed
by the dependent variable.

• Experimental control allows researchers to make the
causal inference that the independent variable caused the
observed changes in the dependent variable.

• Control is the essential ingredient of experiments;
experimental control is gained through manipulation,
holding conditions constant, and balancing.
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Logic of Experimental Research

• An experiment has internal validity (内部效度) when it
fulfills the three conditions required for causal inference:
covariation, time-order relationship, and elimination of
plausible alternative causes.

• When confounding occurs, a plausible alternative
explanation for the observed covariation exists, and
therefore, the experiment lacks internal validity.

• Plausible alternative explanations are ruled out by holding
conditions constant and balancing.
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RandomGroup Design

• In an independent groups design, each group of subjects
participates in only one condition of the independent
variable.

• Random assignment to conditions is used to form
comparable groups by balancing or averaging subject
characteristics (individual differences) across the
conditions of the independent variable manipulation.

• When random assignment is used to form independent
groups for the levels of the independent variable, the
experiment is called a random groups design (随机组设
计).
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RandomGroup Design

• Block randomization (随机区组) balances subject
characteristics and potential confoundings that occur
during the time in which the experiment is conducted, and
it creates groups of equal size.
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RandomGroup Design

(Kantowitz, Roediger, & Elmes, 2015, p. 194)
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Threats to Internal Validity

• Randomly assigning intact groups to different conditions
of the independent variable creates a potential
confounding due to preexisting differences among
participants in the intact groups.

• Block randomization increases internal validity by
balancing extraneous variables across conditions of the
independent variable.

• Selective subject loss, but not mechanical subject loss,
threatens the internal validity of an experiment.

• Placebo control groups are used to control for the problem
of demand characteristics, and double-blind experiments
control both demand characteristics and experimenter
effects.
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Mechanical subject loss

• Mechanical subject loss occurs when a subject fails to
complete the experiment because of an equipment failure
(in this case, the experimenter is considered part of the
equipment).

• Mechanical loss is a less critical problem than selective
subject loss because the loss is unlikely to be related to any
characteristic of the subject.
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Selective subject loss

• Selective subject loss occurs
• (1) when subjects are lost differentially across the
conditions of the experiment;

• (2) when some characteristic of the subject is responsible
for the loss; and

• (3) when this subject characteristic is related to the
dependent variable used to assess the outcome of the
study.
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EstablishingThe External Validity

• The findings of an experiment have external validity when
they can be applied to other individuals, settings, and
conditions beyond the scope of the specific experiment.

• In some investigations (e.g., theory-testing), researchers
may choose to emphasize internal validity over external
validity; other researchers may choose to increase external
validity using sampling or replication.

• Conducting field experiments is one way that researchers
can increase the external validity of their research in
real-world settings.
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EstablishingThe External Validity

• Replication means repeating the procedures used in a
particular experiment in order to determine whether the
same results will be obtained a second time.

• Partial replication is a useful method for establishing the
external validity of research findings.

• Researchers often seek to generalize results about
conceptual relationships among variables rather than
specific conditions, manipulations, settings, and samples.
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Matched Groups Design

• A matched groups design (匹配组设计) may be used to
create comparable groups when there are too few subjects
available for random assignment to work effectively.

• Matching subjects on the dependent variable task is the
best approach for creating matched groups, but
performance on any matching task must correlate with the
dependent variable task.

• After subjects are matched on the matching task, they
should then be randomly assigned to the conditions of the
independent variable.
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Natural Groups Design

• Individual differences variables (or subject variables) are
selected rather than manipulated to form natural groups
designs.

• The natural groups design represents a type of correlational
research in which researchers look for covariations
between natural groups variables and dependent variables.

• Causal inferences cannot be made regarding the effects of
natural groups variables because plausible alternative
explanations for group differences exist.
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Why RepeatedMeasures Designs



Between- VersusWithin- Subjects Designs

• In a between-subjects designs (被试间设计) or
independent groups design (独立组设计) or , a separate
group serves as a control for the group given the
experimental treatment.

• In a within-subjects designs (被试内设计) or repeated
measures design (重复测量设计), subjects serve as their
own controls because they participate in both the
experimental and control conditions.
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Why Researchers Use RepeatedMeasures Designs

• Researchers choose to use a repeated measures design in
order to

• (1) conduct an experiment when few participants are
available,

• (2) conduct the experiment more efficiently,
• (3) increase the sensitivity of the experiment, and
• (4) study changes in participants’ behavior over time.
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TheRole of Practice Effects



TheRole of Practice Effects

• Repeated measures designs cannot be confounded by
individual differences variables because the same
individuals participate in each condition (level) of the
independent variable.

• Participants’ performance in repeated measures designs
may change across conditions simply because of repeated
testing (not because of the independent variable); these
changes are called practice effects (练习效应).
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TheRole of Practice Effects

• Practice effects may threaten the internal validity of a
repeated measures experiment when the different
conditions of the independent variable are presented in the
same order to all participants.

• There are two types of repeated measures designs
(complete and incomplete) that differ in the specific ways
in which they control for practice effects.
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Counterbalancing Techniques

• In the complete design (完全设计), practice effects are
balanced for each participant by administering the
conditions to each participant several times, using different
orders each time.

• Each participant can thus be considered a “complete”
experiment.

• In the incomplete design (不完全设计), each condition is
administered to each participant only once.

• The order of administering the conditions is varied across
participants rather than for each participant, as is the case
in the complete design.

• Practice effects in the incomplete design average out when
the results are combined for all participants.
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Balancing Practice Effects in the Complete Design

• Practice effects are balanced in complete designs within
each participant using block randomization or ABBA
counterbalancing.

• In block randomization (区组随机化), all of the
conditions of the experiment (a block) are randomly
ordered each time they are presented.

• In ABBA counterbalancing (ABBA平衡), a random
sequence of all conditions is presented, followed by the
opposite of the sequence.

• Block randomization is preferred over ABBA
counterbalancing when practice effects are not linear, or
when participants’ performance can be affected by
anticipation effects.
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Block Randomization

• In general, the number of blocks in a block-randomized
schedule is equal to the number of times each condition is
administered, and the size of each block is equal to the
number of conditions in the experiment.
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Block Randomization: an Example

(Kantowitz et al., 2015, p. 231-233)
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Block Randomization: an Example

(Kantowitz et al., 2015, p. 234)
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Balancing Practice Effects in the Incomplete Design

• Practice effects are balanced across subjects in the
incomplete design rather than for each subject, as in the
complete design.

• The rule for balancing practice effects in the incomplete
design is that each condition of the experiment must be
presented in each ordinal position (first, second, etc.)
equally often.
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Balancing Practice Effects in the Incomplete Design

• The best method for balancing practice effects in the
incomplete design with four or fewer conditions is to use
all possible orders (所有可能的顺序) of the conditions.

• Two methods for selecting specific orders (选择特定的顺
序) to use in an incomplete design are the Latin Square
and random starting order with rotation.

• Whether using all possible orders or selected orders,
participants should be randomly assigned to the different
sequences.
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Incomplete Design: an Example

(Kantowitz et al., 2015, p. 237)
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The ProblemOf Differential Transfer

• Differential transfer occurs when the effects of one
condition persist and influence performance in subsequent
conditions.

• Variables that may lead to differential transfer should be
tested using a random groups design because differential
transfer threatens the internal validity of repeated
measures designs.

• Differential transfer can be identified by comparing the
results for the same independent variable when tested in a
repeated measures design and in a random groups design.
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RepeatedMeasures Designs

(Kantowitz et al., 2015, p. 245)

30/41



Table of Contents

1. Independent Groups Designs
2. Repeated Measures Designs
3. Complex Designs

Describing Effects in a Complex Design
Analysis of a Two-Factor Experiment
Interpreting Interaction Effects



Describing Effects in a Complex Design



Describing Effects in a Complex Design

• Researchers use complex designs (复杂设计) to study the
effects of two or more independent variables in one
experiment.

• In complex designs, each independent variable can be
studied with an independent groups design or with a
repeated measures design.

• When a complex design has both an independent groups
variable and a repeated measures variable, it is called a
mixed design (混合设计).
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Describing Effects in a Complex Design

• The simplest complex design is a 2× 2 design—two
independent variables, each with two levels.

• The number of different conditions in a complex design
can be determined by multiplying the number of levels for
each independent variable (e.g., 2× 2 = 4).

• More powerful and efficient complex designs can be
created by including more levels of an independent
variable or by including more independent variables in the
design.
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Complex Design: An Example

(Kantowitz et al., 2015, p. 253)
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Main Effects and Interaction Effects

• The overall effect of each independent variable in a
complex design is called a main effect and represents the
differences among the average performance for each level
of an independent variable collapsed across the levels of
the other independent variable.

• An interaction effect between independent variables occurs
when the effect of one independent variable differs
depending on the levels of the second independent
variable.
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Analysis of a Two-Factor Experiment

(Kantowitz et al., 2015, p. 263)
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Interpreting Interaction Effects



Interaction Effects andTheory Testing

• Theories frequently predict that two or more independent
variables interact to influence behavior; therefore, complex
designs are needed to test theories.

• Tests of theories can sometimes produce contradictory
findings. Interaction effects can be useful in resolving
these contradictions.
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Interaction Effects and External Validity

• When no interaction effect occurs in a complex design,
the effects of each independent variable can be generalized
across the levels of the other independent variable; thus,
external validity of the independent variables increases.

• The presence of an interaction effect identifies boundaries
for the external validity of a finding by specifying the
conditions in which an effect of an independent variable
occurs.
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Interaction Effects and Ceiling and Floor Effects

• When participants’ performance reaches a maximum
(ceiling) or a minimum (floor) in one or more conditions
of an experiment, results for an interaction effect are
uninterpretable.
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Interaction Effects and Ceiling and Floor Effects
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Interaction Effects and the Natural Groups Design

• Researchers use complex designs to make causal inferences
about natural groups variables when they test a theory for
why natural groups differ.

• Three steps for making a causal inference involving a
natural groups variable are to state a theory for why group
differences exist, manipulate an independent variable that
should demonstrate the theorized process, and test
whether an interaction effect occurs between the
manipulated independent variable and natural groups
variable.
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