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Lecture Notes
Chapter 12: Experimental Research: Weak and Strong Designs
Learning Objectives
12.1 Define an experiment and describe three major experimental research settings.
12.2 Explain the concept of independent variable manipulation, including the three ways of manipulating an independent variable.
12.3 Explain the six major ways to "control for" confounding variables.
12.4 Explain the concept of "research design" in relation to weak, quasi, and strong experimental research.
12.5 Explain the threats to validity for each of the "basic" strong experimental designs.
12.6 Explain the threats to validity for each of the "advanced" strong experimental designs.
Annotated Chapter Outline
I. The Experiment
A. Experiment: An environment in which the researcher attempts to objectively observe phenomena that are made to occur in a strictly controlled situation in which one or more variables are varied and the others are kept constant.
i. We must attempt to make impartial and unbiased observations.
ii. We present a set of stimulus conditions—the independent variable—and then observe the effect of this independent variable presentation on the dependent variable.
iii. We must eliminate the influence of confounding extraneous variables.
iv. We deliberately vary (i.e., “manipulate”) the independent variable(s) along a defined range and attempt to make sure that all other variables do not vary.
B. Experimental Research Settings
i. Field Experiment
a. Field experiment: An experimental study that is conducted in a real-life setting.
b. Field experiments are excellent for determining whether a manipulation works in a real-world setting.
c. The primary disadvantage of field experiments is that they do not control for the influence of extraneous variables as well as do laboratory experiments.
d. Although exercising control over many extraneous variables in field experiments is difficult, such experiments are necessary to determine whether some treatment will work in a real-life setting where maximum control over extraneous variables cannot be exercised.
ii. Laboratory Experiment
a. Laboratory experiment: A study conducted in a controlled environment where one or more variables are precisely manipulated and all or nearly all extraneous variables are controlled.
b. Where the field experiment is strong, the laboratory experiment is weak, and where the laboratory experiment is strong, the field experiment is weak.
c. The laboratory experiment is very strong in terms of its ability to control for the influence of extraneous variables.
d. When a study is conducted in a laboratory environment, outside influences, such as the presence of other students, noise, or other distracting influences, can be eliminated or controlled.
e. However, the price of this increase in control is that the experiment takes place in an artificial environment.
iii. Internet Experiment
a. Internet experiment: An experimental study that is conducted over the Internet.
b. Internet experiments have the same characteristics as either a field or laboratory experiment in that the researcher manipulates one or more independent variables and controls for as many extraneous variables as possible.
c. The advantages of conducting experiments over the Internet include:
i. Ease of access to demographically and culturally diverse participant populations.
ii. The ability to bring the experiment to the participant, rather than the participant to the experiment.
iii. High statistical power by enabling access to large samples.
iv. Cost savings of laboratory space, person-hours, equipment, and administration.
d. The disadvantages include issues such as:
i. Multiple submissions.
ii. Lack of experimental control.
iii. Self-selection.
iv. Dropout.
II. Independent Variable Manipulation
A. Ways to Manipulate an Independent Variable
i. The research question identifies the independent variable.
ii. However, it does not always specify how the independent variable is to be manipulated.
iii. Presence or absence technique: Manipulating the independent variable by presenting one group the treatment condition and withholding it from the other group.
iv. Amount technique: Manipulating the independent variable by giving the various comparison groups different amounts of the independent variable.
v. Type technique: Manipulating the independent variable by varying the type of condition presented to the different comparison groups.
III. How to Control For Confounding Variables
A. Experimental control: Eliminating any differential influence of extraneous variables through the use of an experimental research design.
i. When you first consider controlling for potentially confounding extraneous variables, you probably think about totally eliminating the influence of these variables.
ii. However, most variables that can influence the outcome of an educational experiment, such as intelligence, age, motivation, and stress, cannot be eliminated that way.
B. Differential influence: The influence of an extraneous variable that is different for the various comparison groups.
i. Equating the groups: Experimenter’s goal of constructing comparison groups that are similar on all confounding extraneous variables and different only on the independent variable.
ii. Then, any difference observed on the dependent variable will be attributable to the independent variable.
C. Random Assignment
i. Random assignment: A procedure that makes assignments to conditions on the basis of chance and in this way maximizes the probability that comparison groups will be equated on all extraneous variables.
ii. Random assignment is the best technique for equating the comparison groups on all variables at the start of an experiment.
iii. Because random assignment controls for both known and unknown variables, this procedure should be used whenever and wherever possible—it is the best control technique for equating groups.
iv. Although random assignment is the most important control technique, it does not always work.
a. It is possible that the comparison groups will not be similar even with random assignment because chance determines the way in which the variables are distributed.
b. The smaller the number of research participants, the greater the risk that this problem will happen.
c. However, random assignment minimizes the probability of this problem happening.
v. Do not confuse random assignment with random sampling!
a. Random sampling produces a sample.
b. Random assignment starts with a sample, usually a convenience or purposive sample, and then makes assignments to groups on the basis of chance to maximize the probability that the groups generated will be similar.
c. Once participants have been randomly selected from the population, they should be randomly assigned to the comparison groups.
D. Matching
i. Matching: Equating comparison groups on one or more variables that are correlated with the dependent variable.
ii. The most commonly used matching procedure is to match participants in the comparison groups on a case-by-case basis on each of the selected extraneous variables.
iii. You can match on as many variables as you like, although it gets more difficult as the number of matching variables increases.
iv. The key limitation of matching (individual or group matching) is that the groups will be equated only on the matching variables identified by the researcher.
v. Matching is a good way to transform a weak experimental design into a quasi-experimental design.
vi. Quasi-experimental design: A design that is stronger than the weak designs but not as strong as the strong or randomized designs.
E. Holding the Extraneous Variable Constant
i. Another frequently used control technique is to hold the extraneous variable constant across the comparison groups by limiting it to a single value or type.
ii. This means that the participants in each comparison group will have the same type or amount of the extraneous variable.
iii. Although holding the extraneous variable constant equates the groups on the extraneous variable and thus improves the internal or causation validity of the study, the technique simultaneously reduces the external or generalizing validity of the study.
F. Building the Extraneous Variable Into the Research Design
i. When this is done, the extraneous variable becomes another independent variable.
ii. Building the extraneous variable into the research design is especially attractive when you also have a theoretical interest in the additional variable.
iii. In addition, this technique overcomes the external validity or generalizing problem of the previous technique (holding the extraneous variable constant) because when you build the variable into your design, no group of participants is systematically excluded from your study.
G. Analysis of Covariance
i. Analysis of covariance: A control method that can be used to statistically equate groups that differ on a pretest or some other extraneous variable; also called ANCOVA.
ii. If the pretest variable is related to the dependent variable, differences observed on the dependent variable at the posttest might be due to differences on the pretest variable.
iii. Analysis of covariance adjusts the posttest scores for differences on the pretest variable, and in this way it statistically equates the participants in the comparison groups.
H. Counterbalancing
i. Counterbalancing: Administering all experimental conditions to all participants but in different orders.
ii. Sequencing effects: Biasing effects that can occur when each participant must participate in each experimental condition.
a. Order effect: A sequencing effect that occurs due to the order in which the treatment conditions are administered.
b. Carryover effect: A sequencing effect that occurs when performance in one experimental treatment condition is influenced by participation in a prior condition(s).
iii. The primary way to control for carryover and order effects is to counterbalance the order in which the experimental conditions are administered to the participants.
iv. Counterbalancing operates by averaging out the order and sequencing effects.
IV. Experimental Research Designs
A. Research design: The outline, plan, or strategy that is used to answer a research question.
B. Planning a research design means that you must specify how the participants will be assigned to the comparison groups, how you will control for potentially confounding extraneous variables, and how you will collect and analyze the data.
C. Designing a research study requires thought about which components to include and pitfalls to avoid.
D. Weak Experimental Research Designs
i. One-Group Posttest-Only Design
a. One-group posttest-only design: A single group of research participants is exposed to an experimental treatment and then measured on the dependent variable to assess the effect of the treatment condition.
b. This design is of almost no value because, without pretesting or comparing the treated participants with untreated participants, it is impossible to determine whether the treatment produced any effect.
ii. One-Group Pretest-Posttest Design
a. One-group pretest-posttest design: Measurement of the dependent variable at the pretest, followed by administration of the experimental treatment, followed by posttest measurement using the same measure of the dependent variable.
b. The difference between the pretest and posttest scores is taken as an index of the effectiveness of the treatment condition.
c. The pretest is viewed as what the participants would have scored if they had not experienced the experimental or treatment condition.
d. Although the one-group pretest-posttest design is an improvement over the one-group posttest-only design, any observed change in the posttest scores over the pretest scores cannot automatically be taken as an index of an effect produced by the independent variable.
e. Many potentially confounding extraneous variables, such as history, maturation, testing, instrumentation, and regression artifacts, could also influence the posttest results.
iii. Posttest-Only Design With Nonequivalent Groups
a. Posttest-only design with nonequivalent groups: Comparing posttest performance of a group of participants who have been given an experimental treatment condition with that of a group that has not been given the experimental treatment condition.
b. The posttest-only design with nonequivalent groups might seem on the surface to be adequate because a comparison group is included.
c. The problem is differential selection, and the word nonequivalent in the title of the design highlights this serious threat.
V. Basic Strong Experimental Research Designs
A. A strong experimental research design is one in which the influence of confounding extraneous variables is controlled.
B. Control of several threats to internal validity is achieved by including a control group.
i. Experimental treatment group: The group that receives the experimental treatment condition.
ii. Control group: The group that does not receive the experimental treatment condition.
iii. A control group is serves as a comparison and a control for rival hypotheses.
C. RCT: A popular term for experimental designs with random assignment of participants to experimental treatment and control groups and, if possible, use of double-blind procedures.
i. Double-blind procedure: A design in which neither the researcher nor the participant knows the specific condition (experimental treatment or control) that the participant is in.
ii. Single-blind procedure: A design in which the participant does not know the specific condition they are in.
D. Pretest-Posttest Control-Group Design
i. Pretest-posttest control-group design: A research design that administers a posttest to two randomly assigned groups of participants after both have been pretested and one of the groups has been administered the experimental treatment condition.
ii. This design can be, and frequently is, expanded to include more than one experimental treatment group.
iii. History and maturation are controlled because any history event or maturation effect that occurs in the experimental treatment group also occurs in the control group, unless the history event occurred for only one of the two groups (in this case, the history event would not be controlled because it would not affect both groups equally).
iv. Instrumentation and testing are controlled because both the experimental treatment and control groups are exposed to the pretest, so any effect of the pretest should exist in both groups.
v. Regression and differential attrition variables are controlled because participants are randomly assigned to the experimental treatment and control groups.
E. Posttest-Only Control-Group Design
i. Posttest-only control-group design: A research design in which participants are randomly assigned to the experimental treatment and control conditions, one group is administered the active treatment condition, and the posttest is administered to all groups.
ii. This is a strong experimental design because it controls for the threats to internal validity and so make a strong claim of cause-and-effect for your set of research participants.
iii. Although differential attrition is unlikely (because the groups are composed of similar kinds of people), it is still possible.
iv. Many times more than two groups are needed for comparison in a study, and the posttest-only control-group design can be expanded to include as many comparison groups as are needed.
VI. Advanced Strong Experimental Research Designs
A. Factorial Designs
i. Factorial design: A design in which two or more independent variables, at least one of which is manipulated, are simultaneously studied to determine their independent and interactive effects on the dependent variable.
ii. In educational research we are often interested in the effect of several independent variables acting in concert.
iii. Factorial designs allow us to investigate simultaneously several independent variables and the interaction among those independent variables.
iv. If you are interested in investigating the effect of anxiety level and type of instruction on mathematics performance, you are obviously investigating two independent variables.
a. Let’s assume that you want to investigate the effect of two levels of anxiety—high and low—and three types of instruction—computer-assisted, lecture, and discussion.
b. This means that you have two independent variables: anxiety level and type of instruction.
c. The anxiety variable has two levels of variation—high and low—and the type of instruction variable has three levels of variation corresponding to the three types of instruction.
d. This produces six possible combinations of the levels of the two variables.
v. Cell: A combination of two or more independent variables in a factorial design.
vi. Main effect: The effect of one independent variable on the dependent variable.
vii. Interaction effect: The effect of an independent variable on the dependent variable depends on or varies across the levels of another independent variable.
viii. Marginal mean: The mean of the scores in the cells either down a column or across a row, in a factorial design table of mean outcomes.
ix. Disordinal interaction effect: An interaction effect represented graphically by crossed lines on a graph plotting the effect.
x. Ordinal interaction effect: An interaction effect represented graphically by nonparallel lines plotting the effect that do not cross within the graph.
xi. Sometimes it is advantageous to include three or more independent variables in a study.
a. Factorial designs enable us to include as many independent variables as we consider important.
b. Mathematically or statistically, there is almost no limit to the number of independent variables that can be included in a study.
xii. Practically speaking, however, several difficulties are associated with increasing the number of variables.
a. First, there is an associated increase in the number of research participants required.
b. Second, difficulty arises when higher-order interactions are statistically significant.
i. In a design with three independent variables, it is possible to have an interaction among the three variables.
ii. Triple interactions can be difficult to interpret, and interactions of an even higher order tend to become unwieldy.
iii. Therefore, it is usually advisable to restrict your research design to no more than three independent variables.
B. Repeated-Measures Designs
i. Repeated-measures design: A design in which all participants participate in all experimental conditions.
ii. Within-subjects independent variable: An independent variable in which all participants receive all of its levels.
iii. Between-subjects independent variable: An independent variable in which each participant receives only one of its levels.
iv. The repeated-measures design has the benefit of requiring fewer participants than the other strong designs based on between-subjects independent variables because in the repeated-measures design, all participants participate in all experimental conditions.
v. With the repeated-measures design, the investigator does not have to worry about participants in different groups being equated because the same participants participate in all experimental conditions.
vi. Note, however, that in order to rule out all key threats to internal validity the counterbalancing control technique must be used with the repeated-measures design.
C. Factorial Designs Based on a Mixed Model
i. There are times in educational research when one or more of the variables of interest fit into a repeated-measures design and the other variable(s) of interest fits into a posttest-only control-group design.
ii. These variables can be combined into one study by using a factorial design based on a mixed model.
a. The simplest form of this design involves an experiment using two independent variables.
b. One independent variable has a comparison group for each level of the independent variable.
c. The other independent variable is constructed in such a way that all participants have to take each level the independent variable at separate times.
iii. Factorial design based on a mixed model: A factorial design in which different participants are randomly assigned to the different levels of one independent variable but all participants take all levels of another independent variable.
VII. Action Research Reflection
A. Action researchers tend to be more interested in idiographic (i.e., local, particularistic, contextual, intentional) causation than nomothetic (i.e., scientific, highly generalizable, lawful) causation.
B. However, broadly viewed, all action researchers are experimental researchers because they want to cause good things to happen with their students and participants; they continually try new things to see if they work.
C. Conduct a means-ends analysis or MEA. That is:
i. Identify a problem you want to change.
ii. Brainstorm and generate a list of solutions to the problem.
iii. Select the solution that you think has the best chance of solving the problem.
iv. Decide exactly how you will conduct this manipulation.
v. Implement your "solution."
vi. Determine how well it worked (using multiple sources and eliminating alternative explanations).
D. Can you use or adapt one of the experimental designs discussed in this chapter to help you solve your action research problem? Explain.
