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Lecture Notes
Chapter 14: Nonexperimental Quantitative Research
Learning Objectives
14.1 Explain the idea of nonexperimental quantitative research, including the typical steps.
14.2 Describe the three necessary or required conditions for making a claim of cause and effect.
14.3 Explain how nonexperimental research can be used to obtain probabilistic evidence of causation.
14.4 Explain how to use each of the major techniques of control used in nonexperimental quantitative research.
14.5 Explain how to use the Bradford Hill criteria can be used to establish evidence of causation in nonexperimental research.
14.6 Describe how the time dimension and the research objective dimension are crossed to produce nine important types of nonexperimental quantitative research.
14.7 Compare cross-sectional, longitudinal, and retrospective nonexperimental research, including an example for each.
14.8 Compare descriptive, predictive, and explanatory nonexperimental research for nonexperimental research design, including an example for each.
Annotated Chapter Outline
I. Introduction
A. Nonexperimental research: Research in which the independent variable is not manipulated and there is no random assignment to groups.
II. Steps in Nonexperimental Research
A. The typical steps in nonexperimental research are similar to the steps in experimental research:
i. The researcher determines the research problem and hypotheses to be tested.
ii. The researcher selects the variables to be used in the study.
iii. The researcher collects the data.
iv. The researcher analyzes the data.
v. The researcher interprets the results of the study.
B. It is important that the researcher follow these steps when conducting nonexperimental research in order to avoid the post hoc fallacy.
C. Post hoc fallacy: Making the argument that because A preceded B, A must have caused B.
i. For example, you get the flu and attribute it to your friend’s sniffling child, who visited your home yesterday.
ii. Although this kind of reasoning is fine for generating ideas, it is far from conclusive scientific evidence.
iii. In explanatory research, you must test your hypotheses with new empirical data to make sure that they work.
D. Independent Variables in Nonexperimental Research
i. Independent variables used in nonexperimental research frequently cannot be manipulated because it is either impossible or unethical to manipulate them.
ii. Nonexperimental research is also sometimes done on independent variables that could be manipulated but are not, either because:
a. The researcher wants to explore how the independent variable is related to other variables before doing an experiment.
b. The researcher wants to examine relationships to determine whether findings established in laboratory experiments generalize to real-world settings.
iii. Some categorical independent variables that cannot be manipulated by the researcher are:
a. Biological sex.
b. Gender identity.
c. Parenting style.
d. Ethnicity.
e. Retention in grade.
f. Drug or tobacco use.
g. Any enduring personality trait that is operationalized as a categorical variable.
iv. Some quantitative independent variables that cannot be manipulated by the researcher are:
a. Intelligence.
b. Aptitude.
c. Age.
d. GPA.
e. Any enduring personality trait that is operationalized as a quantitative variable.
v. Researchers sometimes turn inherently quantitative independent variables into categorical independent variables.
a. Categorizing an independent variable makes the research study look like an experiment because the independent variable in experimental research studies is usually categorical.
b. But if the independent variable is not manipulated, then the research study is not an experiment.
c. The problem of loss of information cannot be avoided if you categorize your quantitative variable.
E. Simple Cases of Nonexperimental Quantitative Research
i. Simple case: Nonexperimental research design with one independent variable, one dependent variable, and no control for any extraneous variables.
ii. First simple case of nonexperimental quantitative research: A design with one categorical independent variable and one quantitative dependent variable.
a. For example, perhaps a researcher examined the relationship between biological sex and math performance and found out that, on average, the males did slightly better than the females.
b. In this situation, the researcher would compare the two group means (males vs. females) to see whether the groups differed on the dependent variable (math performance).
c. The researcher would also use a statistical test to determine whether the relationship between the independent and dependent variables was statistically significant.
d. Statistically significant: The claim made in significance testing when the evidence suggests that the observed result was probably not due to chance; we believe it is a real relationship.
iii. Second simple case of nonexperimental quantitative research: A design with one quantitative independent variable and one quantitative dependent variable.
a. For example, perhaps a researcher examined the relationship between students’ level of motivation and their math performance and found out that lower levels of motivation predicted lower math performance and higher levels of motivation predicted higher math performance (i.e., there was a positive correlation).
b. In this simple case, the researcher would plot the data to determine whether the relationship was linear or curvilinear.
c. If the relationship between the variables is linear, then the researcher computes the Pearson product-moment correlation coefficient.
d. If the relationship is curvilinear, the researcher must rely on an alternative measure of the relationship between two variables such as η or use curvilinear regression.
e. After determining the correlation between the single independent variable and the single dependent variable in the second simple case of nonexperimental research, the researcher conducts a statistical test to determine whether the correlation is statistically significant.
iv. The key point is that you cannot draw a conclusion about cause and effect from either of the simple cases because observing a relationship between two variables is not enough evidence to conclude that the relationship is causal.
III. Three Required Conditions for Cause-and-Effect Relationships
A. Three required conditions for causation: Three things that must be present if you are to contend that causation has occurred.
B. Researchers are interested in probabilistic causes (i.e., changes in variable A tend to cause changes in variable B), not perfect causation (i.e., changes in variable A always produce the same changes in variable B).
i. Probabilistic causes: Changes in variable A tend to produce changes in variable B.
ii. When educational researchers talk about causation, they are almost always talking about probabilistic causation rather than about perfect or absolute causation.
C. The three required conditions that you must always consider if you want to establish that changes in variable A tend to cause changes in variable B:
i. Condition 1. Variable A and variable B must be related (the relationship condition).
ii. Condition 2. Proper time order must be established (the temporal antecedence condition).
iii. Condition 3. The relationship between variable A and variable B must not be due to some confounding extraneous or “third” variable.
D. Third-variable problem: An observed relationship between two variables that may be due to an extraneous variable.
i. Because you want to conduct a strong nonexperimental research study, you must identify all extraneous variables that might offer rival explanations.
ii. Furthermore, you should identify those variables during the planning and designing phases of your study so that you can attempt to prevent this problem from happening.
iii. After your study has been completed, it will be too late to do anything about an unmeasured extraneous variable.
E. Method of working multiple hypotheses: Attempting to identify rival explanations.
i. If you conduct a research study, remember to use the method of working multiple hypotheses when you are planning the study, not after you have completed it and someone has identified a flaw.
ii. This way you can plan and conduct a research study that will provide defensible conclusions.
iii. When you use this method, you will often find that the dependent variable of interest potentially has multiple causes.
iv. Multiple causation: When identifying rival explanations, researchers often find that there are more than one causal factors affecting the dependent variable.
IV. Applying the Three Required Conditions for Causation in Nonexperimental Research
A. Neither manipulation nor random assignment is present in nonexperimental research.
B. The most serious problem that we run into in the simple cases of nonexperimental research is that the observed relationship might be due to an extraneous variable, and this problem is widespread in nonexperimental research.
C. Spurious relationship: A relationship between two variables that is due to a third variable.
i. A spurious relationship is a completely noncausal relationship.
ii. Partially spurious relationship: A relationship between two variables that is partially due to one or more third variables.
iii. The original relationship between two variables will disappear when controlling for the third variable if the relationship is totally spurious.
V. Techniques of Control in Nonexperimental Research (i.e., How to Design Strong Nonexperimental Research)
A. Matching
i. To perform matching, you must first select one or more matching variables.
ii. Matching variable: The variable the researcher matches on to eliminate it as an alternative explanation.
iii. The second step in matching is to select participants to be in your study in such a way that your independent and matching variables will be unrelated.
a. If your independent variable is categorical, this second step simply involves constructing your comparison groups to be similar on the matching variable but still different on the independent variable.
b. Matching can also be used when the independent variable is quantitative.
iv. The key idea is that matching is used to strengthen nonexperimental research studies on condition 3 of the required conditions for causation.
v. Matching unfortunately has a number of weaknesses that limit its use:
a. Matching can be cumbersome because you must search for individuals who meet the criteria for inclusion in the research study.
b. Researchers frequently cannot find matches for many potential research participants.
c. There is usually more than one alternative explanation for the relationship of interest, so you need to match on more than one variable.
d. You must know what the relevant extraneous variables are in order to match on them.
e. You never know for sure that you have matched on all of the appropriate variables.
f. Matching can create an unrepresentative sample because the participants are selected for the purpose of matching rather than for the purpose of being representative of a population.
g. If you match groups from different populations, then the threat to internal validity called regression to the mean can sometimes be a problem in studies occurring over time.
B. Holding the Extraneous Variable Constant
i. When using this technique of control, researchers turn the extraneous variable into a constant.
ii. They do this by restricting the research study to a particular subgroup.
iii. Unfortunately, the researcher cannot generalize to the kinds of people who are excluded from the study.
C. Statistical Control
i. Statistical control is the most commonly used technique for controlling for extraneous variables in nonexperimental research.
ii. When statistically controlling for one or more extraneous variables, the researcher uses a statistical technique to remove the influence of the extraneous variable(s).
iii. General linear model: A mathematical procedure that is the “parent” of many statistical analysis techniques.
a. Special case of the general linear model: One of the “children” of a broader statistical method known as the general linear model (GLM).
iv. Partial correlation: Used to examine the relationship between two quantitative variables, controlling for one or more quantitative extraneous variables.
a. It is called a partial correlation because the effect of the third variable is “partialed out” or removed from the original relationship.
b. Typically, all the variables used in partial correlation analysis must be quantitative rather than categorical.
v. Analysis of covariance: Used to examine the relationship between one categorical independent variable and one quantitative dependent variable, controlling for one or more quantitative extraneous variables.
a. ANCOVA shows the relationship between a categorical independent variable and a quantitative dependent variable, controlling for a quantitative extraneous variable.
vi. An advantage of statistical control (compared to matching) is that researchers can base their research on samples of participants who are randomly selected from a population.
vii. To control statistically for one or more extraneous variables, the researcher must collect data on the extraneous variables in addition to data on the independent and dependent variables.
viii. Then, after collecting the data, the researcher controls for the extraneous variables during data analysis (using ANCOVA, partial correlation, or another technique).
ix. The most serious limitation to statistical control techniques is that you must make certain statistical assumptions that frequently are not met in practice.
VI. Interlude (The Study of Causal Relationships in Epidemiology)
A. It is important that research is based on good theory and that researchers test their hypotheses.
B. Because the issue of establishing some evidence of causation in nonexperimental research is so important, and so controversial, we provide a short summary of how causation has long been established in the field of epidemiology.
C. Epidemiology is the branch of medical science that studies the incidence, distribution, cause, and control of disease in a population.
D. Perhaps the single most important individual in the development of research methods and analysis in epidemiology is Sir Austin Bradford Hill.
E. Bradford Hill developed a list of criteria that continues to be used today.
i. Strength of Association. The stronger the relationship between the independent variable and the dependent variable, the less likely it is that the relationship is due to an extraneous variable.
ii. Temporality. It is logically necessary for a cause to precede an effect in time.
iii. Consistency. Multiple observations, of an association, with different people under different circumstances and with different measurement instruments increase the credibility of a finding.
iv. Theoretical Plausibility. It is easier to accept an association as causal when there is a rational and theoretical basis for such a conclusion.
v. Coherence. A cause-and-effect interpretation for an association is clearest when it does not conflict with what is known about the variables under study and when there are no plausible competing theories or rival hypotheses. In other words, the association must be coherent with other knowledge.
vi. Specificity in the Causes. In the ideal situation, the effect has only one cause. In other words, showing that an outcome is best predicted by one primary factor adds credibility to a causal claim.
vii. Dose-Response Relationship. There should be a direct relationship between the risk factor (i.e., the independent variable) and people's status on the disease variable (i.e., the dependent variable).
viii. Experimental Evidence. Any related research that is based on experiments will make a causal inference more plausible.
ix. Analogy. Sometimes a commonly accepted phenomenon in one area can be applied to another area.
F. In the following example, we apply Hill's criteria to the classic case of smoking and lung cancer.
i. Strength of Association. The lung cancer rate for smokers was quite a bit higher than for nonsmokers (e.g., one study estimated that smokers are about 35% more likely than nonsmokers to get lung cancer).
ii. Temporality. Smoking in the vast majority of cases preceded the onset of lung cancer.
iii. Consistency. Different methods (e.g., prospective and retrospective studies) produced the same result. The relationship also appeared for different kinds of people (e.g., males and females).
iv. Theoretical Plausibility. The biological theory that smoking causes tissue damage that over time results in cancer in the cells was a highly plausible explanation.
v. Coherence. The conclusion (that smoking causes lung cancer) "made sense" given the current knowledge about the biology and history of the disease.
vi. Specificity in the Causes. Lung cancer is best predicted from the incidence of smoking.
vii. Dose-Response Relationship. Data showed a positive, linear relationship between the amount smoked and the incidence of lung cancer.
viii. Experimental Evidence. Tar painted on laboratory rabbits' ears was shown to produce cancer in the ear tissue over time. Hence, it was clear that carcinogens were present in tobacco tar.
ix. Analogy. Induced smoking with laboratory rats showed a causal relationship. It, therefore, was not a great jump for scientists to apply this to humans.
VII. Classifying Nonexperimental Research by Time and Research Objective
A. Two major dimensions that should be used to classify nonexperimental research are the time dimension and the research objective dimension.
B. To use this classification, all you have to do is answer these two questions:
i. How are the data collected in relation to time (i.e., are the data retrospective, cross-sectional, or longitudinal)?
ii. What is the primary research objective (i.e., description, prediction, or explanation)?
VIII. The Time Dimension in Nonexperimental Research Design
A. It is important to have an understanding of the time dimension for at least two reasons.
i. First, researchers often want to know how variables change over time (e.g., What happens to children as they get older?).
ii. Second, when studying cause and effect, researchers must establish the proper time order.
B. Cross-Sectional Research
i. Cross-sectional research: Data are collected at a single point in time.
ii. The data are typically collected from multiple groups or types of people in cross-sectional research.
iii. The major advantage of cross-sectional research is that data can be collected on many different kinds of people in a relatively short period of time.
iv. Cross-sectional research has several weaknesses.
a. It is difficult to establish time order (condition 2 of the required conditions for causality).
b. A related disadvantage is that the study of developmental trends (changes in people as they get older) can be misleading when using cross-sectional data.
v. In a cross-sectional study, people at different ages are not the same people.
vi. Therefore, you are not able to observe your participants change over time and properly establish time order.
vii. The younger people lived in different historical times during their formative years, and they may turn out differently when they are older.
C. Longitudinal Research
i. Longitudinal research: Data are collected at multiple time points, and comparisons are made across time.
ii. Although longitudinal research requires a minimum of two distinct time periods, data can be collected over as many time periods as needed to address the research questions.
iii. Trend study: Independent samples are taken from a population over time, and the same questions are asked.
iv. Panel study: A study in which the same individuals are studied at successive points over time.
v. Prospective study: Another term applied to a panel study.
vi. The individuals in a panel study are often selected from multiple age cohorts to strengthen the design.
vii. Cohort: Any group of people with a common classification or characteristic.
a. The average age of the people in the study will increase over time, and at some point it will be impossible to continue a panel study because all of the participants will have died of old age.
b. Even if no one ever drops out of your panel study, the panel and the current population can become very different over time.
c. This is a threat to external validity because it limits your ability to generalize from the panel to the current population.
viii. Differential attrition: Participants who drop out are different from those who stay.
ix. Differential attrition can reduce external validity because after certain types of people drop out of the panel, the panel no longer resembles the population.
x. Panel studies have a major strength.
a. You are better able to establish causal condition 2 (proper time order) because you actually study the people over a period of time.
b. For studying cause and effect, panel studies are superior to cross-sectional studies.
c. Panel studies are also more powerful than trend studies because changes can be measured at the level they occur.
xi. Medical researchers have effectively used prospective panel studies to help establish that smoking causes lung cancer.
a. In a typical study, two groups of individuals (smokers and nonsmokers) are matched on multiple extraneous variables and are then followed forward in time.
b. Researchers use matching to make the two groups as similar as possible, with the ultimate (but probably unattainable) goal being that the only important difference between the two groups is the participants’ status on the independent variable.
c. Then the researchers follow these two groups over time, documenting their relative rates of lung cancer.
d. The researchers also check for a dose-response relationship; that is, they check to see whether there is a positive correlation between the number of cigarettes smoked and the likelihood of lung cancer.
e. Dose-response relationship: Present when increased amounts, or greater strength, of the treatment results in increased amounts of response on the dependent variable.
f. The scientific opinion that smoking causes lung cancer (Gail, 1996) is based on the evidence obtained from a multitude of research studies.
g. The most important human studies used in establishing this causal relationship have been prospective panel studies.
xii. Unfortunately, prospective research is usually expensive and can take a long time to complete.
a. Therefore, it should not be surprising that longitudinal studies are less common than cross-sectional studies.
b. Prospective studies are often done at large universities by faculty members with federal funding and large staffs to help them conduct their research.
D. Retrospective Research
i. Retrospective research: The researcher starts with the dependent variable and moves backward in time.
ii. Retrospective research may be based on actual data collected in the past, or, frequently, researchers use retrospective questions to learn about the participants’ pasts.
iii. Retrospective questions: Questions asking people to recall something from an earlier time.
iv. You must be careful when using retrospective questions because individuals’ accounts of their past are not always entirely accurate.
v. If possible, you should try to verify retrospective accounts by collecting additional corroborative information.
IX. The Research Objective Dimension in Nonexperimental Research Design
A. Descriptive Nonexperimental Research
i. Descriptive research: Research focused on providing an accurate description or picture of the status or characteristics of a situation or phenomenon.
ii. The focus is not on ferreting out cause-and-effect relationships but rather on describing the variables that exist in a given situation and, sometimes, on describing the relationships that exist among those variables.
iii. Researchers doing descriptive research commonly follow these three steps:
a. Randomly select a sample from a defined population.
b. Determine the sample characteristics.
c. Infer the characteristics of the population based on the sample.
iv. The key to descriptive research is that the researchers collect data used for description.
B. Predictive Nonexperimental Research
i. Predictive research: Research focused on predicting the future status of one or more dependent variables based on one or more independent variables.
ii. For example, college admissions officers might be interested in predicting student performance based on such variables as high school GPA, scores on admissions tests, sex, and type of school attended (e.g., public, private).
iii. Insurance companies are interested in predicting who will have auto accidents, who will get sick, who will be injured, and who will die of old age.
iv. If a researcher wants to see how well they can predict some outcome based on one or more independent or predictor variables, then the research study is labeled predictive research.
C. Explanatory Nonexperimental Research
i. Explanatory research: Testing hypotheses and theories that explain how and why a phenomenon operates as it does.
ii. The researcher’s goal is to understand the phenomenon being studied.
iii. The researcher is also interested in establishing evidence for cause-and-effect relationships.
iv. Another form of explanatory research increasing in popularity is traditionally called causal modeling.
v. Causal modeling: A form of explanatory research in which the researcher hypothesizes a causal model and then empirically tests it.
a. The researcher develops or constructs the causal model based on past research findings and on theoretical considerations.
b. Causal models depict the interrelationships among several variables and are used to explain how some theoretical process operates.
vi. Direct effect: In a causal model, the effect of the variable at the origin of an arrow on the variable at the receiving end of the arrow.
a. The numbers on the arrows are called path coefficients.
b. Path coefficient: A quantitative index providing information about a direct effect.
vii. Indirect effect: An effect occurring through an intervening variable.
a. Intervening or mediating variable: A variable occurring between two other variables in a causal chain.
viii. It is a common practice in the field of causal modeling to exclude arrows that turn out to be unimportant based on the data.
a. This process of eliminating arrows is called theory trimming.
ix. Note also that although causal models are often based on cross-sectional data (data collected at a single time), they are more and more frequently being based on longitudinal data (data collected at two or more time points).
X. Action Research Reflection
A. When action researchers are not conducting experimental research, they are informally conducting nonexperimental research—they constantly observe potential antecedents and consequences in their worlds and think about how they might later try to reproduce these relationships in their places of practice.
B. Can you think of any nonexperimental quantitative data that you might want to collect to understand your students or participants better?
C. Why is the third required condition (ruling out alternative explanations) important when you are going to claim that one thing caused another?
