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 The goal of causal research is to provide evidence of the effectiveness of a 
program, intervention, or policy change on one or more desired outcomes. 
 We can’t directly observe the difference between: 

• Outcomes for those receiving a program, and 
• The counterfactual: the outcomes that would have happened had the same 

people not received the program during the same timeframe. 
 Well-designed causal research studies provide a credible simulation of the 

counterfactual with an unbiased comparison group.

Introduction
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Causal Research Causal research in education, supported by the U.S. Department of Education’s Institute of Education Sciences and other funders, has been on the rise in recent decades.The goal of causal research is to provide evidence of the effectiveness of a program, intervention, or policy change on one or more desired outcomes. If we are interested in evaluating how well a new program affects some outcome, we will measure the outcome for those who were in the program, but we also want to be able to say something about what outcomes would have occurred had they not been in the program, also known as the counterfactual. That difference between outcomes for having received the treatment compared with the counterfactual would indicate the causal impact of the treatment on the outcome; but, of course, we cannot directly measure what would have happened to the same people under different circumstances. Education evaluation study designs generally compare the outcomes of students who are exposed to an intervention with those who are not. If we are interested in evaluating how well a new program affects some outcome, we will measure the outcome for those who were in the program, but we also want to be able to say something about what outcomes would have occurred had they not been in the program, also known as the counterfactual. That difference between outcomes for having received the treatment compared with the counterfactual would indicate the causal impact of the treatment on the outcome; but, of course, we cannot directly measure what would have happened to the same people under different circumstances. Well-designed causal research studies provide a credible simulation of the counterfactual with an unbiased comparison group. 



 An intensive mentoring program for students at risk of not graduating high school 
might compare graduations rates as evidence of its effectiveness. 
• Graduation rate for students in mentoring program = 85% 
• Graduation rate for students in the comparison group = 75%

 How confident are you that difference in graduation rates (+10%) is due to the 
mentoring program? 

 Depends, of course, on how well the comparison group provides an unbiased 
representation of the counterfactual. 

An Example 
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the graduation rates of students who participated in the program to those who did not participate. If the group exposed to the program had a better graduation rate than those without the program, how confident are we that the program is what caused the better outcome? On the other hand, if there is no difference in outcomes, is it because the treatment did not have an impact or did some other difference between the treatment and comparison groups mask the impact of the treatment on the outcome? Our ability to confidently measure the impact of a program depends on how well the research study can provide an unbiased comparison of the treatment group to the counterfactual. What would you want to know about the comparison group?



 Statistical conclusion validity asks if a finding is accurate. Is there adequate  
power, sample size? Are assumptions of statistical tests violated? Are measures 
reliable?

 Construct validity asks how well the inferences made about higher level 
constructs represented in the study match what was implemented and what was 
measured as an outcome. 

 External validity asks whether a cause-effect relationship holds under variation 
in persons, settings, treatment variables, and measurement variables. 

 Internal validity asks whether changes in the treatment condition actually impact 
changes in the outcome. Did something other than the treatment explain 
variation in the measured outcome? 
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Validity Conclusions about impact must consider four types of validity outlined by Campbell and which you are likely familiar.Internal ValidityInternal validity is the validity of the inference about whether changes in the treatment condition impact changes in the outcome. A threat to internal validity is something other than the treatment that explains variation in the measured outcome and, therefore, confounds the intended causal inference. Statistical Conclusion Validity: Internal validity asks if the relationship between the treatment and the outcome is related to causation; statistical conclusion validity asks if a finding is accurate. Some common threats to statistical conclusion validity are low power caused by an inadequate sample size, violated assumptions of statistical tests, the unreliability of measures, and a restriction of range.Construct Validity: Construct validity refers to how well the inferences made about higher level constructs represented in the study match what was actually implemented and what was actually measured as an outcome. For example, when presenting findings about the impact of mentoring, does the discussion and implications match the reality of what kind of mentoring was done in the study? External Validity: External validity refers to the generalizability of findings or the validity of inferences about whether a cause-effect relationship holds under variation in persons, settings, treatment variables, and measurement variables. 



 Selection: systematic differences in the kind of students in the treatment and 
comparison groups 

 Attrition: observed effect might be caused by a systematic differential drop out 
between the groups 

 History: observed effect might be caused by an influential event or policy 
change taking place during the study period. 

Threats To Internal Validity
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Internal ValiditySelection is a threat when an observed outcome might be caused by systematic differences in the kind of students in the treatment and comparison groups. Is a difference in outcomes between groups caused by the treatment or at least partially explainable by differences in students? Might higher graduation rates for the treated group result from some other beneficial characteristic related to the likelihood of graduation (e.g., motivation, interest, higher economic advantage, involved parents). Attrition is a threat when an observed effect might be caused by a systematic differential drop out between the groups. If, for example, students who are struggling drop out of the comparison group at a higher rate than the treatment group, then comparisons of outcomes between treatment and comparison groups will be biased, even if the two groups were similar at the start of the study. Instrumentation can be a threat when an observed effect might be caused by some difference between the treatment and comparison groups in how the outcome is measured.History is a threat when an observed effect might be caused by an unexpected, influential event taking place during the study period. If graduation rates increase from before and after the study period for students in schools with the new mentoring program compared with the rates during this time for students in schools without the program, you would want to be sure that the treated schools did not also have some other beneficial event, policy change, or program that positively impacted the outcome.



 Maturation: observed effect might be caused by subjects getting older or more 
experienced between pre- and post-test

 Testing: observed effect caused by subjects doing better on post-test simply 
because of experience of taking the pretest

 Regression: if inclusion in study is based cut-score, “regression to the mean” 
can look like an effect between pre- and post-test

 Instrumentation: difference between groups in how outcomes are measured 
groups

Threats To Internal Validity
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Internal ValidityMaturation is a threat when an observed effect might be caused by subjects getting older, wiser, or more experienced during the course of the study, so any improvement on a measure from before and after the treatment might be caused by maturation rather than the treatment. Testing is a threat when an observed effect might be caused by subjects doing better on an outcome test simply because of experience of taking the test as a pretest before the treatment.Regression: Because of measurement error, extreme scores tend to be less extreme when measured a second time. Therefore, if inclusion into the study is based on very low scores on some measure and the same measure is observed after the treatment as the outcome of the study, the outcome scores will be less extreme (higher) after the treatment regardless of program intervention because of a statistical phenomenon known as “regression to the mean.”Instrumentation can be a threat when an observed effect might be caused by some difference between the treatment and comparison groups in how the outcome is measured.



Before we review casual research designs, let’s briefly consider some 
nonexperimental research designs.

Pre-post design studies compare the performance of a group of individuals 
before and after exposure to the treatment.

 No guards against the internal validity threats of history, maturation, or testing. 

 There is no way to know if an improvement is caused by the treatment. 

Non-experimental Designs: Pre-post
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Pre-post: Pre-post design studies compare the performance of a group of individuals before and after exposure to the treatment. The internal validity threat of selection is not a problem here because the comparison group is the same set of students as the treatment group, but there is no guard against the internal validity threats of history, maturation, or testing. There is no way to know if an improvement is caused by the treatment. 



 Correlational designs look at the relationship between two variables. 

 For example, a positive relationship between visits to a school counselor in the 
first 2 years of high school and number of advanced mathematics courses by the 
end of grade 12 doesn’t offer evidence of a causal relationship between the two. 

Non-experimental Designs: Correlational
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Correlational In the simplest case, correlational designs look at the relationship between two variables. For example, we see that students who have more frequent visits to their school counselor in the first 2 years of high school end up taking more advanced mathematics courses by the end of Grade 12. The positive relationship between counselor visits and advanced coursework credits is not considered evidence of a causal relationship; we do not know if more counselor visits led to higher enrollment in higher level mathematics courses. There are no guards against internal validity threats. You can probably think of other plausible explanations for that relationship. [Ask trainees to name some.] You may include other important factors in your analysis, such as middle school coursework, grades, demographic characteristics, participation in other school activities, and parent expectancy in a regression analysis to examine the influence of the counselor visits beyond the influence of other factors on the outcome of course enrollment. It is possible to control for many important factors and provide interesting but not causal findings. These kinds of designs often are the only option when using existing available data. They can be inexpensive compared with collecting new data and are very appropriate for exploratory studies. Well-done correlational studies are valuable and provide promising information that may advance understanding of how factors are interrelated and suggest the direction of a new study with a stronger design to examine causality. 



 The value of well-done descriptive studies should not be overlooked. 

 Research that clearly describes features, variations, and trends about an 
education topic can be critical to building understanding, detecting patterns, 
generating hypotheses, or contributing to the interpretation of a causal study.

Non-experimental Designs: Descriptive
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Descriptive: The value of well-done descriptive studies should not be overlooked. Research that clearly describes features, variations, and trends about an education topic can be critical to building understanding, detecting patterns, generating hypotheses, or contributing to the interpretation of a causal study. 



 Randomized control trials (RCTs) are considered the gold standard in 
evaluation research. 

• Random assignment ensures that the treated and untreated groups will be 
similar on both observable and unobservable characteristics, with the 
treatment being the only systematic difference between the two groups. 

• In a well-done RCT with a large enough sample size and low attrition, the 
difference in outcomes between the treatment and control groups can 
confidently be attributable to the treatment. 

Experimental Design
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Experimental Studies: RCTs are studies that aim to answer research questions about causality. They have individuals, groups of individuals, or institutions randomly assigned to receive a treatment/intervention, whereas others are assigned to a comparison condition that might be a status quo or “business as usual” condition. RCTs are experiments and are considered the gold standard in evaluation research because the random assignment ensures that the treated and untreated groups will be similar on both observable and unobservable characteristics, with the treatment being the only systematic difference between the two groups. Randomization equates groups on expectations for all observed and unobserved variables. They are the best design to control for alternative explanations for differences between the treatment and comparison groups. In a well-done RCT with a large enough sample size and low attrition, the difference in outcomes between the treatment and control groups can confidently be attributable to the treatment. A well-designed RCT can provide strong evidence of the impact of an intervention or program on measured outcomes. Later today we will have a presentation about conducting well-designed RCTs.



 Quasi-Experimental Designs (QED) studies are designed to ensure that the 
treatment and comparison groups are equivalent, but the equivalence can be 
verified on only observed, measured variables. 

• QEDs are designed to reduce the possibility that there may be important 
preexisting or contextual differences between the treatment and comparison 
groups. 

• When done well, QEDs offer evidence of a causal relationship, but the 
evidence is not as strong as evidence from an RCT. 

Quasi-experimental Design

11

Presenter
Presentation Notes
Quasi-Experimental Designs: QEDs often are used when random assignment is not feasible. Similar to RCTs, participants receiving the treatment are compared with participants not receiving the treatment. All QED studies are designed to ensure that the treatment and comparison groups are equivalent, but the equivalence can be verified on only observed, measured variables. Because assignment into groups is not random, there is no way to ensure that groups are similar on important unobservable or unmeasured characteristics such as motivation or interest. If there is a systematic difference in an important unobserved characteristic—importance means a characteristic that might be related to the outcomes regardless of treatment—then a difference seen in the outcomes between treated and comparison groups could be caused by a difference in that unobserved variable rather than the treatment we are trying to study. QEDs are designed to reduce the possibility that there may be important preexisting or contextual differences between the treatment and comparison groups. When done well, QEDs offer evidence of a causal relationship, but the evidence is not as strong as evidence from an RCT. 



 Regression Discontinuity (RD): students or schools receive an intervention 
because they scored above or below a cut-point on some measure. 

• Groups can be compared on outcomes while controlling for differences on the 
qualifying measure. 

Quasi-experimental design:
Regression Discontinuity
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Regression Discontinuity (RD) Design is a rigorous QED method for estimating intervention impacts in situations in which students or schools receive an intervention because they scored above or below a cut-point on some measure. Those who do or do not receive treatment and score near the cut value can be compared on outcomes while controlling for differences on the qualifying measure. We will have a full presentation on this method later in the training.



 Comparative Interrupted Time Series (CITS): groups are measured across 
time.

• Program impacts are evaluated by looking at whether the treatment group 
deviates from its baseline trend after the intervention differently than the 
comparison group. 

Quasi-experimental design: 
Comparative Interrupted Time Series 
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Comparative Interrupted Time Series (CITS) is considered a strong QED where treatment and comparison groups are measured across time, and program impacts are evaluated by looking at whether the treatment group deviates from its baseline trend after the intervention differently than the comparison group. We will have a session on this method later in our training. 



 Matched Comparison Groups design includes a treatment and comparison 
that have been designed to be similar on important characteristics. 

• There are multiple ways to use data to inform group assignment including 
propensity score methods to create a comparison group by matching 
intervention and comparison use on characteristics that are likely to be related 
to the outcome of interest.

Quasi-experimental design:
Matched Comparison Groups
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Matched Comparison Group design includes a treatment and comparison that have been designed to be similar on important characteristics. There are multiple ways to use data to inform group assignment. Researchers may use propensity score methods to create a comparison group, matching intervention and comparison use on characteristics that are likely to be related to the outcome of interest. This is considered a less rigorous QED than RD design or CITS. 



• Distinct groups: There should be a treatment and control group of separate 
students (unlike pre-post designs) 

• Baseline equivalence: You need evidence that groups are similar on key 
variables at the start of the study, so that differences in outcome measures 
won’t be mistaken for an effect of the intervention. 

• Free of confounding factors: You want to make sure there is no factor that 
may influence the outcome and is aligned with only one group.

• Appropriate outcome measure: Instruments used to measure outcomes 
must be reliable and valid, and not be “over-aligned” to the intervention. 

High-quality Quasi-experimental Designs
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Distinct Groups: It is important for a QED to have a treatment and comparison group to see what would have happened without the treatment or intervention. The groups must be distinct (not the same students measured before and after a treatment as with pre-post designs). Group formation can be accomplished through various, nonrandom processes. Groups could be created largely for convenience, for instance, choosing comparison group schools that are near your intervention schools or by comparing schools that volunteer to implement a new curriculum to schools that did not. Baseline Equivalence (BLE): The key reason for establishing BLE is that if the intervention and comparison groups are different at the start of the study, those differences could be carried through to the outcomes and be mistaken for an effect of the intervention. For instance, if the intervention group’s scores are substantially higher than the comparison group’s scores on the pretest, and the intervention group also has higher test scores than the comparison group on the posttest, it is impossible to know whether the high pretest scores are the result of the intervention or the preexisting differences in the groups. It is necessary to demonstrate that the groups were similar prior to the intervention, or at baseline, on key characteristics that are likely to be correlated with the outcomes. When groups are similar on observed characteristics, such as age and test scores, prior to the intervention, we can be more confident that any observed effect was caused by the intervention. You should collect relevant pretest data whenever possible. The most important BLE measure for an outcome is the same test from a previous time period. BLE is established not only on the groups as a whole but also for each outcome of interest. For some topic areas, such as the dropouts and postsecondary credits, there are no natural pretests or prior measures. In those cases, proxy measures can be used, such as a combination of sociodemographic characteristics, as well as an academic measure (such as state test scores or ACT scores). There are two ways to demonstrate equivalence of the groups. First, groups are equivalent if there are very small differences between them on important characteristics. If there are effect-size differences of less than or equal to 0.05 standard deviation on a baseline measure, then the groups are considered equivalent on that measure. You have demonstrated that the groups have nearly equivalent means before the intervention, so we can be confident that there were no preexisting differences that carried through to the impact of the intervention. The second way to demonstrate equivalence is to have moderately sized differences, defined as a difference greater than 0.05 and less than or equal to 0.25 standard deviation on a baseline measure but statistically control for that difference in the analysis of outcomes. Specifically, when you analyze the outcome that has the baseline difference on the pretest, you should use a regression model that includes the baseline measure as a covariant. If there are differences between the groups that are greater than 0.25 standard deviation, BLE cannot be established for that measure. The groups were shown to be too different prior to the intervention; even if we control for the differences, we cannot be confident an observed effect on that measure, or any measures we expect to be highly correlated with that measure, were caused by the intervention. BLE decisions are made for each outcome in a QED. Differences in baseline measures can vary within a single study.Free of Confounding Factors: Next you want to make sure that there is no component or factor of the study that may influence the outcome and is aligned with only one study condition for a group. If a factor is present in one condition but not the other, it is impossible to separate the effect of the intervention from the effect of the confounding factor. A common confound is that there is only one unit in one or both conditions, such as if a new mentoring program is implemented in a high school, and academic outcomes are compared with a nearby high school that did not have the program. In this case, we cannot isolate the effect of the intervention because the intervention school and comparison schools may differ in ways related to the academic outcomes. To decrease the likelihood that some factor confounds the results, both the intervention and comparison groups must contain at least two units or schools in this example.Another confounding factor we also see is that only one person is providing the intervention, and that person interacts only with the intervention group. For instance, a single mathematics teacher pulls students out of the mathematics class once per week for intensive support, and the comparison group remains in the class. In this case, the mathematics specialist may be an incredibly dynamic teacher, and her personality may affect student outcomes as much as the particular curriculum or strategy being implemented. Therefore, this study cannot meet standards as a test of the curriculum or strategy because we cannot separate how much of the observed effect was caused by the intervention and how much was caused by the particular specialist. Again, to decrease the likelihood of the confounding factor influencing the results, you need to have at least two interventionists or have an intervention in which the teacher is in both conditions to control for the teacher characteristics.The third type of common confound is that the intervention of interest is bundled with some other services that are not intended to be part of the assessed intervention. For instance, if in a study designed to test a work-based learning initiative, and new high school graduation requirements are instituted at the same time, we cannot isolate the effect of the intended intervention because another important change occurred during the study period. Appropriate Outcome Measure: Outcomes are used to estimate the impact of the treatment. Tests, observation protocols, or other instruments to assess outcomes in RCTs and QEDs should have strong measurement properties. There should be evidence of the validity of the instrument to measure the construct of interest. It should have sufficient reliability, which ensures that it measures concepts consistently across time and people. An outcome must not be overaligned with the intervention. When outcome measures are closely aligned with or tailored to the intervention, they may give an advantage to the intervention group. For example, an outcome measure derived from reviewing specific reading passages that were used as part of the intervention but not in the comparison classrooms would be considered overaligned. And data should be collected similarly for both groups (e.g., using teacher-reported observations for the intervention group and researcher observations for the comparison group; collecting outcome data at different times during the school year could compromise internal validity).



 The WWC uses a systematic review process to examine intervention research. 

 To be eligible for the WWC’s highest rating for group design studies, Meets 
WWC Group Design Standards Without Reservations, the study must be an 
RCT with low levels of sample attrition. 

 A QED or a high-attrition RCT is eligible for the rating Meets WWC Group 
Design Standards With Reservations if it satisfies the WWC’s baseline 
equivalence requirement that the analytic intervention and comparison groups 
appear similar at baseline. 

 A QED or a high-attrition RCT that does not satisfy the BLE requirement 
receives the rating Does Not Meet WWC Group Design Standards. 

What Works Clearinghouse
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What Works Clearinghouse The WWC is an initiative of the U.S. Department of Education’s Institute of Education Sciences, which was established under the Education Sciences Reform Act of 2002. The mission of the WWC is to be a central and trusted source of scientific evidence for what works in education. The WWC examines research about interventions that focus on improving educationally relevant outcomes, including those for students and educators. The WWC systematic review process is the basis of many of its products, enabling the WWC to use consistent, objective, and transparent standards and procedures in its reviews. To be eligible for the WWC’s highest rating for group design studies, Meets WWC Group Design Standards Without Reservations, the study must be an RCT with low levels of sample attrition. A QED or a high-attrition RCT is eligible for the rating Meets WWC Group Design Standards With Reservations if it satisfies the WWC’s BLE requirement that the analytic intervention and comparison groups appear similar at baseline. A QED or a high-attrition RCT that does not satisfy the BLE requirement receives the rating Does Not Meet WWC Group Design Standards. The goal of this training is to prepare you to conduct studies that meet WWC standards without or with reservations. The sessions later in the training about RCTs and two types of QEDs will go into details about how to meet WWC standards using those designs.Handout: REVIEW PROTOCOL FOR POSTSECONDARY CAREER AND TECHNICAL EDUCATION (CTE) INTERVENTIONS VERSION 4.0



 In addition to examining causal evidence of the effectiveness of a program, you 
will also want to verify a program was delivered according to plan. You want to 
verify fidelity of implementation. If the intervention was not implemented as it 
was designed or intended to be used, the conclusion of its effectiveness will not 
be valid.

 Implementation research also includes the investigation of what happens when a 
program or intervention is adopted – how a program is developed and 
implemented locally, what elements are enacted in a real-world setting, and why 
certain contexts, settings, and factors influence how the program or policy is 
implemented.

Implementation Research
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Implementation So far we have highlighted how different research designs relate to the ability to draw conclusions about the effectiveness of an intervention. When evaluating a program, however, verifying that the program was delivered according to plans is a critical step. Identifying key elements of the intervention and measuring the degree to which those elements occurred during the study period will provide evidence of the fidelity of implementation. If the intervention was not implemented as it was designed or intended to be used, the conclusion of the effectiveness of the study will not be valid. A study that finds a program is ineffective, should be able to provide evidence that the program was implemented according to its intended model, otherwise it is impossible to tell if an effect (or lack of an effect) is related to the intervention. “Implementation research” is broad and goes beyond this notion of fidelity. Implementation research includes the investigation of what happens when a program or intervention is adopted – how a program is developed and implemented locally, what elements are actually enacted in a real world setting, and why certain contexts, settings, and factors influence how the program or policy is implemented. In addition, implementation research examines how different conditions or contexts are related to how effective the program is for improving student outcomes. (Century and Cassata, 2016) 



 A well-designed quantitative study can offer evidence of the program’s 
effectiveness, it may leave some important questions unanswered. 

 Mixed-method designs incorporate qualitative research methods – for 
example, interviews, focus groups, case studies, or observations – to provide a 
richer understanding of a program’s implementation and effectiveness. 

Mixed Methods
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Most of our training this week will be focused on quantitative research method for conducting causal research studies. While a well-designed quantitative study can offer evidence of the program’s effectiveness, it may leave some important questions unanswered. Mixed-method designs incorporate qualitative research methods – for example, interviews, focus groups, case studies, or observations – to provide a richer understanding of a program’s implementation and effectiveness. For example, interviews with key program staff (teachers, counselors, or administrators) or other stakeholders (students, business community members) might provide information to verify fidelity of implementation, or could be done to explore perspectives to help explain the quantitative findings or explore unexpected findings after a quantitative study to generate new hypotheses. We provide some literature about best practices for qualitative research methods in our bibliography. 
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