What is Scientifically Based Research?

A Guide For Teachers 
Becoming a Wise Consumer of Education Research

Effective teachers use scientific thinking in their classrooms all the time. They assess and evaluate student performance, develop Individual Education Plans, reflect on their practice, and engage in action research. Teachers use experimental logic when they plan for instruction: they evaluate their students' previous knowledge, construct hypotheses about the best methods for teaching, develop teaching plans based on those hypotheses, observe the results, and base further instruction on the evidence collected. 
In short, teachers use the concepts of rigorous research and evaluation in profoundly practical ways. 

Teachers can further strengthen their instruction and protect their students' valuable time in school by scientifically evaluating claims about teaching methods and recognizing quality research when they see it. 
The federal perspective on scientifically based research

The No Child Left Behind (NCLB) Act of 2001 encourages and, in some cases such as Reading First, requires the use of instruction based on scientific research. The emphasis on scientifically based research supports the consistent use of instructional methods that have been proven effective. 

To meet the NCLB definition of "scientifically based," research must:

· employ systematic, empirical methods that draw on observation or experiment; 

· involve rigorous data analyses that are adequate to test the stated hypotheses and justify the general conclusions; 

· rely on measurements or observational methods that provide valid data across evaluators and observers, and across multiple measurements and observations; and 

· be accepted by a peer-reviewed journal or approved by a panel of independent experts through a comparatively rigorous, objective, and scientific review. 



Recognizing Effective Research

Teachers can use a simple set of questions to distinguish between research that confirms the effectiveness of an instructional practice and research that does not: 

· Has the study been published in a peer-reviewed journal or approved by a panel of independent experts? 

· Have the results of the study been replicated by other scientists? 

· Is there consensus in the research community that the study's findings are supported by a critical mass of additional studies? 

Independent peer review

Peer review subjects a paper to scrutiny by scientists in the relevant field of specialization. This happens in two ways. In one method, a paper submitted for publication in a peer-reviewed journal is examined by other scientists in the field before an editor (usually an expert in the field) passes judgment on it. The second method is review by an independent panel of experts who, using rigorous criteria, determine whether the findings of the paper are credible. 

Not all education journals are peer-reviewed.  Education journals have different purposes that contribute to our understanding of teaching. The American Educational Research Journal, the Journal of Educational Psychology, and Reading Research Quarterly are examples of journals that conduct peer reviews and contain empirical evidence about teaching techniques. Phi Delta Kappan and Educational Leadership, by contrast, contain original thought, but neither publishes peer-reviewed original research.  Peer-reviewed journals on other topics such as cognitive psychology and other social sciences can also make useful contributions to educational practice. 


Replication of results by other scientists

Teachers should look for evidence that an instructional technique has been proven effective by more than one study. Knowledge generated by one study without scrutiny and criticism by others cannot be fully scientific. To be considered scientifically based, a research finding must be presented in a way that enables other researchers to reach the same results when they repeat the experiment.   True scientific knowledge is public and open to challenge. It is held tentatively, subject to change based on contrary evidence. 

Consensus within a research community

A single experiment rarely decides an issue, supporting one theory and ruling out all others. Issues are most often decided when the community of scientists in a field comes to agreement over time that sufficient evidence has converged to support one theory over another. Scientists do not evaluate data from a single, perfectly designed experiment. They evaluate data from many experiments, each containing some flaws but providing part of the answer. 

Scientific Investigation Proceeds by Stages

Because there are different stages of scientific investigation, teachers should take care to use data generated at each stage in appropriate ways.  In the early stages of investigation, case studies--highly detailed descriptions of individuals or small groups and the context surrounding them--can be useful. Case studies provide descriptive information about how an educational program operates in a classroom, for example, descriptions of instructional strategies, amount of time, and types of materials used in a new vocabulary program. Case studies lack the comparative information needed to determine cause-effect relationships, but they can point researchers to variables that deserve further study and help generate hypotheses. 

Correlational studies, take things a step further by testing whether there are links between variables and outcomes. They are useful in early and middle stages of an investigation once hypotheses have been developed. For example, if a researcher hypothesizes that vocabulary instruction leads to improved reading comprehension, he or she could conduct a correlational study, using statistical techniques, to determine if there is a link between vocabulary instruction and reading comprehension. If the study finds a link, the researcher could design a true experiment to confirm whether the vocabulary instruction causes the improvement in comprehension. 

In order to draw conclusions about outcomes and their causes, data must come from true experiments. In an experiment, an investigator assigns subjects randomly to experimental and control groups, varies the apparent cause (the independent variable) and looks at the apparent effect (the dependent variable) while holding all other variables constant.  The experimental method controls for the many other variables that could have an impact on an outcome. 
Results of a study will demonstrate whether students in the treatment condition do better than comparable students in the control group on the test of reading comprehension. If the treatment group shows reading comprehension scores that are higher than those of the control group to a statistically significant degree, then the experiment provides evidence that helps to establish a causal relationship between vocabulary instruction and reading comprehension. Multiple studies that replicate these methods and find similar results would need to be conducted for further confidence in the results. 

Teachers supporting teachers

Teachers may want to form reading/discussion groups to talk about research studies and to challenge each other in a collegial way about what works, or does not work, in the classroom. The Institute of Education Sciences' What Works Clearinghouse (www.whatworks.ed.gov) can be a resource for summaries of scientifically based studies. By talking and learning more about how to apply the findings of scientific research in their teaching, educators can practice and refine their skills--and follow the example of Galileo in bringing new knowledge to the world. 


In Summary
Teachers play a variety of roles in their work--instructor, coach, advocate, and learner--but they also act as scientists in several ways. As they make the important decisions about what and how to teach, they must evaluate the claims associated with educational strategies and programs. And in the classroom, they must constantly assess and reassess the value of programs and their impact on students. 

The basic principles of the scientific method

· Science progresses by investigating testable problems. 

· A testable theory yields predictions that could possibly be proven wrong. 

· Scientific knowledge has passed some minimal tests. 

· Data and theories are considered in the public domain, or included in the research base, only after a peer review, either by a journal or a panel. 

· Published data and theories allow for replication and criticism by other scientists. 

· Theories are tested by systematic observation bound by the logic of true experiments. 

· Correlational studies, useful when experiments can not be carried out, only help rule out hypotheses. 

· Researchers use many different methods to reach conclusions. Most often, they draw conclusions only after a slow accumulation of data from many studies. 
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