EXPERIMENTAL DESIGN- CTS SUMMARY RESULTS
Section II- Instructional Implications

K-12 Overview:

1. Several myths abound related to experimental design in the context of inquiry: Students need to be aware that inquiry involves more than “doing experiments” and is not confined to laboratories. It is more flexible than the rigid sequence of steps commonly depicted in textbooks as “the scientific method.” It is more than “making a great many careful observations and then organizing them.” (BSL)
2. If students have opportunities to participate in scientific investigations that progressively approximate good science, then the picture they will come away with will likely be accurate. (BSL)

3. An accurate conception of inquiry in the context of experimental design requires some recasting of typical school labs. The usual high school science “experiment” is unlike the real thing: The question to be investigated is decided by the teacher (or lab manual) as well as what apparatus to use, what data to collect, etc. (BSL)
4. One consideration for helping student labs be more like the real thing is to simply reduce the number of experiments to make more time available to probe questions more deeply as well as eliminate some of the mechanical, recipe-following aspects. Of course one must consider the purpose of the lab before making these changes. (BSL)

5. Before graduating from high school all students must have an opportunity to carry out at least one long term, major investigation where they frame the question, design the approach, estimate the time and costs involved, calibrate the instruments, etc. (BSL)

Grades K-4 Instructional Considerations:
1. From the earliest grades, students should experience science in a form that engages them in the active construction of ideas and explanations and enhances their opportunities to develop inquiry skills, including the design of investigations. (NSES)
2. Students should engage in investigations that are within their developmental capabilities. (NSES)
3. Young children can investigate earth materials, organisms, and properties of common objects. While they develop concepts and vocabulary from these activities, it is also important that they develop inquiry skills, which include designing an investigation. (NSES)
4. There is logic behind the skills students use when planning and doing investigations, but a step by step sequence or scientific method should not be implied during the design process. (NSES)

5. Students at this age are capable of designing simple experiments to try things in order to see what happens- they tend to focus on concrete results of tests and begin to entertain the idea of a “fair test” (a precursor to controlling variables). The design of carefully controlled experiments is still difficult; however, it might be possible in upper elementary grades with effective instruction. (NSES and BSL)
6. While helping students design experiments, be aware that at K-4, students have difficulty understanding that experimentation is a process of testing ideas and that evidence is used to formulate explanations. 
Grades 5-8 Instructional Considerations:

1. Students in grades 5-8 should be provided with opportunities to engage in full and partial inquiries. (NSES)
2. A full inquiry involves beginning with a question, designing an investigation, gathering evidence, formulating and answer to the original question, and communicating the investigative process and results. In partial inquiries, students develop the abilities and understandings of selected aspects of the process (e.g. describing how they would design an experiment). (NSES)

3. Students become more systematic and sophisticated in conducting investigations, some which may last for weeks or more.  This includes developing an understanding of what constitutes a good experiment. (BSL)
4. Middle school students are apt to have trouble identifying variables and controlling more than one variable during an experiment. Students might also have difficulty understanding the influence of different variables in an experiment- for example, variables that have no effect, marginal effect, or opposite effects on an outcome. (NSES)

5. While controlling variables is difficult, students can achieve success if they have opportunities to partake in enough experimental investigations (but not to the exclusion of other types of investigations) and discussing how explanation relates to experimental design (BSL). 

6. An experimental design should engage students in identifying and shaping the question under investigation. Students need to know what the question is asking, what background knowledge is being used to frame the question, and what they will need to do to answer the question. (NSES)

7. To help focus the design, encourage students to frame their questions with “What do we want to find out about…?”, “How can we make the most accurate observations?”, “Is this the best way to answer our questions?” and “if we do this, then what do we expect will happen?” (NSES)
8. The experimental design process should involve students in establishing and refining their methods, materials, and data they will collect. Use guiding questions such as “What data will answer the question?”, and “What are the best observations or measurements to make?” As part of their design, students should be encouraged to repeat data collection procedures. (NSES)
9. Inquiry, including experimental design, should not be interpreted as advocating a “scientific method.” The conceptual and procedural abilities students engage in suggest a logical progression, but they should not imply a rigid approach. (NSES)
10. Students do not learn experimental design by memorizing the steps and abilities but rather they learn the process by frequently engaging in opportunities to design experiments. (NSES)
Grades 9-12 Instructional Considerations:

1. At this level, students develop sophistication in their prior understandings and abilities of experimental design. They can now understand that experiments are guided by concepts and are performed to test ideas. (NSES)

2. Some students at this level will still have trouble with variables and controlled experiments. (NSES)

3. Teachers should try to make experiments meaningful to students- they should be derived from questions and issues that have meaning for students. (NSES)
4. The nature and importance of prediction in science can be taken up at this level by emphasizing statistics, probability, and modeling in making scientific predictions about complex phenomena. (BSL)
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