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· The Design Cycle 

     Characteristic of the design process is its iterative nature. This is because some decisions get made without complete knowledge and therefore must be revisited. Each solution element can be refined in a multistep process involving monitoring performance against desired results and making appropriate modifications.  Typically, trade-offs are required to address design criteria optimally.


A method is shown (see Informed Design Loop below) to illustrate informed technological design for students. 
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The loop includes several phases. In this model, the phases together are referred to as the design cycle. The model involves repeatable phases that engage the student in the design process.  The student hereby works in a manner similar to adult professionals who do engineering design for a living. Engineers and other designers rarely follow these phases in order. Instead, they move back and forth from one phase to another as needed. You also should not  expect students to go through these phases in the same order each time that they design something. The designer arrives at solutions while monitoring performance against desired results and making appropriate changes as needed. Almost always, following design criteria leads to trade-offs taking place. The phases of the informed design cycle are described here:

1.  Clarify design specifications and constraints. Describe the problem clearly and fully, noting constraints and specifications. Constraints are limits imposed upon the solution. Specifications are the performance requirements the solution must meet.

2. Research and investigate the problem. Search for and discuss solutions that presently exist to solve this or similar problems. Identify problems, issues, and questions that relate to addressing this design challenge.

3. Generate alternative designs. Don't stop when you have one solution that might work. Continue by approaching the challenge in new ways. Describe the alternative solutions you develop. 

4. Choose and justify optimal design. Defend your selection of an alternative solution: Why is it the optimal choice? Use engineering, mathematical, and scientific data, and employ analysis techniques to justify why the proposed solution is the best one for addressing the design specifications. This chosen alternative will guide your preliminary design. 

5. Develop a prototype. Make a model of the solution. Identify possible modifications that would lead to refinement of the design, and make these modifications

6. Test and evaluate the design solution. Develop a test to assess the performance of the design solution. Test the design solution, collect performance data, and analyze the data to show how well the design satisfies the problem constraints and specifications.

Redesign the solution with modifications. In the redesign phase, critically examine your design and note how other students' designs perform to see where improvements can be made. Identify the variables that affect performance and determine which science concepts underlie these variables. Indicate how you will use science concepts and mathematical modeling to further enhance the performance of your design.

 Note: Phase 4 involves  (a) hypothesizing that the design solution will meet specifications and constraints; and  (b) showing that the design should work by conducting M/S/E/T analyses.  When choosing the optimal design from among alternatives, two things are in play: The first is that the optimal design is chosen by rating it against design specifications and constraints. After doing so, the designer is not yet really sure that the design will work as intended. A hypothesis is made based upon the rating. It is not until mathematical or engineering analysis has been done that the designer is reasonably certain that the design will meet specifications. For example, if the design is a table, it is analyzed (a stress analysis is done) under the intended load. This is an interesting deviation from the current design models because it calls out specifically for two kinds of analyses to be done: one qualitative, one quantitative. It gets the student a step closer to informed design.
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