Summer Institute for Engineering and Technology Education


�subject�Engineering Design� - Teacher Module �keywords�2�


�title�Humdinger: What is design?�


CONCEPT


This module will lead the students through a design of the Humdinger, as if they were going to design it from scratch.  The only difference is that they will be able to see a demonstration of the Humdinger, and they will be given all the necessary parts needed to build the Humdinger.  The students will determine what the specifications are for their design, write a proposal of what they intend to build, do a detailed drawing of the design, construct a Humdinger prototype, and write a report on their findings.


OBJECTIVES


To introduce students to the elements of Engineering Design and Problem Solving using the Humdinger.


Allow students to gain an understanding of the steps necessary to complete a design by using a set design with a set number of parts.


The students will:


Observe a device called a Humdinger.


Be introduced to the design techniques necessary for an engineering design.


Determine the specifications.


Write a proposal.


Do a design on paper.


Build a working prototype.


Writing a short report of their findings.


SCIENCE PROCESS SKILLS


�
Observing


Seeing Patterns


Questioning


Organizing Information


Analyzing Information


Recognizing applications


Practicing group decision making


Using models to organize and understand observations


�
AAAS SCIENCE BENCHMARKS


�
The Scientific World View


Scientific Inquiry


Technology and Science


Design and Systems


Issues in Technology


Motion


Forces of Nature


Models


�
SCIENCE EDUCATION CONTENT STANDARDS (NRC)


(Grades 5-8)


Design and Conduct a Scientific Investigation


Use Appropriate Tools and Techniques to Gather, Analyze and Interpret Data


Construct Explanations and Models Using Evidence


Think Critically and Logically About Relationships Between Evidence and Explanations


Recognize and Analyze Alternative Explanations and Procedures


Communicate Scientific Procedure and Explanations


Motion and Changes in Motion


(Grades 9-12)


Identify the Questions and Use Concepts to Guide Scientific Investigations


Construct and Revise Scientific Explanations and Models Using Logic and Evidence


Recognize and Analyze Alternative Explanations and Models


Communicate and Defend a Scientific Argument


Forces and Motion


Interactions of Energy and Matter


STATE SCIENCE CURRICULUM FRAMEWORKS


Grades 5-8:	1.1.18, 1.1.10, 1.1.11, 1.1.12, 1.1.13, 1.1.14, 1.1.15, 1.1.16


Grades 9-12:	1.1.20, 1.1.21, 1.1.22, 1.1.26, 1.1.27, 3.1.37


MATERIALS


Per class:


Copy of FOSS Models and Design Module, "Activity 2: Hum Dingers"


(See inventory sheet page 3 of FOSS for complete list of materials.)


Per group:


(See inventory sheet page 3 of FOSS for complete list of Humdinger materials.)


Copy of the SIETE Introduction to Engineering Design and Problem Solving: Student Module


Paper


Writing and drawing instruments


KEY QUESTIONS to invite the learner


The following example questions, and brief answers could be helpful.  More detailed answers may be found in FOSS modules.


Q. What does an engineer do?


A. Engineers design solutions to problems that affect many different aspects of our lives.  There are electrical engineers, mechanical engineers, chemical engineers, industrial engineers, nuclear engineers, aerospace engineers, material science engineers, and civil engineers to name but a few.  Each of these engineers specialize in various technologies which may be applied alone or together to solve a problem, fill a need, or produce a product.


Q. What type of problems or products would a mechanical engineer work on?  How about an electrical engineer?  A civil engineer, etc.


Q. What different types of engineers could work together to produce an automobile?  A submarine?  A nuclear power plant?  Why?


A. Automobile:  mechanical, electrical, chemical, industrial, material science, etc.


Submarine: mechanical, electrical, chemical, industrial, materials, nuclear, aerospace, etc.


Nuclear power plant: nuclear, mechanical, electrical, chemical, civil.


(It is important to realize that many engineering fields like nuclear, material science, aerospace, or computer systems, are specific versions of fields like mechanical, civil, and electrical.  Also, an engineer is trained so that he has knowledge in many areas of engineering, but specializes in his chosen field.)


MANAGEMENT SUGGESTIONS


Divide into groups of four students to do the activities.  It is easy for one or two students to dominate the group, so visit each group frequently.


Refer to Summer Institute for Engineering and Technology Education Engineering Design Module: "Introduction to Engineering Design and Problem Solving" for a good explanation of problem solving and the design process.


Refer to FOSS Models and Design Module: "Hum Dingers" for more specific help on leading questions and advise on the Humdinger.


Be sure to build the Humdinger prototype as specified in the FOSS manual a couple of days before the planned day of the lesson.  This will allow you to work out any problems that you may discover the students may have building the Humdinger.


PROCEDURE


Preparation phase


Refer to the FOSS manual pages 4 and 5, "Getting Ready" for a complete description of the following steps.


Schedule the activity.


Assemble Bags of Construction Materials.


Construct one Humdinger.


Practice with Cell Holders.


Anticipate the need for pliers.


Think about students with limited construction experience.


Think about groups.


Set up a Materials Station.


Introduce Design and the Humdinger


At  this point the teacher has three options.


Option 1: Demonstrate the Humdinger by pulling the string.  Students will only see the closed sack and hear the “hum” and “ding”.  Students may repeat this process on their own.  (Also see Module 2 for additional information.)


Option 2:  Explain that it is our desire to design and build a Humdinger.  We are engineering and designing the Humdinger.  You will not build a prototype, but supply the parts and provide a written set of specifications that the Humdinger should conform to.


Option 3:  Build the prototype Humdinger according to the FOSS module, demonstrate how it works to the class, and then uncover it.  Let the students examine how it works if they wish.  Their task is to build a better Humdinger.  They may not use any of the ideas shown in the demonstration, but must discover new and creative alternatives.  (This may be better for an older more advanced class)


We shall follow a design process composed of these steps which can be found explained in great detail in the introduction for the Introduction to Engineering Design and Problem Solving Module of this section.


Identifying the Problem.


Gathering needed information.


Searching for creative solutions.


Overcoming obstacles to creative thinking.


Moving from ideas to preliminary designs (including modeling).


Evaluating and selecting a preferred solution.


Preparing reports, plans, and specifications.


Implementing the design.


Identification of the Problem


What do we need?  What is our problem.  It is important to develop a problem statement for our task, which is to build a Humdinger.  We have some imaginary needs, and it turns out the best way to fill those needs is to build a Humdinger.  Ask the class what we could use the Humdinger for.  Maybe some kind of person detector.  It senses a person by their weight when they enter a certain area and hums.  Then when the person leaves the area, it dings.


Have the class as a whole brainstorm briefly, on what problems could a Humdinger be used to solve?


Explain that an engineer would usually start with the problem and come up with the Humdinger as a solution.  We are kind of working backwards.


Have each group come up with a need that can be fulfilled or a problem that can be solved by the Humdinger.  This is a fantasy device, so let the imagination flow.


Gathering information


For us to design a Humdinger, we need to know a little more about it.  It hums when a string is pulled and it dings when it is released.  It is a certain size, and for this experiment it will be constructed with specific parts.  Have the groups develop a list of specifications and constraints for their design.  For example:


It will hum when the string is pulled and ding when the string is released.


It will be designed to make use of only those parts that we are provided.


These two specifications will probably take care of this simple design.  Some other example specifications might be:


String must pull at least 2 inches but no more than 5 inches.


Hum must be audible at a distance of 10 meters in a normal noise environment.  (This specification may also be made in decibels if an instrument is available to measure the sound.)


Hum must have a frequency range of 50 - 150 Hz.


Ding must occur within 2 seconds of string release.


Beware that the more constrained the problem is, the more difficult and specific the design becomes.


Ask the students if they can think of any more specifications that might be important.  If we were engineers designing a space suit or a bridge, what might be some important specifications?


During this stage, have the students explore how their motors and other unfamiliar items, such as levers, switches, and springs (rubberbands) used for construction work.  They will need this information to create their design.


Search for creative solutions


In this stage the students might examine the components, or experiment with the demonstration.  They may not do anything to the demo Humdinger but pull the string and release it.  No peeking unless you are working option 3.  Ask the students to brainstorm on possible ways that the Humdinger might be designed.  Do not allow them to start constructing anything yet.  Ask them to try to visualize the design, and what is necessary.  Once they have some ideas they may probably wish to start drawing them to better explain them to their group.  NOTE:  Showing the students a prototype up close, may hinder their creativity.


Overcoming obstacles to creative thinking


If students encounter obstacles,  remember to refer to your Introduction to Engineering Design and Problem Solving for help.


Preliminary designs


Have the students make sketches and drawings of how they are going to create the Humdinger.  Once they have some ideas on paper they can start to build the Humdinger based on these design.


Evaluate and selection of preferred solution


Once they start to make a prototype of their design they may discover problems that they were unaware of.  As they continue to build, have them revise their drawings to reflect changes in their design.


This is the purpose of building a physical model or prototype, to help with developing a working design.


Once they have a working solution to the problem, have them evaluate their solution.  Is the design efficient?  Did it make good use of the supplies?  How well does it meet the specifications that you have outlined.


Write out the specifications, proposals, and plans for the design


In the scheme of our fictional needs that the Humdinger has fulfilled, now it is time to take it to market, and that requires mass production.  To convince the bosses of our engineering firm that the Humdinger is the way to go, we need to do a written proposal.  The proposal should include the specifications for the design as well as any preliminary designs and drawings that we have done.  It should be short and written so that it clearly represents our project in the best possible way.  Any foreseeable problems should also be mentioned in the proposal.


Implementing the design


Once our proposal has been accepted, this is the final step of our design process.  All technical drawings and instructions that are required to manufacture our design must be completed.  User's operation and assembly instructions should also be finished.


evaluation


Students will include their work as a portfolio entry to be evaluated using the portfolio rubric.


OTHER RESOURCES


Simon, Harold A., A Student's Introduction to Engineering Design.  New York: Pergamon Press Inc., 1975.


Beakley, George C. and H. W. Leach, Engineering: An Introduction to a Creative Profession, 4th Edition.  New York: Macmillan Publishing Co., Inc., 1982.


� TITLE  \* MERGEFORMAT �Humdinger: What is design?�	�subject �Engineering Design�: Module �keywords �2�/�PAGE�2�





( The Summer Institute for Engineering and Technology Education, University of Arkansas 1995.  All rights reserved.





Revision: �TIME \@ "MM/dd/yy"�08/03/95�





( The Summer Institute for Engineering and Technology Education, University of Arkansas 1995.  All rights reserved.





� TITLE  \* MERGEFORMAT �Humdinger: What is design?�	�subject �Engineering Design�: Module �keywords �2�/�PAGE�7�





( The Summer Institute for Engineering and Technology Education, University of Arkansas 1995.  All rights reserved.





Revision: �TIME \@ "MM/dd/yy"�08/03/95�





( The Summer Institute for Engineering and Technology Education, University of Arkansas 1995.  All rights reserved.














