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Overview
 The purpose of this activity is for the student to develop a marble maze that will illustrate a new highway system. The maze must be designed for a marble to travel in a vertical distance of ten inches, in exactly fifteen seconds.  The students will research, historical and current trends in highway designs and apply the research to their designs. To successfully complete this activity, the student must apply an understanding of engineering and graphic design.  They will develop three original designs and work with a partner to create a final solution to the design problem.

Prior to starting this unit the student’s will designed and explained an open and close loop system.  They would have already completed a basic drawing and design problem using Autocad.  They would have already been exposed to making drawings using polar and absolute coordinate systems on the computer.

The Student construct meaning by the following activities during this unit:  

· Investigate using the internet highway and maze designs

· Design three mazes using a CAD program, note the design may be two or three dimensional

· Analyze their and their partners designs, and create a final design that uses the best concepts from each

· Build the final design and test it

· Write a report in a systems format, defining the project, comparing the rest of the class and analyzing the final results 

Connection to Standards
This activity was developed to be an intermediate level activity.  It address the following Math, Science, and Technology Standards:

Standard One: Engineering Design 

1. Engineering design is an iterative process involving modeling and optimization finding the best solution within given constraints which is used to develop technological solutions to problems within given constraints. 

Students engage in the following steps in a design process: 

· Identify needs and opportunities for technical solutions from an investigation of situations of general or social interest. 

· Locate and utilize a range of printed, electronic, and human information resources to obtain ideas. 

· Consider constraints and generate several ideas for alternative solutions, using group and individual ideation techniques (group discussion, brainstorming, forced connections, role play); defer judgment until a number of ideas have been generated; evaluate (critique) ideas; and explain why the chosen solution is optimal. 

· Develop plans, including drawings with measurements and details of construction, and construct a model of the solution, exhibiting a degree of craftsmanship in a group setting, test their solution against design specifications, present and evaluate results, describe how the solution might have been modified for different or better results, and discuss tradeoffs that might have to be made. 

· In a group setting, test their solution against design specifications, present and evaluate results, described how the solution might have been modified for different or better results and discuss tradeoffs that might have been made.

Standard Two: Information Systems 

1. Information technology is used to retrieve, process and communicate information and as a tool to enhance learning.

Students:

· Use spreadsheets and data base software to collect, process, and display and analyze information.  Students access needed information from electronic data bases and on-line telecommunication services. 

Standard Three:  Measurement 

1. Students use measurement in both metric and English measure to provide a major link between the abstractions of mathematics and the real world ion order to describe and compare objects and data. 

Students: 

· Estimate, make, and use measurements in real-world situations. 

· Select appropriate standard and nonstandard measurement units and tools to measure to a desired degree of accuracy. 

· Develop measurement skills and informally derive and apply formulas in direct measurement activities.

· Explore and produce graphic representations of data using computers.

Standard One: Engineering Design 

1. Engineering design is an iterative process involving modeling and optimization finding the best solution within given constraints which is used to develop technological solutions to problems within given constraints. 

Students engage in the following steps in a design process: 

· Identify needs and opportunities for technical solutions from an investigation of situations of general or social interest. 

· Locate and utilize a range of printed, electronic, and human information resources to obtain ideas. 

· Consider constraints and generate several ideas for alternative solutions, using group and individual ideation techniques (group discussion, brainstorming, forced connections, role play); defer judgment until a number of ideas have been generated; evaluate (critique) ideas; and explain why the chosen solution is optimal. 

· Develop plans, including drawings with measurements and details of construction, and construct a model of the solution, exhibiting a degree of craftsmanship in a group setting, test their solution against design specifications, present and evaluate results, describe how the solution might have been modified for different or better results, and discuss tradeoffs that might have to be made. 
· In a group setting, test their solution against design specifications, present and evaluate results, described how the solution might have been modified for different or better results and discuss tradeoffs that might have been made.

Tools, Resources and Technological Processes 
1. Technological tools, materials, and other resources should be selected on the basis of safety, cost, availability, appropriateness, and environmental impact; technological processes change energy, information, and material resources into more useful forms. 

Students: 

· Choose and use resources for a particular purpose based upon an analysis and  understanding of their properties, cost, availability, and environmental impact. 
· Use a variety of hand tools and machines to change materials into new forms through forming, separating, and combining processes, and processes, which cause internal change to occur. 

Computer Technology 

1. Computers as tools for design, modeling, information processing, communication, and system control, have greatly increased human productivity and knowledge.

Students: 

· Use a computer to connect to and access needed information from various Internet sites. 

· Use computer hardware and software to draw and dimension prototypical designs. 

· Use a computer as a modeling tool. 

Technology Systems,

4. Technological systems are designed to achieve specific results and produce outputs, such as products, structures, services, energy or other system.

Students:

· Describe how system control requires sensing information, processing it and making changes.
Standard Six:  Systems Thinking 

1. Through systems thinking, people can recognize the commonalities that exist among all systems and how parts of a system interrelate and combine to perform specific functions.

Students: 

· Describe the differences between dynamic systems and organizational systems. 

· Describe the differences and similarities between engineering systems, natural systems, and social systems. 

· Describe the differences between open- and closed-loop systems. 

· Describe how the output from one part of a system (which can include material, energy, or information) can become the input to other parts. 

Models 

1. Models are simplified representations of objects, structures, or systems used in analysis, explanation, interpretation, or design.

Students: 

· Select an appropriate model to begin the search for answers or solutions to a question or problem. 

· Use models to study processes that cannot be studied directly (e.g., when the real process is too slow, too fast or too dangerous for direct observation). 

· Demonstrate the effectiveness of different models to represent the same thing and the same model to represent different things.
Standard Seven: Interdisciplinary Problem Solving 

Students will apply the knowledge and thinking skills of mathematics, science and technology to address real-life problems and make informed decisions. 

Connections 

1. The knowledge and skills of mathematics, science, and technology are used together to make informed decisions and solve problems, especially those relating to issues of science/technology/society, consumer decision-making, design, and inquiry into phenomena.

Students: 

· Describe and explain phenomena by designing and conducting investigations involving systematic observations, accurate measurements, and the identification and control of variables; by inquiring into relevant mathematical ideas; and by using mathematical and technological tools and procedures to assist in the investigation. 

Strategies 

1. Solving interdisciplinary problems involves a variety of skills and strategies, including effective work habits; gathering and processing information; generating and analyzing ideas; realizing ideas; making connections among the common themes of mathematics, science, and technology; and presenting results. 

Students participate in an extended, culminating mathematics, science, and Technology project.

The project would require students to: 

· Work effectively 

· Gather and process information 

· Generate and analyze ideas 

· Observe common themes 

· Realize ideas 

· Present results 
Technology  Modules

Modules T-6   Choosing resources for technological systems

Module   T-8   Controlling Technological Systems 
Modules T-10 Using systems to solve Problems
Note: 

1. Bold and Underlined indicated measured standards and Technology Modules.

2. Technology Modules are units in the New York State mandated middle school Technology Program.  

Essential Question
What type of system will needs to be designed to solve the problem?

What skills will the student need to create the design?

What skills will the student need to analyze their and others designs?

Content Knowledge

	Declarative
	Procedural

	The student will know:
	The Student will be able to do:

	1.  How to research on the internet
	1. Draw with Autocad to scale

	2.  Draw a basic drawing
	2. Use spreadsheets and word programs

	3.  Build a model based upon their drawings.
	3.  Edit with Autocad

	4.  Test and evaluate a model
	


PROCEDURES

and

LEARNING EXPERIENCES



The Student construct meaning by the following activities during this unit:

· Investigate past and current trends in highway construction using the internet

· Design several mazes to illustrate a highway design 

· Design a controlled system to evaluate a highway design

· Develop a working model

· Test and time the model

· Write a report using, word and excel, to analyze their design as it compares to the others in the class, based upon stoppage and time

The Teacher constantly monitors and interacts with each group and individual during this activity:

· Introduces the activity and demonstrates the use of Autocad as a two and three dimensional tool

· Demonstrates, works with each student to use the computer to draw to exact scales and measurements

· Prints the students final designs on a large format printer

· Illustrates the use of excel as a tool to analyze and record data

· Leads the class in a brainstorming session as to possible solutions

· Develops all related handouts, and materials

· Provides individual consultations and instruction, as needed for ideas, and software

· Introduces and present the format of the evaluation process

Material and Supplies

Materials needed by the student:

· All handouts

· Computers and related software

· Board from home, other as needed

Materials needed and provided by the teacher:

· All handouts

· A demonstration system

· Computer printer supplies

· Cardboard, ruler, scissors, string, glue, marble

· Past student work

· Reference materials

 

 

INSTRUCTIONAL

and
ENVIRONMENTAL MODIFICATIONS
 The following instructional modifications are made as needed:

· Provide group and individual instruction
· Provide student and post the assignment and the evaluation criteria before and during the activity
· Provide large screen monitors if needed
· Student instructors
The following physical modifications of the classroom:

· Provide access to computers
· Provide space for presentations and model construction

· Provide room to store the mazes while they are being constructed.

 

TIME REQUIRED
 This activity was designed to be completed in five hundred class minutes, or less.  The unit has been taught in a traditional class of about forty minutes.  It also has been used in an eighty-minute block schedule.

PREQUISITE SKILLS 
 The student will have had experiences with basic systems and doing beginning drawings in Autocad.  This unit is being taught in grade eight.  The student should have basic word processing skills and be able to use English and metric measurement instruments. 
UNIT SCHEDULE

and

INITIATING ACTIVITY
Day One:  An overview of the unit; presentation of the problem and a review of the grading rubrics and expectations. The students will be assigned to groups based upon the current seating chart.  The students will use think, pair, and share design concepts to seek possible solutions to the problem.

Day Two:  Each individual shall develop three possible solutions on the computer.  This step may be started with pencil sketches.

Day Three:  The students will work in teams will before during and after to finalize a design.  One student in the group will draw the final design to scale on the computer, the other member will type the lab report and develop the cover page.

Day Four and Five:  The Team will build the working model.

Day Six:  Test the mazes.  The students will test each maze between four and five times. They will track and record the results for each maze.  They will analyze the results and recommend adjustments to their models. 
 

TECHNOLOGY USE
Raymond V. Pitcher

Herkimer High School

801 West German St.

Herkimer, NY 13350

Rpitcher@herk-high.moric.org
rpitcher@usadatanet.net
Phone Number- 315-866-1770

Fax Number- 315-866-2234

Highway Designs:

www.Members.Home.net/mcpl/road/html
Maze Designs

www.flint.umich.edu/departments/its/crac/mazorig.fimm.html
www.web.kyoto-intet.or.ip/people/eisakvie/e_maze/
www.amz.com/maze/
www.woodytoys.com
Software

Autocad or any computer aided design program

Word

Excel

Internet Access

 

                                     CULMINATING PERFORMANCE 


Design Problem: Highway Design

Design Statement:

You have been hired as a highway engineer to develop a highway system and interchange for a large metropolitan area.  Your firm will develop the area, which will be multi-level and have several roads intersecting at different angles. Your system must be safe, and allow a vehicle to pass in a given period of time.  In order to test your design, a small model will be built and tested.

	Constraints
	Materials
	Topics
	Evaluation

	Vertical height- 10” to begin
	Card Board strips
	Measurement
	Typed Lab report written in a systems format. Based upon a rubric.

	Area: Min. 12x18 Max. 24x18
	Mounting Board provided by students
	Highway construction
	Individual designs

	Min. 1- 180 degree turn, 3 additional curves
	String
	2D & 3D computer drawings
	Model Rubric

	Two Bridges 5” each
	Scissors, Glue, tape
	Controlling systems
	Test

	One- 2” vertical free fall.
	Autocad
	
	

	Roadway- 1.5 “
	Word, excel
	
	

	Guard rails
	Internet
	
	

	2 6” straight sections
	
	
	

	Time: 15 seconds for the car to pass through.
	
	
	


Each individual of the group is required to develop 3 different designs and pass the test.  

Each group is required to develop a final design, provide the mounting board plus any special materials, build the model, type the lab report and collect and analyze the class data.

Entire project is due in six class periods.

Road Model Rubric

	Description
	
	
	Actual
	
	Points
	Student
	Teacher

	Measurement
	Criteria
	Teacher

Measurements
	Student

Measurements
	Possible Points
	Actual

Points
	Evaluations
	Evaluations

	Vertical height
	10
	
	
	6
	
	
	

	Area
	12 x 18 or

 24 x 18
	
	
	6
	
	
	

	Bridge 1
	5
	
	
	6
	
	
	

	Bridge 2
	5
	
	
	6
	
	
	

	Vertical Free Fall
	2
	
	
	6
	
	
	

	Roadway
	1.5
	
	
	6
	
	
	

	Straight section 1
	6
	
	
	5
	
	
	

	Straight section 2
	6
	
	
	5
	
	
	

	Time
	15 sec.
	
	
	6
	
	
	

	Curves
	3
	
	
	5
	
	
	

	180 Degree curve
	1
	
	
	5
	
	
	

	Guard Rails
	
	
	
	5
	
	
	

	Stoppage
	0
	
	
	4
	
	
	

	Workmanship
	
	
	
	6
	
	
	

	Roadway 

within area
	
	
	
	4
	
	
	

	Names, Labels
	
	
	
	4
	
	
	

	Days Absent 
	
	
	
	4
	
	
	

	Rubric
	
	
	
	10
	
	
	

	
	
	
	Total Points
	100
	
	
	

	
	
	
	
	
	
	
	


Criteria for the Rubric

1. Deduct one point from each measurement criteria for every 1/8” of an each longer or shorter than the specified length.

2. Deduct one point for each second below 15. Add one point for each second more than 15.

3. 0 points if curves are left out.

4. 0 points if guardrails are left out.

5. Deduct 1 point for each time that the marble stops.

6. Rate to quality of your workmanship from 1-5 points.

7. Deduct 1 point for each 1/8 of an inch that the roadway or any structure exceeds the given area.

8. Deduct 1 point for each name, and label left off.

9. Deduct ½ a point for an excused absence (less than a period).  Deduct 1 point for each excused absent for a full period. 

Note:  A Bridge must cross the roadway, if it doesn’t, no credit for the bridge.

Report Rubric

	Description
	Possible Points
	Actual Points
	Student
	Teacher

	
	
	
	Evaluations
	Evaluations

	Input:  A statement of the Problem.  
	5
	
	
	

	Adjustments:  Your Designs, Your Partners Designs and Final Design
	5
	
	
	

	Materials:  Materials Teacher provided, Materials Students provided, Application of Resources of Technology
	5
	
	
	

	Process:  Steps to Solve the Problem
	5
	
	
	

	Output:  Actual Time that it took the marble to roll through and was it the result that you expected, or was the actual result different. 
	5
	
	
	

	Monitor:  Discuss the system your group used to monitor the results.  
	5
	
	
	

	Compare: (Conclusion) Discuss your results. Include in your discussion a comparison of your systems times to the rest of the class. Use a Spreadsheet.  What adjustments (changes) would you make in your system?  Was your system a controlled system? Why or Why not.      
	40
	
	
	

	Presentation:  Fonts: Titles: 12-14 Point Bold
	2
	
	
	

	                                Captions    10-12 Point
	2
	
	
	

	                                 Color:               Black
	2
	
	
	

	                                  Times, Times New               Roman, or Arial
	2
	
	
	

	     Title Page:                                 Names
	2
	
	
	

	                  Block
	2
	
	
	

	                 Class
	2
	
	
	

	                 Picture
	6
	
	
	

	
	
	
	
	

	Report Rubric
	10
	
	
	

	
	
	
	
	

	Total Points
	100
	
	
	

	
	
	
	
	


Criteria for Compare (Conclusion) Maximum 40 Points
1. Deduct 10 Points if spreadsheet is not included or incomplete.

2. Deduct 10 Points if you do not include a discussion changes that you could make to improve your design.

3. Deduct 10 Points if you do not indicate if your design was a controlled or non-controlled system.

4. Deduct 10 Points if you do not explain what made your design a controlled or non-controlled system.

Written Assessment

Type of system Maze
Write in the spaces provided, the specific parts of the system from the list above.


[image: image1.wmf]
2. Business and industry use technology in a variety of ways. Sometimes technology used has both positive and negative results.  Likewise, many view group work both in a positive and negative light.  Please identify both positive and negative effect of group projects in any subject.

Why would a company use technology even though it will have a negative effect?

· Positive Effect:
· Negative Effect
· Why would a company use a technology even though it will have negative effects?
3. Describe and list the tools and materials that you used to create your maze.
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4. Based upon the “Lion Share” answer the following questions.

a. How does the “Lion Share” apply to this project?

b. What kind of animal are you?  Why?

c. What kind of animal was your partner?  Why?

d. Was the work equally shared, if not who did the most and why?

e. Do you disserve the same grade as your partner?  Why or why not?

REFLECTION
 This activity was designed several years ago as a basic maze project. At that time, the students were given a design statement and they had to select, design and build a maze that would meet one of the following criteria: slowest, most complicated, most deflections. The original design also required the maze to be placed on a predefined ramp and the marble was supposed to pass through the maze by the force of gravity.

The original design statement, often lead to mazes that required the marble to roll up a hill and often had paths that were two small for the marble to pass through.

This system requires the student to research and apply their research to a new design.  It provides greater detail as to expected outcomes, and makes it easier for the student to reach a successful solution. This problem provides the student the opportunity to develop a controlled system with a measurable outcome.

Although it was not measured, the activity has a connection to the CDOS standards by exposing the students to highway design and safety.  The unit may be taught with any computer programs.  Although it was taught and measured in the English measurement system it could also be taught using the metric system.
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