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Career, Technical, & Agricultural Education







PATHWAY:  
Engineering Graphics & Design
COURSE:  

Introduction to Engineering Drawing & Design
UNIT 3: 

ENGR-IED-2 Measurement and Scales
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Annotation: 
Students will demonstrate mastery of read architect’s scale, engineer’s scale, metric scale, and mechanical scale.  The primary scale used is the mechanical scale which consists of a fractional inch, decimal inch and 8 other scales.  Students will learn how to convert fractional readings into their decimal equivalents, and learn to use the proper techniques for making measurements and identify the resolution and ratio of each scale.  
Grade(s):  

	x
	9th

	x
	10th

	x
	11th

	x
	12th


Time:  
15 Hours
Author: 
Leon Grant
Students with Disabilities:

For students with disabilities, the instructor should refer to the student's IEP to be sure that the accommodations specified are being provided. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation.
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GPS Focus Standards: 
ENGR-IED-9
Students will demonstrate the ability to read and draw using the proper scale.
a) Demonstrate the ability to measure using the architect’s scale, engineer’s

 scale, and metric scale.

b) Select proper drawing scale.
GPS Academic Standards:
SCSh4 

Students will use tools and instruments for observing, measuring, and manipulating scientific equipment and materials.
National / Local Standards / Industry / ISTE:

ADDA 

Fundamental drafting skills
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Enduring Understandings: 
Students will understand drawing scale and learn to make scaled measurements with the mechanical, architects, engineers and metric scales. They will know how to convert fractional readings into their decimal equivalents and learn the proper techniques for making measurements. They will also know how to identify the resolution and ratio of each scale.
Essential Questions: 
· Why are standardized units of measurement necessary?
· How would using non-standardized units of measurement affect an engineer’s ability to communicate?

· Why don’t we use one unit of measure for length rather than several (i.e. feet, inch, meter, cm, etc)?

· Why do architects and engineers draw plans at various scales?
· Why do architects and engineers use different scales?

· What advantages does an engineering scale have over an architect’s scale?

· How is an engineering scale like a metric scale?

· How do you read a fractional inch scale?
· Why would an engineer need to convert a fractional scale reading to a decimal equivalent?
· Why don’t we use one unit of measure for length rather than several (i.e. feet, inch, meter, cm, etc)?
· How do architects represent large projects like a school on a sheet of paper that fits on a drafting table?
· How do engineers in the US (who use US Customary Units – inches, feet, etc) work with engineers in South America (who use SI Metric Units – mm, meters, etc)?
Knowledge from this Unit:  
Students will be able to: 
· Define a scale’s resolution.
· Describe a scale’s ratio and its proper uses.
· Distinguish between similar reduced scales (i.e. ¼”=1’-0” or ¼”=1”).
Skills from this Unit:  
Students will:
· Read a fractional inch scale.
· Read a decimal inch scale.
· Convert fractional readings into decimal equivalents.
· Add & subtract mix (fractional and decimal) measurements.
· Read reduced scale (i.e. ¼”=1’-0”).
· Produce drawing or sketches at various reduced scales.
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Assessment Method Type: 
	x
	Pre-test

	x
	Objective assessment - multiple-choice, true- false, etc.

	
	__ Quizzes/Tests

_x_ Unit test

	
	Group project

	
	Individual project

	x
	Self-assessment - May include practice quizzes, games, simulations, checklists, etc.

	
	__ Self-check rubrics   

__ Self-check during writing/planning process

__ Lab Book
__ Reflect on evaluations of work from teachers, business partners, and competition judges

__ Academic prompts

__ Practice quizzes/tests

	
	Subjective assessment/Informal observations

	
	__ Essay tests

__ Observe students working with partners

__ Observe students role playing

	x
	Peer-assessment  

	
	_ _ Peer editing & commentary of products/projects/presentations using rubrics

_x_ Peer editing and/or critiquing

	x
	Dialogue and Discussion

	
	_x_ Student/teacher conferences
_x_ Partner and small group discussions

_x_ Whole group discussions
__ Interaction with/feedback from community members/speakers and business partners

	
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

__ Application of skills to real-life situations/scenarios

	x
	Post-test


Assessment Attachments and / or Directions: 
NONE
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•
LESSON 1: Overview of Measurements and Scales 

1.
Identify the standards. Standards should be posted in the classroom.

ENGR-IED-9
Students will demonstrate the ability to read and draw using the proper scale.
a) Demonstrate the ability to measure using the architect’s scale, engineer’s


 scale, and metric scale.

b) Select proper drawing scale.
2.
Review Essential Questions. Post Essential Questions in the classroom. 
· Why are standardized units of measurement necessary?

· How would using non-standardized units of measurement affect an engineer’s ability to communicate?

· Why don’t we use one unit of measure for length rather than several (i.e. feet, inch, meter, cm, etc)?

· Why do architects and engineers draw plans at various scales?

· Why do architects and engineers use different scales?

· What advantages does an engineering scale have over an architect’s scale?

· How is an engineering scale like a metric scale?
3.
Identify and review the unit vocabulary. Terms may be posted on word wall.

	US Customary
	SI Metric
	Resolution

	Ratio
	Positional error
	Observation error

	Operator Bias error
	Gross Measurement 
	Fine Measurement 


4.
Show the Introduction to Standard Units of Measurement PowerPoint presentation.
5. 
Assign the Standard Units of Measurement Scavenger Hunt Worksheet.
•
LESSON 2:  Reading a Fractional Inch Scale 

1.
Review Essential Questions. Post Essential Questions in the classroom.

· How do you read a fractional inch scale?
2. 
Show the Measurement Unit PowerPoint. This will introduce fractional inch scales. Use this PowerPoint for  each of the other lessons.
3.
Introduce Architectural/mechanical scales.
4. 
Pass out Fractional Inch Graphic Organizer Handout to learn how to develop fractional scale graphic organizer.
5.
Pass out the Scale Photo Handout to Show students how to read a fractional inch scale.
6. 
Scale reading class practice & problem sets. The teacher’s should tailor these problem sets to correspond with the textbook(s) that are available to the students.
7.
To practice scale reading, have students complete Measurement Worksheet. Have them think together about the problems, pair up, then share their answers with the class.
8. 
Using the Fractional Inch Graphic Organizer Handout, demonstrate how to make a measurement with a fractional inch scale

9. 
Discuss scale reading errors. 
10.
Hold a class competition amongst the students with scale reading problems.
11.
Summary

· Students may ask questions about fractional inch scale.
· Completed Fractional Scale Training Aid “Ticket out the Door”
· Test the students knowledge of reading a fractional inch scale and give them a quiz over reading fractional inch scale part one of Measurement Quiz fractional & decimal inch scale.
•
LESSON 3:  Fraction to Decimal Conversion 

1.
Review Essential Questions. Post Essential Questions in the classroom.

· Why would an engineer need to convert a fractional scale reading to a decimal equivalent?
2.
Discuss adding essential fraction to decimal conversion facts to the Fraction Scale Training Aid.
3. 
Show students how to convert from fraction to decimal (4 decimal points).

4. 
Have the class practice reading fractional scales & decimal conversions using the Measurement Worksheet.
5. 
Have students practice using problem sets that correspond to the textbook used in the classroom.
6. 
Model adding and subtracting fractions and decimal equivalent process. 
7. 
Have the class practice adding and subtracting fractions and decimal equivalent. 

8. 
Have students practice using problem sets that correspond to the textbook used in the classroom
9. 
Hold a class competition with fraction inch scale reading & fractional to decimal conversion problems.
10.
Summary

· Class competition with fraction inch scale reading & fractional to decimal conversion problems.

•
LESSON 4:  Reading a Decimal Inch & Metric (mm & cm) Scales 

1.
Review Essential Questions. Post Essential Questions in the classroom.

· Why don’t we use one unit of measure for length rather than several (i.e. feet, inch, meter, cm, etc)?
2.
Pass out Decimal Inch Graphic Organizer to learn how to develop Decimal Inch Scale Graphic Organizer.
3. 
Model reading decimal inch scale

4. 
Develop Metric (mm & cm) Scale Graphic Organizer.
5. 
Model reading Metric (mm & cm) scales.
6. 
Use the Measurement Worksheet for class practice reading fraction inch, decimal and metric scales and fractional to decimal conversion
7. 
Have students practice using problem sets that correspond to the textbook used in the classroom 


(think-pair-class share)
8.
Summary

· Class competition reading fraction inch, decimal and metric scales and fractional to decimal conversion.
· Distribute Measurement Quiz fractional & decimal inch scale Quiz reading fraction inch, decimal and metric scales and fractional to decimal conversion.

•
LESSON 5:  Reading a Reduced Scale (Mechanical or Architectural) 

1.
Review Essential Questions. Post Essential Questions in the classroom.

· How do architects represent large projects like a school on a sheet of paper that fits on a drafting table?
2.
Pass out Mechanical Scale Graphic Organizer to learn how to develop Mechanical Scale Graphic Organizer.
3. 
Demonstrate how to read a mechanical scale.
4. 
Have students complete Measurement Worksheet 2 as practice reading scale on mechanical or architectural scale.
5. 
Have students practice using problem sets that correspond to the textbook used in the classroom 


(think–pair–class share)

6.
Summary

· Class competition reading fraction inch, decimal and metric and reduced (mechanical or architect) scales; fractional to decimal conversion.
· Give first quiz Measurement Quiz 2 (Mechanical Scale) on Reduced scale (Mechanical or Architectural).
•
LESSON 6:  US Customary to SI Metric conversions 

1.
Review Essential Questions. Post Essential Questions in the classroom.

· How do engineers in the US (who use US Customary Units – inches, feet, etc) work with engineers in South America (who use SI Metric Units – mm, meters, etc)?
2.
Some Famous Unit Conversion Errors! (http://spacemath.gsfc.nasa.gov/weekly/6Page53.pdf)

3. 
Conversion facts (found in the appendix to most Engineering Drawing Text books)
4. 
Model US customary to SI Metric and SI Metric to US Customary conversion process

5. 
Area & Volume formulas (found in the appendix to most Engineering Drawing Text books)
6. 
Model solving area & volume problem using mixed units
7. 
Have students practice using problem sets that correspond to the textbook used in the classroom 


(think–pair–class share)

8.
Summary

· Class competition with unit conversion problems
· Give Measurement Quiz 2.
•
ATTACHMENTS FOR LESSON PLANS:
Introduction to Standard Units of Measure PowerPoint

Standard Units of Measure Scavenger Hunt Worksheet

Measurement Unit PowerPoint
Fractional Inch Graphic Organizer

Scale Photo Handout

Measurement Worksheet 
Measurement Quiz (Fractional & Decimal Inch Scale)
Decimal Inch Graphic Organizer

Mechanical Scale Graphic Organizer

Measurement Worksheet 2

Measurement Quiz 2 (Mechanical Scale)

•
NOTES & REFLECTION: 

· This is a foundational unit and would therefore be scheduled early in the school year.  
· All students should have learned to read a ruler in middle school; however, this unit will tend to take longer than expected to cover the material at a pace that all students can maintain.  
· A big issue in teaching this unit is demonstrating the proper scaling techniques in a way that all students can see.  
· Included in the resources are scanned photographs of scales these can be used in two ways.
· First, print these images on a large format printer six to eight feet to produce teaching aids the whole class can see.  
· Secondly, if a teacher has a projector these images can be projected so the scaling techniques can be modeled for the students.  
· Both these methods can be used to check student understanding during class.
· Teachers should make problem sets for this unit plan based on the textbook used in the classroom and available to students. 
I recommend using a good text book.  Attached is a link to a pdf of Engineering Drawing & Design 3rd Edition By David A. Madsen.  The link provides a sample test. 

 

http://books.google.com/books?id=N97zPAvogxoC&lpg=PP1&dq=engineering%20drawing%20%26%20design&pg=PA94#v=onepage&q&f=false
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Culminating Unit Performance Task Title: 
Authentic Measurement Assessment stations
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 
Students would rotate through a series of stations where they would be required to make measurements using a variety of scales. They would make conversions, demonstrate proper measurement techniques and answer various questions related to this unit.
Attachments for Culminating Performance Task: 
Authentic Measurement Assessment Rubric
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Web Resources:
· http://spacemath.gsfc.nasa.gov/weekly/6Page53.pdf: Some Famous Unit Conversion Errors!
· http://www.youtube.com/watch?v=5t-fJ6w7QtY: YouTube video How to read an Architect Scale 
· http://books.google.com/books?id=N97zPAvogxoC&lpg=PP1&dq=engineering%20drawing%20%26%20design&pg=PA94#v=onepage&q&f=false
Materials & Equipment: 
· Projection Equipment
· Scale Photo Handouts

· Mechanical Scale
· Architectural Scale

· Engineering Scale
· Computer with Internet Access
· Projection Equipment
	x
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	x
	Interactive Whiteboard
	
	Calculator
	x
	Graphic Organizer

	x
	Student Response System
	
	Desktop Publishing 
	x
	Image File(s)

	
	Web Design Software
	
	Blog
	x
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	x
	Website
	
	


[image: image8.jpg]



Engineering & Technology











	CTAE Resource Network
	Intro to Engineering Drawing & Design • Grades 9-12 • Unit 2
	Page 1 of 8



