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Instructional Component Used: Precision Measurement

Grade Level: 9-12

Content (what is taught): 

· Precision measurement to the thousandths of an inch or millimeter.

Context (how it is taught):

This lesson is focused on having the students use precision measurement tools and why precision and accuracy are important.  The specific tools to be used will be taught as part of the lesson. Video links to assist with this are included.

Activity Description:

Students will take measurements on various sample items to determine their length, mass, and/or volume.  Accuracy and precision of the measurements will be stressed. 

Standards:

Technology: TB4, TC4
 Engineering: ED2, ED4
Math: MD1, MD2
Materials List: 

· Micrometer screw gauge

· Vernier caliper
· Finely graduated rulers in metric and English measurements
· Triple beam balance
· Spring scale
· Electronic balance (if readily available)
· Graduated cylinders
· Other precision measuring tools could be used in addition or substitution to these

Resources:
· Measurement & Gauging video-using a micrometer

http://www.youtube.com/watch?v=YYJRno_3GUE&feature=related
· How to use a Vernier Caliper: http://www.youtube.com/watch?v=Vz40xmrdhyY 

· How to use a triple beam balance: http://www.youtube.com/watch?v=9_9gu_7Tz8A
· How to use graduated cylinders: http://www.youtube.com/watch?v=iPkZlce84ag
Asking Questions: (Measure Twice)
Summary: The accuracy of things we build is very important.  These questions will get students thinking about why accuracy is important and what can affect accuracy.

Outline: 

· Students will learn the difference/relationships between accuracy and precision. 

Activity: These questions might be asked as a way of beginning the inquiry. 

	Questions
	Answers

	The player spikes a volleyball and it lands just outside of the line.  Another chance, it’s just out again.  Another spike, just outside in the same exact place one more time.  Is the player lacking in accuracy or precision or both?
	S/he is being precise—the ball is landing in the same spot each time.  S/he is not being accurate—s/he is trying to get it to land inside or on the line.

	Suppose it’s your job each day to measure the length of classes in school and ring the bell to change classes.  What would be a series of time measurements which would be an example of being imprecise, or not precise, and not accurate?  Why would that be a problem?
	Varied answers such as, “Ringing the bell 5 minutes early one class, 10 minutes late another…”  Teachers and students might not be able to finish a lesson/test or they might have extra time to “fill.”

	What would be examples of precise but inaccurate time measurements?  Why would that be a problem?
	Varied answers such as, “Every bell is 7 minutes early.” It would make the schedule difficult to use.

	What would be examples of class bells which are both precise and accurate?
	Varied answers which give correct times for each class change every day.

	What is accuracy?
	A correct, or valid, measurement.  

	What is precision?
	A constant measurement.  It is reliability.

	If you knew a scale was precise but not accurate, would it be of any value?
	It could be if you knew how much it differed from being accurate—you could then make a correction each time you used it.

	Why might two people who were using the same precisely and accurately made ruler get different answers?
	They may have different techniques—different levels of care with their measuring.

	What does the following saying mean?  “Measure twice, cut once.”
	Check your measurements before you cut something.  Once a board is cut it’s too late to correct an inaccurate measurement.

	Why are accurate and precise measurements important?
	Accuracy and precision relate to quality.  Different levels affect the cost and usability of an item.  NASA requires the accuracy of a part to be higher than a car manufacturer. 


Resources: 

The Science of Measurement: Accuracy vs. Precision (the dartboard examples might be useful in the classroom for a hands-on experience)

http://honolulu.hawaii.edu/distance/sci122/SciLab/L5/accprec.html
Exploring Concepts: (Measure Twice)
Summary: Students will use a variety of types of measuring equipment.  

Outline: 

· Students will learn how to use precise measuring equipment.  

· Students will measure length and mass of varied objects.

Activity: Students will first learn how to use the measuring tools.  The videos below will introduce students to the calipers.  Students will likely need additional instruction in order to master their use. Students will then work in small groups—rotating among stations—in order to practice their use on a variety of sample parts.  They will check their answers at each station with an answer key or provide their answers to the teacher so that s/he can see where additional help is needed.  There should be enough measuring instruments so that each student at a station has one to use.  It would be useful to have instruments at different stations that measure in metric and English units so that students can gain familiarity with each. 

The teacher will rotate among the stations to observe and provide additional assistance.  Questioning the class about why answers might vary among group members will help students to standardize their approach to measuring/increase precision.

Suggested measuring equipment are: a micrometer, Vernier caliper, rulers graduated to millimeters and/or 1/32”, meter stick and yard stick, 25 foot measuring tape, triple beam balance, and a spring scale.  Items to be measured should correspond to the strengths of each measuring instrument.  Precisely machined or items such as a ¼” drill bit would work well with either caliper.  Other relatively hard, small items (that would fit within the calipers) would also be suitable.  Carefully measured pieces of card stock, CD cases, and paperback books would all work well with rulers.  Desks, trashcans, and white boards would be appropriate for meter/yard sticks.  The width of the classroom or length of a hallway would be best determined with the measuring tape.  250 ml or 4 ounces of water would work with the triple beam balance (the students will need to allow for the mass of the container).  The mass of a stack of textbooks would be best determined with a spring scale. After a student has made a measurement and recorded it s/he should double check the accuracy and trouble-shoot variations with their small group partners before checking/presenting their answers to the teacher.

Resources:
· Measurement & Gauging video-using a micrometer

http://www.youtube.com/watch?v=YYJRno_3GUE&feature=related
· How to use a Vernier Caliper: http://www.youtube.com/watch?v=Vz40xmrdhyY 

· How to use a triple beam balance: http://www.youtube.com/watch?v=9_9gu_7Tz8A
Materials:

· Measuring instruments and samples as described above

· An answer key THAT lists teacher-made accurate measurements of each sample

Instructing Concepts: (Measure Twice)
Putting “Measurement” in Recognizable Terms:  Measurement is the process of estimating the magnitude of some characteristic of an object such as weight, length, volume, or air pressure.  Measurement is always an estimate because we are never capable of finding the exact value of a measurement.  No matter how careful we try to be, there will always be measurement error created by the precision of the instrument used.

· Accuracy: The difference between a measurement reading and the true value of that measurement

· Precision: The degree to which an instrument will repeat the same measurement over a period of time.

· Calibration: The comparison of a device with unknown accuracy to a device with a known, accurate standard to eliminate any variation in the device being checked.

· Tolerance: The unwanted but acceptable deviation from a desired dimension.

Putting “Measurement” in Conceptual Terms:  Measurement is the act of quantifying a magnitude that relates to an object.  You can achieve this through the use of instruments.  For instance, to measure length you would use a ruler or meter stick.  For mass you would use some type of scale.  There is always measurement error.  Error is minimized  by working carefully and using precision instruments.  Typically, the more precise the instrument used, the lower the measurement error.

Putting “Measurement” in Mathematical Terms: The measurement of an object can be estimated to one smaller division than the instrument is marked.  For instance, if you are measuring length and the meter stick is divided up into millimeters, you can estimate to tenths of a millimeter.  Thus an object could be measured to be 857.2 mm long with this meter stick.  The 857 would be the closest division to the length of the object and the .2 would be a closer estimate.  If a yardstick is only divided up into inches you can measure to tenths of an inch.  Since the divisions are much larger, the estimation will not be as close and the error will be increased.  In summary, the more precise the instrument is marked the smaller the measurement error.

Putting “Measurement” in Process Terms:  Thus, measurement is about estimating the magnitude of an object and at the same time reducing the error associated with that estimate.  A measurement should have three parts: 1) the measurement, 2) the margin error, and 3) the confidence that your measurement will fall within the margin of error.  For instance, if you measure the weight of an object to be 5.43 kg with a margin of error of .01 kg with 95% confidence, you mean that 95% of the time the weight you measured will be within .01 kg.  Basically, measurement is about making the best possible guess.

Putting “Measurement” in Applicable Terms:  Measurement applies in everything we do.  Many jobs require precise measurement for success to be attained.  If measurements are done inaccurately or carelessly the board the carpenter cut might not fit, the rocket NASA designs might not fly, or the brakes might not stop a car.  The carpenter’s adage comes to mind, “measure twice and cut once”.  This means you should be as sure of your measurements as you possibly can—one’s care should be related to the consequences of inaccuracy: cutting a board incorrectly may require the purchase of new board.  Measuring mass incorrectly could result in fatalities due to the crash of an airplane. 
Organizing Learning: (Measure Twice)
Summary: Students will determine the most appropriate measuring equipment and scale while they examine seemingly identical or similar objects for variations in length, volume, and/or mass.

Outline: 

· Students will work with a partner to perform careful measurements

· Tolerances in the seemingly identical/similar items will be recorded and discussed

Activity: Students will examine a variety of objects in order to determine the precision and accuracy with which they were made.  They will determine the existing tolerances between seemingly identical items.  They will compare the tolerances between different items in order to discover if patterns (such as a common percentage of variation from a mean) exist between objects or to simply note the different variations in precision and accuracy that exist in our world.  Students will need to be able to use measuring tools such as micrometers, calipers, finely graduated rulers and cylinders, and balances with precision and accuracy.

Items to be measured by pairs/small teams of students might include: new pencils, markers, coins, the same and/or different brands of CDs and/or CD cases, wood craft sticks, floor tiles (length, width, and mass), reams of paper (mass), and full cans of soda or vegetables (mass and volume).  Certainly there are many other possible explorations.  One might compare variations in nature (leaves or fruit from the same tree, differences between left and right feet, grains of rice, dried beans or even sand?) or the tolerances in finely machined parts from automobiles or industry (an auto parts store or machine shop could help supply examples).  

In each case, students will select the appropriate measuring tool for the expected tolerance.  Students may need a micrometer accurate to the thousandth of an inch or millimeter for some items yet merely need a ruler accurate to perhaps a 16th or 32nd of an inch or millimeter for others.  A triple beam balance accurate to the tenth of a gram or electronic balance accurate to the thousandth of a gram may be needed to determine some variations in tolerance while the differences in mass between mature apples from the same tree might be measured with a kitchen scale.

Students will record the results of their measurements in their notebooks and prepare a line graph showing the measured variations between items.  Finally, they will discuss whether the variations in dimension, mass, or volume had a bearing on their use.

Resources:
· Measurement & Gauging video-using a micrometer

http://www.youtube.com/watch?v=YYJRno_3GUE&feature=related
· How to use a Vernier Caliper: http://www.youtube.com/watch?v=Vz40xmrdhyY 

· How to use a triple beam balance: http://www.youtube.com/watch?v=9_9gu_7Tz8A
· How to use graduated cylinders: http://www.youtube.com/watch?v=iPkZlce84ag
Understanding Learning: (Measure Twice)
Summary: Students will use precision measuring equipment in a performance-based assessment. 

Outline: 

· Formative assessment of measuring

· Summative assessment of measuring

Activity: The formative assessment is focused around a practice activity and making sure everyone has mastered the use of the measuring tools.  The teacher and peer coaching will help those who have not quite mastered the instruments.  The teacher will assign students to conduct the summative assessment when s/he feels they are ready.

Formative Assessment

Students will work individually taking measurements with Vernier calipers and/or micrometers.  They will compare measurements with one another and teacher-supplied “correct answer” measurements.  Items to be measured could be nails in various sizes, ball bearings, and coins.  As students are engaged in the sample inquiries ask these or similar questions:

1) What is the difference between being accurate and being precise?

2) Why do you, as a consumer, care about accuracy and precision?  Give an example.

Once the teacher believes that students are ready for the summative assessment, s/he will assign it (below).  Students should show the ability to measure accurately at +/- .005” or mm.

Summative Assessment

Collections of “test” parts should be maintained for the assessment.  A tolerance of five thousandths of an inch or mm ( +/- .005 ) should be allowed.  The assessment will simply be the students’ ability to use a caliper and/or micrometer to measure the specified dimensions of several objects.  Sufficient sets of objects may be created for as many students as the teacher wishes to give the assessment at once.  The objects don’t need to be identical between sets, however, this will increase the teacher’s work as s/he grades the students assessments.

Sample objects for the assessment might include coins, nails, or metal ball bearings of a size not used in earlier practice sessions, bb’s, buttons,  poker chips, or  metal washers (the size of the hole could be determined with the Vernier caliper).  The items should have a uniform dimension so that students will readily understand the measurement which needs to be taken (an oval or irregularly shaped object could introduce unwanted error).  The items should be sufficiently rigid to not be easily deformed by the caliper/micrometer.  However, they also should not be brittle in order to prevent a careless user from fracturing/shattering them (such as a glass marble which could be broken by a micrometer).

Materials:

· Micrometers or Vernier calipers for each student

· Collection of objects for the formative assessment (see above)

· Sets of objects for the summative assessment (see above)
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