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Instructional Progression: 

Taxonomy Level:  3.1-C   Apply Procedural Knowledge

Key Concepts:
Reading scientific measuring instruments: 


graduated cylinders, balances, spring scales, 
thermometers, rulers

Measurement data

Metric units

Precision and accuracy

Previous/Future knowledge:  In the 1st grade students used rulers “accurately and appropriately” (1-1.2) but only used standard English units of measurement.  In the 2nd grade students used thermometers and balances (2-1.2).  By the 3rd grade students used meter tapes and graduated cylinders (3-1.5) and by the 6th grade spring scales and beam balances are used (6-1.1).   In Physical Science the students will record measurement data in appropriate metric units using the correct number of decimals by estimating the last digit on the measurement scale of the instrument.  Significant figures will be addressed in Chemistry (C-1.1) or Physics (P-1.1).  

Content Overview:

It is essential for students to

· Read scientific instruments such as graduated cylinders, balances, spring scales, thermometers, rulers, meter sticks, ammeters, voltmeters (or multimeters), and stopwatches using the correct number of decimals to record the measurements in appropriate metric units. 

· The measurement scale on the instrument should be read with the last digit of the recorded measurement being estimated. 

· Record data using appropriate metric units (SI units).  They should be able to use prefixes; milli, centi, kilo. (Conversions should be made using dimensional analysis – see PS 1-5)

· Understand that the more decimals in the recorded measurement, the greater the precision of the instrument.  

· An instrument that can be read to the hundredths place is more precise than an instrument that can be read to the tenths place. 

· A 100 mL graduated cylinder that is marked in 1 mL increments can be read exactly to the ones place with the tenths place being estimated in the recorded measurement.  

· A 10 mL graduated cylinder that is marked in 0.1 mL increments can be read exactly to the tenths place with the hundredths place being estimated in the recorded measurement.  

· The 10 mL graduated cylinder, therefore, is more precise than the 100 mL graduated cylinder.

· Understand that the terms precision and accuracy are widely used in any scientific work where quantitative measurements are made.  
· Precision is a measure of the degree to which measurements made in the same way agree with one another.  

· The accuracy of a result is the degree to which the experimental value agrees with the true or accepted value. 

· It is possible to have a high degree of precision with poor accuracy.  This occurs if the same error is involved in repeated trials of the experiment.  

It is not essential for students 

· to identify the number of significant figures in measurements or 

· to understand their use in calculations; 

· to understand the difference between systematic and random measurement errors, or 

· to define the degree of uncertainty of measurements.

Teaching Lesson A
Measuring in the metric system

Introduction to the lesson:

Introduce the lesson by giving the students the “Metric Awareness Test” attached below.  This is a fun way to determine prior knowledge.  Students have been learning and using the metric system in science class since third grade.  Depending on the competency level of your students in measuring metric length or distance, mass, and volume, you may wish to complete all or some of the lessons outlined below.
Lesson time:

4 days
Materials Needed:

Metric rulers and meter sticks

Triple beam balances

Graduated cylinders (10 mL and 100 mL), beakers
Thermometers

Copies of labs for mass and volume (attached below)
Essential Question:
How do I correctly read metric scientific instruments?
Procedure:
· Instruct students on the correct use of metric rulers, meter sticks, graduated cylinders, and triple beam balances.  See support guide and teachers edition of your textbook for the details.  

· Give students the opportunity for guided practice using the measuring instruments pictured below.  Remind them that the correct measurement includes all of the known digits plus the last estimated digit.  Work through several examples together as a class.
SCIENTIFIC MEASUREMENT 

Reading Graduated Cylinders and Measuring Line Segments

Read the meniscus line on these graduates.

Remember to read at the bottom of the meniscus
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Draw a meniscus for each of the following graduates.

Measure the following line segments in centimeters.

9. ______________________

10. 


11. _____________________

12. _____________________

SCIENTIFIC MEASUREMENT

Using The Triple Beam Balance

Read the triple beam balances and record the mass in grams.
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Procedure:  (cont.)
· Assign the students to lab groups and distribute the mass and weight lab to each student.
MASS AND WEIGHT LAB
1.   Mass is the amount of matter in an object.

2. The basic SI unit of mass is the kilogram.

3. The maximum capacity of the triple beam balance without the hanging masses is _________ g. 

4.   The maximum capacity of the triple beam balance without the hanging masses is ________ g.

The maximum capacity of the triple beam- balance with the hanging masses is ________ g.

5. Approximations:
A. 1  paperclip =
 g

B. 100 paperclips = 
 g
C. a nickel = _______________
g

6. Mass and weight are often referred to as the same thing, however, they are not the same!
A.     Mass is a measure of matter.

B.     Weight can be measured using a spring scale.

7. Mass never changes from one place to another, however, weight does vary from place to place depending upon the gravitational attraction.

8. The SI unit of force is called the newton (N). Force is measured using a spring scale. 
A. At sea level a 1kg block has a weight of 9.6N.

B. At sea level a 2kg block has a. weight of 19.6N.

C. At sea level a 3kg block has a weight of 29.4N. 

Metric Mass Lab

Objectives:

1.    To estimate the mass of selected objects.

2.    To measure the mass of selected objects using the triple beam balance.

Materials:

	triple beam balance
	penny
	spatula

	150 mL beaker
	nickel
	weighing paper

	watch glass
	dime
	100 mL graduated cylinder

	sodium chloride
	quarter
	selected objects of your choice


WEAR SAFETY GOGGLES DURING THIS ACTIVITY!!!

 Procedure:

I.    Measuring Mass Directly:

1. Check your triple beam balance to insure the pointer is properly, "zeroed." If an adjustment is necessary; consult your teacher.

2. Estimate the mass of a penny and record your answer in the data table below.
3. Place the penny on the balance pan. Move the rider(s) until the pointer is balanced (zeroed). Record the mass of the penny in the data table below.

4. Repeat steps 2 and 3 for the following objects. Record the mass of each object in the data table below.
a. a nickel

b. a dime

c. a quarter

d. a watch glass

e. a  150 mL beaker

f. a  100 mL graduated cylinder

	Item
	Estimated mass (g)
	Actual  mass (g)

	penny
	
	

	nickel
	
	

	dime
	
	

	quarter
	
	

	watch glass
	
	

	150 mL beaker
	
	

	100 mL graduate
	
	


II.    Measuring out a substance:

1. Place a piece of weighing paper on the balance pan. Move the rider on the front beam until the balance is zeroed. Record this reading in the data table below.

2. Move the riders until they read exactly 7.50 g more than the reading you obtained in step 1. Record this setting in the data table below.

3. Using a spatula, place some sodium chloride (NaCl) on the weighing paper until the pointer balances. Record the value in the data table below. (Discard the sodium chloride and weighing paper as instructed by your teacher.)

4. Place a dry 150 mL beaker on the balance pan. Move the riders until the pointer is balanced. Record this reading below.

5. Move the riders until they read exactly 22.0 g more than the reading you obtained in step 5. Record this setting.

6. In a 100 mL graduated cylinder, obtain exactly 30.0 mL of cold tap water. Slowly and carefully pour water from the graduated cylinder into the beaker on the balance pan until the pointer is balanced. Avoid splashing the water onto the pan. Note and record the volume of water remaining in the graduated cylinder. Discard the water and dry the beaker.

	Item
	Actual mass (g)

	weighing paper
	

	paper and NaCL
	

	150 mL beaker
	

	150 mL beaker & 22 g of water
	


7.    How much water was left in the graduated cylinder?

       ___________________________________________

Questions and Conclusions:
1.   Why did you use weighing paper?

           ______________________________________________
2.   What can you determine about the relationship between 1 g of water and 1 mL of water? 

       _____________________________________________

1 g of water and  1  cm3 of water? 

____________________________________________

III.     Estimating mass:

1. Select objects from your pockets / pocketbook to use for this part of the lab.

2. List the items you have picked in the data table be low.

3. Estimate the mass of each item and record below.

4. Using the triple beam balance determine the mass of each of your objects and record below.

	Item
	Estimated mass (g)
	Actual  mass (g)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Procedure:  (cont.)

· Assign the students to lab groups and distribute the volume lab to each student.
METRIC VOLUME LAB

Objective(s):

1. To practice measuring liquids in approved laboratory containers

2. To determine the volume of a regular solid by measurement

3. To determine the volume of regular and  irregular solids using displacement

	Materials:



	small  test tube

 large test tube 

eye dropper 

styrofoam cup

 medicine cup 

2 - 250mL beakers
	100 mL graduated cy1inder 

regular solid 

metric ruler 

rock

small  lead sinker 

large lead sinker 

water



	WEAR SAFETY GOGGLES DURING THIS ACTIVITY!!!

Procedure:         

	I.    Measuring the capacity of liquid containers.



	In many of your future experiments you will be instructed to obtain 1 mL, 2 mL, 5 mL or same other volume of a liquid. To gain experience at estimating small, volumes of a liquid, proceed as follows:



	1. Estimate the capacity of the small test tube and record in the table below.

2. Fill the small test tube with water.

3. Pour the water into your graduated cylinder.

4. Determine the position of the bottom of the meniscus in the graduated cylinder.

5. Record the capacity of the test tube in the table below.

6. Empty the graduated cylinder.

7. Use the large test tube and repeat steps 1-6.
8. Determine the capacity of each container listed in the following table and record in the table below. 
(Follow steps 1-6)



	Item
	Estimated (mL)
	Actual (mL)

	small test tub
	
	

	large test tube 
	
	

	eye dropper
	
	

	Styrofoam cup
	
	

	medicine cup 
	
	


III. Determining volume by calculation and displacement.

1. Measure the length, width, and height of regular solid A. Record the data in the data in data table below.

    2. Calculate the volume of solid A by finding the product of the length, the     

    width, and height ( V = l  * w * h  ). Record you answer.

3. Repeat steps 1 and 2 for regular solids S and C.

	Solid
	Length
	Width
	Height
	Volume (V=l*w*h)
	Volume of water
	Volume of water & solid
	Volume of J solid

	A
	
	
	
	
	
	
	

	B
	
	
	
	
	
	
	

	C
	
	
	
	
	
	
	


4. Fill a graduate with water to the 20 mL mark. Remember to read the bottom of the meniscus. Record the volume of water in the above data table.

    5. Carefully place regular solid A into the water in the graduate. Record   

     the new volume in the data table. The change in the volume of the 

     water equals the volume of the solid.

     6. (Optional) Repeat steps 4 and 5 for regular solids B and C.

Results and Conclusions

1.  Does the mathematically calculated volume (l*w*h) differ from the volume obtained by displacement for regular solid A (or for that matter, B or C)?

Explain:______________________________________________

___________________________________________________________
___________________________________________________________
____________________________________________________
2.  If you had an irregu1ar1y shaped stone, could you determine its volume in both ways?

Explain: ____________________________________________________

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________

IV.     Volume by displacement:

1. Fill a graduated cylinder with water to the 20 mL mark. Remember to read the bottom of the meniscus. Record in the original volume column of the data table below, the volume of water.

2. Carefully slide the stone into the graduate. Record the new volume in the data table. The change in the volume of water equals the volume of the solid.

3. Repeat steps 1 and 2 using a small sinker and then a large sinker.

	Object
	Original Volume

mL
	New Volume

mL
	Volume of object

mL



	stone
	
	
	

	small sinker
	
	
	

	large sinker
	
	
	


Procedure:  (cont.)

· Metric temperature-students should know that the freezing of water occurs at 0 degrees Celsius   (same as 32 degrees F)  and boiling of water occurs at 100 degrees Celsius  (same as 212 degrees F) 
To figure what kind of day it will be (metrically speaking), remember the following poem: Thirty is hot, Twenty is nice, Ten is cool almost like ice
Title: You are so Dense

Materials: meter stick, metric weight scale ( a regular scale can be used but the student will need to convert from pounds to kilograms), conversion factors as appropriate
Description/Overview: this is a higher level activity where students will discover some of their physical properties namely the mass, volume and density of their body.

· This is a great lab to pull it all together in the metric system and give the students an opportunity to review a very important concept in science-that of density.  (Contributed by Steve Carlton of Horry County Schools)
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You are so DENSE!!!

Introduction: Today we will be exploring our own physical properties. We will only be able to use the materials available to us in the lab and at home.

Challenge: Fill in the physical properties on the chart below for you and your lab partner. When you have finished, write a detailed paragraph explaining how you calculated your values, include a materials list somewhere in your paragraph.

	Person
	Height (m)
	Mass (kg)
	Volume (L)
	Density (kg/L)
	Temperature C

	
	
	
	
	
	

	
	
	
	
	
	


Discussion Questions:

1. Give two specific, real-world instances where each of the measurements above would come in useful. No repeat answers please.

2. Pick the two values that you would expect to vary the least among individuals in the class and defend your selection.

3. Pick the two values that you would expect to vary the most.

Procedure: (cont.)

Accuracy and Precision

Accuracy denotes the nearness of a measurement to its accepted value. It refers to correctness of measurement data. The Accuracy of a measurement can only be determined if the accepted value of the measurement is known.

Precision is the agreement between the numerical values of a set of measurements that have been made in the same way. Precision refers to the reproducibility of measurement data or to the amount of measurement detail. Measuring instruments of good quality provide large measurement detail or good precision.

Illustration of the distinction between accuracy and precision. Left to right; Poor accuracy, good precision, poor accuracy, poor precision   good accuracy, good precision.
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Ask students to reproduce these drawings in their notebooks to help them remember accuracy and precision.

A good example to use to illustrate  accuracy is the accepted value for the density of water at 4 degrees Celsius is 1 gram per mL
Give the students a sample of water and ask them to calculate the density of it by dividing the mass by the volume.

How close is their value to the accepted value.  How do you account for the difference.

Assessing the Lesson:

YOUR METRIC AWARENESS TEST (to be used as a pretest to determine prior knowledge)

1. A bathing suit made out of 1 dm2 of material would be


(a) decent (b) indecent 
2. A person who is 110 cm tall and has a mass of 220 kg would be better suited to be a
(a) center for the Los Angeles Lakers

(b) doorstop for the governor's office door

3. If you drank a liter of Red Bull, you would 


(a)   pass the breath test
(b) have a lamp shade on your head

(c) be pushing up daisies tomorrow

4. The width of Barrack Obama’s smile is about
(a)    1 nun
(b)    1 cm
(c)    1 dm

5.      The temperature is 5°C and you are swimming. You are a(n)

(a)    penguin      (b)    goldfish    (c)    Amazon water snake
Ask how many?

(a) cm in one meter.

(b) g in a kg


(c) pints in a qt._______

(d) oz. in a lb.


	Metric: The Choice Is Yours



	For each of the following 10 questions, choose the answer you think is correct and put a check in the space provided.

	1. A gram weighs about the same as: 

(a)       an apple

(b)
a dime

(c)        a pineapple

2. A meter is about the height of:

(a)
 a door

(b)
 a kitchen counter

(c)
 the seat of a chair

3. Water freezes and boils at:

(a)
32°C and 212°C

(b)
100°C and 200°C

(c)
0°C and l00°C
	4. A coffee cup holds about: (a)       2 milliliters (mL)

(b)       20 mL

(c)       250 mL

8. A new-born baby weighs

about:

(a)
3 kilograms (kg)

(b)       30 kg 

(c)       300 kg

6. The height of a tall man is about

(a)      20 centimeters (cm)

(b)      200 cm

(c)       2000 cm
	7. Normal body temperature is: (a)      25°C (degrees Celsius)

(b)      37°C

(c)       45°C

B. A liter of milk is: 

(a)      larger than a quart

(b)      smaller than a quart

(c)      the same size as a quart

9. A liter of water weighs
(a)       1000 grams (g)

(b)       l0 g

(c)       100 g

10. The thickness of a dime is about

(a)
0.1 millimeters (mm)

(b)       1 mm

(c)       5 mm
9. Accuracy is

(a)the nearness of a value to its accepted value

(b)related to the closeness of measurements taken the same way

(c)the mass divided by the volume
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SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area:  Science
	Science Inquiry Skills-These standards should be addressed during the first few weeks of school and revisited throughout each unit.                                                   Physical Science

	Recommended Days of Instruction: 4 
	(one day equals 90 min)

	Standard(s) addressed:  PS–1 The student will demonstrate an understanding of how scientific inquiry and technological design, including mathematical analysis, can be used appropriately to pose questions, seek answers, and develop solutions.

	

	Scientific Inquiry

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	PS–1.3
Use scientific instruments to record measurement data in appropriate metric units that reflect the precision and accuracy of each particular instrument.
	SC Streamline

“Scientific method and measurement lesson 2” (shows students how to understand the metric system The use of metric to measure length, mass, volume, temperature, and density is demonstrated along with common lab equipment 15:00

“Accuracy and Precision” (accuracy and precision are compared and contrasted)

“Simply Science: Science Skills” reviews skills needed to measure the meniscus, measure with a ruler and a nondigital balance 27:13


	Module 1-3

Lesson A

Metric Awareness folder: 

· Your metric awareness test, 

· Metric quiz metric expressions 

· Metric name badge activity

· All you need to know about metric fro your everyday life metric puzzle

· Meter measure

· Body measure

· Reading graduated cylinders

· Using the triple beam balance

· Measuring in the metric system

· Basic rules for use and writing of SI symbols and units

· Mass and Weight lab

· How hot is it in metric 

· Accuracy and precision
· You are so dense lab.
	To demonstrate mastery of this indictor the student should:

Use scientific instruments to record measurement data in appropriate metric units reflecting the precision and accuracy of each instrument.

Apply proper procedures to using instruments and recording data accurately.
Exemplify the most precise and/or accurate measurement;

Compare precise vs. accurate measurement data;


	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	“Accuracy and Tool Choice” using 
appropriate measuring tools is important for getting accurate results 7:37
	
	Summarize accuracy and precision with specific scientific instruments in making measurements;

Infer that measurements vary in precision and accuracy. 
Identify the appropriate instrument that meets the measurement need and appropriate precision for the designated experiment



Standard:	PS–1 The student will demonstrate an understanding of how scientific inquiry and technological design, including mathematical analysis, can be used appropriately to pose questions, seek answers, and develop solutions.





Indicator:	PS–1.3 Use scientific instruments to record measurement data in appropriate metric units that reflect the precision and accuracy of each particular instrument.


Other indicators addressed  PS 1.2   PS   1.9









