Measurement Lesson 1

~ -

-( )- Learning Goal 5: I can evaluate the accuracy, precision, and
percent error of a measurement.

L 4

Y Ask your teacher for the handout that accompanies this lesson.

You will also need a copy of a paper titled “Task Card Answer
Sheet”.

Part 1: Significant Figures
@ Look at the handout titled “Rulers”.

This handout illustrates three rulers used to measure the same
object.

¥ Measure the length of the object using each ruler.

? Record your measurements in the table below. Ask three of your
classmates for their measurements and record them in the table
as well.

Ruler 1 | Ruler 2 | Ruler 3
(cm) (cm) (cm)

You
Classmate 1
Classmate 2
Classmate 3

“®: Look at the data for Ruler 1.

¥ Circle the digits (if any) that are exactly the same for all of the
Ruler 1 measurements. Repeat for Rulers 2 and 3.

? Were any of the digits in the Ruler 1 measurements the same for all
of the measurements? Why do you think that this occurred?

L 4




? Which digits were the same for all of the Ruler 2 Measurements?
Which digits were different? Why do you think that this
occurred?

? Which digits were the same for all of the Ruler 3 Measurements?
Which digits were different? Why do you think that this
occurred?

‘When recording a measurement:
e record all certain digits.

Vocabulari e record one digit that must be guessed
oca m’y>

The significant figures in a measurement are equal to
all of the certain digits plus one digit that must be
guessed.

? Which ruler gave you the measurement with the most significant
figures?

@ Compare the rulers and measurements shown below.

Ruler A Ruler B
0 1 2 0 1 2

1.0 cm 1.20 cm




? What is the value of the certain digit in the measurement using
Ruler A? What is the digit that was guessed?

? What are the values of the certain digits in the measurement using
Ruler B? What is the digit that was guessed?

? What can you conclude about the digit that must be guessed when
the measurement appears to land on a scale line?

U Ask your teacher for a set of “Measurement - Set 1 Task Cards” and
get out the “Measurement - Set 1 Task Card Answer Sheet”.

? Answer the questions on task cards 1-8 only. Record your answers
on the “Task Card Answer Sheet”.
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Part 2: Accuracy and Precision

Y Ask your teacher for carbon paper, and a ball. You will also need
two pieces of blank paper.

¥ Draw a dot or “cross-hair” in the center of one of the sheets of
paper. Make the same mark on the back of the paper. Make sure
the two marks are in the exact same spot on the paper.

Label the paper “Eyes Closed”.




Place a piece of carbon paper under the paper.

¥ With your eyes closed, drop the ball ten times and try to hit the
mark in the center of the paper. Be sure to drop the ball from
the same height each time.

¥ Draw a dot or “cross-hair” in the center of a second sheet of paper.
Make the same mark on the back of the paper. Make sure the two
marks are in the exact same spot.

Label the paper “Eyes Open”.

Place a piece of carbon paper under the paper.

¥ With your eyes open, drop the ball ten times and try to hit the
mark in the center of the paper. Be sure to drop the ball from
the same height each time.

¥ Measure the distance in cm from each ball mark to the mark in the
center of each paper.

A ball mark that lands directly on the mark in the center of the
paper should be recorded as 0.00 cm.

? Record your measurements in the table below.

Ball | “Eyes Closed” | “Eyes Opened”
Drop | Distance from | Distance from
Center in cm | Center in cm
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? Which group of data is closest to the mark in the center of the
paper? (i.e Which group of data is closest to 0.00 cm?). This
group of data is the most accurate.

The accuracy of a measurement indicates

Vocaﬁu[ary> how close it is to the known or correct
value.

? Which group of data has measurements that are closest to each
other? This group of data is the most precise.

Vocagu[mfb The precision of measurements indicates

how close they are to each other.

? Illustrate the indicated levels of precision and accuracy by placing
six dots on each of the targets below:

Low Accuracy Low Accuracy
& &




High Precision Low Precision

High Accuracy High Accuracy
& &
Low Precision High Precision

Y Tear a piece of paper into eight smaller pieces of paper.

¥ On the first small piece of paper, draw a line that you estimate to
be five cm - do not use a ruler! Turn the paper over so that you
can’t see the line you just drew.

¥ Repeat on three more of the small pieces of paper. Remember!




Don’t use a ruler and turn over each paper when you have
finished drawing the line.

¥ Use a ruler to measure length of the length of the four lines that
you just drew.

? Record your measurements in the table below.

Line | Length of
Line (cm)

W (WO |IN =

¥ On the remaining four small pieces of paper, repeat drawing a line
that you estimate to be five cm without using a ruler. Turn each
paper over after you draw the line.

¥ Use a ruler to measure the length of the four new lines that you
just drew.

? Record your new measurements in the table below.

Line | Length of
Line (cm)
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? Which group of measurements is the most accurate (closest to
5.00 cm)?

? Which group of measurements is the most precise?




Part 3: Percent Error

Percent Error provides a quantitative indication

of how close an experimental value is to an actual
known value.

% Error = IActual Value - Experimental Valuel x 100
Actual Value

The smaller the percent error, the closer the
experimental value is to the actual value.

®: Look again at the second table of data that you created (Lines 5-8).

? Use the formula above to calculate the percent error for each line.
The actual value will be 5.00 cm. The experimental values are the
values from each of your measurements.

? What is the percent error for line five?

? What is the percent error for line six?

? What is the percent error for line seven?




? What is the percent error for line eight?

?  Which of the four lines was the most accurate?

YU Return again to the set of “Measurement - Set 1 Task Cards” and
get out the “Measurement - Set 1 Task Card Answer Sheet”.

? Answer the questions on task cards 9-12. Record your answers
on the “Task Card Answer Sheet”.

Measurement

Study Sheet - Page 1
Yocabulary

Significant Figures: all of the certain digits in a
measurement plus one digit that must be guessed




Accuracy: how close a measurement is to a known or
correct value

Precision: how close measurements are to each other

Percent Error: a quantitative indication of how close an

experimental value is to a known actual value - the
smaller the percent error, the more accurate the result

% error = | actual value - experimental value | x 100
actual value

Actual Value: a correct or known value

Experimental Value: a value that is determined in an
experiment




Measurement
Study Sheet - Page 2

Significant Figures and Measurement
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Percent Error
absolute value svinbaols
4
% Error = | actual value - experimental value| x 100
actual value

actual value: 3.18 g
experimental value: 5.00 g

% Error = | 3.18-5.00| x100=1.82 x 100 = 57.23%

3.18 3.18
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Guess

v

1 cm 1 significant figure

Certain

v

1.4 cm 2 significant figures

g ¥
1.45 cm 3 significant figures

Accuracy & Precision
Actual Value: 5.53

Precise, Accurate Precise, Not Accurate

5.55 7.07
5.54 7.67
3.35 7.66
Mot Precise, Accurate Mot Precise, Not Accurate
3.57 7.67
5.55 5.02
5.533 6.11




Rulers

Ruler 1
1] 5
Ruler 2
0 1 2 3 4 5

Ruler 3

0 1 2 3 4 3
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Task Card Answer Sheet

Measurement Task Card Answers

Card Color
1 2 3 4
5 6 7 8
9 10 11 12
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Measurement- Answers

By the end of this lesson, I will be able to:

v' Explain the following terms: significant figures, accuracy, precision,
percent error.

v' Record measurements to the correct number of significant figures.
v' Evaluate the accuracy and precision of data.

v Ilustrate:
e low accuracy with high precision.
e high accuracy with low precision.
e low accuracy with low precision.
e high accuracy with high precision.
v' Calculate the percent error of a measurement.

U Ask your teacher for the handout that accompanies this lesson.

You will also need a copy of a paper titled “Task Card Answer
Sheet”.

Part 1: Significant Figures
@ Look at the handout titled “Rulers”.

This handout illustrates three rulers used to measure the same
object.

¥ Measure the length of the object using each ruler.

? Record your measurements in the table below. Ask three of your
classmates for their measurements and record them in the table

as well.
Ruler 1 | Ruler 2 | Ruler 3
(cm) (cm) (cm)
Example only - You 4 3.6 3.57
answers will vary | Classmate 1 4 3.7 3.56
Classmate 2 3 3.7 3.57
Classmate 3 3 3.8 3.58

Copyright © Shari Kendrick




“®: Look at the data for Ruler 1.

¥ Circle the digits (if any) that are exactly the same for all of the
Ruler 1 measurements. Repeat for Rulers 2 and 3.

? Were the digits in the Ruler 1 measurements the same for all of the
measurements? Why do you think that this occurred?

No, they were not the same because the numbers had to be
guessed.

? Which digits were the same for all of the Ruler 2 Measurements?
Which digits were different? Why do you think that this
occurred?

The one’s place digit (“3”) is the same for all of the
measurements. The tenth place digit has differences. The tenth
place digit had to be guessed.

? Which digits were the same for all of the Ruler 3 Measurements?
Which digits were different? Why do you think that this occurred?

The one’s place digit (“3”) and the tenth place digit (“5”) are the
same for all of the measurements. The hundredth place digit
has differences. The hundredth place digit had to be guessed.

‘When recording a measurement:
e record all certain digits.

Vocabulari e record one digit that must be guessed
oca 7’y>

The significant figures in a measurement are equal to

all of the certain digits plus one digit that must be
guessed.

? Which ruler gave you the measurement with the most significant
figures?

ruler 3

Copyright © Shari Kendrick




@ Compare the rulers and measurements shown below.

Ruler A Ruler B
0 1 2 0 1 2
‘ | ‘ ‘||||||||||||||||||||
1] 1]

1.0 cm 1.20 cm

? What is the value of the certain digit in the measurement using
Ruler A? What is the value of the digit that was guessed?

The value of the certain digit is “1”. The value of the digit that
was guessed is “0”.

? What are the values of the certain digits in the measurement using
Ruler B? What is the value of the digit that was guessed?

The values of the certain digits are “1” and “2”. The value of the
digit that was guessed is “0”.

? What can you conclude about the digit that must be guessed when
the measurement appears to land on a scale line?

When a measurement appears to land directly on a line, the
digit that is guessed is “0”.

Y Ask your teacher for a set of “Measurement Task Cards” and get
out the “Task Card Answer Sheet”.

? Answer each of the questions on Measurement Task Cards 1-8 only.
Record your answers on your “Task Card Answer Sheet”.
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Part 2: Accuracy and Precision

Y Ask your teacher for carbon paper, and a ball. You will also need
two pieces of blank paper.

¥ Draw a dot or “cross-hair” in the center of one of the sheets of
paper. Make the same mark on the back of the paper. Make sure
the two marks are in the exact same spot on the paper.

Label the paper “Eyes Closed”.

Place a piece of carbon paper under the paper.

¥ With your eyes closed, drop the ball ten times and try to hit the
mark in the center of the paper. Be sure to drop the ball from
the same height each time.

¥ Draw a dot or “cross-hair” in the center of a second sheet of paper.
Make the same mark on the back of the paper. Make sure the two
marks are in the exact same spot.

Label the paper “Eyes Open”.

Place a piece of carbon paper under the paper.

¥ With your eyes open, drop the ball ten times and try to hit the
mark in the center of the paper. Be sure to drop the ball from
the same height each time.

¥ Measure the distance in cm from each ball mark to the mark in the
center of each paper.

A ball mark that lands directly on the mark in the center of the
paper should be recorded as 0.00 cm.
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? Record your measurements in the table below.

Ball | “Eyes Closed” | “Eyes Opened”
Drop | Distance from | Distance from
Center in cm | Center in cm
1 10.75 5.22 Example only -
2 14.55 3.12 answers will vary
3 18.45 4.98
4 21.00 6.78
5 5.77 5.34
6 24.66 7.32
7 12.96 7.23
8 8.85 4.87
9 7.32 5.35
10 26.45 6.12

? Which group of data is closest to the mark in the center of the
paper? (i.e Which group of data is closest to 0.00 cm?). This
group of data is the most accurate.

“Eyes Open”

how close it is to the known or correct

The accuracy of a measurement indicates
Vocaﬁu[ary>

value.

? Which group of data has measurements that are closest to each
other? This group of data is the most precise.

“Eyes Open”

The precision of measurements indicates
Vocaﬁu[m'y>
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how close they are to each other.

? Illustrate the indicated levels of precision and accuracy by placing
six dots on each of the targets below:

Low Accuracy Low Accuracy
& &
High Precision Low Precision
®
High Accuracy High Accuracy
& &
Low Precision High Precision

.o

Copyright © Shari Kendrick




Y Tear a piece of paper into eight smaller pieces of paper.

¥ On the first small piece of paper, draw a line that you estimate to
be five cm - do not use a ruler! Turn the paper over so that you
can’t see the line you just drew.

¥ Repeat on three more of the small pieces of paper. Remember!
Don’t use a ruler and turn over each paper when you have

finished drawing the line.

¥ Use a ruler to measure the length of the four lines that you just
drew.

? Record your measurements in the table below.

Line | Length of

Line (cm)
Example only - 1 4.4
answers will vary 2 3.93
3 3.85
4 4.58

¥ On the remaining four small pieces of paper, repeat drawing a line
that you estimate to be five cm without using a ruler. Turn each
paper over after you draw the line.

¥ Use a ruler to measure the length of the four new lines that you
just drew.

? Record your new measurements in the table below.

Line | Length of
Line (cm)
5.15
5.10
5.21
5.00

Example only -
answers will vary

RN (V1
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Example only -
answers will

? Which group of measurements is the most accurate (closest to
5.00 cm)?

The second group is the most accurate - lines 5-8.

Which group of measurements is the most precise?

vary

The second group is the most precise - lines 5-8.

* *

Part 3: Percent Error
Percent Error provides a quantitative indication
of how close an experimental value is to an actual
known value.
Absolute Value - make value positive
Vocaﬁu[ary!> _____________________ I_)

% Error = IActual Value - Experimental Valuel x 100
Actual Value

The smaller the percent error, the closer the
experimental value is to the actual value.

® Look again at the first table of data that you created (Lines 1-4).

? Use the formula above to calculate the percent error for each line.
The actual value will be 5.00 cm. The experimental values are the
values from each of your measurements.

?

What is the percent error for line five?

% error = |5.00 - 4.42| x 100 = 11.6%
Copyriéhgg Shari Kendrick




? What is the percent error for line six?

% error = |5.00 - 3.93|x 100 = 21.4%
5.00

? What is the percent error for line seven?

% error = |5.00 - 3.85|x 100 = 23.0%
5.00

Example only -
answers will vary

"]

What is the percent error for line eight?

% error = |5.00 - 4.58| x 100 =8.4%
5.00

?  Which of the four lines is the most accurate?

Line 8 is the most accurate because it has the lowest
% error.

YU Return again to the set of “Measurement Task Cards” and get
out the “Task Card Answer Sheet”.

? Answer the questions on cards 9-12 of the Measurement Task
Cards set.

Record your answers on your “Task Card Answer Sheet”.
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Task Card Answers

** The last digit of the measurements will vary.
Measurements landing on the line may vary depending on the “guess”.

Card #

Red

Orange

Yellow

Green

Blue

Violet

25.5 ml

24.0 ml

48.0 ml

43.0 ml

57.0 ml

58.0 ml

1.15 cm

1.50 cm

0.94 cm

2.10 cm

1.08 cm

2.28 cm

2.00 cm

1.82 cm

1.50 cm

0.85 cm

1.82 cm

2.00 cm

3.00 ml

4.00 ml

5.50 ml

5.00 ml

8.00 ml

8.00 ml

0.9 cm

1.4 cm

0.7 cm

1.8 cm

2.1 cm

1.6 cm

1.8 cm

1.8 cm

0.9 cm

1.3 cm

1.3 cm

0.9 cm

20.0 ml

30.0 ml

5.30 ml

5.30 ml

7.15 ml

7.15 ml

3.34 cm

3.80 ml

40.0ml

45.0 ml

54.8 ml

55.0 ml

#

#

#

#

#

#

11.8%

15.4%

19.2%

11.8%

9.98%

14.9%

38.7%

18.0%

28.2%

11.6%

18.6%

31.3%

RIm s ©e|N|o|v s |w N|=

$

$

$

$

$

$
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# Precision: how close measurements are to one another

$ Accuracy: how close a measurement is to an actual or known value
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agreeing that the contents are the property of Shari Kendrick and
licensed to you only for classroom/personal use as a single user. I
retain the copyright, and reserve all rights to this product.

Yyou MAYV:

* Use items (free and purchased) for your own classroom students, or
your own personal use.

* Reference this product in blog posts, at seminars, professional
development workshops, or other such venues PROVIDED there is
both credit given to myself as the author and a link back to my TPT
store is included in your post/presentation.

* Distribute and make copies of free items only to other teachers
PROVIDED there is credit given to Shari Kendrick and a link back to
my TPT store.

you MAY NOT:

* Claim this work as your own, alter the files in any way, or
remove/attempt to remove the copyright/watermarks.

* Sell the files or combine them into another unit for sale/free.

* Post this document for sale/free elsewhere on the internet. This
includes Google Doc links on blogs and public classroom websites.

* Make copies of purchased items to share with others is strictly
forbidden and is a violation of the Terms of Use, along with
copyright law.

* Obtain this product through any of the channels listed above.

Thank you for abiding by universally accepted codes of professional
ethics while using this product.

If you encounter an issue with your file, notice an error, or are in any
way experiencing a problem, please contact me and I will be more than
happy to help sort it out!
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