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Student Inquiry Worksheet

1. Significant Figures
Driving Questions

When performing a calculation, the calculator fills the screen with digits. Are all these digits important? How many need to be recorded? 
Background

Collecting meaningful data is the key to getting good results and proving or disproving a hypothesis. Data and the results must be both accurate and precise. Accuracy refers to how close a measured value is to the actual value. Precision, on the other hand, refers to how close the measurements are to each other.

The precision of an instrument depends upon the number of divisions marked on its scale. The finer the divisions marked on the scale, the greater the ability of the instrument to provide precise results. The number of digits reported is an indication of the level of precision of an instrument. Significant figures are all the digits of a measurement that are known for certain plus one that is estimated.

When measurements are used in calculations, the resulting answers cannot have a greater precision than the crudest instrument (the one with the least precision) used to take the measurements. Because of this, there are four rules used to determine the proper number of significant figures in a reported value.

1.
All non-zero digits are significant. 

2.
All zeros between two non-zero digits are significant. 

3.
All leading zeros that precede the first non-zero digit are never significant. 

4.
Ending zeroes that follow the last non-zero digit are significant ONLY if there is a decimal point in the number.

When multiplying or dividing measurements, the answer will have the same number of significant figures as the measurement with the fewest significant figures. When adding or subtracting measurements, the answer will have the same number of decimal places as the measurement with the least precision (the fewest number of decimal places). When reporting a number that has been calculated, it is often required that the number be rounded to the proper number of significant figures.

Materials and Equipment

For each group:

	· Four-scale meter stick 
	· Beaker, 100-mL, partially filled with water 

	· Graduated cylinder, 100-mL, partially filled with water
	· Irregular-shaped object 

	· Graduated cylinder, 10-mL, partially filled with water 
	· Regular-shaped object 


Safety

Follow all standard laboratory procedures.
Sequencing Challenge
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The steps below are part of the Procedure for this lab activity. They are not in the right order. Determine the proper order and write numbers in the circles that put the steps in the correct sequence. 
Procedure

After you complete a step (or answer a question), place a check mark in the box (() next to that step.

Collect Data
Part 1 – Precision of Instruments

1.
(
Measure the length of the irregular shaped-object provided using each side of the four-scale meter stick: Side A has the largest divisions; Side D, the smallest. Use the proper number of significant figures, remembering to estimate your final digit. Include the proper units for each measurement. Record your results in Table 1 below. 

Object measured: ________________________________________________

Table 1: Irregular-shaped object’s measurements

	Length Measured with Side A
	Length Measured with Side B
	Length Measured with Side C
	Length Measured with Side D

	
	
	
	


2.
(
What is the value of the divisions on each side of the four-scale meter stick? Record your answers in Table 2 below.
Table 2: Four-scale meter stick divisions
	Side
	Size of Divisions

	A
	

	B
	

	C
	

	D
	


Part 2 – Volume Calculations with Significant Figures

3.
(
Measure the length of the object using side B of the four-scale meter stick. Record the length using the correct number of significant figures in Table 3 below. 

4.
(
Measure the width of the object using side C of the four-scale meter stick. Record the width using the correct number of significant figures in Table 3 below. 

5.
(
Measure the height of the object using side D of the four-scale meter stick Record the height using the correct number of significant figures in Table 3 below. 
Object measured: _______________________________________________

Table 3: Regular-shaped object’s measurements

	Length
(Side B of meter stick)
	Width
(Side C of meter stick)
	Height
(Side D of meter stick)

	
	
	


Part 3 – Addition Problems with Significant Figures

6.
(
Record the volume of the liquid in the beaker in Table 4 using the correct number of significant figures. 

Table 4: Volume of liquid in the beaker

	Beaker Volume
	Cylinder 1 Volume
	Cylinder 2 Volume

	
	
	


7.
(
Look at the liquid in the graduated cylinders and notice the curve on the surface of the liquid. This is the meniscus. Why does the water curve upward towards the sides of the glass? Should you measure from the top or the bottom of the meniscus? 
8.
(
Measure the volume of the liquid in cylinder 1 and record the volume in Table 4 using the correct number of significant figures. 

9.
(
Measure the volume of the liquid in cylinder 2 and record the volume in Table 4 using the correct number of significant figures. 
10.
(
Clean up your lab station according to the teacher’s instructions. 
Data Analysis
Part 1 – Precision of Instruments
1.
(
Convert all the irregular-shaped object’s measurements to centimeters and record them in Table 5 below. 

Table 5: Irregular-shaped object’s measurements in centimeters

	Side of Ruler Measuring the Object
	Show Your Work Converting to cm
	Length (cm)

	Side A
	
	

	Side B
	
	

	Side C
	
	

	Side D
	
	


2.
(
Record this data (Group 1) as well as the data collected by two other groups in Table 6 below. 

Table 6: Irregular-shaped object’s measurements collected by three different groups

	Group
	Side A of Meter Stick (cm)
	Side B of Meter Stick (cm)
	Side C of Meter Stick (cm)
	Side D of Meter Stick (cm)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	


3.
(
When given a group of data values, how can you determine if the data is precise? 
4.
(
Which side of the meter stick allowed for the greatest precision? Explain.

5.
(
Which side of the meter stick showed the least amount of precision? Explain.

6.
(
Rank the sides of the meter stick in order of least to greatest precision.

Part 2 – Volume Calculations with Significant Figures

7.
(
Convert all the regular-shaped object’s measurements to centimeters with the correct number of significant figures and record them in Table 7 below (as Group 1).

8.
(
Enter the data collected by two other lab groups in Table 7 below.

Table 7: Regular-shaped object’s measurements and calculated volume

	Group #
	Length: Side B of Meter Stick (cm)
	Width: Side C of Meter Stick (cm)
	Height: Side D of Meter Stick (cm)
	Volume of Object (cm3)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	


9.
(
How can the volume of a regular-shaped object be calculated? 

10.
(
Calculate the volume of the object with the data collected from each lab group. Record the answer in Table 7 below. Be sure to use the correct number of significant figures. 

11.
(
Explain how the number of significant figures was decided when recording the volume. 

Part 3 – Addition Problems with Significant Figures

12.(
Without actually combining the contents of the glassware, mathematically add the recorded measurements to produce a result that represents the total amount of liquid present in all three containers taken together. Record the value with the correct number of significant figures in Table 8 (as Group 1).

Table 8: Total volume of liquid 

	Group #
	Beaker Volume (mL)
	Cylinder 1 Volume (mL)
	Cylinder 2 Volume (mL)
	Total Volume (mL)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	


13.
(
Explain how the number of significant figures was decided when recording the total volume. 

14.
(
Collect the volumes recorded from two other lab groups and record them in Table 8 above.

15.
(
Which of the three pieces of glassware provided the most precise measurement? Was this precision seen in the final volume?

Analysis Questions

1.
Do significant figures relate to the accuracy or the precision of the measurement? 

2.
Explain the reasoning behind the rules for adding, subtracting, multiplying, and dividing with significant figures. 
3.
What determines the number of significant figures in a recorded value? 

4.
What determines the number of significant figures in a calculated value? 

Synthesis Questions

Use available resources to help you answer the following questions.

1.
The density of copper is listed as 8.94 g/mL. Two students each make three density determinations through experimentation. Student A's measurements are 6.3 g/mL, 8.9 g/mL, and 11.1 g/mL. Student B's measurements are 8.3 g/mL, 8.2 g/mL, and 8.4 g/mL. Compare the two sets of results in terms of precision and accuracy.
2.
Five different students take the following measurements of the same object: 1.3 m, 1.5 m, 1.45 m, 1.47 m, and 1.453 m. Why are the measurements different? Which measurement is correct?
3.
A student reported finding the mass of an object to be 350 grams. How many significant figures are in this number and which digit has uncertainty?

Multiple Choice Questions

Select the best answer or completion to each of the questions or incomplete statements below.

1.
Which of the following numbers does NOT have 2 significant figures?
A.
2300

B.
0.000030

C.
51.0
D.
30.

2.
Using the rules of significant figures calculate the following: (6.167 + 83) / 5.10
A.
17.48

B.
17
C.
17.5

D.
20

3.
The amount of uncertainty in a measured quantity is determined by:
A.
The skill of the observer only 

B.
Neither the skill of the observer nor the limitations of the measuring instrument

C.
The limitations of the measuring instrument only

D.
Both the skill of the observer and the limitations of the measuring device

4.
How many significant figures are there in 0.0503 grams?
A.
5

B.
4

C.
3
D.
2

5.
If you need exactly 7.00 mL, which measuring device would you recommend? 
A.
A 50-mL beaker

B.
A 50-mL graduated cylinder

C.
A 10-mL graduated cylinder
D.
A 100-mL graduated cylinder

Key Term Challenge

Fill in the blanks from the list of words in the Key Term Challenge Word Bank.
1.
When collecting data for an experiment, it is important to note certain qualities of that data. The ____________ of the data is a measure of how close the results are to an expected or accepted true value. The ____________ of the data is how close the results are to each other and is a measure of the repeatability of the results. The precision of an instrument is reported by using ____________; these consist of all the digits of a measurement that are ____________ for certain plus one ____________ digit.
2.
To determine the number of significant figures in a measurement, a set of rules is followed. All ____________ digits are significant. Zeroes between non-zero digits ____________ significant. Leading zeroes before non-zero digits ____________ significant. Zeroes that end a measurement are significant only if there is a ____________ in the number.
3.
Knowing how many significant figures are in a number is important because they are used when ____________ are used in calculations. In ____________ and ____________, the number of significant figures depends on the measurement with the ____________ number of significant figures. In ____________ and____________, the number of digits depends on the number of ____________ in the ____________ precise number used in the calculation. To report an answer with the correct number of significant figures often requires the final answer to be ____________; digits ____________ or greater will ____________, while ____________ or less will ____________.
Key Term Challenge Word Bank

	Paragraph 1
	Paragraph 2
	Paragraph 3

	accuracy

decimal points

estimated

known

precision

quality

reliability

significant figures

zero
	are

are not

decimal point

five

non-zero

zero
	addition

be rounded up

decimal places

division

estimated

fewest

five

four

least

lengths

measurements

most

multiplication

one

remain unchanged

rounded

significant figures

subtraction

truncated

volumes

zero
































































































































Measure the object and record all of the digits that are known for certain based on the divisions on your measuring device.   











Record the last digit by estimating where the object being measured falls between two divisions on your measuring device. 











Determine the scale on the measuring device you are using. 











Complete the necessary calculations and report the calculated value using the correct number of significant figures.











Continue by recording all additional the measurements using the correct number of significant figures. 
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