
Name __________________________________ 

 1 

Measurement in Science 
 
Why?  
Many observations of events in the natural world are best described with numbers.Measurements 
allow us to determine and describe properties, patterns and relationships among living and non-
living things in the natural world. Making accurate mesurements and correctly interpreting the 
measurements of others allows us to learn more about our world. Such measurements are known 
as empirical data.  Empirical means that the data are based on evidence rather than opinion.  
There are 3 basic methods for measuring volume and two methods used to measure mass.  You 
have probably done each method at one time or another.  The purpose of this activity is to help 
you understand how each technique works, when to use each technique, and to use each 
technique in a manner consistent with other scientists.   
 
Measuring and Understanding Volume 
There are 3 basic methods of measuring volume to keep in mind as you work through this lab.  

 
1. Measure and Calculate - used for solids of regular shapes.  For a rectangular solid, for 

example, the length, width, and height are measured and recorded.  The volume is then 
calculated using the equation V = l x w x h.  
 

2. Direct measurement - Used to measure the volume of a given liquid. Place the liquid whose 
volume is to be measured into a graduated cylinder and read the volume directly from the 
scale on the cylinder. 

 
3. Displacement - Used to measure the volume of an irregularly-shaped solid. Add water (or 

another liquid) to a graduated cylinder.  Read and record the volume.  Slide the solid gently 
into the cylinder.  Read and record the new volume.  Calculate the volume of the solid as 
follows:  (Volume of water + solid) - (volume of water) = volume of solid 

 
 
PART 1. Measure and Calculate: Understanding Volume Measurements:  
The purpose of this exercise is to help you understand how volume measurements are actually 
based on length measurements.  
 
 
Materials: 
 Bag of 40-50 plastic cubes, assorted colors 
 Centimeter ruler 
 
 
Directions: Work in a group of 4.  Record your measurements in Table 1 
 

1. Place a cube on the table in front of you so that a side of the cube is facing you. The side 
facing you will be the called the length.  The side pointing straight up, perpendicular to 
the table, will be the height.  The remaining side, flat on the table, will be the width.  

2. Using the centimeter ruler, measure and record the length, width, and height in Table 1 
for 1 cube.  
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3. Find the volme of the cube using this formula.  Show your work in the space below. Here 
is  the equation.  Include numbers with every unit. Record your answer in Table 1. 

Length (cm)  x  width (cm)  x  height (cm) = volume (cm3) 
 
 
 
 
 
 

√ 
4. Place a second cube to the right of the first cube.  The sides should touch to form a 

rectangle.   
5. Using the centimeter ruler, measure and record the length, width, and height in Table 1 

for 2 cubes.  
6. Find the volume of the 2-cube block using this formula.  Show your work below the 

equation in the space below.  Include numbers with every unit. Record your answer in 
Table 1. 

Length (cm)  x  width (cm)  x  height (cm) = volume (cm3) 
 
 

√ 
 

7. Place a third cube to the right of the second cube. The sides should touch to form a 
rectangle with 3 cubes in a line. 

8. Using the centimeter ruler, measure and record the length, width, and height in Table 1 
for 3 cubes.  

9. Find the volume of the 3-cube block using this formula.  Show your work below the 
equation in the space below.  Include numbers with every unit. Record your answer in 
Table 1. 

Length (cm)  x  width (cm)  x  height (cm) = volume (cm3) 

 
 
 
 

10. Place 4 more cubes to the right of the third cube. The sides should touch to form a 
rectangle with 7 cubes in a line. 

11. Using the centimeter ruler, measure and record the length, width, and height in Table 1 
for 7 cubes.  

12. Find the volume of the 7-cube block using this formula.  Show your work below the 
equation.  Include numbers with every unit. Record your answer in Table 1. 

Length (cm)  x  width (cm)  x  height (cm) = volume (cm3) 
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13. Place 3 more cubes to the right of the 7th cube, in a line with with sides touching.  The 
cubes form a 10-cube rectangle. Measure and record length, width, height in Table 1. 

14. Using the centimeter ruler, measure and record the length, width, and height in Table 1 
for 10 cubes.  

15. Find the volume of the 10-cube block using this formula.  Show your work below the 
equation.  Include numbers with every unit. Record your answer in Model 1, Table 1.  
You will use this arrangement of cubes later, so save it. 

Length (cm)  x  width (cm)  x  height (cm) = volume (cm3) 
 
 
 

 
 
√ 

Model 1, Table 1:  Cube Dimensions 
 Length (cm) Width (cm) Height  (cm) Calculated 

Volume (cm3) 
Volume in 
mL 

1 cube      
2 cubes      
3 cubes      
7 cubes      
10 cubes      
 
 
A cube measuring 1 cm on each side has a volume of 1 cm3.  
1 cm3  is also called 1 mL.  mL is the abbreviation for milliliter, a unit of volume commonly 

used in science.   
 
Write the volume in mL of each shape in Model 1, in the column labeled Volume. 
 

16. Stack 9 more cubes on top of the first cube. The height of the stack of 10 cubes = 
________ 

 
17. Arrange 9 more cubes so they make another link perpendicular to both the original line of 

cubes and the stack.  What is the length of this line of cubes?  
 
 

18. Use the model you built of cubes (how many cubes total are in the model right now? ) 
and the unused cubes to estimate the number of 1 cm3 cubes you would need to build a 
1000 mL cube? _______.  
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Describe, in words below, how you figured out the number 1 cm3 cubes of needed.   
 
Number of cubes needed: ___________ 
Explanation: 
 
 
 
 
 
 
 
 
 
 
A volume equal to 1000 mL is known as 1 Liter. The Liter as a unit of measurement is defined 
by a cube 
 

measuring ______ cm on each side.  

 
 
 
PART 2: Direct Measurement:  Using a Graduated Cylinder: 
Materials:  Graduated Cylinders: 10 mL, 25 mL, 100 mL.    
  Beaker, 400 or 600 mL, with about 300 mL water 
Directions: 
1. Graduated cylinders have numerical scales based on their size.  The major lines, or grids, 

have numbers next to them.  The numbers represent milliliters (mL).  Between the major 
grids are smaller lines, or minor grids, that allow you to read the volume more precisely.  
Instead of reading “about 20 mL,”  you can measure precisely to the nearest 1, 2, or 5 mL 
and estimate tenths of a mL.  

2. Determine the value in mL for the minor grid lines on each cylinder a-d below.  
Model 2 

 
√ 
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Model 3                                 
3. When reading a graduated cylinder, keep the cylinder on 

the desk and bring your eyes to line up with the lowest 
point of the top of the liquid in the cylinder. When 
reading the measurement, read all the numbers you can 
know for certain.  If the liquid level is between 2 lines, 
estimate one additional number.  Record all the numbers. 
If you think the level of the liquid is exactly on a line, 
the last (estimated) digit in your measurement will be 
recorded as a zero. 

 
4. You read the lowest point on the liquid surface, called the _____________________ 
5. Find the volume of liquid represented by the meniscus in each drawing in Model 4, below. 

Write the volume reading next to the letters: 
 
Model 4 

 
 
 
 
 
 
 
 
 
 
 
 

 √ 
6. Next, get out the graduated cylinders at your lab table.  Fill the 10 mL cylinder to about 8.50 

mL.   Fill the 25 mL cylinder to about 20.0 mL.  Fill the 100  mL cylinder to about 45 mL.  
Everyone in your group should agree that the volume of water added is correct. Pour the 
water into the sink.  

7. Fill each cylinder with a random amount of water. Be sure the miniscus is below the highest 
marking.   

8. Choose a group member to record as Volume 1 in Model 5, Table 2 and write his or her 
name in the table. Choose another group member for Volume 2, another for Volume 3, and 
another for Volume 4. Record their names in the table. 

9.  Each group member should read the volume in each cylinder individually, with as much 
detail as possible, and record your answer. Do not assume anything about the volume. When 
everyone is finished, check with your group and record all responses in your table.   
  

 
 

 

       
Meniscus meniscus 

 



Name __________________________________ 

 6 

Model 5 
Table 2: Cylinder Volumes 

 
10. Did your measurements agree?  _________  Explain.  
 
 
 
 
 
 
11.  Which cylinder allowed you to read the mose precise volume?  Why?  
 
 
 
 

√ 
Part 3: Measuring volume by displacement: 
 
12.  Fill a 100 mL graduated cylinder to the 35 mL mark with water.  Record the volume in 
Table 3. Drop in 7 of the plastic cubes. Read and record the volume of the cubes + water 
together, in Table 3. 

Model 6  
Table 3 Volume of 7 Cubes by Displacement  

Substance Measured Volume (mL) 
 
Water 

 

 
Water + cubes 

 

 
Calculated volume of cubes 

 

 
13.   Calculate the volume of the cubes as shown in Model 7: 
 
Model 7 
 Volume of cubes by displacement: 
 (Volume of cubes + water)  -  (volume of water)   =  volume of cubes 
 

  _____________      -    _____________    =  ____________             
 

Group member 
name           —> 

    

Cylinder Volume 1 (mL) Volume 2 (mL) Volume 3 (mL) Volume 4(mL) 
10 mL     
25 mL     
100 mL     
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This example whows you how you will create a data table and record calculations, including how 
you arrived at your answers, in your lab writeup.  There are 3 steps to the process: 

1.  Write a statement telling what you will calculate 
2. Write the equation that explains how you will find the answer 
3. Write the data values in the equation, including units, and do the arithmetic on a  
     calculator. Write the result in Table 3. 

Go to back tp the example in Model 7 (above) and label each step. 
 
13. Repeat the process for 3 cubes and then for 10 cubes.  Construct labeled data tables and lay 

out the calculations below. You will have 2 tables and 2 calculations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
            
 √ 
 
15.  Discuss with your group and reach consensus about what substances could be measured with 
each method.  Record your answers below.  
Method of Measurement Substance to measure 
 
Measure and Apply Formula 

 

 
Direct 

 

 
Displacement 
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Using the Balance 
 
When finished with this activity, you will understand how a balance works and use it to measure 
mass using the following 2 techniques: 
 1.  direct measurement 
 2.  difference 
 
Materials 
 Triple-beam balance   10 cubes  Sample cup  Water 
  
Model 8 

 
 

Directions 
Examine the balance at your lab station.  Remove the cover and place it aside.  

I. Consult figure 1-1, above, to learn the names of the functional parts of the balance: 

Platform  Beams   Riders (sliding masses)  

Pointer   Scale   Zero-adjustment mass 

Number  Base   Fulcrum 
 

II. Always use the same balance throughout an experiment.  There are small variations in the 
balances,  and using the same one throughout will introduce a consistent variation that 
can be neglected.  

 

III. To be sure you use the same balance, record the number on your data table at the                
beginning of the lab. Check the balance number with each use.  

 



Name __________________________________ 

 9 

1. Locate the zero adjustment screw, the pointer, and the scale.  You are 
going to zero the balance to prepare it for use.  

2. Be sure all of the riders are firmly in place at zero, and that the pan is 
clean. Wipe the pan with a damp paper towel, if needed. 

3. The balance is zeroed if the pointer stops exactly at the scale, or if the 
pointer is still  swinging up and down with equal-sized swings up and down. 

4.  Locate the zero adjustment mass.  To correctly zero the balance,  you will 
gently turn  this mass either to the right or to the left. 

 

a) Wait for the pan to stop moving and check the position of the 
pointer.  Is it            above, below, or right on the 
zero mark on the scale?  _____________ 

 

5. b.  Now turn the zero adjustment mass 1- 1.5 turns toward the back of the  
          balance (you will be moving your thumb 
upward.)  Observe the new           position of the 
pointer,  Did turning the mass in this direction raise or lower        
 the pointer? 

 

6. 4.   If the pointer is above the scale, there is too much mass on the left side 
of the fulcrum.     Adjust this by screwing the zero adjustment 
mass so that it moves inward.  Adjust in    small increments, 
checking the position of the pointer and scale between adjustments   
 until the scale and pointer agree. 

 

7. 5.   If the pointer comes to rest below the scale, there is too much mass on 
the right side of    the fulcrum.  Adjust this by unscrewing the 
zero adjustment mass so that it moves     outward.  

 

8. 6.  When you check the alignment of the pointer and the scale, be sure you 
are at eye level    with the balance, and that you are looking 
perfectly straight on at the pointer and scale.  

 

B. √ 

C. Examine the beams and riders on the right-hand side of the balance. 
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1. There are _______ beams. The beam in back is Beam 1, the Beam in the 
middle is  

a) beam 2, and the beam closest to you in Beam 3.  

D. Which beam measures grams? 

(1) Tens of grams? 

(2) Hundreds of grams? 

(3) Tenths of a gram? 

(4) Hundredths of a gram? 
 

E. Can you measure to the nearest 0.001 gram on this balance?  Explain. 
 
 
 
 

F. √ 
 

G. Since you can obtain a mass to the nearest 0.1 grams with accuracy and estimate 
the value in hundredths place, any measurements you make on this type of balance 
should be recorded to the nearest 0.00 g or the nearest 0.01 gram.  Use 2 numbers after 
the decimal point even if ou believe the measurememt to be X.00.  The tenths scale may 
be read with certainty, but the hundredths cannot, because there is no calibrated scale to 
read for hundredths. The digit for hundredths is estimated to the nearest 0.01 gram only. 
The uncertainty of this balance is +0.01 or -0.01.  

 
 
 
 

H. E.  Direct Measurement: 

1. Correctly obtain the mass of 10 cubes. Record the mass in numbers and 
units and  write the identity of the object on the line next to the the scale diagram.  
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IV. Be sure the scale is zeroed and all the riders are set to zero. 

V. Place the object in the pan. 

a) if using a chemical, use weighing paper or a beaker or other piece 
of lab     equipment.  NEVER place chemicals 
directly on the balance pan.   

2. 3.  (Now YOU write the rest of the steps.  Use enough detail that someone 
who had          never used a balance before could follow your 
directions.) 

B. √ 

VI. Practical Uses and Applications: 
 

VII. Since you cannot place a chemical or liquid directly on the balance pan, you will need to 
develop a technique for obtaining the mass of a small amount of powdered or crystalline 
chemical, or a liquid or solution.  The next few exercises will allow you to design a 
procedure for doing so.  You will also learn to use a data table for recording this 
information in your lab book.   

 

VIII. Materials: 

A. Balance 

B. 1 small beaker (50, 100, or 150 mL will do) 

C. 25 mL graduated cylinder 

1. Approximately 20 mL water 
 

D. Mass of a Liquid - measurement by difference 

IX. Use the techniques you just learned to obtain the mass of one of the small beakers with 
the most  

A. precision possible (use 3 decimal places, the last one, which is an estimate, being 
either 0 or 5).  

 



Name __________________________________ 

 12 

B. Zero the balance, place the beaker on the balance, and obtain the mass.   

1. Record the mass here:   _______________ grams (ALWAYS use units!) 

2. This number represents the mass of the first small beaker, so in a data 
table, it would be         listed as:  (record the mass on the blank) 

 

3. Mass of beaker                          ____________ 
 

C. C.  Next measure about 20 mL of water in your graduated cylinder, and add it to 
the beaker         you just massed.  Obtain the mass of the beaker and the water 
together.  This measurement         would be recorded on a data table as:    (record below) 

 

D. Mass of beaker + water      ____________              (remember UNITS!) 
 

E. D.  Now you must find the mass of the water only.  This will be done by 
calculating rather                than measuring directly - remember, you cannot just 
pour the water onto the balance pan.  

1. According to your lab notebook preparation handout, there are 3 specific 
steps to each            calculation.  Use the data you have just obtained and 
follow the three steps listed on the        handout to find the mass of the water.   
Write your sample calculation below, just as you        would write it in your lab 
book. 

 
 

(i) √ 

X. This method of obtaining the mass of a liquid will be used many times throughout the 
year.  So will this method of recording calculations.  No matter how simple or obvious a 
calculation seems to you, a reader might be confused if you don’t include this 
explanation of how you got these numbers.  

A. Mass of Dry Chemicals - measurement by difference 

B. Next, you’ll develop a procedure for obtaining the mass of a small amount of dry 
chemical.    Your task is to weigh about 3 grams of  sand, to the most precision 
possible on your balance. 
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1. Materials 

2. Balance 

3. 1 small beaker (50, 100, or 150 mL will do) 

4. scoopula 

5. several scoopfuls of sand (Place this in your beaker and return it to the 
sand buckets              when you finish.) 

6. 1 square of weighing paper 
 

C. B.  Zero the balance.  Fold the weighing paper in half and then in half again to 
make a “dish.”        Place the weighing paper on the balance pan and obtain its 
mass.  Record it below.  It              should be about 1.1-1.2 grams. 

 

1. Mass of weighing paper:   ____________      
√ 

 
 

D. To mass out approximately 3 grams of sand: 

1. Set the riders on the balance to the mass of the weighing paper plus 3 
grams.   

a) (Ex. mass of weighing paper was 1.17 grams, add 3 grams to get 
4.17 grams.) 

2. Place the weighing paper on the balance pan.  

3. 3.  Use the scoopula to add small portions of sand to the paper.  See demo 
and                    instructor for technique.  When the pointer is close 
(within a few mm) to being                    zeroed in on the scale, stop 
adding sand.  If you go too far past zero and have added        too much 
sand, use the scoopula to remove some.  It’s faster to remove too much        
and have to add it again than it is to remove several small amounts.   

4. 4.  Now, adjust the riders on the beams to show the exact mass of sand.  It 
will not be        exactly 3 grams, but it will be close.  It’s very difficult 
to add an exact amount of        material to the balance pan, so using an 
amount close to the specified amount is                        perfectly OK as 
long as you know  exactly how much you really do have.    

5. Read the exact mass from the beams and record it below.  
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a) Mass of sand + weighing paper   ______________ 
 

E. D.  Next, you must find the mass of the sand only, not including the paper.  See 
step D on the        last procedure you did to find the mass of water.  Write down all of the 
steps needed to do  this calculation, just as you did in the first procedure.   

 
 
 

 
 
 
 

(i) √ 

XI. III  Making Data and Calculations Tables: 
 

XII. All data collected in lab must be organized into data tables, which you made before 
coming to lab.  The data collected are placed into a table called the Data Table.  The 
numbers you obtained by calculating, no matter how simply, are placed in a separate 
table called the Calculations Table.  Look at each number you collected in the two 
procedures you did today, and identify it as Data (D) or a Calculation (C.)  Then write 
the data you collected earlier in the appropriate place on the correct table, below.  

 

XIII. For most labs this year, you will construct and fill in your own data tables.    
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1. Fill in the data table, below. Use data you collected earlier.  Save it for an 
example.  

B. √ 

XIV. Data Table (sample) 

XV. Balance # XVI.  XVII.  

XVIII. Mass of beaker XIX.  XX. grams 

XXI. Mass of beaker + water XXII.  XXIII. grams 

XXIV. mass of weighing paper XXV.  XXVI. grams 

XXVII. mass of weighing paper 
and sand 

XXVIII.  XXIX.  

 
 
 
 
 
 
 
 

A. √ 

XXX. Fill in the calculations table, below.  Use the calculations you did earlier.  
 

XXXI. Calculations Table (sample) 

XXXII. mass of water XXXIII.  XXXIV. grams 

XXXV. mass of sand XXXVI.  XXXVII. grams 
 

A. √ 
 

XXXVIII. III.   Compare and contrast the Data Table and the Calculations Table.  

A. √ 
 
 


