
Chapter 1 The Science of Biology

Observing the Uncertainty 
of Measurements

Introduction
Scientists use a wide variety of tools to make precise measurements.
Some of the tools include a balance that measures mass in grams, 
a ruler or meter stick that measures length in centimeters, and a 
graduated cylinder that measures volume in milliliters. The accuracy
of a measurement depends on three things: the accuracy of the 
measuring instrument, the ability of the observer to read the scale
properly, and the degree of precision of the measuring instrument. 
In this investigation you will practice the skill of making accurate 
measurements using a variety of measuring instruments.

Problem
Are there differences between measurements made by two different
observers?

Pre-Lab Discussion
Read the entire investigation. Then, work with a partner to answer 
the following questions.

1. Why is it necessary to have a particular tool for each task?
The tools are designed to measure a particular physical feature. No single tool can be used for measuring 

mass, length, and volume.

2. What might be a better tool for measuring the size of your classroom?
A longer measuring tool such as a metric tape.

3. What is an advantage of using metric tools over a yardstick or ruler? 
Metric measurements are based on units of 10, so it is possible to express numbers in decimal fractions and 

scientific notation. The English system of inches and feet requires fractions such as , which make 

computations more difficult.

4. Is it necessary for the same person in a group to make each 
measurement?
No, the variability in measurements among the class members is likely to occur no matter which member of 

the group makes the measurements.

5. Would you expect every group’s measurement of the temperature
of the ice water to be the same? 

Yes. As long as the ice and liquid water are well mixed, the temperature should remain at 0˚C until all the ice 

has melted.
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You may want to refer students to Section 1–4 and
Appendix C in the textbook for a discussion of
measurements and the metric system.
Time required: 40 minutes

Explain the difference
between the precision
design of the instrument
and the skill required 
to make accurate
observations using the
instrument. Compare two
different sizes of
graduated cylinders or a
bathroom scale and a
laboratory balance to
demonstrate the
differences in the
precision of two similar
instruments.
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Materials (per station)

Station 1: meter stick
Station 2: meter stick
Station 3: 30-cm ruler 

regular object 
Station 4: 100-mL graduated cylinder

150-mL beaker of colored liquid
Station 5: triple-beam balance

small pebble
Station 6: 100-mL graduated cylinder

150-mL beaker of water
irregular object 

Station 7: Celsius thermometer
250-mL beaker of ice and water
paper towel

Safety 
Put on a laboratory apron. Put on safety goggles. Handle glassware
and thermometers carefully. Note all safety alert symbols next to the
numbered steps in the Procedure and review the meaning of each
symbol by referring to Safety Symbols on page 8.

Procedure
1. Station 1: Use the meter stick to measure the length and width 

of your science classroom. If the room has an irregular shape, 
measure the longest width and the longest length. Express your 
measurements to the nearest tenth of a meter and record them 
in the Data Table.

2. Station 2: Use the meter stick to measure the length and width 
of your desk or lab table. If the table has an irregular shape, 
measure the longest width and the longest length. Express your 
measurements to the nearest tenth of a centimeter and record 
them in the Data Table.

3. Station 3: Use the metric ruler to find the volume of the regular
object. Volume is found by multiplying the length times the 
width times the height of the object. Express the volume in cubic 
centimeters (cm3) and record it in the Data Table.

4. Station 4: Use the graduated cylinder to find the volume of the 
colored liquid in the beaker. CAUTION: Be careful to avoid breakage
when working with glassware. Remember to always read a graduated
cylinder at the bottom curve of the meniscus. Pour the liquid back
into the beaker. Express your measurement in milliliters and record
it in the Data Table.

Provide a cubic or rectangular object.

Use food coloring or water-soluble ink to
prepare colored liquid.

a small stone

A non-mercury thermometer is
recommended.

Before the class
begins, prepare a
class data table on the
board or at a
computer terminal so
that each group can
record its data for
each station. Remind
students to also make
their own record for
each station.

Assign each pair of
students a starting
station. For large
classes, double the
number of stations 
so that students can
work in pairs.(In this
case, provide
duplicate objects at
each station.) When a
group completes one
station, it should move
on to the next free
station. Students can
do the stations in any
order as long as they
fill in their data tables
accordingly. When
they complete all the
stations, they should
record their data in
the class data table
you provide. Allow
about 5 minutes per
station for a total of
35–40 minutes. Allow
additional time to
make a record of 
the class data table
and subsequent
discussion of the
class data.
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5. Station 5: Make certain that the riders on the triple-beam balance 

are moved all the way to the left and that the pointer rests on 
zero. Place the pebble on the pan on the triple-beam balance. Move
the riders until the pointer is at zero. Express your measurement to
the nearest tenth of a gram and record it in the Data Table. Remove
the pebble and return all riders to the far left of the balance.

6. Station 6: Fill the graduated cylinder half full with water from the
beaker. Find the volume of the irregular object. Express the volume
of the object in cubic centimeters (cm3) and record it in the Data
Table. Carefully remove the object from the graduated cylinder.
Pour the water back into the beaker.

7. Station 7: Use the Celsius thermometer to find the temperature of
the ice water. Express the temperature to the nearest 0.5°C and
record it in the Data Table. Remove the thermometer and carefully
dry it with a paper towel.

8. Compare your measurements from each station with those of 
classmates by having one member from your group record your
data on the class data table your teacher provides. Make a copy of
the class data table so that you can answer the questions that follow.

Data Table

Station Object Measurement (units)

1 classroom

2 desk Answers will depend on materials provided.

3

4

5 pebble

6

7 ice water 0˚

Analysis and Conclusions
1. Analyzing Data Examine the results from all the group 

measurements. Did the groups get exactly the same measurement
results for the task at the same station?
Probably not. It would be unusual for each observer to achieve the same level of accuracy.

2. Inferring Why is the graduated cylinder used instead of a ruler to
measure the volume of the irregular object at Station 6?
The irregular object has no well-defined sides that can be easily measured so that the volume can then 

be calculated.



3. Drawing Conclusions What are two important guidelines to 
follow in making a good set of measurements?
First, select a tool that provides the correct scale for a precise measurement. Second, repeat the 

measurement several times or have several observers make the same measurement.

4. Comparing and Contrasting Examine all the data collected and 
determine which set of measurements showed the greatest 
variability. What are some possible reasons the measurements 
are not consistent for a particular set of measurements?
Possible answers might include: 1. The scale on the instrument was not fine enough to be very precise; 2. It 

was difficult to read the meniscus in the graduated cylinder; 3. The liquid in the beaker is lost with repeated 

transfers.

5. Predicting At station 3, you calculated the volume of a regular
object using a metric ruler. If you determined the volume of that
object using the graduated cylinder technique at station 6, would
you expect the results to be the same?
Both methods give the volume (length � width � height) of the same object and, therefore, it should be the 

same, or nearly the same, for both.

Going Further
Test your prediction in question 5 by measuring the volume of the 
regular object at Station 3 by using the graduated cylinder technique 
at Station 6. Calculate the difference between the two measurements.
How would you determine which is the more accurate?
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