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W
hich one could you carry more easily: 
10 kg of Styrofoam peanuts or 10 kg of 
steel? Does the word “heavy” conjure up 
images of thick syrup or a weighty suitcase? 

These common questions can lead to student misconcep-
tions regarding mass and density. It is no wonder that stu-
dents fi nd density conceptually diffi cult. 
 In this article we describe a series of activities we have used 
with middle-level students. The fi rst set of lessons explores 
density through the layering of liquids. In the second set we 
use some of the same liquids to explore the density of solids. 
The third set investigates how temperature affects the density 
of materials—primarily liquids. The fourth set leads to quanti-
tative measurement of the density of solids. Concept develop-
ment, problem solving, design, measurement, and quantitative 
activities are interwoven throughout these lessons. Each set 
of lessons is designed to conform to one full cycle of the 5E 
learning model (see Figure 1 for an explanation and timeline). 
Ideally these lessons should be done in order, but teachers may 
choose one or two for their class as appropriate. The activities 
within each lesson need to be done in order, however.

Lesson 1—Layering liquids
The introductory activity, Let’s Make Layers, uses four 
liquids, provided in 2–4 oz. squirt bottles—soy sauce, 
shampoo (use a clear kind), corn syrup, and corn oil (see 
Figure 2 for a complete materials list including costs). A 
few drops of red and green food coloring are added to the 
shampoo and corn syrup, respectively, so the clear liquids 
can be easily identifi ed. You may label the bottles, if you 
wish. These liquids are easy to use in a classroom since they 
are cheap, safe, and do not mix easily. Shampoo helps with 
cleanup, too. Classroom management is easier if you store 
the liquids in small squirt bottles, and allow each group to 
have a set of four bottles. Each group will require six plastic 
vials (see Figure 2). If you have several sections of a class in 
a single day, have at least two class sets of materials, so that 
the fi rst set can be used, washed, and allowed to dry while 
the second set is being used. 
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 Student groups are given the vials and two steps made of 
half-inch-thick wood blocks. Alternatively, you could use 
small books of the same thickness. Students are challenged to 
design a series of tests using the materials provided and to test 
liquids two at a time to sequence the liquids from the “light-
est” to the “heaviest.” Most groups decide to first choose two 
specific liquids, predict the order in which they will layer, and 
then layer them in a clear plastic vial. They then predict and 
layer all combinations of the liquids, two at a time, (for a total 
of six vials, see Figure 3). Questions such as, “Which liquid 
is always a top layer?” and “Which liquid is always a bottom 
layer?” guide students in sequencing the liquids. The students 
use the steps to place only those vials where the top layer of 
the vial placed on the bottom step is the same as the bottom 
layer of the vial placed on the step above it (see Figure 3). 
 This activity provokes several intriguing questions. 
Students frequently discuss whether the layering will be af-
fected by the order in which they squirt the liquids (it isn’t). 
Students often predict that shampoo will layer below soy 
sauce because it is more “gooey”—while in fact, soy sauce is 
“heavier” and layers below shampoo. This discrepant event 
leads to a discussion of how “gooey” is not equivalent to 
“heavy.” Layering is controlled by density, while viscosity 
governs the ease of flow of a liquid, and is a property that 
does not directly relate to density. Of course, the temptation 
to layer all four liquids is too much to resist, but have stu-
dents save that activity for the end, after they have layered 
the liquids in pairs. 

 Having experienced layering of dissimilar liquids, students 
are now ready for a more fine-tuned experiment, namely, the 
classic activity Layering Salt Solutions (see Resources). Stu-
dents are once again challenged to order a set of salt solu-
tions “from lightest to heaviest,” using the same wood block 
steps. Salt solutions of four different concentrations are 
provided (typically one, two, three, and four tablespoons of 
kosher or pickling salt to one cup of water). Each solution is 
colored using a few drops of different food coloring. Students 
must now use care while making layers because salt solutions 
mix easily—it helps to use a medicine dropper, hold the vial 
at an angle, and add the second liquid drop by drop onto the 
side of the vial so it can slide under the first layer if it must. 
Students are instructed to make two vials for each pair of 
liquids. Solution 2 is added after solution 1 in the first vial, 
and the order is reversed for the second vial.
 In explaining the above experiments students usually use 
the terms “heavier” and “lighter” rather than “denser.” At this 
early stage, it is acceptable for students to use everyday terms to 
describe the phenomena. We introduce the term “density” by 
asking all groups to write what they think the word conveys. 
Students are asked to share their definitions in groups and to 
discuss questions they have as they compare definitions. Stu-
dents often say that “dense” means thick or heavy. They are 
asked to consider this their beginning definition of density, 
which they will refine as they continue with the activities. 
 Once students’ ideas are discussed, a demonstration is 
used to provide a concrete example of the density of a salt 

FIGURE 1 Learning cycle connections and timeline

Steps Purpose of step

Engage (E1) Students make connections between past and present learning experiences; interest excited

Explore (E2) Students manipulate materials to actively explore concepts, processes, or skills 

Explain (E3)
Focuses students’ attention on previous activities; opportunities to develop explanations or 
hypotheses; introduces formal labels or definitions

Elaborate (E4)
Extends conceptual understanding; makes connections to related concepts; applies students’ 
understandings to the world around them

Evaluate (E5) Encourages students to assess understanding and abilities; teacher evaluates learning

Lesson 1
Layering Liquids
(2 class periods)

Lesson 2
Liquids and Solids
(2 class periods)

Lesson 3 
Temperature Effects
(1–2 class periods)

Lesson 4 
Density of Solids
(1 class period)

Let’s Make Layers: E1, E2
Egg and Salt Water: E1, 
E2, E3

Density Ball: E1, E2
Which Wood for a Raft?: 
E1, E2, E3

Working definition of 
density questions: E3

The Box that Barely  
Floats: E5

Homemade Galileo 
Thermometer: E2, E3

Prince’s Pendant: E4, E5

Layering Salt Solutions:  
E3, E4

Galileo Thermometer, 
expanded activities: E4, E5

Layering Salt Solutions, 
quantitative: E4, E5
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any more—a large-scale version of why solutions saturate.
 Students are asked what data they could gather about the 
salt solutions that will provide a quantitative description of 
what “light” and “heavy” mean. Through class discussion of 
their experiments, students come to the conclusion that they 
can measure the mass and the volume of the salt solutions. 
Once these data are collected, students are asked how this 
information could be useful. Students are allowed time to 
brainstorm in groups and share ideas. Once students come up 
with the idea of dividing the mass of the salt solution by the 
volume, give students time to do the calculations with the 
data collected. They then discuss a possible formula for deter-
mining density and what that means. The densities obtained 

FIGURE 2 Materials for activities

Layering Liquids
Materials (for each group)
•  eight small plastic vials (3-dram, clear polystyrene, about $22 

for case of 144; www.usplastic.com)
•  four liquids in squirt bottles: shampoo (red), soy sauce (dark 

brown), corn syrup (green), cooking oil (pale yellow) (2 or 4 
oz. size, with either flip top or dispensing cap; available from 
Delta Education or wholesale lab suppliers such as United 
States Plastic; about $.50 each.)

•  steps made with wood blocks  
(two 1.2 cm × 4 cm × 10 cm blocks)

The Salt Solutions 
•  12 small plastic vials
•  four medicine droppers (reserve one for each color  

of solution)
•  four salt solutions, colored red, green, yellow, and blue
•  graduated cylinder
•  balance

Liquids and Solids 
Materials (first four materials are used for the whole-class 
demonstration, then can be distributed to students)
•  five beakers (each about one liter in volume)
•  fresh water and four salt solutions 
•  five eggs 
• balance
•  graduated cylinder (100 ml or larger) (per group)
•  overflow beaker to measure volume (per group)

Box that Barely Floats (per group):
•  watertight plastic box (about 3–4 cm diameter and 3–4 cm tall, 

best with snap-on lid; can be purchased from craft stores or 
from plastic wholesalers; cost $.30 to $.50 each.)

•  fishing weights
•  modeling clay
•  electronic balance

•  overflow vessel to measure volume
•  five-gallon tub with water (one per classroom) 

Temperature Effects
Materials
•  two one-liter beakers with hot and cold water 
•  density ball (about $35–40, available from several science 

houses such as Boreal Labs, Science Source, Ward’s 
Science, etc.) 

Galileo Thermometer
•  15 watertight plastic vials or 15 sealable, empty  

baby-food jars
•  sand of different colors
•  gram balance, preferably with accuracy of 0.01g 

The Density of Solids
Materials
•  blocks of several different kinds of wood (from local lumber 

yard; cost varies with wood and cutting charges; four to 
six different varieties, with a total of about 12 blocks, are 
adequate for a class)

•  ruler
•  balance 
•  calculator 
•  five-gallon tub of water

The Prince’s Pendant
Materials
•  cylindrical rods of different metals (1.2 cm in diameter and 

about 5 cm long; available in sets from science suppliers; 
about $10–20 for a set of four rods; two sets per class)

•  the prince’s pendant 
•  overflow beaker
•  balance
•  calculator
•  25-mL graduated cylinder

solution. First students are asked, “Why is salt water dens-
er than fresh water anyway? If we add three tablespoons of 
salt to one cup of water, we have more mass, but we have 
more volume, too, right? Wrong. When salt dissolves in 
water, it gets into the spaces between water molecules, so 
it does not increase the volume, but it does increase the 
mass.” An edible demonstration of this phenomenon is 
with a jar of jellybeans (representing water) into which 
we add two tablespoons of sugar. Shake it and the sugar 
“dissolves” into the crevices between jellybeans, but the 
volume of the mix remains the same. An extension of this 
demonstration is to see how many tablespoons of sugar you 
can add to the jar of jellybeans before it won’t “dissolve” 
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by all groups in the class are collected on the board (or in a 
spreadsheet) and averaged. These values (and the salt solu-
tions) are saved for a future activity. 
 To further develop the concept, questions that relate mass, 
density, and volume are used to guide additional discussion 
(Figure 4). These questions allow students to realize that for a 
specific object, such as a candy bar, when its volume (ml) de-
creases, its mass (grams) decreases, but its density stays the same. 
Furthermore, the density of a specific material such as copper is 
the same regardless of its shape, mass, or volume. But to figure 
an object’s density, we need to take the ratio of its mass to its 
volume. Thus, an object’s density is given by the expression:

mass of object
  Density = 

volume of object

Lesson 2—Liquids and solids
After investigating densities of liquids, students can now ex-
pand the concepts to solids in liquids. We begin this segment 
with Egg and Salt Water activities. We start with the ques-
tions: “What happens when we place an egg in a bowl of fresh 
water? A bowl of salt water?” Students draw pictures of their 
predictions. After seeing the demonstration, they revise or re-
draw their pictures. Students frequently predict the results cor-
rectly—that the egg sinks in fresh water but floats in salt water.
 Next we ask, “What will happen if you place eggs in five 
solutions of salt water of increasing density?” (Solutions are 
labeled A–E, with A = fresh water and E = salt water of high 
density; the four salt solutions used in the previous activity are 
reused.) Have students draw and label pictures of their predic-
tions for each salt solution, and record the actual results indi-
vidually (see Figure 5). Ask student groups to make generaliza-
tions about how density affects when objects sink or float and 
then have students share the results. 
 Students usually think that the solution density increases 
linearly across the vessels (it does), and they assume that the 
position of the egg must change linearly, too. However, float-
ing and sinking do not obey the law of proportions. When the 
density of the egg is more than that of the solution, the eggs 
sink and stay at the bottom. When eggs are less dense than 
the solution, they float (some part of the egg will touch or rise 
above the surface of the liquid). It is vital to point out that 
objects almost always either sink or float, they rarely “hang” 
between top or bottom surfaces.
 Extend this activity by having students use the previously 
measured values of saltwater densities to predict the density of 
the egg. Students will frequently make the (correct) prediction 
that the density of the egg is more than that of salt solution C, 
but less than that of D. Students then find the density of the 
egg by using an overflow beaker to measure volume and a gram 
balance to measure mass. 

FIGURE 3 Let’s Make Layers

Six vials of layered liquids: in order from left to right, corn syrup 
and shampoo, oil and corn syrup, oil and soy sauce, shampoo and 
oil, shampoo and soy sauce, and soy sauce and corn syrup.

Vials of layered liquids are 
placed on wood block “steps,” 
choosing only those vials where 
the top layer of a vial is the same 
as the bottom layer of the vial on 
the step above it. In other words, 
top and bottom layers in the 
vials line up horizontally. 

FIGURE 4 Questions for a definition 
of density

1. Imagine a loaf of bread that is 10 inches long. If you place your 
palms flat on the slices and squeeze along the length so that 
the loaf becomes 7 inches long, what changes? Its length? Its 
mass? Its volume? Its density? Explain your reasoning.

2. A bungee cord is stretched to twice its length. What changes? 
Its mass? Its volume? Its density?

3. A candy bar is 10 cm × 2 cm × 4 cm. It has a mass of 120 g, 
and a density of 1.5 g/ml. (1 ml = 1 cm3). You eat one quarter 
of the candy bar. What changes? Its length? Its mass? Its 
volume? Its density?

4. Two shoeboxes are identical in size. One contains beans 
and the other contains popcorn. What is the same and what 
is different? Mass? Volume? Density?

5. Which one is heavier—a pound of feathers or a pound of 
lead? Which one has more volume? More density?

6. Which is more dense—a stack of 5 pennies or a stack of 20 
pennies? Explain your reasoning.

7. Besides shape, what is different between a 300-gram 
rectangular block of copper and a 300-gram round ball of 
copper? Mass? Volume? Density? Explain your reasoning.

 Using an overflow beaker requires some skill. A discussion 
of possible errors (spillage, additional overflow if fingers are 
inserted along with the egg, the formation of a concave menis-
cus) allows students to distinguish between mistakes (made by 
the experimenter) and errors (due to inaccuracies inherent in 
the experiment). Data from all groups in the class are collected 
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tion to hot air rising, as in hot-air balloons, or in relation 
to weather patterns. These student questions become the 
basis for introducing this set of activities. We begin with a 
discussion of the following questions:

• Your friend’s little brother blows up a balloon and hides 
it in the refrigerator. What do you think the balloon will 
look like when he looks at it an hour later? How is it re-
lated to density?

• Why does smoke rise from a chimney?
• A house has heating vents on the floor in the bedroom 

and on the ceiling in the living room. Which room will 
be warmer in the winter? Explain your reasoning. 

 The Density Ball activity uses a device sold by several 
science suppliers. Ask students what will happen when the 
ball is dropped in a container of cold water and in a con-
tainer of hot water, conduct the demonstration, and have 
students record observations and questions. Because the ball 
floats in cold water and sinks in hot water, students will cor-
rectly surmise that cold water is denser than hot water.
 This demonstration is followed by an activity involving 
homemade Galileo thermometers where the class makes ob-
servations and takes data. The thermometers are made from 
baby-food jars and colored sand, and require some skill 
to construct. Consider having honors students build the 
thermometers, and saving them for future demonstrations. 
We made ours with 15 small baby-food jars. The jars were 
cleaned, weighted with sand, sealed with a thin layer of 
petroleum jelly, and screwed tight. Alternatively, plastic vi-
als with snap lids can be used. Our jars had masses between 
107.0 and 105.4 g, however, these masses will vary with the 
jars used. It was useful to have a gram balance with an accu-
racy of 0.01 g in order to mass the jars accurately.  
    Because the density of pure water increases from 0.999 g/
mL at 0°C to 1.000 g/mL at 4°C and then decreases to 0.972 
g/mL at 80°C, the jars must be designed to have densities 
ranging from 0.99 to 0.985 g/mL to span a temperature range 
of 4 to 60°C (see Resources for density chart). For the class 
demonstration, the jars are placed in a fish tank of warm wa-
ter (~60°C), and most of them sink. Ice is added and, as the 
water cools, the jars float to the surface one at a time. This 
demonstration takes about 30 minutes, and is best started at 
the beginning of a class period and allowed to develop as the 
lesson progresses. Students are asked to work in groups to de-
velop an explanation for what they observed, which is then 
shared with the class.
 As an expansion or variation of this activity, students 
can first determine the density of pre-made jars through a 
mass/volume measurement. They then note the tempera-
ture at which each jar floats to the surface. Assuming that 

FIGURE 5 Egg and salt predictions

Prediction: Students frequently make this (incorrect) prediction 
about eggs placed in solutions of increasing salt density.

Observation: Eggs placed in solutions of increasing salt density. 
Note that the eggs in vessels B and C sink to the bottom, contrary 
to the prediction. 

and students discuss outliers, then average acceptable data and 
compare it with their predictions. Owing to the common errors 
that creep into this exercise, using an all-class average of data is 
more useful. The density for the egg can now be compared 
with the predicted range.
 The final activity in this series has students apply their 
understanding of density by merging their conceptual ideas 
about “how high” an object floats with their knowledge of the 
formula for density. In The Box that Barely Floats, students 
are given the challenge of designing a box that floats by just 
touching the surface of the liquid. They are given the follow-
ing materials: a watertight plastic box, fishing weights, model-
ing clay, an overflow beaker, a ruler, and a balance (see Figure 
2). Students must first decide how close the density of the box 
must be relative to that of water. Some students decide that 0.9 
g/ml is adequate, while others choose 0.999 g/ml. They must 
then either measure or calculate the volume of the box and fig-
ure out the mass needed to achieve their chosen density. They 
then add weight to achieve the required mass. Students get to 
test the box only once, thus the design phase is critical. This 
activity makes students think conceptually, reflect about values 
and accuracy, apply the formula for density to design a device, 
make measurements, and finally, construct the device. 

Lesson Set 3—Temperature effects
Usually at some point in the previous activities, students 
bring up questions about the relationship between tem-
perature and density—sometimes triggered by a connec-
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the water’s density at that tempera-
ture equals that of the specific jar is 
an acceptable approximation. The 
class can then graph the jar den-
sity vs. the temperature at which it 
floated up. 

Lesson 4—The density 
of solids
Having experienced several aspects 
of density as it relates to liquids and 
solids, students can now proceed to 
examine the density of solids. So far 
students have primarily measured 
the mass and volume of salt solutions 
and eggs to determine density. In 
Which Wood for a Raft?, students are introduced to other 
floating objects. The activity is set up as a challenge: a raft-
building company wants to figure out which wood would be 
best for a raft. Students are supplied with blocks of different 
kinds of wood, each about 5–8 cm on each side (the blocks 
should be rectangular cut, not cubes, so they can float on 
the wide face). The class decides the criteria to be used. 
Most frequently students decide that the block that floats 
the highest (the one with the lowest density) will make the 
best raft. Students find the volume from the geometry of the 
block (volume = length × width × height) and measure the 
mass and calculate the density of the wood. From this activ-
ity, students realize that different kinds of wood vary vastly 
in density. For example, the two extremes, cork and lignum 
vitae, are both used in industrial applications. Cork, with a 
density of 0.096 g/ml, comes from the bark of the cork oak 
tree that grows in Mediterranean countries. In contrast, 
lignum vitae, also known as ironwood, has a density of 1.3 
g/ml, and comes from a tropical tree that grows in south 
Florida, Central America, and northern South America.
 We suggest choosing four to six varieties of wood, with 
a range of densities (see Resources for a density chart). Be 
aware that blocks cut from different parts of a tree may have 
different densities. It is best to avoid knots in the wood, as 
they tend to make the blocks float unevenly. Students may 
research the properties of different woods and make connec-
tions to plant science, uses, or woodworking classes. 
 Most of the materials that students have encountered 
thus far float in either fresh or salt water. The next activity, 
The Prince’s Pendant, introduces students to materials that 
are much denser than water. In our twenty-first century ver-
sion of the Archimedes story, the Prince of Agraba orders a 
pendant of titanium from a mail-order jewelry store. Suspi-
cious of his delivery, he asks the class for assistance in deter-
mining whether the pendant is made of titanium, and if not, 

for an identification of the metal. 
The class is given the pendant (a disc 
5 cm in diameter and 1 cm thick), 
and five rods of metal that have 
colors similar to that of the pendant 
(aluminum, lead, titanium, steel, and 
zinc/tin/nickel offer a wide range of 
densities, see Resources) (see Figure 
6). The rods are 1.2 cm in diameter 
and 5–8 cm tall. This diameter al-
lows the rods to fit inside a 25 ml 
graduated cylinder, so that students 
can measure the volume of the rods 
by the displacement of a measured 
amount of water (several mL) in 
the graduated cylinder. Students can 

measure the volume of the pendant using an overflow bea-
ker, or they can calculate its volume. By comparing the den-
sity of the different metals to that of the pendant, students 
determine whether or not the pendant is made of titanium 
(it is not; titanium is expensive and hard to machine, so the 
pendant is made out of steel).

Conclusion
These density activities are designed with relatively inex-
pensive materials. Students encounter densities of vastly 
different materials: wood (0.3 to 0.9 g/mL), metals (2.7 to 
8.9 g/mL), salt solutions (1 to 1.06 g/mL), and water (1 to 
0.96 g/mL). This aspect is often under appreciated—know-
ing ranges of possible values is almost more important than 
knowing exact values. Furthermore, students conduct mea-
surements and repeatedly connect them to volume concepts 
learned in their math classes. They also measure volume 
using a variety of techniques. They use an overflow beaker, 
displace water in a graduated cylinder, and use geometric 
considerations for rectangular blocks and the cylindrical 
pendant. Students are repeatedly asked to interpret the 
meaning of their measurements. 
 The activities provide several connections to other areas 
of science and to everyday life. Students who have been to 
the beach have experienced the ease of swimming in salt 
water as compared with fresh water. Those who live in cold 
climates have observed how water starts freezing over from 
the top of a lake or pond. The design of old-time boats and 
rafts depended closely on the choice of wood. And finally, all 
that shines is not titanium. ■

Resources
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Density charts: epic.physics.missouri.edu/html/Density.htm.

FIGURE 6
The Prince’s Pendant 
and metal rods of 
similar color 


