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U SING GEOMETRY TO DO GEOLOGY,
“Modeling the Seafloor” is a hands-
on activity in which students con-
struct mathematical and physical

models to represent a portion of the ocean’s floor.
While making a three-dimensional model of the
seabed, students use fractions, decimals, conver-
sions of decimals to fractions, scale drawings, for-
mulas, visualization, and other skills. They see
mathematics placed in a real-world context, and
they use their mathematics skills as part of a
process to achieve a meaningful end result. 

A few years ago, I was given a new teaching as-
signment: teach prealgebra/basic mathematics to
at-risk, below-grade-level high school students to
emphasize a geometric connection. The framework
on which I based several weeks of this curriculum
was the fifth videotape in the “Life by the Numbers”
PBS series, titled Shape of the World. The videotape
is based on the facts that the prefix geo means
“Earth” and the suffix metry means “measuring.”
Thus, geometry means “measuring Earth.” Linking
humankind’s exploration of our universe with the
mathematics that we invent to do so, the film traces
ways that Earth has been measured, from the
Greeks’ attempts to determine Earth’s shape to our
present-day efforts to determine the shape of space.
Although the film is not necessary for the activity,
the segment about finding ocean depths helps pre-
pare students for this project. 

Teaching the Lesson

AFTER SHOWING THE OCEAN SEGMENT OF THE
video, I ask students if they have ever counted the
seconds between seeing lightning and hearing the
resulting thunder to find their distance from the
lightning. I start this way because the principle for
finding distance from lightning is the same as that
for mapping the ocean floor, but it involves simpler
calculations. Sound travels through air at about
1100 feet per second. Counting the seconds be-
tween seeing lightning and hearing its thunder and
then multiplying by 1000 gives the observer’s ap-
proximate distance from the lightning in feet. Stu-
dents use several whole-number examples of time
lapses between lightning and thunder to give a con-
textual meaning to the d = rt formula. Then we use
fractions of seconds (1/2, 1/4, 3/4, 1/8, 5/8, 1/10,
1/100, 1/1000, 873/1000, and so on) to show that
even if the time is a fraction, we still multiply to get
distance, thereby illustrating a real-world applica-
tion of multiplying a whole number by fractions. Be-
cause students will be using ten-thousandths of sec-
onds in this project, we repeat the last few
calculations using decimal equivalents to empha-

size the idea that decimal fractions are parts of a
whole, just as with regular fractions. 

The thunder-lightning example gets students
thinking about the distance, speed, and time rela-
tionship. It is a simple vehicle for understanding
the formula for two reasons: (1) We are considering
the sound traveling only outward from its source
and (2) students are usually comfortable using 1000
in calculations. However, seafloor mapping involves
sound traveling outward, then reflecting off the
ocean bottom at a speed that is not so computation-
ally comfortable. 

To begin the transition from the simple light-
ning case, I cite the example of an echo coming
back from a cliff. The sound travels from the
speaker to the cliff and then back, so the distance
to the cliff is half the total distance that the sound
travels. The speaker multiplies the time interval
between shout and echo by 1000 to find the
sound’s approximate round-trip distance, then di-
vides by 2 to get the speaker’s distance to the
cliff. This is a good algorithm to use because it
physically matches what occurs. Before long,
however, students want to divide the time by 2
and then multiply by the speed, thinking it is a
shortcut. This situation presents an opportunity
to discuss commutativity and order of operations.
I also make sure that we discuss the fact that
echoes take longer to return from a cliff 4000 feet
away than from a cliff 3000 feet away. After this
cliff discussion, students usually have the mental
tools they need to model the seafloor: the for-
mula for distance and the concept of sound trav-
eling and bouncing. 

A consideration of sound’s speed through sea
water completes the transition from the simple
lightning case to the seafloor model. Essentially,
sound is vibration. Tightly packed molecules in
denser materials transmit vibration more easily
than those in less dense materials. Hence, sound
travels faster through sea water than through air.
Sound’s speed through sea water used for this ac-
tivity (4921 feet per second) is a conversion of the
approximate metric speed of 1500 meters per sec-
ond. I have the following specific reasons for using
feet, inches, and nearest sixteenths of inches in
this activity: 

1. Geologic work in America is still often done
using customary units, not metric. 

2. Using inches instead of centimeters means a
connection must be made between decimal rep-
resentations and the physical measurement of
fourths, eighths, and sixteenths on rulers.

3. The discussion about which sixteenth is closest
to 3.8 or 4.35 is mathematically rich. 
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Because students usually find 4921 a more difficult
number with which to work than 1000, I have them
practice using it by completing questions 1 through
5 on Activity Page 1. I check their understanding
of the process for finding depths and rounding to
the nearest foot before going on with the project. 

Once students can find depths, I familiarize them
with the map that is part of number 6, and we dis-
cuss what it shows. Then I have them work in pairs,
and I give Activity Page 2 to each student. One stu-
dent in each pair is responsible for the east-west
lines (trips 1–4); the other student is responsible for
the north-south lines (trips 5–8). Each student
should determine the depth and scale measurement
for each map intersection and record the results in
the tables. 

To find the scale measurements, students sim-
ply do the arithmetic (divide the depths by 100).
Because inch measures are used to construct the
model, the scale measurements need to be ex-
pressed to the nearest sixteenth of an inch. How-
ever, dividing by 100 can result in fractions that
are not sixteenths. For example, W has a time of
0.2358 seconds, resulting in a depth of 580 feet.
Converted to the scale, that is 5.8 inches. Rulers
usually show sixteenths of inches, so students
need to find the sixteenth that is closest to 0.8. To
change this decimal fraction to a ruler fraction, my
students usually employ one of the following three
methods, all of which we have used in class before
beginning the project. 

1. One method they use is ratio and proportion.
For example, if the scale measurement is 5.8
inches, they set up the proportion 8/10 = ?/16.
They find that 

Rounding 12.8 to 13 completes the process of

finding the nearest sixteenth, making the scale
measurement 5 13/16 inches. 

2. Some students use guess and check and divide
the numerator by the denominator to find which
sixteenth is closer. That is, they might try 12/16
(which is 0.75) and 13/16 (which is 0.8125) and
decide that 13/16 is closer to 0.8. 

3. Other students use visual aids that I provide in
the classroom (figs. 1a and 1b) to see that 0.8 is
closer to 13/16 than it is to 12/16. 

Because partners may have different ways of think-
ing about how to determine the nearest sixteenth,
there is opportunity here for discussion and connec-
tions among the various methods of obtaining the
same result.

As students complete their tables, they usually re-
alize that their partners have the same intersections
to calculate but in a different order. In the real world,
this redundancy enables geologists to check the reli-
ability of their data. If the values at an intersection
match, the data and the work are more likely to be
correct. If not, there was probably a mathematical
error, an equipment malfunction, or some other
problem that must be addressed and corrected. In
this manner, the end product has a better chance of
being accurate. Similarly, students can help ensure
their own accuracy by comparing results with their
partners’ findings at the intersection points.

While students are doing their calculations and
checking, I hand out Activity Page 3 and a set of
eight cross-section sheets to each group (see the
cross-section template in fig. 2). Activity Page 3
has written instructions for completing the cross
sections and the three-dimensional model. A few
false starts and lots of discussion about how to put
the pieces together are to be expected at this point.
Students often cut all the way (instead of halfway)
through their first cross section. Sometimes they
also cut off the small extensions on either side of
the cross section. Scotch tape remedies these situa-
tions quite nicely. (This model was made in ad-
vance, so I would have a demonstration sample and
to anticipate potential student difficulties. I strongly
urge you to do the same.)
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Fig. 1 Template (a) and visual conversion (b) illustrate tenths and sixteenths. 

tenths

sixteenths

tenths

sixteenths

(a) (b)

In the real world,
redundancies allow
scientists to verify
the reliability of 
their data
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Suggested Closure and Assessment 

WHEN THE MODELS ARE COMPLETED, MY STU-
dents discuss the following:

• How were fractions used to make your model? 
• How were decimals used to make your model?
• How did formulas help you make the model? 
• What, if any, shortcuts did you use and why did

they work?
• How could people use this information? 
• What are other applications of these ideas? 
• What kinds of models were used? (formulas, two-

dimensional and three-dimensional models)

The score that my students earn on this project
is a combination of my observations as they work,
the accuracy of their completed tables, and the
quality of their finished product. To judge the qual-
ity of the finished model, I make sure the intersec-
tions match exactly. Next, I check the measure-
ment at each intersection. I assign a numeric score
based on the number of errors and the magnitude
of those errors. An alternative would be for students
to determine their own errors. 

Lessons Learned

PAPER SUFFICES FOR THE CROSS SECTIONS, BUT A
light card stock works better. Using one color for
the east-west cross sections and another color for
north-south helps students keep better track of
their cross sections. Students need to measure from
the top edge of the cross sections, not from the ap-
parent endpoints of the vertical lines. (The end-
points of the vertical lines can vary from one copy to
the next; the mechanical nature of the copy ma-
chine can cause a mismatch at the intersections.)
To save class time and avoid possible confusion, I
make a master set of eight cross sections with trip
numbers and intersection points already labeled,
then copy complete sets for student use. 

Extensions and Variations

1. Depth map: Enlarge the map of the ocean study
area and write the depths at each intersection on
the map. Make a dot on each line where the
ocean would probably be 350 feet deep. Connect
those dots as if you were walking around a hill at
that level. Then repeat the process for 400 feet,

Fig. 2 This cross-section template is given to students with Activity Page 3. It is shown here at one-half the size it is used. 

Cross-Section
Trip # _____

The top edge of the paper
is the surface of the ocean
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and so on. Once the depth map is finished (see
the “Teacher Notes and Solutions” section for a
sample), compare it with the model. Are hills and
valleys where your map says they are?

2. Coordinate graphing: Instead of using letters at
the intersection points, set up the map grid with
Cartesian coordinates, using the depths as nega-
tive z coordinates on a three-dimensional graph.

3. Vary the scale and measuring units to practice
other decimals and fractions: Use a scale of 1
inch = 80 feet, for example.

4. Three-dimensional drawing: Have students draw
the surface in three dimensions on paper.

5. Global Positioning System (GPS): Explain how
the GPS works (this is handled very well in the
videotape), then compare and contrast the GPS
and seafloor mapping. Ask what geometric ideas
play a role in GPS. (The following is a quick,
simplified explanation of GPS. A network of
satellites is constantly broadcasting radio sig-
nals with time and position stamps back to
Earth. When a GPS device on Earth receives the
signal, it determines how much time has elapsed
since the signal left the satellite. Then it calcu-
lates its distance from the satellite. It uses three
such distances. The intersection of the three
spheres that have the satellites at their centers
is the unique point on Earth for the location of
the GPS device.) 

Many students do not realize that mathematics
allows a way to describe the world in and on
which we live. The hands-on nature of this activity
translates the numbers on the students’ papers to
something they can see and feel. Students enjoy
putting their puzzle together once they have all
the cross sections done. It is entertaining to watch
them argue about which piece goes in which di-
rection in which place. I am often practically
begged by those students that take subsequent
classes from me to make another seafloor model.

A reason for this is that they can see a real-life ap-
plication of the mathematics techniques that they
have learned.

The NCTM Standards recognize the validity of
integration. The Connections Standard states:
“School mathematics experiences at all levels
should include opportunities to learn about math-
ematics by working on problems arising in con-
texts outside of mathematics. The opportunity for
students to experience mathematics in a context
is important. The link between mathematics and
science is not only through content but also
through process. The processes and content of
science can inspire an approach to solving prob-
lems that applies to the study of mathematics”
(NCTM 2000, pp. 65–66). The Modeling the
Seafloor activity is a good integration of mathe-
matics and science because to do the science (de-
termine the shape of the seafloor), you have to do
the math. Doing the mathematics within the sci-
ence context helps make the mathematics more
relevant and meaningful. 

Modeling the Seafloor
Teacher Notes and Solutions

Activity Page 1

1. 2461 feet deep. Since (time)(speed) = distance, 
1 sec. • 4921 ft./sec. = 4921 ft. Since 4921 feet is
how far the sound traveled to reach the bottom
and reflect back up, 4921 feet is actually twice the
depth of the water. Since (4921 ft.) ÷ 2 = 2460.5 ft.
≈ 2461 ft., the ocean would be approximately
2461 feet deep. 

2. 1230 feet deep; (0.5 sec.)(4921 ft./sec.) = 2460.5
ft.;  (2460.5 ft.) ÷ 2 = 1230.25 ft. ≈ 1230 ft.

3. 1722 feet deep; (0.7 sec.)(4921 ft./sec.) = 3444.7
ft.;  (3444.7 ft.) ÷ 2 = 1722.35 ft. ≈ 1722 ft. 

4. 1127 feet deep; (0.458 sec.)(4921 ft./sec.) =
2253.818 ft.; (2253.818 ft.) ÷ 2 = 1126.909 ft. ≈
1127 ft.

5. 436 feet deep; (0.177 sec.)(4921 ft./sec.) =
871.017 ft.; (871.017 ft.) ÷ 2 = 435.5085 ft. ≈ 436 ft.

Activity Page 2
(See the tables on the next page.)

Activity Page 3
8. a. Emphasize that if the calculations are wrong

or the measurements are wrong, the model will
not match at the intersections. Also, it is impor-

Doing the 
mathematics within
the science context
helps make the 
mathematics more 
meaningful
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tant that students measure from the top edge of
the paper, not where the vertical line stops. Be-
cause of copying inaccuracies, the top of the
lines will not be at the same spot for all the
copies.

Depth Map Solution

The map at right is the solution to activity 1 under
the Extensions and Variations heading.
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A B C D

EFH G

J K L M

NPRS

#1

#2

#3

#4

#8

#5 #7

North

525' 525' 550' 600'

575' 475' 375' 350'

550' 375' 300' 400'

600' 475' 435' 380'

500'

500'

300'

60

600'

350'

400'

500'

400'

300'

350'

500'

600'

TRAVEL TIME NO. OF INCHES

TRIP 1 POINTS (SEC.) DEPTH (FT.) (1 IN. = 100 FT.)

A 0.2134 525 5 1/4

B 0.2134 525 5 1/4

C 0.2235 550 5 1/2

D 0.2439 600 6

TRAVEL TIME NO. OF INCHES

TRIP 2 POINTS (SEC.) DEPTH (FT.) (1 IN. = 100 FT.)

H 0.2337 575 5 3/4

G 0.1931 475 4 3/4

F 0.1524 375 3 3/4

E 0.1422 350 3 1/2

TRAVEL TIME NO. OF INCHES

TRIP 3 POINTS (SEC.) DEPTH (FT.) (1 IN. = 100 FT.)

J 0.2235 550 5 1/2

K 0.1524 375 3 3/4

L 0.1219 300 3

M 0.1626 400 4

TRAVEL TIME NO. OF INCHES

TRIP 4 POINTS (SEC.) DEPTH (FT.) (1 IN. = 100 FT.)

S 0.2439 600 6

R 0.1931 475 4 3/4

P 0.1768 435 4 3/8

N 0.1544 380 3 13/16

TRAVEL TIME NO. OF INCHES

TRIP 5 POINTS (SEC.) DEPTH (FT.) (1 IN. = 100 FT.)

A 0.2134 525 5 1/4

H 0.2337 575 5 3/4

J 0.2235 550 5 1/2

S 0.2439 600 6

TRAVEL TIME NO. OF INCHES

TRIP 6 POINTS (SEC.) DEPTH (FT.) (1 IN. = 100 FT.)

B 0.2134 525 5 1/4

G 0.1931 475 4 3/4

K 0.1524 375 3 3/4

R 0.1931 475 4 3/4

TRAVEL TIME NO. OF INCHES

TRIP 7 POINTS (SEC.) DEPTH (FT.) (1 IN. = 100 FT.)

C 0.2235 550 5 1/2

F 0.1524 375 3 3/4

L 0.1219 300 3

P 0.1768 435 4 3/8

TRAVEL TIME NO. OF INCHES

TRIP 8 POINTS (SEC.) DEPTH (FT.) (1 IN. = 100 FT.)

D 0.2439 600 6

E 0.1422 350 3 1/2

M 0.1626 400 4

N 0.1544 380 3 13/16



From the April 2006 issue of

Modeling the Seafloor NAME _______________________________________

Activity Page 1 DATE _______________________________________

To explore the seafloor with sound, an instrument mounted on the bottom of a ship sends out pulses of
sound that travel at about 4921 feet per second through sea water. By measuring the time it takes the sound
to bounce off a location on the ocean bottom and return, the depth at that location can be determined.

1. How deep would the ocean floor be if it took the sound pulse 1 second to reach the ocean floor and
reflect back to the ship?

2. How deep would the ocean floor be if it took the sound pulse 0.5 second to reach the ocean floor and
reflect back to the ship?

3. How deep would the ocean floor be if it took the sound pulse 0.7 second to reach the ocean floor and
reflect back to the ship?

4. How deep would the ocean floor be if it took the sound pulse 0.458 second to reach the ocean floor
and reflect back to the ship?

5. How deep would the ocean floor be if it took the sound pulse 0.177 second to reach the ocean floor
and reflect back to the ship?

6. Below is a map of part of the ocean. The ship made 8 trips crisscrossing this part of the ocean to col-
lect data. The time data from these trips are in the tables on Activity Page 2.

#6

A B C D

EFH G

J K L M

NPRS

#1

#2

#3

#4

#8

#5 #7

North
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Activity Page 2 DATE _______________________________________

7. a. Use what you have learned about the relationship between time, speed, and distance to calculate
the depth of the ocean at each point in each table. Record that depth in the column provided for it.

b. Using a scale of 1 inch = 100 feet of depth, find the number of inches (to the nearest sixteenth, re-
duced) that would represent the depth on a scale drawing. Record that measurement in the table.

TRAVEL TIME NO. OF INCHES

TRIP 1 POINTS (SEC.) DEPTH (FT.) (1 IN. = 100 FT.)

A 0.2134

B 0.2134

C 0.2235

D 0.2439

TRAVEL TIME NO. OF INCHES

TRIP 2 POINTS (SEC.) DEPTH (FT.) (1 IN. = 100 FT.)

H 0.2337

G 0.1931

F 0.1524

E 0.1422

TRAVEL TIME NO. OF INCHES

TRIP 3 POINTS (SEC.) DEPTH (FT.) (1 IN. = 100 FT.)

J 0.2235

K 0.1524

L 0.1219

M 0.1626

TRAVEL TIME NO. OF INCHES

TRIP 4 POINTS (SEC.) DEPTH (FT.) (1 IN. = 100 FT.)

S 0.2439

R 0.1931

P 0.1768

N 0.1544

TRAVEL TIME NO. OF INCHES

TRIP 5 POINTS (SEC.) DEPTH (FT.) (1 IN. = 100 FT.)

A 0.2134

H 0.2337

J 0.2235

S 0.2439

TRAVEL TIME NO. OF INCHES

TRIP 6 POINTS (SEC.) DEPTH (FT.) (1 IN. = 100 FT.)

B 0.2134

G 0.1931

K 0.1524

R 0.1931

TRAVEL TIME NO. OF INCHES

TRIP 7 POINTS (SEC.) DEPTH (FT.) (1 IN. = 100 FT.)

C 0.2235

F 0.1524

L 0.1219

P 0.1768

TRAVEL TIME NO. OF INCHES

TRIP 8 POINTS (SEC.) DEPTH (FT.) (1 IN. = 100 FT.)

D 0.2439

E 0.1422

M 0.1626

N 0.1544
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Modeling the Seafloor NAME _______________________________________

Activity Page 3 DATE _______________________________________

8. Use the 8 tables to make 8 cross sections in the manner described for the example below.

Sample Table Sample Cross Section 

a. The top edge of the paper is the surface of the ocean. Measure 5 13/16 inches from the top edge
of the paper down the W line and make a mark. This represents how deep the seafloor is at map
location W. For location X, measure 4 1/2 inches and make a mark. Use the data in the tables to
mark how deep the water is at each map location for each trip.

b. Connect the marks that you have made to estimate where the 
bottom of the ocean is between map locations.

c. Cut off the “ocean water” section and discard it properly.

d. For trips 1, 2, 3, and 4, cut from the bottom up just past halfway
along each vertical line (along dotted portion of lines, as shown).

e. For trips 5, 6, 7, and 8, cut from the top down just past halfway along
each vertical line (along dotted portion of lines in the illustration).

f. Using the map as a guide, match the letter locations and put your
cross sections together like a puzzle. Slide the E-W lines over the N-S
lines at all intersection points.

g. You should end up with a structure similar to the illustration shown
below.

EXAMPLE TRAVEL NO. OF INCHES

TRIP TIME DEPTH (1 IN. = 
POINTS (SEC.) (FT.) 100 FT.)

W 0.2358 580 5 13/16
X 0.1829 450 4 1/2
Y 0.2032 500 5
Z 0.1321 325 3 1/4 1

4
4

2
4

4
3

1
4

2
4

3

1
4

2
4

3

1
2

3

5 13/16
4 1/2 5

3 1/4

W X Y Z

Illustration for b.

Illustration for d.

Illustration for e.


