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Profiles of award-winning science programs and teachers

Pinging: Sound at Work
A “Teacher at Sea” learns how scientists use sound.
By William Lindquist and Britt Forsberg

We are gifted by the 
world of sound 
through the ca-
dence of music, 

song, and poetry; shared conversa-
tions and stories; and the delicacy of 
a gentle wind shimmering through 
the leaves on a cool summer evening. 
Sounds have the power to impact our 
lives on a daily basis. We are close-
ly attuned to any sounds coming 
from our sleeping children’s rooms. 
Words we hear can evoke powerful 
emotions including love and anger. 
Yet, that is not all sound can do.

This summer I had the unique op-
portunity to be immersed in the science 
of “sound at work” through participa-
tion in NOAA’s (National Oceanic and 
Atmospheric Administration) Teacher 
at Sea Program (see Internet Resourc-
es). Growing up in Minnesota—about 
as far from any ocean as I could be—I 
was more a student of prairies, woods, 
and inland waterways. The critical 
importance of the oceans eluded me. 
My gap in understanding along with 
the adventure of going to sea attracted 
me to the program, so I applied. 
Acceptance into the Teacher at Sea 
program would give me an immersion 
into science, an experience at sea, and 
increased understanding of the power 
of this amazing ecosystem covering 
75% of the Earth’s surface.

The Science of Sound
Understanding the science of sound 
allows us to put sound to work as a 
tool. I spent two weeks aboard the 

NOAA ship Rainier, a research ves-
sel containing world-class equipment 
designed to employ the properties of 
sound for the highly technical work 
conducting hydrographic surveys of 
the ocean bottom. The Rainier, one 
of the “most modern and productive 
platforms of its type in the world” 
(NOAA 2013) uses a sonar system 
located on the bottom of the ship to 
“ping” the depths with sound, “lis-
ten” for the return, and calculate the 
depth of the ocean for that precise lo-
cation on the Earth.

Aboard the Rainier, we used sound 
to conduct “soundings,” a means to 
measure how deep the ocean is—easier 
said than done. My learning curve was 

high as I came to understand the 
multitude of variables affecting the 
data set collected from the soundings 
we made. In my leg of the research 
season in southeast Alaska’s Inland 
Passage, the water surface can vary as 
much as 20 ft. from low to high tide. 
Protocol requires us to establish a tide 
station to gain local and accurate data 
on tidal charts. These locally collected 
data provide the computers with the 
necessary data to make adjustments 
in the data collected from the sonar 
instrument on the bottom of the ship. 
Using sound to find depth is dependent 
on knowing the speed of sound. Know-
ing the speed of sound allows us to use 
elapsed time to calculate the distance 

Managing data from the sonar in the Rainier’s computer lab
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traveled. The speed of sound, however, 
varies depending on the temperature 
of the water and the amount of salt it 
contains. While surveying, we cast 
out a Moving Vessel Profiler (MVP) 
behind the ship, allowed it to sink to the 
bottom, and reeled it back in. While the 
MVP makes its journey down and up, 
it collects data on temperature, depth, 
and conductivity (a measurement to 
determine salinity). These data enter 
the ship’s computers and are used to 
make adjustments in the incoming 
data. Further complicating the work 
is the ship’s movements as it heaves, 
pitches, and rolls with the ocean sur-
face. These data also are entered into 
the computers to make the necessary 
adjustments in the survey data.

Connections to the 
Classroom
While on board, I corresponded 
with Britt Forsberg and her students 
at Crossroads Elementary School in 
Saint Paul, Minnesota. Crossroads is 
a year-round science magnet school 
with a nationally unique Inquiry Zone 
at its center. The Inquiry Zone is an 
open area where students employ the 
methods of science to design and con-
duct their own investigations. This 
was an ideal location to put in place 
a learning center patterned after the 
work of scientists on board ships like 
NOAA’s hydrography vessels. In this 
way we could help students investi-
gate the role sound can play in science.

In the learning centers within 
the Inquiry Zone, students develop 
proficiency at writing investigative 
questions, manipulating variables, 
collecting and analyzing data, and re-
porting their findings (NGSS science 
and engineering practices: Asking 

Questions and Defining Problems; 
and Planning and Carrying Out 
Investigations; NGSS Lead States 
2013). To develop the Inquiry Zone 
hydrography learning center, we in-
vited a group of fifth-grade students 
to participate as consultants in a 
collaborative development project 
focusing on the use of sound as a tool. 

We began with a dialog on sound and 
the role sound plays in our lives. We 
listened using our ears to locate noises 
in the room. We went into the school 
yard and had students stand at 200 and 
400 feet and measure how long it took 
between seeing me make a loud clash 
and hearing it. I shared an account of 
my experiences on board the Rainier 

The NOAA ship Rainier is equipped to use sound to conduct hydrographic surveys of the 
ocean floor.

Head To Sea
NOAA’s Teacher at Sea Program annually places 25–30 teachers from around 
the United States on one of their research vessels conducting oceanographic, 
hydrographic, or fisheries research. The all-expenses-paid program provides 
professional development for teachers to gain a clearer understanding of our 
ocean planet while being immersed in an interdisciplinary research experi-
ence. Since it began in 1990, the Teacher at Sea Program has sent over 600 
teachers to sea.

To apply, visit the NOAA Teacher at Sea website (see Internet Resources). 
Eligible applicants include full-time, currently employed kindergarten through 
college-level teachers, museum or aquarium educators, and adult education 
teachers. Cruises take place most of the year and are at sea anywhere from 
one week to one month.

Copyright © 2014, National Science Teachers Association (NSTA). Reprinted with permission from Science and Children, Vol. 51, No. 6,  Feb. 2014.
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and how we used sound as a tool to 
collect data on the ocean bottom. I 
made a 45 × 60 cm wooden box 20 
cm deep to model the practice of tak-
ing soundings as a way of measuring 
depth. Inside the box, contours of an 
ocean bottom were constructed using 
layers of polystyrene foam (see Figure 
1a). This was covered with duct tape 
to provide a firmer surface (see Figure 
1b). In spots I taped down some pieces 

of aluminum flashing to provide some 
variance in what students would feel 
as they conducted their soundings 
(see Figure 1c). The cover was made 
with ¼ in. plywood with holes drilled 
on a 2 cm grid. The top was divided 
into four quadrants and labeled across 
both axes. The entire top was scaled to 
be able to transfer to an 8.5 × 11 in. 
piece of quadrille centimeter-ruled 
graph paper. Figure 1d shows the final 

product. Our hydrographic sounding 
box would serve as a robust model for 
students to gather data on the depth 
of a body of water they would use in 
the creation of a nautical chart of the 
waters they had chosen.

“What are the variables?” a student 
asked.

A great conversation followed re-
garding the nature of science. Not all 
science activity necessitates a direct 

FIGURE 1.

Layers of polystyrene foam simulate the ocean floor. The layers are covered in duct tape.

Pieces of aluminum flashing are added to provide 
some variance.

Hydrography sounding box with plywood top attached
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manipulation of variables. Some sci-
ence is based on careful observation. 
Some science focuses on data collec-
tion. A third- through fifth- grade 
learning outcome within the Nature 
of Science section of the Next Genera-
tion Science Standards (NGSS) states 
“Science investigations use a variety 
of methods, tools, and techniques” 
(NGSS Lead States 2013, p. 98). It is 
the interpretation of those observations 
and the application of the data collected 
that makes the science interesting.

I shared the many variables we 
needed to account for in collecting so-
nar data on board the Rainier, including 
the pitch, heave, and roll of the ship.

“What if we had waves?” another 
student asked.

“How could we model waves?” I 
responded. Another great conversa-
tion followed around the use of models 
as a way of understanding scientific 
concepts. One of the eight practices of 
science and engineering in the NGSS is 
the use of models as a way of generat-
ing data to be used to make predictions 
within a system. “Develop and/or 
use models to describe and/or predict 
phenomena” (NGSS Lead States 2013, 
p. 53) is particularly appropriate in this 
case. Our sounding box is a model. We 
model the “pinging” of the sonar and 
“listening” for the return by inserting 
a graduated skewer (with the sharp tip 
cut off) into holes at the intersections of 
the grid on the top of the model, bring-
ing it back up, noting the depth, and 
recording it on the graph paper at the 
matching cross section. One student 
suggested laying a piece of foam on the 
box top to model a wave, thus requiring 
the data collector to subtract the “wave” 
depth from the sounding made at that 
point. We discussed the use of models 
as tools. Any given model serves to cap-

FIGURE 2.

Students recording depth with sounding box 
model.

ture a component of the phenomenon 
under investigation, but will always 
carry its own set of limitations. Recog-
nizing points where the model works 
and where limitations exist was critical 
to our discussion with our students. 
Our sounding box promotes a basic 
understanding of measuring depth at 
a specific location, but fails to capture 
the rich nuance of accounting for the 
variations in the speed of sound in dif-
ferent conditions of the water column. 
Modeling sound traveling through the 
water column and returning to the ship 

with the use of a wood skewer carries 
a level of abstraction that may prove 
difficult for some students. We need 
to rely on other models to gain a fuller 
understanding of these concepts. Pro-
ductive conversations about the model 
in use should accompany an activity 
using that model. These conversations 
serve to help students consider where 
the model is effective and where it falls 
short.

With that, we went forward in 
assembling the center. A core com-
ponent of the learning center was 



68 Science and Children 

Connecting to the 
Standards
Standard 5-ESS2 
Earth’s Systems

Performance Expectation:
5-ESS2-1 Develop a model 
using an example to describe 
ways in which the geosphere, 
biosphere, hydrosphere, and/or 
atmosphere interact.

Science and Engineering 
Practices:
Developing and Using Models
Asking Questions and Defining 
Problems
Planning and Carrying Out 
Investigations

Disciplinary Core Idea:
ESS2.A Earth Materials and 
Systems

Crosscutting Concept:
Systems and System Models
NGSS Table: 5-ESS2 Earth’s 

Systems
 www.nextgenscience.org/5es-

earths-systems

the sounding box. Students begin by 
selecting a section of the “ocean” to 
survey followed by the careful sound-
ing (inserting a graduated skewer to 
the bottom) and recording of data 
(see Figure 2, p. 67). Once the data 
on their grid is collected, they color 
in common bands of depths to create 
a contoured chart of their section of 
the ocean. Their completed chart can 
stand alone or be combined with other 
charts to gain a composite of the whole 
body of water.

More Learning Center 
Activities
Along with the hydrography sound-
ing box described above, this center 
included the following additional ac-
tivities:

Shipwrecked
A box of similar construction to the 
sounding box is used in this station. 
This box is focused in the ocean 
depths so has less variation in the ge-
ography of the ocean floor. A model 
ship simulating a sunken ship is se-
cured on its side at the bottom. Like 
NOAA’s hydrography vessels, the 
students’ job is to locate the ship, 
identify its outline and as much as 
they can about its shape, and map the 
surrounding floor. The cover can be 
taken off and new shipwreck(s) add-
ed. Additional geographic features 
can be added to increase the com-
plexity of the task.

Creating a Model
A collection of smaller cardboard box-
es, Styrofoam scraps, tape, and glue 
are available to construct the inside 
of the students’ own sounding box. 
Construction paper with a centimeter 

quadrille grid and holes made at all 
the intersections is taped to the top. A 
template for these holes can be made 
with two pieces of heavy stock paper 
with premade holes. Students can in-
sert their top between the two sheets 
of the template and puncture holes for 
their top.

Book Corner
This center has posters and books 
highlighting sound, sonar, ship-

wrecks, oceans, ocean-related careers, 
map collections, and so on. It includes 
both fiction and nonfiction books. Stu-
dents are to take notes on information 
of interest. See NSTA Connection for 
suggested book titles.

WebQuest
Websites supporting sonar, oceans, 
ocean careers, map-making, and so on 
are used for a web quest. See NSTA 
Connection for website suggestions. 
Students are to seek information con-
cerning the following questions:

• How is sound used to capture 
data of the ocean’s bottom?

• How are nautical charts made 
from these data?

• What is an ocean career that has 
an interest to you? Why?

• What other information do you 
find of interest?

Our students maintain a science note-
book while working in the Inquiry 
Zone. The act of writing during a sci-
ence lesson helps students organize 
their thinking and promotes deeper 
learning. Contents within the note-
book provide an excellent window for 
the teacher into student thinking—
thus making them prime candidates 
to use for formative assessment (Ful-
wiler 2007).

The Inquiry Zone is a rich learn-
ing environment enabling Crossroads 
students to develop and refine their 
capacity to fully participate in the pro-
cesses of inquiry. Centers like this are 
readily adaptable to learning centers 
in any elementary classroom making 
an excellent complement to a unit on 
sound. Modeling the use of sound as 
a tool helps students gain deeper un-
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Summative Assessment
These stations may be left out for four to six weeks. During that time, 
students should visit each one and create a portfolio of evidence of their 
interactions, which include the following elements. The portfolio may be 
assessed using the holistic rubric provided online (see NSTA Connection).

Hydrography Sounding Box
Students complete a nautical chart of at least one quadrant of the sounding 
box. The chart should include colors representing the ocean depths along 
with a supporting key.

Shipwrecked
Students analyze the shipwreck, including descriptions of approximate 
size, orientation, and shape. An account of what may have caused the ship-
wreck and how it sank may be included.

Creating a Model
Students make a drawing or picture of the model created of an aquatic sys-
tem and include a narrative of what they created, why they chose those fea-
tures, and a critique of the model.

Book Corner
Students write a one-page narrative capturing items of interest drawn from 
the books they read. A related drawing may be included.

WebQuest
Students write a one-page narrative summarizing interesting information. 
The narrative should include information on the creation of nautical charts, 
at least one ocean related career, and other information of interest.

Conclusion
Add a brief paragraph summing up your experience.

NSTA Connection
Visit www.nsta.org/SC1402 for 
book and website suggestions 
and a rubric.

derstandings of the concepts of sound 
(NGSS Lead States 2013, p. 85)

Conclusion
Sound is interlaced throughout the 
fabric of our world. Scientists employ 
sonar to ping the depths of the ocean 
and listen for the return as a way of 
collecting data to chart an unseen 
ocean bottom. Bats and whales navi-
gate their world through their natural 
ability to send sound waves into their 
surroundings and use the reflected 
waves to locate distant objects and 
sense their movements. We can help 
our students enter this unseen world 
through the use of models to make vis-
ible the scientific practice of data sam-
pling. A sounding box provides one 
way for students to “ping” its depths, 
record the measurement, and use the 
collected data to make a chart repre-
senting the bottom of their ocean. n
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is the Inquiry Zone Coordinator at 
Crossroads Elementary School in 
Saint Paul, Minnesota.
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