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NEED FOR STEM EDUCATION

I n t o epacgdéeger chamgnyg world, science education is more important than evext@uorelodonglard science
knowledge is critical to making sense of it all. If future generations are to make informed decisionghiyshienpeisatoe
literate. Science education helps students to develop into more respgowsiblbuiitizzstrong economy potatio a
healthier environmand who are Itett problessolvers, innovatarsd researchers.

Children are naturally inquigitivée h  h u n d r e d questidns. $cisrte edlucationdatisiids that dunilesfixoviding
them with valuable skills and career options for their future. It also gives children a greater appreaiatios iohtdstantsi
along with a healthy dose of skepticism. Understanding how science fits intochildteeso lnelps a greater foundation fi
success in life. Usingwaald problems and unique kandstivitieexcites and motivatbddrevermore to learn science.

The Monitor National Marine Sanatualaboration with Newport Nevis $ehimols in Newport News, Va., is excited to o
educators this coyiSkipwreck of the Dgepenhance and enrich the teaching of science, technology, engineering, anc
(STEM), as well as social studies and geography. The course is@lesignecstepu dent sdé nat ur al (
STEM, using problem based learningnfiBehgaging in reabrld problerfecusing aund the excitement of shipwrecks a
deep ocean.

PROGRAM OVERVIEW

The curriculum is dividedhnte parts and is based story linevheraghe students are maritime archaeoleggteersnd
researchergs maritime archeologistey artooking fanunknown shipwreck. As they begin their seattiients learn abol
NOAAGs MitageiRigiamm ¢he rble of a maritime archetilegethnology of side scan dumato plot map coordinate
andhow tadentifa s hartgBifidentgdsoexplore the shipwraskmaritime archaeologistdbandme engineers dasiggnd
buildngtheir own underwater remotely operated vehicle fiRDD¥Ekploration.

To document the shipwreck, students learn to map it and how to create ®pbettractajpyrecdsumentedtudents
work to identify the shipwusitig log b&s, primary source documenthdirdttestimony and mioréhe second sectianire
students continue to discover and explore their shipvaretk¢éideawith the challenge of how best to preserve athikprote:
cultural resource. Inrdgseach they learn that shipwrackas artificial reefs arelimportant habitats for marine lifietefimine
if their shipwreck mighbdtter letis a reef if laft situthe students build and deploy a buoy with water quality sensors, le
oysters and the role they ptag inealth of the bay and ocean.

In the thirglection of the curriculum, stei@eplore the idea of ramlingart or nonef the shipwreck to conserve and protect
history. To better understand the complexity and cost of the conservation process, studentsstadyl wietatsssgiebuild
boatand visit with maritime conservationists working to conseMetiteiySS ar t i f act s .

As a culminating activity for the course, the students engage in Socratic seminars debating the best cdargbaif actic
newly discovered shipwreck. At the end of the course, they give their final prlesiemtdimaleifiort their proposal.

We hope that you find this course an excellent way to excite and motivatenyberlsardergsof STEech section has
accompanying hamasactivities to explthe various STEM concepts maldegts dcome critical thinkers and better probl
solvers. Howevifra full semester course is not feasible for yabes&astivities can be used indiviBlesbe feel free to
contact us if you have any questions, and we welcome your feedback.

Photomosaic 0f83 a German-bbat located off the North Carolina BloasCourtesy NOAA.
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Education Standards

. . 1 ScienceNS. 58.AScience as Inqiirtynderstanding about scientific inquiry
National Science 1 SciencelS 58.BPhysical Scientc®roperties and changes of properties of matter
Standards 1 SciencelNS 58 C Life Scienté&tructure and function in living systems; Reproduction and
Heredity; Regulation and Behavior; Populations and Ecosystems
SciencelS. 8.4 Earth and Sp&sencé Structure of the earth system
ScienceNS58 E Science and Techndld®lyilities of technological design; Understandi
science and technology
1 SciencelNS 58 F Science in Personal and Social Perspétipelations, resources, and

envionments; Science and technology in society;
I SciencelS 58 G History and Nature of ScieBcience as a human endeavor; Nature gf
Science; History of Science
ScienceNS 912A Science as Inquibgnderstanding about scientific inquire
ScienceNS 912B Physical SciericBtructure and properties of matter; Chemical reactions;
Motion and Forces
1 SciencelNS 912 C Life Scienic@he interdependence of organisms; Matter, energy, and
organization in living systems; The behavior of organisms
SciencelNS 912 E Science and Technal@dylities of technological design; Understanding
about science and technology
9 ScienceNS 912 F Science in Personal and Social Perspétiveal resources;

Environmental quality; Natural and-iduead hazards.

9 ScienceNS 912 G History and Nature of Sdi€d@ence as a human endeavor; Nature pf
scientific knowledge; Historical perspectives
1 TO COME

=a =

=a =

Next Generation
Science Standards

. .| T MathNCTM @8 Numbers and Operatiddaderstand numbers, ways of representing nu

National Mathemati relationships among numbers, and number systems

Standards MathNCTM @8 Numbers and Operatioc@empute fluently and make reasonable estimates

MathNCTM 8 Algebré Understangpiatterns, relations, and functions; Analyze change|in

various contexts

1 MathNCTM 8 GeometiySpecify locations and describe spatial relationships using goordinate
geometry and other representational systems

1 MathNCTM 8 Measurement Standddthderstnd measurable attributes of objects and
units, systems, and process of measurement

1 MathNCTM 8 Data Analysis and Probdbifitymulate questions that can b addressed|with

data and collect, organize, and display relevant data to answeopheamd, e\elaate

inference and predictions that are based on data;

MathNCTM @8 Process Standard3roblem solving; Connections; Representation

MathNCTM 92 GeometiySpecify locations and describe spatial relationships using

geometry another representational systems

1 MathNCTM 42 Measurement Standldddderstand measurable attributes of objects and the
units, systems, and process of measurement

1 MathNCTM 42 Process Standard&oblem solving; Connections; Representation

= =4

—
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Education Standards Continued

Common Core

. .. I OL: T The Earth has one big ocean with many features (a, e, and g
Ocean theracy P“nC|p|eS I OL:5 The ocean supports a great diversity of life and ecosystems (d, g, f, g
. g g and i)
http://oceanliteracy.wp2.coexplorati f OL: 6 The ocean and humans are inextricably interconnected (a, b,
I OL 7 The ocean is largely unexplored (a, b, c, d, e, and f)
. I NG: T How to use maps and other geographical representations, ge
National Geog rapﬁ;tandards technologies, and spaﬁal thinking togungergtand ang communicategideas
1 NG: 4 The physical and human characteristics of places
I NG: 8 The characteristics and spatidbdigon of ecosystems and biom
Earthdéds surface
I NG: 17 How to apply geography to interpret the past
1 TO COME

To learn about our past so as to better understand our future, maritime archaeologists docu
shipwrecks bath land and underwater. Photo: NOAA, Monitor National Marine Sanctuary

http://monitmioaa.gov
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Shipwreck of the Deep
Part |

Overview

As the story begins, a group of maritime archaeologists are planning an expedition to search for a shipwienk
is unknown. The ship they are looking for is a @Ge@bdmat/sank off the North Carolina coast in 1942 duringl\Wa
Battle of the Atlariiflaritime archaeologists know the general area where the ship sank, but the area is very la
searchingnthe opn ocean poses many challeigesey turn t o NOAAOGs Mariti me
Marine &ctuary for guidance and help.

I'n coll aboration, the team of mariti me ar cheddhndg
Tiger, in search of the lost GerrdaodUThey team with other researchensesitle scan sonar to tagesof the
ocean floor over a defiteral area. Once the images are captuaathlyfzadrem looking for any anomalies that r
indicate a shipwreck. Several sites of interest are noted, so the scieftiste istamttotake a closer look. One of-
sites is a shipwreck!

The maritime archaeologists can tell by its sonar image that it is nebaagdsatahdy are intrigued to explore it a
discover which ship they have found. They amachbthiee expedition with only a few days left and the threat of <
weather is on the horiddre wreck is deep, andtaalyf the maritime archaeologists are qualified tecid dizelige
at that depth. They&ldn tima to go back to pomjather more equipmenbtireiqualified divers, so to help save tir
the researchers decide to use the equipment on the ship to design and build a remotely operated vehicle (Rt
AnROV can stay underwater continuously and takle bfimdages higlgthe team study the shipwrebtidleWhdwo
NOAAechdivers work underwater to map the shiptiwaciesearches build and us@Qho capture hundreds of
images, which will later be stitched together to create a photenshéaieretk.

Whil e documenting and mapping the newly discover
among the wreckage. It appears to be opened ibno t
might hold clues to the identification of the shipwreck, so they carefully take photograpfis siti(idledeave its
original placeéyleanwhile, the engineering team is busy collecting images of the wreck site from thgive@y tham
maritime archaeologists. The research team works diligently to investigate all possible ships that coulddifave
area. Together, they will combine their information to determine what shipwreck they have disasuaktvigiso,
occurs on one of the last dives when the maritime archaeologists discover human remains.

Partl: Suggested Course Outline:

A. Course Introduction (1 hour)

1) Introduction to the National Oceanic and Atmospheric Administration (NQARYn&ffitarioe Sanctual
(ONMS), Maritime Heritage Program (MHP) and Monitor National Marine Sanctuary (MNMS)

2) Overview of the course and course objectives

3) Introduce the problem: A team of maritime archaeologists and researchers working wits BIGAA al
searching for a World War 1l Gerlnzet that supposedly sank off the North Carolina coast in 1942, "
find the Boat, but they discover an unknown shipwreck.

4) Students are challenged with the task to identify and explore theostignvioed&dide what to do with it.
Questions students will answer are: Should a few parts of the ship be brought up and conserved®
ship be raised for conservation? Should nothing be done and the ship left as an artifidiéllwed&Or
sity but protected as a national marine sanctuary.

B. Wherebs the Boat? (2 hours)
1) Students learn how maritime archeologists and reseasitierscan sonar to findvsagks.
2) Side scan sonar simulation activity

3) ldentifying parts aftap activity

http://monitmioaa.gov
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C. Introduction to Remotely Operated Vehicles (ROV) (2 hours)
1) Introduction to ROV unit
2) Activitied:t 6 s Al | BWAdyancyji rand Newt onbd

D. Engineering Design Process and Build Out (5 hours)
1) Introduce engineering and design
2) Students design ROV
3) Students manufacture pieces and complete building motors. Note: The co
wiring, and motors are completed by teachers.
4) Students build ROV

E. Iterative Process and Competition (2 hours)
1) Test ROV design and nosigrchanges ifeeded
2) Practice controlling ROV

3) ROV Competition Careers
F. Mapping a Shipwreck (1 hour) ROV pilot
1) Use mockhipwreck activity to simulate mapping a shipwreck. ROV technician
G. What Do the Pieces Tell Udh(@irs) dsisg:?lg%irtor
1) Learn about different types of ships and their most distinguishing parts maritime

2) Smul ate Astitchingd together a ph

3) Use photomosaic of newly discovered shipwreck and its most identifiable
identify the ship.

4) Optiondl Field Trip to an aquatic center or local pool to learn to snorkel.

archaeologist
research scientist
environmental

engineer
H. Reading the Record (2 hours) geological
1) Read fAprimaryo source documents t oceanographer

laboratory technician
submersible pilot

2) Use shipsod |l ogs to chart the | ast
3) Use all the pieces to identify the unknown shipwreck.

=A =9 = =a =4 = =4 =4 -8 -9

I.  Sleuthing through 1908 (1 hour)
1) Human remains are foulmilerstand the ethical issues and use clues to lear
identify the remains.

Objectives

Students will:

Learn about our nationds Natio
Understand how side scan sonar works and ikoatdHipwrecks;
Identifghe various parts of a ship;

Learn the science principles n
Laws of Motion, buoyancy, and properties of air;

Understand the engineering design process and that it is an iterativ
Design and buildR@®V for competition; and

Describe how ROVs are used in marine science and underwater ar
Model how maritime archaeologists map shipwrecks;

Identify and differentiate the parts of a ship;

Construct a photomosaic of a shipwreck and intienaigd thad
Dramatize and evaluate the complicated process of identifying unki

E

=A== -a_-a_-9_-9_-9
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Vocabulary
air pressure-measure of the force of air pressing dowfpensicsd the use of science and technology to invest
a surface and establish facts in criminal or civil courts of laws

artifac® any object made by humans, typically an itenino$itud to leave in its original place
cultural or historicadriest

iteratior® a process in which a serious of operations is
base liné a line serving as a basis for measurement, repeated a number of times with the alesivéd result
calculation or location; a measured line through a survey
area from which triangulations are made photomosaié a largescale detailed picture or map built by

bowd forward part of the hull of a ship or boat; the p Sema g [ tee Eipins Cir sl el

15 e oL 8] e U Est iy RO\ remotely operated vehicle which is a tethered r

buoyancy the upward force, caused by fluid pressui Operates underwater and is controlled from a boat or ship by
keeps things afloat an operator

coordinaté a group of numbers used to indicate the side sca sonad a type of sonar system that is used to
position of a point, line, or plane efficiently create an image of large areas of the sea floor

density) a property of matter that is defined as the raigdplam an accurate scaled depiction of a shipwreck
an objectodos mass to its gyRihgin® Relationship of artifacts to other artifacts

engineed person who is trained in or follows a branch

engineering as a profession é’éUBA Selfcontained underwdtmrathing apparatus: a

portable apparatus containing compressed air and used for
engineerind the science or profession of developing difgathing under water

Uusi ng nat ugsau@es in paysvieat areausefll _ _
to people sterrd the rear or aftost part of a ship; opposite the bow

fault treé a graphical representation of the cheémtsf water pressuf@measure of the force of water pressing
in the engineering design process that is used by engingeisndings

to analyze their designs fromaotep approach to avoid

problems or find solutions

Suggested Implementation strategy

Review the suggested course outfinéfona recommended implementation strategy for the course.
Review the various activitidgded in this guide and determine which activities are best for your student
Review additional web and book resources for appropriate supplemental material.

Once ready to begin the course, give the students an overview of the course ardtstmtid@AAtaadd
NOAAOGs Office of National Marine Sanctuaries,

N =
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Resources
Web Resources:

NOAAOGs Office of Natio
Discover the marine life and extraordinary habitat:
make up your nationoés
the continuing efforts to conserve these ocean ani
treasures.

http://sanctuaries.noaa.gov/

MonitorNational Marine Sanctuary

ROV in a bucket! Use easy to follow directions an
materials to design and construct your own ROV.
http://monitor.noaa.gov/publications/education/rov

pdf

NOAA National Ocean Service

Learn about side scan sonar and how scientists u:
map the ocean floor.
http://oceanservice.noaa.gov/educationtseafloor
mapping/how_sidescansonar.html

NOAA Ocean Explorer

Discover how NOAA uses ROVs and learn more ¢
various §AA ROVs currently in use. Read how R(
Hercules was built just for scientific research and «
travel to depths of 4,000 meters!
http://oceanexplorer.noaa.gov/technology/sulmslisu

Exploring WWII: Battle of the Atlantic Expeditions
For six years, maritime archaeologists with NOAA
other partners have documented and surveyed th
shipwrecks off the North Carolina coast associate:
WWI | 6s Bat t | dhisaite tolearreseeil
remainsof Germabw at s t hat pl i
and the ships they sank. Experience these underv
treasures firsthand th
images.
http://sanctuaries.noaa.gov/missions/battleoftheat
hives.html

Thunder Bay National Marine Sanctuary

With over 200 shipwrecks in the Thunder Bay NM
maritime ahaeologists are continuously documenti
sites for future study
download photomosaic images, site plans, and les
plan to delve deeper into the underwater world of
shipwrecktesson Plan:
http://thunderbay.noaa.gov/pdfs/piecetogethertear

US EPA: BOLDKkids!: Science Onboard
Watch a video and read more about side scan sor
http://www.epa.gov/boldkids/scienceonboard.html

NOAAdOds National Mari ne
Gallery

Here you will find examples of photomosaics crea
the various shipwrecks locateohne of the national
marine sanctuaries.
http://sanctuaries.noaa.gov/missions/2006fknms/f

aicgallery.html

Immersion Learning: Mapping Shipwrecks

Online interactive activity where you choose any ¢
five shipwrecks and then try your hand at pieces t
its photomosaics.
http://www.immersionlearning.org/index.php?optior
rapper&ltemid=215

LSU FACES Lab

Learn how LSU FACES Laboratory helps law enfc
personnel in the methods and techniques used in
and forensic anthropology.
http://www.Isu.edu/faceslab/

Marine Advanced Technology Education (MATE)
Anational partnership of educational institutions ai
organizations working to improve marine technical
education in the U.S. The MATE Center and its pe
have developed several curriculum modules and |
including: An introduction to Aquaaatees, scenario
(problems) for the classroom, technology rich lab
exercises, a new A.S. degree program, high schoc
pathways, and a careers course. Some of these nr
are available tine.
httpAvww.marinetech.org/home.php

Woods Hole Oceanographic Institdtidshough ROV«
have been used extensively by the oil and gas ind
several decadesson/Medewas the first ROV syste!
to be adopted and extensively used by ocean rese
Visithis site to learn how scientists and researchel
Jason/Medea conduct underwater expeditions.
http://www.whoi.edu/page.do?pid=8423

Monterey Bay Aquarium Research Insfituéarn how
the aquariuoses ROVs and AUVs for research.
http://www.mbari.org/dmo/vessels vehicles/rov.ht

http://monitmioaa.gov
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NASA for Kids: Intro to Engineering

Watch this video to learn about engineering and w
exactly is an engineer.
http://blip.tv/nagaddardv/nasanasaforkidsintreto-
engineeringji722805

NASASCI Files®fhe Case of the Radical Ride
Join the tree house detectives inthis §leo as the
learn about the engineering design process.

An educator guide is also available for download.
http://www.knowitall.org/nasa/scifiles/index2.html

Book Resources

Adams, Simohitanic (DK Eyewitness Bo@ks).
Children, 2009, 1ISBBI9780756650360.

Armstrong, Jennifeéhipwreck at the Bottom of the V
The Extraordinary True St@haxdkleton and the
EnduranceCrown Books for Young Readers,
September12, 2000. ISBN0375810498.

Baker, BetRylvia Earl (Just the Facts Biographies
Lerner Publications, January 15, 2004.0.SBN
0822534223.

Ballard, RobertEnding the Titahievel 4Cartwheel,
Novemberl, 1993. ISIBN0590472305.

Ballard, Robert D., Rick Archbold, and Ken Marsc
Ghost Liners: Explorin

Little, Brown Young Readers, September 1, 1998.
10: 03160802009.

JOHK D. BROADWATER

Broadwater, Jolb.USSMonitarA Historic Ship
Completes Its Final Voyageas A&M University Pre
February 14, 2012. ISBN10: 1603444734.

Cerullo, Mary MBhipwrecks: Exploring Sunken Citie
Beneath the Sdautton Juvenile, 2009, IS8ND78
0525479680.

CramemeboratSmithsonian Ocean: Our Water, O
World Smithsonian, October 7, 2008. ISBN 10:
0061343838.

Dinwiddie, Robert; Philip Eales, Sue Scott, Michag¢
Kim Bryan, David Burnie, Frances Dipper and Ricl
BeattyOcean (American Museum of Ndistaly)DK
Adult, July 21, 2008. ISBN 10: 0756636922.

Gibbons, Gaixploring the Deep, Dark Séée, Browr
Young Readers, April 1, 2002. ISBN 10: 0316755«
Jefferis, Daviluper Subs: Exploring the Beap
(Megatech¥rabtree Publishingn@any,
September1997. ISBN 0778700631.

MacQuitty, Miran@zean (DK Eyewitness Bobks)
Children, June 30, 2008. ISBN 10: 0756637767.
Platt, RicharByewitness: Shipwred&Xs Children, Jur
1, 2000. ISBN 10: 0789458845.

Platt, RichardK Eyewitness Books: Shipwiekks.
Children, 2005, ISB3 978756610890.

Rose, Paul; Anne Laking, and Phillippe Cousteau.
Oceans: Exploring the Hidden Depths of the Unde
World University of California Press, April 15, 200¢
10: 05202662

Smith, K.CExploring for Shipwrecks (Watts Library
Franklin Watts, 20(8BN13:9780531164716.

Walker, Sally Bhipwreck Search: Discovery of the
Hunley (On my Own Sciel@est Avenue Editions,
November 30, 2006. ISBN 10: 0822564491.

Wall, Juliamiapping Shipwrecks with Coordinate Plz
(Real World Math: LeveC&pston Press, 2011, ISBI
139781429666176.
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Activities and Worksheets Mock Shipwreck eééeéxe

Use math to document a shipwreck

NOAA Who? éééé. éeécéeél8eé | . 5 6 6 BEY &
Explore the world of NOAA on the web Puzzling _P' gy BEEEE

Create a photomosaic

Shi pwreck Dil emma éélseé
Learn some of the ethical issues
surrounding shipwrecks

Reading the Record e68é
Use source documents to uncover secrets
of the past

Searching the Deep é¢éeée
Simulate side scan sonar to locate a
shipwreck

Sl euthing througlte4 1908
Become a forensic anthropologist

,,,,,,,,

| Can Name that PartinOne Try éé 19 Ethicay Speaki ngeeéeeeee.
Identify the parts of a ship Learn how shipwrecks increase tourism

What Floats Your Boat?...............ccuvueeee. 20
Compete to build a boat with the most
payload

What 6s an ROV? ééééeMé
Explore ROVs and how NOAA uses them

Envision an Engineer24é
Discovery the world of engineering

Thinking Out of the 2o
Try your hand at creatively solving a
problem

Hel p! We Coul d Use a27H
Become and engineer to design and
build an arm for an ROV

Engineering an ROV éX®é¢
Design, build, and test you own ROV
ltds All about Air éée

Teaching suggestions for properties of air

Putting on the Pressur
Teaching suggestions for air pressure

rrrrrrrrrrrrr

Buoyancy éééeececéééeeecéé
Teaching suggestions for density and

buoyancy Maritime archaeologists and
. ) ) videographers dive North
Newt onbés in the Driver Car ol i shipdreckswwi

Teaching suggestions for Photo: NOAA

Laws of Motion

Wor king Under Pressu3e
Friendly ROV competition

http://monitmioaa.gov
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NOAA Who?

The National Oceanic and Atmospheric Administration (NOAA) is an agency that enri
science. NOAAOs research goes from the
work to keep citizens informed of the changing enaimmdahem. From daily weather
forecasts, severe storm warning and climate monitoring to fisheries management, coz
and supporting marine commerce, NOAAOGS
dedicated scientists ustnggidge research and Higgh instrumentation to provide citizens
planners, emergency managers and other decision makers with reliable information ti
they need it.

NOAAOGs roots date back t o 1&&Surveyofthe Qoast,
was established. Since then, NOAA has evolved in every state and has emerged as ¢
leader on scidit and environmental maffbese are six line offices within NOAA: Nation:
Environmental Satellite, Datanforthhtion Service; National Marine Fisheries Service; I
Ocean Service; National Weather Service; Office of Oceanic and Atmospheric Resea
of Program Planning and Integration.

Within the National Ocean Service (h&dBjice of Nigonal Marine Sanctuarissrves as the
trustee for a network of 14 marine protected areas encompassing more than 170,000
marine and Great Lakes waters from Washington State to the Florida Keys, and from
American Samoa. Thevoek includes a system of 13 national marine sanctuaries and tt
PapahUnaumokuUkea Marine National Monu

Monitor National Marine Sanctuary

As our nationé6s first national mar i ne
establishedtopp ser ve and protect o u Monitodal hdanitodng
her brave crew helped to turn the tide of the Civil War and forever changed naval war
fought the Confederate ironcladyi@gsiaAs the two ships folglihe Battle of Hamptons
Roads on March 9, 1862, the battle marked the first time that iron met iron and the ag
shipscametoanend.Mbaitdy s r ot ating gun turret wa
more maneuverabilitynduiiattle.

On December 31, 1862, just 11 months after it launched from Greenpoint, Broddiytar!
encountered a storm off Cape Hatteras, N.C., and sank. Sixteen brave men made the
sacrifice when the ship sank that nightofiitdd s exact | ocati on r

when John Newton and his team from the Duke University Marine Lab, using side scz
identified an unknown shipwreck that they thoughMortiathkey confirmed its identity in
1974. North Caralimetitioned Congress to protect this national treasure and on Januar
theMonitob ecame our nationds first national

In 2002, NOAA, in collaboration with the US Navy, raised the iconic gun turret from th
As Navglivers were excavating the turret, they found the remManigséior. Once the turr
was on the bargeds deck and on its way
found. For the T&hniversary of the Ud@hitgrLouisiana Stdten i ver si t y o6 s
volunteered their services to recreate the faces of the two sailors in hopes of identifyit
descendants. With no descendants match
their interment at Arlingtonéatemetery on March 8, 2013.

Today the recovered pieces of thblbi8®a r e bei ng conserved
Newport News, Va. This national treasure continues to share its history through the re
artifacts as they reveal what life was like in 1862.

http://monitmioaa.gov
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NOAA Who? Web search Activity

Purpose: To explore the many missions of the National Oceanic and Atmospheric Administrati
Searching for NOAA

UsingNOAA Whaihd the websites below, answer the following questions to learn more about N(
Marine Sanctuaries and the Monitor National Marine Sanctuary.

NOAANDttp://www.noaa.gov/
Office of National Marine Sanct(@Nd4Shttp://sanctuaries.noaa.gov
Monitor National Marine Sanctuary (MNM&Nnonitor.noaa.gov

1. NOAA is part of the Department of

2. Lisone of NOAAOGS mi ssi ons.
3. How many line offices are there in NaA®7ne.

4. Which line office is the sole official voice of the U.S. government for issuing warnings dui
threatening weather situations?

5. How many types of satellites does NOAA fopdhat United States?
6. What line office supports the Office of National Marine Sanctuaries?
7. How many marine protected areathddOffice of National Marine Sanctuaries serve?

8. On the ONMS website, in the side barrclicki Vi s i t i mcigon &ny of the sarectuaries ¢
listed on the map axglain what thsgtnctuary protects.

9. List the four social medias that ONMS uses to inform people about the sanctuaries.

100.0n t he ONMS website,20ici ¢ k ko o efi BAB @A @dhit & ic
the blog for June 24? What type of camera did he use to document the shipwrecks?

11.What sanctuary led the Battle of the Atlantic expedition?

120n t he MNMS website, click on AADbo hdMontor
National Marine Sanctuary?

13.Under AAbout!l iYok r o afkidiitos & \Gsgnedtite UBRnad?
14.0n that same pageatdid Paymaster William Keeler write to his wifeMobpittiihe s i n k

15.Inthesidebalicc k on AAdvi sory Council .o What i

http://monitmioaa.gov
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Shipwreck Dilemama

Purpose: To become aware of the various ethical issues surrounding shipwrecks.

A shipwreck is what is left of a sunken ship. Shipwrecks are a urigqneveal@oesource, and
they can be foundindher y deep ocean or even right o
there are hundreds, if not thousands, of shipwrecks with some datingttzarktuoytled the ear
exploration of North America.

There are hundreds of reasona ship might have sunk. Some ships sank due to tropical sto
as hurricanes. Others sank in times of war by torpedoes or other weapons. Many sank dut
navigation and shifts in the dynamic coast. Today, some ships are sunk on pifipalseeattan
offer a new environment to marine life.

No matter how they sank, shipwrecks offer scuba divers an amazing underwater experien
is a small glimpse into a time capsule of its day. Maritime archaeologists, who d@gument a
shipwrecks, search for historic shipwrecks trying to learn about our past in order to better
present and future.

It is estimated that there are over thre
many are famosisipwrecks, such asThanicUSSArizon@andQu e e n A n n.éHovweveR e
there are many that are not so famous, such as small fishing boats. The final resting place
unknown, and over time the shipwrecks may be reclaimed entirermaesit of the sea with on
ever finding them.

Occasionally, a new shipwreck is found and it is quite an exciting discovery. But if you find
shipwreck, what should you do? Should it be raised for everyone to enjoy? f@rstufdriteshsi
to enjoy and maritime archaeologists to study? There is no one answer as there are many
consider. What would be gained by raising the shipwreck? What is the condition of the shi
shipwreck historically significaihgtlsreat to the environment or commerce? If a shipwreck o
pieces are brought to the surface, all the artifacts must be kept together as a collection an
conserved, which is a very expensive process. Is there someone aoanvdliggrtizdtnd the
conservation and display of the artifacts?

Shi pwrecks are exciting, and they offer
heritage. However, if you are lucky enough to find a new shipwrecknbilsugd tactors befor
deciding to raise it or bring up any of its artifacts. Make sure that your reasons are sound ¢

Phot omosai c -3 The&JshipwreckNnvas/diséogered'y a N
led research mission in 2009. The ship sunk off Cape Hatteras, N.C.
Germat+boat durina World War Il. Courtesv NOAA.

http://monitmioaa.gov
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Searching the Deep

Materiald Per Group

prepared shoebox

masking tape

5 different colored pencils

ruler

graph paper

wooden dowel (3 mm diametel
30 cm length)

Teacher Prep Materials

clay or plastefParis per box
PingPong balls or other objects
sharp nail-8 mm diameter

Teacher Prep

1. For each student group,
prepare one shoebox by lir
the bottom of the box
unevenly with mounds of ¢
or plasteofParis.

2. Add objects to the clay or v
plaster, such as RPPaong
balls, toy boats, etc. Objec
should be secure, and eac|
box should fna areas of
different reliefs. Allow plast
to harden.

3. In the lid of the shoebox, u:
nail to punch five rows of
holes 3t mm in diameter ar
spaced 2 cm apart.

4. Temporarily fasten the lids
the shoebox with masking
tape.

5. Make copies of the activity
and sonar image.

Note:An alternative is to use a
small plastic tub, spray paint it
drill holes in the lid.

@), Side'Scan Sonar Image of
V ‘Wreck Near Solomons Island, MD

Purpose To learn hosidescan sonar works; howusésl in locatinghrrecks;
and tanake inferences about the topographyn&hawand invisible landscape

Background

Sonar i s s hotonrafigmgd MAsesisaund waves to iocate
underwater objects by measuring the time it takes for a transmitted seund w
reflected back to its sourbe.sound wave is transmitted through a transducer,
comparable a speaker in a radio. Stda usestaansducer housed in a hollow
container called a towfish that is towed through the water 10 to 20 feet abowv:
The transducer emits soundsaaather side of the towafishmeasures the time i
takes for the waves to be reflected bactotefith. These measurements are
processed into an imager#ésambles an aerial photographcaihdye viewed in rei
time on a computer monitor aboard the towing vessel. A differentially correct
positioning system (DGPS) is used to gtodérperessel along predeterd searct
paths, as well as to identify points of interest ois¢he sitgge. This allows
searchers to return to any point on the image for further investagatiorsdide
does not depend upon light and caadander conditions that would make sea
by divers dangerous or impossible. Because it typisadlgwath of 60 to 120 fee
about 2 miles per hour, it is a very efficient way to search large areas. For th
sidescan sonar has begsed increasingly over the last few years to search for
victims.

The Expedition

A group of scientists, researchers
Nati onal Marine Sanctuary, ar &cientbin
Research Ves$eB1(SRVX) to search for a Geraoat) The-boat sank off the
North Carolina coast during a battle in 1942, and it has never been found. Tl
team uses side scan sonar to explore a large ocean area neaa§dpeCHatie
sonar images show several anomalies that are areas of interest. Just before
expedition, the team goes back to one area to take a closer look.

Your teambébs mission is to condstand
to interpret the image. Follow the directions for tiS®aati@tynulation.

http://monitmioaa.gov
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Searching the Deepé-Continued

Sonar Simulation

Setting the Stage

In this activity, you will map an unexplored landscape and simulatdcroetitodassed by mariners. In da
old, mariners lowered a lead weight attached to a measured line into the water until the weight touch
some object resting on the bottom). Today, a conventional sonar system would provide a continuous
directly beneath a sHipis type of sonar improves resolution along the search path, but there are still g
the paths that are much greater than the area actually irsgeds@idefills in these gaps and gives an ¢
continuous picture of the search drea.riédpping ocean floor topography and identifying objects, such
shipwrecks, it is important to have a high resolution of an image for more accurate identification.

1. Assign a different color to each of the five rows of holes on your shoebox.

2. Selectoneow (doesné6ét matter which one), and i
3. Measure the depth from the surface (lid) by marking it with your finger, pulling the dowel out, ¢
distance with your ruler. Record this measoneyoenigraph paper in the appropriatslatddihe x

axis should correspond to the numbers of holes in each row. For example, the first hole shoul
number 1 on thexis, the secohdle to number 2 and so ony-&kes of your gragiosild correspond t
the depth measurements.

4. Repeat stepsuntil you have measured the depth through all holes in the first row.

5. Connect the dots on your graph with the appropriate color.

6. Based on these measurements from the first row, predicipebedhg is like inside the shoebox.
Record your predictions in your science journal.

7. Repeat steps@for the second row of holes using a different color. Is your data for the second |
What does this new information reveal?

8. In your sciengaurnal, record any changes in your prediction.

9. Continuing measuring and recording for the other three rows of holes.

10.Label your graph with a title, labehtiseand label thaxis.

11.Analyze your graph. Write in your science journal any prediatierepoit your mystery landscape

12.Present your graph and report the conclusion you made describing the mystery landscape.

13. After each group has reported their conclusions, open your box and compare the actual topoc
prediction.

14.Write iryour science journal how your investigation could be improved.

15.Discuss as a class the methods that were used to map the topography and how the ocean flo
today with sonar.

16.Look at the sonar image of the unknown shipwreck and recoiabéenypadesntif

http://monitmioaa.gov
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Searching the Deepd-Continued

Side Scan Sonar Image of Unknown Shipwre

1) Label any recognizable parts of the shipwreck.

2) Describe the seafloor surrouhdisgipwreck.

http://monitoioaa.gov
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| Can Name that Part in One Try

Parts of a Ship

There are many parts to a ship, and ships have cbagbedriar Centuries ago, the age of wooden ships ant
ruled the sea. Soon steam powered ships came into power and wood changed into metal. Today, many
military ships, are even nuclear powered. However, no matter what saiéarytiaeshipre certain parts of the
that have remained constant. See how many parts of the ship pictured below you can match with the foll

amidshigsthe middle of the ship, either keeb the timber or metal at the very botto
lengthwise or widthwise, or both the hull that runs from the bow to the ster
often called the s

anchobd a large hook attached to the ship _ _ A
which is cast overboard and digs into the lineds ai |l or 6s word fo

bed to keep the ship from moving masH the tall vertical pole on a boat whic

bowd the front of the vessel supports the spars and sails

dedkfloors on a ship. Each level is calle: pord when facing the bow, the left side o
deck. ship
fore and aff from the bow to the stern. Fo starboard when facing the bow, the right
towards the front and aft is towards the b of the ship
hulld the main body of the boat. It may hz sterrd the back of a vessel

more than one level.

K Left Side of Ship

LA Right Side of Ship

{an area of the shipl

\] {the thing de an)

| <= = H g il

Drawing Courtesy Samantha Hahn H

http://monitmioaa.gov
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What Floats Your Boat?

Material Per Student

I 5060 g of modeling clay {n
hardening)

1 paper towels

f 30 cm x 30 cm piece of wa
paper

1 masking tape

9 OptionalVarious items to

create the parts of a ship (i

toothpicks for mast, tissue

sails; twine for rope; washe

for anchor, etc.)

Per Class

T 100+ | arge w

9 6 small tubs of water about
cm deep

Teacher Prep

Cut a roll of wax paper into abt
30 cm length®one for each
student. Students will tape this
their work area for easy cleant
Measure the modeling clay for
each student. Fill each small tt
3/4full of water. Tubs will be fi
testing the boats. Distribute
washers between the stiosts.

Prior to the activityask students
to predict if modeling clay will
or float. Take a kstltk of
modeling clay, about80dy, and
drop it into a beaker of water. t
students explain what happene
and why.

ExtensionstUse other building
materials, such as aluminum fc
cardboard, paper, etc.

Note:To introduce this activity,
you can use engineering activi
on pages 2426 to discuss the
engineering design process.

Purpose:To use the engineering design process to create a boat from r
clay that will float

Background

For centuries, people have built shipsar8tbpgt from wood, metal, fibergl:
and many other types of materials. One thing they all have in common
ships float! But how do those really large ships weighing thousands of t
afloat? 1 tdés all about their siz

Objectives:

In this activity, you are a boat builder and your task is to design a boat 1
materials you are given that will hold the largest payload (washers) as |
float for at least 10 seconds.

Procedure:
1. Gather your materials: wax papsking tape, paper towel, clay.
2. Using masking tape, secure the wax paper to your work area.
3. To soften the clay, roll and squeeze it, making it more malleable
4. Think about how to build the boat and draw your design below.
5. Build your boat based on yoigrdes
6. When finished, take the boat to one of the testing tubs and see i
7. If it floats, begin to add washers one at a time until the boat sink:
8. Analyze your results and determine how to improve your boat de
9. Repeat steps8} making a totdlthree boats.
10.As a class, share boat designs and determine which boat held tt

payload.

Boat 3

Boat 1 Boat 2

Discussion Questions
1. Observe all the boats built by the class. What boat design worked bes
2. How did you redesign your boat differently from first to third? Explain y
changes.
3. Explain how yased the scientific method to design your boat. Was it s)
4. Hypothesize why a boat floats.

http://monitmioaa.gov
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Whaastad ROVa n

PurposeTo learn how ROVs are use
the marine IndUStry and by NOAA. Herculess specifically designed as a scientific ROPOSan explore up to 5,000
Photo: NOAA metersPhoto: NOAA

Background

Remotely operated vehicles (ROVs) are unoccupied robots operated underwater by a person on a ship or boz
maneuver through the water and are linked to the ship by a group of cables that carry electrical sighal®bdhble ¢
operator and the ROV. Most ROVs have a camera and lights. Additional equipment is often added to the RO’
capabilities. For example, additional equipment might include sonars, magnetometers, a still camera, a ananip
waer samplers, and instruments that measure water clarity, light penetration, and temperature.

ROVs were first developed for industrial purposes, such as inspections of pipelines and testing the sttisetuee ¢
However, today ROVs ard faemany applications, many of them scientific. They have proven extremely valuak
exploration. They are also used for educational programs at aquaria and to link to scientific expeditiens live vi

ROV History

In the 1950s, theyRl Navy used a remaipBrated submersible to recover practice torpedoes. In the 1960s, the |
funded research t o de v-GohtoliedUndeavater Rexa/ernt Viehicle (CRVW €EARV ga
Navy the ability to perform-seepescue operations and recover objects from the ocean floor. ROVs became es:
1980s when much of the new offshore development exceeded the reach of human divers. Submersible ROVs
locate many historic shipwrecksjngdiadRMSTitanicBismarckJSSyorktowrand S&entral Ameriddowever, there is
a lot of work that remains to be done!

More than half of the Earthés ocean is deeper avdsi
a lot of ocean to be explored. ROVs are mostly used by the oil and gas industry, but they are also used for sc
military applications, and marine salvage operations of downed planes and sunken shipns. As technology impr
perhaps one day in the near future be capable of exploring the deepest depths of tt 1

ROV Construction

Conventional largearrk class ROVs are built with a large flotation pack on top of an aluminum chassis, to provic
buoyancy. A special type of foam is often used for the flotation. A tool sled may be fitted at the bottomndfdick &
variety adensors for conducting tests. The ROV not only needs to be buoyant, but it also must be stable. In or¢
ROV stable, the lighter components are piacea on the top of the structure while the heavy components go on
creates a laggeparation between the center of buoyancy and the center of gravity making the ROV stable anc
underwater. Electrical cables may be run ifikédietolling so as to protect them from corrosion in seawater. There
thrugers in all three axes to provide full control. Cameras, lights, and manipulators are on the front of theiROV
the rear to help in maneuvering. Smaller ROVs can have very different designs, each geared towards its spec

Scienceof ROVs

Science ROVs take many shapes and sizes and are used extensively by the science community to study the

deep sea anim: 3 and plants, such as the jellyfish Bumpyléedhthlessairs, have |  n discovered or studied in tt
natural environment through the use of ROVs. Because good video footage is a core compseardgaémifist dee|
research, science ROVs are often equipped-autiptidightning systems and broadcast quality cameras. Depend
researchéingconducted, a science ROV will be equipped with various sampling devices and sensors.

devices are oiéakind stateoftheart components designed to work in the extreme environment of the

http://monitmioaa.gov
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Whaéstad ROVa QontRl@y/ ?

Careers

ROV pilot

ROV technician
diver

dive instructor
maritime
archaeologist
research
scientist
environmental
engineer
fishery biologist
geological
oceanographer
laboratory
technician
lifeguard
submersible pil¢

= = E I E ] = E R E E

ROVs are often equipped with
various types of tools, such as
still and video cameras, lasers,
lights, mechanical arms,
collection jars and more.

ROV Components

There are many RC
components. Some
of the basic ones are
thrusters, motors,
tetherpower source
monitoand radio
controlled
transmitters.

http://monitmioaa.gov
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Whaéstad ROVa QontRu@d/ ?

NOAA Ocean Explorer

Over the last few decadegjneers have developed submersible technologies capable of meeting the
challenges that the deep sea imposes upon exploseist NOAAOGs Ocean Expl o
submersibles used by scientists in ocean expltpatomeanexplorer.noaa.gov/technology/subs/subs.ht

For each submersible, write a short description and explain its primary purpose. Then answer the

Alvin

Deepworker

Hercules RQV

Jason ROV

ROPOS

Questions:
1. What is the main difference between an ROV and a submersible?
2. Name three inactive submersibles.
3. Who built theutonomous Benthic Explatdry was its career cut short?
4. What wablerculeprimarily designed to study and recover?
5. What does tlizeepwatérs -suppoit ®ystem include?
6. How many people does it take to ofasartence it is in the water? List and describe their
7. How many dives dédarmmake each yedt®dw deep is a typical dive and how long does i
8. What was the major consideration for engineers who dédp@®Bthe
9. On theMirs bndll, what primary data are collected?
10.Pisces I¥ndV are each equipped with a pinger receiver system. Wismedabk them to d

http://monitmioaa.gov
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Envisioning an Engineerd-Teacher Information

Engineering is fun and exciting
clue wat an engineer does? Almost everything in society is linked to e
I f it werenodt for engineers, we

many other conveniences that we take for granted each day.

To help students better undenataatcain engineer is and what he/she do:
the following activities and watch the suggested videos. Once student
understanding of engineering, introduce the engineering process and
build your own ROVS!

Engineering an ROV Suggedtaglementation Strategy

1. For a curriculum guide with additional information and activities to prepau
for building a remotely operated vehicle (R@¥f); Misdnitor.noaa.gov/educe
Also for stemystep instructions on how to build ROVs using PVC pipe anc
motors, vidittp://monitor.noaa.gov/publications/education/rov_manual.pd

2. Before beginning the engineering process, introduce students to remotel
vehicles (ROV). Assess their prior knowledge of what ROVs are, how the
and any other informatioy thight know about ROVs. Make a list of all prio
knowledge and save for use at the end of the unit, and add any new info
learned and correct any prior misconceptions.

3. Explain to the students that they will work in teams to design éermaneer) |
ROV. Have students define an fen
Complete activities 2@24)to help students understand engineering.

4. To introduce the engineering design process, have students condudelie
| Could Usa Hand(pp.2526)

5. Explain to the students that before they begin to engineer their ROV, the
understand a few basic principlesr i ew Newt onds Laws
NOTEActivities for these concepts can be found in ROV currididted guid:
step 1.

6. To begin the ROV design phase, break students into groBpeadth team
copy oWorking Under Pressuimp.28-30).

7. Show students the various materials available for ROV construction. Re\
criteria for design, the compet:i
parameters you want to impose.

8. Remind students that they must work as a team to de€ign Tieir Besign
must be drawn on the sheet provided with all parts labeled. Once they h:
approved design, then they may collect the materials (parts) needed.

http://monitmioaa.gov
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Envisioning an Engineer

Engineering is fun and exciting, [
an engineer does? Al most everythir
engineers, we would not have cars, computers, televisions and the many ot
conveniences that we take for granted each day.

So just what is an engineer? An engineer is someone who is creative and t
ways to solve problems by using math, science and technology. Many peog
an engineer is a scientisig\r though they may use science, engineers are
usually scientists. Theodore Von Karman, an aerospace engineer, put it nic
said, "Scientists discover the world that exists; engineers create the world tt
was." There are many ditféypas of engineers, such as electrical, mechanice
chemical, aerospace, biomedical, agricultural, computer and many more. Tl
engineer for almost every area that might be interesting to you!

When engineers have ideas, they fdi@ilya few simple steps to help them as
search for the solution. Use the checklist below to help you as you design y
the challenge.

Keep a design log. Engineers keep a log to record their work and ide

Use your imagination. Thildkard crazy thoughts. Remember that no ic

too silly. Everyone laughed at the Wright brothers and said that man

fly. Good thing they didnodét get

9 Plan and design your idea. Careful design is important. This is the tir
braiistorm for ideas and evaluate them.

1 Research. Conduct research to verify that your design is based on s«
and math principles.

91 Draw your design. Make a detailed drawing of your idea so others wi
how your design works.

1 Make a modelyafur design.

9 Test your design. Test your model to see if it works as planned.

1 Evaluate your test results. Use data collected from testing to determi
your design performs as it was meant to perform.

1 Redesign. If your design did not work as,glarmeck research, redesigr
and test it agaiFhis procedure is called an iterative process

1 Patent your design. Engineers often have unique designs that others

so they apply for a patent from the U.S. Patent Office to protetioimeir

being claimed by others.

T
1

Watch MIT Video describing an engieeiis an EngineMin and 27 sec)
http://video.mit.edu/watchAsfaatengineeB788/

SR ‘
ENGINEERS

In your own womisscribe an engineer. What skills does it take to be an engir
do engineers look at the world?

http://monitmioaa.gov
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Monitor National Marine Sanctuahip@reck of the Deep

Thinking Out of the Box

Scientists, designers, engineers, and many others have taméheiettinking as they
develop neideas and designs. You have to cast off the old way of doing things and 1
your mind for innovaitileas. So clear out the old ideas and get ready for the new.

Your mission for this lesson is to helpdd&Aa new remotely operated vehicle (ROV)
future. The field is wide open for yourashekigaterials are not an obstamlegcide what
the ROV should look like, how it should maneuver, how long it should stay submers
uses.

First you will want to brainstorm some |
draw your design on the grid below. Share your ideas and drawing Wigossibtdaske
a model of your ROV and present your design to the class.

Scalel square =

http://monitmioaa.gov
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Help! We Could Use a Hand!

Suggested
Materials:

For Arm:

skewers
straws

small craft stick
large craft stick:
pipe cleaners
tape

clay
clothespins
other misc.
items

=8 =8 =8 -8 -8 _9_9_9_-9

Tools:
9 various washer:
nuts, and bolts

Other:
9 plasticontainer
1 water

TeachePrep:

M Place various
fi t oibal s O
plastic shoe bo;

M Cover with 10
cm of water

T Make available
various
materials to
build ROV arm

9 Suggested time
to build is 15
min.

Problem:

NOAA was working off the coast of Virginia. Suddenly, a storm came up. T}
tossed around by huge waves. It began to take on water and the pump quit
Luckily, just as the boat was about to sink, the US Coast Guard came and re
crew However, many valuable tools were lost. NOAA needed those tools. S
storm was over, NOAA sent a group of divers to where the boat sank. Whe!
went down, they noticed that the boat had slid down much too deep for then
Fortuntely, they brought an ROV with them. But the ROV does not have any
up the tools.

You are an engineer. You and your team must design and build an arm for t
able to capture all the lost tools. The arm must also be ableetceatklidfierent

types of tools because you only have enough time to make one arm. And y:
hurry é éanother storm is brewing!

Objective:To build an arm for an ROV that is able to pick up a variety of obje
ocearfloor

Procedure:
1. As a t eam, |l ook at the Atool so
2. Review the materials available to build an arm.
3. As ateam, decide how best to design an arm that can be attached to
pick up the tools.
4. As ateam, draw a design of youiB& sure to label all parts.
5. Select the correct materials and build your arm.
6. Retrieve the too¥OU HAVE 15 MINUTES!

Design Your Arm Below:

http://monitmioaa.gov
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Help! We Could Use a Hand! Continued

An ROV was used

onboard the NOAA ; ; .

ShipNancy EoSIE] Discussion:

identify an unknown

shipwreck. By using 1. Explain your design. Tell why you chose this design.
the ROV6s |ights and

cameras, the maritime
archaeologists
identified it as a WWII,
US Navy ship, 889

A German-boat sank
the YP in 1942.

http://sanctuaries.noaa.go . . . . . .
v/missions/batﬂeoftheat?a 2. Explain your choice of materials. Why did you choose those itguas aonbaild

ntic2/welcome.html

3. Did your arm pick up all the fAtoo

4. What could you do to make your arm better for the next rescue mission?

Photomosaic of-389
created from images
taken bv ROV

http://monitmioaa.gov
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Engineering an RQV

Building a remotely operaghithe (ROV) isoding for students and eagdigem ithe engineering design
process. There are many options for building an ROV in the classroom. Below are a few of théheptiol
are not the only options available.

SeaPercls an innovative underwater robotics program that equips teachers and students with the re:
need to build an underwater Remotely Operated Vehicle (R€¥ipoi anoméschool settin Students build
the ROV from a kit comprised-ob&iyeasily accessible parts, following a curriculum that teaches basic
and science concepts with a marine engineerifgjttheamebe purchased through the SeaPlesib ($169
with battery) and teachers may apply for a grant to purchase up to 10 kits and a tool kit ($245). Kits t
each yeahttp://www.seaperch.org

ROV in a Bucket an inexpensive altéwea The stdprstep manual has a detailed parts list of items that «
bought at most hardware and hobby stores. It also gives instructions on how to build and wire all the
These kits can be used year after year with your classeslgpda@hstudents the opportunity to engage
engineering. The ROV kits can be built by students or adults depending on resources available. The
controllers can either be built by an adult or your students. Once built, the kitpkeep. Miercaktper kit
about $115bitp:/monitor.noaa.gov/publications/education/rov_manual.pdf

Marine Advanced Technology Education (MAD¥)program aims to teachcsgitathnology, engineering
math and prepare students for technical careers. MATE also hosts regional and national competition
has a different theme and ROV obstacle course. An ROV textbook is also available for purchase. RC
purchased from about $130, but there is a loaner program fohésmalivieenarinetech.orgbmpetitio/

Science of ROMGurriculum
No matter which ROV program you decidbteuss,ur e t o check out t hROVM
CurriculunThis curriculum introduces students to remotely operated vehicles (ROV) and careers in
and underwater archaeology. Through a varietyoof hethdSes, usipigpblenbased learning, students learr
science behind an ROV. They also work to solve real world problems, while learning about the engir
process. Students design, build, and test as BR@Yyready for competilioa.curriculum canused in its

entirety or activities can be used independently as appropriate for individual teaching objectives.

http://monitor.noaa.gov/education/teachers.htmi |

Remotely Operated Vehicles (ROV)

Free ROV
curriculum is
available online.

http://monitmioaa.gov
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| t O Al dleachibgdSugigestions

Note: The following teaching suggestions (p8.80 ar e fr om t he Monitor
Curriculum Guide. Activities and additional information can be found in the lotizidénadnitor.noaa.go

Before Building

Before beginning theigieisg and building process, teanhgrant to review and/orassessudent s 0 know
ideas and concepts, such as the properties of air, air pressurgydteppaesstire and diviagirtdg a bettanderstanding
of these conceptsablestudents to design and build an ROYanrately arsdiccessfully. Understanding of the prope
air also helps students to recognize the need for ROVs and submersibles in research. The guidancedistbd in thi
adapted for various age levels and should be used as appropriate hliteegedfsesaiaents.

Facts and Properties of Biemonstrations

1 Facts about &iAir is colorless, odorless (unless sometitidgdgair), has no taste, and takes the shhpe of
containeMost abundant gas in our atmosphere iscnit88¢emibgen, 21% oxygen, and 1% trace gases with ¢
being 0.9% of the trace gases. Carbon dioxide is 0.03%.

91 Air takes up spéc€o demonstrate, use a tornadednbedhgtwo diter bottles with dwtldilled with colored
water. Carefyltyrn the bidé upside down so that the water is on the top and it DOES NOT pour inta the bc
Although gravity is pulling the water down and water is heavier than air, the wHissudgretheatgeniidis is
because thair in the bottomfladevats it from flowing. However, if there is a disturbance (shaking), then the
transfer of air and water to opposite bottles. Shake bottle and have students observe the bubbles (air).

1 Air has maddJse a tripleeam balance to find the mass of adlb8#oon. Blow air into the balloon until partial
Find the ass the ballooow filled with air and note the increase in mass.

1 Air exerts pressére

0 Pushy Aid Place water in a clear plastic cup. Place a piece of cardstock (index caplaogdenstke sur
that it has a good seal. Turn the cup upside down and remove your harstdakmTthe cardstock
continueto stay in pladeecause air is exerting pressure upward on the cardstock.

0 Can Crushingplace a few milliliters of vimt@n aluminum soda can. Using tongs set the can on a hc
(use fire retardant mattjold it above a Bunsen burner until steam escapes through heahdipng.
the can upside down irdbalovpan of water making sure that theredd aegl between the can and th:
surface of the water. The can will implode imn@athaBzlyshing Explanation: Air exerts 14.7 psi in all
directions (equal to about three 5 | b. bwnys
direction inside our body. When the air in the can heated, the air molecules began to move excite
away from each other. Once you flip the can into the water and sa@hipl#wifesvinside the can quic
condensand fall tbottomcreating a vacuum inside the can. With no air inside the can to exert pres
outwarghe can crushes.

o Egg in the BottéeLight a large kitchen match and drop into glass milk jar (old fashioned type). Wh
to burn, quickly place elge:hardboiled egg on the rim of the jar. In a few seconds, the egg will be
the jar by air pressure. Burning match uses all the oxygen creating a vacuum, thus no air inside t
pressure back up. To get the egg out of tigdtjan, ¢gg over opening and blow into jar with lips seale

Fluidsi Air and Water

Air and water are both fluids and have similar properties. They take up space, have mass, take the shapexefthe
pressure. To demonstrate affuglafill an aquarium with water. Take two clear plastic cups and turn one cup upsid
submerse so that the air remains inside the cup. Repeat with second cup and then tip the second cup te the sid
Let students observe thiblas. Hold the two cups (one with air and one with water) close to each other and pour 1
cup with water. The air in the cup is a bubble and when yotheoothigrircup, the bubble rises and is trapped by the
before it cagscape to the top and burst. It displaces the water in the other cup.

http://monitmioaa.gov
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Putting On the Pressud&eaching Suggestions

SCUBA Facts:

Pressurencreases
by one atmosphere
for every 33 ft. of
water

Diving on air alone,
divers can dive to
depths of about
100 ft.

Mixed gas,
compressed air, and
rebreathers allow
divers to reach
deeper depths, but
divers need special
training

The deeper the
depththe shorter th
bottom time

Water Pressure

To help students understand why ROVs and submersibles are important for exploring and |
ocean, they should understand the limitations of a human body under exirevadeprddsire
following activit@sdexplanation may help students to understand

1 Demonstrate a column of water by stacking several books on top of each other. Exy
book has a mass. As you stack more books onto the first book, yotoitat ieass thfehe
books. With the additional books, the bottom book now has more mass pressing do
same is similar as you go deep into theTbeedeeper you go, the more water you have
pressing down on an object.

1 Just like airater has ass. For every cubic foot of water you add on top of another, th
the mass of the water. The pressure exerted from a column of air from the upper re:
atmosphere to the surface of the land/water is known as one atmospheferefvergs3al
feet you go below the surface of the water, pressure increases by one atmosphere.

1 The greater the dephie greater the preséudsing a-fiter bottle, puncture one hole near
top of the bottle and a second hole near the bottom ofRlaedatitesking or duct tape o\
the holes. Fill the bottle with water and hold it over a sink or basin and remove the ti
holes. Observe the streams of water. The one at the top does not arch out as far as
bottom. This is becatise one at the bottom is under more prelsistcecatesnore force to
expel the water.

Water Pressure and Divers
How deep candiver gim the ocean?

0 As a diver enteretwater, the pressurexerted on her baslgletermined by the
mass (weight) of the atmosphere. At the surface, air pressure is 14.7 psi. Fo
comparable pressure under the ocean, you only have to go 10 metévater 83
about 1000 timésnsethan air. Therefore, the pressureshaéionly 33 feet is
equal to two times normal atmospheric preseurmeheweight of the air on top «
the wateaind he weight of the water above the diver

o For every 33 feetlivesubmerge®ne more atmosphafrpressungushes down

0 As a hlloon floats upward high into the sky, air ples®ases (there is less air ir
upper atmosphgreo the air inside the balloon becomes less compressed (it €
outmaking the balloon enlardxeforehe same amount ofakes up morelume
thanat sea levdiHowever, the deeper you go in the ocean the greater the pres
becaus¢he more wat@ncreased mas®u haveressing oyou.ln the water, the ai
inside a balloon would become more compressed taking up less vabathayran
would become smalfeyou took a Styrofoam cup to the bottom of the ocean, i
shrink to a very small size!

o A diverédés lungs are filled with ai
twice the amount of air in the, lexcpuse tharin the lungsompressed with the
pressure, thus allowing the diver to breathe in more air. Divers havautkeep
filled or their lungsedllapseand t hey woul d di e. At
4 times the amouwiir as they do on the surface.

o0 To demonstrate how pressure acts u
vacuum pump and marshmallows or Peeps. As you create a vacuum in the
Peep will expand to fill the jar. As you allowirtio bizelell jar, the Peep will
decrease in si2éou can alsese the activibive, Dive, Di@. 13).

Page from MNMS®6s REN/mGnitor.noracgavl u m
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BuoyancydTeaching Suggestions

Density

Densityispr operty of matter that is defined as
of matter contained in an object and is commonly measured in grams (g). Volume is the amou
up by a quantity of matter and is commoedged in cubic centimete® ¢ecrim milliliters (ml) 2=
ml. Therefore, common units used to express density are grams per milliliters (g/ml) and gram:
centimeter (g/@m

To demonstrate the role of density, fill a clear lasgeailbararium ttiards full of watdsk students t
predict if objects will sink orBlozp. objects of various densities into the water and discuss. Ask s
hypothesize about objects that are equal in volume, such as a can ofieatas@tap (vagular and ¢
into the tank and observe. Although they are equal in volume (same ml), regular sodas sink, w
float. Regular soda has about 16 teaspoons (40 grams) of sugar, while diet has aspartame or :
substiite. It takes less sugar substitute than sugar to sweeftEBnesiefors. diet sodas have less ma:

Buoyancy
Any object, wholly or partly immersed in a fluid, is buoyed up by a force equal tdiuftedisptsden
by the object.

o Fill aclear tub about half full with watde tihé water levatld a heavy object, @atth the water
level rise as the object is addatk the new level for the water.

o Expl ai n Ar cdhan obped ia afuid €perienced ap Upeard foroatemuadight of tr
fluid displaced by the obj&een that various fluids have differing densitiegrilis lpoyed
force changes accordingly. If an object is less dense than the fluid it is in, then it will float
than the fluid,will sink. This concept explains why somé@djectavater, while others\&o&d
floats omvater because it is less densa piate of steel sinks because it is denser.

0 Butlow can a large steel ship float h i me d expléins Biphenoreingite water that th
shipfloatsn has a constant upward force equal to the weight of the fluid displaced by the «
boat weighs 1,000 pounds, it will sink into the water until it displaces 1,000 pounds of wa
boatmust displace the 1,000 pounds of water before the boat is completely submerged! Ii
design the shape of a boat so that the weight is displaced before the boat sinks, because
of the interior of any boat is air. And tlgealesrsity of a boat is very light compared to the a
density of water. View demonstration o
http://www.youtube.com/watch?v=xniWW3_afO

0 The weight of a dé&ed fluid can be found mathematically. This fluid displaced has a weigl
The mass can be expressed in terms of the density and its volume m=pV, hence W=pVg

0 We call things that float, positively buoyant and things that sink, negat®ajlydisitlyatnheithel
float nor sk are neutrally buoyant. To simulate the feeling of weightlessnessanaisce, a
practie space walking in a huge pool where they become neutrally buoyant.

Submarines can both float on top of the water atitesiuktorio help studentaderstand how
submersibles sink and then fisatthe activibjve, Dive, Dige 13 his activity can also be used to
demonstrate how air Exglanaialireperiseasmsat gpafiainat the tap of v
dropper. When you squeeze the bottle, the addedcoregsesses the air irdtbpper. As the air
compresses, there is more room for water to th@ndiopper. With more waterdrother, it is now
heavier and smknegatively buoyant).

Page from MNMSOs R@M/mGnitar.nogacgavli u m
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Newt onds | n ofdachingCbuggestems

How does an ROV m&ve

ROV 6 s h awithehrustetkatchelspropel them through the imdbeilding an ROV, it iitapt that
students wunder st and Néeetotagsibonws thdllaw. 248 Laws of N

1 1st An object will stay in motion or at rest, until acted upon by an outside force. (Also knowr

Penny Inertia.)
Index @ o Demonstrate the Law of Inertia by using a chair with several books piled in the chair
card here™ thechair along the floor and then suddenly stop. The bookshwitttalk dfécause they
Cup continue to go forward since theo¢ @an outsiderde acting upon them. Weasdagthelis
another goagkample.

0 Another activity to demonstrate thé lrestia is to place an index card on top a plastic ¢
that it completely covers the cup. Place a penny in the middle of the index card. Hav
their index finger to quickly flick the card away from the cup. The penny wiltfzd ciinec

0 TheROV will just sit in the water until a force, such as your motor, acts upon the RO

1 2n¢ Force eqleamass times acceleration F+takes more force to move a heavier object the se
distance as a lighter object.

o If theROMs really large, themight be really heavy meed darger forgevhich means a
bigger motor. Students shoutdrefully consider the size of the motor to be used when
and buildinte ROV.

o Demonstratey having a student pick up @bttt versus a heavy object. Ask which one
more force to lift.

1 3% For every action there is an equal and opposite reaction.

o TheROV will need to mtwevard, backward, and sideways. There tre@mnhotors, so thil
about NeaWwavibeforé gacidgthem.

o If you want to move your ROV forward, which way will your motor need to push the

o Use a Newtonds Crieadobfdotiono demonstrat e

After Reviewing
After reviewing and/or legrabout air pressure, buoyaratyvater pressure, discuss submarines, subme
ROVs, and AUVOs.

ROV AND AUV

9 Distribute ROV information and photographim that to deep into the ocean, scientists can use
submarindut they are very expensive and more dangeroasdsdk lmam expensive alterniive
use RO¥or Autonomous Underwater Vehicles (AUV). The mairbdifferendbe tigothat an ROV
is tetheretb the shipy a cabland controlled by humans, wiher®UNVs not tethered and it is contr
by acomputer.

1 ROVs allow people to work at deep depths or in hazardous environments, while the operatc
surface. ROVs calsdbe used to lift or recover heavy items.

1 Downside to using an ROV is a loss of the humérysertsesot touchsarell, and you can only
fsee0 through video monitor.

1 ROV ArnisDiscuss hoROVs pick up objects and other special features found on ree@y ROV

p.7)

Page from MNMSG&s Ri@XW/mOnitar.noaacgavl u m
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Working Under Pressure

Materials:

=)

=) = =) =] =) =] =

PVC pipe and
fittings
multiple sets of
small motors
withcontroller
zip ties

duct tape
crabs

noodles
swimming pool
auto or marine
batteries (2+)

Teacher/Adult Prep:

il

T

See detailed
instructions for
creating ROV
kits at

http://monitor.no
aa.gov/publicatio
ns/education/rov
manual.pdf
Suggested time
for buildingn
ROV i hours
for 5tkBth, less
for older
students.
Suggested time
for testing
redesigning, an
competitioin
the pool isbout
2 hours.

Page

from MNMSOs

Purpose:Towork as a team to design, build and test an ROV to compete in a

Problem:

Oh nbTle bay has been invaded by small baby crabs! They are in danger of
eaten by the large monster crabs. You must capture as many of the babies a
get them back to the protected area of the bay as quickly as possible!

Objective:

Design ahbuild an ROV with the ability to successfully capture the baby crab:
to the protected area (corner of the pool), and deposit the baby crabs into the
area.

Point Criteria:
9 Touch any crab = 1 point (given only once)
9 Pick up large cral8 points
1 Pick up small crald points
91 Deposit crab in corner = 3 points

Things to Think About!
1 Need to balance buoyancy with ability to pick up crab.
1 The RO¥an be any size, but think abewize of your motorskawl much
force it will take towe the ROV
1 Need to be able to pick up the crabs, carry to corner, and deposit.
1 In what directions are you going to need to move? Will you need to go
sidewaysReep this in miads t he mot ¢
Third Law of Motion!

1 How are you going to attach motors, busig@vegetc.?

you pl ace

Procedure:

With your team discuss the mission objective.

Observe the crabs.

Review the materiasilable to build your ROV.

In your team, discuss haamgpneer ardesign your ROV.

Draw youtesign onto graph paper, and be sure to label all the parts.
As you draw your design, make a list of supplies you will need.
Show your design to one of the ROV Spéemtises)

Return to the team to discuss any necessary changes.

. Gather the ROV sligp

10.Build your ROV.

11. At the pool, test your ROV design and make any changes needed.

CoNo~wWNE

RI@tM//mGnitar.nobacgavli u m
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Working Under Pressure Continued

Designing is an iterative process. Iterative means that first you design something, build it, test it, ahe theta auratied \tests.
From the data, the design is maniiednd over again until it is correct. To begin the iterative process for your ROV, carefully
it. Remember to draw in detail and label it clearly, neatly, and correctly so that others can follow itckijtiteneofl gtaileRQes

To view a short clip agieeering, designing andehative procekip://www.youtube.com/watch?v=6PJTIzY0Aak&list=UUyf
ZOENg77xiAy1CO®M&index=35&feature=plpp AidEndex=35&feature=plpp video

Page from MNMS®6s RGN/mGnitor.noracgavl u m
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Working Under Pressure Continued

POOL TIME!
Points Awarded: At the podl
1 Each team will have five minutes to test their ROV in the water and to
Team 1. adjustments needed.

9 Competition Tinkgach team will have five minutes tp pisknany crabs as
possible arm@turn them to their corner, as instructed.

Team 2:
Team 3:
Team 4: i g R e N MRS
Oh noéthe baby cr alHsre @mmes the kg mdrstargrabs!!

Team 5: Conclusion:

1. How well did your ROV perform?
Team 6:

2. What would you do differently next time?
NOTES:

3. Why is it important to design the ROV before building it?

4. Describe how scientists and researchers might use an ROV underwater.

Page from MNMS3s R@M/mGnitar.noracgavli u m
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Mock Shipwreck: Mapping the Past

Materials:
Mock shipwreck outline

Per Group:

tape

30 ft. measuring
tape

shorter measuring
tape

clipboard

log sheets

dive slate

= =] = =8 = =9

Teacher Prep:

Use diagram or8@or
create your own
shipwreck outline on
canvas, pavement or
other large surface
(approximately 20 ft.)
using tape, chalk, mar|
or other medium.

Use 30 ft. tape measure
to transect the wreck in
half. This is called the
baseline.

Copy Log Sheets on
pages 40 51 (12
guadrants); evenly divi
students into the
guadrants

Optional: Place 3
dimensional objects on
template to represent
key artifacts.

NOTE: This is a modifi
shortened version, for
activity visit
http://monitor.noaa.gov/e
ducation/teachers.htm

Purpose:To construct a scale model of a mock shigwneasuring and plotting
points for individual quadrants and assembling to create a site plan

Background

The wrecks of sunken dittpghe bottom of the ocaar Many of these
shipwreckga historically significant, such as the Gesnsaa ) s o f f N
coast, a national treasure, such as thMdoi&@or simply a fishing boat. Howe\
each wreck offers a unique story and a glimpse balktkdgrittarjeb of maritime
arclaeologists to find and study these links to our pasoinrateiestand our histt
preserve our heritage honor the memory of thosenight have died.

Maritime archaeologists carefully measure a wreck underwater and then tri
measureants onto graph paper to create a site plan. Site plans help archae
how the whole site looks. They can tell exactly where parts of the ship are
other things onboard and around the site. They can also see from site piign
was built.

In this activity, you are maritime archaeologists working to map a newly dis
shipwreck. You will work in pairs on a dive team. Each pair will be respons
mapping a specific section (quadrant) of the shipwreck. You will have liraite
bottom of the ocean; therefore, review all your equipment, determine the s«
for the log sheets, determine which section of the shipwreck you are mapp!
coordinate with your dive buddy how you will begin mapping your section (
directiom below before beginning).

Activity1l: Sketching Sections of the Wreck

1. Review your log sheet and determine if you are starboard or port. Id
bow of the shipwreck and then stand on tiisideimdicated oyour log
sheet.

2. ldentify the bdsee (tape measure) that has been set from bow to ster
the baseline noted on your log sheet.

3. Note the scale on the log sheet. If using inches, each square is equ:
inches. There are 30 squares or 5 feet on each log sheet. Which se«
mapping? Circle your sectibn500; 1615; 1520; 2e25; or 230.

4. Determine who will be the measurer and who will be the recorder.

5. When the dive te&tass)s ready to dive, stand next to your section ar
for the dive master (teacherye¢oygu the signal to dive.

6. Once on the bottom, you will measure and record the distance from
to the outer edge of the shipwreck all along your section. Plot these
measurements on your log sheet.

7. When finished, go back and measure frone lzaerecord other feature
located within your section. Plot the measurements on your log shee
in any interesting features to the best of your abilities.

8. When finished, return to the surface and connect the points you plot
finish sktching the outline and any artifacts in your section.

http://monitmioaa.gov
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Mock Shipwreck: Mapping the Past Continued

Activity 2: Putting It Together

Once all dive teams have completed their sketcliegetioenéo put the pieces together.

Line up all the port side log sheets in order lined up on the baseline indicated on your log
Overlap the pages and tape together.

Repeat steps 2 and 3 with the starboard side.

Compare the final sketch of therguk to the actual wreck site.

aorwnNE

Discussion Questions

1. Does the site plan look likenthek shipwreck? Are key structural features and/or artifacts ref

2. What techniques did you use to measure? Were some methods more efficient than othel

3. In lmking at the site plan created, is there any damage noted on the shipwreck? If so, is it
erosion? Battle? Storm?

4. Why is a uniform scale (1square = 2 inches) important?

5. Why should the work be split among teams? Consider limited @ivettienersck, weather
conditions, etc.

6. What are the key structural features divers should focus on?

Identify the section your group is responstitiefor: A ft

Are you the Measurer  or Recorde? (Circle one)
Themock shipwreck has an overall length of ft and a width of ft.
The site plan shipwreck has an overall length ft and a width ft.

Thescale factors

Did you observe any areas that were damaged? If sgouhiaferainom your observations

http://monitmioaa.gov
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Mock Shipwreck: Mapping the Past TEACHER PAGE

Outline of a shipwreck with vocabulary words:

STARBOARD

STERN

BOW Vg | AR L] #

BASELINE PORT Sy |
BASELINE OFFSETS

F?I’W&rd Mld’Shlp After
Anf or fiaf

Samplé.og Sheetections based on larger template of mock shipwreck. The number ¢
can be modified based on the length of tisbipwck and/or number of students partic
in the activity (Ex. 88ft  5ft sections, 24 students)

Starboard Group JS(I) SB Group 2. (Bty SB Group 3 (1Gft)
” , Rt —Ce (<)

cr ' V 1
| 1

YRS\

&

e NS
==

=4l

Port Group 1-§t) Port Group-23#) Port Group 3L8ff)
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5 4 3 2 1 0

a Baseline

Shipwreck Mapping
Log Sheet

1 square = 2 inches
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Starboard Side
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Shipwreck Mapping
Log Sheet
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Starboard Side
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a Baseline
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Shipwreck Mapping
Log Sheet

1 square = 2 inches

Starboard Side
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Shipwreck Mapping
Log Sheet

1 square = 2 inches

16 15

a Baseline

Starboard Side
1506 & o
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20

a Baseline
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Shipwreck Mapping
Log Sheet

1 square = 2 inches

Starboard Side
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30 29 28

25
a Baseline

Shipwreck Mapping
Log Sheet

1 square = 2 inches
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0 1 2 3 4 5
BaselineA
Shipwreck Mapping _
Log Sheet Port Side
00 tad

1 square = 2 inches
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5 6 7 8 9 10
BaselineA
Shipwreck Mapping Port Side
Log Sheet 55to 106

1 square = 2 inches
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10 11 12 13 14 15
BaselineA

Shipwreck Mapping Port Side
Log Sheet 10610 155

1 square = 2 inches
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15 16 17 18 19 20
BaselineA

Shipwreck Mapping

Port Side
Log Sheet 155t0 206

1 square = 2 inches
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20 21 22 23 24 25
BaselineA

Shipwreck Mapping

Log Sheet Port Side
200to 250

1 square = 2 inches
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1 square = 2 inches

http://monitmioaa.gov




Monitor National Marine Sanctuahip@reck of the Deep
I T T 2T 20T 0O O 0O O T 0O O T 00O T 00 .

Puzzling Pieces

Matenglg PurposeAssemble small pidike images to create a photomosaic

PerPair Background

T Bag1 oolzel Another way for maritime archaeologists to look at a shipwreck is through &

q glae;ezsof ouzle A photomosaic is a picture that is made up of many smaller pictures of a wi
pieces These smaller pictures are all pieced together to create a larger imége of tt

1 cardstock shipwreck. This image is not measured, but gives archaeologists a look at f

{ Parts of a Ship shipwreck just as it is underwater. Because visibility (how far you can see il

9 Dream Gazette be very poor and wrecks are big, taking many small images of a shgmimgck

them together is a great way to see all the details of the whole wreck at onc

Teacher Prep: . . I e
; In this activity, you will simulate stitching images together to create a photo

For each team, copy shipwreck. You will then use the photomosaic to help you identify the ship.
activity pm253. Activity 1

For each team, copy 1. On a piece of cardstock, match the puzzle pieces in Bag 1.
diagrams on [#56. 2. Determine if you have the bow or the stern of a ship.

Cut along the dotted 3. Find a team that has the opposite and see if your two sections fit toc
lines into small square make one complete ship.

pieces. Keep the pieces 4. Look at the complete photaic of your shipwreck. Read the Dream G
for each page together and review Parts of a Ship.

and place them in a zip 5. ldentify your ship.

lock bag. You will have

four bags. Label bags Activity 2

accordingl$hip 1A 1. On a piece of cardstock, match the puzzle pieces in Bag 2.
(bow)Ship B (stern); 2. Determine if you have the bow or stern of a ship.

ghBlr()Stagl’(l‘lb)OW); anship 3. Find a team that has the oppositeearif your two sections fit together 1

make one complete ship.
4. Compare and contrast this photomosaic to the previous one. How ai

C ts of a Shjp. :
opyPats of a Shyp different? How are they the same?

57 andream Gazefte

p.5859for each team. Discussion Questions

1. Which photomosaic was easier to create? Why?

g?\&insifgénts the ship 2. What are so_m'eﬁ'[d:ulties that maritime archaeologists have in identifyi
pages and have them unknown shipwreck? o o

into their own unique 3. How do the parts of a ship help in identification?

puzzle pieces and 4. How would objects (artifacts) found on or near the shipwreck help in
exchange puzzles with identification?

another group.

Have students draw their
own shipwrecks and
create pules.

Photomosaic o8 a German-bo a t |l ocated off Nor t
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Puzzling Pieces Continued

Activity 3
Maritimarchaeologists have completed the photo mosaic of the newly discovered shipwrec
images below and &sets of a Ship identify the various structures in the images.

http://monitoioaa.gov
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Puzzling Piecesd-Continued

Stern Ship 1
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Puzzling Piecesd-Continued

Bow Ship 1
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Puzzling Piecesd-Continued

Stern Ship 2 Bow Ship 2
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