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What Is SeaPerch?

WHAT IS SEAPERCH?
SeaPerch is an innovative underwater robotics program that teaches teachers and students to build an
underwater Remotely Operated Vehicle (ROV) in both classroom or out-of-school setting. Students
build the ROV from a kit comprised of low-cost, easily accessible parts, following a curriculum that
teaches science, technology, engineering and mathematics (STEM) with a marine engineering theme.
Throughout the project, students will learn engineering concepts, problem solving, teamwork design
skills and are exposed to all the exciting careers that are possible in naval architecture and
marine/ocean engineering.
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What Is SeaPerch?
A. Purpose (1 of 2)

PURPOSE
Building a SeaPerch ROV teaches basic skills in ship and submarine design and encourages students
to explore naval architecture and ocean engineering principles. Additionally, students gain knowledge
of tool safety and technical procedures

SeaPerch








Is a hands-on education
Is Fun and challenging
Is a curriculum that meets national learning standards
Integrates STEM (Science, Technology, Engineering, Mathematics)
Teaches the teachers
Builds teamwork and inspires young minds
Introduces STEM career discussions

Students learn best by doing; and during the process of building SeaPerch, they follow steps to
completely assemble the Remotely Operated Vehicle (ROV. After the SeaPerch robot is constructed,
students are encouraged to test their vehicles, deploy them on missions, and compete in a culminating
event, to take what they have learned to the next level. SeaPerch Challenges foster an end goal, reward
sportsmanship, spirit and presentation skills, as well as mastery of the concepts. Events at the
Challenge can include:






Vehicle performance - maneuvering and object recovery
Innovative design
Team presentations
Notebooks - document planning, design, construction, testing, and learning
Team spirit and sportsmanship at the event

Winners of regional or state challenges can compete in the National SeaPerch Challenge held each
spring.
One of the most important aspects of SeaPerch, is that it includes training for teachers. The two
methods of training are online, either with a webcast or video training modules, or on-site training.
The on-site training is offered in several locations at set times throughout the year, at no charge (with
meals included during the 1 or 1.5 day training). Travel expenses are not covered. Continuing
education and/or professional development credits may be offered, as educators are often required to
attend workshops throughout the year to maintain their teaching license.
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The SeaPerch curriculum has been designed to meet many of the national learning standards identified
by the government, as well as the new Common Core standards. With one project, schools are able to
teach many of the concepts required for their grade level using a fun, hands-on activity for students.
Some of the concepts the students learn during the build include:














Ship and submarine design
Buoyancy/displacement
Propulsion
Soldering/tool safety and usage
Vectors
Electricity/circuits and switches
Ergonomics
Waterproofing
Depth measurement
Biological sampling
Attenuation of light
Moment arm, basic physics of motion
Career possibilities

PROGRAM BENEFITS
Meets National Learning Outcomes:
The SeaPerch Program meets many of the national learning outcomes for science.
Encourages STEM Education:
SeaPerch heavily focuses on science, engineering, technology, and mathematics to support future
scientists in those important areas.
Supports Diversity:
The program focuses on presenting the possibilities of technical careers to minorities, girls,
and underrepresented populations.
Costs Per Student Are Low: The price per kit is $143. Seed funding or subsidies may be available to
help start your program.
Provides Web Resources & Community:
The SeaPerch website provides resources, tools, information, and an active community.
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What Is SeaPerch?
B. The STEM Challenge

THE STEM CHALLENGE
The world is changing every job of the future will require a basic understanding of math and science.
Science and technology careers exist in a culture of inspiration, discovery, and innovation. STEM
stands for Science, Technology, Engineering, and Mathematics. STEM education is vitally important
for our students to learn and become excited about, because the demand for STEM-educated workers
continues to grow exponentially each day. The U.S. has fallen from 3rd to 17th in the world in the
number of college graduates in engineering programs. In the U.S., only 5% of science degrees are
awarded in engineering, as compared with 50% in China. It is estimated that 400,000 engineers will be
needed by 2014. If it is not addressed, the expected shortage of skilled workers could decrease the
nation's global competitiveness and result in a lack of expertise in mission-critical areas.
These statistics show how few students are engaged in STEM fields:







33% of eighth graders are interested in STEM careers…
…but only 6% of them will graduate college with a STEM degree.
Only 18% of high school seniors are ranked science-proficient.
Only a third of high school seniors are ranked math-proficient.
Undergraduate programs in science and engineering report the lowest rate of retention of all
college disciplines.
The US is ranked 27th out of 29 for the rate of STEM bachelor’s degrees awarded.

Although the numbers of students interested in and working towards degrees in STEM fields is very
low in the United States, the benefits of a STEM education are high:






Students with bachelor’s degrees in engineering had the highest average starting salaries of all
their peers.
Jobs in mathematics are increasing four times faster than the average job growth.
More than 30% of current science and technology professionals are expected to retire in fewer
than eight years.
More S&P 500 CEOs earned their undergraduate degrees in engineering than in any other
field.
Scientific innovation has produced roughly half of all US economic growth in the past 50
years.

The STEM challenge is to increase enthusiasm for these vital fields of education, and SeaPerch is
committed to doing just that through innovative, hands-on, and engaging activities and curriculum!

7

What Is SeaPerch?
C. Impact

IMPACT
SeaPerch can make a huge impact on the student who may be on the fence about entering a STEMrelated field, as well as on the one who has never even been exposed to STEM education. In order to
take the first steps towards majoring in a STEM program in college, a student must be both interested
and proficient in STEM. SeaPerch is an ideal opportunity to foster both a passion for STEM as well as
teaching important concepts and standards.
STEM Interest




SeaPerch provides many venues for teachers to encourage enthusiasm for STEM, as students
learn about, build, operate, and compete with their robots.
SeaPerch provides teachers with the opportunity to talk with their students about majoring in
STEM, and careers in those fields.
The engaging, fun, and hands-on activities SeaPerch offers can spark an interest in STEM even
in students who previously showed no enthusiasm for these areas.

STEM Proficiency






SeaPerch aligns to the national educational standards for science.
The activities in SeaPerch teach proficiency in many STEM areas in a way that is appealing
and fun for students.
SeaPerch lends itself well to interdisciplinary projects, giving teachers the opportunity to
increase proficiency in many areas of science, mathematics and literacy.
Areas of SeaPerch that students find interesting-building, programming, problem solving, etc.
have direct correlations to skills needed for a career in a STEM field.
STEM careers can have a huge impact on the world, and are challenging the satisfying.
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What Is SeaPerch?
D. Why Naval STEM?
E. Costs?

WHY NAVAL STEM?
Inspiration, discovery, and innovation are the hallmarks of the Navy's Research Enterprise.
Maintaining a technological edge requires a dynamic portfolio of scientific research and technology
development, a culture of innovation, and the capacity to draw upon diverse ideas and approaches.
Tomorrow's scientists and engineers will be at the heart of this innovation process. Without a steady
stream of civilian and enlisted scientists and engineers, the Navy's ability to maintain its Science and
Technology superiority will falter over time. Consequently, increasing the STEM pipeline has become
a critical priority for the Navy so that we are capable of tackling the challenges of the future.
By offering a broad range of STEM education and outreach programs, the Navy seeks to address the
national crisis of decreasing college enrollments and careers in science and engineering. Through
programs like SeaPerch, the goal is to engage and inspire young people by exposing them to exciting,
hands-on, and mentor-based programs that build science, engineering and technology skills, while at
the same time fostering self-confidence and life skills.

COSTS
Educators are Able to Control Costs
Among the virtues of the SeaPerch program is the available leverage to spend as little or as much as
you want. Some teachers/leaders borrow tools from school shops or parents for the construction. Some
teachers/leaders reuse every part from year to year. The program lets teachers be creative and figure
out how SeaPerch best fits into their classroom.
Parts are Inexpensive, Easy to Find & Replace
We've made every effort to find the lowest cost, best quality, most easily accessible parts for the
SeaPerch. We wanted to make every bit of a SeaPerch easy to find and replace. We offer replacement
parts available on the website at a low cost, so a program is able to re-use some parts, and purchase
those they need to replenish directly from the website.
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What Is SeaPerch?
F. Frequently Asked Questions (1 of 3)

FREQUENTLY ASKED QUESTIONS
Who sponsors the program?
The Office of Naval Research sponsors the program.
Who manages the program?
Association for Unmanned Vehicle Systems International Foundation (AUVSI)
2700 S. Quincy Street, Ste. 400
Arlington, VA 22206
How do I get kits?
Order them on the website with credit card or submit a purchase order with your order as a download.
You will receive a confirmation of your order status when it is approved, and then when it is shipped,
you will receive the tracking number(s).
Can I buy just one kit?
Yes. Just visit the website and click “Order kits” on the right hand side, and click the “I will pay for
my kits” icon and you will be on your way! Consider whether you need to purchase a tool kit if you
don’t have the tools – a list of them can be viewed from the order page.
When can I begin?
As soon as you order the kits and we ship them out. Usually a couple of week’s lead-time.
What age group is SeaPerch appropriate for?
Any age from 5th grade through college freshmen can benefit from the program, as it’s easily scalable
for those ages depending on how you wish to use it.
Who can do this?
Schools do it as part of a curriculum or after school activity. Also, clubs such as 4-H, Boy or Girl
Scouts, homeschoolers, just about any group of middle or high school students gathered with an
interest in STEM!
Is there a curriculum?
Yes, there is a standard build curriculum found on the website under “Build”. It meets many of the
national learning standards for STEM for middle and high school, which is one of the key benefits of
the program. There are also complementary activities that can be found under “Teach” on the website
that will help you teach concepts.
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What Is SeaPerch?
F. Frequently Asked Questions (2 of 3)

Can I add enhancements?
Yes, we encourage students to think outside the box in the creation of their ROVs. You can purchase
any small underwater camera and add those onto the vehicle. A sensor suite can also be added which
can measure and report data, available on the website.
How long does the build take?
SeaPerch is scalable to meet your needs and learning outcomes. If you wish to simply build the
vehicles, you can do so in a few days. At a minimum, we recommend you schedule 10 hours of build
time. If you wish to stretch out the learning process and incorporate other activities/teaching units into
the actual build, that works well also. Some schools have taken a whole semester to build the
SeaPerches. It’s all up to you and what concepts/outcomes you want to teach and achieve with the
SeaPerch and your students.
How many kits do I need per student?
We recommend 4-6 elementary students per kit, 3-5 middle school students, or 2-4 high school
students.
Do I need tools?
There is a teacher tool bag that you can order as well, which provides everything you will need to
build the SeaPerch. Tools can be shared by students.
Do I need training?
We offer teacher training as an option for those of you who would like to be trained in the building of
the SeaPerch. Training is available on the website as build videos, supported by live webcasts for
troubleshooting. The training is available for beginners as well as advanced.
What if we don’t have a pool?
Many times, local hotels or YMCAs or colleges will allow access for your testing and Challenge, once
you explain your mission. If all else fails, you can purchase a small above-ground pool or use a large
plastic tub.
What does it cost?
In total, a basic SeaPerch Kit (including battery and charger) currently costs $143. A Tool Bag
containing tools that can be used for multiple SeaPerch builds (and reused year after year!) currently
costs $223.
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What Is SeaPerch?
F. Frequently Asked Questions (3 of 3)
I would like to do this, but have limited funding. Can you help?
Through the Office of Naval Research (ONR), there may be some limited grant funding available to
help provide up to a few kits and one tool kit to help you get started. There is a short grant application
that you will be asked to complete as part of the kit ordering process.
What if I have a sponsor willing to help me fund part or all of the kits I need?
This will help us bring SeaPerch to an even larger audience of eager students! If you have some
funding, you will be asked to enter that during the order process, and then you can provide payment at
the conclusion of the order.
What do we need to make a successful program?
A committed champion willing to advocate for the program. A group of teachers/principals, an
administration willing to take this on, a university/college/community college partner, local industry
support, community volunteers/mentors, and government involvement for mentors/tech support is
always helpful.
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Starting a Program
In this guide, you will find everything you need to start a SeaPerch program, from lists of necessary
materials to competition framework to lessons and curriculum builders. Information can also be found
on the SeaPerch website, http://www.seaperch.org/index, as well as the MIT SeaPerch website,
http://seaperch.mit.edu.
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Starting a Program
A. National Framework

NATIONAL FRAMEWORK
The following flowchart gives an overview of the SeaPerch framework in the US. Because SeaPerch is
now a fast-growing program across the country, some groups only hold regional competitions at this
time and have not worked up to the state or national level. SeaPerch is committed and eager to helping
all new groups become a part of our growing framework!
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National Framework
a. States Diversity
b. Need for a Champion

STATES DIVERSITY
SeaPerch embraces all new groups and regions that wish to become involved. No matter how small
your group might be, you have the opportunity to impact students for lifelong learning through the
SeaPerch program.
In the US, 42 states, plus the District of Colombia, are currently participating in SeaPerch. Because
participation is still growing each year, states may be at different levels of organization. For example,
Oklahoma just started their first SeaPerch program in 2012 and will hold a small regional competition
this year, while Indiana has participated in SeaPerch for three years and has four regional competitions
and a state competition, and takes several teams to nationals. Our goal is to eventually involve all 50
states and to have all states able to participate in the national framework levels of regionals, state
competitions, and the national competition.

NEED FOR A CHAMPION
In order to make SeaPerch run smoothly and successfully for your school or organization, you need a
committed champion who is willing to advocate for the program and its impact for students. This
person can be a parent, a teacher, an administrator, a local industry or university partner, or anyone
else who is able to promote the program and its benefits while helping students succeed. A champion
should be able to support the students from beginning to end, including the build, testing, and
competitions. They should also be the one to maintain contact with other regional and/or state teams,
and the SeaPerch website.

15

Starting a Program
B. Target Audience
C. Managing a Program Build

TARGET AUDIENCE
SeaPerch is appropriate for students from fifth grade up through college freshmen. The curriculum is
easily scalable for these ages depending on how teachers wish to use it. SeaPerch Challenges provide
two separate groupings for middle and high schoolers.

MANAGING A PROGRAM BUILD
There are many things to consider when starting a SeaPerch program for your school or organization.
What materials are necessary? How many students can work on one ROV? How will I (the
teacher/leader) learn how to build the robot in order to teach my students? All the necessary
information for starting a SeaPerch program build can be found in this manual. Additional
information, including build videos and connection links, can be found on the SeaPerch main website,
http://www.seaperch.org/index.
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Managing a Program Build
a. Prerequisites

PREREQUISITES
SeaPerch is appropriate for students from fifth grade through their freshman year in college. The
curriculum can be adjusted to work with the ages of the students, but in general they should have at
least a fifth-grade understanding of science and mathematics. The SeaPerch curriculum has both
beginner and advanced lesson plans to accommodate different levels of learning.
Beginning-level students will learn a great deal while building the basic design. As they use and
practice with their ROV in the water, they will also begin to learn the connections of the build to the
ROV’s maneuverability and speed. More advanced or older students will be able to integrate
additional physics and engineering concepts into their designs and competition strategies.
In order to start a SeaPerch program, at least one teacher/leader needs to have been trained through
SeaPerch or should have the knowledge and ability to support a build after viewing the supporting
materials provided here and on the website, including build videos.
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Managing a Program Build
b. Materials

MATERIALS
SeaPerch kits can be bought through our website at a cost of $143.00 per kit. Supplemental materials,
such as screwdrivers, soldering irons, etc., can be purchased individually, or you can purchase our
Teacher’s Tool Kit for $223.00. We recommend one Teacher’s Tool Kit for every 10 individual
SeaPerch kits. To purchase, visit http://www.seaperch.org/order_kit.
If you would like to apply for a grant through the AUVSI program to help cover the cost of the
SeaPerch kits, please click “I wish to apply for a grant” at the bottom of the order page.
If you choose not to purchase a Teacher’s Tool Kit, many of the materials needed to build your
SeaPerch ROV can be found in a parent’s toolbox, or a school’s wood or theater shop. If not, most can
be purchased inexpensively and reused for many years. Below is a list of our recommended tools:
Individual Tools (Recommended for each SeaPerch kit)









1 PVC Pipe tubing cutter (ratchet
style)
1 Phillips screwdriver, small
1 Pair scissors
1 Slip-joint and/or needle-nose pliers
1 Diagonal cutter pliers (wire cutters)
1 Wire stripper (for 26-16 AWG
stranded wire)
1 Pair safety glasses
1 Soldering iron











1 Soldering stand
1 Soldering iron tip, conical
1 Sharpie (marker)
1 Ruler
1 Lab notebook
Pens and pencils
1 Enamel paint set (optional)
1 Paint brush set (optional)
1 Plastic tote/container (optional

Shared Tools (Shared by multiple SeaPerch kits)







1 Drill bit, 1/4"
1 Drill bit, 3/32”
1 Hand drill, variable speed
1 Digital Multimeter for debugging
(optional)
1 Desoldering pump (optional)
1 Bench vise, 4” (optional)
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Managing a Program Build
c. Training Options

TRAINING OPTIONS
One of the most important aspects of SeaPerch, and one that differentiates it from similar programs, is
that it includes training for teachers and leaders. Bringing SeaPerch to a school requires that at least
one teacher/leader be trained by a qualified trainer. Teachers may participate in a 1-2 day training
program to teach the teachers how to build the SeaPerch and discuss curriculum for the classroom.
This training is provided at no cost to the school district or group when available in new areas.
Training can be set up for individual schools, school districts, or other groups defined by shared
interest or geography. Continuing education and/or professional development credits may be offered,
as educators are often required to attend workshops throughout the year.
There are also several training videos available on the SeaPerch website to help educators and leaders
teach their students the basics of building a SeaPerch. They can be found at:
http://www.seaperch.org/online_training_videos.
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Managing a Program Build
d. Mentors and Volunteers

MENTORS AND VOLUNTEERS
A single teacher or leader, though vital, is not enough to ensure the success of a SeaPerch program.
Mentors and volunteers play a critical part in the building and testing process, as well as the
competition. Their encouragement of students is so important to the success of the program. Reach out
to parents and community members – often they will be more than happy to mentor your students and
help during the build. If there is a local college, students (and sometimes even professors!) make
excellent mentors.
If you are holding a local SeaPerch competition, you will need many volunteers to ensure the
competition runs smoothly. Volunteers can help set up the competition area and challenges
beforehand. During the actual competition you will need people in charge of registration, lane judges,
a swimmer to reset challenges or retrieve lost parts, people to direct participants and spectators, etc.
Finding volunteers to help might sound like a challenge, but it can be easy. If you get a good number
of people who can support and back the program, SeaPerch at your school or organization will run
smoothly and can provide the most benefit for your students. Below are some tips to help you find
volunteers:







Ask parents and older siblings if they can help with the program. Anyone with a STEM
background is ideal for becoming a mentor, but anyone with an interest in supporting students
can help.
Call local college professors and ask if they or their students might be interested in helping
with the program.
Remember to ask for mentors specifically to help with poster presentations. These mentors do
not necessarily need to have a STEM background, but should be able to help the students
create memorable presentations and improve their public speaking abilities.
Ask for a specific time so as not to overwhelm potential volunteers – for example “Can you
come in for just one hour a week to mentor our students as they build their ROVs?”
Stress that everyone can help with the SeaPerch program – not just science or engineering
professionals. Something as simple as bringing a snack for hard-working students can be a
huge help.
Don’t forget to thank everyone who has helped to make your SeaPerch program a success!
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Managing a Program Build
e. Water Access

WATER ACCESS
For some schools and organizations, access to water may not be a problem. However, if your school or
organization does not own a pool, there are several things you can do:









A 50 gallon trash can is ideal for testing in the classroom.
Local lakes or ponds often have free water access.
If a student’s family owns a swimming pool, ask if you can have access to that resource.
Local YMCAs may offer access to their pools.
Local hotels with pools may also be willing to let you use their resources.
A small inflatable pool (at least 3 feet deep) may be set up outside.
Fire departments may be willing to bring in their reservoir for students to use.
Even a clean cow trough can be used for buoyancy testing.

Be sure to always call ahead of time and make sure that the water resource you are planning to use is
accessible and that you are permitted to use it.

21

Managing a Program Build
f. Group Size & Teamwork

GROUP SIZE AND TEAMWORK
SeaPerch works best when students are encouraged to cooperate and work together in teams. There is
a great deal of material to be learned in order to complete a build. When students each choose an area
to study more fully, they can share their knowledge with the team.
Any size of group can work to build a SeaPerch, from a single student to a large group. However, the
following list of recommended group sizes will maximize the SeaPerch experience, reducing the need
for excessive kits while allowing each student to participate:




Elementary: 4-6 students
Middle School: 3-5 students
High School: 2-4 students

In middle and high school, we recommend that each student take a particular area of engineering and
apply it to their team and their SeaPerch ROV build. They can then prepare short lessons on their
particular area of expertise in order to share with their teammates:






Mechanical Engineer: In charge of motors and mechanical systems.
Materials Engineer: In charge of structural systems. Checks quality of structure on daily
basis.
Electrical Engineer: In charge of control box and control systems. Maintains battery charge.
Systems Engineer/Project Overseer: Maintains positive flow, oversees project and maintains
a record of the build.
Presentation Designer: In charge of creating the final SeaPerch presentation.

We also recommend a certain number of adult supervisors in order to keep the build experience
flowing smoothly and to prevent safety mishaps:




Elementary: 1 adult per team
Middle School: 1 adult per 2-3 teams
High School: 1 adult per 4+ teams
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Managing a Program Build
g. Scheduling Options

SCHEDULING OPTIONS
SeaPerch is a program that can be used in many different venues, from public and private schools to
homeschools to clubs and extracurricular activities. Therefore, scheduling activities, lesson plans,
build sessions, and quality testing/practices is up to the discretion of the teacher/program supervisor.
In a school setting, lesson plans may be set up so that teachers can use one or several class periods.
You may choose to do an entire unit with SeaPerch, or you may spread it out throughout a year or
semester, interspersing SeaPerch activities with other classroom lessons. In a homeschool or club
setting, you may choose to only focus on the build and testing procedures to fit the available meeting
times.
Whichever you choose, SeaPerch is flexible enough to fit any time constraint and availability!
Below are two examples of SeaPerch schedules:
Example I: Embedded in a Semester of High School
Sessions during class, 1 time per week
Weeks 1-3: Underwater oceanography
Week 4: Buoyancy
Week 5: Density
Weeks 6-7: Electrical Circuitry
Weeks 8-9: Scientific Method and Presentations
Weeks 10-14: SeaPerch ROV build
Weeks 15-17: Testing/Data Collection
Week 18: School Competition
Example II: Club or Group Meetings
Meetings 1 time per week
Week 1: Introduction to SeaPerch
Week 2: Exploration of Navy and underwater challenges
Week 3: Materials and build discussion; watch beginning build videos
Week 4: Building the Control Box
Week 5: Constructing the Frame
Week 6: Adding Motors
Week 7: Propellers and Battery Connections
Week 8: Adjusting Flotation and Water Testing
23

Managing a Program Build
h. Computer Availability

COMPUTER AVAILABILITY
Computer availability for all students can be helpful especially if you plan on having the students
research topics and discover answers on their own time. Some lesson plans can benefit from each team
having computer access.
However, in order to complete the SeaPerch build and to compete, it is not necessary for students to
have computer access. As long as a teacher or volunteer can get onto the SeaPerch website and
provide necessary instructions and materials, the students can have a complete SeaPerch experience.
The build videos can be found on the SeaPerch website through the following link:
http://www.seaperch.org/seaperch_complete_build
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Starting a Program
D. Managing a Culminating Event

MANAGING A CULMINATING EVENT
Students benefit greatly from having the opportunity to demonstrate their new knowledge and their
SeaPerch ROVs. They have the chance to interact with other students interested in engineering and
STEM, and will gain confidence through presenting and competing.

Managing a Culminating Event
a. Regionals
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Managing a Culminating Event
a. District and Regional

REGIONALS
District events, part of a larger region, can be large or small depending on the interest in your area.
The purpose of a district event is simply to allow for exploration and friendly competition between
students.
If you plan on creating a district event, contact teachers and mentors from other schools and clubs in
your area to see who might be interested. If they have not yet begun a SeaPerch program in their area,
mention that they can find all the necessary information on the SeaPerch website. Regional events
may be organized to allow for participation of districts in the area.
http://www.seaperch.org/index
A district event, no matter how small, can really serve to pique interest in the SeaPerch program.
When parents, teachers and friends see for themselves how fun and educational SeaPerch is for the
students, they will be more likely to support the program and help ensure its continuation.
Challenges during a district event can vary, but there are several that are consistently used across the
USA. These tried-and-true events are easy to set up and prepare, and are fun and challenging for
students:




Obstacle Course: Students must maneuver their ROVs through an underwater obstacle course.
This can be constructed of PVC pipe structures, weighted hula hoops, etc.
Salvage: Students use their ROVs to retrieve diving rings from the bottom of a pool or from
clips hanging on a simple metal or PVC frame.
Sprint: Students race their ROVs on the surface of the water.

Planning a district event may sound challenging, but it can actually be condensed into a few simple
steps:
1.
2.
3.
4.
5.

Schedule the event
Find and secure a location with a pool
Engage volunteers and judges
Create and set obstacles
Event day!

More specific information to help you plan a successful and stress-free district event can be found
under “Planning an Event” in this guide.
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Managing a Culminating Event
b. State
c. Nationals

STATE
State challenges are a terrific opportunity as district and regions begin to grow in your area. This tiered
system allows the winners of district and/or regional competitions to refine their ROV designs as well
as their presentation skills, and to compete at a higher level against other champions at the state level.
In several areas, universities and colleges have been pleased to host state competitions in order to
support STEM initiatives.

NATIONALS
Winners of state competitions, or of districts or regions if a state competition has not yet been
implemented in your area, have the opportunity to attend the Annual National SeaPerch Challenge.
Nationals are an exciting event for students who love the chance to travel and to meet other scienceand technology-minded students from around the country.
The first National SeaPerch Challenge was held in Philadelphia, Pennsylvania in 2011. In 2012,
students traveled to Manassas, Virginia, and this year we are excited to announce that Nationals will
occur on Saturday, May 18, 2013 in Indianapolis, Indiana.
This third National SeaPerch Challenge is proving to be the largest to date and will host up to 100
SeaPerch teams from across the nation, with no limit on the number of students per team. The event
will feature both poster and pool events, with a brand-new Deep Sea Transfer challenge. The
competition will feature a welcome party on the evening of May 17, as well as an awards banquet to
be held after the daytime competition.
More information on the 2013 National SeaPerch Challenge can be found at:
http://www.seaperch.org/seaperch_challenge
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Managing a Culminating Event
d. Planning an Event

PLANNING AN EVENT
Below is a checklist that may be helpful when planning a district, regional or state event. Note that it is
prudent to begin planning at least 6 months before the event is to be held.
6-9 Months Before Event:
 Secure a location. The location should have a pool as well as classrooms or other areas nearby
for poster presentations.
 Keep in mind the cost of using the facility, if applicable.
 Remember that some facilities may charge custodial expenses.
 Inquire if any insurance/liability riders are necessary.
 Set registration timeframe and fees.
 Invite local business partners to support the upcoming challenge (financially or volunteers).
2 Months Before Event:





Plan schedule for competition day.
Send out competition day details to all participants, including schedule and directions.
Organize underwater obstacle structures and materials.
Solicit judges and volunteers:
 Lane judges
 Poster presentation judges
 Security, Divers, First Aid and Life Guards
 Registration workers
 General volunteers to manage flow of participants and spectators
 Camera men/women for stills and/or video
 Order shirts or other items for participants (optional).
 Order awards.
 Inform local news media.
Day of Event:






Set up obstacle courses, etc.
Set up ROV inspection area.
Organize registration table.
Set up awards and triage areas.
Set up volunteer area with information and refreshments.
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i. Defining a Location
ii. Defining the Challenges/Games
 Enjoy the competition!

DEFINING A LOCATION
The pool area of a high school or university is often the ideal place to hold a SeaPerch event, because it
usually has all the resources necessary to keep the event running smoothly. The pool with lanes is the
perfect place for the competitions to occur, while a diving well or small side pool can be used for lastminute testing and modifications. Spectators can use the stands to watch competitions, and classroom
areas are available for the ROV presentation judging.
If this resource is not available to you, often local YMCA associations or gymnasiums are more than
happy to accommodate a SeaPerch competition. Make sure that you call far ahead of time so that you
can book the location and obtain lifeguards. Even small locations are suitable for regional
competitions, as long as the pool can contain two or three ROVs at a time.

DEFINING THE CHALLENGES/GAMES
District or regional challenges may encompass any variation of activities for the pool and presentation
portions of a competition. However, it is beneficial for at least some, if not all, of the challenges to
align with Nationals in order for teams to be better prepared to compete at the state and national level.
The description of National Challenges, rubrics, and rules can be found on the SeaPerch website
through the following link:
http://www.seaperch.org/challenge_rules
In the past, challenges have included obstacle courses, salvage, “oil spill” cleanup, underwater
retrieval, and surface sprints.
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iii. Scheduling

SCHEDULING
Although scheduling will vary between competitions, below is a sample schedule that may help you to
organize your own agenda for competition day:
6:30-7:30 A.M.





Set up pool obstacles, registration table, and presentation rooms
Organize a volunteers room with refreshments and information
Set up trophy/awards area
Judges and volunteers arrive

7:30-8:30 A.M.




Teams arrive
Registration
Welcome ceremony

8:30-12:30 A.M.


Teams rotate through the following sections:
o Obstacle Challenge
o Open Challenge(s)
o Presentations

12:30-1:30 P.M.



Lunch
Scoring calculations by judges

1:30-2:00 P.M.



Awards and photos
Teams leave

2:00-3:00 P.M.


Cleanup
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iv. Advertising and Public Relations

ADVERTISING AND PUBLIC RELATIONS
SeaPerch is an excellent opportunity to show parents, businesses, and the community the meaningful
learning that students can accomplish with SeaPerch’s interactive program. Take time to plan for photo
opportunities and involve your local newspapers and news agencies. By getting the word out that you
are participating in a fantastic STEM initiative program, you will not only be able to grow the
program, but you may also find that local businesses are willing to support your students.
Below are some ways you can advertise SeaPerch:
 Invite a local news source to do a story about your SeaPerch competition.
 Hang up posters around town inviting spectators to watch the competition.
 Put a notice in a school or local newspaper.
 Have students talk about their SeaPerch experiences at a local club or guild.
After your event is complete, take time to send in a brief description of the event, as well as pictures, to
info@seaperch.org. We want to feature your competition on the SeaPerch website and acknowledge
your successes!
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v. Volunteers

VOLUNTEERS
Volunteers play a vital part in any SeaPerch event. You may be surprised at the number of volunteers
that want to help with your event! For a district, regional or state competition, you will need to enlist
several different types of volunteers, listed below. The number of volunteers in each category will vary
depending on the size of your event.








Lane judges
Presentation judges
Registration volunteers
Set-up and tear-down crew
Swimmer(s) to reset challenges and/or retrieve dropped parts
Camera men/women
Volunteers to direct participants and spectators

When searching for volunteers, consider approaching the following groups of people:







Local business partners
School teachers and administrators
Any area military installations/support offices including contractors, government employees,
and National Guard outposts
State officials
Parents
o Parents should not judge events that their children may be participating in
University staff

Remember to thank all volunteers for their time and efforts to make your SeaPerch competition a
positive and successful event!
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vi. Triage Table

TRIAGE TABLE
A triage table is a table with spare parts and tools just in case something breaks or goes missing. In a
competition with lots of kids running around with robots, be sure that something will go wrong. It’s
always better to be prepared rather than have to scramble for extra parts in the heat of the moment. A
typical triage table might contain the following equipment and parts:









Soldering iron and solder
Wire
Wax
Epoxy
Propellers
Propeller shafts
Pre-waxed motors
General tools such as screwdrivers, vise grips, wire cutters, etc.
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vii. Awards

AWARDS
Awards are up to your discretion, but as a rule, more is better. Although there will be some teams who
are clearly ahead in certain areas, all students should be congratulated and encouraged, since all
students have worked hard to create and use their SeaPerch ROVs. Even the teams who do not move
up in the competition will be thrilled to receive a smaller award acknowledging their efforts. Plan to
celebrate the successes of all the participants!
In general, awards should be awarded separately at both the middle school and the high school level.
Below is a sample framework of awards:












Obstacle Course:
o First Place
o Second Place
o Third Place
Presentations:
o First Place
o Second Place
o Third Place
Open Competition:
o First Place
o Second Place
o Third Place
Other Challenge(s) (Salvage, Sprint, etc.)
o First Place
o Second Place
o Third Place
Best Use of Engineering Principles
Most Unique Build
Most Innovative Adaptation
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Funding and Resources
a. Costs for Kits
b. Grant Options

COSTS FOR KITS
SeaPerch ROV kits are available for purchase at:
http://www.seaperch.org/order_kit
At this time, each kit (suitable for three-four students) costs $143.00.

GRANT OPTIONS
Grant funding is available on a limited basis and may cover some student kits and one teacher tool bag.
Grants are usually awarded to schools or areas entering their first year of SeaPerch programming. In
order to apply for grant funding, go to the following website:
http://www.seaperch.org/kit_checklist?grant=1
If you do not qualify for a grant, check for other teacher grants and funding that may cover kit cost, or
look for local businesses to sponsor your students.
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Teach
1. Academic Common Core Standards (1 of 4)

TEACH
SeaPerch is more than just an opportunity for students to build a cool robot. It can be turned into an
entire curriculum based on the SeaPerch ROVs. We have a collection of lesson plans, in addition to
supplemental materials like PowerPoint presentations and worksheets, to help you make the most of
this amazing opportunity. Whether you want to take a single day and learn something new through one
of our SeaPerch lessons, or if you wish to delve deep into our STEM curriculum and create an entire
unit, we have resources you can use to enrich your students’ SeaPerch experience. All lesson plans
cover national science standards.

ACADEMIC COMMON CORE STANDARDS
As of October 1, 2012, the US Department of Education is continuing to support the movement to
refine the proposed National Common Core Science Standards. When completed, most states will
likely choose to adopt these standards in order to streamline science education criteria throughout the
United States.
SeaPerch is committed to creating a curriculum that will be in alignment with the National Common
Core Science Standards. As we continue to receive updates on their progress, we will add to and refine
our lessons to reflect the changes. On the next three pages are the most current Common Core
Standards as of January 2013. Look for the complete, finalized versions in Autumn 2013.
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1. Academic Common Core Standards (2 of 4)
Overview
Category

Grades K-4

Grades 5-8

Grades 9-12

1. Abilities necessary to do
scientific inquiry
 Ask a question about
objects, organisms, &
events in the
environment
 Plan & conduct a
simple investigation
 Employ simple
equipment & tools to
gather data & extend
the senses
 Use data to construct
a reasonable
explanation
 Communicate
investigations &
explanations
2. Understanding about
scientific inquiry

1. Abilities necessary to
do scientific inquiry
2. Understanding about
scientific inquiry

1. Abilities necessary to do
scientific inquiry
2. Understanding about
scientific inquiry

1. Properties of objects &
materials
2. Position & motion of
objects
3. Light, heat, electricity, &
magnetism

1. Properties & changes
of properties in
matter
2. Motions & forces
3. Transfer of Energy

1. Structure of atoms
2. Structure & properties of
matter
3. Chemical reactions
4. Motions & forces
5. Conservation of energy &
increase in disorder
6. Interactions of energy &
matter

Unifying Concepts &
Processes






Systems, order, &
organization
Evidence, models, &
explanation
Change, constancy, &
measurement
Evolution &
equilibrium
Form & function

Science as Inquiry
1. Understanding of
scientific concepts
2. An appreciation of "how
we know" what we
know in science
3. Understanding of the
nature of science
4. Skills necessary to
become independent
inquirers about the
natural world
5. The dispositions to use
the skills, ability, &
attitudes associated
with science

Physical Science
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1. Academic Common Core Standards (3 of 4)
Earth & Space Science
Standards

Science & Technology
Standards

1. Properties of Earth materials
2. Objects in the sky
 The Sun, Moon, stars… all
have properties,
locations, and
movements that can be
observed & described
 The Sun provides the light
& heat necessary to
maintain the
temperature of the Earth
3. Changes in Earth & sky
 Objects in the sky have
patterns of movement.
The Sun, for example,
appears to move across
the sky in the same way
every day, but its path
slowly changes over the
seasons. The Moon
moves across the sky on a
daily basis much like the
Sun. The observable
shape of the Moon
changes from day to day
in a cycle that lasts about
a month.

1. Structure of the Earth
system
2. Earth's history
3. Earth in the solar
system

1. Energy in the Earth system
2. Geochemical cycles
3. Origin & evolution of the
Earth system
4. Origin & evolution of the
universe

1. Abilities to distinguish
between natural
objects & objects
made by humans
2. Abilities of
technological design
 Identify a simple
problem
 Proposal a solution
 Implementing
proposed solutions
 Evaluate a product
or design
 Communicate a
problem, design, &
solution
3. Understanding about
science & technology

1. Abilities of technological
design (see K-4)
2. Understanding about
science & technology
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1. Academic Common Core Standards (4 of 4)
Life Science Standards

Science in Personal &
Social Perspectives
Standards

1.
2.
3.
4.
5.

History & Nature of
Science Standards

1.

1. Characteristics of
organisms
2. Life cycles of
organisms
3. Organisms &
environments

1.
2.
3.
4.

The cell
Molecular basis of heredity
Biological evolution
Interdependence of
organisms
5. Matter, energy, &
organization in living
systems
6. Behavior of organisms

Personal health
Characteristics &
changes in populations
Types of resources
Changes in
environments
Science & technology in
local challenges

1. Personal health
2. Populations,
resources, &
environments
3. Natural hazards
4. Risks & benefits
5. Science & technology
in society

1. Personal & community
health
2. Population growth
3. Natural resources
4. Environmental quality
5. Natural & human-induced
hazards
6. Science & technology in
local, national, & global
challenges

Science as a human
endeavor

1. Science as a human
endeavor
2. Nature of science
3. History of science

1. Science as a human
endeavor
2. Nature of scientific
knowledge
3. Historical perspectives
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STEM Curriculum Components
A. Teaching Units

TEACHING UNITS
In the next pages is a sampling of lesson plans that can be used with and about the SeaPerch ROVs.
For ease of navigation through the plans, we have divided them into five units:






Design and Build Lessons
Testing and Troubleshooting Lessons
Engineering/Robotics Lessons
Oceanography Lessons
Cross-Curricular Lessons

These lessons can be used in any order and in any combination in order to enhance the SeaPerch
experience. Additional materials can be found on the SeaPerch website under “Teach.” Some lessons
have accompanying PowerPoint presentations, which can also be found on the website.
Our SeaPerch educational directors will be continuously adding to and updating the curriculum and
sample lessons. If you have a stellar lesson plan that you have used with your SeaPerch teams, we
would love to help share your knowledge and success. If your lessons are added to our resources, we
will give you and your SeaPerch program credit for the lesson or lessons you have developed.
Please send any lessons to lrichmond@seaperch.org
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Design and Build
1. SeaPerch Design Folio (1 of 9)

SeaPerch Design Folio and Build Overview
Grade Level: 7th-12th
Length of Lesson: 2 days – 1 week
Goals:
 Students will learn about ROVs and where they are used
 Students will learn about the SeaPerch design challenge
 Students will design their SeaPerch ROVs, build them, and test them
Core Academic Standards:
International Technology Education Association: Standards for Technology Literature*
 ITEA: STL 8
o Develop an understanding of the attributes of design
 ITEA: STL 9
o Develop an understanding of engineering design
 ITEA: STL 11
o Develop abilities to apply the design process
 ITEA: STL 12
o Select and use tools and equipment safely and correctly
o Develop abilities to use and maintain technological products and systems
*Academic standards will be aligned to the National Core Science Standards upon their release in 2013.

Materials:
 SeaPerch Design Folio (located below)
 PowerPoint 1: SeaPerch Overview and Design Challenge
 SeaPerch kits (1 for each group of 2-4 students)
Background:
Explain to students what the SeaPerch challenge is about. Students will construct remotely-operated
vehicles (ROVs) that are able to maneuver underwater. Students will be expected to create several
potential designs and then pick the best one to complete. Their ROVs will need to be able to move
through an obstacle course, as well as follow through with the year’s current challenge.
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1. SeaPerch Design Folio (2 of 9)

Lesson: LAUNCH
Show students the LabTV SeaPerch video at:
http://www.ndep.us/Sea-Perch
The video shows a SeaPerch program at John F. Kennedy High School. Then, show them this short
coverage of a robot helping to clean up the Gulf Oil Spill:
http://www.youtube.com/watch?v=Y5-sVKnio4w
Discuss with the students how robots can be used in different ways underwater, including helping to
clean up or even avert disasters.

Lesson: INVESTIGATE
Show and discuss the SeaPerch Overview and Design Challenge PowerPoint. Next, give the
students the SeaPerch Design Folio and help them to begin designing their SeaPerch ROVs. Once
students have decided upon a final design, allow them to continue to the next step: building the ROVs.

Lesson: PRACTICE
Students should use their final designs to construct their SeaPerch ROVs. Depending on your
classroom time frame, this could take anywhere from one day to a week.
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Design and Build
1. SeaPerch Design Folio (3 of 9)

SeaPerch Design Folio
Name:
Period:
Teacher:
Date Started:
Date Due:

Defining

Write a brief description of the challenge you are to solve:

the Problem

Brainstorming

What do you already know about ROVs?

List any initial ideas you have for the design of a SeaPerch:
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1. SeaPerch Design Folio (4 of 9)

Research &
Generating
Ideas

Identifying
Criteria &
Specifying
Constraints

A remotely operated vehicle (ROV) is a tethered underwater robot. They are
common in deepwater industries such as offshore hydrocarbon extraction. An
ROV may sometimes be called a remotely operated underwater vehicle to
distinguish it from remote control vehicles operating on land or in the air.
ROVs are unoccupied, highly maneuverable and operated by a person aboard a
vessel. They are linked to the ship by a tether, a group of cables that carry
electrical power, video and data signals back and forth between the operator
and the vehicle. High power applications will often use hydraulics in addition
to electrical cabling. Most ROVs are equipped with at least a video camera
and lights. Additional equipment is commonly added to expand the vehicle’s
capabilities. These may include magnetometers, a still camera, a manipulator
or cutting arm, water samplers, and instruments that measure water clarity,
light penetration and temperature.
List the things your product must do to solve the problem:
The solution must….
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Design and Build
1. SeaPerch Design Folio (5 of 9)
Exploring
Possibilities

Sketch out 4 possible designs for your SeaPerch ROV. Each sketch should be
shown from side view. Include body shape, location of motors, location of
floats, & location of wires. Each box in the grid should
represent a consistent distance. Sketches should be drawn to scale.
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1. SeaPerch Design Folio (6 of 9)

Select a Design
Solution

Select your final design. Sketch out your final design below. This is a 4
view sketch – front view, side view, top view, & bottom view (shows
motor locations). SeaPerch should be drawn to scale.
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1. SeaPerch Design Folio (7 of 9)
Reasoning:
The design chosen is most suitable because

Develop a
Design
Proposal

Resources for Technology (to produce prototype):


Additional information required:



Energy required:



People required:



Capital (money) required:



Estimated time required:



List the materials you will use to produce your prototype:



List the tools and/or machines you will use:



List the processes you will use to produce your prototype:

1.
2.
3.
4.
5.
6.
7.
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1. SeaPerch Design Folio (8 of 9)
Make a
Model /
Prototype

Using supplied capital resources, build your prototype.
Document challenges faced:

Document any changes made to original design or design proposal:

Testing &
Evaluating
the Solution

Test your prototype in the testing tank.
Document any problem that occurred during testing:

Also attach the testing worksheets provided by your teacher.
Refining the
Design

Creating or
Making It

Use available capital resources to adjust or refine your prototype.
Document changes made to prototype:

When ready, demonstrate your completed SeaPerch for grading.
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1. SeaPerch Design Folio (9 of 9)
Reflect on the process you just completed and final product you created. Answer the
following questions.
Communicating Process &
Results

1. List what worked well or was a success in your design.

2. List what was satisfactory in your design, but could be improved.

3. List what did not work well or was unsatisfactory in your design.

4. How could you improve your overall design?

5. What did you learn while working on this challenge?

49

Design and Build
2. Assembling the SeaPerch Structural System (1 of 2)

Assembling the SeaPerch Structural System
Grade Level: 7th-12th

Length of Lesson: 1 day plus extension

Goals:
 Students will identify various types of simple and complex structures in the world
 Students will be introduced to the SeaPerch ROV structural system
 Students will begin construction of their SeaPerch ROV structural frame

Materials:
 PowerPoint 2: SeaPerch Structural System
 SeaPerch kits and equipment (one for every 3-4 students)
 SeaPerch construction manual

Lesson: LAUNCH
Present the SeaPerch Structural System PowerPoint slides 1-4. On slide 4, ask the students “what
happened” in each of the pictures. Discuss various structures around the world, both simple and
complex. Discuss how structures fail and what can be done to strengthen them.

Lesson: INVESTIGATE
Hand out the SeaPerch Construction Manual. Focus the students on the first section, “Assembly of
Subsystem One: The Vehicle Frame.” Show the SeaPerch Structural System PowerPoint slides 5-7.
These slides show how students are to measure and cut their PVC pipe pieces for their ROV. If a group
has a modified ROV structure, they will need to figure out the length of each pipe piece. The pipe fits
into the ¾” connector.
Review any and all safety precautions before continuing to Lesson: PRACTICE. The teacher should
demonstrate the safe use of all tools.
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2. Assembling the SeaPerch Structural System (2 of 2)

Lesson: PRACTICE
Students will follow the construction manual to safely measure, mark, and cut their PVC pipe for the
ROV structural frame. The ends of the pipes may need to be slightly sanded in order to remove burrs
or rough places.
After the students have finished, the teacher should check each group to ensure that their PVC pipes
have been cut correctly.
Explain to the students that for today, they have all been structural engineers. However, for the rest of
the build, they will split up their expertise so that each group member has a specific job. The members
will be:
Structural Engineer
Mechanical Engineer
Electrical Engineer
Project Manager

Extension
During the next class period, show the students the rest of the SeaPerch Structural System
PowerPoint slides. Assist the structural engineer students in completing the SeaPerch ROV structure,
while the other group members work on their respective systems.
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3. Assembling the SeaPerch Mechanical System (1 of 2)

Assembling the SeaPerch Mechanical System
Grade Level: 7th-12th
Length of Lesson: 1 day
Goals:
 Students will take apart and study the parts of a motor
 Students will create the mechanical system for their SeaPerch ROV
Materials:
 Old DC motor (does not need to be in working condition)
 SeaPerch kits (one for each 3-4 students)
 SeaPerch Construction Manual
 Ohm meter
Lesson: LAUNCH
Let students carefully take apart one or more old DC motors. Point out the different components of the
motor and have them identify each part:
a.
b.
c.
d.

Armature
Permanent magnet
Brushes
Casing

Lesson: INVESTIGATE
Have the students take out their SeaPerch Construction Manuals that they should have received
during the structural systems build. Focus the students’ attention on section two, “Assembly of
Mechanical System.”
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3. Assembling the SeaPerch Mechanical System (2 of 2)
Show the students the motors they will be using for their SeaPerch ROVs. Explain the process for the
mechanical system, including waterproofing the motor with wax and creating the CAT5 cable.
Before students begin work on their mechanical systems, the teacher should demonstrate the proper
use of a soldering iron.
Lesson: PRACTICE
While the other students are working on the other SeaPerch systems, help the mechanical engineers to
create their mechanical system for their ROV. Students should inspect their CAT5 cable and conduct a
continuity test with an Ohm meter, as well as testing the functionality of the motors after waxing.
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4. Assembling the SeaPerch Electrical System (1 of 2)

Assembling the SeaPerch Electrical System
Grade Level: 7th-12th
Length of Lesson: 1 day
Goals:
 Students will investigate the challenges of working in an airless environment
 Students will create the electrical system for their SeaPerch ROV
Materials:
 PowerPoint 3: SeaPerch Electrical System
 SeaPerch kits (one for each 3-4 students)
 SeaPerch Construction Manual
 Ohm meter
Lesson: LAUNCH
Show students this short video of a spacewalk hit by a brief power outage. This will show the students
some of the difficulties and challenges of working in an environment without air. Though the video
documents an assignment in space, a water environment is very similar.
http://www.woodtv.com/dpps/news/national/south/astronauts-kicking-off-first-of-3-spacewalksjgr_3362543
Lesson: INVESTIGATE
Ask students to take out their SeaPerch Construction Manuals that they should have received on the
first day of the structural build. Direct them to Section Three, “Assembly of Subsystem Three: The
Control Box.” Show the students the electrical components that they will work with. Present the
SeaPerch Electrical Systems PowerPoint.
Explain the process for electrical system construction and soldering. Make sure that the students know
to follow the correct order when adding components to the circuit board, or it will become difficult to
solder pieces on the board.
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4. Assembling the SeaPerch Mechanical System (2 of 2)

Lesson: PRACTICE
While the other students are working on the other SeaPerch systems, help the electrical engineers to
create their control box for their ROV. Students should visually inspect their soldering to ensure there
are no short circuits, and should conduct a continuity test with an Ohm meter.

55

Design and Build
5. Student-Designed Modification of SeaPerch (1 of 2)

Student-Designed Modification of SeaPerch
Grade Level: 7th-12th
Length of Lesson: 1-2 periods for modification, 2 periods for business letter
Goals:
After completing the building of a submersible SeaPerch ROV, students will use their
experience and ingenuity to create a beneficial modification through the standard design process. The
project will culminate in a persuasive business letter that will motivate local merchants, corporations
and others to support this design project to its completion as a prototype.
 Brainstorm ideas for various modifications.
 Identify and choose a “dream” modification (modification of choice) with stated objective in
mind.
 Design and draw to scale a prototype of SeaPerch plus its modification to present to other
students. Classmates will provide feedback to modification plan using a rubric.
 Web search for availability of appropriate parts and equipment needed, including cost.
 Incorporate ideas, design, costs, materials and equipment needed etc. into a formal business
letter to look for project funding.
 Begin to think like the various marine engineers and scientists who make their careers through
the use of ROVs like the SeaPerch.
Core Academic Standards:
 Content Standard A: Science as an Inquiry
o Ability necessary to do scientific inquiry
o Crosses disciplines and grade levels
 Content Standard E: Science and Technology
o Abilities of technological design
o Understandings about science and technology
 Content Standard F: Science and Personal Perspectives
o Science and technology in local, national, and global challenges
 Content Standard G: History and Nature of Science
o Science as a human endeavor
o Nature of scientific knowledge
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5. Student-Designed Modification of SeaPerch (2 of 2)
Materials:
 SeaPerch (conventional design)
 Lined and graph paper
 Various PVC parts
 Collection of extra materials from the classroom and that the students have brought in from
home
Background:
Imagine this scenario: You work for a company that constructs ROVs. Your boss just told you
that you have to design a vehicle for the next field testing season. The company does not have a very
large budget, so you cannot build a new ROV for this project. You need to alter the design of your
existing SeaPerch ROV that you used last year so it can be used in your upcoming field season.
Lesson: LAUNCH
1. Students will recognize an existing problem/condition underwater that they would like to
investigate.
2. Students will identify what equipment would be needed to add to their SeaPerch in order to
collect data or analyze the identified problem/condition.
Lesson: INVESTIGATE
1. Students will plan out – to scale – what the modification design will look like. What materials
will be used? How expensive would the modification be? How long would it take to build and
test the modification?
2. Students will show/demonstrate their designs to other students and critique each other’s
designs.
3. Students will modify their designs based on the critiques by their peers.
Lesson: PRACTICE
1. Students will organize the information they have collected on their modification.
2. Students will write a formal business letter detailing their proposed modification, how it would
benefit a specific cause, and why a certain company should support them.
3. Students may want to actually post their letters in the event that a company might support a
specific project.
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Testing and Troubleshooting
1. Determination of Mass, Volume, and Ballast (1 of 3)

Determination of Mass, Volume, and Ballast of a
SeaPerch ROV
Grade Level: 7th-12th
Length of Lesson: 45 minutes
Goals:





Students will learn to determine the mass of an object
Students will learn to determine the volume of an irregularly-shaped object.
Students will learn to calculate the density of an irregularly-shaped object.
Students will use these skills on their SeaPerch ROVs in order to determine the amount of
ballast they need to add.

Core Academic Standards:
 Unifying Concepts and Processes
 Science as an Inquiry
 Physical Science
 Science and Technology for Grades 9-12
Materials:
 Pool float (found in SeaPerch kit)
 String to attach ballast to the floats
 Scale (must weigh in fractions of an ounce)
 One-pound coffee can
 Electrical tape
 Measuring tape or ruler (accurate to 1/16 inch)
 Ballast (metal washers work well)
Background:
Buoyancy is an upward force exerted on an object by the fluid it is surrounded by. How buoyant an
object is, is determined by the weight of fluid an object displaces. To determine how buoyant an object
is, you need to know the density of the fluid it will be surrounded by. With this information and the
known volume of the object, you can determine the buoyant force exerted on the object.
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Lesson: LAUNCH
The buoyant force is the force that an ROV would have to supply to submerge itself. A ROV needs to
be slightly buoyant so that it will return to the surface if it loses power, but if it is too buoyant, it will
take more energy to submerge it or it may not submerge at all. To adjust the buoyancy of a ROV
weight known as ballast needs to be added.
To calculate the ballast needed to make your ROV neutrally buoyant, you need to know the density of
the fluid your ROV is submerged in, the density of the ballast weights, as well as the volume and
weight of the ROV. Remember that the densities of your weights must be greater than the density of
your fluid. Otherwise they just add more buoyant force to the craft. This is why you use lead or steel
instead of foam, because lead and steel are denser than water and foam is less dense that water.
Lesson: INVESTIGATE
1. Weigh the pool float and write the weight down.
2. Measure your coffee can diameter and write it down
3. Place ruler or measuring tape into coffee can and tape it to the side with electrical tape
4. Fill coffee can half way up with water
5. Make sure that the ruler is at least partially submerged and write down the height of water
6. Place pool float into coffee can and submerge. You will have to push the float below the water,
take care not to submerge your finger too as this will affect your volume calculation. Write
down the height of water with the float submerged
7. Subtract the first measurement from the last measurement and use this as your height to
calculate the volume of water displaced.
Remember: Volume for a cylinder is:
2

V = Pi * r * H
This is the volume of your pool float
8. Calculate the density of the float by dividing the weight of the float by the volume of the float
9. Determine the density of the ballast you are going to use.
10. Start adding ballast to the float until it just submerges.
11. Weigh the ballast and see how much it took to make the float neutrally buoyant.
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Lesson: PRACTICE
Reproduce the following questions and have the students answer them for practice:

1. Calculate the density of a 4-inch piece of PVC plastic used in the SeaPerch frame. Will it float?
2. What happens if you place tape over the ends of the 4 inch PVC piece so water can’t flood the
inside?
3. Using the principles of what you just learned, devise an experiment to determine the displacement
of a SeaPerch using a 5 gallon bucket.
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SeaPerch Performance Testing
Grade Level: 7th-12th

Length of Lesson: 3 days

Goals:
 Students will test their SeaPerch ROV for buoyancy, control, guidance, speed, and friction.
 Students will familiarize themselves with the control box

Materials:
 SeaPerch ROV
 Water source (such as a pool or 100 gallon tank)
 Guidance Testing Documentation Worksheet (below)
 Measuring Velocity and Acceleration Worksheet (below)

Background:
Engineers who are developing a technology use a particular approach called the engineering design
process. The design process is fundamental to technology and to engineering. Also referred to as
technological design, the engineering design process demands critical thinking, the application of
technical knowledge, creativity, and an appreciation of the effects of a design on society and the
environment. Performance testing is a major part of the engineering design process.

Lesson: LAUNCH
Students submerge their SeaPerch in the water and observe how it floats and/or sinks. Ask students to
hypothesize what needs to be done to get their SeaPerch to be neutrally buoyant. Students can calculate
and add weights in order to get their ROV to a neutrally buoyant state. Note: Teachers may want to
refer to the lesson plan Determination of Mass, Volume, and Ballast.
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Lesson: INVESTIGATE
Once the SeaPerch ROVs have been modified to be neutrally buoyant, explain that the students will
test their SeaPerch for buoyancy (in engagement and exploration), guidance, and speed. Through data
collection, students can use the testing information to refine or improve the performance of their
SeaPerch.
Students will place their SeaPerch in the water (attempt to keep ROVs separate from one another so as
not to disturb the water for other robots) and operate each switch to determine which switch controls
the vertical thruster, left motor, right motor, forward motion and backward motion. Students will use
their observations to fill out the Guidance Testing Documentation Worksheet.

Lesson: PRACTICE
Students should investigate the vertical and horizontal speed of their ROVs. Allow them time to study
their ROVs motions and fill out the Measuring Velocity and Acceleration Worksheet.
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Guidance Testing Documentation

B

A

D

C

Motion Desired

Switch (s)

Up (U)/Down (D)

Left Motor On/Off
Right Motor On/Off
Vertical Thrust toward water
surface
Horizontal Forward Motion
Horizontal Backward Motion

Based on your testing, label your switches on your remote box to help you in control the SeaPerch.
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Measuring Velocity & Acceleration Worksheet
If you were using a ROV to collect data or perform a task, you would need to know how fast the ROV
could move in the water to estimate the amount of time required to power the vehicle under water and
to determine how quickly you could arrive at your target location.
Testing Question: How do you measure horizontal velocity of the SeaPerch?
Prediction:

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

Materials
SeaPerch

test tank

tape

stop watches

meter stick/measuring tape

Tape

Tape

Directions
1. Using the meter stick or ruler, measure 2 feet (61 cm) from the one end of the test tank and
mark it with a small piece of tape. Continue to mark every two feet (61 cm) with a small piece
of tank for the entire length of the tape. See set-up below. (You will need to time how long it
takes for the SeaPerch to move from one of the tank to the other end.)

2 feet

2 feet

(Distance A)

(Distance B)

2. Place the SeaPerch in the tank at neutral buoyancy at one end of the tank. Practice moving the
SeaPerch in a straight line down the length of the tank.
3. Practice driving the SeaPerch the length of the tank and timing from the end of the tank to each

of the tape marks. Have the same people serve as the “timers” throughout the entire
investigation. Both must start the stopwatches at the same time.
4. Begin the trial by starting the SeaPerch at the end of the tank and time how long it takes for the

back of the SeaPerch to travel to the first 2 foot mark AND time how long it takes to get to the
next 2 foot mark.
5.

Record times in seconds in the Data Table 1 and then clear the timers.

6. Repeat steps 4- 5 for three trials. Return your materials to their appropriate spots at the end of
the investigation.
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Start Both Timers

Tank set-up:

Distance A

Here

Distance B

Here

Here

2 feet

2 feet

(Distance A)

(Distance B)

4 feet
(Distance C)

Observations/Data Tables
Data Table 1

Trials
Time of
SeaPerch
in
Seconds

Distance of Travel
Distance A Distance B
Time
Time
(2 feet)
(2 feet)

Distance C
Time
(4 feet)

1
2
3
Average
Time

Hint: Time for Distance B Time = Distance C Time - Distance A Time)
Velocity Calculations
Note: You will need to covert feet into meters. (1 foot = 0.3048 m)
Average Velocity =

Distance
Seconds

=

# Meters
Average Time

Data Table 2
Distance A

Distance B

Distance C
(Total Distance/Average Time)

Velocity
(Show your work)
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Graph
On the graph below, create a scatter plot (graph of the data points) of velocity vs. time. Draw a best fit
line through your plotted points.
Velocity vs. Time
Y

Time (seconds)

Velocity

X

Summary Questions
1.

Describe what happened to the time it took the SeaPerch to travel an equal distance as it moved along
the tank.

2. Did the velocities in this investigation remain constant? Explain your answer.

3. Essential to the completion of any mission would be to determine how fast a ROV can travel to the
problem or desired location. Knowing the acceleration of the vehicle allows the operator to understand
how quickly the ROV can move to the given problem or location.
The formula for acceleration is:

(Final velocity – Original velocity)/Time of Change

Use the data from the investigation to calculate the average acceleration of the SeaPerch in the total
tank and the acceleration for each section.

Distance A

Distance B

Distance C

Distance D

Acceleration
(show your work)
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Troubleshooting the SeaPerch ROV
Grade Level: 7th-12th

Length of Lesson: 1 day

Goals:
 Students will use real-world situations to understand the importance of troubleshooting in daily
life
 Students will practice troubleshooting as a problem-solving method by identifying the cause of
a malfunction in a given technological system

Materials:
 SeaPerch ROVs
 Pool, lake, large 50-gallon tub, etc. to test ROV
 Troubleshooting Design Model Worksheet (below)

Background:
Troubleshooting is a specific form of problem solving aimed at identifying the cause of a malfunction
in a system. Often the problem can be traced to a single fault, like a broken wire, a burned-out fuse, or
a bad switch. Good troubleshooters are systemic in eliminating various possible explanations as they
focus on the source of the problem.

Lesson: LAUNCH
Let the students test their ROVs in a body of water such as a pool, lake, or even a large 50-gallon trash
can filled with water. Students should test their motors, clamping, cable connection, and circuitry.
If and when a problem is found, encourage students to write it on their Troubleshooting Design
Model Worksheet.
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Lesson: INVESTIGATE
Once a problem (or problems) has been found, introduce students to the six steps of troubleshooting:
1. Define the problem
2. Brainstorm ideas to resolve the problem
3. Research the problem and generate ideas
4. Identify criteria and specific constraints
5. Explore possibilities to “fix” the problem
6. Select an approach
Students should use the Troubleshooting Design Model Worksheet to help them follow the correct
approach to troubleshooting their ROV.

Lesson: PRACTICE
Once students have selected an approach to try, they should go through with the repair, and re-test their
ROV. If the repair was effective, congratulate them on a successful troubleshooting. If not, remind
students that it often takes several attempts to fix an issue, and encourage them to try again until they
have fixed the issue.
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Troubleshooting Design Model Worksheet
Students will be able to troubleshoot problems with their ROV using the Troubleshooting
Design Model.
1. Describe the Problem:
The ___________ was supposed to:
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
2. Generate an Idea:
We think:
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
3. Select a Solution :
We selected to:
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
4. Test the Solution
The change:
__________________________________________________________________________________
__________________________________________________________________________________
______________________________________________________________________________
5. Repeat as necessary.
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Tech Systems
Grade Level: 7th-9th
Length of Lesson: 2 days
Goals:
 Understand that core technologies are the basic systems integrated to create systems and
products
 Introduction to quality control
 Identify at which points during the SeaPerch construction will quality control need to be
performed
Core Academic Standards:
 VSC: Nature of Technology
o Systems thinking involves all parts relating to each other
o Technology systems can be connected to each other
 VSC: Core Technologies
o Identify and explain the core technologies
o Identify applications of core technologies in the real world
Materials:
 Pictures of Subsystems Cards
 Large poster-sized papers labeled with the 9 core technologies (Mechanical, Structural,
Electrical, Electronic, Fluid, Optical, Thermal, Biotechnology, and Materials Technology)
 Glue or tape
 PowerPoint 4: Core Technologies
 Core Technologies Quiz (optional)
Background:
Core technologies integrate to form systems and products. They can be combined and connected to
form strong products with multiple uses.
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Lesson: LAUNCH

Have the Pictures of Subsystems Cards cut before students enter the room. Hang the Posters of Core
Technologies around the room. As the students enter, give each of them a few cards and ask students
to glue/tape their card(s) to the poster where they think it fits best.

Lesson: INVESTIGATE
Use the Core Technologies PowerPoint presentation to introduce students to the nine core
technologies. Ask students to come up with additional examples for the core technologies. Explain that
all the subsystems must come together in order to make a successful product that fulfills its purpose.
Ask the students to pair up and discuss this question: “Have you ever bought an item, taken it home,
and it did not work so you had to return it?” Ask students how the problem might have been solved
before the product got onto the shelf? How could the company have avoided an unhappy customer?
If you wish, you may give students the Core Technologies Quiz to assess their understanding of the
lesson.

Lesson: PRACTICE
Define quality control (a process where all aspects of a product’s quality are reviewed and tested).
Explain that quality control must occur throughout all steps of a build process, such as the SeaPerch
project. Make sure students understand that they will have to stop at several points during their
SeaPerch build to check different parts. They must ensure that all parts work before they continue on to
the next section of the build.
Ask students when they think it will be most helpful for them to perform quality control checks on
their SeaPerch ROVs. Discuss the balance between enough quality control checks to ensure
performance, and too many, which slows down the build excessively.
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Core Technologies Quiz
Name: _______________________________________

Date:______________________________

You may use your notes to complete the quiz.
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Technology Assisting in Disaster Relief
Grade Level: 7th-12th

Length of Lesson: 1-3 days

Goals:
 Gain an understanding of how technology and engineering help solve real-world problems.
 Develop lists of ways technology can assist in natural or man-made disasters.
 Locate a theoretical underwater oil plume and calculate gallons of oil still present in the
environment.
 Collaborate with fellow students to solve a problem.
 Learn how ROVs can help clean oil spills. This project can serve as an introduction to the
SeaPerch program.

Core Academic Standards:
 ITEEA Standards for Technological Literacy Ch. 3
o Develop understanding of the nature of technology
 ITEEA Standard 3
o Relationships between technologies
o Connections between technology and other fields of study
 ITEEA Standard 4
o Cultural, social, economic, and political effects of technology
 ITEEA Standard 5
o Effects of technology on the environment

Materials:
 Oil Plume Design-folio (below)
 Master Grid (below)
 Dive Site Locations sheet (below)
 Letter Column Dive Results sheet (below)
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Background:
The rapid consumption of oil products by our society has resulted in a great demand on this
fossil fuel. Oil companies are searching for oil beneath Earth’s surface both on land and at sea.
During the exploration, removal, and transportation of the oil, a disaster can occur when the oil is
spilled on the land or into the water. This spilled oil can have a devastating effect on the environment
and the people who live in the area of the spill. Extensive efforts must be made to clean up the spill to
minimize the impact.
An oil spill has occurred on an oil rig located in the Gulf of Mexico. The United States
Government and oil companies have begun the process of reclaiming the spilled oil through the use of
skimmers, booms, absorbent materials, and burning. Much of the oil is still unaccounted for and
believed to be moving below the ocean surface in the form of a large oil plume.
Lesson: LAUNCH
Show students these short videos showing the use of robotic devices:
http://abclocal.go.com/kgo/story?section=news/drive_to_discover&id=7224227
http://www.youtube.com/watch?v=EuTpUa7jgJ8&noredirect=1
http://www.youtube.com/watch?v=hiqsE3PtG9M
http://www.youtube.com/watch?v=C62JSgJo39E&feature=related
Following the videos, lead a discussion of what constitutes natural and human-made disasters.
Ask students to make a list of disasters and explain how robotic devices could be used to assist in relief
efforts. Then, have the students share examples from their list with the class.
Lesson: INVESTIGATE
A man-made made disaster such as an oil spill can have devastating impact on the environment
and the lives of the people who inhabit the area. As much oil as possible must be recovered to
minimize the impact. Students will use the Oil Plume Design-folio to participate in an activity with a
goal of locating an underwater oil plume formed from an oil spill. Students will do calculations to
determine the number of gallons of oil still unrecovered and analyze the results on a bar graph.
Students working independently will do an activity like the game “Battleship” to simulate searching
for the oil plume at specific coordinates on a grid with a remotely operated vehicle (ROV). Students
will look on a master list of coordinates to determine if the launch located oil. The students’ results are
then plotted on the Master Grid. In essence, the whole class is collaborating on identifying the exact
location of the oil plume.
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1. Using the Oil Plume Design-folio, calculate the number of gallons of oil (in millions) burned
on the surface of the ocean, collected by skimming and absorption, and the oil still missing.
2. Analyze this data by creating a bar graph in the space provided on the Design-folio.
3. Each student selects two - five coordinate locations on the Dive Site Locations grid to launch
their ROV to search for the oil plume. The total number of dive sites is 130, so the number of
dive sites each student will have depends on class size.
4. The teacher should cut the Letter Column Dive Results sheet into strips and place them
around the room. Students move around the room and determine whether their dive sites
contain oil or not.
5. The teacher should have the Master Grid displayed on a projector or similar apparatus so that
students can mark their dive sites as either “oil” or “no oil.” Use a system such as an open
circle for no oil and a closed circle for oil.
6. Once the students have all finished “finding oil,” they will be able to see the results of the class.
They should copy the class results into their Design-folio to create the top and side view of the
oil plume.

Lesson: PRACTICE
Discuss with the class the Gulf Coast oil spill and the efforts being made by governments,
businesses, and agencies to clean up the spill. Explain how underwater robots are being used by BP to
work on the oil well.
This video will serve as an explanation of how Remotely Operated Vehicles (ROVs) can be
used to clean up and control the effects of human and natural made disasters. If necessary, lead into a
discussion of the SeaPerch project. The students will realize from their activity the importance of
underwater ROVs and how they can help remedy disasters like the Gulf Coast oil spill. Explain to
students that the purpose for working together is to accomplish bigger goals than would be possible if
an individual worked alone.
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Oil Plume Design-Folio
Name:
Date Started:
Date Due:
Teacher:

Write a brief description of the challenge you are to solve. Hint: What is the challenge asking me to
do? What do I need to find out?:

Write a list of things your design idea must do in order to solve the challenge:
1
2
3
4
5
6
7
8
9
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Calculations:
Use the data contained in the table below to calculate the number of gallons of oil in each category.
Show your work for each calculation.

Total Number of Gallons of Oil Spilled in Millions of Gallons = 200
Category
Burned
Reclaimed
Oil Plume

Percentage of the
Total Amount (%)
15
15
80

Number of Gallons
in Millions (gal)

Burned

Reclaimed

Oil Plume
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Bar Graph: Millions of Gallons of Oil Dependent
on Category
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TOP VIEW OF OIL PLUME
Record the data gathered from the ROV missions of the entire class. Draw the outline of oil plume.
OIL PLUME GRID
A
NORTH

B

C

WEST TO EAST
D

E

F

G

H

I

J

K

L

M

1
2
3
4
5
6
7
8
9

SOUTH

10
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Record the data gathered from the ROV missions of the entire class. Draw the side view outline of oil
plume.
OIL PLUME GRID SIDE VIEW
Depth
(ft)

A

B

C

D

E

F

G

H

I

J

K

L

M

0
50
100
150
200
250
300
350
400
450

Concluding Statement
Explain why ROV technology is appropriate to collect data about oil spills and conduct repairs to oil
well equipment on the ocean floor.
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OIL PLUME GRID MASTER - TOP VIEW
WEST TO EAST
A
NORTH

B

C

D

E

F

G

H

I

J

K

L

M

1
2
3
4
5
6
7
8
9

SOUTH

10
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Dive

A
1
A
2
A
3
A
4
A

B
1
B
2
B
3
B
4
B

C
1
C
2
C
3
C
4
C

D
1
D
2
D
3
D
4
D

E
1
E
2
E
3
E
4
E

F
1
F
2
F
3
F
4
F

G
1
G
2
G
3
G
4
G

5

5

5

5

5

5

5

A
6
A
7
A
8
A
9
A
10

B
6
B
7
B
8
B
9
B
10

C
6
C
7
C
8
C
9
C
10

D
6
D
7
D
8
D
9
D
10

E
6
E
7
E
8
E
9
E
10

F
6
F
7
F
8
F
9
F
10

G
6
G
7
G
8
G
9
G
10

H
1
H
2
H
3
H
4
H
5

I
1
I
2
I
3
I
4
I

J
1
J
2
J
3
J
4
J

K
1
K
2
K
3
K
4
K

L
1
L
2
L
3
L
4
L

M
1
M
2
M
3
M
4
M

5

5

5

5

5

H
6
H
7
H
8
H
9
H
10

I
6
I
7
I
8
I
9
I
10

J
6
J
7
J
8
J
9
J
10

K
6
K
7
K
8
K
9
K
10

L
6
L
7
L
8
L
9
L
10

M
6
M
7
M
8
M
9
M
10

Site

Locations
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Building a Simple Submarine
Grade Level: 7th-12th

Length of Lesson: 45 minutes

Goals:
 Construct a model of a submarine’s ballast system
 Develop an understanding of an active ballast system
 Develop skills to devise a ballast system for a SeaPerch ROV

Core Academic Standards:
 Unifying Concepts and Processes
 Science as an Inquiry
 Physical Science
 Science and Technology for Grades 9-12

Materials:
 24 inches of flexible tubing with a 3/8 inch outside diameter
 16 oz. plastic soda or water bottle with cap
 Approximately 8 oz. of ballast weight
 Electrical tape
 3/8 inch drill bit and drill
 5 gallon bucket filled with water

Background:
A submarine controls its ballast by allowing water to fill ballast tanks located around the ship. To
make a submarine submerge, vent valves at the top of the ballast tanks open allowing air to escape and
water to fill the tanks through holes in the bottom. To make a submarine surface, the vent valves are shut
and high pressure air is released into the tanks forcing the water out through the holes in the bottom.
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Lesson: LAUNCH
1. Drill a 3/8 inch hole in the bottle cap and the bottom of the bottle.
2. Tape the ballast weight to the bottom of the bottle.
3. Place the flexible tubing in the hole in the cap and insert it about 1 inch.
4. Tape the tubing in place.
5. Screw the cap onto the top of the bottle.

Lesson: INVESTIGATE
6. Place the bottle in the 5-gallon bucket and make sure your thumb is over the other end of the
tubing.
7. Now remove your thumb and watch as the bottle fills with water. You should feel air rushing
out of the tubing.
8. When the bottle has sunk to the bottom, blow into the tubing and watch the bottle come back to
the surface.

Lesson: PRACTICE
Have students analyze the experiment and answer the following questions:
1. What did you observe happen?
2. Why do you have to place your thumb over the end of the plastic tubing to keep the bottle
afloat?
3. How would you be able to put an active ballast system on your ROV?
4. What would be the advantages and disadvantages to an active ballast system?
Build Your Own Underwater Robot and Other Wet Projects
By Harry Bohm and Vickie Jensen,
Published by Westcoast Words, Vancouver, B.C., Canada
ISBN 0-9681610-0-6
http://www.westcoastwords.com
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Electric Motor Experiment Module
Grade Level: 8th-12th
Length of Lesson: 1-2 hours
Goals:
 Build a simple electric motor
 Explore electric currents and magnets, and the forces they exert
 Relate motors to the electromagnetic forces in Earth’s core
Materials:
 1 meter (3 feet) of 22-gauge or 24-gauge solid-core insulated wire
 2 disk magnets
 2 insulated test cables with a clip on each end (2 pieces of above insulated wire can also be
used)
 1 plastic cup
 2 large rubber bands
 2 jumbo size (2-inch) paper clips
 1 D-cell battery
 wire strippers
 waterproof marking pen
Background:
A coil of wire with a current produces a magnetic field. The coil then acts like a small magnet. When
the coil is near a stronger magnet, the coil will move to align with the stronger magnet due to the
magnetic force of the stronger magnet. In a motor, the current in the coil switches direction over and
over again, so the coil keeps spinning as it tries to align with the magnetic field. In this experiment you
will build a simple electric motor.
Lesson: LAUNCH
1. Take the 1-meter piece of insulated wire. Starting about 6 cm from the end of the wire, wrap it
seven times around the D-cell battery to form a coil. Wrap the ends of the wire a couple of
times around the coil to hold it together.
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2. Use the wire strippers to remove the insulation from the two ends of the coil.
3. Straighten the larger loops of two paper clips.
4. Turn the cup upside down and place a magnet on top in the center.
5. Attach another magnet inside the cup, directly beneath the original magnet. This will create a
stronger magnetic field as well as hold the top magnet in place.
6. Put two large rubber bands around the base of the cup.
7. Insert the straightened paper clips into the rubber bands, so they stand upright over the bottom
of the cup.
8. Rest the ends of the coil in the cradles formed by the paper clips.
9. Adjust the height of the paper clips so that when the coil spins, it just clears the magnets.
10. Adjust the coil and the clips until the coil stays
balanced and centered while spinning freely on the clips.
Good balance is important in getting the motor to operate
well.
11. Once you have determined how long the
projecting ends of the coil must be to rest in the paper-clip
cradles, you may trim off any excess wire.
12. Attach one of the clip cables to each paper clip just
above the rubber bands. You may need to readjust the
clips to make sure the coil still spins freely.
13. Hold the other ends of the clip leads against the
two poles of the D-cell battery. If the coil is well balanced
on the clips, it will rotate to a near horizontal position.
The magnetic field created by the electric current in the
coil aligns itself with the magnets.
14. The coil may not continue to turn, because the current continues to flow through the coil its
magnetic fields stays aligned with the magnets. To get the coil to continue rotating, the current
should be turned off when the coil is aligned with the magnets. This can be done by coating
part of one of the bare wire ends of the coil.
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15. Remove the coil from the paper clips. Hold the coil vertically. Use the permanent marker to
paint the TOP HALF of one of the two end wires. Allow the ink to dry for a few seconds, and
apply a second coat. Allow several seconds again for the ink to dry, and then hang the coil on
the paper clips again.
16. Connect the D-cell battery again, and give the coil a gentle spin.
Lesson: INVESTIGATE
Troubleshoot the motor if it is not spinning as it should. If the motor does not keep spinning on its
own:
 Check the coil assembly and make sure it is balanced.
 Check that the projecting end has been painted with black pen as described in step #15
 Check that the coil and magnet are close to each other but not touching.
 Try adjusting the distance separating the cradles. There should be constant contact between
the coil and cradles as it spins
Lesson: PRACTICE
This very simple motor is related to the motors you have attached to your Sea Perch. If you opened a
motor up you would find coils of wire and magnets. When the wires are connected to a power supply
the motor would spin.
Take the motor you have built in the experiment and turn your battery around. This runs the current in
the opposite direction through the loops of wire. What happens to the direction in which the loop
spins? You will want to put your motors in reverse at times. Later you will learn how to build a circuit
where you can change the direction of the current.
Additional Resources: There are many resources online for building simple motors. You might also
enjoy another electromagnetic project building speakers out of paper cups, wires, and magnets.
For a very simple introduction to what Oersted observed about the relationship between electric fields
and magnetic fields, place a compass close to a wire. Connect the wire to a power supply and see that
the compass needle is deflected. Change the position of the compass. Notice it is deflected in a
different direction.
If you would like to learn more about electric motors, please visit the following URL:
 http://en.wikipedia.org/wiki/Dc_motor
For some additional information, try the following sites to engage in some interactive simulations:
 http://phet.colorado.edu/en/simulation/faradays-law
 http://phet.colorado.edu/en/simulation/magnet-and-compass
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Measurement of the Depth of the Ocean
Grade Level: 8th-12th
Length of Lesson: Five 45-minute periods
Goals:
 Comprehend the physical properties of pressure and Boyle’s Law as demonstrated by the
designing of a depth gauge
 Construct a capillary depth gauge
 Calculate the calibrated depth marks of the capillary tube
 Determine the margin of error of the depth gauge
Core Academic Standards:
 Content Standard A: Science as an Inquiry
o Abilities necessary to do scientific inquiry
o Crosses disciplines and grade levels
 Content Standard B: Physical Science
o Structure and properties of matter
o Motions and forces
o Interactions of energy and matter
 Content Standard D: Earth and Space Science
o Energy in the earth system
 Content Standard E: Science and Technology
o Abilities of technological design
o Understandings about science and technology
 Content Standard G: History and Nature of Science
o Nature of scientific knowledge
Materials:
 Clear tubing – 3.5 inches (aquarium style tubing)
 Hot melt glue
 Colored blackboard
 Permanent marker
 Line with depth measurements
 Meter stick
 Calculator
 SeaPerch with underwater camera attached
 Monitor to view video images
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Background:
Imagine this scenario: While running tests with a SeaPerch ROV, the depth sounder on the research
ship breaks. You and your fellow research scientists must build this depth gauge and calibrate it so
when you release your experiment you know where the ROV is in the water. Because you are at sea,
you have to construct something with objects found on the vessel. Hint: an air bubble caught in a tube
with water will contract as more pressure is put on the tube.
However, you must know how much error exists in your measurements so you can evaluate your data.
Is the bubble the size you expect it to be at a known depth? What are different ways you can test this
while your ROV is in the water?
Lesson: LAUNCH
1. Attach the tubing on the blackboard in a vertical orientation with the hot melt glue
2. Plug the upper end of the tube with glue
3. Calculate the bubble size for a depth of 17 feet
4. Place the various calibration marks from 17 feet to 0 feet deep
5. Attach the capillary depth gauge to the SeaPerch so that the camera sees the calibrated depth
marks and the gauge is in a vertical position.
6. Submerge the ROV underwater to a known depth. Observe and record the capillary gauge
reading.
Lesson: INVESTIGATE
1. Submerge the ROV underwater to a known depth. Observe and record the capillary gauge
reading.
2. Compare the known depth to the observed reading on the capillary gauge.
3. Analyze how close the observed reading is to the predicted measurement.
Lesson: PRACTICE
Determine the margin of error for your capillary gauge. How closely does it mirror the actual depth of
the water? If you have a large margin of error, troubleshoot: how can you make your capillary gauge
more accurate?
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Exploring Underwater Habitats
Grade Level: 8th-12th
Length of Lesson: Three 45-minute periods
Goals:
 Make a hydrophone and modify ROV to attach the hydrophone
 Use the hydrophone in conjunction with underwater camera on the ROV
 Explore and monitor local aquatic habitats
Core Academic Standards:
 Content Standard A: Science as an Inquiry
o Abilities necessary to do scientific inquiry
o Crosses disciplines and grade levels
 Content Standard C: Life Science
o Interdependence of organisms
o Matter, energy, and organization of life systems
o Behavior of organisms
 Content Standard E: Science and Technology
o Abilities of technological design
o Understandings about science and technology
 Content Standard F: Science in Personal and Social Perspectives
o Natural resources
o Environmental quality
o Natural and human-induced hazards
 Content Standard G: History and Nature of Science
o Nature of scientific knowledge
Materials:
 SeaPerch ROV with attached underwater camera
 Monitor to connect to the camera
 Pen and paper to write down observations
 Hydrophone materials (can be found at Radio Shack):
o Condenser microphone element
o #24 audio cable, 25 feet
o 1/8” mono phone plug
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o
o
o
o
o
o
o
o
o
o
o

Mini audio amplifier/speaker
Rubber electrical (not PVC) tape
Battery holder (fits “C” cell)
Alkaline “C” cell battery
#24 insulated wire, 1 ft. each of orange, white, and blue
35mm plastic film canister
Vegetable or mineral oil
9v battery
Soldering iron and solder
Wire stripper
Silicone seal

Background:
It was once thought that the ocean was a silent place. However, if you were to drop a
hydrophone or other underwater microphone into the water, you would find that, quite the opposite, the
ocean is an incredibly noisy place. Sound travels well in the water, so even small noises can be
transferred for quite a distance.
A hydrophone picks up acoustic signals from under the water and transfers them to a receiver
above water, allowing you to hear them. Scientists use hydrophones to listen to sounds from all types
of marine animals, from mammals such as seals and whales, to fish and sharks, to invertebrates. Sound
is a universally important sense for all animals – it is the first alert of danger. Even when an animal’s
eyes are focused in one direction, the animal can still hear sounds from all directions. While sound is
important for all animals, it is especially emphasized underwater because of the properties that carry
sound further than in air.
While light travels better in air than in water, because in water it is quickly scattered and
absorbed, sound travels better in water than in air. Some underwater sounds, such as a whale’s call, can
travel for several miles! One way that marine animals can navigate their surroundings using sound is to
use a feature called echolocation or biosonar – similar to the sonar that naval vessels use to detect
submarines or other underwater objects. The animal produces a series of clicks – short pulses of sound
– and then listens to the echo. The animal can tell from the echo whether the sound waves have
bounced off of an object or not, and can even distinguish different sizes, shapes, and movement of
objects. Toothed whales, including dolphins, orcas, porpoises, and sperm whales, use this echolocation
to navigate and to find food.
Fish and invertebrates also rely heavily on sound. They use grunts, clicks, croaks, and snaps for
many purposes, including attracting a mate and scaring off potential predators. As you can see, sound
is very important in the marine environment, and scientists can learn a lot about animals and how they
use this important sense by listening to the sounds they make.
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Lesson: LAUNCH
1. Follow the instructions (with pictures of each step) at
http://www.dosits.org/files/dosits/hydrophone_instruc_w_image.pdf to construct a hydrophone.
2. Attach the hydrophone to your SeaPerch ROV in a secure place.
3. Run the wire from your hydrophone with the tether from your ROV. Attach the two wires
together periodically to keep it neat and prevent tangling.
4. Test your SeaPerch with the hydrophone attached in a container of water or pool. Ensure that
the hydrophone works correctly – if you snap your fingers underwater, does the hydrophone
pick up the noise?

Lesson: INVESTIGATE
1. Take the SeaPerch ROV to a local water source, such as a pond, lake, river, etc.
2. Launch the SeaPerch into the water and use the hydrophone and camera to observe the local
population.
3. While you are observing, think about these questions:
a. Where do you find the most organisms? (Hint: look around pilings, docks, and other
vertical objects)
b. Are the places where you visually see more organisms necessarily the places where you
hear the most sounds?
c. Can you distinguish which organisms make which sounds? What types of animals are
the noisiest?
4. Record your observations.

Lesson: PRACTICE
1. When you return to the classroom, compare observations. Did the organisms act the way you
expected them to?
2. Try to identify organisms you saw or heard. How many species did you observe?
3. Write a formal report about your observations.
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Biological Sampling Device Using a SeaPerch
Grade Level: 9th – 12th
Length of Lesson: 2 days – 1 week (one day to construct and test, one day to collect samples, 1 hour –
1 week to analyze samples)
Goals:






Construct a plankton net to be towed by the SeaPerch
Develop research skills by collecting and analyzing an aquatic sample
Identify and interpret biological samples
Develop teamwork during data collection
Write lab reports

Core Academic Standards:
 Content Standard A – Science as an Inquiry
o Ability necessary to do scientific inquiry
o Crosses disciplines and grade levels
 Content Standard C – Life Sciences
o Interdependence of organisms
o Matter, energy, and organization in living systems
 Content Standard E – Science and Technology
o Abilities of technological design
 Content Standard F – Science in Personal and Social Perspectives
o Population and environmental growth
o Natural and human-induced hazards
 Content Standard G – History and Nature of Science
o Science as a human endeavor

Materials:
 SeaPerch ROV
 Plankton Net
o 8” plastic embroidery hoop
o Gatorade bottle (or similar)
o Zip ties
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o Panty hose
Harness
o Braided Dacron line – 60 lb test strength
o PVC pipe T connectors
o 2 ft. PVC pipe
Microscope
Blank microscope slides and slide covers
Small containers to hold samples

Background:
Plankton is the collective term used to describe the smallest animals and plants in the sea. It is a
vast and diverse group with approximately 10,000 species. They are all called by the same name,
plankton, because they all have similar lifestyles:



Most exist in the top 30 meters of the sea, an area scientists call the ‘photic zone’.
Most are incapable of free swimming and drift on the ocean currents.

The word plankton comes from a Greek word, which means ‘to wander’. They are found at all
depths and are comprised of both plant (phytoplankton) and animal (zooplankton) forms. Plankton are
important as indicators of the health of our oceans as they are the primary producers of the ocean. They
are also a key factor in climate change. Plant plankton (phytoplankton) produces ~50% of the total
photosynthesis of plants on Earth, sucking the greenhouse gas carbon dioxide (CO2) from the
atmosphere.
In the marine environment, climate and weather patterns affect the rate of photosynthesis, and
therefore the primary production in that area of the sea. There are distinct differences between the
seasonal cycles in temperate Atlantic waters and tropical seas. This distinction is based on
thermoclines.
By collecting samples of plankton along with the temperature of your sample site, you can assess
the health of the aquatic environment, which impacts the local fish and shellfish population. Marine
biologists and ecologists are constantly monitoring plankton levels at critical areas of the ocean to
determine global climate change and its impact on our ocean resources, such as commercial fishing.
Lesson: LAUNCH
1. Dry demo of SeaPerch/warm up
2. Discuss the aquatic food chain. For more information about aquatic food chains, both in freshand saltwater, use the following resources:
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a. http://www.tutorvista.com/science/aquatic-food-chains
b. http://dendro.cnre.vt.edu/forsite/studentpages/jenniferaquaticfoodwebsb.htm
c. http://www.teachoceanscience.net/teaching_resources/education_modules/aquatic_food
_webs/learn/
3. Create food chains for the body of water you are going to test. What organisms are likely to
live there? Which ones fall into the different levels of the food chain?
4. Create a plankton net.
5. Attach the plankton net to the SeaPerch and modify so that the net does not get caught in the
propellers.
6. Test the modified ROV in a large container of water or pool. What is the most effective way to
trap plankton?
Lesson: INVESTIGATE
1. Take your SeaPerch ROV(s) to a local water source, such as a lake, river, or pond. Use the
modified ROVs with the plankton net to collect samples of plankton.
2. Gently scrape the plankton off of your net and into small containers. Add a little water from
your local source to keep the samples alive.
3. Bring your samples back to the classroom or lab.
Lesson: PRACTICE
1. Mount your samples onto microscope slides and view through a microscope.
2. Identify the plankton you have found using one of these sites:
a. http://www.lighthouse.chtr.k12.ma.us/plankton/intro.htm
b. http://www.earthwindow.com/zoo.html
c. http://www.intandem.com/NewPrideSite/Asia/Lesson7/Lesson7_3.html
3. How do the plankton you have found in your local water source fit into your food chain?
4. (Optional) Write a lab report detailing the organisms you have collected and their place in the
food chain.

97

Cross-Curricular
1. The Hunt for Red October (1 of 2)

The Hunt for Red October
Grade Level: 9th-12th
Length of Lesson: 1-2 days
Goals:
 Analyze the literature using their background knowledge (i.e. Plot, Characterization, and
Setting).
 Tie in some of the elements of fiction with nonfiction.
 Present a cooperative report on submarine disasters and ocean settings that help or hinder
submarines.
 Identify and apply some of the vocabulary used in Science concerning the SeaPerch project
(i.e. Sonar, thermal climes, pressure, temperature and depth).
Core Academic Standards:
 Content Standard 3: Oral Presentation
 Content Standard 8: Understanding a Text
 Content Standard 9: Making Connections
o Crosses disciplines
 Content Standard 12: Fiction
 Content Standard 13: Non-fiction
 Content Standard 24: Research
 Content Standard 26: Analysis of Media
Materials:
 Text of The Hunt for Red October by Tom Clancy
 DVD of The Hunt for Red October (1990)
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Background:
The Hunt for Red October, by Tom Clancy, documents the fictional story of a soviet submarine
captain, Marko Ramios, who intends to defect to America with his crew of the submarine Red October.
During the climax of the book, an underwater submarine battle occurs between the Soviets, the
Americans, and Red October. Through reading selected passages of the text, and watching part or all
of the movie dramatization, the students see a fictional, but well-researched, account of submarine
disasters. They can then use this knowledge to research actual submarine disasters, their causes and
outcomes, and possible ocean settings that may have contributed.
While the book and film are fictional, the events are inspired by two true accounts: Valery Sablin’s
failed mutiny on board the Storozhevoy in 1975, and the sinking of the diesel-electric powered
submarine K-129 in 1960. Students can research these two incidents and compare and contrast nonfiction and fictional accounts of submarine disasters.
Lesson: LAUNCH
1. Read chapters 1 and 2 of The Hunt for Red October.
2. Have students identify the exposition of the novel.
.
3. Choose selected excerpts from the book and have the students identify characterization and
setting.
4. Watch the movie dramatization. Choose sections to view, or watch the entire film.
Lesson: INVESTIGATE
1. Have students research submarine disasters. You may want to divide them into teams and
assign each team a certain disaster.
2. Students should investigate the causes or potential causes of these disasters. Were they due to
mechanical failure? Were they due to ocean settings?
3. Students should brainstorm ideas to help avert submarine disasters in the future.
Lesson: PRACTICE
1. Students should pull their research together into a cohesive report.
2. Have students present their reports to the class.
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a. Purpose and Impact

PURPOSE AND IMPACT
Students are encouraged to create presentations over the SeaPerch build and testing process. While the
hands-on experiences are important, it is also crucial that students learn how to share those experiences
concisely and clearly with others. These skills will be important as students begin preparing for
college, internships, and jobs.
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PRESENTATION RUBRIC
All students who are participating in the National SeaPerch Challenge will be presenting their
SeaPerch project during a juried poster session on competition day. It is beneficial for students to do
the same type of pretensions at their regional or state challenges as well. These poster presentations
will be judged by a team of professional engineers and educators, and the team will follow National
SeaPerch Challenge Poster Presentation Rubrics prepared for the High School and Middle School
divisions. Following is the 2013 Poster Presentation Rubric. Small adjustments may be made to this
rubric each year and will then be updated in this guide.








The maximum poster size is 48” X 36”.
What did your SeaPerch need to do and how did you design it to meet that requirement?
How long did it take you to build and test your SeaPerch? Describe the process.
Who did what on your team and why? What skills did the team have and what skills had to be
developed?
Why did your team shape, locate, or angle the foam/weights/motors as you did (initial placement
vs. final placement changes)?
What design changes did you make as a result of the testing and evaluation of your SeaPerch prior
to the challenge?
Is each team member prepared to answer questions from the judges?
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2013 SeaPerch Presentation Rubric
Exceptional

Excellent

Good

Fair

Needs
Improvement

4

3

2

1

0

Professional
Appearance.
Exceptional use of
colors, text and
graphics. Poster is
adequately sized
and is freestanding.

Very pleasing to
view. Particularly
nice colors and
graphics. Poster is
adequately sized
and is freestanding.

Pleasant to
view.
Pleasing use of
colors, text, and
graphics. Poster
is
too big or is not
free-standing.

Cluttered or
sloppy appearance.
Gives the impression
of a solid mass of
text and graphics, or
pieces are scattered
and disconnected.
Poster is too big and
is not freestanding.

Unreadable or no
poster.

Balanced. Text and
graphics are evenly
dispersed in the
poster. There
seems to be enough
text to explain the
graphics.

Too much text.
The
poster gives an
overwhelming
impression of
text
only.

Not enough text.
Cannot understand
what the graphics
are supposed to
relate.

Unreadable or no
poster.

Score

Professional
Appearance. Text
and graphics are
perfectly
synchronized in the
poster. Text
perfectly explains
the graphics.

Text Size

Very easy to read.

Easy to read from
1-1.5 meters.

Small. Main
text okay, but
text in figures
too small.

Too small to view
from a comfortable
distance of 1-1.5
meters.

Unreadable or no
poster.

Professional
Appearance.
Organization and
flow are intuitive to
the observer

Explicit.
Numbering,
column bars, row
bars, etc.

Implicit.
Headings
(Introduction,
Methods, etc) or
other device
implies
organization and
flow.
Partial. Not
enough
information to
contact author
without further
research. This
includes missing
zip
codes on
addresses.

Cannot figure out
how to move
through poster.

Unreadable or no
poster.

Rubric Points
→
Design Element
↓

Overall
Appearance
and Size
(Max. size: 48” x
36”)

__________
Score

Text/Graphics
Balance

_________

__________
Score

Organization
and Flow

_________
Score

School/Team
Identification

__________
Score
(0, 2, or 4 only)

Complete. Enough
information to
contact school/team
by mail, phone, or
e-mail without
further research.
Usual contact
information is
teacher or coach.

Unreadable or no
poster.
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Rubric Points
→
Design Element
↓

Objectives
__________
Score

Main Points/
Summary
__________
Score

Professional
and
Interpersonal
Behavior
__________
Score

Rubric Points
→
Design Element
↓
Design
Explanation
and
Presentation

__________

Exceptional

Excellent

Good

Fair

Needs
Improvement

8

6

4

2

0

Explicit and highly
organized. This
includes headings
of Objectives,
Aims, Goals, etc.

Explicit. Well
organized and
presented.

Present, but not
explicit. Buried at
end of Intro,
Background, etc.

Present, but
incomplete. Not all
objectives covered.

Unreadable or
no
poster.

Explicitly labeled
(e.g., “Summary,”
"Main Points,"
"Conclusions,"
"Results").

Present, but not
explicitly labeled.

Present, but not
obvious. May be
imbedded in
monolithic blocks
of text.

Not located.
Reader cannot find
main points.

Unreadable or
no
poster.

Professional.
Exceptional
integrity, respect,
responsibility,
punctuality,
flexibility, initiative,
commitment,
enthusiasm and
appearance.

Excellent. Meets
expectations in
integrity, respect,
responsibility,
punctuality,
flexibility, initiative,
commitment,
enthusiasm and
appearance.

Acceptable.
Shows some
integrity, respect,
responsibility,
punctuality,
flexibility,
initiative,
commitment
and/or
enthusiasm.

Unacceptable.
Lacking in many
aspects of integrity,
respect,
responsibility,
punctuality,
flexibility, initiative,
commitment,
enthusiasm and
appearance.

No Presentation.

Exceptional

Excellent

Good

Fair

Needs
Improvement

12

9

6

3

0

Expert. Students
completely
understand their
design and
demonstrate both
their design and
understanding to
the judges.

Proficient. Students
understand their
design and
demonstrate both
their design and
understanding to the
judges in a clear,
concise
presentation.

Competent.
Students
somewhat
understand their
design and
demonstrate both
their design and
understanding to
the judges in a
presentation.

Novice. Students
either do NOT
completely
understand their
design or do NOT
demonstrate it.

No Presentation.

Expert. Students
handled questions
easily, further
demonstrating their
understanding.
Students also
responded with
thoughtful questions
to the judges.

Proficient.
Students handled
questions well,
further
demonstrating their
understanding.
Students also
responded with
thoughtful questions
to the judges.

Competent.
Students handled
questions with
some
difficulty,
demonstrating a
partial
understanding.

Novice. Students
did not handle or
could not answer
questions.

No Presentation.

Score

Question and
Answer

__________
Score
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1. Manual

BUILD
Students are always so excited about the SeaPerch build – the actual creation of an ROV. It has such an
impact because it is of their own creation, something that they have learned about and made
themselves. What they might not realize is that, during the build process, they are gaining so many new
abilities, from engineering to life skills like how to handle tools safely. The SeaPerch manual, found on
the SeaPerch website, will show you how to help your students complete a successful, fun, and
educational build.

MANUAL
The complete, 32 page SeaPerch build manual can be found at the SeaPerch website under “Build”:
http://www.seaperch.org/build
The manual is updated annually to give students and teachers the most recent instructions.
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Trick Out Your SeaPerch
One of the most exciting things about SeaPerch is that students don’t have to ascribe to a to-the-letter
model. They have the freedom to add enhancements and change the design of their ROV so that it
reflects their personal ideas and imaginations. SeaPerch is an opportunity to think outside the box!
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ENHANCEMENTS
Now that you've built a SeaPerch, it's time to take it to the next level. Enhancing your SeaPerch can
take on many different paths: you can build your own sensors, add a video camera, give your Perch
more power, and add some pizzazz, anything YOU can think of. The possibilities are endless!
While you're figuring out your own hacks, you can try these out:

Upload Your Modifications at Instructables.com
Instructables.com is a website dedicated to hacking, modifying, and improving every day technology.
While you modify your SeaPerch, take some pictures and jot down some notes, and when you are
finished, log in to Instructables.com and add your hack to the SeaPerch group. This is also a great
place to get some ideas of how you can hack your own SeaPerch in various different ways.

Advanced ROV
The Advanced ROV demonstrated during the latest SeaPerch conference featured several new projects
available to teachers whose students desire to move beyond the initial level of the SeaPerch's
capabilities. Significantly more powerful motors, a Stereo Hydrophone system, a bank of LED lights,
and the mounting of instruments such as a compass and depth gauge in front of the camera are just a
few of the upgrades. The frame, while much larger than that of a normal SeaPerch, is made of the same
materials: PVC pipe with floats affixed on top and weights below.
Below are documents for building components of the Advanced ROV. These are still under
development, and comments and suggestions are always appreciated.
 Thrusters: http://seaperch.mit.edu/docs/AdvancedROV/Thrusters.pdf
 Stereo Hydrophone: http://seaperch.mit.edu/docs/AdvancedROV/Stereo_Hydrophone.pdf
 Lighting Bank: http://seaperch.mit.edu/docs/AdvancedROV/Lighting_Bank.pdf
 Frame Design: http://seaperch.mit.edu/docs/AdvancedROV/FrameDesign.pdf

Sea Star Surface Craft
During the SeaPerch Conference, the Sea Star Surface Craft was unveiled. The Surface Craft project is
intended to introduce students to the basic concepts of hull design, and related concepts such as
buoyancy, center of gravity, center of buoyancy, righting moment, fluid dynamics, drag, etc. It is based
on the forming of a hull out of foam, allowing students to experiment with varied designs. The motor
and radio control system are easily movable from one hull to another.
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Below are the documents for building the Sea Star Surface Craft. These are still under development, so
comments and suggestions are appreciated. Advanced SeaPerch documents will be posted soon.
 Surface Craft Manual: http://seaperch.mit.edu/docs/SurfaceCraft/SC_Hull_Design.pdf
 Hull Design Guidelines: http://seaperch.mit.edu/docs/SurfaceCraft/SC_Manual.pdf
 Parts and Tools List: http://seaperch.mit.edu/docs/SurfaceCraft/SC_Parts_Tools_List.pdf

Other Manuals
 Super SeaPerch Manual: http://seaperch.mit.edu/docs/Super_Seaperch_Manual_V1_2.pdf

Hydrophones
Want to hear what is going on underwater? Build a Hydrophone! A single hydrophone or a stereo
hydrophone can be made with basic parts from any electronics store. Check out these nifty
instructions:
 How to Build a Hydrophone: http://www.dosits.org/resources/all/classroom/buildhydrophone/
 Advanced SeaPerch Stereo Hydrophone:
http://seaperch.mit.edu/docs/AdvancedROV/Stereo_Hydrophone.pdf

Video Cameras
To add an underwater camera, check out these suppliers:
 Atlantis Underwater Video Systems: http://ww2.atlantiscamera.com/
 Aqua-Vu Underwater Viewing Systems: http://www.aquavu.com/

Sensors
 Water Sampler: http://seaperch.mit.edu/docs/Water_Sampler-FC.pdf
 Data Logger Solutions: http://www.onsetcomp.com/

Other ROV Videos
 Testing the ROV:
http://www.youtube.com/watch?v=XKVSgWV7ybU&feature=player_embedded
 A View From the ROV While Underwater: http://www.youtube.com/watch?v=aJ5uM3zOH4&feature=player_embedded
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SENSOR SUITE
The suite includes all of the documentation and software necessary to build your own water quality
monitoring sensor, designed for (but not limited for use with) the Digital Ocean program
(http://seaperch.mit.edu/digital_ocean.php), as well as SeaPerch. This sensor suite was designed with
educators, students, and hobbyists in mind, focusing on monitoring and logging water quality through
the use of simple electronics and programming.
The sensor suite is a micro-controller-based platform that can be fabricated with minimal tools in a few
hours, for under $200. When first fabricated, the sensor monitors:
 Water Temperature
 Depth
 Light
 Conductivity
The suite can be expanded with basic electronic and computing skills to monitor an assortment of other
variables.
You can download the Sensor Suite at the following address:
http://www.seaperch.org/article?article_id=320
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BECOME
SeaPerch is a perfect avenue to direct students towards majors and careers in STEM. But in order for
them to fulfill their potential and become true STEM students, they need the resources to choose a
college, a career, and other opportunities such as internships and work experiences. In the following
pages, you will find these resources to offer your students and to help set them on the path to success!
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CAREER OPTIONS
Did your students enjoy building and using their SeaPerch ROVs? There are dozens of careers that will
allow them to have that kind of fun every day. Engineers and scientists in the field of marine science
and engineering face interesting challenges involving water, robots, marine life, complex electronics,
water and pressure resistant housings, video navigation, computer control problems, and flight
dynamics (just like an airplane, but wet).
If your students found a certain part of the SeaPerch process particularly interesting, they may be
surprised to find that there are careers that fit their interests perfectly. Below you can see different
steps of the building and operating procedure, and some careers that match up with them:






Frame Construction
o Mechanical Engineer - A mechanical engineer or MechE (pronounced mek-e) is
responsible for selecting the materials, designing the structure, drawing a 3-D model,
optimizing the design, and minimizing the cost. A good deal of time is spent
analyzing the design in the digital 3-D world to ensure that the vehicle will work
exactly as planned. The MechE will need to be familiar with the concepts of structural
analysis, fluid flow, material science, machining techniques, aerodynamics, and the
ocean environment.
Waterproofing the Motor
o Mechanical Engineer - The MechE will be responsible for designing a housing that is
capable of keeping the water out of the motor at whatever depth the vehicle is
designed to operate at, while allowing a shaft to protrude from the housing and rotate
the prop.
o Ocean Engineer - The ocean engineer is responsible for understanding the properties
of the ocean at the depth of interest. This person also works with or in place of the
MechE in choosing materials and designing components to work in the harsh ocean
environment.
Building the Control Box
o Electrical Engineer - The electrical engineer or EE will design the entire control
system for an underwater vehicle. He or she will use switches, resistors, diodes,
capacitors, and circuit boards to make it possible to push a button and have the vehicle
go in the desired direction. The EE is also responsible for designing the battery
charging system and the energy delivery system, and ensuring that the proper voltage
goes to the correct component at all times.
o Mechanical Engineer - The MechE will design the user interface, that is, the way the
switches will work. The MechE decides whether there will be one or four switches to
control the forward and backward direction, and where they should be on the control
housing.
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o Ocean Engineer - The ocean engineer will do the same thing as the MechE, but will
also take into account how the ocean environment will affect the design of the control
housing.
Choosing a Battery
o Electrical Engineer - Since the EE has designed the entire electronics package up
until this point, there is no one better to decide what type of battery will best suit the
needs of the vehicle. Taking into consideration how long the vehicle should run for
and at what power, the EE will choose the most efficient battery to power the vehicle.
o Mechanical Engineer - With the battery now selected by the EE, the MechE needs to
fit the battery in the hull and figure out how much flotation is needed to offset the
added weight.
Adding Ballast and Flotation
o Mechanical Engineer - Since the MechE designed the vehicle they are the most
knowledgeable of how much ballast and flotation it needs to either sink or float, and
how much space there is available for this added material.
o Ocean Engineer - With an understanding of the forces of the deep ocean, the ocean
engineer will design the ballast and flotation to withstand both the forces at the surface
of the ocean and the forces at depth. These include thousands of pounds of pressure
and hundreds of degrees of temperature that is closer to what you find on another
planet other than on earth.
o Marine Scientist - This is the person who will be using the vehicle and is therefore in
charge of what we put onboard. If the marine scientist wants a sensor or a camera, the
rest of the team needs to accommodate those needs and make sure those items fit on
the vehicle.
Driving the SeaPerch
o ROV Pilot - Have you ever played a flight simulator game? This is what an ROV pilot
does every day. From the safety of an onboard computer and flight control center, the
pilot drives the ROV using video feedback. The only difference is that the ROV pilot's
crash can cost millions of dollars, so he or she had better get it right the first time.
Video
o Communications Engineer - The communications engineer is in charge of getting
information from one place to another as efficiently as possible. Have you ever
watched a jumpy video feed over the Internet? These vehicles use the same
technology, but have no room for jumpy video. So these people make sure that never
happens.
Building Sensors
o Electrical Engineer - If they are standard sensors and do not exist in the size and
shape of interest, the EE will have to build these from scratch. This can be a very
challenging process as the tolerance may be a few thousands of a volt or an amp, and
that is a difficult thing to accomplish in the electronics world.

111

Become
2. Career Options (3 of 5)







o Mechanical Engineer - When a force or other parameter could affect the vehicle
performance, it needs to be monitored. This is up to the MechE to design and build
sensors that can track the vehicles status.
o Marine Scientist - When a scientist is anticipating a possible new discovery, he or she
needs to design customized sensors. This involves knowing everything about the
material to be detected and knowing how to interpret the data.
o Computer Scientist - With all of this data entering a computer, someone has to come
to the rescue to make it all make sense. The computer scientist will take voltages from
the sensors, connect them to the computer, and have the computer turn arbitrary
voltages into useful data.
Programming Sensors
o Computer Scientist - Almost all electrical sensors measure the environment and
output a small proportional electrical voltage or current; computer scientists have to
make sense of all of that. They have to write a program that can turn the voltages into
numbers, filter out any and all electrical noise, take into account non-linear data input,
and be accurate to thousandths of a measurement. If this step has any errors, the entire
project could yield incorrect results.
Studying the Ocean
o Marine Scientist - Marine scientists are significant users of the ROV and AUV
technology. They determine what to study in our coastal waterways and depths of the
ocean. Understanding fish population, habitats, water quality and seasonal variability
are a few of the areas in which marine scientists would use ROV technology to assist
them in data collection.
o Ocean Engineer - Just like a MechE, an ocean engineer solves mechanical problems;
however, unlike the MechE, the ocean engineer's specialty is applying the unforgiving
parameters of the ocean environment to the mechanical design. As a result, these
engineers will spend a lot of time determining what the environment actually consists
of, how hot it is, and how much pressure there is.
Improving SeaPerch Design
o Mechanical Engineer - Even after the vehicle is built, there is always room for
improvement. The MechE will constantly analyze the success or failure of a mission,
and determine what can they can improve or redesign on the vehicle to make it better.
Check out some of Odyssey IV's mechanical redesigns here. {link to auv wiki,
http://scripts.mit.edu/~jge/auvwiki/index.php?title=Main_Page}
o Electrical Engineer - Just as the MechE knows, nothing is perfect; there is always a
more efficient way to control the use of power. There will always be a better way to
use a motor, camera, and battery, and it is up to the EE to constantly make sure that
those systems are in use.
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o Computer Scientist - With some operating systems becoming outdated in less than
six months, keeping a vehicle's software up to date can be a daunting task. As the
MechE and the EE add parts, the computer scientist has to make sure that software can
recognize those new parts and work with them. That's not as easy as it sounds. When
you write your own operating system, you can't just go on the Internet and download a
driver. The computer scientist has to write each and every driver and software update.
o Marine Scientist - As a user of the technology, the marine scientist determines what
needs improving on the vehicle so that appropriate data is collected and what new
features would benefit science. The marine scientist then passes this information to
one of the engineers to implement the change.
Adjusting the Motors
o Mechanical and Ocean Engineers - Pointing the motors in the correct direction isn't
as simple as it sounds. There is a balance between having the fewest number of motors
for power consumption reasons, and having the most maneuverable robot possible. As
a result, small changes in force vectors make a huge difference and need constant
maintenance and updating so that the vehicle is running as efficiently as possible at all
times.
Inventing New Components
o Mechanical and Ocean Engineers - Just because it doesn't exist doesn't mean it can't
exist. This is a motto of a good engineer. If you want to accomplish something that
hasn't been done before (which is common for underwater exploration), it is up to
these people to make the part or system that will allow this to happen.
o Electrical Engineers - Again, an electrical engineer can't be daunted by the fact that a
task has never been accomplished before. The EE makes the parts so that the new task
can be attempted.
o Communication Engineers - This is a field in underwater technology that is far from
perfect. It's an evolving field, with upgrades always welcome.
Microcontrollers
o Electrical Engineers - A microcontroller is a quick way to have a computer build a
circuit for you. Instead of spending hours designing a perfectly efficient circuit to just
try out a concept, EE's will use a microcontroller to test it out. And then if it works,
they will build a circuit from scratch to accomplish the same task more efficiently.
o Computer Engineers - All computers need to be programmed, so the computer
engineer has to make sense of all of the data coming into the microcontroller and have
it perform the desired command afterwards.
Choosing a Propeller
o Mechanical Engineer - How fast should the vehicle go? How much energy can we
spend? How much drag will there be? These are the questions of propeller design that
a MechE must answer. Using their knowledge of aerodynamics and fluid properties,
the MechE will build a 3-d model that can be tested and optimized to perform exactly
as intended.
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Water Sampling
o Marine Scientist - The marine scientists need to know the conditions of the water that
is being studied in order to understand any other data they may be measuring.
Different temperatures, conductivities, dissolved material contents, and pH will greatly
affect the meaning of any data collected that day, so it is important to know how to
measure these parameters.

Other Careers in STEM
There are many other STEM careers available, as your students may be interested to learn. In fact,
STEM careers are among those with the highest demand in the United States. Science, technology,
engineering, and mathematics careers include (but are certainly not limited to) these interesting,
challenging, and in-demand jobs:
















Aerospace Engineer
Anthropologist
Architect
Astronomer
Automotive Engineer
Biochemist
Bioinformatics Scientist
Biologist
Chemical Engineer
Chemist
Computer Programmer
Forensic Scientist
Geologist
Geoscientist
Mathematician
















Meteorologist
Microbiologist
Nuclear Engineer
Pathologist
Pharmacist
Physician
Physicist
Professor
Psychologist
Science or Math Teacher
Statistician
Surveyor
Veterinarian
…and many more!

Career Resources
Below are some online resources for teachers and students interested in the variety of STEM careers:




The top 100 jobs in America (many of which are in STEM):
o http://money.cnn.com/magazines/moneymag/bestjobs/2010/full_list/
Marine careers:
o http://www.marinecareers.net/
Science and Engineering careers:
o http://www.sciencebuddies.org/science-fair-projects/science_careers.shtml
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Marine Life Opportunities
Do your students like jumping right in and getting their feet wet – literally? A marine career might be
the perfect choice for them. Some marine careers include marine biology, marine geology, seismology,
coastal geography, physical oceanography, chemical oceanography, and ocean engineering. To check
out more in-depth information about marine careers and other opportunities, visit the following links:





Marine Careers:
o http://www.marinecareers.net/
NOAA’s Ocean Explorer page – careers and other resources:
o http://oceanexplorer.noaa.gov/edu/oceanage/
National SeaGrant Library – careers, fellowships, and grants:
o http://nsgd.gso.uri.edu/career.html
NOAA Coastal Services Center – internships and fellowships:
o http://www.csc.noaa.gov/cms/fellows/undgrad_opportunities.html

Naval Career Opportunities
People trained in the field of Naval Architecture, Marine Engineering, and Ocean Engineering are
always in demand. In today’s world of increasing international trade, amid growing awareness of our
environment, and concern about maritime security and national defense, people with these skills are
essential. They design, build, and operate vessels to transport and protect people and goods; they
design all types of ocean structures. Maritime trade, national defense, environmental protection, and
security are not temporary concerns, but permanent responsibilities. The demand for maritime
professionals will continue to increase.
Facts about Naval and Maritime Careers:




Over 95% of the world’s goods arrive at their destination by ship
A principal mission of the Navy is the protection of sea lanes and merchant ships
The merchant marine is considered the fourth arm of our national defense
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Additional ROV Opportunities
If your students are interested in more opportunities to build and compete with remote operated
vehicles, there are many programs available. Listed here are some of the larger programs:












MATE ROV Competition
o Grades 4-12
o http://www.materover.org/main/
FIRST Lego League
o Grades 4-9
o http://firstlegoleague.org/
FIRST Robotics
o Grades 9-12
o http://www.usfirst.org/
RoboBoat
o Grades 9-12 and college
o http://www.auvsifoundation.org/FOUNDATION/Competitions/RoboBoat/
RoboSub
o Grades 9-12 and college
o http://www.auvsifoundation.org/FOUNDATION/Competitions/RoboSub/
VEX Robotics Design System
o Grades 7-12 and college
o http://www.vexrobotics.com/
RoboRAVE
o Grades 3-12
o http://roboquerque.org/
Robofest
o Grades 5-12 and college
o http://robofest.net/
NASA’s RASC-AL
o College – undergrad and graduate
o http://www.nianet.org/RoboOps-2012.aspx
IGVC (Intelligent Ground Vehicle Competition)
o College – undergrad and graduate
o http://www.igvc.org/
ICRA (International Conference on Robotics and Automation)
o Includes student paper presentations and robotics challenge
o http://www.icra2012.org/registration/registration.php
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SeaPerch Launches Students into STEM!

SEAPERCH
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