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SciGirls is an Emmy-Award winning, national PBS Kids 

television series that features groups of middle school 

girls modeling authentic girl-friendly investigations 

in science, technology, engineering, and mathematics 

(STEM) alongside accomplished mentors. SciGirls at Sea, 

an episode sponsored by the Office of Naval Research, 

features girls conducting a scientific inquiry with an 

underwater remotely operated vehicle (ROV ) called a 

SeaPerch. The SciGirls learned basic engineering and 

science concepts with an oceanography theme when 

they used their SeaPerch to study the health of oyster 

reefs in the Chesapeake Bay. 

The activities in this book extend the SciGirls TV 

experience to give girls everywhere the opportunity 

to design, test, create, and share their own solutions to 

interesting STEM challenges. Each activity:

   follows the Engineering Design Process (found on 

page 2),

incorporates the SciGirls Seven strategies for

engaging girls in STEM (outlined on page 3) 

connects to SciGirls videos and mentors from the

show, and aligns to national education standards. 

We hope you will use these activities to interest and 

inspire the girls in your community. For additional 

focused activities from SciGirls, check out our other 

educator guides online at scigirlsconnect.org. 
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SeaPerch is an innovative 

program that equips teachers 

and learners with the 

resources to build an ROV. 

The program teaches basic 

skills in ship and submarine 

design and encourages students 

to explore naval architecture and 

marine and ocean engineering. For more 

information, visit seaperch.org.
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Here is the SciGirls’ engineering design process*, the same steps that every engineer goes 

through when tackling a new problem. Encourage your girls to follow these steps as they 

approach each SciGirls Challenge in this activity booklet. 

Identify Problem In our activities, the 

SciGirls Challenge lays out the goal, but girls 

should also discuss constraints they may have 

(e.g., supplies, time, and tools). 

Brainstorm Girls can generate ideas by 

looking at other comparable designs or models, 

consulting experts, researching in books or on 

the Internet, or talking with one another.

Plan Each group must reach a consensus and 

choose one idea. Then they can use their math 

and science know-how to make a plan of attack, 

sketch a design, and identify the appropriate 

materials.  

Build Girls should always start small by making 

a model or prototype and building one piece of 

the design before tackling the whole project. 

Test After each test, girls need to evaluate 

their results. A failed test can still be a great 

test! There is something to learn from every 

experiment. 

Redesign The design process is circular. 

After one cycle, girls may need to modify their 

original idea, revise their plan, and build and 

test again until they are ready to share their 

work. 

Share Girls can learn from others by 

sharing their observations and results with 

each other, their parents, or on the SciGirls 

website. Learning is not a competition; it ’s a 

collaboration.

             *See references on page 9.

Think, Plan, Build!
Engineering Design Process

Identify Problem

Brainstorm

Plan

Redesign

Build
Test

Share

Throughout this guide, the projector points you to 

videos on the companion DVD. Or you can watch 

online at scigirlsconnect.org.
Produced for PBS by
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The SciGirls approach—for the TV show, website, and educational materials—is 
rooted in research about how to engage girls in STEM. A quarter of a century of 
studies have converged on a set of common strategies that work, and these have 
become SciGirls’ foundation. We call these strategies the SciGirls Seven.*
 
         Girls benefit from collaboration, especially when they can participate 
and communicate fairly. (Fancsali, 2002; Parker & Rennie, 2002)  

Girls are energized by the social part of science—working and learning together. Provide 

opportunities for small group work, and encourage girls to talk about their ideas and 

consider all possibilities before digging in. Make sure discussions remain respectful and 

inclusive, and that each girl’s contributions are valued. Girls are likely to remember not only 

what they learned, but also how they felt when they learned it. 

 
         Girls are motivated by projects they find personally relevant and meaningful. 

(Eisenhart & Finkel, 1998; Liston, Peterson, & Ragan, 2008; Thompson & Windschitl, 2005)   

Girls become motivated when they feel their project or task is important and can make a 

difference. Support them using STEM as a tool to explore issues or topics they care about. 

If they see how STEM is relevant to their own lives and interests, their attraction to these 

subjects is likely to increase.    

  
         Girls enjoy hands-on, open-ended projects and investigations. 
(Burkam, Lee, & Smerdon, 1997; Chatman, Nielsen, Strauss, & Tanner, 2008; Fancsali, 2002)  

SciGirls promotes exploration, imagination, and invention. Encourage your girls to ask 

questions and find their own paths for investigation.    

 
         Girls are motivated when they can approach projects in their own way, 
applying their creativity, unique talents, and preferred learning styles. 
(Calabrese Barton, Tan, & Rivet, 2008; Eisenhart & Finkel, 1998) 

Encourage girls to develop their own ways of exploring and sharing knowledge, 

paying attention to the unique learning styles that motivate your group. You may be 

The SciGirls Seven
Proven Strategies for Engaging Girls 

in STEM

1.

2. 

3. 

4. 
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surprised by what creative, exciting approaches girls come up with when designing 

investigations, collecting data, and communicating results. 

          Girls’ confidence and performance improves in response to specific, 
positive feedback on things they can control—such as effort, strategies, and 
behaviors. (Blackwell, Trzesniewski, & Sorich Dweck, 2007; Halpern et al., 2007; Mueller & 

Dweck, 1998; Zeldin & Pajares, 2000)   

Self-confidence can make or break girls’ interest in STEM. Foster their efforts, compliment 

their strategies for problem solving, and let them know their skills can be improved 

through practice. Celebrate the struggle. Wrestling with problems and having 

experiments fail is a normal part of the scientific process!   

  
          Girls gain confidence and trust in their own reasoning when 
encouraged to think critically.  (Chatman et al., 2008; Eisenhart & Finkel, 1998)   

Cultivate an environment in which asking questions and creative thinking are a must. 

Throughout the centuries, this same trust in logic and re-examination of ideas made 

advances in science, technology, and engineering possible. 

 
         Girls benefit from relationships with role models and mentors.  
(Evans, Whigham, & Wang, 1995; Liston et al., 2008)   

Seeing women who have succeeded in STEM helps inspire and motivate girls, especially 

when they can relate to these role models as people with lives outside of the lab. Role 

models and mentors not only broaden girls’ views of who does science, but expand girls’ 

vision of what’s possible in their own lives. 

5. 

6. 

7. 

   *See complete references on page 10.
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Think like an oCean enGineer and 
deSiGn your own model deep Sea 
diver.
Buoyancy is the ability to float. When you put an 

object in water, it pushes water out of the way 

to make room for itself. An object floats when it 

weighs less than the water it displaces; an object 

sinks when it weighs more than the water it 

displaces. 

You’ll Need:
 � items to adjust buoyancy  (assorted  metal washers, pennies, paper clips, binder  clips, Styrofoam packing  peanuts, small balloons)

 � items for the body of the diver (Styrofoam balls, plastic bendable drinking straws, craft sticks, wooden skewers, plastic eggs, ballpoint pen caps, sponge,  craft foam)  � items to hold the diver together (rubber bands, duct tape, hot glue gun) � optional: objects that sink or float (marbles, metal spoon, ping pong balls, sponges, plastic spoon, pieces of fruit)        For each small group
 � sturdy clear container at least 6 in. x 6 in.            that can hold water
 � water
 � scissors
 � paper and pencil

SmarT STarT: 
Here’s one way to start this activity. Get your girls 

thinking about buoyancy. Show them a group of 

objects and ask them to predict which will sink 

and which will float. Then, test their ideas using 

a plastic container filled with water. Do the girls’ 

predictions match the results? 

Here’s how: 
1. explore buoyancy. Can you think of things 

that don’t float on the water and don’t sink to the 

bottom (scuba diver, submarine, fish, underwater 

research vehicles)? This is called “neutral buoyancy.” 

Discuss what it means for an object to be neutrally 

buoyant. What are some situations where neutral 

buoyancy might be useful (snorkeling, using a 

submersible to study underwater creatures, taking 

measurements at different depths in the ocean 

training astronauts.)? 6

Watch the SciGirls test a neutrally 

buoyant underwater robot on the 

SciGirls At Sea DVD. (SeaPerch Test 1- 

Ballast Tank.)

2. design and build. Engineers will often build 

models before they design full scale. The models 

help them understand the factors that may be key 

to the success of the design. Deliver the SciGirls 
Challenge: Build a small diver (no larger than 3 in. 

by 3 in.) that is neutrally buoyant. In small groups,1 

have girls brainstorm what materials they’d like to 

use, then design and build their diver. 3

Use caution when working with hot glue.   

Deep Sea Diver

45 min

Safety
First

1-7 See SciGirls Seven strategies on page 3.
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You’ll Need: poinTer: If girls are having trouble try this 

model using a flexible straw. Bend it into a “U” 

shape. Cut the ends so they are even. Thread 

a washer onto the straw. Pinch ends of straw 

together (straw will form teardrop shape) and 

secure them with hot glue. Make sure the ends are 

sealed shut. Adjust weight by adding or removing 

paper clips.

 

3. Test. Place the diver into a container of water 

and test its buoyancy. Keep redesigning until the 

diver “hovers” in the center of the container of 

water.  

4. Share. Have each group demonstrate their diver. 

Was it difficult to achieve neutral buoyancy? Why 

or why not? Have each group share their strategies 

for testing and redesigning. 6

5. Continue exploring. Consider having the girls 

test their diver in salt water. They could even test 

whether the concentration of salt in the water 

makes a difference.

Deep Sea Diver
continued

Mentor Moment
Dr. Jaye Falls is a naval 

architect at the U.S. Naval 

Academy in Annapolis, 

MD. Besides teaching, her 

interests include analyzing 

marine vessels and studying 

helicopter rotors to understand how they create 

lift. When not working, Jaye enjoys spending time 

with her two children.

straw

paper clips
washer

Safety
First

Visit pbskidsgo.org/scigirls for videos and projects!
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deSiGn and build a meChaniCal 
arm To Give a Small iTem a lifT. 
Robotic arms were first used in manufacturing 

in the 1950s. These arms were developed to 

help with dangerous jobs such as heavy duty 

welding, painting, and lifting large equipment. 

Today they are also used in scientific research, 

medical surgery, and to help people who have 

had amputations.

You’ll Need:
         For each small group 

 � Styrofoam plates, Styrofoam trays (check             your local grocery store), or craft foam � craft sticks, wooden dowels, or wooden          skewers in varying sizes and lengths � plastic drinking straws � string
 � scissors
 � permanent markers
 � pencil and paper
 � rubber bands
 � tape
 � 8 oz. paper cup 
 � ruler

1 hour

Here’s how: 
1. research.  Divide your girls into small groups1 

and ask them to research different types of robotic/

mechanical/assistant arms on the Internet. 2 Have 

them use sketches or pictures to compare the 

designs they find. How do the designs differ? 

What kinds of designs are suitable for different 

purposes? What problems might arise with some 

of the designs?

watch SciGirls research and design 
an underwater robot on the SciGirls 
At Sea dvd. (Select naval academy- 
Sea perch design.)

2. brainstorm. Deliver the SciGirls Challenge: 

Using the materials available, build an arm that 

can lift a paper cup from one foot away.3 Share 

the following design constraints:

Only one person can operate the arm. 

The mechanical arm is the only thing that 

can touch the cup.

The cup must be set back 

down and the arm removed when done.

The cup can’t be damaged in the process of 

picking it up.

Activity 4

Grab and Go

food

Examples of 
arms

forklif t arm

scissor arm

1-7 See SciGirls Seven strategies on page 3.
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You’ll Need: 3. plan and design. Be sure to give the girls 

ample time to plan and design before they start 

to build. 

poinTer: If groups are having difficulty, ask 

them to revisit the designs they researched 

online, breaking each into simple pieces.

4. build and Test. Throughout the building 

process groups should be testing their design 

and revising based on their results.

5. Share. Have each group share their design 

and demonstrate how it works by lifting the 

cup. What were the challenges? How did you 

overcome them? 6

poinTer: Use the group share as an 

opportunity for providing specific positive 

feedback.

6. Continue exploring. Try adding weight to 

the cup and see if the arm still works. Brainstorm 

other things you can try picking up (stuffed 

animals, popcorn, pencils). How might you 

modify your design to address these new 

challenges? 6 

Grab and Go
continued

Standards Correlation

The activities in this book align to national education standards including: Standards for 

Technological Literacy, Next Generation Science Standards and the Common Core Standards 

for Mathematics. To download the complete and most current alignments, please visit 

scigirlsconnect.org/page/scigirls-at-sea.

Mentor Moment
Commander Angela Schedel studied ocean 

engineering at the U.S. Naval Academy in 

Annapolis, MD and received a Bachelor of 

Science degree. Angela went on to spend nine 

years flying helicopters for the U.S. Navy and 

discovered her passion for teaching while 

working as a helicopter flight instructor. 

After receiving her Masters of Science in 

Civil Engineering, she joined the U.S. Naval 

Academy as an ocean engineering instructor. 

She is also currently working on her PhD in 

Civil Engineering. Teaching isn’t just a job for 

Angela, it’s also a hobby: she is the faculty 

advisor for the Concrete Canoe Team, which 

designs and builds a 

canoe entirely out 

of concrete to race 

against  university 

teams.

Produced for PBS by

Visit pbskidsgo.org/scigirls for videos and projects!



Dr. Cecily Steppe

Dr. Cecily Steppe is a biological oceanographer at the US Naval 

Academy. Cecily teaches courses in oceanography, and also researches 

shellfish populations. She received a Bachelor of Science degree in 

Biology from Yale University in New Haven, CT and then got her PhD in 

Oceanography at University of Delaware in Newark, DE. The next stage 

of her scientific training was as a postdoctoral fellow at the National 

Research Council in the National Marine Fisheries Service. In her 

teaching, Cecily enjoys bringing her students, Naval Academy midshipmen, 

into the field to involve them in her oyster restoration research. Outside of 

work, Cecily likes to sail and swim in distance open-water races.

Dr. Angela Moran
Dr. Angela Moran is a professor of mechanical engineering at the US 
Naval Academy. Angela’s passion for engineering started early, when she 
mixed cement and repaired electrical components with her dad.  She has 
Bachelor of Science degrees in Physics and Engineering, and received her 
PhD in Materials Science and Engineering from John Hopkins University 
in Baltimore, MD. She worked at the Naval Warfare Center in research and 
development for ten years before assuming her teaching job at the Naval 
Academy. In addition to teaching, she conducts research in materials and 

advanced processing. Angela enjoys the teamwork involved in tackling projects as well 
as the opportunity to meet new people that her job provides. While her three sons keep 
her busy in her spare time, Angela also enjoys gardening and tennis.
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