DR 069 ENGINEER YOUR FUTURE

Project Manager: Joan Dannenhoffer & Ann Smith Section: Greater Syracuse E08
Email:__joan.dannenhoffer@juno.com Phone: 315-682-0593

Executive Summary: A short summary of what the Project was and what it accomplished.

This grant provided the resources to develop and execute 10 hands-on learning modules that were presented
to 55 girls in the third to twelfth grade. The hands-on activities were guided by women representing various
engineering and engineering support careers and were presented in small groups. After sampling several
career options, the girls had an opportunity to question a panel of women in various engineering and support
roles.

These modules are being used again on November 11, 2001 for another EYH Conference that Girls Inc. is
sponsoring.

Major accomplishments were:

q Lesson plans were developed which can be used as a resource.

g SWE section membership has increased due in part to the visibility of this project.
g Improved access to girls from minority and disadvantaged backgrounds.

Publicity: attached files

Description of deliverables: Ten engineering modules, files attached

Lessons Learned

q Getting the final report done was difficult because everyone was burnt out from working on the project for
such an extended period of time. Final report should be started before the actual event

g The time frame of the project was a little too long. People did not get really seriously interested in working
on the project until about six months before the conference actually took place.

q Publicity to the schools should go out at the very beginning of the school year so that teachers can plan it
into their schedules, possibly as a field trip.

g Keep track of hours spent on project by category.

q It was difficult to make decision on spending money because we didn’t always know what line item an
expense should come out of. As a result we wasted time making some decisions.

g Having an educational consultant review the modules was extremely worthwhile. Also, having the
Syracuse University students at the dry run was valuable, since they often had a perspective that was
closer to the girls we would be presenting to.

q Registration needs to be very organized. Start time was delayed due to registration complications.
Physical setup needed to be more conducive to keeping middle school age students organized.

g Communicate to all partners up front. (Copyright issues with respect to developed learning modules. Girls
Inc. was satisfied that they would have access to them.)

Budg et: Attached Excel file.

Attached:

Pre and Post survey
Publicity to Newspapers
Proposed Schedule
Module evaluation sheets
Delverables

g Ten Teaching Modules
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GIRLS INCORPORATED OF CENTRAL NEW YORK
EXPANDING YOUR HORIZONS
SUMMARY

Expanding Your Horizons, commonly called EYH, is a program designed to energize girls to explore a
wide range of career options - with a special emphasis on the importance of math and science education-
through enjoyable, hands on experiences with women role models from non traditional careers. By working
with and talking to women role models, girls have an opportunity to ask the hard questions about life choices
and employment barriers. While the program can also be adapted to provide boys, especially minority boys,
with hands on experiences and contacts with role models in non traditional careers for men. The program was
developed by The Math Science Network.

KEY CONCEPTS

The primary goal of EYH is to empower girls with the confidence, knowledge and role models essential for
making educational and life decisions consistent with personal goals of economic independence, self
sufficiency and equality. This goal is accomplished through four main objectives:

To spark the spirit, trigger the imagination and encourage young women to consider new and
exciting career opportunities.

To increase a girl's interest in math, science and technology and in sticking with school.

To provide girls with op portunities to meet and form personal contacts with women working in non
traditional fields.

To provide hands on learning about alternative careers in a format that is committed to
benefiting girls of all ethnicities, races, religions and disabilities and to helping girls to overcome the
negative internal messages of “I can't...”

At EYH Workshops, girls are guided and counseled in learning more about nontraditional career options, the
importance of math, science and technology within those careers and how successful women have negotiated
various life decisions. Women in nontraditional careers are asked to volunteer to provide hands-on experiences
representative of the work they do to groups of girls

EYH can be provided in several formats - all day conference with 4 opportunities to attend a variety of
workshops, lunch and panel discussion; 3 hour format with 2 opportunities to attend a variety of workshops and
a panel discussion; and a series of single workshops with discussion following each.

PARENT COMPONENT

The encouragement and confidence of key adults are critical to a girl's ability to choose math and science
options when many of the messages she is receiving from peers and society at large make choices very
difficult. We would offer parents the option of attending a workshop at the same time their daughters do. This
workshop would - help parents understand their own biases and expectations about math and science as well
as the gender stereotypes about math and science and bring to light ways to support their daughters in
choosing and sticking with math and science.



Syracuse Section Society of Women Engineers
and Girl's Inc. of CNY
November 8, 2000 Career Night

The main goals of the SWE/Girl's Inc. Engineering Career Night on November 8, 2000 are:
To stimulate interest in engineering as a career for middle school age girls.
To encourage girls to continue taking math and science courses so they will be prepared for engineering
studies.
To provide women role models for these young girls.

Specifications for the Engineering Modules being developed for the Career Night include:

The module should creatively demonstrate an engineering principal(s) in terms that middle school students,
that have taken the standard math and science courses, will be able to comprehend.
The module should be fun to do. Middle school students typically enjoy learning better if they are actively
participating; hands-on projects rather than a lecture.
The module should stimulate the participants to use the following skills:

Logic

Brain-storming

Analysis

Written and oral communication

Teamwork

Visual and kinesthetic analysis...
Contlnuatlon of math and science courses should be integrated into the module.
See prototype “Boring Cake” module for format. Note that this module is still under construction, but the
format will not change.

Prepared by Joan Dannenhoffer
July 17, 2000



PREPARING A HANDS-ON WORKSHOP
FOR EXPANDING YOUR HORIZONS CONFERENCE

You will soon be conducting a hands-on workshop at an Expanding Your Horizons conference. This is
a hands-on workshop for girl's 6" grade and up, where you will be a valuable source of information about
activities that are part of very important careers. You will have the opportunity to light the spark of interest in
your career by sharing an experience with students that is interesting, exciting and educational. You will also
be a role model for these participants in the future. Here are some guidelines to assist you in planning your
hands-on workshop.

TIME ORGANIZATION:
1. Give a brief overview of your career as an introduction to the workshop. For example, you might start out
by saying, “ | am a Chemical Engineer. Typically, the work of a chemical engineer includes....”

2. Provide some information about yourself, such as where you work, how long you have had this career,
other jobs you have held (both career related and not), what you like about your work, how you use
mathematics, science, and technology in your work, your education pathway to this career, barriers you
have had to overcome, and what choices you made as a teenager both academic and social (right ones
and wrong ones).

3. Spend about 20 minutes involved in the career-related activity. Make sure that equipment, tools, and
supplies are available so that each participant can be involved in the activities. Encourage participants to
work in pairs or smaller groups. This builds confidence and decreases feelings of competitiveness, plus
decreases the number of supplies necessary. Give instructions for the activity and then allow the
participants to do the activity.

4. Spend some time asking the participants what they observed and experienced. Ask them to say what they
think it means. Then clarify by explaining the principles or technology. This should last about 5 minutes.

5. Take 5 or 10 minutes to answer questions and to conclude the workshop. Reaching closure of the activity
and the session is important.

6. The last workshop of the evening needs to allow time for the completion of the post-test.

OTHER HELPFUL HINTS

1. Wear clothes that you would normally wear on the job.

2. Allow at least 30 minutes to set up at the site of your workshop so that you are prepared when the
participants arrive.

3. Inform you employer — we have found that they are very supportive of our presenters, often providing ideas
and materials.

4. Be enthusiastic and make the presentation fun. Smile. : It's important for these kids to know engineers are
doing what they love to do.” (James Sproull, high school science curriculum supervisor).

Thank you for generously participating in an Expanding Your Horizons Career Conference. The success of
these conferences depends on the women with careers who are willing to share their experience with young
adults in order to expand their horizons. Your time and efforts are greatly appreciated.



CHARACTERISTICS OF ADOLESCENT GIRLS

The audience attending your workshop at an Expanding Your Horizons Conference will consist of girls, ages 11
and up. In order to help you prepare your presentation; here are some characteristics of adolescent girls. This
information comes from a document published by National Girls Incorporated.

Early adolescence heralds the beginning of serious movement toward adulthood. Girls are beginning to:
- Formulate their own identities

- Learn about romantic intimacy

- Strive toward self-reliance

- Develop a value system

As was so of preadolescence, there is considerable variation among girls at this stage. Behavioral and thinking
patterns, rather than age, indicate the developmental stage at which any particular girl is functioning. According
to Piaget, adolescence is a time of transition from concrete to formal operation. “The capacity to think
conceptually and hypothetically develops slowly over the next six to seven years and remains a potentiality
attained only partially by most and fully by some.” (Lidz, 1976) Therefore, some girls will demonstrate
advanced capabilities, while other will need more time to develop cognitively.

The early adolescent is egocentric; (she) focuses on self. Early adolescents tend to think that they are special
or different — that no one understands how they feel (personal fable); and that nothing bad can happen to them
(magical thinking). They also believe that everyone else is watching them at all times and passing judgement
on their appearance and behavior (imaginary audience)...

The early adolescent seeks the company of adults other than parents who can serve as role models and
provide support and guidance.

Developmental differences (from boys) that result from socialization:

- Girls are more likely then boys to be concerned about their physical appearance.

- Girls are less assertive and less aggressive than boys, and more dependent on others for approval and
support.

- Girls at this age are more sensitive to pressure to conform to sex roles than are younger girls.

- As girls learn that aggression and dominance are not considered feminine, they develop sex-typed ways of
being powerful: manipulating, flattering, excluding others from cliques, gossiping, competing with other girls
for boys attention.

- Girls begin to become more accommodating to what they perceive as appropriate sex-role behavior.

- Girls are less likely than boys to develop expertise at logical persuasion, argumentation, task persistence,
or power management — the crucial qualities for leadership.

- Girls are significantly less likely than boys to have access to computers and other forms of advanced
technology.

- Girls develop more competence in sophisticated social skills (empathy, self-disclosure, ability to make
friends) than do boys.



QUESTIONS TO ASK TO LEARN ABOUT CAREERS

Learning about careers can be fun and valuable. Selecting a career is so important that it deserves attention.
Here are some questions to ask women about their careers to help you make the best decision about your
future career.

Knowledge and Occupation Requirements:

1. What knowledge and skills are required to be successful in your job? Where does one get training for this
job?

What continued training is required to remain successful in your field?

What were the most useful subjects you took in school?

How do you use mathematics and computers in your job?

What other jobs could you do with your experience and training?

arwN

Job Satisfaction

Describe a typical day on your job.

What is your salary? What is the range of salaries for people in this career? Is there overtime pay for extra
hours?

How does one get promoted in this career? How easy or difficult is it to be promoted in this field?

What kind of job security do you have? Is there a high turnover or stability in this career? Why?

What are the fringe benefits?

What is the job availability outlook now and for the future in this career?

Do you travel in your job?

N
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Personal Satisfaction

What motivated you to enter this career area?

What aspects of your job do you enjoy the most?

What aspects of your job do you dislike the most?

What is it like to be a women on your job?

Have you experienced any discrimination or bias (sex or ethnic background) in your job?
Do you have a family? How do you achieve a balance between work and family?

Uk~ wNE



This is from the Girl Scouts web page:
Possible questions you might ask:

| don't know, so how can we find out?

How is this different from that?

How would you describe that?

Is there another way to look at this?

How can you tell?

Why do you think this is happening?

How can we find out if this is what is happening?
How do you think it got that way?

What are some other things we need to find out?
What would happen if we ...?

Remember:
Let the girl take the lead in handling materials, giving direction, and exploring.
Encourage her to read the directions or the questions for the activity.
Ask her what she thinks you should do first as a team.
Avoid the impulse to tell her the answer, even if you know it.
Ask her a question that will make her think about the whys and hows.
Work as a team....Don't set out to compete.
Give her time to think and explore. Silences often mean that thinking is going on.
Have fun...get involved...be a partner in learning.
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Girls Incorporated of Central New York
401 Douglas St.
Syracuse, NY 13203

October 24, 2000
Dear EYH Conference Presenter:

Thank you for agreeing to be a part of our Expanding Your Horizons Career Conference for girls on November 8",
2000. Enclosed you will find some information that may be useful to you in presenting your workshop.

The evening will be a night of fun and learning for both the participants and for you. Below you will find a schedule
of the evening’s events that will give you a clearer understanding of how the night will run.

5:30pm - 6:00pm - Set up your room for your particular workshop
6:00pm - 6:20pm - Registration, pre-test, word search

6:20pm - 6:25pm - Opening remarks

6:25pm - 7:10pm - First workshop

7:10pm - 7:15pm - Switch Workshop

7:15pm - 8:00pm - Second workshop and post-test given

8:00pm - 8:10pm - Refreshments

8:10pm - 8:20pm - Presenter Panel Questions, Answers & Comments
8:20pm - Raffle Award

8:25pm - Closing Remarks

Room assignments will be forwarded to you by Email on Friday, November 2, 2000.

Remember, if you have questions don't hesitate to call Marcie Sloan or Terry Eckert at

474-0746. Thank you again! Its caring people like you who will make the difference for the next generation of
women!

Sincerely,

Marcie Sloan, Girls Programming Specialist



Budget Actual Subtotals Difference
A. Professional Services and Consulting Fees

(paid non-SWE consultants) 1500 Girls Inc. Consultant 1650.00 -150.00
1000 Educational Consultant-Kelly Groginski 630.00 370.00
200 Janitorial Services 200.00 0.00
2480.00
B. Travel (Bus rentals) 230 A&E Transport 150.00 80.00
C. Lodging (for projects involving overnight stays) 0 0.00
D. Meals (all food related items) 0 86.79 -86.79

E. Equipment and supplies (T-shirts, notepads, pencils) 1500

Scissors, Badges, Markers,Folders 175.57
Calculator 99.96
Legos 509.96
Canvas Bags 440.40 1225.89 274.11
200 Equipment Rental 0.00 200.00
Supplies/Consumables 300 Pyramid Cake-Becky 34.90
Robotics-Lauren 19.21
Boring Cake-Joan 18.14
Electric Bread Board-Catherine 57.96
Water Water Everywhere-Marcy 19.37
Misc. Meeting Supplies-Joan 224,27  373.85 -73.85
100 Volunteer Recognition 100.53 -0.53
F. Publications (printing, graphic, layout) 350 Girls Inc 144.00 206.00
G. Distribution (postage) 100 Girls Inc 172.46 -72.46
Received from SWE 4,932.00 Total 5480 4733.52 746.48

Expenditures 4,733.52
Owe SWE 198.48







DR# 069

Project Title:__Expanding Your Horizons — Engineer Your Future Date: Nov. 8, 2000
Project Manager: Joan Dannenhoffer & Ann Smith Section: Greater Syracuse E08
Email:__joan.dannenhoffer@juno.com Phone: 315-682-0593

Deliverables: Indicate type (i.e. document, web page, brochure, etc.), title, and media (hard copy, email
file, disk, etc.)

Word and Excel Documents attached as e-mail file

Select! the one primary Strategic Priorty this project addressed:

Leadership Education Diversity Visibility Vitality
SWE Committees to which this report and deliverables would be of interest:

Career Guidance Public Relations MultiCultural Committee

Continuing Devel. Publications Other:
Membership
Project Audience (age, sex, diversity) Female: X Male:

Age Group No. Actual/Proposed Diversity No. Actual/Proposed
Elementary 23 / Caucasian 21 |
Middle School 30 / African American 18 /
High School 2 / Hispanic 8 ;
College / American Indian /
Profes sional / Pacific Islander /
Other / Asian /

Contact Hrs: _3 per attendee Other multiracial 8




SWE Volunteers (No.)

19

Non-SWE Volunteers (No.)

Estimated Total Hours:
Estimated Total Hours:

750

85
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Spaghetti Spans written by Sarah Winnacker

Materials:

Y Spaghetti (~8 oz/team)

Y Gummi bears (-4 oz/team) (other gummi candy can be used instead, ie Dots, gummi worms....make
sure it's not old and hard)

Y Pasta:
Y Lasagna, Fettuccini, Linguini, Angel Hair, Spaghetti, Macaroni
Y Cooked spaghetti

Y Weights (at least 20 oz in 1-2 oz increments)

Y Paper muffin cups, for keeping the weights on the bridge

Y Pictures of different kinds of bridges, that the students may or may not have seen

Y To work in teams to build a bridge using spaghetti and gummi bears
Y To understand the loading mechanisms of different shapes of pasta/beams
Y To be creative in designing a bridge

Methods:

Y Presenting civil and mechanical engineering concepts (building a bridge) using materials that are
familiar to the girls in applications that they wouldn’t have thought of

Means:
Y Start with several types of pasta (angel hair, fettuccini, lasagna, spaghetti, macaroni) and have the
girls examine them for possible building applications
Y Questions to ask:
Y Which are better or worse for building: bridges, buildings, walls?
Y Does it matter how you build with them? (ie, asymmetrical cross sections oriented in one
manner or another)

Y Which is strongest? Weakest? Is there a way to make the weaker pasta stronger than the
strongest?

Y What happens if we cook the pasta?

Y Think about bridges you may have seen
Y Foot bridges, Car bridges, Train bridges, over deep water, over shallow water, wide, narrow,
stone, wood, metal, plastic (Have pictures of a number of different kinds of bridges)
Y Questions to ask:
Y Why are there all these different types of bridges?

Y How do you have to think about building your bridge differently if it's a foot bridge over a
shallow stream or the Golden Gate bridge over the deep ocean?

Y What kind of bridges are we going to build?

Y In groups of three, take ~5 minutes to discuss and draw ideas for your bridge, remembering what
materials we’re using and what kind of bridge we’re building
Y Questions to ask:
Y Which matters more, how it looks or how it holds weight?
Y What do the gummi bears do? How are you going to use them in your bridge?

Y Now build the bridge you've designed
Y Questions to ask:
Y Are there any differences between the bridge you built and the bridge you drew? Why?
Y What was the hardest part of building a bridge with two other people?



The Greder Syraause Sedion SWE
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Y Testthe bridges for their maximum static load using small (1-2 0z) weights (bridges have been built to
hold over 25 0z)

Y Questions to ask:

Y Do you wish that | had put the weights on a different part of the bridge? Was there one part that
was stronger than another? What problems might this cause if this were a real bridge?
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Structural Cake Design Process & Planning
Careea Day Module

“Building a Chocolate Pyramid Cake’

by
RebeccaThyne

Introduction

The pyramid cake is athreedimensional model of the pyramids of Egypt
and South America Itismadefroma c&e. Thefrostingisthe “cement”
used to hold it together. The problem to be identified and “solved” is how
to get afive-layer-high pyramid using asmple 13’'x 9’ redangular cake.
Participants/ students get to build and then eat the model when they have
completed it.

Include an explanation/discussion about what type of enginee's would solve
this problem. Further discuss rewards, salary range, type of clothing worn on
the job and what obstades women facein this career.

Reammended Format

Ideal Conditions:
Dedicated area with boards to write on
Two to five participantsin each group
One moderator per group of participants
Forty-five minutes available

Ob|ed|v
Gain an understanding of how to state and solve an engineering problem.

Lean what type of skills and/or schoolingi.e. degrees are required for
thistype of engineaing.

Use brainstorming to solve the problem

Understand the importance of math and sciencein each participant’s
future as well as the importance of sticking with math and science now.
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Eq uipment Needed
13"x 9" cake (cold - lesscrumbs) OR ablock of Styrofoam same
dimensions
Styrofoam cut into solution pieces — one per group
Frosting/Icing to be used as cement
Rulers, pencil s, erasers
Paper with outline of 13" x 9” rectangle cake
Paper with 13" x 9” pyramid solution
Scissors
Tape
Knife to cut cake or Styrofoam
Plate/platform to hold finished pyramid
Plates, forks, napkins, cups, drink
Water for clean-up and paper towels

Presentation Part I: Introduction to the Problem

We want to build afive-layer-high pyramid using asimple 13" x 9"
redangle cke. How dowedoit? What isapyramid? How big should each
layer be?

Questions To Get Brainstorming Started

Pose these questions one & atime. Write down ideas on the board. Don't
discount any ideas as not feasible. Don't give the answers. If necessary, give
more significant hints to start the conversation going. Praise dl attempts at
answering. Give participants about seven to ten minutes to go through this
process. Don't let one student monopolize the discusson.

Include answers to the foll owing questions so anyone @an present this
modue.

What is a pyramid? What shape? Rectangle? Square?
What is our problem?

What size should each layer be?

What do you think an enginea would doin this stuation?
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Vocabulary
Write down vocabulary words on the board as they come upin the
discussion.

Definitions should be written on board for ead word you use that isnot a
common term to the average public. Let participants help define these so
they redizethey know more than they give themselves credit for. Have a
dictionary available for participants to use. Make sure that you have looked
up each word and provided the definition bel ow.

Model

Pyramid
Process

Trial and Error
Stresses/Forces

Solution 1

Figure out and draw “solution” layout on 13"x9” paper cake.

Cut out and stack.

Transfer cut-outs/models to cake top/Styrof oam.

Cut cake/Styrofoam in pieces.

Layer cake with frosting as the glue to hald in place

Build your pyramid using all five layers. Admire your work. Then Eat!!

Solution 2

Hand aut pre-cut cake pieces.

Have participants build a pyramid.

Now have participants makethe 13’ x 9” cake.

Cut actual cake into pieces and eat while discussing engineering questions.

Presentation Part II: Engineaing as a Career

Talk briefly about engineaing as a caese.

Talk about the importance of staying in school and taking math and science
courses. Answer any guestions about your job.
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Presentation Observations:

1.

Spend time with the history of pyramids, both Egyptian and Incan. Why
were pyramids important to these people and how they built them in the
first place They are engineeing marvels from the past.

Use Styrofoam in presentation, but have actual finished pyramid cakes on
display so the participants can seewhat they are supposed to be doing.
Have at least one side of the ke un-iced hel ps the participants to see
inside and how it al comes together.

With younger participants, it was easier if they had the piecesto the
puzzle (Styrofoam “cake” already cut into the right size) to manipulate
I.e. first making the pyramid, then trying to make the 13" x 9” cake.

When participants tried putting the pieces of Styrofoam badk together,
they could visualize better using/filling an acual 13" x 9" cake pan.

It definitely works better having an adult to answer questions with each
group. The college engineaing students helped here. Plus the participants
head from spedkers closer to their age.

Presentation Notes:

Thereisatrick to the pyramid. The second layer is not asolid piece but
rather made up o severa of the smaller pieces of cake. Thisalowsfor a
seaet room in the pyramid which can be filled with seaet goodies
(chocolate chips work gred!).

Also, thereisone “extra’ pieceof cake that doesn’t get used in the actual
pyramid. It is the |eftover one inch square.

Good luck and have funwith it.
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Eledricd Engineering
Caree Day Modue
“The Electrifying Bread Board”
Katy Culican-Earle

Introduction:
The “Electrifying Bread Board” modue will show how circuits are completed, and thus
the basic principles of the printed circuit board, which is the basic building block of all

things eledronic — electric toys, calculators, and computers.

Recommended Format:

Contained clasgoom with baard to write on.

Two to five studentsin each group d students.

One moderator and helper per groupof students.

Forty-five minutes avail able (not including time to move between classs)

Objedives:

Gain an understanding of the cncept of an eledric drcuit — how one is completed
and hav oneis nat completed (or broken).

Gain an understanding of the basic principals of the printed circuit board — and see
how a printed circuit board isintegrated into everyday devices.

Equipment Required (per girl):

8" x 10" pieceof cardboard

Marker

Paper Fasteners

Battery

Small Light Bulb w/ Holder

Small Screwdriver

Seven — Twelve pieces of Wire w/ Bare Ends

Questions to Get Brainstorming Started:

When you hear the word ‘ circuit’ what words or phrases come to mind?
How do you think alight bulb works?

How do you think eledronic toys work?

How does a plug work?

N

Vocabulary:
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Switch
Eledricity
Circuit (Circle)
Plug

Open Circuit
Closed Circuit

Problem Statement:

How does a printed circuit board work?
Hypathesis:
If the drcuit is completed, the light in our exampleis energized, and thus turns on.

Discusdon After Completion d Projed:

A printed circuit board works in the same way that our experiment does. When a drcuit
is completed, something is energized — a light, a buzzer, a sourder, a pre-recorded
message, etc.

Eledric Arithmetic — The problems to print onthe cadboard:

3+X= X=1
5—X= X=3
4*X = X=9

9/X = X =6



“Swedtoaoth Lake”
Introduction

Swedtooth Lake was once abeautiful body of water inhabited by much wildlife. Over
the last twenty years, most of the fish have died and the water has afunny odar. These
are goodindicaions that thelakeis paluted. There ae several primary sources
speaulated to be cause of contamination to the water. A sample of water from the lake
has been taken and the problem at hand isto determineif any of these industries are
resporsible for contamination d the lake andif so, rank them in the order of
resporsibili ty.

This exercise will tead the students abou contaminants foundin water, how to take
samples, quantify the results, determine cncentrations, and analyze the results.

Recommended Format
Ided Condtions: - Dedicaed areawith boards to write on
- Oneto three participants in ead groupof participants
- One moderator per group d participants
- 3040 minutes avail able (not including time to move
between classes)

Objedives

To educae dildren on everyday problems environmental engineas face (this projed
is gmilar to Onondhga Lake)

- Toeducaethe dhildren on pdlutants commonly foundin water and their structure (I
am going to try to find candy shaped like cmpounds).

- Toeducae them on sample procedures (safety goggles and gloves, etc.)

- Totead them statisticd math (concentrations).

- Totead them how to organize data (will have to combine samples)

- Totead them new scientific vocabulary

Equipment Required

- Large bowl of candy (depending onsize of clasg, thiswill represent sample of water
taken from lake.

- Onepair of safety goggles and gloves

- OnelLiter Be&kers

- Paper, pencil, and ruler for ead student

- Drawing of the aeaso kids can seewhat they are working on, showing padluters and
pall utants

- A possble wastewater plant drawing, schematic

- One-liter sodabattle, to help kids relate volume to something they see everyday

- Something with milli grams, to help kids relate massto something they seeeveryday



Handous

- Student’s Guide to Wastewater Engineering, from Water Environment Federation
- Alist of questions

- Alist of definitions

- A tablefor recording data

Presentation

Swedtooth Town used to be avery small town. Thenin 1995 four fadories moved into
the aea. Thelake became doudy, murky, and odrous. The town speaulated that the
four factories were responsible for dumping waste into the lake.

Aninvestigation was done and it was declared that all four factories dumped waste into
the lake every day. Below are the findings of the investigation:

An amusement park moved to the northeast end of Swedtocoth Lake. This amusement
park has lots of water rides. For sanitary purposes the anusement park chlorinates the
ride water to kill baderia. Over many years, at the end d each week, this amusement
park dumped all the water used for these rides into the lake. The dhlorinein this water
kill ed off beneficial baderia and fungi in the water. These bacteria and fungi naturally
clean the water. Withou these, the water would not be &le to naturally decompose other
contaminants. This amusement park has been in operation since 1998.

A metal finishing fadory moved to the southeast end. Water is used to wash al the metal
parts they manufacture. The wastewater remaining after this processcontains metals
including aluminum, chromium, and zinc. These metals are toxic to the fish and aquatic
life and will not decompose over time. The metal finishing shop has been in operation
since1997.

An applesauce fadory moved to the northwest end of the lake. Thisfadory has dumped
water it used to wash al the fruit and fruit-grinding equipment. This wastewater
contained acetic acid, which isabyproduct of rotting apples. This organic compound
depleted the anourt of oxygen in the lake, which in turn kill sthe aquetic life. This
fadory has been in operation since 1998.

On the southwest side of the lake thereis a paint fadory. Benzeneis abyproduct of the
dyes used to color their paint. Thisfadory has been dumping their wastewater, which
contains benzene, directly into the lake. Benzeneistoxic to the fish and wildlife.

The “sample” of water isredly abowl fill ed with al different sorts of candy. Each type
of candy represents a different compound. There will be the d&ove mentioned
compounds as well water moleaules.

Eadh groupmust take asample. To take asample the proper safety equipment must be
used (goggles and gloves). Ead group hasto take a cetain measurement (20 peces of



candy, each piecerepresents a milli gram and the total sampleisaliter). They then have
to reaord which compounds are in the sample and the quantity of ead.

From thisthey can learn abou concentrations. For example, if they have five toatsie
rolls (chlorine) out of twenty, the ancentration would be five (mg) divided by the total
sample (L) or 5mg/L.

Onceead group hes quantified what the sample contains, the whole dasswill work
together and calculate concentrations based onthe total sample (all the candy).

From these mncentrations, the dasswill be asked to match the contaminants with the
paluting industry and rank in order which pants are resporsible for the degredation o
Swesdtooth Lake.

Questions to get started

- What does a dean, hedthy body of water (lake, pond, etc.) look like?
- clea, light greenish-blueish tint

- hasno odas

- can seebottom

- nogarbage on shore

- notalot of seaveed

- noadgae

- lotsof wildlife

- What kinds of wildlife would you exped to seein a hedthy body of water?
- fish->trout, bass perch, whitefish, etc.

- birds->heron, eagles, hawks, etc.

- mammals ->beavers, atters, etc.

- What does apaluted body of water look like?
- cloudy, murky, dark greenish-brownish tint

- can't seebottom

- hasoda

- garbage onshore

- lotsof seaveed

- dgae

- littlewildlife

What kind d wildlife would you exped to seein apadluted bady of water?
- fish->carp, zebramussls, etc.
- birds->seagull s, scavenger birds, etc.
- hardly any mammals

Do you knav any polluted bodes of water in your areawhere you are no longer able
to swim in the water?



- Ononchga Lake

How do you think we wuld determine whois resporsible for paluting the |ake?
- take samplesto seewhat isin the water, tracethe poll utant bad the source.

- How can we dean the |ake?

- first stopindustries from dumping into lake or require them to trea the wastewater
before dumping, after lake will naturally clean itself (microorganisms, fungi, baderia,
etc.) if given time.

Vocabulary

poll utant
contamination
wastewater
agae
microorganisms
baderia
element
moleaule
compound
metals — aluminum, chromium, zinc, etc.
chlorine
benzene

acdic adad
sample

liter

milli gram
concentration

Problem Statement

- Have participants gate what they think the problem is to be solved and haw they
think that they would solveit.

Hypothesis

- Have participants write down in arder who they think is resporsible, from least to
gredest.

Data Colledion

- A short explanation d how to take samples. Must wea safety goggles, gloves,
protedive dothing, etc.



- Eadh groupthen comes up ore by one andtakes a liter sample. Explain to them that
we want to take aknown guantity of sample.

- Haveeadth group“analyze” (court, bu don't ea!) what isin ead sample. Each piece
of candy represents a milli gram of sample. Explain hawv scientists use mmputersto
redly analyze. Therewill be candy to represent water moleaules, aluminum, zinc,
and mercury (from metal working fadory, benzene (from the paint fadory), acdone
(from the goplesauce factory) and chlorine (from the anusement park) Have ashort
discusson onconcentration. Weight per known volume, etc.

- Have participants st up a chart to organize data:

Moleaule/Compound

Quantity (mg)

Concentration (mg/L)

-After Group hes organized data, make one big chart for everyonein class

Moleale/ Group 1 Group 2 Group 3 Group 4 Concentration
Compound | (mg) (mg) (mg) (mg) (mg/L)
Conclusion

- Ranktheinduwstriesin order of resporsibility for poll ution d Swedtooth Lake
- Discusswastewater engineaing and how wastewater treatment faciliti estrea water.
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Expanding Your Horizons

Software Engineering Module

Teaching Roboticsand Software Engineering using Lego Mindstorms
SWE Presenter: Lauren Goldfish

Introduction

The objective of thismodule:
Share information on what an education and career in Software Engineering may
entalil
Provide students with the opportunity to ask Software Engineers and Software
Engineering students any questions about experiences with Software Design.
Allow studentsto observe how software design and problem solving takes place
in the Lego Mindstorms Development Environment.
Allow studentsto participate and develop their own software design and problem
solving techniquesin order to fulfill a programming goal they determine

Equip ment

Brought to the classwere:
two robots, pre-built
a Windows (9% 98) compatible Laptop, for demonstrating the Mindstorms IDE
two display posters with information on thetypes of careersthat are avail able,
some contemporary issuesinvolving robotics, ongoing projects and research in
Artificial Intelli gence

Order of Events

Introductions:

The presentersintroduced themselves and shared their experiences and

accompli shments as Software Engineers or current Software Engineering students. We
disaussed difficulties and facili ties that have contributed to our achieving the goals we
have set out for ourselves. We disauss some of the experiences we believe to be unique
to usasfemalesin Engineering. We ask the studentsto introduce themselves, tell us
about what they would li ke out of the evening, and what brought them to this module.
We have an interactive and introductory conversation on some of the ways robots are
used today.

Demonstration:

Two robots are put on display. The mechanical functionality of the robotsis disaussed,
and aprogram is walked through. | ask the studentsto help me understand the
program, and guessw hat ty pe of behavior can be expected from the robots. We disauss
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the expected behavior of therobots. The studentstake the robot to amat designed to
engage the sensorsthat the robots have. The programs are executed.

Examples of Sensors or Programming/ Input and Expected Behavior/O utput:
Doestherobot beep when it crosses dark lines?
Do lightson the robot flash when the bumper sensor is depressed?
Doestherobot change directions after a specific amount of time?

Therobotsdid not always behave as expected! The students were encouraged, and
actively participated, in conversations where they tried to determine what worked,
what did n’t work, and what modifications they needed to make to either the software
or the mechanical design of the robots.

The Adult Facili tators made sure that every student was able to actively participatein
the Software Design or handling of the robots- and both groups of students worked
very well together (we didn’t need to facili tate very much at all- and did most often
when someone was shy or lessthan-assertive).

Conclusion

We found that the studentsvery much liked the hands-on aspect of the software design
and "robot adjustment.” We also found that using a sense of humor and keeping the
students engaged in the design and test processfacili tated more students having a
"hands-on" experience and a close up view of the Lego MindstormsKkit.



CAREER DAY MODULE

WATER, WATER, EVERYWHERE

By Marcy Newman, PE

I ntroduction

Have you ever gone swimming in a pondand wondered why the water stayed in that hole but not
in another hole down the road? Have you heard people upset about alandfill in the area and not
understand why? The answer to both these questions has to do with haw water flows through the
ground, @ onthe other hand, daesn't flow. Using different types of stone, sand, and dirt, or sail,
I can show you how to keep water in (or out), or how to let water through, so that you have water,
water, everywherel

Backaround
Dams are structures usually built of dirt and stone or concrete. They are used to hold water from

storms and allow the water out in smaller amounts. This will help prevent damage below the
dams due to alot of rain water or snowmelt water coming through avalley all at one time. When
built of dirt and stone, only certain types of dirt and stone can be used to make astructure that is
impervious. Impervious means that water will not flow through it. These materials must also be
placed in a specific way to make the dirt and stone strong enough to hdd the water badk.

In the similar way, a landfill needs to be built to hold liquids badk. For a landfill, you want to
keep water around and under the garbage from becoming contaminated, or dirty, from the
garbage. Therefore, you neal to build a*bathtub” into which the landfill garbage can be place.
This bathtub will prevent contaminated water from within the garbage, or leachate, from going
into the ground and making the groundvater dirty. Groundwater is where we get the water we
use a home from.

The people who design dams and landfills are civil engineas. Civil engineas have spent a
minimum of four yeas at college studying a wide range of engineering topics of ageneral nature.
Many of the murses involve math and science, the foundition of engineering. Civil engineers
will also study soils and hav they move under different condition; how water flows through
various materials, how the rain affects how high a river will flow and hav this affects the
community; how to use survey instruments to prepare maps and d-awings; how to use computers
to help perform some of the design tasks; and much more. Dam and landfill enginea's take even
more dasss learning abou soils, stone, concrete, and how water flows through these materials.
Often, they will also learn abou construction methods, how structures can be built.

Reommmended Format
- Areawith open spaceto placetarp or other floor protedion
Bladk or white board (not absolutely necessary, but helpful)
Two to five participants for ead of two o threegroups within any given sesson
One moderator
Module planned for forty-five minute time frame.
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Objectives
- Gain an understanding of how to methodcdly solve a problem, such as is typica for an
enginee
Lean what types of skills are needed for thistype of engineaing
Use brainstorming, where every ideais brought up and considered
Understand the importance of math and scienceto everyone's future, and hav important it is
to stick with it now
Seethat math and science (and engineering) can be fun
Lean new technica words.

Equipment Needed
- Clea or semi-clea containers, no more than 10 inches in diameter and six or eight inches
high (could go larger but would need more soil materials and gets a bit unwieldy)
Pieces of screen to cover one end of each container
Duct tape to hold the screening in place
Tamping rods (wood davels cut to 12 inch lengths)
Various il and stone materials, 1 five galon bucket ead: clay or silt, clean sand, pea
gravel, #1 (1-inch) stone
Water
Pitchers to pour the water
Large tubs to collect water
Tarp to protect floor
Dictionary or vocabulary shed.

Procedure
Have the mntainers prepared ahead of time by cutting the closed end of the container, then
cutting a pieceof screening a few inches larger than the diameter of the cntainer. Tape the

screen tightly over one end d the aontainer with the duct tape.

Divide the groupinto two to four subgroups. Each subgroup receives a @ntainer, a tamping rod,
and helf abucket of each of the soil and stone materials.

Have one subgroup place two to four inches of clay or silt into the bottom of the container (rest
the mntainers on the floor while doing also soil placement) and tamp (compaa) it in placewith
the tamping rod. Have them placetwo inches of sand, then one to two inches of ead of the rest
of the materials, tamping ead material solidly before placing the next material.

Have the second subgroup dothe same but without tamping any of the materials.

Have the third subgroup start with two to four inches of sand, then the stone materias, again
tamping in place

Have the fourth subgroup use only the pea gravel and larger stonesin two to four inch layers.

Have dl subgroups pour some water, ore & atime, through the cntainers and seewhase water
flows dowest, fastest, andif any one doesn't flow.
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Questions to discuss

- How does use of the different materials change how fast the water flows through, o if it
flowsat al?
How does the tamping of the materials affect the flow?
For the case(s) where the water does not flow through the container, how much water has
stayed ontop of the soils?
For the ase(s) where the water does flow through the container, did al the water come out?
Where has the rest of the water gone?
Do all | ocations (in red life) have the same soils in the ground?
How would dfferent locations require different materials to achieve aparticular goal or solve
aproblem?

Moderator should explain how the small er size soil particles of clay and silt hold together to form
an impervious boundary as oppased to the larger grained soil/stone particles which allow flow
through the spaces between particles. Moderator shoud aso explain the effed of tamping
(compadion) on the flow. If possble, have phaographs of actua projects using these idess.
Also, have diagrams of how different type particles fit together differently.

Vocabulary
If ablad or white board is avail able, write the words down onthe board as they are used in the

discussion.

On a shed the participants can take with them (hand ou a the end o the modue), write
definitions for each word that may be used that is not a cmmon word for the genera public. Let
the participants help define the words  they realize they know more than they may give
themselves credit for. Have adictionary available for the participants to use if desired. Have
someone that is not familiar with this field review the modue and help identify words that need
to be defined.

Typica words — see dtached vocabulary sheet

General discussion

Include in the general discussion, and as it comes up throughou the modue, job satisfaction
(rewards), types of clothing worn during the various phases of the job, salary range (if
appropriate), and dostacles that may be encourtered in this type of career.

Also discusswhy we like engineeing.
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Vocabulary Words

clay — afine-grained (see“fine-grained” below) earth (dirt), plastic when wet (see “plastic” below), made
mostly from the dhemicd decomposition (disintegration) of rocks. Clay particles tendto be flat and stick
together very strongly when wet.

coarse-grained — particles that are larger than 0.0r4 millimeters (you can see ed piece of dirt withou a
mi croscope)

coblde —astone larger than gravel (about 1/3 inch) up to about 6 inches

contaminant, contaminated — a substance that infects, corrupts, or makes impure another substance (such
as putting oil i n water); another word is pollute

dam —abarrier built to hdd bad aflowing liquid or contain aliquid
dirt — earth or soil

fine-grained — particles that are smaller than 0.074 milli meters (so small you can't see the individual
particles without the help of a microscope)

flow — to move & aliquid does, like water; to move gently, smoacthly, easly; to glide. When talking
abou the flow of aliquid, or how much flow there is, you are talking abou the anourt of liquid that
moves through a given space.

gravel — stone particles larger than sand, small er than cobles (larger than 4.76 milli meters, about 0.003
inch, and smaller than 76.1milli meters, about 1/3 inch)

groundvater — water that flows through the ground

landfill —a place where you dspose of (throw away) garbage

leachate — water that has become contaminated by flowing through garbage

particle—an individual pieae of something, usualy referring to something small, such as a particle of dirt
plastic —a soil that is plastic can be molded or put into different shapes without bregking apart

sand — small gritty particles of rock that has disintegrated, larger than 0.074 mill imeters (the size a which
you can just begin seeing each individua piece) upto 4.76milli meters (about 0.003 inch, till very small)

silt —afine-grained material, larger than clay but smaller than sand. You can't see the individual particles
of silt without amicroscope. Silt particles are flat but don't stick together as well as clay.

soil —the surfacelayer of the eath; dirt
tamping/compadion — making something more dosely or firmly paded o put together

Small er size soil particles of clay and silt hold together to form an impervious boundary as opposed to the
larger grained soil/stone particles which allow flow through the spaces between particles.
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PACKING THE CANDY JAR

By Marcy Newman, PE
Presented by Lois Baldassari Mathers

Introduction

Have you ever seen one of those contests where they have a whole bunch of candy

in a jar and you have to guess how many are in there? And doesn't it alwa ys
come out to be a lot more than you imagined? Well, how do you think they got

all those candies into the small jar? We're going to learn how you can pack the

most amount of stuff (sorry, not candy, but different size stones and sand) into

agiven space . Who knows? Someday you may have to fill the candy jar, or

something else, with as much stuff as you can.

Background
While filling candy jars is not something we engineers typically do as part of
our job, using the idea of fitting things together in different ways for

different reasons is. There are many ways to put things together to accomplish

a goal. Some of the ones that come to mind make use of different types of sand
and stone. For example, in order to slow or even stop water from flowing

th rough an area, you would want to fill all the space in front of the water. If

you put big stones in that space, there are still lots of open areas between the
stones. These spaces are called voids, or empty spaces. With all these voids
between the stone s in the space, water can flow through the space fairly easily.
However, if you fill those spaces with other, smaller stones, or sand even,

water will flow through much more slowly. And if you use certain types of dirt,

you can even stop the water from f lowing through the area entirely (but that's
covered in another module, Water, Water, Everywhere).

This idea can be used for several things. For example, if you have a low spot

in your yard that water stays in after a rain, you might want to get rid of

water. But how? You could use buckets or pails and try to scoop the water

away, but you'd have to do this each time it rained. Plus, you would probably

not get all the water out anyways. Plus, the ground in this area is going to be

really wet, mu ddy, and soggy. Most people don't want such a soggy area in their
lawns. One way to get rid of this water is to allow it to go into the ground

and have it flow away from your lawn. You could dig a ditch in your yard, but

that would get in the way (you'd fall in anytime you walked over the area!).
Instead of leaving the ditch open, you could fill the ditch with stone. You

would want to use stone with enough spaces around it, or void spaces, that the

water could flow into the ditch/trench and flow away f rom your lawn.

Civil engineers often are faced with this type of problem. Civil engineers have
spent a minimum of four years at college studying a wide range of engineering
topics of a general nature. Many of the courses involve math and science, the
foundation of engineering. Civil engineers will also study soils and how they
move under different condition; how water flows through various materials; how
the rain affects how high a river will flow and how this affects the community;
how to use survey instruments to prepare maps and drawings; how to use computers
to help perform some of the design tasks; and much more.

Recommended Format

Area with open space to place tarp or other floor protection

Black or white board (not absolutely necessary, but h elpful)
Two to five participants for each of two or three groups within any given
session

One moderator

that



Module planned for forty - five minute time frame.

Objectives

Gain an understanding of how to methodically solve a problem, such as is typical
for an engineer

Learn what types of skills are needed for this type of engineering

Use brainstorming, where every idea is brought up and considered

Understand the importance of math and science to everyone's future, and how
important it is to stick with it now

See that math and science (and engineering) can be fun

Learn new technical words.

Equipment Needed

Clear or semi - clear containers, no more than 10 inches in diameter and six or
eight inches high (could go larger but would need more soil materials and gets a
bit unwieldy)

Pieces of screen to cover one end of each container

Duct tape to hold the screening in place

Various soil and stone materials, 1 five gallon bucket each: clean sand, pea
gravel, #1 (1 - inch) stone, 3 - inch stone

Water, pitchers to pour the water

Large tubs to collect water

Tarp to protect floor

Scoops

Wipes and paper towels to clean up participants' hands

Dictionary or word sheet with definitions of various technical terms used.

Procedure

Have the containers prepared a head of time by cutting one the closed end of the
container and cutting a piece of screening a few inches larger than the diameter

of the container. Tape the screen tightly over one end of the container and

hold in place with the duct tape.

Divide the group into two to four subgroups. Each subgroup receives a
container, and the same amounts of each of four types of sand and stone
materials.

Challenge each group to see how much of the materials they have can be put into

the container until they belie ve no more can fit into the containers. Tell them
they may want to think about it first because they won't have a chance to change

what they do and they only have the given amounts of materials. Some of the
guestions/ideas they can be thinking about are:

What would the space have to look like with all the materials in place in order

to get the most space filled?

What would happen if you put all the large stones in first, then the next size

smaller, etc.?

What would happen if you put in all the small sto nes first, then the next size
larger, etc.?

Think on a two - dimensional level (a flat surface such as a piece of paper,

drawing the roughly circular shapes of the particles). You may want to assign

each of three groups a particular way of placing their materials (one starting

with the smallest, one with the largest, one putting material in it in a free -
for - all manner).



When all the groups believe they have completed the task, take a look at how

much material is left over (not placed into the container ). Compare the methods
each group used with how much material they got into the containers (or how much

material is left.

Have all subgroups pour some water, one group at a time, through the containers
and see whose water flows and doesn't flow. Discu ss why this occurs (see
guestion and discussion sections for ideas).

Questions to discuss

Which method of putting the materials into the container resulted in getting the
most material into the container (smaller material first, going larger and

larger , or largest material first, going smaller and smaller)?

Did you use any type of method to help get the materials to fit tighter

together, such as shaking the container?

How does putting the materials in differently change how fast the water flows
throug h, or not flow through, the container?

Does all the water flow through the container? If not, where did the water go?
For the case(s) where the water does flow through the container, did all the
water come out?

Where has the rest of the water gone?

Do different locations (in real life) have different soils in the ground?

How would different locations need different soil mixtures to solve the problem?

Moderator should explain how the larger grained soil/stone particles allow flow
through the spaces between particles. Moderator should also explain the effect
of tamping (compaction) on the flow. If possible, have pictures and diagrams of
actual applications. Also, diagram showing the spaces and how various particles

can fit together.

Vocabulary

If a black or white board is available, write the words down on the board as

they are used in the discussion. Or, on a sheet the participants can take with

them (hand out at the end of the module), write definitions for each word that

may be used that is not a common word for the general public. Let the
participants help define the words so they realize they know more than they may

give themselves credit for. Have a dictionary available for the participants to

use if desired. Have someone that is not fa miliar with this field review the
module and help identify words that need to be defined.

Typical words - see attached vocabulary sheet:

General discussion

Include in the general discussion, and as it comes up throughout the module, job
satisfaction (rewards), types of clothing worn during the various phases of the
job, salary range (if appropriate), and obstacles that may be encountered in

this type of career.

Also discuss why we like engineering.
Vocabulary Words

clay - afine -grained (see™ fine - grained" below) earth (dirt), plastic when wet
(see "plastic" below), made mostly from the chemical decomposition

(disintegration) of rocks. Clay particles tend to be flat and stick together

very strongly when wet.



coarse -grained - particles that are larger than 0.074 millimeters (you can see
each piece of dirt without a microscope)

cobble - astone larger than gravel (about 1/3 inch) up to about 6 inches

contaminant, contaminated - asubstance that infects, corrupts, or makes impure
another substance (such as putting oil in water); another word is pollute

dam - a barrier built to hold back a flowing liquid or contain a liquid
dirt - earth or soil

fine -grained - particles that are smaller than 0.074 millimeters (so small you
can'tse e the individual particles without the help of a microscope)

flow - to move as a liquid does, like water; to move gently, smoothly, easily;
to glide. When talking about the flow of a liquid, or how much flow there is,
you are talking about the amount o f liquid that moves through a given space.

gravel - stone particles larger than sand, smaller than cobbles (larger than
4.76 millimeters, about 0.003 inch, and smaller than 76.1 millimeters, about 1/3
inch)

groundwater - water that flows through the ground

landfill - aplace where you dispose of (throw away) garbage

leachate - water that has become contaminated by flowing through garbage
particle - anindividual piece of something, usually referring to something
small, such as a particle of d irt

plastic - asoil that is plastic can be molded or put into different shapes

without breaking apart

sand - small gritty particles of rock that has disintegrated, larger than 0.074
millimeters (the size at which you can just begin seeing each indivi
up to 4.76 millimeters (about 0.003 inch, still very small)

silt - afine - grained material, larger than clay but smaller than sand. You
can't see the individual particles of silt without a microscope. Silt particles

are flat but don't stic k together as well as clay.

soil - the surface layer of the earth; dirt

tamping/compaction - making something more closely or firmly packed or put
together

Smaller size soil particles of clay and silt hold together to form an impervious
boundary, as opposed to the larger grained soil/stone particles that allow flow
through the spaces between particles.
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MECHANICAL (HVAC) ENGINEERING
CAREER DAY MODULE

“Hea Transfer -- Heding and Coadling Y our Home”
SUSAN WEAVER

INTRODUCTION

The “Heat Transfer-Heaing and Coding Y our Home” modue will show how heat istransferred
through different materialsin your home. This particular modu e deals with typicd wall and
window material found in most homes. The student will perform several demonstrations, which
will illustrate how different materia stransfer heat into or out of a building.

RECOMMENDED FORMAT
Ided Conditions:
Contained classroom with bcerd to write on.
Two to five studentsin each group d students.
One moderator per groupof students.
Forty-five minutes available (not including time to move between classs)

OBJECTIVES
- Gain an undrstanding of how areal world problemis lved by an engineer.

Use brainstorming.

Developideas on how to solve problems.

Test theories.

Develop solutions.

EQUIPMENT REQUIRED

- Three8” x 10" picture frames and tape (one picture frame will simulate asingle-pane
window and two picture frames tapes together will simulate adouble-pane window)
4eah 12 x 12’ plywood (3/8" thick); batt insulation; 8 bdts and ruts (use two with
a 1/8" air spaa between them and bdt together, then use the other two with batt
insulation ketween the wood and holt together)
Two Hand-held hair dryers (heat source for the two types of walls)
Two Clip-on uility lightswith 85 watt floodlight (heat source for the two types of
windows)
4 Thermometers (wearable children’s underarm thermometers — stickers) — placeon
the surface of ead window and each type of wall opposite the heat source.

QUESTIONS TO GET BRAINSTORMING STARTED (Ten minutes)
Pose questions one & atime. Write down ideas on board. Don't discount any ideas as not
feasible. Give students about ten minutes to go through process Don't let one student
monopdi ze the discussion.
- Why does your house get warm during the summer or cold in the winter?
What parts of your house get warmer than others, and why?
What parts of your house get colder in the winter, and why?
How would you keep the house cod in the summer or warm in the winter?
How would the sun affect the anourt of heat in your house?
Would the wind Howing against parts of your house make it colder?
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VOCABULARY (Five minutes)

Write down vaocabulary words on the board as they come up in the discussion.
Heda transfer

Insulation

Resistance

Condction

Infiltration

PROBLEM STATEMENT (Five minutes)
Have eat group of students write down a problem statement. Make sure that the statement is not
too broad or too rerrow.

Examples

- Too kroad...The house istoo cold in the winter and needs to be heated.
Too rerrow...The house istoo warm in summer from the sun heating the window.
The house is constructed of different materials that transfer heat at different rates.
We need to determine what these rates are in arder to hed or cool the home
efficiently.

Propose heat transfer equation, fill in knowns and find urknown temperature in data llection
sedion: Q (rate of heat transfer) = U (heat transfer coefficient) * A (areaof surface) * (T>—T,)
T, unknown temperature to be determined; T, : Room temperature

Therefore: Q= (1)*(1)*(75-T1) Use simple numbers for the values of U and A.

HYPOTHESIS (Two minutes)
Have the students guess what materials transfer hea more easily.

DATA COLLECTION (Ten minutes)

Short explanation o paossible waysto collect data: building materias, what direcion each wall
facesin your house, temperature differenceinside and ouside house. Have students deade
which type of wall (double wall without insulation or doulde wall with insulation) will transfer
hea faster. Also have students decide which type of window (single pane or double pane) will
transfer hed faster.

Have students form two teams. One tean will watch the two different window thermometers
placed onthe surface of the window to see which window heas up faster. Reoord temperature of
window surface. The other team will usethetwo hair dryersto heat up each type of wall, and
watch which surface heats up faster. Fill in the temperature in the eguation given at beginning to
show how these temperature diff erences affect heat transfer into or out of a house.

SOLUTIONS (Ten minutes)
Have students propose possible solutions on haw to better heat or cool a home, such asthe
paosition of the heating or codling unit in aroom.



Environmental Engineering
Career Day Module

“The Boring Cake Isn’'t So Boring”
Joan Dannenhoffer, P.E.

Introduction

The “Boring Cake” is a three-dimensional model that represents the earth under
a gas station, and the area surrounding it, which has had a leak in one of its
tanks. The model is made out of a two-layer cake or Styrofoam replica. The
frosting between the layers is made with colored frostings that represent how far
the gasoline has spread. The area that the gasoline has spread to is called the
plume, like a plume of feathers on a bird. What are the levels of concentration at
different points in the plume? The problem to be identified and solved is “Where
has the gasoline leaked to and what should be done about it?” Participants get
to eat the model when they have completed the exercise.

An explanation of what type of engineers would solve this problem and
discussion about what the rewards, salary range, type of clothing worn in the job
and what obstacles women face in this career should be discussed throughout
the module.

Recommended Format
Ideal conditions:
Dedicated area with board/s to write on.
Two to five participants in each group of participants.
One moderator per group of participants.
Forty-five minutes available (not including time to move between
classes)

Objectives
- Gain an understanding of how a real world problem is solved by an
engineer.
Learn what competencies (skills) industry expects engineers to have
(known as umbrella competencies)
Use brainstorming and open-ended thought processes.
Learn to use the Scientific Method:
Identify problem/s to be solved
Develop hypothesis
Test hypothesis



Develop possible solutions

Develop conclusions
Learn new scientific and mathematical vocabulary
Understand the importance of math and science to each participant’s
future as well as importance of sticking with math and science now.

Equmment Required
Layer cake designed per attached instructions,
Two apple corers per group,
Graph paper (as big as the cake) for each group of participants,
Poster board with cake outline and design on it for plotting boring data,
Set of colored pencils (matching the colors of the interior frosting) for
each group of participants,
Computer with two- and three-dimensional graphing software (laptop
or in class computer recommended) if working with older girls,
Pencil, paper, and ruler for each student,
Paper towel, napkins, paper plates, forks, cups,
Small auger (like a drill bit or bulb auger)
ABC Labs Contamination Chart
Name cards for role-playing
Examples of Equations used in Groundwater contamination studies

Presentation

Introduction to the problem: A gas station has sold less gasoline than it has
bought. The owner, Ms. Sweet, knows she has a problem, probably a leak, but
needs the help of engineers to find out what is wrong, how big the problem is,
and what the possible solutions are. Ms. Resident, a parent and homeowner,
may have something to say about this. Ms. Journalist, the local newspaper
reporter, is on the scene to get the scoop as well.

Questions to Get Brainstorming Started (Ten minutes)

Pose these questions one at a time. Write down ideas on board. Don't discount
any idea as not feasible. Don’t give the answers. If necessary give gradually
more significant hints to start the conversation going. PRAISE all attempts at
answering. Give participants about seven to ten minutes to go through this
process. Don't let one student monopolize the discussion.

What problems do you think a gasoline leak might cause? If this leak
was in your neighborhood, what problems do you think it might cause?
(personalize it for them)

Health problems...

Fire hazard...



Threat to wild life...
What do you think is under the surface of the ground?
Soil, rocks, water...
Layers? (have you ever noticed the rock formations on the side of
the highway where it has been cut out?)...
What might contribute to the spread of the gasoline?
Type of soil and structure of subsurface...

What might contribute to the containment of a gasoline leak?
Type of soil and structure of subsurface...clay...

How can you determine how far the gasoline has spread?
Sample the subsurface...

What information would you like to have to solve the problem?
Perfect knowledge of where the gasoline is and how much gasoline
there is...impossible to obtain...sample the subsurface by taking
core samples...are there any other ways you might figure out
where the gasoline is?...

What role do the residents have in solving the problem? Are there

other people involved?

Vocabulary (Five minutes)
Write down vocabulary words on the board as they come up in the discussion.

Definitions should be written for each word you may use that is not a common

term to the average public. Let participants help define these so they realize they

know more than they give themselves credit for. Have a dictionary available for

participants to use. Make sure that you have looked up each word and provided

the definition below. Have someone that is not in your field review your module.

Ask them to identify words that need to be defined.

Hypothesis — something assumed, a tentative theory adopted to explain certain
facts and to guide the investigation

Subsurface — material below the surface

Groundwater — water flowing through the ground

Containment — pollution, impurities, chemicals or substances that pose a health

threat
Auger — tool used to bore holes (small bulb auger as an example)
Well — a shaft sunk into the ground to reach a water supply, oil, gas, etc. (use
straw as example)

Boring — a whole drilled into the ground (use apple corer)

Excavation — a cavity formed by digging, cutting, scooping (use spoon)

Plume — the shape of the oil/gasoline that has spread from a point source (drop

colored water onto a paper towel to show spread of plume)

Problem Statement (Five minutes)
Have each group of participants write down a problem statement. Make sure that
the statement is not too broad or too narrow.




Examples:
Too broad...A gasoline leak at a gas station is causing pollution of the
environment. A solution to stop pollution is needed.
Too narrow...A gasoline tank at a gas station has leaked.
Just right...A gasoline tank has leaked into the soil below the gas
station. We need to determine the extent of the leak.

Hypothesis (Two minutes).

Have the participants make a guess as to how far the gasoline has spread and
draw their guess on the graph paper with black pencil.

Data Collection  (Ten minutes)

Short explanation of possible ways to collect data: boring, excavation, and other
methods. Let participants brain storm possible ways to collect data.

Have participants decide how they are going to collect data using the apple
corers (core samples method). Plan how many core samples and where they
want to take the core samples.

Short discussion on planning and cost

Take core samples and plot data on graph paper and/or poster board as each
sample is taken. Have 2 and 3-D graph on computer for participants to look at.
(If a longer period than 45 minutes is available, then you can have participants
put the data into the computer and generate graphs and compare them.)

Solutions (Ten minutes)
Have participants propose possible solutions as they eat the cake.

If ice and a beverage are being consumed, use the analogy of the beverage
being the gasoline and the ice being the soil. The straw is like a well with a pump
to suck the liquid out of the ground.

Use “Examples of Equations used in Groundwater contamination studies”
(attached) if working with a mathematically mature group.

Engineering as a Career and Importance of Sticking with Math and science
discussion.

Cake Design

The cake is a two-layer cake made in an 11x13” pan. The frosting in the middle shows
different levels of contamination as you move away from the gasoline spill site. Each
level of contamination is a different color, so that when they take a sample they can
determine the level of contamination at that point. ABC Labs Contamination chart




follows. The top of the cake is the layout of the town, with the gas station, homes, roads,
schools, etc. You can use Legos or other toys to build buildings. Icing in a tube works
well to draw the roads. White icing is recommended for the exterior of the cake, so that
it does not get mixed in with the core sample and cause confusion when the sampling is
taking place.



High level

Medium Level

Low level

None found

ABC Labs

Gasoline Concentrations Levels




ABC Environmental
Laboratory



Ms. Resident

(Parent and Homeowner)



XYZ Environmental
Engineers



Ms. Sweet
(Gas station owner)



Example of Equations Needed To Solve
Groundwater Contamination Problems

Dh
Darcy’ Law: Q= KAT
¢ |
Q =flow rate R how much liquid flows in a specified time

K = hydraulic conductivity %Ik how far the liquid can flow in a specified time

for the type of material it is flowing through
A = cross - sectional area (L?) the area the liquid is flowing through
Dh = change in head (L) difference in the water level
L =length distance

Transport of Contamination

This equation uses calculus to explain the change in concentration of a
contaminant. It is affected by the type of material that the water is flowing
through.

€. p ‘HZC_VE
qt X

Concentration of contaminant is measured in grams per meter cubed
(g/m®) which is equivalent to one milligram per liter (mg/L).
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Project CPM Scheduling Career Day Module

Ready, Set Go...Let’s Party
Ann P. Smith, MS, MBA

Introduction

Learn the basics of putting together a CPM (Critical Path

Method) schedule to get any project even a party, completed

on time. The participates in this module will form a human
schedule with color coded tasks make of construction paper

pinned to their shirts or worn as a necklace. Each person

will represent a day. Some tasks will require more than one

day. The girls will group together by color and line up in
the order that we have determined. Then they will be asked

to count off. This will give us the duration of our

project. We will brainstorm on which activities could be

performed at the same time. We will demonstrate by placing

those gir  Is behind the others. Another count off will

reveal a shorter duration project.

We will learn about the four main phases of any project and
work through them.

Planning: we will brainstorm what tasks and jobs need to be
done. These ideas will be written on a white board.

Scheduling: We will add a time element to each task.
Determine the estimate number of days the task will take.

Expediting: We will discuss the coordination of purchasing
party supplies and other required materials and their
relationsh  ip to the schedule.

Progress Monitoring: we will discuss and illustrate Schedule
progressing to determine if the party will occur on time and
with out a hitch. We will perform a mathematical Forward
pass/Backward pass through the schedule duration to

det ermine critical path and project status. Discussion of
float and free float will occur

Work Definitions to review:

CPM Critical Path Method

Planning

Scheduling

Expediting

Progress Monitoring

Forward Pass/ Back Work Pass Mathematical Determination of
Cri tical path and longest schedule duration

Parallel Tasks that can be performed at the sane time.

Float

Free Float
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| have a demo disc of Primavera P3 scheduling software.

After the group participates in the human schedule an

illustration on the computer co uld be provided. (Previously
set up.) If hooked up to a printer each girl could take a

printed schedule home with her.

Conclude with what types of careers use this scheduling

tool. What types of classes are important foundations to

this line of work, S alary range, types of clothing to wear
to work etc.



