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FOEWORD 

This report’s overall purpose is to provide an easy-to-use guide for any technical 

organization or school that would like to develop an individualized science and math 

education support program for use in a local school. 

Private businesses, industries, and national laboratories can play an important role 

in local education systems with a minimal investment in labor and materials. This is 

accomplished by assessing and utilizing their organization’s strengths and resources. 

Schools can include science and math enhancement programs at any grade level with 

little disruption through careful planning. By structuring the program to match technical 

resources with student and teacher needs and taking the total school calendar into careful 

consideration, an individualized program can be tailored to flow with the curriculum. 

Elementary students need to learn why science and math skills are important -how 

they come into play in everyday living. School systems can discover what a valuable 

resource their local technical community can be. The technical community can find out how 

easy it is to help. 





TECHNOLOGY IN EDUCATION 
A GUlDEBOOK FOR DEVELOPlUG A 

SCIENCE AND MATH EDUCATION SUPPORT PROGRAM 

C. L. Wagner 

Education is vital to survival and success in an increasingly technical 
world, and the quality of education is the responsibility of everyone - 
students, teachers, parents, industry, and government. Any technical 
organization wanting to contribute to that success through its local education 
system can do so easily and effectively through careful planning. 

This report details that planning process and includes methods to 
(1) identify the interests, strengths, and resources of the technical 
organization; (2) identifl the needs of the local education system; (3) interface 
with local school system administration, principals, and teachers; and (4) 
develop a unique plan to match the organization's strengths and resources 
with the needs of the school system. Following these "getting started 
activities is the actual program that the Engineering Technology Division 
implemented in a local elementary school, including the curriculum, topics, 
and actual lesson plans used by technical personnel in the classroom. Finally, 
there are enrichment activities for teachers and students, suggestions for 
measuring the success of an education support program, and an overview of 
student responses to questions about the overall program. 

1. INTRODUCTION 

Without a doubt, American students are lagging farther and farther behind in science 

and math academic performance. Beginning in the middle grades when students are asked 

to  apply basic science and math principles to abstract situations, there is a sharp decline in 

science and math standardized test scores. Suddenly, students find their interest and 

enthusiasm bounded by their lack of a solid foundation in fundamental skills. Those declining 

scores mirror the self-confidence of middle school students. The NationaE Energy Strategy 

reports that, one by one, students wander away from science and math courses until less than 

10 of every lo00 students who expressed an interest in science and math in the seventh grade 

will graduate with a masters degree in a technical field.' 
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A Nation At  Risk underscores the need to focus additional efforts in support of 

science and math education in the lower elementary grades.’ Since 1983, when A Nation At  

Risk was published by the National Commission on Excellence in Education, over 100 books 

and reports on America’s overall performance in education have come into print. Among 

those publications is the MathlScience Education Action Conference, Lawrence Hall of Science 

Chairman’s Statement, published by the US. Department of Energy (DOE) in 1989, which 

identifies DOE resources to meet some specific educational needs. One of DOE’S and its 

contractors’ greatcst resources is people: mathematicians, scientists, engineers, and 

 technician^.^ How do those people fit into the educational process effectively? 

In Science for the Elementmy School, Edward Victor outlines the importance of direct 

involvement by technical personnel in the teaching of science and math. Students of the early 

1800s pursued a technical career through an apprenticeship with a respected, established 

scientist or engineer. In the late 1800s, apprenticeships began to give way to more ”formal” 

classroom lectures. From this point in U.S. history, Victor charts the uphill/downhill 

performance of students in science and math and its direct correlation to the presence of 

technical personnel in the education process. Historically, students have excelled in science 

when technical personnel have been directly involved in teaching and m~tivat ion.~ 

Putting scientists, engineers, and technicians in the classroom provides the answer to 

evcry student’s questions of “Why do I need to learn those multiplication tables?” and “Why 

do I need to learn science?” Most elementary students do not understand the function of the 

basic building blocks of science and math and their purpose in our society (e.g., how citizens 

can be more responsible consumers if they understand basic facts about such things as energy, 

light, plants, etc.); therefore, they see no need to learn those skills. Only those students who 

can envision themselves using those basic skills and can understand the necessity of acquiring 

basic skills to be able to solve higher-order problems will learn and excel in science and math. 

For most lower-grade elementary students, hands-on science is seen as fun, and math is 

tolerated as a burden. There is little understanding of how math becomes the language of 

science, or how fundamental science and math skills figure into everyday life and careers. 

Also, students in below-average socioeconomic areas oftcn cannot see themselves venturing 

beyond short-term, minimum wage jobs. Science is not seen as a part of their everyday lives. 

For those students, the notion of becoming a scientist or engineer is rather farfetched. 



3 

Most elementary schools welcome resources to supplement their curriculum, and most 

industries are willing to be a resource. But industries and business are often unsure about 

their role in education. Labor dollars are also a factor for local businesses. They want to 

know: "What will it cost?", "How many labor dollars must be invested in planning and 

preparation?", and "Can we really make a difference?" This report will assist any business or 

industry that employs scientists and engineers in (1) identifying key personnel to work in the 

school, (2) assessing the needs of the local school system, (3) using their existing resources 

to minimize materials and labor costs, (4) using and modifying lesson plans within the report 

for their own classroom presentations, (5) providing teacher enrichment activities, and finally, 

(6) measuring the success of their program. The report can also be a useful tool for schools 

that wish to solicit the involvement of local industries, and it can be modified to fit the needs 

of any elementary school. 

Students need a reason to learn. Schools need to see what a valuable resource their 

local technical community can be. Industry needs to see how easy it is to help. 
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2 GEITINGSTARTFD 

21 INrrIAL-suRvEy 

Developing an educational support program within industry provides an opportunity 

for all personnel to be equal contributors. The personnel can design a program based on 

their own strengths and resources. A brief initial interest survey sent to all employees will 

indicate the level of interest. The survey should have 

1. a brief introduction from the organization's administration indicating 

support for area education and the desire to become an effective 

resource to local schools, and 

2. no more than one or two questions for the employee to answer (e.g., 

"Would you be interested in participating in any aspect of an 

education support program, such as planning, making presentations, 

serving as a consultant, etc.?"), plus a line for the employee to write 

his or her name and mailing address. 

The interest survey for Engineering Technology Division (ETa) consisted of these 

two items and had a return address preprinted on the reverse side of the page. Employees 

could answer the question, fill in their name and address, fold and staple the form, and place 

it in the interoffice mail system. 

2.2 TIMETABLE OF PROGRAM MILESTONES 

When an industry receives positive responses from its employees indicating a genuine 

interest in participating in an education support program, both management and employees 

need to develop a timetable of events for planning and implementing their program in a local 

school system. ETD's initial interest survey was sent out on January 31, 1991, and its first 

classroom presentation was on October 8, 1991. During that 8-month developmental phase, 

many activities took place. 

Those activities, and the sections of this report represented by the activities, are 

provided in the following table as a general guide. 
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Timetable of Program Milestones 

Date 

January 31, 1991 

February 7, 1991 

February 13, 1991 

February 20, 1991 

April 15, 1991 

April 29, 1991 

11 May 1, 1991 

11 May 6 and 13, 1991 

May 22, 1991 

June 26, 1991 

July 23 and 

August 5, 1991 

September 24, 1991 

1) October 7, 1991 

1) October 8, 1991 

Milestone (Reference Report Section Number) 

Initial survey distributed (2.1) 

Survey responses received (2.3) 

Initial planning meeting of interested staff members (2.3) 

Detailed survey form distributed to education team 

members (2.3) 

Team members responses compiled in database (2.4) 

Results from preliminary needs survey of area schools (2.5) 

Meeting with school principal (3.3) 

Meetings with classroom teachers (3.4) 

Received curriculum framework from State Department of 

Education (3.2 and Appendix A) 

Team planning meeting to sign up for presentations and 

finalize program details (3.4) 

Meetings with classroom teachers to finalize program and 

schedule of presentations and other support activities (3.4 

and 4.5) 

Schedule of presentations distributed (3.4) 

Tour of ETD by classroom teachers (4.1) 

Introduction of students to program (4.2) 

First classroom presentation (4.4) 
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23INITIALPLANNINGMEEIWG 

Response to ETD's initial interest survey exceeded 20% of the division population. 

Those employees were invited to an initial planning meeting to discuss what education 

activities that employees had been involved in, what new activities should be pursued, and 

basic philosophies on science and math education. 

ETD employees had been involved in a wide variety of science and math education 

activities. Most all of those activities were seen as beneficial to students to some degree, but, 

when the time investment was factored in, some activities rated much higher than others. 

Class lecture stood out as one activity everyone used frequently, felt comfortable with, and 

could prepare for easily. 

Attendees then discussed education activities that they would like to consider 

incorporating into an Education Program. Above all, everyone agreed that they wanted to 

1. establish a direct involvement with a local elementary school needing 

assistance, 

2. begin with a small program and expand gradually, 

3. initiate a program in the lower elementary grades (third, fourth, or fifth 

grade), and 

4. be a continuous presence, a true resource, throughout the school year. 

The initial planning meeting concluded with a discussion of general philosophies and 

suggestions. Several attendees related personal incidents that led them to pursue a career 

in science or engineering. These philosophies became the heart of the Education Program 

and served as a focus for the goals and activities that would take shape in the coming months. 

From that meeting, the survey form that follows was developed and used to structure 

a simple database. 
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Check all activities in which you have participated, and number by priority (1 = top priority) the top 
5 activities you feel could best utilize ETD’s resources: 

Participa tiors Priority Specific Activities (time involved) 

Inventor’s Fair or Science Fair (ID day) 

Class lectures (112 day) 

Coach Math Team (Sat. 1-1D hrs. for 3 mos.) 

Scouting Resource (merit badges) (1-lD hrs.) 

Science Bv Mail - WATTec-suonsored 

ANS-sponsored in-service for teachers (1/2 day) 

STRIVE (see attachment for program description) 

YWCA courses for students and adults 

Tutoring - one-on-one with student (varies) 

Career Day - University and High School (1 day) 

Number by priority the top 3 activities you would like ETD to be involved in: 

I priority I Specific Activities to Consider 

Redirect surplus DOE equipment to local schools whenever possible 

Bulletin board data base of ORNL resources (people) 

Computer and software use - train and assist teachers 

Develop special project to present in classroom 

Adopt school (or schools) for direct classroom involvement 

Meeting participants offered these suggestions and philosophies. Number by priority the top 3 you 
feel deserve our attention: 

Curriculum-level Suggestions and Philosophies 

Stress fundamentals of math and science throughout the curriculum 

&JJ suggestions are welcomed and encouraged. 

Name: 
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2 4  DEVELOPING Am) UTLLIZING A DATXBASE 

The survey form is a direct reflection of the database structure that was developed for 

ETD's Education Program using dBASE software. Survey responses were keyed into the 

database, and the totals were then imported into graphics software for presentation in bar 

chart format. As with any survey, a high percentage response rate is necessary for the 

database to be a true reflection of interests and opinions of a goup. 

Response to this second survey form in ETD was 100% oE all employees who 

expressed a desire to be part of the ETD education team. These employees were invited to 

a second planning meeting to discuss the following survey results: 

Which precollege education activities 
should ETD continue to support? 

T-i 
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Team members thought that the survey results were an accurate reflection of their 

opinions. Using a survey that was developed by a group, had numeric responses, and was 

interpreted using a database helped to eliminate as much bias as possible. During this second 

planning meeting, team members expressed a desire to become closely associated with an 

economically disadvantaged elementary school, to concentrate initial efforts in primarily one 

grade, and to plan to expand our support to other grades in coming years. Too often a 

business or industry will begin a large program with a school and leave promises and 

expectations unfulfilled. Such efforts leave schools reluctant to begin a working relationship 

with an outside organization. 

As the bar charts indicate, team members wanted to capitalize on their presentations 

skills through lecturesflessons in the classroom. Being in the classroom provides students the 

opportunity to learn about science and math from people who practice science and math in 

their careers. Classroom presentations also afford the opportunity for the scientist or 

engineer to bring into the classroom some of the equipment and instruments used in 

connection with the topic being addressed and allow the students to experience "hands on" 

science and math. The classroom teacher also has the opportunity to meet the professional, 

establishing a contact that will be a valuable resource, as we11 as observing new and different 

ways to present basic science and math concepts. 

Team members felt that classroom presentations would be an ideal mechanism to 

encourage and motivate students to learn basic skills. By seeing those basic skills put into 

practice during the lesson and by hearing how the presenter uses those basic skills in a job 

and at home, students can begin to realize that science and math does have a place in their 

lives. More students should be able to say, "Hey, I really will use those multiplication tables 

after all." Presenters can tap into children's natural curiosity and draw them into the wonders 

of science that extend Ear beyond the pages of their textbook. 

25 MANAGEMJ3lTINTERFACE 
Statistical results of the survey were formulated into a program proposal to ETD 

Management. When a program such as this is founded and directed by personal opinions, 

it becomes imperative to reflect those opinions as data rather than feelings. 

To facilitate the process of formulating interests and strengths into an effective 

program, it is beneficial for an individual within the organization to serve as a program 
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coordinator. This person facilitates the establishment and operation of the program by 

organizing the planning meetings, interacting with the school and organization management, 

interfacing with the education team members, and coordinating the schedule of 

presentations and other activities. 

ETD Management was in full agreement with the overall goals and direction of the 

team, and instructed the coordinator to collect the following information on local elementary 

schools: 

1. need of student population for additional support programs, 

2. student population of possible target grade, and 

3. driving distance to the school. 

The need of a student population for additional support programs can be gaged by 

the State-funded support services for which the school qualifies, such as a Free Lunch 

Program and special reading and math programs. This information is readily available from 

the office of the School Superintendent. 

Student population is an important consideration in terms of the labor and materials 

required for the program. Classroom lessons are much more manageable and effective if 

they are limited to the size of one class: 20 to 28 students. Allowing for 30- to 40-minute 

presentations for each class, it is easy to calculate what population size to target. If each 

presenter can devote a full day at the school, then a single-grade population size of 90 to 

140 students is possible. If the presenter can only devote a half day at the school, then the 

industry should look for a school with a single-grade population size of 50 to 80. For this 

initial support, ETD Management was willing to allow a half day at the school for each 

presentation, which limited consideration to only elementary schools with a single-grade 

population of 50 to 80 students. 

Location of the school is an important factor in terms of travel time and employee 

participation. Time spent on the road is time that could be spent in the classroom with 

students and teachers. Division Administration asked that nearby schools with economic 

need be given first consideration. 

By taking these three factors into account, the number of local elementary schools 

open to consideration was narrowed from five to two. It is important for any industry to 

examine its resources and focus on specific goals when developing a science and math 

education support program. It is equally important that the education program reflect the 

opinions of both administration and employees for the program to be successful. 
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3. MATCHING NEEDS To RESOURCES 

3.1 EVALUATING REiSOURCES 

Without question, every industry’s greatest resource is people. As an education 

program begins to take shape, the coordinator should review the list of interested participants 

and begin to summarize the team’s obvious strengths (e.g., chemistry, biology, mathematics, 

engineering, etc.). Other strengths will become apparent later on in the planning process, but 

€or the moment, the coordinator needs a short mental list of those science and math subjects 

that the team can address. 

In addition to the people, other resources can become part of an education support 

program. It is possible that the industry might allow equipment to be used during classroom 

presentations or allow the use of its library- Vendors and subcontractors working with that 

industry might also be willing to contribute materials or resources. 

3.2 CONSIDERING CuRRIcULuM REQ- 

Matching needs to resources is a key element in a successful education support 

program. Before sitting down with school representatives to discuss specific needs, industry 

should know what the State curriculum requirements are for the local school district. The 

State Department of Education can provide a curriculum guide or framework for any or all 

elementary grades (see Appendix A); it outlines objectives and level of complexity for each 

grade. 

Reviewing a complete curriculum may seem time-consuming, but at this point in the 

education support planning process, it is necessary to find out 

1. at what grade level are specific science and math 

concepts introduced, 

2. at what grade level are students expected to be 

proficient with certain concepts, and 

3. in what grade level are the majority of the team’s 

”strengths” found. 

Just as technical literature is filled with scientific words and expressions, educational 

material is also filled with phrases most meaningful to other educators. Ideally, someone in 

the industry’s Education Support Program will have experience in the field of education and 



18 

can facilitate the interpretation of the curriculum and can assist in the matching of 

needs/requirements and resources. 

As ETD researched the Tennessee State Curriculum Framework, most of the 

division's "strengths" fell in the upper elementary grades' State Curriculum Framework - too 

late to reach those students failing in math and science. The coordinator then carefully 

reviewed the Curriculum Framework for the lower grades and found those same "strengths" 

are taught early, at a much more fundamental level. Many of the scientists and engineers in 

ETD initially worried, "How can I relate what I do on my very complex project to third or 

fourth graders?" When those same scientists and engineers later reviewed the student 

textbooks, they found that their very complex projects did, in fact, utilize the basic science and 

math skills that students were learning in the third and fourth grade! 

3 3  CONTACTING SCHOOLS 

Selecting a local school with which to begin a working relationship is, perhaps, the 

most difficult part of developing an education support program. Specific goals and objectives, 

such as those mentioned earlier, that will direct industry's decision are essential. Beyond a 

school's needs, and beyond an industry's resources, lies one critical ingredient: the school's 

desire to form a working relationship with industry. Some schools have been left 

disenchanted by past "partnerships" with industry that became nothing more than a plaque on 

a wall in the school office. Other schools are discouraged by their local school board or 

individual school administration from venturing beyond current programs. When the list of 

schools to consider has narrowed, narrow it further by including only those schools that are 

truly open to support from industry and eager to take on the challenge of improving science 

and math education in their school. 

The program coordinator should plan to meet with the principal and/or curriculum 

coordinator of each school under consideration and briefly explain 

1. what type of science and math support program 

industry can offer (such as classroom presentations), 

2. what topics can bc addressed (including grade levels), 

3. what additional resources might be available, and 

4. how industry plans to expand or continue the program 

in future years. 
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After the coordinator has explained what industry has to offer, it is important to ask 

the principal if that school has . 
1. specific needs in certain areas of science or math, or 

2. a particular grade level that needs additional help. 

Interviews with the schools' principals and answers to these questions will guide the 

selection process. 

3.4 DEVELOPING A PROGRAM WITJ3 A SCHOOL 

Once a school or school system is chosen, the details of the program can begin to take 

shape. Everyone should take equal part in the program's design. Teachers, administrators, 

professionals, and students can all make positive contributions. 

ETD began this phase of the planning process by talking with the principal of the 

local elementary school that was selected. The principal thought that the third grade had the 

greatest need for such a support program and suggested that ETD consider beginning the 

program in that grade. Third grade is an excellent choice for beginning a science and math 

program for several reasons. Students usually enter the third grade able to "read to learn" 

- that is, their reading skills support learning through reading rather than spending most of 

the school day "learning to read." Third graders still have a natural curiosity for science and 

math concepts that has not been dampened by textbooks and standardized tests. At the third- 

grade level, most students have not yet been discouraged by perceived "failures" (low test 

scores) and are not hampered by a poor self-image of their performance in science and math. 

Representatives from ETD then met with the third-grade teachers to explain what 

could be offered in support of science and math. Those teachers were asked to create a "wish 

list" of science and math topics that they would like to see developed into presentations by 

ETD personnel. Topics submitted on that list were ones that were poorly covered in the 

textbook, were difficult to convey to the students, or for which no equipment or materials 

were available. The teachers looked over the school calendar and decided how many 

presentations could be accommodated and the best day of the week for presenters to come 

to  the school. The school calendar not only served as a guide in scheduling the presentations, 

but also directed the timing of certain topics (e.g., a presentation on the environment during 

Earth Week). The teachers were given total control of the "wish list" of possible topics to 

be covered, the scheduling, and the frequency of presentations. ETD made sure that the 
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teachers understood that each presentation would serve only as a supplement/enhancement 

to the regular classroom lesson and in no way replaced or contradicted the standard 

curriculum. 

The ETD coordinator then took the teacher's "wish list" and paired each topic with 

its objective from the curriculum framework. This information was put into table format and 

used as sign-up sheets at the next meeting of all ETD staff members interested in 

participating in the education support program. That list was as follows: 



Science Topics 

YOUR NAME TOPIC 

Animals - Ant Farm 

II I Animals - Bees 

~~ ~~~ ~~ ~ -~ ~~~~ ~ ~ 

Atoms 

EIec trici ty 

Geology - Local Minerals 

Geology - Volcano 
i I 

ii I Animals - Caterpillars 

L I 

Roots - Medicinal Uses 

Skeletal System 

Sound 
; 

1 Astronomy - Eclipse 

Light 

Machines 

1 Energy ll 1 
Energy 

Energy 

SKILWOBJECTIVE 
~~ 

Basic concept of habitat; how habitats can be preserved 

Habitats, colonies; services performed by bees 

Life cycle; impact of technology on environment 

Composition of solar system 

Basic components (protons, neutrons, electrons) and theory 

Static electricity, current electricity, magnetism 

Kinds (sedimentary, igneous, metamorphic) and how they are 
formed 

Geothermal energy; factors which cause changes in earth’s surface 

Properties of light 

Identify simple machines (lever, wheel and axle, inclined plane, 
pulley) and how they use energy; potential and kinetic energy 

Folk medicine 

Any related topic - need to introduce students to skeletal system 
(use life-size human skeleton model in lab) 

How sound travels 

Forms (heat, electricity) and how they are produced 

Types (fossil fuel, natural gas, nuclear, solar, wind) and conservation 

Heat transfer 



YOUR NAME TOPIC SKILWOBJECTIVE 

I Fractions 

Graphs 

I Equivalent fractions, comparison of fractions, applications and 
operations 

Pictographs; bar graphs - graphic construction 

Measurement - Geometry 

Measurement - Volume 

Measurement - Area 

Basic geometric figures (triangle, rectangle, square, circle) and 
elements (lines & segments, rays, angles) 

Cup, pint, quart, gallon 

Perimeter and area - as measured in both standard and metric units; 
operations involved 

_ _ _ _ ~  ~ 

=-Distance I Fractions of an inch; foot, yard, mile 
I - 1  

Word Problems 
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I Topic Presenter 

, Astronomy - Solar System Kent Williams 

Using those signup sheets, the following schedule was developed by the teachers and 

the ETD coordinator: 

’ Atoms - Matter 

1991-1992 Calendar for Presentations by 
Engineering Technology Division Staff Members 

Graphs 

Energy - Forms (heat and electricity) 

Energy - Heat Transfer 

Energy - Heat Transfer 

Word Problems - Addition and Subtraction 

Energy Types - Field Trip (Bull Run Steam Plant) 

Electricity 

Machines - Simple Machines 

P October 8 

Cathy Wagner * 
Brian West 

Howard Kerr 

Grady Yoder 

June Cook * 
George Murphy 

Bob Staunton 

Jim Corum 

11 October 15 

February 4 

February 11 

February 18 

February 25 

March 3 

March 10 

March 17 
i 

11 October 22 

Engineering as a Career (Natl. Engineer’s Week) 

October 29 

November 5 

November 12 

November 19 

November 26 

December 3 

December 10 

Brigham Thomas 

11 December 17 

Measurement - Geometry 

Environment 

Animals - Bees - Habitats 

Computers 

11 January 14 

Daryl Cox 

Sandra Kennedy 

Howard K e n  

Randy Hudson* 

11 January21 

11 January28 

- - 

1 Moshe Siman-Tov 

Machines - Kinetic and Potential Energy 

Metric 1 UriGat 
- - - 

Word Problems - Addition, Subtr., Mult., Div. ~ I Therese Stovall 

Geolom - Minerals I Dan O’Connor 

Sound I Bob Staunton 

Light I John Tomlinson 

* Backup Presenter. 
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It is important that an education support program not be disruptive to the learning 

The ETD Calendar for Presentations took the following information into process. 

consideration: 

1. the state curriculum, 

2. the textbooks and the concept of sequential learning, 

3. the school calendar for special events, and 

4. the teachers' own methods and order of presenting topics. 

Throughout the school year the calendar remained somewhat tlexible. One new topic 

(Engineering) was added when a team member received a wealth of material and a videotape 

from the American Ceramic Society promoting National Engineer's Week. Two presenters 

swapped presentation dates due to business travel conflicts. Three staff members were 

designated as "backup presenters'' and could be called on by any of the other presenters in 

the event of an unforseen absence. 

Through these steps, the ETD Education Support Program fell into place. ETD team 

members were given support by the Division Administration. Teachers received valuable in- 

service credit points from the county school system for their time spent in planning meetings. 

Careful consideration to the amount of time devoted to planning was given so that the time 

available for working in the classroom with students and teachers would be maximized. All 

who participated in the planning process made valuable contributions. Needs were expressed, 

and resources were offered. 



A sz 
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4. IMPLEMFNHNGAPROGRAM 

4.1 INTRODUCING TEACHERS To THE TECHNICAL =AFT MEMlERS 

Before making classroom presentations, ETD invited the classroom teachers to tour 

its facilities at Oak Ridge National Laboratory. The teachers spent the morning meeting the 

staff members who would be coming to the schoof and toured their workplaces. Presenters 

had this opportunity to talk with the teachers about the presentations that they were 

developing and ask general questions about the students and classroom environment. The 

teachers became more familiar with the applications of basic science and math skills in current 

technology and gleaned ideas for teaching. The tour proved to be a good first step for 

beginning the school year. 

4.2 INTRODUCING SrUDENTs TO THE PROGRAM 

While it is important for teachers and presenters to get a good start, it is equally 

important for the students to feel comfortable with a new program. The day before the first 

presentation was made, the ETD coordinator went to the school and talked informally with 

each of the three classes of third graders. The coordinator began her discussion with the 

students with an introduction of herself and how she used science and math in her job. She 

explained that once each week, someone would be coming to their class to present a lesson 

on science or math. The coordinator encouraged the students to feel at ease with the 

presenters and to ask questions. The coordinator also talked with the students about their 

perceptions of science and math -what activities could they remember doing in the previous 

grade and how basic skills were used. The answers to those questions would later be repeated 

in a followup evaluation discussion with the students at the conclusion of the program. 

4 3  WRITINGLESSONPLANS 

For each lesson presented, a detailed lesson plan was developed by the ETD 

presenter. Before the lesson, the plan was given to the classroom teacher for her information 

and input and to the ETD coordinator as a quality assurance check. 

During the team planning meeting in which attendees signed up to make 

presentations, the coordinator distributed a sample lesson plan. The group members 

discussed the importance of having a lesson plan both as a guide for themselves and a guide 
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for other technical personnel who might want to present that same lesson in another school. 

Sixteen manhours were allocated to each presenter for each lesson to include developing 

the lesson plan and gathering additional information and/or materials for presenting the 

lesson. 

The section that follows is made up of the lesson plans developed by ETD team 

members. Each lesson plan contains these key elements: title, clear objective, materials 

needed, and a description of the lesson. A clear objective shows that the lesson is 

addressing a specific skill and should explain what the students will learn. The list of 

materials will remind the presenter what he or she needs to have in the classroom for the 

lesson - some items the students will have on hand, some items the teacher may have, and 

some items the presenter will need to bring. The lesson itself should begin with an 

introduction of the presenter and an explanation of how he or she uses basic science and 

math at work. There should be a detailed description of the presentation so that another 

professional could easily take the lesson plan and make a similar presentation. Finally, the 

lesson plan should include time at the end of the class for questions and discussion - a time 

when the students can truly explore the concept that was presented. 

A good lesson plan will resemble a recipe, stating what food for thought is to be 

prepared, what ingredients are needed, and what steps to follow in the preparation. Please 

feel free to use the lesson plans that follow in your own education support program. 

4.4 LESSONPLANS 

The coordinator secured copies of the science and math student and teacher 

In addition, the textbooks for use by team members in developing their lesson plans. 

following books proved helpful: 

1. M. Berger and C. Croll, Switch On, Switch Off, HarperCollins, New 

York, 1989. 

2. J. Cassidy and The Exploratorium, Explorabook, A Kid’s Science Museum 

in a Book, Klutz Press, Palo Alto, 1991. 

3. J. Long and V. McKissack, W h y  Is the Sky Blue?, Gallery Books, New 

York. 

4. National Geographic Society, How Things Work, 

1983. 
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Animals - Honeybees: 
Our Best Friends in the Insect World 

OBJECTIVE 
Students will learn the characteristics of honeybees and understand the important pollination 
functions that they serve through their activities. 

SUPPLIES 
Instructorbeekeeper will need: Beehive with combs and honey 

Two or more varieties of honey to be sampled by 
students (and a supply of coffee-stir sticks for 
sampling) 

Observation colony (live honeybees in a glass box) 
Beekeeping equipment (smoker, veil, etc.) 
Posters and charts showing the anatomy of a honeybee, 

photos of bees and their activities (commercially 
available from Dadant and Sons, Inc.) 

LESSON 
During the lesson, the beekeeper will utilize the supplies listed above to reinforce the 
following information about honeybees. 

General Information 
There are many types of bees; all obtain their food directly from plants. Bees common in this 
area include honeybees, bumble bees, carpenter bees, alkali bees, leafcutter bees, and stingless 
bees. 

The female bees usually have venomous stings or bites. The males do not have venomous 
stings. 

The honeybee females have barbed stingers; all other stinging insects have smooth stingers. 
The honeybee stinger remains stuck in the victim, and the bee dies after stinging. Other 
insects are able to insert and remove their smooth stingers and can sting multiple times. 

Some bees are social insects. This means several individuals live in a common nest and share 
work responsibilities for the benefit of the entire colony. Honeybees are social insects. 

Some bees are solitary insects. This means that each adult female queen starts her own nest 
and does all the work necessary to maintain the developing brood. Leafcutter bees are 
solitary bees. Usually, the population of solitary bees in a nest is much smaller than the 
population of social bees in a nest. 

All bees provide an important service to the plants on which they forage for food. The bees 
visit the flowers of the plant and transfer pollen from the male parts of the flower to the 
female parts. This transfer of pollen is called pollination; pollination is an essential step in 
the production of fruits and vegetables. 
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Honeybees are the most important pollinators in the United States because 
1. the colony has large numbers of foragers, 
2. honeybees are easily managed and moved to the crops to be pollinated, 
3. foraging honeybees will visit only one type of flower on each trip - a trait called 

flower fidelity, which is extremely important. 

Honeybees 
o Three Castes: 

Queen: 
- sexually fully developed female 
- lays eggs 
- has smooth stinger-used only for survival fights with sister queens 
- secretes chemical substances (pheromones) vital to colony function 

- sexually undeveloped female 
- secretes beeswax and builds the combs 
- defends the nest; has barbed stinger 
- cares for and feeds the young brood and the queen 
- collects food (nectar, pollen, and water) 

- male 
- mates with young queens 
- does no work for the colony 

Worker: 

Drone: 

0 Activities of the Bees 
In the hive: 

- beeswax combs are used for food storage and raising brood (Le., young bees) 
- queen lays about 1500 eggs per day during flowering season (this is 1 1/2 times 

- queen secretes a pheromone that is shared by all workers in the hive, This 

- guard bees (ie., workers) attack anything that threatens the hive. 
- workers store vast amounts of honey and pollen in the combs above the brood 

her body weight) 

uniquely identifies the bees belonging in that hive. 

nest. 

In the fields: 
- workers forage for nectar and pollen from blooming plants. 
- workers also collect water that is used to cool the hive. 
- workers also collect resins from trees to make propolis or bee glue that is used 

- workers forage during daylight hours only. They remain in the hive during the 
to build the nest. 

night. 

Products Made by the Bees 
Honey: 

is a supersaturated solution of simple sugars with about 18% water. It is made 
from complex plant sugars in the nectar collected by the bees from flowers. The 
bees add enzymes to the nectar that cause the complex sugars to change into 
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simple sugars. The bees store the changing nectar in the combs and fan their 
wings to evaporate the water from the nectar thus producing honey. Honey 
provides carbohydrates for the bees. The colony usually produces much more 
honey each year than is needed by the bees. The surplus honey is harvested by the 
beekeeper and can be considered as rent on the beehive. 

Pollen: 
is collected on the hair of the honeybees as they visit flowers. Part of the pollen 
is transferred to the female part of the flower; this transfer of pollen is called 
pollination. The rest of the pollen is carried by the bee back to the nest. The 
pollen is placed in the combs and provides the bees with vitamins, minerals, and 
proteins. A normal colony will collect several bushels of pollen each year. 

Beeswax: 
is secreted from wax glands on the abdomen of the worker bees. The tiny platlets 
of wax are formed into the hexagonal cells of the honeycomb. Beeswax is also 
used to cap cells of honey. 

How To Avoid the Pain of a Bee Sting 
The worker honeybee usually stings only when defending the colony or defending itself. The 
stinger is barbed and remains stuck in your skin when you are stung. The sting injects venom 
into your body that causes pain, itching, and swelling. These conditions usually last for two 
or three days. Unfortunately, the worker honeybee dies after she stings you. 

You can avoid bee stings by 
1. staying away from the nests of honeybees; the guard bees will sting anything that 

disturbs the nest. 
2. wearing shoes when walking in the grass. If you step on a bee, the bee will try to 

sting. 
3. keeping foods covered and looking at food and drinks before you put them into 

your mouth. Sweetened foods taken 
outdoors are very attractive to bees, especially when very few flowers are in bloom. 

A sting in the mouth is very painful. 

If you do get stung by a honeybee, the sting mechanism will be very visible sticking to your 
skin. Scrape the stinger out with a knife, piece of paper, or fingernail. DO NOT PULL 
THE STINGER OUT WITH TWO FINGERS. 

The Beehive 
Honeybees like to build their nest in a cavity. There are two basic types of nest sites: 

1. Bee tree: a tree that contains a cavity of 20 to 40 liters may be chosen as a nest 
site by a colony of bees. 

2. Beehive: a man-made structure consisting of wooden boxes that form a cavity of 
at least 40 liters. These boxes are called supers. Several supers can be stacked on 
top of one another to make a very large nest size. 

Beekeeper 
A person who provides beehives for bees to live in and who takes care of the bees is called 
a beekeeper. kn Apiarist is another name for a beekeeper. 
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Equipment Used bv the Beekeeper 
Protective Clothing -worn by beekeeper to prevent being stung when working in the 
beehives: 

helmet and mesh veil 
leather gloves 
high-top shoes or boots 
coveralls 

These protective items are used by the beekeeper to prevent being stung when 
working in the beehives. 

Smoker: 
A metal can with attached bellows that forces air through the can. Some combustible 
natural material such as pine needles or cotton cloth is burned in the smoker to 
produce a heavy cool smoke. The smoke calms the bees and stimulates them to go 
into the hive and eat some honey. Smoking the bees helps the beekeeper keep the 
bees calm while the beekeeper is working with the hives. 

Hive Tool: 
A tool used for prying open the beehive. The bees glue all hive parts together with 
propolis, or bee glue, and they are not easily separated without a hive tool. 

Several other types of special equipment are used by the beekeeper to remove honey from 
the hive, process the honey, move the hive to another location, and many other tasks. 

Swarming 
Swarming is a natural reproductive act of the colony of honeybees. Before swarming, the 
workers build special cells in which new queens are raised. Just before the new queens hatch 
from their cells, the old queen and about half of the workers leave the beehive in search of 
a new nest site. This group of bees is called a swarm. The swarm often lands on a tree limb 
or some other nearby object while foraging workers search for a new nest site. When a 
suitable site is found, the swarm flies to that location and begins building a new nest of 
beeswax combs. Thus a new colony of honeybees is established. Meanwhile back at the 
original colony, the emerging virgin queen engages in mortal combat until only one survives. 
The surviving queen flies out of the beehive to mate with several drones. When she returns 
to  the hive, she will begin egg laying and all other functions of the queen. The original 
colony can continue to exist, and a new colony has been established by the swarm. 
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Area 

OBJECTIVE 
Students will be able to calculate the number of square units needed to cover a region. 

SUPPLIES 
Each student will need: 1 2-sided Handout of word problem on front and floor plan on 

back 
1 Handout of 1-inch grid 
scissors 
Paste or glue 
Pencil 

Instructor will need: 1 3-dimensional model of likeness of floor pian 
1 Handout of 1-inch grid 
scissors 

LESSON 
1 - Instructor should introduce self to students and explain how this math skill is used 

in his or her job (or related task). 

2 - Define key words with students: 
Area - The number of square units needed to cover a region. 
Square - A rectangle with four equal sides and four corners. 

3 - Distribute two handouts, and read first two paragraphs of word problem together 
with students. Turn over to floor plan, and restate the second paragraph as 
students look at their copy of the floor plan. 

4 - Ask how many students have seen a floor plan before, then show 3-dimensional 
model of floor plan and discuss how their 2-dimensional paper copy is 
representative of the model. 

5 - Explain that students are to cut out a "carpet" from the grid handout and paste on 
bedroom floor. Ask if students know how to figure how many carpet squares will 
be needed (addition, multiplication) and explore options. Have students cut and 
paste "carpet" onto bedroom floor; wait till everyone has finished. 

6 - Ask students to turn handout over to word problem on front. Together, read the 
last paragraph. Aiiow students to calculate answer and write it in the blank. When 
all have finished, ask for answer and methods of calculation. 

7 - As time permits, ask for questions. Suggested follow-up discussion questions: 
What other tasks involve the need to calculate area? (construction, painting) 
What other careen might involve the need to know how to calculate area? 
(carpenter, painter, engineer, interior designer, etc.) 
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Activity 1 
For classrooms with tile floors: In teams of two students each, find the number of floor tiles 
used to cover the classroom floor. One student should count the number of tiles along wall, 
the other student should count the number of tiles along the adjoining wall, and they both 
should multiply their two numbers to find the answer. (Teacher may need to help if room 
is not rectangular in shape.) 

Activity 2 
Using square sheets of white paper and crayons, have each student draw people measuring - -  
the area of things. Tack the- illustrations to the classroom bulletin board, and count the 
number of square units needed to fill the board (additional illustrations may be used to cover 
a door or other area). 

Activitv 3 
Each student needs: 1 Shoebox 

1 Small, plastic action figure (or make popsicle-stick figures) 
1 Sheet of wallpaper slightly larger than bottom of box 
Scissors 
Paste or glue 

Ask students to make a home for their figure and "carpet" the floor using the wallpaper. 
Before they paste the wallpaper "carpet" down, ask them to measure the edges in inches and 
use multiplication to figure (to the nearest inch) the number of square inches needed to 
"carpet" the floor. Ask the students to paste down the "carpet," and add windows and doors 
and a roof (may use shoebox lid). 
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Buying New Carpet 
You have rented a house that needs new carpet 
in the bedroom. Your landlord said he would 
buy new carpet for that room if you would let 
him know how much carpet he needs to buy. 

On the back of this page is a floor plan of 
your house. 
will you need to cover that bedroom floor area? 

Pretend that each sauare inch of paper is 
really a square foot of carpet. 
square feet of carpet should your landlord 
buy? 

How many square inches of paper 

How many 

Answer: square feet 

IR 
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Kitchen 

. 



37 





39 

Astronomy 

ORJECXM? 
The students will gain a qualitative understanding of the solar system and the similarities and 
differences of the eight other planets as compared to earth. 

SUPPLDES: 
Instructor will need: Cut-out circular models of planets. (Presenter used a set that 

was part of a mobile and are based on  NASA Pioneer and 
Voyager photos.) 

Set of color slides showing artist's or photographic 
interpretations of planetary atmospheres and surfaces. [With 
the permission of Workman Publishing of NYC, presenter 
made a set of 35-mm color slides based on the beautiful artists 
renditions in The Grand Tour (ofthe Solar System) by William 
R Hartmann and Ron Miller.] 

Globe or "Earth Ball" toy (such as "Hugg-a-Planet") and a 
smaller ball to represent the moon. A large flashlight to 
represent the sun. These items are used to simulate lunar and 
solar eclipses. 

LESSON: 
1 - Instructor should introduce self to students and explain how astronomy relates to his job 

or hobby. 

2 - Ask for ten student volunteers to represent the sun and the nine planets. Starting with 
the sun and working outward (Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, 
Neptune, and Pluto), give each volunteer a cut-out planet disk and space them across the 
room in proportion to the planets actual distances to the sun. Explain how the 
characteristics of the planets' atmospheres and surfaces depend on their distance from 
the sun. 

Using the color slides take the students on a "Grand Tour of the Planets" starting from 
the Sun and working outward. E%plain how the characteristic of the planets (and their 
moons) depend on temperature, gases in the atmosphere, presence or lack of water, 
gravity, etc. Explain what is needed for life to arise and flourish on a planet and why 
earth meets these conditions. Asteroids and comets should also be explained. 

Using the flashlight and earth and moon spheres (plus volunteer students to hold each), 
demonstrate the conditions needed for an eclipse of the sun and an eclipse of the moon. 
Near darkness is needed to effectively show the earth's and moon's shadows. 

5 - Explain to the students what skills are needed to study and understand astronomy, Le. 
computers, mathematics, and science. Mention to students that much of mathematics was 
developed to better understand and predict the motions of heavenly bodies. 
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Atoms 
Matter: The Three States of Matter 

OBJECTIVE 
Students will become aware of and learn about the properties and applications of the three 
states of matter: solid, liquid, and vapor/gas. 

SUPPLIES 
Each student will need: Pencil and paper 

Instructor will need: Electric heating plate 
Sink and faucet 
Clear Pyrex container with loose cover 
Steam kettle 
Pin wheel (from the toy store) 
Thermometer in a transparent container 
Freezer with supply of ice cubes 
Molecular model 
Gloves or oven mitt 
Long-handle clip (for use with test tube) 
Balloons 
Material samples (such as honey, play-dough, etc.) 

LESSON 
1 - Instructor should introduce self and area of professional work (work 

location/environment; what type work goes on there), and explain the application of 
today’s topic in work or other context. 

2 - Define the three states of matter: solid, liquid, and gas: 
- Ask students for examples of each 

Show samples of solids, liquids, and gases, emphasizing the basic characteristics of each 
state and allowing time for the students to tell their observations: 

- Solid: fured shape and volume (resistant to change of either) (e.g., stone) 
- Liquid: faed volume, but loose shape (follows container) (e.g., water) 
- Gas: both volume and shape change (both follow container) (e.g., air in room) 
- Ask students what they have observed. Ask y&. 

Show materials with mixed properties: 
- Play-dough: solid with fured volume and shape, but shape is flexible to force 
- Honey: solid or liquid? (fKed volume, but shape changes slowly) 
- Have any students seen glass objects being made? Discuss. 
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3 - Explain molecules and atoms in relation to states: interconnections, vibrations, 
attraction, etc., and their effect on above observed properties. Use molecular model for 
visualization. 

- Definite pattern of molecules in solid, local vibrations 
- Addition of heat makes particles move faster and further apart - change to liquid 
- Detachment of molecules when changing from liquid to gas 
- More heat accelerates the process of melting, boiling, or vaporizing 

4 - Perform an experiment showing the effect of heat on temperature and phase change: 
melt ice, then boil water -- measuring temperatures along the way: 

- Ask students to predict what will happen 
- Could they observe the melting and boiline points? 
- Could they observe the effect of latent heat? (why does that happen?) 
- Do all the materials have the same melting and boiling points? Explain. 

5 - Perform an experiment showing how ice melts and the water then boils in a transparent 
Pyrex container, where the gas can push a plate or be collected in a balloon on top: 

- Ask students to predict, observe, and explain 
- Explain phase-change process 
- Explain power and conversion to power 
- Demonstrate how the experiment could lead to the invention of the "steam machine" 
- Explain how this is related to trains, power plants, nuclear energy, and electricity 
- Application of energy storage with solar energy 

MORE EXQMPLES: 
* Whistling tea kettle driving a "turbine" (using a pinwheel) 
* Steam condensing on cold spots on whistling tea kettle 
* Melting butter 
* Condensation on cold cup of ice tea 
* Bathroom mirrors becoming foggy 
* Morning fog on lakes and rivers 
* Drying of cloths in a dryer or in the sun 
* Liquid mercury expanding in a thermometer 
* A person's breath visible in the winter 
* Shaking a coke bottle and letting released gas inflate a balloon covering the neck 

ADVICE TO INSTRUCTOR: 
Ask many questions. Let students participate as much as possible. 
Use plenty of demonstrations/experiments. 
Place strong emphasis on how your topic is applied in the "real world." 
Coordinate your lesson with the classroom teacher - taking care to compliment, not 

substitute. 
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Computers 

OaTECIlvE 
Students will learn the basic components and operation of a Personal Computer (PC). 

SUPPLES 
Instructor will need: 

LESSON 

PC including monitor, keyboard, and printer 
Spare PC parts, such as printed circuit boards and disk drives 
Example software on diskettes 
Extra floppy diskettes (3 or 4) 
Blackboard or marker board 

1 -  

2 -  

3 -  

4 -  

5 -  

6 -  

7 -  

8 -  

9 -  

Introduce self, area of professional work, application of lesson subject in work area, 
other background. 

Survey class to determine familiarity with personal computers. Determine how many 
students have access to a PC and what uses they make of the computer. 

Outline what will be covered in the lesson: 
(a) basic description of how a PC works 
(b) components of a personal computer 
(c) use of software 

Describe in simple terms how a PC works. Discuss the binary aspects of digital 
computers (Le., that computers process only zeros and ones). Demonstrate addition in 
base 2. 

Identify the major components in a PC (e.g., monitor, keyboard, printer, disk drives, 
circuit boards). Pass sample components around the class. Explain how the components 
interact. 

Introduce the concept of software. Identify software storage devices such as hard drives 
and floppy disks. Take apart a floppy disk to identify the storage surface. 

Discuss different types of software. Distinguish between commercial products such as 
word processors and software produced by the PC user through programming languages. 
Mention the BASIC language and determine class familiarity with BASIC. Demonstrate 
a sample commercial software (e.g., Lotus 1-2-3, Wordperfect) 

Write a simple program in BASK language and demonstrate its use, storage, and recall. 

Identify other uses for PCs such as terminal emulators and communications devices. 
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Electricity: 
Static Electricity, Current Electricity, and Magnetism 

OBECTllZ 
Students will understand static and current electricity at the atomic level and in terms oftheir 
applications. Students will also develop a working knowledge of the properties of magnetism. 

SUPPLIES 
Instructor will need: Power supply 

Electrolytic capacitor 
VoWohm meter 
Solenoid 
Neon light transformer 
Wimshurst electrostatic generator 
Magnets 
Television 
Sets of batteries for each student 
Light emitting diodes for each student 

L;ESSON 
1 - Instructor should introduce self to students and explain how electricity relates to his or 

her job. Discuss the importance of everyone having a basic working knowledge of 
electricity (safety, good consumer, etc.) 

2 - Instructor will proceed through each section of the lesson giving a definition, listing 
examples, encouraging discussion, and utilizing equipment and materials that will provide 
students with a hands-on learning experience. 

Static Electricity 

Static electricity is a build-up of electrons on  one surface (negative charge) and a build-up 
of atoms that are missing electrons on another surface (positive charge). It is easy to 
generate thousands of volts. There is little current in static electricity and, therefore, no 
danger. 
Examples: 

1. Spark after walking on carpet 
2. Crackling from bed blankets 
3. Hair standing up after combing 
4. Clothes from dryer 

Static electricity was studied through the use of the following types of generators: 
Wimshurst 
Tesla Coil 
Van De Graff 

[Demonstrate Wims hurs t electrostatic generator.] 



Current Electricity 

Current electricity is a flow of electrons in a conductor (usually metals). Examples are 
everywhere: lights, televisions, toasters, stoves, etc. 

Conductors and Insulators 
To create a current you must have a source (e.g., power lines or battery) and a conductor. 
Conductors are made from a material in which the atoms freely give up electrons. You must 
have free electrons for them to flow - creating a current. Metals are excellent conductors. 

In some materials, atoms hold all of their electrons very tightly. These are called electrical 
insulators. Electricity will not flow in an insulator. Glass, plastic, and rubber are excellent 
insulators. 

Materials like wood, dirt, and concrete are insulators for low voltages but will conduct when 
high voltages are applied. These are called poor conductors or poor insulators because they 
do not perform either job very well. Many materials, like wood, are better conductors when 
wet. [Use volt/ohm meter to demonstrate conductors and insulators.] 

Energy Conservation 
Some household appliances use much more electricity than others. Usually those things that 
produce heat use a lot of electricity. 

What are the electric "hogs?" 
Examples of fat hogs: stove, electric heaters, hot water heater, clothes dryer, house 

full of lights turned on. 
\ 

Examples of medium hogs: microwaves, light bulb, large televisions, refrigerators. 

Examples of skinny hogs: radios, night lights, lights with dimmer turned down, 
clocks, VCR. 

Safety 
1. Watch out for electric lines that run down your street; stay away from lines that fall 

during a storm. During lightning storms, stay indoors or in a car. 

2. There are thousands of volts inside televisions - even for awhile after they are 
unplugged and turned off! 

3. Watch out for bad lamp cords. 

4. Stay away from electrical appliances if you are in water (i.e., bath tub, shower, pool, 
standing on a wet basement floor). 

5. Neon lights use thousands of volts. [Demonstrate voltage arc from neon light 
transformer.] 
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Sources of Electric Power: 
Batteries 
Power plants: coal burning, oil burning, nuclear, hydroelectric (dams) 

Circuits 
Circuits need the right connections to make electricity do things for you. Light Emitting 
Diode (LED) circuit diagrams are discussed. 

Electricity at work: motors, generators, solenoids. [Demonstrate solenoid motion using 
solenoid and power supply.] 

Activity: Have students complete construction of battery-powered LED circuit to take 
home. 

If time permits, a power supply and large capacity electrolytic capacitor can be used to 
demonstrate a low-voltage, high-current arc. 

Magnetism 

Magnetism is an invisible force that pulls only iron or steel. Magnetism pulls some types of 
stainless steel, but does not pull other materials or metals such as copper, aluminum, tin, lead, 
silver, gold, brass, etc. 

Uses and applications: 
motors 
generators 
picking up items 
holding items 
finding direction (compass) 

Magnets have two poles - a north pole and a south pole. 
North and south poles attract each other. 
North repels north and south repels south. 

[Demonstrate the interaction oE poles of two magnets. Explain how a magnet is used to 
deflect the picture on a small black and white television.] 
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Energy - Forms 
(Heat and Electricity) 

O€UECIWE 
Students will review how energy affects the three states of matter (from previous presentation 
on atoms) and will learn how energy can be converted into forms (such as electricity) that can 
be used in everyday living. 

SUPPLIES 
Instructor will need  Voltmeter 

Compass (directional) 
Bell wire 
Cardboard tube (paper towel tube) 
Dry cell battery 
Bar magnet 
DC generator (bicycle type, or other) 
Light bulb (compatible with generator) 
Switch On, Switch Ofl, by Melvin Berger 
Opaque projector 
Toy steam engine 
Ice and hot water 
Resealable plastic bottle (2-L soda bottle) 

IESSON 
1 - Instructor will introduce self to students and explain the importance of understanding the 

basic forms of energy in context with everyday living. 

2 - Explain what energy is and give several examples of forms of energy. 

Energy is the capacity or ability to do work. Some forms of energy are solar, chemical, 
electrical, heat, kinetic, and potential. Give examples of each, focusing on heat and 
electricity. Explain that today we will learn how we use heat energy to produce electrical 
energy. 

3 - Demonstrate that when things are heated, they expand and can be used to do work. 
Squeeze the coke bottle and screw the lid on  tightly. Submerge the deformed, sealed 
bottle in an ice bath to cool the inside air. Explain (or ask) what will happen when the 
air inside is heated. Run hot water over the cold, sealed container or dip in a pan of hot 
water and demonstrate that it will want to expand, pushing on the sides of the container. 
Explain that we make use of the fact that things tend to expand when they are heated 
to convert the heat energy into other types of energy (electricity, motion). 
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4 - Explain what engineers do with energy. As an automotive engineer, I look for new ways 
to transport people from home to school, work, the grocery store, soccer practice, etc. 
We use the chemical energy in fuel to create heat, and we use the heat to create motion. 
To make electricity, engineers at local utilities use the chemical energy in coal to make 
heat. The heat is used to make steam, and the steam is used to turn huge turbine- 
generators to make electricity (recall demonstration with the tea kettle and pinwheel 
from presentation on atoms and the three states of matter). Explain that we do not 
always use coal, but sometimes we use nuclear energy or other fossil fuels to create heat 
to make the steam. Show the simple drawings in Switch On, Switch Off using the opaque 
projector to explain a power plant. Hydroelectric dams (like Norris Dam and Melton 
Hill Dam) use the energy in falling water to turn a turbine-generator and make 
electricity. Mention that in a few weeks another engineer is going to take them on a 
field trip to Bull Run Steam Plant in Oak Ridge where they will see how coal is used to 
make electricity. (Note: A followup field trip to any nearby power generation facility 
would be appropriate, making sure to tie in that facility’s technology with this lesson.) 

5 - Demonstrate how motion in a magnetic field produces electricity by using the procedure 
outlined in Switch On, Switch Off. Wrap some bell wire around a compass several times 
and make a coil (inductor) with the remainder of the wire (pp. 10-13). The inductor can 
be made by wrapping the wire around a cardboard tube. Instead of wrapping the wire 
around a compass, the ends of the wire from the inductor could be connected to a very 
sensitive voltmeter. Move the bar magnet back and forth inside the open coil and point 
out that the compass pointer moves, o r  the voltmeter indicates some voltage. Explain 
that this is because the moving magnet is making electricity, and the electricity is making 
a magnetic field that excites the compass pointer (which is a magnet). One can also 
show that a battery can make the compass pointer or voltmeter needle move. 

6 - Let the students come up and give the generator a turn and observe the movement of 
the voltmeter and motor, and the lighting of the LED. 

7 - Demonstrate how steam can be used to produce motion with small reciprocating steam 
engine, if available. (Plug the steam engine in at the beginning of the class so that it can 
be heating during other discussions/demonstrations.) 
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Energy - Heat Transfer 

OBJECTIS% 
Students will understand the different modes of heat transfer and direction of energy transfer. 

SUPPLIES 
Instructor will need: Small Plexiglas mntainer 

Hot plate 
Aluminum foil 
Variac 
Candy thermometer 
Modified overhead projector (to change position of projected 

material from a horizontal to a vertical position) 

IE!SON 
1 - Instructor should introduce self and introduce the topic of heat transfer using examples 

most students encounter every day. 

2 - Review modes of heat transfer: 
Conduction (touching a hot stove or an ice cube) 
Radiation (heat from hot stove or fire) 
Convection: 
- forced (heating system in house or cold air blowing over you in winter) 
- natural (you would still be cold in the winter even if no wind were blowing, 

Boiling 
heat from a radiator; mention the concept of buoyancy, etc.) 

3 - Boiling Heat Transfer 
At what temperature does water boil? What happens when water boils? It generates 
vapor, which is phase change (note density difference and that bubbles go up). In which 
direction is the energy being transferred? The e n e r g  flows from the heater to the 
water to generate vapor. What is it called when heat is transferred from the vapor 
changing the water vapor to liquid water? Condensation! Many common things work 
on the boiiing/condensation cycle: power plants, refrigerators, air conditioners. 

Experiment 
Boil the water (and project this for class viewing using the modified overhead projector). 
Discuss the density changes in the container (due to refractive index changes in the 
water). Note the convective patterns in the container (this is natural convection). 
Mention air bubbles (all water contains some air, and, when it is heated, these coalesce). 
w h y  are the bubbles going down? (due to the optics of the overhead) Look at the 
bubbles at the surface of the heater and discuss why they disappear (try to convey the 
concept of condensation). After rapid boiling begins, what is coming off the top of the 
container? (steam, which is clear until it condenses and then it can be seen) Show the 
condensation using aluminum foil. 

Review the steps of the boilingicondensation cycle and their applications. 
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Energy Types - Field Trip to 
Bull Run Steam Plant 

OBTECI7SE 
Students will relate what they have learned in the classroom from previous presenters to 
applications in real life. 

SUPPLIES 
Instructor will need: pamphlets and souvenirs (if available) from utility on the facility being 

visited for each student 

LESSON 
1 -  

2 -  

3 -  

5 -  

6 -  

Instructor should introduce self and describe hisher work as an engineer and prior 
experience working in power plants. 

A previous lesson discussed what energy is and how (chemical) energy in coal is turned 
into electrical energy. Ask the students: 

Who remembers what kind of energy is in coal? 
How do we release this energy? 
How does heat make steam? 
How do we use steam to make electricity? (reference steam demonstration in lesson 

on atoms and the three states of matter) 

Describe what the students will see today: 
(1) coal pile (10) fan 
(2) bins (11) stack 
(3) pulverizers (12) boiler walls 
(4) coal burners (13) steam drum 
(5) boiler furnace (14) steam line 
(6) ash hopper (15) turbine 
(7) precipitators (16) generator 
(8) scrubbers (17) transformers 
(9) collector (18) condenser 

Pass out pamphlets on the plant showing a schematic drawing, and briefly explain what 
the plant does. 

Load on the bus and go! 

At the plant, walk around the site (such as down towards the large coal pile) and 
describe facilities and their functions before going inside. Meet site representative for 
slide presentation and tour. Encourage students to ask questions, and emphasize 
concepts and information from previous lessons as opportunities are available. 
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Field Trip Notes and Checklist 

A field trip is an excellent method of summarizing and reinforcing skills presented in a series 
of lessons. Students will see real life applications for concepts and information that might 
otherwise remain abstract. Hosting a field trip can be easy and fun through careful planning. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Select a destination that will illustrate several concepts previously presented, and 
discuss the available destinations with the classroom teacher and school principal. 

Pick first, second, and third choice dates according to other events already on the 
school calendar (with respect to availability of chaperons and buses). 

Contact the owner/operator of the site chosen to find out: 
Are student tours are available? 
Are certain areas of the site off limits to young children? 
Are there potential safety hazards to consider? 
What information can site personnel offer (slide shows, group tour, pamphlets)? 
Is the site available during one of the three dates selected? 

After these preliminary questions are answered, the presenter should set up an 
appointment to meet with a site representative and walk the same tour route that the 
students will walk. Presenter should also pick up any available pamphlets. 

When a trip date is finalized, arrange for SCHOOL BUS transportation of the 
students to the site. [No private transportation should be used.] Usually, a bus and 
driver will be available at a time following the final morning bus schedule. The cost 
for the transportation in most school systems is small (includes cost of gasoline and 
labor for hours worked by the driver) and should be paid for by organization hosting 
the tour. 

It is advised that the presenter keep in close contact with both the classroom teacher 
and the site representative to be sure that no scheduling conflicts arise. 

Plan a followup activity for use by the classroom teacher, perhaps an art or writing 
activity that will reinforce the concepts covered during the field trip. For example, 
students might write a letter of thanks to the site representative describing what they 
learned. Following a trip to an electrical generation site, students could draw a large 
mural showing the site, switchyard, transmission towers, nearby industries, and homes 
and show "electrical wires" by gluing or taping colored yarn onto the mural. 
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Engineering as a Career 

OBJECTIVE 
Students will develop a better understanding of engineering as a career, especially ceramic 
engineering. 

SUPPWOES 
Instructor will need: Viewgraph presentation "Engineering As A Career" 

Videotape "Ceramics: Into the Future" (15 min.) 
Photochromic lens, lamp with strong light bulb 
Space shuttle tile, 2 hot plates, beaker of water 
Miscellaneous samples: ceramic armor, dental brackets, 

National Engineering Week bookmarks for students 
flexible magnet, molten metal filter 

School will supply: VHS VCR and television 
2 Hot plates 
Beaker of water 

LESSON 
1 -  

2 -  

3 -  

4 -  

5 -  

6 -  

7 -  

Instructor will introduce self to students and explain what type of engineer shehe is. 

Give viewgraph presentation "Engineering As A Career." 

Show videotape "Ceramics: Into the Future" (15 minutes). 

%ace Shuttle Tile Demonstration. Put space shuttle tile on one hot plate and beaker 
of water on the other hot plate. When the water is boiling, have students come and 
touch the top of the space shuttle title to demonstrate that heat is not transferred 
through the tile. 

Photocromic Lens Demonstration. Mask part of the lens. Place lens under lamp (or 
in window sill if sun is shining in). Show students' how the lens darkens with exposure 
to light. 

Miscellaneous ceramic samples. Explain each item and pass around to students. 

At the end of class, pass out bookmarks to each student. 
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Environment 

OBJECTIVJ.3 
Students will understand more about: 

ECOSYSTEMS - All living things depend on each other for survival. 
POLLUTION - Natural resources may either be used or misused. 
WHAT EACH PERSON CAN DO TO HELP - We are the caretakers of the earth. 
CAREERS - Science and technology play a major role in understanding and 

protecting our environment. 

SUPPLIES 
The instructor will need: color slides of nature and pollution 

homemade ecosystem (see attached instructions) 
optional: instructor may come dressed as Mother Nature 

WESSON 
1 - Mother Nature’s grand entrance. Tennessee is a wonderful place to live and we are so 

lucky to have trees, mountains, lakes, and abundant wildlife. Compare Tennessee to 
other parts of the world. What kinds of wildlife do you see in Tennessee? Foxes, 
turkeys, squirrels, bears, bob-cats, turtles, frogs, fsh,  birds, eagles, hawks, deer, mice, 
possums, raccoons, skunks, rabbits, etc. 

What kinds of plants do you see in Tennessee? We have discovered a plant right here 
in Tennessee that might be a cure for cancer: the paw paw tree. And of course we have 
ginseng in Tennessee. Ginseng is used all over the world to make teas, medicines, and 
tonics to make you feel better. Ginseng gives you a kind of natural energy and is useful 
in healing. We are also famous for beautiful dogwood trees and spring flowers. 

2 - Start slide show. There are many beautiful places in the world. Our world population 
is growing so fast that we must take special measures to protect the natural wildlife. We 
are the caretakers of the earth. Sometimes we protect the environment by setting aside 
a special place, such as the Smokey Mountains National Park. The Smokey Mountains 
National Park has more visitors than any other park in the United States. The plants in 
the park are suffering from ozone damage. Ozone comes from the emissions of 
automobiles. So many people visit the mountains every year in cars that we are hurting 
the environment of this special place. How do you think we could fur this problem? 

Some types of wildlife, like elephants, need a whole lot of space to live in, more than a 
zoo or a park. We are running out of space for elephants in our world. Man needs this 
space to build cities to live in, farms for growing food, and dams for electric power. We 
are competing with nature for space. What other things might the elephants need to live 
happy, healthy lives? Don’t all living things need the those same types of things? 
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3 -  Introduce the concept of ecosystems/biosystems. Show homemade ecosystemherrarium 
(made from plastic soda bottle, prototype and instructions to be left with the teacher). 
We are all dependent on many things to live healthy, happy lives: food, air, water, 
warmth (energy), love and nurturing. Briefly discuss the food chain, the water cycle, and 
the carbon dioxide cycle, and relate these cycles to the plant in the terrarium, and then 
to man. What will happen to the plant if you take away its food, or water, or carbon 
dioxide? What will happen to the elephants if they do not have enough space to live? 
What will happen to us if we pollute our air, water, and food? 

4 - What does the word "endangered" mean? What is "extinction?" Elephants are very 
special because they have many human traits. They show love and affection and they 
mourn their dead. They are very big and strong, yet capable of amazing control. 
Elephants are being killed for their ivory tusks. People make jewelry, piano keys, and 
furniture out of ivory. Elephants are an endangered species. Many of the animals in 
Tennessee are endangered species too. Elephants and other endangered animals are 
important to us because we all depend on each other for survival. 

5 - Try to convey the concept that some processes take a long time to happen, and nothing 
terrible will happen tomorrow or the next day. Mother Nature has confidence that 
today's children will make the world a better place to live in. What can children do to 
make the world a better place to live in? A lot! 

Give a hoot, don't pollute 
Only you can prevent forest fires 
Recycle 
Plant a tree 
Learn about wildlife - scouting, nature hikes, camps 
Turn off the lights when they are not being used 
Close the refrigerator door 

6 - Many people all over the world are working to make our world a better place to live in. 
You have probably seen a lot of television shows about the environment. Have you 
heard about the rainforests? Why are we cutting down the rainforests in South America? 
(This provides grassland for cattle for hamburgers for people.) Why is this such a bad 
thing? The rainforests provide some of the most special plants and animals that cannot 
be found anywhere else in the world. Some of the plants in the rainforests are used to 
make prescription drugs for sick people. If we cut down all the rain forests, we will not 
have those plants to help us anymore. And what about all the animals that live in the 
rain forests? They won't have a home anymore. We need to plan ahead for our future 
and protect these important natural resources! 

7 - There are many different jobs you can do when you grow up to help make the world a 
better place to live in. Just like detectives, scientists study clues to learn more about the 
environment. Some scientists study how plants and animals grow or how pollution hurts 
them. Some scientists look for dinosaur bones or ancient cities buried deep under the 
sand. Some scientists study the sky, the weather, the stars, and outer space - looking for 
the secrets of the universe! Some scientists study the oceans, like Jacque Cousteau. All 
these different types of scientific disciplines contribute something to our earth - 
knowledge that will help us to understand how the earth works. 
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In what other types of jobs might someone help the earth? (park ranger, teacher, 
hunting guide, zookeeper, veterinarian, politician) 

8 - Nature is both wonderful and harsh. We build houses and cities to protect ourselves from 
the cold and the rain. It would be very difficult to live as our great-grandparents did 
without electricity or modern conveniences. If we are not careful, we will use up a lot 
of our natural resources to live such an easy, convenient life. We must all plan ahead 
for our children, and all the generations to come. We must leave something for the 
future. Children in Tennessee are lucky because their families still live very close to 
nature. Tennessee still has many farms, and, as a result, many people know a great deal 
about plants and animals. This knowledge is very special, 

Many places in the world are full of concrete and smog. Protect Tennessee for the 
generations to come. You are a child of the universe, kin to the trees and the stars. 
You have a right to be here, and you have a responsibility to protect and preserve your 
homeland. 
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How to Make Your Own 
Ecosystem 
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Geology - Minerals 

OBJECTJS% 
To define the various properties of minerals and show how they are used to identify minerals. 

SUPPLIES 
Instructor will need: Minerals that exhibit the properties that will be discussed. 

Examples will be provided below. 

Books, charts, photographs, and/or slides showing other 
information that may not be available in mineral form. 

If desired, and time allows, some experimental equipment to 
show how some properties are determined. Examples will be 
provided below. 

LESSON 
1 - Introduce self and ask the students what they know about geology. Ask the students 

what are the layers of the earth, and what are the three different kinds of rocks. Ask 
students what kinds of things come from the earth. Ask them what does not come from 
the earth (nothing). Encourage participation. 

2 - Ekplain the difference between a rock and a mineral. Have a rock that clearly shows 
several kinds of minerals (due to color or  crystal variations) and a relatively large 
specimen that is one mineral (quartz, hematite, or some other). 

3 - Discuss the three different kinds of rocks, and talk a little bit about each. For example, 
sedimentary rock can contain fossils and the layers can be useful in determining the age 
of the fossils. Igneous rock samples include granite and quartz Metamorphic rock 
include quartzite that comes from quartz and slate that comes from shale. Specimens 
of each would be good. Also pictures from books or slides and photographs could be 
used as a resource. 

4 - Start discussing and showing the mineral samples supplemented by slides and pictures. 
Work through the minerals in such a way that the various properties (define what a 
property is) can be explained. Properties that can be easily shown are the following: 

Structure: amorphous (such as coal and turquoise) or crystalline (such as quartz, 
galena, gypsum, and tourmaline) 

Color: red (cinnabar - mercury ore), green or blue green (copper mineral - 
turquoise), blue (aquamarine - beryl mineral as is emerald), yellow or 
gold (pyrite), etc. 
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Density: 

Magnetic: 

Optical: 

Hardness: 

Others: 

galena (lead ore) and almost any other specimen 

hematite (iron ore) will support a magnet while other minerals will 
not 

calcite which is birefringent (breaks light up into two rays, so you see 
double) as compared to something like quartz 

talc (hardness of 1) or gypsum (hardness of 2) can be scratched by a 
fingernail (hardness of 2.5), calcite has a hardness of 3 and diamond 
has a hardness of 10. Charts or tables could supplement this. 

properties such as thermal conductivity and electrical conductivity can 
also be shown with minerals such as mica. Mica will exhibit different 
properties in the "sheet" direction as opposed to the perpendicular 
direction. 

AI1 of these properties can be easily shown. Additional properties may also be shown. 
As the minerals are being shown references should be made to other branches of science 
that are related. For example, when discussing the optical properties, references can be 
made to light. For density references can be made to weighing and measurement. For 
color variations in minerals references can be made to atoms and chemistry to explain 
how slight variations in composition can lead to pronounced color variations. 

5 - Finish the lesson by summarizing the properties that were discussed and letting the 
students provide examples of each. Let the students handle the samples as appropriate. 
If possible, allow the students to have a small sample, such as mica (they can split this 
into many layers). 

Additional Activities 
Other activities include going on a field trip. A local geologist could arrange for the students 
to go into the field and see some of the local examples of minerals, rocks, and rock 
formations (faults, rock layers, etc.). Also, some simple experiments could be conducted like 
showing how limestone is reacted with a mild acid like vinegar. This activity could also be 
referenced to chemistry. 
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Geometry 

o m m  
Students will be able to view traditional theoretical mathematics in light of practical, day-to- 
day examples. 

SUPPLIES 
All supplies needed are typically available in the classroom (pointers, yard sticks, globes, floor 
tile, blocks, etc.) 

1 - Introduction - Introduce self to students and explain how geometry is a part of everyday 
life. 

2 - Review basic shapes: 
Square - 4 equal sides 
Rectangle - 2 long sides, 2 short sides 
Triangle - 3 sides; rotated triangles are cones 
Circle - no endpoint; rotated circles are spheres (spin a quarter to show that what is 

in essence a two-dimensional circle becomes a sphere when it is rotated 

3 -  Common uses of geometric shapes: 
Squares - building blocks 
Spheres - balls 
Cones - used to divide flow of some sort: 

a roof divides rain 
wedge-shaped cars divide air flow 

Circles - continuous motion: Anytime you have continuous motion or have a need 

wheels, bearings, gears, clocks, solar system (use the globe to 
demonstrate rotation) 

to return to  the point of beginning, a circle is involved. 
Examples: 

4 - Measurement - all ties to multiplication 
Perimeter - sum of the length of all sides 
Area - length times width 

Examples: carpet, tile, paint (coverage), yard goods, volume 

5 - Angles: Rays - map reading 
Segments 
Measurement 

6 - Gather the students and let them know that there is a practical side to the things that 
they study. Tell them that each of them has the capacity to excel, and that they should 
never stop reaching for higher goals. 





Graphs 

OBTIECTIVE 
Students will be able to represent numeric data in bar graph format. 

SUPPLES 
Each student will need: 1 M&Ms graph handout 

1 "Fun-Size" bag of M&Ms (contain about 20 MBrMs each) 
5 Crayons: colors red, yellow, orange, green, and brown 

Instructor will need: 1 Current local newspaper (including "Funnies" section) 
Sample of plain text report 
Samples of color graphs, M&Ms pictograph, M&Ms bar graph 
12 Nonedible treats for students with possible food allergies 
Award stickers for each student who completes graph 

LESON 
1 - Instructor should introduce self to students and explain how this math skill is used in his 

or her job (or related task). 

2 - Using local newspaper, explain the importance of visualizing information. Illustrate the 
compelling nature of pictures through questions to class: Who reads the newspaper? 
What is your favorite section? Do you ever notice that some cartoons have no 
texthords - pictures tell the story. 

3 - Using plain text report and samples of color graphs ask, "Which is most interesting?" 
"Which is easiest to understand?" Explain how graphs can often present numeric data 
better than using a table of numbers. 

4 - Show different types of graphs: line graph, bar graph, and pictograph. Explain how 
pictograph is compiled using small "Fun-Size" bag of colored M&Ms as example; then 
show how that same data looks as a standard bar graph. 

5 - Activity: Hand out M&Ms graph worksheet. Ask students to get out their 5 crayons 
and use one to write their name on back of paper. BEFORE distributing bags of 
M&Ms, tell students they are to CAREEULLY open their bags, sort M&Ms by color, 
color in appropriate bars on graph with "like color" crayon, double-check color quantities 
of M&Ms with colored bars, then raise their hand to indicate when they are finished. 
Instructor and teacher will then go to each student, check graphs, award a sticker to 
indicate completion of task, and THEN students may eat M&Ms (NOTE: Instructor 
should ask if any students are allergic to chocolate, nuts, or milk. If so, swap M&Ms for 
a nonedible treat.) Repeat these instructions to the students as you distribute M&Ms, 
and encourage students to raise their hands if they need help. 

6 - Upon completion of activity, ask, "Who had more red M&Ms than any other color?" 
(repeat this question through all 5 colors) "What other kinds of things could we count 
and put into graph format?" "Are there any questions about making graphs?" 
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My name: Mv Classmates x 
Count the boys and girls who are in the classroom now. 
There are boys, 
and 
there are girls. 

Color in the correct number of squares below to make a 
bar graph that will  show how many boys and girls are in 
the classroom now. 

Boys 

Girls 
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3  
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Kinetic and Potential Energy 

OBJECTWE 
Students will be able to recognize examples of potential and kinetic and gain a general 
understanding of energy conversion and applications. 

SUPPLZES 
Each student will need: An object which each student can drop (i.e., book) 

Instructor will need: Ruler and support (simple lever) 
Light weight 
Heavier weight 
Videotape of large-scale plate test conducted at the 

National Institute of Standards and Technology 

LESSON 
1 -  

2 -  

3 -  

4 -  

5 -  

Energy (review) 
What is energy? (The ability to do work.) 
What contains energy? (Everything contains energy.) 
Where does energy come from? (Don't create energy, just change its form.) 

Forms of Energy 
Elect r i a l  
Heat (from sun or heater) 
Fuel (coal, gas, etc.) 
Food (for our energy) 
Mechanical (kinetic and potential) 

Mechanical Energy (one form of energy which deals with things in motion) 
Kinetic - energy of motion 
Potential - energy because of height 

Kinetic and Potential Energy 
a. 

b. 

c. 

Example of kinetic/potential energy and energy conversion by dropping book and 
allowing students to do the same. 
Explain the relationships of kinetic/potential energy (greater height, weight or 
speed means greater energy. 
Practical example of kinetic/potential energy in dam (water at top of dam has 
greatest potential energy and that water when allowed to spill possesses kinetic 
energy which is used to make electricity). 
Demonstration of potential and kinetic energy by moving greater weight with 
smaller weight by increasing its height above lever. 

d. 

Show and discuss videotape OF large-scale tests (tape showing large cracked plates being 
failed to assess the structural integrity of reactor material). 

Explain that engineers use science to "predict" the amount of energy that structures 
such as bridges can safely carry. 
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Light 

OaTEcLlVEs 
Students will understand these basic properties of light: 

1. light travels in straight lines 
2. how fast light travels 
3. how light can be reflected 
4. light is a wave 
5. how light can be bent or refracted 
6. visible light is a part of the electromagnetic spectrum 
7. how light can be polarized 

SUPPLIES 
Instructor will need: Strong light source or flashlight 

Tennis ball 
2 pairs of sunglasses 
Acrylic plastic panel 
Candle, holder, and matches 
Glass jar or 200-mL beaker 
Polarizing filters and plastic sample drawer 
Class 11 He-Ne laser 
4 wood blocks and 2 clamps 
Screen €or candle 
Equilateral prism and holder 
Electromagnetic spectrum 

LESSON 
1 - Instructor should introduce self and begin a general discussion on light: how it is used 

every day, sources, and interesting properties. 

2 Point to an object in the classroom and ask students: Can everyone see it? Why? 
Could you see it if the light were off? Where do you reach when you see something and 
want to touch it? Through these actions, you have observed that Iieht travels in straight 
m. You noticed this because, to touch something, you reach "straight ahead  for it. 
Secondly, light emanates from all objects and in all directions. Each person in the room 
can see an object on the table, and we see these objects either by reflected light, or by 
light that comes from the object itself. [Show this with a flashlight as a direct source; 
then shine the light on an object to show that we see the object by light bouncing off the 
object and into our eyes.] Point out that lieht can be thoupht of as a stream of particles. 

3 - How fast do these particles travel? At a speed (in the vacuum of space) of 186,OOO 
miles/second, light holds the speed record in the universe (apologies to Captains Kirk and 
Solo of Star Trek and Star Wars, respectively). At this speed, light can travel 71.4 times 
around the earth in 1 second. It takes light about 7 minutes to travel from the sun to 
the earth, about 4 years to travel from the nearest star (neglecting the sun €or the 
moment), and about 100,OOO years to travel across our galaxy, the Milky Way. Light 
traveis slower in things such as glass, water, and other transparent materials. We will take 
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advantage of this fact later in this discussion. Thus, light travels 186.0o0 miledsecond 
throuph mace and is slower as it travels in other materials 

4 - Illustrate that .light, as particles, travels in straight lines and can be reflected ("bounced 
off of things") by using a tennis ball and bouncing it off the floor or wall. Light can be 
reflected. 

When we look at ourselves in a 
mirror, we see reflected light 
that "appears" to come from 
behind the mirror. What we 
see is an image - it is not real 
because we cannot touch and 
feel  it; nevertheless, we can see 
it. Illustrate an image by 
setting up a light source (for 
example, a candle) to create an 
image as shown at the right. 
Angle the vertical pane so that 
the class can see the image, and 
use the screen to hide the light 
source. With the room darkened, the class will see the image. Make a right mark on the 
table at the location of the image so you will know where it is. Show that the image is 
not real by holding your hand in the image, or by showing that the image can "burn" 
inside a glass of water. To do this. place a glass of water at the location of the image, 
and it will look like the candle is burning in the water. This is an old method for 
creating images on the stage (e.g., Shakespeare's ghost of Banquo) where the audience 
sees only a reflection of the real actor. If time permits, draw a plan view of the set-up 
and sketch some rays of light from the candle to the audience showing how the reflected 
rays seem to come from the image behind the pane. 

Vertical pane 

Viewer 4 

Use the laser to demonstrate the straight line behavior and reflection of light. To do 
this. shine the laser light along the lecture desk and let it reflect from a plane mirror 
lying on the desk The beams can be made visible with chalk dust from an eraser dusted 
in the air. 

Fill an aquarium with water and add a little milk to make the water cloudy. Shine the 
laser light at an angle onto the surface of water and notice that the light travelling into 
the water is bent. The bendinp; of lieht as it travels from one material into another is 
refraction. Refraction can only be explained by considering light to be a series of waves, 
not particles. Illustrate this by sketching on the chalkboard columns and rows of a band 
marching along a paved road to simulate light waves (the rows) moving in air. The band 
continues to march into mud (or green slime) at an oblique angle; as the marchers enter 
it, they are slowed (just like the light entering the water is slowed) so that the marchers 
who have not yet entered the mud tend to catch up and the overall direction of the 
march inexorably changes (just as the light is refracted as it enters the water). Shine the 
laser light into a small equilateral prism to show that the light can be refracted by glass. 
If the vertex of the prism is pointing down, the light will be bent up; this bending can be 
made visible using the chalk dust technique as before. Discuss the fact that telescopes, 
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magnifiers, eyeglasses, microscopes all depend on the bending of light by pieces of glass 
called lenses. 

7 - Now, what happens if we shine white light into the prism? Let’s do it. We observe that 
in addition to refraction, the light is split into colors. The seDaration of white lieht into 
colors is called disoersion. We did not see dispersion of laser iight because it starts out 
as one color. However, by observation of the dispersion process, white light is composed 
of all of the colors of the rainbow: Bed, Orange, xellow, Green, Blue, Indigo, Jliolet 
(Roy G. Biv). Discuss the fact that the only difference between each color is the 
wavelength of the light When we s e e  a red shirt using white light, ail of the colors 
except for red are absorbed by the shirt, and red light alone is reflected into our eyes. 
Thus, the color of an obiect is due to  the absomtion of all other colors bv the obiect and 
the reflection of one color. Draw a wave on the chalkboard, and mention that the 
wavelength is the distance from crest to crest. If this wave represented red light, the 
waveiength is about 30 millionths of an inch; the wavelength of violet light is 15 
milIionths of an inch. Is there light with longer and shorter wavelengths? Yes. When 
we go to longer wavelengths, we find infrared, microwaves (yes, the same used in a 
microwave oven), radio, and TV. When we go to shorter wavelengths, we find 
ultraviolet, x-rays, and gamma rays. As humans, we can only see the visible portion of 
this entire range called the electromagnetic spectrum. 

8 - If time permits, use two pairs of sunglasses to illustrate the polarization of light. Look 
through two lenses, and rotate one to show the extinction of light. Flex a piece of clear, 
hard plastic between the ieenses to show stress patterns in the plastic. Using this 
technique with clear plastic models of mechanical objects helps designers know where 
those mechanical objects are most likely to fail. 

9 - We have learned that 
(a) Light travels in straight lines. 
(b) We see things by reflected light. 
(c) Light is often thought of as a stream of particles. 
(d) Light is also a wave and is only a small part of the electromagnetic spectrum. 
(e) Color is dependent only on the wavelength of light. 

Therefore. what is light? Light is what we see. 
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Machines - 
Simple Machines 

OBJEcJrivE 
Students will understand the concept of work as force multiplied by distance and will learn 
that simple machines are devices that can be designed and used to make work easier. 

SUPPLIES 
Instructor will need: working models of all simple and compound machines discussed (these 

weight 
set of worksheets for each student 

can easily be handmade from wood scraps, small pulleys, etc.) 

LESSON 
1 - Instructor should introduce self and explain how understanding work and using simple 

machines makes his or her job easier. 

2 - Introduce the concept of "work with examples: 
mowing the yard 
riding a bicycle up a hill 
lifting weights 

Using weight as an example, explain that work = distance x force. 
Examples: 

stepping up on a 1-foot high box 
lifting 12-pound concrete block 1 foot (let class members lift block) 

A simple machine makes doing work easier. Go over the four types of simple and 
compound machines to be demonstrated. Distribute handout and relate each machine 
to examples in the handout. 

As each experiment is performed, have students write the measured force by the hand 
in the handout figures. 

3 - Use of Pulleys to Lift Block 
a. 

.e - I It - -12 lb 
This simple machine just changes 
direction of force. We still have 
to pull with 12 lb over a distance 
of 1 ft to lift the wight 1 ft. 

Work = 1 Et x 12 lb = 12 ft-lb 



b. 2 f t  - - - - - - + 6 I b  

Here each cord pulls up on block 
(6 lb each), so we have to pull 
with only 6 lb. But, we have to 
pull over a distance of 2 ft. 

Work = 2 ft  x 6 lb = 12 ft-lb 

- 

4 f t  - - - - - - - - + 2 1 b  

Here each of four cords pulls up on 
block (3 lb each), so we have to pull 
only with 3 lb, but through 4 ft. 

Work = 4 ft x 3 lb = 12 ft-lb 

No matter how we do it, it takes 12 ft-lb of work. But simple machines with pulleys make 
it easier because less force is required. Let students pull on cord to see that 3-lb force is a 
lot easier than 12-lb. 

4 - Use of Lever to Lift Block 
a. 

Like a see-saw. If supported in the 
middle, it takes 12 lb down to raise 
this weight. We would have to 
move the force through 1 ft to raise 
the weight 1 ft. 

Work = 1 ft x 12 lb = 12 ft-lb 

2 f t  2 f t  

How could we make it easier? 
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b. 4 Ib 

Here, using the principle of a lever, 
we can lit3 the 12-lb weight with 
just 4 Ib of force. 

Work = 3 ft x 4 lb = 12 ft-lb 

Relate to lifting a large person on a see-saw or prying the lid from a can. 

5 - Use of a Ramp 

Here just 3 lb is required, but to do 
the required work, we have to pull 
through 4 ft. 

Work = 4 ft x 3 Ib = 12 ft=lb 

Relate to riding a bicycle up a hill. 

6 - Use of a !hew Jack 
a. Explain how our screw jack is a compound machine because it has both a ramp 

(wrapped round and round the shaft) and a lever. 

F&CE 

Here very little force is required; 
but we have to turn the screw many 
times to get 12 ft-lb. 

7 - We have seen three kinds of simple machines for lifting a weight: pulleys, levers, and 
ramps. Also, we saw a compound machine, the screw jack, which combines a lever and 
a ramp. Engineers use these simple concepts to design all kinds of machines For making 
our lives much easier. 
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FORCE (pounds) t 

DISTANCE (feet) 

LIFTING A WEIGHT 
REQUIRES WORK 



TYPES OF SIMPLE MACHINES 
1. PULLEYS 

‘1 

!u , 

FORCE: Jb 

WORK: 

f t X  Ib 

. ft-lb = 

2. LEVERS 
FORCE: Ib 

WORK: 

f t X  Ib 

= ft-lb 



~~ ~ 

3. RAMPS 

FORCE: Ib 
A 

..... ....... ................... . ..~ ........ 
/2 ;F 
..:fi:<5<>.;..- : ........ 1 f t t  -0 ............. 

WORK: 

f t X  Ib 

ft-lb - - 

4. SCREW JACKS 



Metria - SI 

OBJEcIlvE 
Students will better understand the concepts of length and volume as measured in metric or 
SI units. 

SUPPLIES 
Instructor will need: 3 to 8 meter sticks 

Flexible meters with centimeter and millimeter markings 
Several clear plastic containers (1 L, 2 L, and 3 L) such as soda bottles 
Carton container that holds 1 L 

Students will need: Several lengths of string or yarn 
scissors 

L;ESSON 
1 - Instructor should introduce self and explain how metric and SI units of measure are used 

in his or her job. 

2 - Explain the meaning of SI, The International System of Units, and its relation to 
"metric." The term "SI" is derived from the French Le System International d'Unite 
(International System of Units). In the United States, this system of measurement is  
often referred to as the metric system, but it is not the same. 

3 - Discuss sports events that involve length (races, swimming, etc.). Ask students to name 
sports that specificalty use SI or metric lengths, such as 5-k and 100-m dash. 

4 - Discuss the meaning of meter: a standardized unit of length that is the only unit known 
all over the world. Show meter sticks and pass them around the class. Ask students to 
gage a meter with their hands. Explain that the symbol for meter is "m." (Also, explain 
that a symbol is not an abbreviation, it does not vary with language of type, and, 
therefore, is not capitalized nor has a period following.) 

5 - Ask why a cent ($0.01) is called a cent -- it is one hundredth of a dollar 
(centurylhundred). Explain the representation "0.01" not as a common fraction (1/100), 
but as a decimal fraction. Discuss the following prefxes and write their symbols on the 
chalk board centi- (c), milli- (m), and kilo- (k). 

6 - Show the length of a centimeter and a millimeter, and give examples that will let students 
get a feel for those measurements (the thickness of a paper clip is about 1 mm). 

7 - Help students understand the length of a kilometer. Discuss how much time it would 
take to walk a kilometer (about 10 to 15 minutes, depending on pace). 



8 - Explain the concept of measurement/comparison with the meter sticks. Measure general 
Provide a brief order of lengths. 

magnitude comparison with yard and foot. 
Ask students to measure each others' height. 

9 - Define "area" as length times length; hence the measure for area is m x m = m2 (briefly 
explain exponential notation). Show a square meter. Measure the area of a table top. 

10 - Explain that "volume" is length x length x length; hence m x m x m = m3. Use examples 
of 1-, 2-, and 3-L bottles. 

11 - Review and summarize all of the above material. 



Sound 

0 m m  
Students will have a physical understanding of sound waves, sound emitters, the ear, and 
characteristics of sound such as pitch. 

SUPPLIES 
Instructor will need: Microphone 

Amplifier 
Oscilloscope 
Audio oscillator 
Sound effects generator 
Speaker with exposed cone 

I;ESSON 
1 - Instructor will introduce self to students and explain how sound relates to activities in 

everyday life. 

2 - Instructor will explain the various properties of sound, encourage discussion, and utilize 
equipment (listed above) during the lesson to help students better understand each 
concept. 

Air Dressure 
Where pressure is high, air molecules are squeezed closer together. Molecules can be 
squeezed together in an air-tight container. Examples of high-pressure containers: can of 
hair spray or spray paint, balloon (only slightly high pressure), and air tank. Where pressure 
is low, molecules are spaced further apart from each other. When low pressure is strong, it 
is called a "vacuum." Examples of low pressure or vacuum: TV picture tube, outer space, 
vacuum cleaner (only slightly low pressure). 

What is sound? 
Sound is comprised of pressure waves moving out from a vibrating source, such as vocal cords, 
violin or guitar strings, car engine, wings of a fly, ringing bell, etc. Just a few strong pressure 
waves can move out to create a pressure burst. Examples of pressure bursts: dynamite, 
bursting balloon, hammer on wood, gun or cannon, clapping hands. 

How does sound travel? 
Sound travels as waves of high pressure and low pressure. Analogies include waves in a pond 
and radio waves. Waves become weaker as distance increases (sound becomes not as loud). 

Vibrations create uressure waves. 
Consider a vibrating speaker cone as it moves forward and backward very quickly. When it 
moves forward, it suddenly pushes air molecules together creating high pressure. When it 
moves back, it pulls air molecules away from each other creating a low pressure. So, as the 
speaker cone moves back and forth rapidly, it creates many areas of high and low pressure 
that move away from the speaker as waves. (Students feel vibrating woofer speaker cone.) 



A vibrating string on a musical instrument also moves back and forth creating sound, as do 
a vibrating car motor or a ringing bell. 

Hearing sound waves 
Sound waves travel into ears causing small vibration of ear drum and two tiny bones 
connected to the ear drum. Sensitive nerves pick up the vibrations from those bones, and the 
sound information travels through the nerves to the brain. 

Speed of Sound - How fast? 
What is sound faster than? Faster than a turtle? Car? Fast baseball pitch? Race car? 
Plane? Space shuttle? Bullet? Speed of light? Although sound is fast (743 mph), it is not 
faster than a supersonic jet, space shuttle, bullet, or light (which travels at 670,000,000 mph). 

We can sometimes observe that sound takes time to travel to us. 
When you see lightning, it takes a while for the sound (thunder) to reach you, even though 
they both started from the same place at exactly the same time. The lightning (or light) 
always wins the race with sound. 

When you yell and then hear an echo, you have to wait until the sound travels to a hill, is 
reflected, and comes back. 

If you watch someone hammering a board several feet away from you, you will see the 
hammer come down on the board, then hear the sound a second or two later. Sound travels 
slowly enough that we can sometimes notice how slow it is. 

Pitch or frequency of sound 
When sound is squeaky-high, like chalk squeaking on a chalk board, or rumbling-low, like 
distant thunder, we call the difference pitch or frequency. A high pitch can often be annoying 
like the squeal from a TV. Low pitches can often be felt, as well as heard, such as the engine 
in a train passing in front of you. 

The faster something vibrates, the higher the pitch. Slow vibrations create low pitches where 
the waves are further apart. [Demonstrate pitch with speaker, audio oscillator, and 
oscilloscope.] 

The pitches that we can hear are said to be within our "range of hearing." Some animals can 
hear higher pitches than humans, such as dogs, rats, and bats. 

People cannot hear very high pitches when they get older. People who listen to a lot of loud 
sounds for years (Le., loud music, guns shooting, or loud machinery at work) loose some of 
their hearing, especially of high frequencies. 

Loud volume levels and ear protection 
Avoid loud sounds! If you are near loud noises, use hearing protection. Put your hands over 
your ears or leave the area. Sounds that make your ears ring are especially bad €or your ears. 



Direction 
We can tell the direction that a sound comes from without looking because the sound reaches 
one ear sooner than it reaches the other ear, and our brain knows which ear heard the sound 
first. The sound is also louder in the ear closest to the sound. Also, our ears are shaped to 
make noises in front of us sound different from noises behind us. 

Comdexitv of sound (outionall 
Many sounds come to us at once, yet our amazing brains can tell them apart from one 
another. Many clues tell us what the various sounds are. Sounds start and stop at different 
speeds: slow - such as the sound of a gust of wind; fast - a fire cracker. 

Timbre is the quality of sound. When you say that you like the sound of a saxophone, you 
are really saying that you like the timbre of a saxophone. 

Timbre gives us recognition of many sounds: 
violin your friend's voice 
trumpet your teacher's voice 
guitar police siren 
piano a laugh 
organ sadness in a voice 
sound of a jet 
a cow's "moo" 

sound of leaves blowing in trees 
sound of the Ocean waves 

Timbre is the shape of the wave (Le., rounded, square, pointed, etc.) as seen on an 
oscilloscope. 

Dynamic range, echo, and vibrato also give unique qualities to sounds. 

(Display complex sounds on oscilloscope using a sound effects generator. Display voice wave 
shapes using microphone, amp, and oscilloscope.) 
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Word Problems 

OBJECTiVE 
Students will develop better methods for approaching and working word problems using 
addition, subtraction, multiplication, and division. 

SUPPLIES 
Instructor will need: $15 play money 

At least one pink or red eraser for each student 

LESSON 
1 - Introduce self while passing out worksheet, and explain how math is used at work. Ask 

students to use thumb signals when figuring out answers to problems (up indicates 
"understand," sideways indicates "maybe," and down indicates "do not know the answer"). 

2 - Review key words for addition and subtraction. Ask children to volunteer the words and 
write on blackboard. 

Addition - "in all," "all together" 
Subtraction - "more than," "less than," "how many fewer," "bow many left" 
Work problems 1, 2, and 3 on handout, asking students to underline key words. 

a. Ask, "How many children have birthdays in March, April, or May?" (Have them 
first stand in three separate groups, then move into one group.) "How many 
children were born in the Spring?" 

b. "How many children have birthdays in September, October, or November?" (have 
them stand in a separate group) "How many morebess children were born in the 
fall than in the spring?" 

e. Pass out erasers and ask, "How manv morefless students have pink than red?" 

3 .. Introduce key word for division ("each"); ask children to volunteer the words and write 
on blackboard. 

Work problems 4 and 5 on handout. 

a. Bring 3 children to front of class who were not in groups for first two problems, 
and use their names in the problem. Use play money and demonstrate answer 
with one for you and one €or me - have one of the children do the actual 
passing out of the money. 

4 - Introduce key words for multiplication (same as For addition because multiplication is 
a shortcut for addition). Look for groups in problems; see if adding the same number 
many times leads to the same answer as if the number is multiplied. 

Work problems 6 and 7 on handout. 
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5 - Work examples showing how those basic math skills are actually used on the job: 

a. Problem 8 - Draw picture of cylindrical tank inside rectangular dike on 
blackboard. Give background equations for volume of tank (not required, but 
adds interest - could also tell why dimensions had to be measured instead of just 
calculated) and volume of rectangular dike. Use tank length of 4 ft, radius of 
3 ft - gives volume of approximately 110 ft3; use 120 ft3 for safety. Use dike 
length of 8 ft and width of 5 ft. Ask students, "What should the height be?" 
W x L x H = V .  

b. Problem 9 - Draw picture of tank with coils inside with ice building on them. 
(Perhaps ask if any have seen lots of frost/ice built up on inside of freezer.) 

c. Problem 10 - Draw building with turbine/generator inside with smokestack on 
side. 

d. Problem 11 - Using same power plant drawing, add numbers: 100-kW input in 
coal, 10-kW output up smokestack, 50-kW output in cooling water, 10-kW output 
in plant energy use, and 30-kW output in electricity. Work out efficiency with 
useful out/input. Now what if we use 25-kW of heat in discharge water for 
(district heating, or  heating greenhouses, or cleaning/desalinating water) useful 
purpose so that now there is only a discharge 25 kW in cooling water? How 
does this change out efficiency? (now have sum of 30 + 25 divided by 100 - 
have gone form 30% to 55%, almost doubled use of resources.) 



93 

1. children were born in March, children were born 
in April, and children were born in May. How many children 
in all were born in the Spring? 

2. children were born in the spring and children 
were born in the fall. How many more/less children were born in the fall 
than in the spring? 

3. children have pink erasers and children have red 
erasers. How many more/less have pink than red? 

4. 7 , and 
decided to earn some money by having a garage sale and selling their old 
toys. If they earned a total of $15, how much money did each child get? 

5. Mom bought a dozen pencils for her three children. How many 
pencils did each child get? 

6. Last summer the Stovalls drove to visit MaMaw and Papaw three 
times. The round trip is 800 miles. How many miles in all did they 
drive? 



94 

7. If you walk six blocks to school in the morning and six blocks home, 
how many blocks do you walk all together in a day? 
How many blocks do you walk in all in a week? 
Challenge: how many blocks in all if you also walk home for lunch each 
day? 

8. A tank held 120 gallons of a dangerous chemical. We had to build 
a dike around it so that if the tank broke, we would catch all the 
chemical. The wall could only be five feet wide and eight feet long. 
How high did it have to be? (hint - width x length x height = volume) 

9. Using a large ice maker, we made 30 tons of ice in 6 hours. How 
many tons of ice did we make each hour? 

10. If a power plant generates 100 kW of power, but has to use 1 kW 
of power to run the control system and has to use 6 kW of power to 
clean up the gases going up the smokestack, how much power is left to 
sell to customers? 

11. A power plant uses (inputs) 100 kW in heat from coal. The plant 
outputs: 10 kW of heat in smokestack gases, 50 kW in heat in the cooling 
water, 10 kW in energy for plant controls, and 30 kW in electricity. 
What is the plants efficiency? (hint - Efficiency is useful energy output 
multiplied by 100, then divided by energy input.) 

Now, what if we use 25 kW of heat in cooling water for a useful purpose 
(this is called cogeneration). How does this change our efficiency? 

(Answer - efficiency has increased from 30% to 55%. Higher 
efficiencies are much better - they save money, save resources, and 
reduce pollution.) 
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Extra problems: 

1. Jack and Jane bought two hamsters. If mama and papa hamster 
produce four babies per month, how many babies in all will they have in 
a year? 

2. If Jack and Jane have 8 friends to give these baby hamsters to, how 
many hamsters will each friend get? 

3. If Jack’s friend, Scott, got the first six baby hamsters, and they grew 
up and had nine more babies, how many hamsters would Scott have in 
all? 

4. Will Jack and Jane ever learn to keep each hamster in its own cage? 

5. Jack had collected 147 baseball cards. He bought a new set with 20 
more baseball cards. How many cards did he have altogether? 

Later, Jack noticed that 5 of the new cards were the same as cards he 
already had, so he sold them to Paul. How many cards did Jack have 
left? 



6. Veronica had saved $29.30. She bought a Nintendo game for $27.30. 
How much money did she have left? 

7. Veronica had saved $29.30. She wanted a Nintendo GameBoy that 
cost $111.20. How much more money does she need? 

8. Jill’s family was going to Disneyworld, 600 miles away. The first day 
they drove 400 miles. How many miles were left to drive the second 
day? 

9. Jimmie bought 10 pieces of candy. He ate two pieces and gave three 
away. How many pieces of candy did he have left? 

10. Amy got $.35 change after she bought a bag of cookies for $2.39 and 
package of lunchmeat for $2.26. How much money in all did she give to 
the clerk? 
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45 ADDITIONALACXWKES 

ETD’s science and math education support activities extend beyond classroom 

presentations to the third grade. Most team members were already involved in educational 

support before this program was implemented. Many of the lessons were presented at other 

schools, tailored to suit other grades, and were often presented by other team members 

(utilizing the same equipment and materials). ETD became a technical resource to many 

schools in several surrounding counties. 

During the school year in which Em’s  support program was initiated, the elementary 

school’s Board of Education mandated that all students in the county’s schools in grades K-12 

participate in a county-wide Science Fair. As a result of this county-wide emphasis on 

science, ETD had the opportunity to provide technical judges for over 650 science projects 

in grades K-8 at the elementary school in which they were making presentations. As part of 

the Science Fair judging, ETD team members talked with all students at the school about 

their project, about what they learned about science, and about how science applied to other 

activities. Most importantly, team members provided positive feedback and encouragement 

to each student about how he or she performed in science and math. 

Team members semed as judges €or other area science and inventor’s fairs, as mentors 

to students preparing science projects, and as tutors to students wanting help in science and 

math. ETD also served as sponsors to high school and elementary school teachers who 

participated in summer internships, working in ETD for eight weeks to broaden their 

understanding of the application of basic skills in current technology. Students, teachers, and 

team members came to realize that people are any organization’s greatest resource, far more 

valuable than equipment and materials. ETD’s education support program is one of people 

helping people. 
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5. EVALUATING THE PROGRAM 

5.1 'KEACHER EVALUATION OF TKE PRESENTATIONS 

Every presenter wants to know, "How did I do?" To answer this question, ETD 

developed an easy-to-use "Lesson Evaluation" form shown on the following page. The 

classroom teacher completed this evaluation for each lesson. Additionally, the teacher 

videotaped each presentation. The recording was used to review the lesson a second time 

and serves as a teaching tool that can be shared with other teachers and other schools. 

5 2  !ZITDENT IMPRESIONS OF THE PROGRAM 

At the close of the school year, the ETD coordinator met with each of the third-grade 

classes to find out how the students felt about the program. A large chart listing each topic 

presented was tacked to the front of the classroom. The coordinator briefly reviewed the 

topics and activities that were used to help remind students of all the lessons presented 

throughout the year. The coordinator then asked the foliowing questions: 

1. What do you think of when you think of "science?" 

2. How do you use math and science when you are away from school? 

3. How do other family members use math and science at home and at 

work? 

4. How do you like to learn about math and science? 

5. What lesson did you like most? (asked of each student) 

6. What other math or science topic do you wish there had been a lesson 

on? 

When asked the first question of what "science" made them think of, students 

responded with "experiments," which one student defined as "something done to prove or 

disprove a point." Another student said, "You learn new things about [science]." 

When asked how they used math and science away from the school, students listed 

keeping track of their money, collecting things, figuring gas mileage, reading about science, 

making a mixture (making a salad or mixing oil and gasoline for use in a weedeater), and 

cooking (mixing, measuring, and heating). 

Students recognized that other family members used math and science at home and 

at work in obvious tasks such as counting money or stock, but students also realized that 
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Lesson Evaluation 
Topic 

Speaker Date 

Please rate on basis of appropriateness for t h i s  grade level 

Excellent Good Fair 

Content 

Explanation of details  

Activi ty/Activi ties 

Use of Audio Visual Aids 

Please provide any additional comments which could serve to 

guide us i n  improving our education program i n  the  areas of: 

Content - How well did we address the topic? 

Explanation of details  - Did the  students understand the  lesson? 

Activity - What activity/activit ies did the  speaker use? 

Did the  activity/activit ies serve to reinforce the  topic? 

Did t h e  students enjoy the  activit ies? ~ Yes __ N o  

Could you recommend any activit ies t ha t  might  be 

used i n  addition to or i n  place of t h i s  activity? 

Overall comments: 
- 

_.___ 

Please re turn  th i s  form to Cathy Wagner, 

E ng i n  e e r i ng Tec h no logy D i vision, 0 R N L . 
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science and math skilis are present in using or repairing a computer, baking, and working as 

a carpenter or an operator in a steam plant. One student's mother was collecting data as part 

of a health study. 

When discussing the way they liked to learn about math and science, unanimously the 

students agreed that, "The best way to learn something is by doing it." Students also like 

opportunities to "go to a place where they do science." 

When asked what lessons had been enjoyed most, science topics fared better than 

math topics. Of the topics presented, Bees, Computers, Electricity, Graphs, Light, Sound, and 

the field trip to Bull Run Steam Plant were mentioned most often. All topics were 

mentioned by at least one student as being a favorite - illustrating the importance of variety 

in trying to capture students' interest. 

Asking about topics that were not presented is important not only in evaluating 

possible deficiencies in an existing program, but also in planning for expansion of the program 

for the following school year. What topics were on the students' "wish list?" Chemistry was 

discussed most often, followed by animals, the human body, health, environments (e.g., rain 

forest), volcanos, static electricity, plants, and robots. 

No current standardized attitudinal survey exists for evaluating student's impressions 

or observations about science or math. While several standardized tests cover skills, no test 

is available to explore beyond fundamental skills at the third-grade level. The ETD 
coordinator did find one attitudinal survey for science that was developed in the early 197Os, 

which had been taken off the market because it had become quite out of date. Standardized 

attitudinal surveys for older students are available, but there is no advantage in discovering 

that a high-school student cannot broadly apply the basic science and math skills and concepts 

that should have been mastered in the lower elementary grades. 

53 MAKINGCHANGES 

Just as presenters encouraged students to d e f i e  science as a "process" of discovery 

and to remain open to a variety of possible outcomes when performing experiments and 

research, ETD also looked upon the totai educational support program with an open mind, 

ready to make changes as needed. At the end of the school year, the classroom teachers, 

ETD management, presenters, and the ETD coordinator began planning for the coming 

school year based on several lessons learned. 
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The most significant change in the program will be in the scheduling of presentations. 

Initially, classroom teachers and presenters had felt that a weekly schedule of presentations 

would provide more contact with the students - allowing ETD personnel to better serve as 

a resource to the school. In practice, though, covering a new topic each week gave the 

teacher little time for lead or followup activities to reinforce the concepts presented. 

Additionally, other school activities related to holidays, field trips, and schoolwide programs 

(such as the Science Fair) do add to the overall learning experience for students, but do 

subtract from the time available for regular classroom instruction. As a result, the planned 

schedule of presentations for the coming school year will list approximately 12 third-grade 

presentations to be made every other week from fall through early spring. 

The elimination of some topics was based on several factors. Student impressions 

(Section 5.2) were important. Their comments told teachers and presenters what subjects and 

types of presentations were most liked and best remembered. Teacher learning also played 

a key role in the selection - as presentations were made and videotaped, the classroom 

teacher learned new approaches to teaching science and math skills. Many presentations 

(especially those which utilize basic "on-hand" supplies and equipment) can now be replicated 

by that classroom teacher. 

Decreasing the number of third-grade presentations by almost 50% also allowed ETD 
to continue with its planned expansion into the fourth grade in the coming year with little or 

no increase in time and labor. The planning process outlined in Section 3.4 will now take 

place with the fourth-grade classroom teachers to select 12 topics to be presented next school 

year. 

5.4 EVALUATING THE TOTAL PROGRAM 

While positive comments about specific presentations and activities are encouraging, 

most technical personnel are eager to search for data that will more concretely reflect the 

contributions made by a science and math education support program. Comparing 

standardized test scores from the previous year with the current year may be tempting, but 

it is important to remember that those tests measure only basic skills and do not reflect the 

broader applications and dynamic concepts presented. Even to accurately compare scores of 

basic skills, the industry would need access to standardized test scores for the past five years 



for a particular grade, plus five years of test scores after the program had been in place to 

obtain a sufficient quantity of data for averaging. 

High-school dropout rates and numbers of students enrolling in high-school elective 

science and math courses might be numbers that would reflect the positive impact of the 

education support program, but industry would need to wait until students in the target grade 

or grades graduated from high school. Such long-range evaluation certainly bears some 

consideration, and for an industry with the intent of continuing its program, collecting that 

data each year would be beneficial. 

While it is comforting to be able to analyze data that shows the measure of success 

of such a program, more likely industry will need to rely on less formal feedback. Positive 

comments from teachers and students, presenters who feel that they reached the students, and 

administrators from industry and education who want to continue that program in coming 

years are a11 excellent measures of success. If a program touches the life of one child each 

year, and if that child graduates from high school with a better self image about what he or 

she can accomplish and becomes a more productive citizen, then, without a doubt, the 

program is successful. 









109 

6. SUMMARY 

Science and math education is indeed vital to survival and success in an increasingly 

technical world. Rather than expending time and effort placing blame for declining science 

and math academic scores among our nation’s students, that energy can be used to address 

the problem. Survey within industry for strengths and resources and within local schools for 

needs. A successful education support program will capitalize on matching those resources 

and needs. At every step in the program planning process, take time to communicate. 

Translate ideas and opinions into data to help ensure that goals are directed by the team 

developing an education support program. 

If classroom presentations are made, they should focus on student participation to 

allow students to learn by doing. Presentations should be very ”process,” rather than 

”product,” oriented to minimize students’ perceptions of failure or success. Students need to 

be a part of the science or math lesson and complete the lesson feeling good about what they 

have done. 

Science and math skills must be presented in the context of everyday living. 

Multiplication and division are just as important to the grocery shopper hunting for the best 

unit pricing in laundry detergent as they are to the engineer calculating surface areas in a 

turbine. Students need to see science and math as part of their lives, no matter what their 

career choices will be. 

Schools and industry must take care in evaluating the impact of an education support 

program. Perceptions of success or failure should not be guided by standardized test scores 

that measure only academic performance. 

To make great strides in improving science and math education at a national level, 

much needs to be done. Many hands make work light. Schools and industry can work 

together to reach our national goal for science and math education: 

America 2000: An Education Strategy 

Goal 4: By the year 2000, US. students will be jint in the 

world in science and mathematics achievement. 





t4
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TENNESSEE STATE CUlUUCXJLUM FRAMEWORK 
FOR GRADES K-8 
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KINDERGARTEN FRAMEWORK 
Language A m  

M 

Physlcal Educstton 

Teehnolog y 
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KINDERGARTEN FRAMEWORK 

lndivldual Awareness 
W l A l  undsnrudndHbJr 

h v s  a space 
W l E l  understand ndndrdr 

Iuw a psrro~l history 
M1C2 undersolnd 8 m  n o d  for 

ndes of 6riy I m p  uld fair 
m.umntOfother6 

M I E l  v l & n P r d l h e m o f  
u c h  ndmdrvl 

052G1 bp mrs of cmilmbclr 
ad dnmncsr man9 
n d W W S  

041E4 rndersmd Ihe behawa of 
mcbn&.ls m y  be 
changad by rehbonrhlpr 
WlthOlhsrr 

041 03 understand ndwduals 
choose ~obc % Idm and 
a n  do well 

042C5 underrand ~oopera~on is 
nemssary when worlung 

groups to annplete tasks 

responubbtmc n 
wmosng good health 

06181 be aware of the d e  of me 
ndwdurl as a health 
wnrumer 

061C1 undersmndmdndual 
rerponublity VI me 
prevenbon of hers  

n wh~& feebngs. ernomns 
and pmblemr may be 
expressed and ways to 
deal with unpleasant 
cituaoans 

Wlhln M d  d l  

061A3 understand mdndual 

061F3 be swam of healthy ways 

061H2 beawareoftwfive 
senses Md Wlch the 
bodypartswnheachmm 

Growth and Development 

051E1 undersbmd come animal 
young u e  like the a b h  

052E2 understand mmalr' 
haktats 

052E3 undersund how rearmal 
changer allact animals 

052Ft undersland tww phnts 
grow and change 

061K2 undersmndpodherllh 
P - 0  

061Gi undenmndrrhat 
onsaues a Wsnced det 

061G2 &n#y n n ~ u r  foods 
mmtn me tour food groups 

061- uodershndwhpt 
OonCOhrpeE healthy rruckr 

demy guditllnes 
061C2 be a w w  of pracnmr M d  

resourws imporrant M he 
Veatment of ~ l l n e s ~ ~  

061 J1 understand me rde of 
medlamrr and d u g s  n 
k P W  - 

061- be 8- Of h e  WWtl 

Famlllet 

CommunltleslCulures 

M1A3 be ware WhBt a gbbe 
and map represent 

W1W beawnre the lmmd 
des we follow are 
W d e d  by he peopk 
(cchol. commurury, 
=wwv) 

bom into a auntry is a 
adzen of l b t  country 

W1E5 undersland d w d u i l l s  
barn m do things horn 
hsir  cutture 

M3F 1 be ware of the 
oonMuPonr of dffmnt 
W l l l I N S  

041F2 uder rmdsorm 
dllerences among people 
ma I mult  of heir a b m  

M3F2 be ware of rmlhnbes 
and mroncer of bod. 
d0lh.r. homss. gPnes 
md famdles n efferent 
s u b n s  

M2h2 &vebp an vdenmdmg 
Of he CpabPl mbmnrhip 
O f U l O h o m e t O ~ C ~  

W l A l  be mare of VMOUS Local 
Q)mmUNBeBL ol willdl 
rudenu M pan 

04283 bs ware rchods have 
changed m g h  the yeam 

WID2 knw people usudty work 
b meet molrneedc by 

W1D4 understand all pbs are 

ma dependent on oher 

041C5 be mam a person 

dMno-t)obs 

nportanl and some jobs 

pbr 

Safety and Transpoflation 

WlAl be aware people mwl 
tom p k w  to pboe by 
different means of 
sanspwtaaon 

M4A2 know land and wamr brmr 
affm types of 
Va!lnrpcKlilbOll 

M4B1 understand means of 
0'.nrportabon have 
changed owr the years 
and will mt inue to 
*we 

DUD1 underrtand people pay to 
use public transporntion 

W4D2 be aware different rypec of 
~ansponat~on pmvde 
pbs PeOPk 

M4F2 k m w  means of vans- 
pMsaon may differ n 
difterent culhlres 

M1C2 know sgns symbols and 
rgnals of ralety 

05181 understand the importance 
of o b m n g  ratety NIBS m 
uung elearmcy 

06111 understand satety mles to 
be tollowed a all daily 
adwines 

Environment 

M1A2 know mdivdupts hw in an 
enmnment M d  
annmnments dlner 

042F2 undersmnd people need 
shelter and shelters ddbr 
a-ing to me culture 
ud ma ennrrmment 

04541 krow different aspects of 

hndforms. water, noturd 
ud m n m  tcnMsr 

M5C1 understand there are ndes 
Ir, mea he mnmnment 

045D3 be aware of pbs dated to 
wofkng wth and procecbng 
he enwmnment 

DLdOl be aware of how people 
a k t  lheir enyrronmnt 
(past. present and tuture) 

mlD1 be aware of vanous knds 
of pollrnlon warn lhe 
mmedrate ennronment 

06 1 D2 be aware of ways of 
amUulling pollumn 

ma enwponment lncludng 

~ 

W D 2  be ~ W M  pollubon can be 
dshmentsl to pefional 
he& and pbr 

one m a  of the 
mvuonment may atfen 
oUmr amas of ma total 
.nwOnmBnl 

-people use ennmnrnental 
rewurces as determined 
by their cubre 

OSlCl understand the baslc 
p w s  of round 

O Y K l  rndersmnd vanous 
weather mnditws 

053L1 be aware ot the propernes 
of roc*s 

041 82 understand things change 
oler bme 

045F1 be a w m  pollubon of 

o(5E2 be aware af h a  ways 
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FIRST GRADE FRAMEWORK 

10181 vndenlwd mapr 
ampuw cMnpOnenlL 

10182 underrland funcaon 
01 each of the mapr 
carnpMleMs 

for Wmmg on and off 
mmputer 

101 EM understand operabon of 
mnudnven software 

101 07 be aware 01 #w proper 
awe of mmpuher 
aqrnpmeni 

101C4 be a w m  WchndoW IS 
uood VI our daity times 
(hDme. rchool. buSIneSS) 

ftratwgw~s for pertorming 
m s b  

101 D4 be mare of ~ d ~ m ~ n ~ r y  
slluemenfs of a language 
such as LOGO 

10183 4nw propel SeqODnD? 

101 Dl be a m  of devetopmg 

MWhematltr 

Musk 
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FIRST GRADE FRAMEWORK 

Nelghbors 
14181 undersrandne9hbomoodr 

began at a cartsln point n 
tune md dhang in sue 
urd w r u r c e  over pme 

mlphbahoob are 
mmdepm&nt ud 
mpect ottnr's ngho ud 
plopeny 

bws in ader for?wghboc- 
hoodStoberPte 

l4lD4 undersundsompeople 
work 10 thew mghbomood. 
WhJe others go to dlferant 
ne9hbomoodr to work 

141El underslandindtvtduals and 
funllles UB parts of 
m@Wdmds and Ihese 
m9~bort1oods Fhange 

141Fl understandvanour types 
of nelghbahoocls 

l4lF2 understand some neigh- 
bomoodr haw many 
arlolnl groups whrle 
omarr have only One 

141 F3 understand people may 
mow and become pan 01 
a different neighborhood 

143c3 understand aDzenship 
responslllmer 

141C2 undorst.ndpeoplen 

l4lC4 undersrmdpeoplehew 
J r S S p a d i t y  Obey 

GeWaPhY 
141A3 be mare of he use of 

symbols to represent 
places on graphs and 
m P s  

141A4 bewareoldstance 
tmm home to school 

145A1 be mare how land 

water am reprerented on 
gbber or maps 

bcPmn 01 he Unrted 
Sums and Tennessee a, a 
@be or a map 

145A4 be mare of dracaons on a 
gbbeoranup 

l u l l  understand earth pf our 
home planel 

1 u l 2  understand how shadows 
W Q ~ ~  

153J3 be ware of mS relabon- 
Shlp Ol IheONUl M d  wn n 
changing horn day to mght 

M E - $  Md bodes of 

145A2 knw me geognphe 

Cultures 

Community Scrubs 

141Dt b e a m o f  thoems 
~ M d E e m C a S U d  
hDwheyU9 
mlduc-y- 

14281 undersand he rde of the 
wa-kar has chnged o w  
h a  yeus 

142Cl understand palm onforce 
h e l m s  bad0 not nuke 
Ihem 

142D1 undersand waken wiw 
mnde serums m m  
money to meet needs 
MdWMls 

EOMCOL SUdl  8s polwr, 
and fire fighters with 
roverum trom taxas 

142E1 understand h e  impomme 
dcorvlcawakersn 
mlphbwhoodr 

142E2 understand community 
wvemments employ 
nnws =MOB workers 

l 6 1 A l  underslondnd~wbals' 
d e s  and msponsibilibBr 
u members 01 mmus 
bcal CMnmumlIes 

Envbonmem 

142D2 be awpre people pay for 

141A1 uncbrsfandmnronmsnt 

142Al understand UIO of 

dfees ula m y  homas are 
built 

~ r s ~ c s d t e n  
Qpendent upon the 
o n v l o m r  

l52Fi undersnnd the b . c ~  
noeds and uses of VUI~UL 
plants and p l n t  pms 

154P2 understand van0111 robs 

the onnrmment 

o f p o u ~  
161 D3 recognize UIB enems 01 

0veruowdu-g on Um 
UIvrDnrrmt 

1 5 3 L l  understand fww Rsuk 
nvgd he pas1 

lSlD2 be aware of he pmpersn 
d m a w  m d  I h t  mmr 
rrunon 

@MIS and u)WlUIS P(w In 

161D1 denDtymu~1~Md6lkcO 

Eerly Settlers 

OeoOrPphy aII@a~d O ~ Y  
1-1 undersandhw 

wmBmenIs 
14381 understand rdes of the 

h t t  ~ T C U ~ S  of retUars in 
mir mui=ley 

14581 b . m t U M O h e r  
muney maybedderh.n 
(he Unmed Smres 

munay has changed horn 
the first rertlement to Ihe 
pmsen! 

14582 understandhow our 

Communication 
144A1 be w n m  people csn 

Oommurucum o w  bng 
distanms 

1 W  unbnslond haw natural 
muses may interrupt or 
dostmy means of 
wmmumcabon 

lUB1 be mare 01 come early 
f m r  of a m m u n a t i o n  
and h w  nvenaons hnve 
improwed wmmurueabon 

lC(D1 understand some means 
of communlcPbon cast 
m-Y 

advemse goods and 
WMWS lhtWQh different 
forms of mmmunmton 

IUD2 understand people 

Health and Safety 

161A2 den* charaaensncs of a 
healthy person 

161A4 be mare of healthy 
commumtj charuwnsbcs 

161M understand the mporranca 
and rob of w w s  workerr 
to rmnole good health 

l61Cl undwstand how gems 
m y  be Osnunmed 

lblC2 understandways of pre- 
nnong and Conwdlng 

l6lC3 understand Uw dsfinimn 01 
drrease 

wmmumcable disease. 

161J1 understand vaylng use/ 
vlckr&ng A I 6  

misuse 01 dtugs/medrcnas 
and Uwr en=& on 
mdividuals 

16lJ2 understand Um defirumn ol 
'druo' l n d d w l g  deohol 

01 ftryt ad and rmergency 

ud n r o w  
16111 wdershndttw mpomncr 

asltLUMB 
16112 ldsntdy rnyr of p ~ l ~ n m g  

.ccrdeno 
151A1 understand mbly n ths 

uw Of nuduur 

Growth and Development 

1 4 3 0  underrland mdwiduals 
have rerpcnsibiliues to the 
group whether as a leader 
or as a member 

143C2 understand cooperation i s  
necessaryin worlung with 
a group to compbaeta a I E S ~  

143El understand people belong 
lp drffwent groups for 
drfferenr reasons 

161E1 beawareoftheeffenof 
family rehbonships upon 
mental and emobonal 
hoalth 

161E3 undertblnd lhe roles. 
nspcmsitmkbBs and abilioes 
of lamily members 

16lF1 be aware of factors 
COntnbuOng to indiulduality 

161FZ be aware 01 the imponance 
of expressing emotms in 
healthy ways 

l61F3 Idenhty teelings accm- 
w p g  g r W .  change 
and loss 

of living things 

are alike end $&rent horn 
ober animals 

161E2 understand all living things 
grow, QWlop M d  produce 
neir own kind 

152E1 understand me basic 
needs of a11 animals 

152E3 understand ways animals 
are grouped 

152H2 understand the Qflerences 
among living, once living 
vd non-living things 

l54Pl understand how pbnls and 
annnals are benel~~ml  to 
each olher 

nfomabon may be 
obtained 

161H1 understand basic lanors 
anecbng human growth. 
development and personal 
health 

161W understand lood as a 
source of energy and 
groWm provlded by a 
healthy de1 

16183 undersland lhe mpomnce 
of telling an adult about 
duld abuse 

161 13 be aware 01 sexual abuse 
and knowledge 01 aswrUve 
salt procectm skdls 

152H1 be aware of charactenaics 

152E2 understand how humans 

16181 undersland how health 
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SECOND GRADE FRAMEWORK 
~- 

201c1 underrtpnd ma rolatlonskp 
be- body movement 
M d  ma mess of body 
puu 

29 1 C2 understand me re~ptlonshtp 
between body movemeni 
ud bady cMnpos1tlon 

2P1D1 U n d a W  h Psl.Donshlp 
%ewean music or -IC 
.OmnPMHnent and body 
movement 

a t 0 2  undorsmnd the of 
body movement in the 
oxpressen of ktbngr  
and &as 

291D3 understand che d e  of 
rhythm amvmes in waal 
dovdopment 

Technology 

20181 understand mja 
cornpuler mmpwmts 
.nd h e t r  funcoons 

20183 know proper sequence 
for turning on d o f f  
Computer 

20164 urderstand operation of 
menwdnven oohware 

20187 understand lhe proper care 
01 computsr sqwpment 

2 0 1 a  be awfe  technology 15 
used m our daily lives 
(home school. busines.5) 

201D1 dewdop a strategy tor 
perfonnmg a task 

statmenis of a larguage 
wch EIS LOGO 

2 0 1 m  UnderSlandnJdImentary 
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SECOND GRADE FRAMEWORK 

Growth and Development 

24261 be ~n 0.ch ndmdcpl 
I a m b e r  of ddlerent 
p u p s  n the commurury 

242C2 v n d e ~ t ~ d  how tD sham 
d g n D p a u o n r m a  
P U P  

24203 be-e.chgrwphasa 
*dn wim h r  mspono- 
blbtles to he gmUp 

242E2 underrad ndnduals 
hawards nwchgrwp 
n-moypnllupate 

must nuhe Qarlons .born 
and play mupc m 

wtvch me/ partapate 
261E1 be aware of the nghts of 

ndududs to pamupate n 
YOuPBs mlated to 
personal mmests 

261 E3 undersrand he imporenm 

261A2 understand how good 

242E4 OndeKWld .lob lndmdual 

of cbnl?g feelvlgs 

health prsctrcer promote 
ndwdoal and community 
health 

261C1 be mam 01 swne of the 
-s of Jlners 

261C3 be awue of measures for 
pfevanwlg and conlmllmg 
&=.so 

261Kt be aware of communmte 
&soarer. nduchnp AIDS 

Z6lG1 undersrurdhowdretnry 
hbrr anea health and h e  
toclwr witch mfluenoe 
Ihow-habls 

261 J1 understand he proper and 
mpPper uses of 
m%dcmes. dnrgs. and 
dmhol 

252H1 understand Uw stages n 
he I& cyde ol relened 
organisms 

Ira16 of im and cpden 
252E1 understand 6stinguishng 

Government 

24 1 C 1 be awue Communmes 
h m  dtflemt Ims 
dependng on h needs 
uhd problems of me people 

241C2 be aware every community 
hssumn,formot 
gowmmnt 

24381 bemwelnvEhw 
m g e d  n 00mmrmnms 
C-WQd 

24303 be mm poopla Iuve 
responublnas and nghls 
undefQmhwtdIhe 
ommurury 

243F1 bs wu. Im mud 
Umh.numMI(U.blR 
- c u l a r J q w p s m y  
~ P h r w o ~ M I p W r w e  
ofdiner!mImspo&- 
dnohb 

Envlronmenl 
241A2 tm w 8 m  m m u r u ~ s  

must adaptto bcpxr n he 
mOnmOnt 

24 1A3 be ware he anvronmont 
mautnpwtoroet . 
ns6 

4umtJesatleahe 
Hmonmeni 

261D3 unbtstand*nys n wtvch 
pmpla mncume and 
O M w r y o m W I c B S  

26101 ldenllry ways to reduce 
poltubon 

251C1 undetsmnd hcv round IS 
produced and transmitted 
Md he ~ U I O B S  d round 
pollutton 

25401 wderstand tKw vanouc 

253K1 understand the weather 

253K2 understand how doud 
cy& 

famattons relata to 
ueather mncbmnr 

253M2 understand resourns 
pmnded by bocbes 01 
-tar 

Energy 
254Nl b e r u a r e o f v a n o u s ~  

251C3 understand the sourc86 
01 energy 

and uses of heat and light 
and he mkttonshtp 
behwoen heal and !ght 

251C5 understand how heal 
onsrgy mawr 

254N2 understand haw anergy u 
used n ow mnronmen! 
ud he mpor-tsnca 01 
-UMnganergy 

safety 

2 4 x 1  uncbfrt.ndschoolutery 
rubs 

25161 understand Ufetv rules * uung oledncny 
25182 understand types and uws 

01 .*clnaty 
26112 wdnrt.ndh*m(r,dhe 

mdmdmlrnradent 
-on 

W S  
26113 UnQrsmndwtipmrcDa, 

261J2 U n b r r t a n d I h ~ O l  
medona. dN@s d 
.Imholcnmoamp*tan 
of gMk ud on ImJIDs 
.ndkl.ndl 

24181 underrmndwhy 

24182 understand why some 

24lD2 understand m y  m 

crrmmunlbes tom, 

unnmunmes devobQed in 
acpeafrlomoll 

rnunibec have spuadued 
W m  resulting n (nde ud 
ntardependenoe wllh oWr  
unnmunmes 

have wsrms and wltuss 
hu dnw 

241E1 be aware cornmurums 

WlF1 be aware communitms 
uwnd world UB 
nbrdependenl 

242Fl understand difforont 
d P m s  hsve diflomt 
d e s  for members of har 
OrC+JPS 

24481 understand olher cultures 
haw Oes m he Amencan 
part 

preserve mpMtan1 hmgs 
from he past 

244C1 be aware culhrres have a 
caonp m d m n  01 byahy IO 
lholr country 

ud mascms lor hunger n 
he vorld 

24482 be aware most arltures 

261D2 recognize the exatenm 

Family 

2UA1 wderctsnd a brge uea 

2 4 W  know he locabon of 

253M1 be awuo of Merent 

nuybe shwn ona small 
mrp 

cpecilic amas on maps 

bodes of water 

Cornrnunlty Resources 
4nd Servlces 

243C1 be aware aunmunmes 
h u e  people who make the 
h W 1  M d  people who 
mforoe u-lem 

2UP2 mderstand-money 
pbtsined hom atuens is 
ured to lund vanaus 
community s e m s  

243E2 know people may choose 
careers worlong mth ?he 
bws 

24401 know the major exports 01 
he Unled Sues 

2UD2 understand lhe necessity 
of mpomng resources 
needed for industry 

26181 denbfy cllfenmces among 
heallh wets and 
w)WK=S 

XlB2 understand how 
ansumers are protected 
by laws and regulaaeons 
related to health products 
M d  S8MCeS 

261B3 understand specrat healrh 
Y)MCBS aro avulable lor 
wwaland heanng 
mpired &wduals 

26111 undersland the role of 
nnous community 
resources in prowding 
assistanm for amdenrs 
and dlness 
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THIRD GRADE FRAMEWORK 

Language A m  

Htitrrmttlcs 

lVlutlc 

AR 
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THIRD GRADE FRAMEWORK 

Communltles 

341A1 know speak p&ms wnhn 
Ihs bcJ anmunny  end 
undeNWldharhey M Y  
h g e  

t a i l p c  h b a  conlnbued 
Dtheculmd honmge d 

~ ) n n y  
341c1 ~ ~ O f m o l a ~ d  

HLun of the annmunny 
34lC2 udsnWd*makoc 

h*rr n the communrty 
343C1 uderrbnd hs nbaonshtp 

of bcrl gowfmKms 10 lhe 
~ ~ d m O n s b 0 n  

341 C3 understand issues ud 
canmmr ot he communlry 

341D2 udsfstand how ndnndwlr 
cMrtnbUt4tOthe-C 
p w l h  of he mmmumty 

341 E2 understand ndnduds 
conmbu~ cblterent ckrlls m 
Ihe communtty 

342A1 underslmd~ndtorms. 
dimaie and MIUIBI 
mwf~~d  o b n  determine 

of a oDmrnunity 
342A2 be aware of h e  dabon- 

ship n kamn of one s 
mmmunity to other 
wmmuniDes 

34281 be aware of when and why 
a oommunrty dsveloped 
a d  changes mar may 
hsm oaunwd 

communiaer were 
responabk for produang 
heir own food 

342E3 understand how tech- 
nolopad advures will 
change mmunlves of the 
MWE 

amc of Um waid inlluenoe 
cullunl. . ~ o n a i c  and 
p o b W  aspects of he 
global ammunny 

343A1 undersrmd geographurl 
bamm have mnLtsnced 
te interdependence ot 
mmmurnbss n Ihe Uam 

343C2 understand the ~naeesed 
nlerdependence of world 
cammuruaes h s  bd to 
nlmaDORIl l r w s  

34181 understud how mdmdrul 

~DCMlOn8ndh WWdl 

342B2 undsrsmnd early 

342F1 understlnd how brge 

343D1 tm .wrre gods and 
WMcerUWntenhMw 
bennen mmmulmes a1 

b ~ l .  cam rd 

wmMnmt YO inlsrb- 
pend%ni mm other 
Communtaes n UKJ rrac(d 

361A1 undersmd du, innuence of 
ndv&d h.16.l Upn 
COmmMy ham 

Nbocul b d  
W D 2  mdmtnd har 

Growth and Development 

Environment 
W F l  understand Ihe woM'r 

people depend on each 
other tor resources. pro- 
RDon and m0 rokrbm of 
pmblems 

W C 2  be .rrara governmend 
qenoer .  from local and 
p W n a l ,  k v e  been to-d 
g~ protect me enwronrnent 

E 1  D2 understend how natural 
rerwrcet may be ahr 
used M misused 

ElD3 understand ways 01 
mnserung natural 

E l D 1  uderctand he imporlance 
mswrces 

ot rechnobgy in wise use 
d natural resources end 
he impacl IO humans M d  
the onvuonment 

lSL6 understand how come 
man-made changes can be 
mnholled 

I5601 understand the effecl of 
mlwronmenel change to 
nhalutants 

mncept of habtnt and how 
habfats can be preserved 

WP1 understandthebasbacrc 

Plants and Soil 

tSL1 understand some Iivmg 
and non-ltvmg wmponenls 
Of sod 

K3l.2 understand the ditterent 
kndS 01 I o l l  

b52F1 undersmd how plants 
m u =  

l52F2 understand Uw funcbons ot 
pans of a plan1 

i52F3 &rstand ennrcmmenfal 
t.aorr wh& a((ect plant 
g m h  and how phnu 
.dapl10 me ennrOnmen1 

Solar  System 

35311 undersmndlbe 
oompoahon of h e  solar 
c y r m  

a d  cbtterencer among 
pranets 

35353 understand the earth-sun 
moon relaaonship 

353J4 undersmdman-nude 
satellites and their uses 

353J2 understand Uw similonbes 
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. .  
411G1 m- 

Technology 
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FOURTH GRADE FRAMEWORK 

HlstoryylGeography 

Energy 

45101 understandthe pmcipber 

45182 underctandme types a d  

451B4 understandthe pmaples 

451C1 urubrrtandthepopcwbfs 

452El understand tb m w n g  

of magmmrm 

puU Of OmpkI9 SkJC3lC 
arcuil 

ofconducWn 

of round. heal Md b h l  

compbdty of cellular 
wglnUaBbon from osll to 
wg.num 

Environment 

U2E5 know how lpchnobay M 
make arllures slmllar 

U U 3  understand h w  peopls 
pOrlum h. )ad. wuer and 
ar 

U2E1 understand wByr d hmg 
~ I m m o n e u # e t y t o  
anomn 

some brm of mllgmn 

Q H b p  moms of estab 
Lchrrg .nd mkronp Imr 

U2E6 know all LDQODBS b v e  

u 4 w  undorcmnd an IocooBs 

(tirM understand enMmWnmI 
-rns wlmm h. bcpl 
awnmmdy 

6403 underrmnd hacurbur ad 
mrnl enmnnrmmi 
P r o M e ~ v c V y  

1510( understand he dmrnshp 
b o t w e e o l ~ u d  
h. nHmment 

46182 understand he tde of 
agenaes. groups. laws ud 
crPnQrdsnp- 
oonsum 01 hMlth 
relnmd pmduns 

1l lD1 understandh. Wmrnstup 
bo(ween populaton. urn 
Udmmrmennl 

46lD2 underrtandtheeffecuof 
owr-populebon on .I hHng 
almgr 

U l E 1  understand h w  natural 
t e a m s  of a tugon have 
am- the development 
of cultures and popdabon 
g m  

On, effect of chsngmg 
amosphenc condtlons 

WK2 understand how weather 
pmd~bom are made 

453M1 understand h e  ph-1 
lealures of ocuans 

453M2 understand the retanonshy, 
amonq omm tood chams 

45m3 underrland IeWUrceS 
pmnded by he w a n  

44241 be a w e  people depend 
upon land resoutms and 
must make deasms aboul 
uung mem 

453K1 understend weather m d  

Growth and Development 

4 6 1 ~ 1  tdennfy mnuennal publr. 

agemes and ther d e s  m 
commundy health 

nt lwmng health mre 
COMODS in a community 

ual I$ a prodoEa M d  
consumer of gocds m d  
COMODI 

16181 un&rcmnd momodr used 
m mukenng health relaled 

profssud. and vdunnry 

461*2 Undersland V M W S  ts*orS 

U3D2 underrtand omty d H d -  

prod- 

csrwr u vlfIuencod by 
numerous t-6 

44401 unknrmnd hac pm@e's 
robs in roaely 0h.nge 

U5E1 underslnnd dl f tenms n 
r d e c  wllhm groups 

161c9 understand how to 

U4E2 undersund chotce of 

brh perroMl horlth gMlS 

16101 understand Ihe relaBonship 
of food ad exwase 10 
0oOd-m 

161H1 undersland (he relononship 
balween personal health 
pauses and well-being 

ElFZ mwgnuc people react 
611emnUy m (he same 
UmOn 

661 F3 be aware amons produce 

WlEl  vldersmnd the nature oi 
h n d s h p  and ltw qualibes 
mar make a good fnend 

161E2 undersmnd he tmpacr of 
such factors as peer pres- 
wre. Iamily background. 
M d  wmmuruty standards 
on a porson'S L i e  

161 E3 Undersmd bve and canng 
as b p E ~  human needs 

161F3 underrmd dinerent ways 
n which emonons may be 
mxpiwrsed 

161 14 understand (he difference 
b e m  appropnate and 
mppropnale lwch 

l6lF2 dennfy charactenstics of 
poweve mlerpersonal 
mlaaonships 

161C1 Understand bVeren1 
dasslticabons of diseases 
mduding HIVIAIDS. how 
hoy are spread and 
methods of promaron 

161Jl wdsrstsnd how drugy 
medunes may be used 
properly or misused and 
Ihe d e c i  on indinduals 

161.U mdersland Uw reasons 
why some people choose 
to misuse drugs and 
.Itematwe &aces 

152E2 understand bstingushmg 
characlarishcs of ratecIed 
wfl9brPPs pod 
mvet?ebrates 

452G1 undersland the senswy 
organs mduding their 
(uncwn and care 

Safety 

46164 dennfy gudelines tor 
mnducl when home alone 

46111 understand vanou5 salety 
measures !hat help prevent 
.cedents 

proudng first ad (0 h e  
udc or t q m d  

461U mderslmd basic cteps VI 
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FIFTH GRADE FRAMEWORK 

Language Arts 

Phydcsl Educ8tion 

Technology 
SDlrS2 understand kciomal 

aspens of mthnobgy 
50182 ndetsland tunaions 01 

m a p  computet system 
50163 knew pr- to tfdmte 

Hd tarmlrune equ@,menr 
operanon 

501C1 be ware rechnolopcal 
fundons un aid KI tho 
elfec~ve managmreni of 
MfamSliOfl 

St, 1 U know vnnow ways 
technology s used tn our 
dmiy hves 

50101 dovebps strategy 
(Jgonmm) tor perfomlng 

stdwmnlc oi a IWJh kwl 
language such as LOGO 

SOlEl wderrtpndhw md why 
teehnOrapy ts used tn 
rdrodls. homes and 
busmsres 

8 msk 
50104 undercw Ndnnenlary 
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FIFTH GRADE FRAMEWORK 

U.S. History/Geography 
541Al udentmdheuseota 

ol- grid 
541A2 know Ihe uze. rhspe. 

boundPnss and landforms 
d ( h e U n r t d S 8 W S  

91E1 boowmmofpwp(BlvhD 
CHd m he U n M  S a l e s  
prior a oxplonnon WI 
aolonabon 

54181 m&~~lmdwhyoxpbrers 
UflN b t l  nUy M b Q l S  
reeknpnwmum(othe 
n s t  

M A 1  undsntMda~breswere 
amclclsd and impeded by i 
vpnelv Of h d l o n s .  
dnn8le. \opetabon. unl 
and naPvOl 1050urces in 
(he ruuon 

eau10mlc M d  polibfllr 
masons tor wbruzabon 

mth the Bntlsh led to 
mdependence 

thirteen colonms 
devebpod 

541 E4 understand how elrplvlaon 
of Uw netlon created 
wnfhct 

541C1 undentandhowlawrand 
m~datlons have changed 
a wpewtth Chllnges n 
-tY 
ments were bnned nt 

lebWlS 
541 D l  undentand how the m- 

omy of h e  United States 
nfluencss world economy 

mwmed indushsluabon 
and cabanuauon upon 
careers 

54182 bs a w m  01 mhglous, 

541 83 understand how mnflias 

56281 understand how the 

54 1 C3 undentand why govern- 

-1. and -bWrsl 

541 D2 undershnd the emect of 

541 E2 undenhnd Um influenca of 
migranon and mmlpration 
upon d ~ a l  wmpoapon 

561 E3 undarstnnd how people 01 
the Unmd States have 
YlapDed to many changes 

541F1 undershnd how events in 
Ammoan tnstocy haw 

nflusnod by own& m 
OIher p.5 of the wwld 

54283 undsnPnd haw me bQal 
c y s m  has o v d w  

562c 1 undsntrnd he Ie-rs 
fde in pmmmem 

562c2 LWl&mbmd why &nenul 
formed an gowmment 
Mdkoyldanocncy 
deWbped 

542W udenhnd  the smaure 
and lunc8on of Um Unned 
Smm gove-ni as 
prewnW in the 
QxIcDDJ8On 

nnwnoed .nd been 

Energ ymork 

551A1 underrhnd the falabonship 
01 snnple and complex 
& I W S  

551u UndWShnd Ule &kl Of 
Mchtnes on krce 

551M underrand fie relamship 
of fnmn 10 (he hrmonmg 
of mvhlnes 

55102 understand the bnds and 

554N3 understand why alternative 
anergy b n s  918 impMant 

551D1 understand Ule chmure 
and properbr of matter 

m0learlu muchrre 

Growth and Development 

forms d e n e r o Y  

551134 be 8WOTB Of EtDMC M d  

56111 undwrland the relabonship 

S3F1 underrtand ndndual 

beIwaen human behanor 

deaslonr allect and are 
aliened by naMnal and 
*rorldevontr 

gmups in lhe nabon MY 
Qlfer n buruly SQUdLm.  
language, eels and 
rollpion 

M E 2  understand common needs 
and goals .merge as indl- 
vdudlr mmroct n group6 

W E 3  understand f8quuements 
b r  indindual and group 
ofJo+ts 10 solve problems 
ond rarohrD contkls 

561E3 Underrhnd ha nporrsrve 
Of rocUl rupporl m d  ways 
m develop a pormw 
m- 

S l F 1  UnderrlPndbdm 
nvdved n heallhy 
mla.tronc)ups 

561F3 undsrrtand h w  ocmnc 
pmducemnrecmnoes 

Sic3 uncbrshnd he o h a s  of 
CbBSSOflthebody 

and wcden& 

W E 1  understand vu10us cultural 

- - 
551 I4 undenmd assemye 

wii-ptemon &lulls and 
rdentlfy rBLWfWK !Or 6klll 
assistance 

56182 undentand (he role of 
mnous health relaled 
r p a u b r t s  

dvemung methods used 
m selling heal81 products 

56181 DndeNtand efl6-3 of 
mouons. larnily relabon- 
shrps. and values on the 
rebectlon and use of health 
informanon. prcducu and 
WMCBS 

561 E l  understand importance 
of vanous types and 
patterns 01 interpersonal 
relaoonships for main- 
taming good health 

561G1 understand he eltect of 
bod numentr on healfh 

561G3 undersland h e  relabonship 
of food mlake to total body 
health 

56lH1 understandhe relabonship 
between p e r s ~ a l  health 
cholces and vldvldual 
well-being 

55211 understand rmcmswpic 
organisms 

561H2 understand he tunmons of 
human anatomy 

561E2 understand changes 
.ssouated with puberry 

55262 understand dseases 
usorated wilh tJw body 
cyrtemr 

561C2 understand he role of 
puMlc health personnel in 
proWnMg pnd conuollmg 
(he spread of drreare 

561C1 understand communicable 
&ceases tndudrng 
HIVIAIDS. (~ransmission 
and prevenuon) 

561 13 ldenrfy the charactensbcs 
01 sexual abuse includmg 
nappmpnate and 
appropriate touch 

561 J1 understand how drugsl 
medarms we benefml to 
W-tY 

561 J2 understand why vanws 
commonly used 
wbxencer am no01 
06Mnbd for a heallhy. 
happy lite 

56153 understand conrequences 
Of making cholWS ID 
misuse drugs/medtcines 
and devebp SUaIeQier tor 
say- 'no' 

561 83 urdsntand Um eflect ot 
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SIXTH GRADE FRAMEWORK 

Physical Edutrnlon 
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SEVEMH GRADE FRAMEWORK 

PhyWai EduUtlon 
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SEVENTH GRADE FRAMEWORK 

Tennessee History 

Growth and Development 

Plants and Animals 

75x1 underr~nd the tpxonomc 
dlkUlw Of #W MUtld 
hodwn 

bcdy ryrtams 
752F1 undetstandlhrtbmad 

mxonome divlslons 01 me 
plant krnpdom 

ment of plants snd their 
systems 

75211 understand Ute basic 
sllllcdlm and funcoon of 
@ant ad atumal ualr 

75212 undwrmnd Ihe medurucr 
of calkrlar dnwon 

75213 understand Ihe mpomnce 
01 mlcrorcopr life 

752E2 underrtand the develop 
men1 of enimak and their 

752F2 underrtand me dewlop 

m e r  and Energy 

75lA1 w&rck~~IIhe uw d 
rlmple M d  Compound 
mutuner 

malar 

berween 8WQy and 
mom 

mQtron 

751D1 understand sDysDlre of 

75102 underrtand Ihe daWms& 

75103 understand he laws of 

75101 undontand h w  saenbfr 
IS suhsred and 

nrnrproled 

Envlroment 

761A1 understand n d w d u a l .  
aommumry. Wte. ~ b o n a l .  
8nd ntemamnal 
mwrunmmtal 
mponsklrrer 

76-81 vdsnmd the rob of 
Wwmment n regubbng 
ham pfO&Ctr M d  
88TVIEBS 

01 apMeS M d  
orgenuatum in disease 
OMItml 

76112 UndersOnd f&XOta 
nvolved in asaster 
mDdficaWn M d  amml 

76182 wrdentandIheefie*,Of 

761 C2 udercmd h. role 

adwmung redvlqws 
(adndual and 
muronmenl) 

mvlronmental faclors on 
physical developmenl. 
hdh condmns and 

761 D2 understand Uw muses and 

761 D1 understand Uw influerm of 

WMVd 

ehas ot wald population 
poblW7ls 

affening the earn’s 
weather 

memorolopists in 
precbcling weather 

753K3 underslend how weather 
mnditlons ~onolbule to 
reamenng md erosion 

753M2 understand Ihe physkal 
baaahrras m n d  the dwersify 
d nsourws in the oc8an5 

chlps 01 organisms in 
ecOsys1ems 

753K1 understand factors 

753KZ unckrstand Ihe role of 

754P1 understend Ihe relawn- 
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EJGHTH GRADE FRAMEWORK 

Languegcr Ans 

Physlcol Eduealon 
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ElGKM GRADE FRAMEWORK 

851 B1 mdemtand hMv akCkKlty 
8nd manneusrn are 
produced. measured 
rd used 

S l C 1  udorstand how sound. 
heat and Iyht 4re 
$fo&ced. measured 
rd used 

Space 

ol WIeSBal otqecls 
B53J1 understand the mowmen! 

e w 2  understand how space 
rnhnology has anhanced 
wrknohdpe  
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