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cal interest and can best be studied by highway departments in-
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others. However, the accelerating growth of highway transpor-
tation develops increasingly complex problems of wide interest
to highway authorities. These problems are best studied through
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FOREWORD

By Staff
Transportation Research
Board

The User’s Guide contained herein details strategies for implementing various pro-
grams to provide students with an awareness of civil and transportation engineering
careers, to retain students who have the interest, and to affect curriculums that relate the
relevance of class material to such careers. These programs have been referred to as the
ARC (Awareness, Retention, and Curriculum) model. The Guide supplements previously
published NCHRP Report 347, “Civil Engineering Careers: Awareness, Retention, and

" Curriculum,” which documented the first phases of a three-phase NCHRP project and, in

general terms, suggested the ARC model. This Guide, i.e., NCHRP Report 347-Part I,
covers the third phase designed to expand the ARC model. An agency report is available
also that includes a number of other existing programs and services, catalogued in terms
of the ARC model. The Directory of Programs and Services has been distributed to
NCHRP sponsors with this User’s Guide and is available to others on request.

The overall objective of NCHRP Project 20-24(3), “Expanding the Civil Engineering
Pool,” conducted by the Pennsylvania Transportation Institute (PTI), grew to include
recommendations on various implementable actions that will improve not only the number
of civil engineers interested in transportation careers, but also the quality of those engineers
and the recognition of the increasingly diverse demographics of our population.

Under the first phase, PTI catalogued and described existing techniques that are now
being used to promote among students an awareness of civil engineering career options
as well as those techniques that provide an awareness for mathematics and science studies.
Programs designed to improve upon employee shortages in other professions were studied
to benefit from any similarities in the problem and subsequent solutions. Also under this
phase, 17 focus groups at 4 locations were conducted with students, teachers, parents,
and counselors to gain insight into attitudes on civil engineering as a profession and career
option.

Under the second phase and based on the results of Phase I, PTI recommended a
series of actions that span kindergarten through college. Acknowledging that other pro-
grams promote mathematics and science, the degree to which these recommended actions
stress civil engineering as a career option increases as the level of education increases.
These various actions have been categorized under three themes: Awareness, Retention,
and Curriculum, and are now referred to as the ARC model. The results of Phases I and
I were published as NCHRP Report 347, “Civil Engineering Careers: Awareness, Reten-
tion, and Curriculum.”

Under a third and final phase, PTI produced this user’s guide for implementing the
ARC model and a Directory of Programs and Services categorized by the various ARC
components. The Directory will be provided to all state DOTs and to others on a loan
basis or for purchase ($15.00). Contact the NCHRP, Transportation Research Board, 2101
Constitution Avenue, N.W., Washington, D.C. 20418.
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SUMMARY

CIVIL ENGINEERING CAREERS:
A USER’S GUIDE FOR
AWARENESS, RETENTION,
AND CURRICULUM PROGRAMS

The facts and trends affecting entry into the civil engineering profession require all
concerned with the supply of high-quality civil engineering services to society to rethink
promotion of the profession. Two key trends have developed: white males (the traditional
supply of civil engineers) will reportedly constitute only 15 percent of the net new workers
coming into the labor pool through the end of the century, and ethnic minorities and
women will be the largest addition to the labor pool. Ethnic minorities and women are
significantly underrepresented in civil engineering. Furthermore, the retention rate of
ethnic minority students entering the study of civil engineering is poor. Compounding
the situation, the fastest growing sectors of the nation’s work force will also be competing
for individuals with the highest skill levels.

The overall scope of NCHRP Project 20-24(3) includes the identification, development,
and testing of specific actions that will increase the quality and diversity of the future
supply of civil engineers available to transportation-related agencies. ,

The research activities of NCHRP 20-24(3) were conducted in three phases. Phase I
identified the attitudes and expectations of various parties involved in career-choice deci-
sions. It also documented practices used by transportation agencies, universities, and other
professional disciplines to increase interest in civil-engineering-related careers. Phase II

- of the project used these findings to prepare candidate action plans for increasing the

supply of civil engineers. The goal, objectives, target audience, essential and supportive
elements, implementation concerns, and justification for each action plan were identified
in NCHRP Report 347. These various actions have been categorized under three themes:
Awareness, Retention, and Curriculum, and are now referred to as the “ARC Model.”
The ARC Model contains three comprehensive and interrelated marketing strategies:

1. Heighten the Awareness of the civil engineering profession.

2. Improve the Retention rate of the existing pool of potential civil engineering candi-
dates.

3. Enhance the Curriculum of pre-college and college programs.

Phase III advances particular actions in the ARC Model by incorporating more specific
instructions as to how various constituencies can implement the identified action plans.



This User’s Guide serves as a single-source document that provides a permanent
reference for securing information and guidance available to agencies and organizations
interested in enhancing the civil engineering and transportation profession. It complements
the recruitment and retention initiatives of the American Association of State Highway
Transportation Officials (AASHTO) and the investment of several other constituencies
in the TRansportation And Civil engineering (TRAC) activities and materials.

This report, titled Civil Engineering Careers: A User’s Guide for Awareness, Retention,
and Curriculum Programs, concludes Phase III. It contains 14 sections that provide step-
by-step descriptions of how various constituencies can implement the action plans of the
ARC Model.

A Directory of Programs and Services, which is available as a separate document from
NCHRP, has been produced in conjunction with the User’s Guide. The Directory contains
existing activities of federal/state agencies, professional groups, private/public sector
groups, and educational institutions designed to recruit and retain students (at various
developmental stages) in the mathematics/science, technology, engineering, or civil engi-
neering areas. Each Directory listing includes the program name, a one-sentence descrip-
tion of the program, and the program address, phone number, and contact person.




CHAPTER 1

INTRODUCTION

PROBLEM STATEMENT

The facts and trends affecting entry into the civil engineering
profession require all concerned with the supply of high-quality
civil engineering services to society to rethink promotion of the
profession. Two key trends have developed: white males (the
traditional supply of civil engineers) will constitute only 15
percent of the net new workers coming into the labor pool through
the end of the century, and ethnic minorities and women will
be the largest addition to the labor pool. Ethnic minorities and
women are greatly underrepresented in civil engineering. Fur-
thermore, the retention rate of ethnic minority students entering
the study of civil engineering is poor. Compounding the situation,
the fastest growing sectors of the future work force will be those
requiring the highest skill levels. These sectors include lawyers,
natural scientists, and engineers. More than one-half of the new
jobs will be filled by college graduates.

From 1980 to 1989, the percentage of women conferred civil
engineering degrees increased from 9 percent of all civil engi-
neering degrees to 14 percent. During this same period, the
percentage of African Americans conferred civil engineering
degrees has remained constant, and the representations of His-
panic Americans and Asian Americans have shown modest in-
creases (/). However, women and minorities remain underrepre-
sented relative to their numbers in the population. The Office of
Technology Assessment (OTA) attributes this underrepresenta-
tion to the following seven factors (2):

1. The legacy of discrimination toward women and minorities.

2. Differential treatment applied on the job, especially toward
women.

3. The lack of early educational opportunities for minorities,
especially due to economic, social, and cultural factors.

4. Female socialization patterns that discourage women from
pursing engineering as a career.

5. The continuing expectation that women will continue to
assume the major role in housekeeping and child rearing.

6. The lack of financial support for minorities.

7. The lack of role models and early exposure.

PROJECT OBJECTIVE

The overall scope of NCHRP 20-24(3) included the identifica-
tion, development, and testing of specific actions that would
increase the quality and diversity of the future supply of civil
engineers available to transportation-related agencies. Particular
attention and emphasis have been placed on the implications of
changing demographics on the future work force.

RESEARCH APPROACH

The research to expanding the civil engineering pool was
comprised of three phases. Table 1 contains an annotated outline
of the key elements of each phase.

MARKET RESEARCH STUDY

The principal means of field data collection in Phase I was a
market research study designed to determine how people make
career-choice decisions and what underlying attitudes and per-
ceptions they have about civil engineering and other professions.
A qualitative research method known as the “depth group” or
“focus group” was used. The study was conducted by The Brand
Consulting Group, Southfield, M1, and coordinated by the Penn
State study team, with assistance from the study consultants
located at the field data-collection sites. ' .

A total of 17 focus group sessions were conducted in 5 loca-
tions. Selected groups consisted entirely of African-American
or Hispanic-American subjects, while the balance were ethnically
mixed (although predominantly Caucasian). All groups contained
a mix of male and female participants.

Phase I identified several fundamental obstacles facing the
civil engineering profession in general, and the future pipeline
of entrants:

1. An image problem exists for the civil engineering pro-
fession.

2. Institutional barriers exist that contribute to increasing attri-
tion rates among high school and college students.

3. Changes are necessary in pre-college and college curricula
if enhancements are to be made in mitigating items 1 and 2
above. ’

THE ARC MODEL

As a result of the Phase I research, the Awareness, Retention,
and Curriculum (ARC) Model was developed as a recommended
course of action to enhance the pool of civil engineers. Three
interrelated market strategies targeting different developmental
stages of the potential future civil engineer were developed:

1. Heighten the Awareness of technology, engineering, and
civil engineering.

2. Increase the Retention of the existing pool of future civil
engineers.



TABLE 1. Highlights of the key elements of the NCHRP project

Phase 1. Data Gathering

o Document practices used by undergraduate civil engineering and engineering technology programs,
and state transportation agencies to increase interest in civil engineering and related careers.

e Document practices used by other professional disciplines to address their labor shortages.

¢ Identify the attitudes and expectations of various parties involved in civil engineering career-
choice decisions, by means of a market research study. '

e Prepare an interim report that serves as a catalog of current practices and summarize the early

findings of the market research.

Phase II. Prepare Implementation Actions Plans

¢ Convene entire project team to review interim findings and identify candidate action plans.
® Prepare candidate action plans for increasing the supply of civil engineers.

 Prepare a comprehensive research report on Phase I and II activities.

Phase III. Produce Manual of Selected Techniques

¢ Develop, test, and refine selected actions.
¢ Produce manual of selected actions.

DEVELOPMENTAL STAGES
Sltlf'i::ge;es Pre-College (grade level) College (year of study)
K-6 7-8-9 10-11-12 1-2 34
The o The - The Civil Intro to Summer/
AW ARENESS Environment Engineer Engineer Civil Engr. = Co-0p
Disciplines Employment
Field Trips = Role Models =  Peer Mentors Clustering = Professional
RETENTION Montos
Technology _, Mathematics and Introduction - Project
CURRICULUM Applications Science Emphasis . .
to Design Design

Figure 1. ARC model.

3. Modify the existing Curriculum from kindergarten
through college. o

Figure 1 illustrates the organization of the conceptual model and
identifies the specific strategies of the ARC Model.

The ARC Model argues that to successfully enhance the civil
engineering pipeline, future marketing strategies must consider
awareness, retention, and curriculum issues in the development of
individual action plans. Specific objectives must likewise be de-
fined at each developmental stage of the model for the pool of
potential engineers.

As one proceeds through the developmental stages, a selected
objective becomes more narrowly defined (from global engineering
to civil engineering to the specialties of civil engineering). Simi-
larly, as one proceeds from the awareness strategy to the retention
strategy to the curriculum strategy, the target audience also narrows.

Awareness strategies target both the potential pool and the influ-
encers (parents, teachers, counselors, and practicing professionals).
The retention strategies tend to be more personalized. Curriculum
strategies intimately affect the students (and teachers).

RECOMMENDED PHASE II ACTION PLANS

Fifteen candidate action plans were developed in Phase II of
the research to address specific issues at each defined develop-
mental stage. The goal of each recommended action plan is cited
in Figure 2. If the ARC Model were fully implemented, the
awareness, retention, and curriculum strategies applied at the
pre-college developmental stages should reduce the need for the
college actions.

PHASE Il ACTIVITIES

The principal means of field data collection in Phase III were
telephone interviews with established programs. These inter-
views were designed to gather specific details regarding imple-
mentation issues of the existing programs. A total of 21 inter-
views were conducted with professional engineering societies,
State DOTs, and universities. A great deal of variation existed
between the types of programs, age groups, and objectives of
the contacted programs.



Pre-College University
Market Engineering/Non- Civil Engineering
Strategies Elementary Junior High Senior High Engineering Students Students
(Grades K-6) (Grades 7-8-9) (Grades 10-11-12) (Freshman/Sophomore) (Junior/Senior)
AWARENESS ARC-1 ARC-4 ARC-7 ARC-10 ARC-13
Discuss technology and Present engineering as a Provide civil engineering || Provide engineering Provide information
global engineering. career alternative with an | career information. career information to: regarding the
introduction to civil ¢ Civil engineering disciplines within
engineering. students civil engineering.
¢ Students in other
majors
¢ Students at other
institutions
RETENTION ARC-2 ARC-5 ARC-8 ARC-11 ARC-14
Build confidence in Maintain confidence in Promote and retain Retain and graduate Retain and graduate
mathematics and science. | mathematics and science. | technical interest. civil engineering engineering
students. students.
CURRICULUM ARC-3 ARC-6 ARC-9 ARC-12 ARC-15
Integrate early relevancy | Encourage further pursuit { Complete mathematics Integrate early exposure | Integrate design
of mathematics and of mathematics and and science to engineering/civil projects
science. science. requirements. engineering disciplines. | (collaborative
learning) into the
curriculum.

Figure 2. Goals of the candidate action plans.




The following list of organizations and programs were inter-
viewed:

American Chemical Society—Chemistry Olympiad

American Chemical Society—Pre-High School Science
American Society of Civil Engineers—Recruitment Programs
CALTRANS—Adopt-A-School

Institute of Transportation Engineers—Outreach Program
Junior Engineering Technical Society—*“TEAMS” Competition
Math/Science Network—Expanding Your Horizon Conferences
Michigan DOT—Aim for Civil Engineering Program
"National Society of Professional Engineers—Discover “E”
National Society of Professional Engineers—MATHCOUNTS
Penn State University—Ms. Wiz

Penn State University—Summer Space Academy

PRIME, Inc.—Intervention Programs

Rockwell International—Education Motivation Program
Rockwell International—Youth Motivation Program

SAE International—A World in Motion

Society for Mining, Metallurgy, and Exploration, Inc.—Mineral
Information Institute

Society of Hispanic Professional Engineers—Advancing Careers
in Engineering

Texas DOT—Grants for Minorities

Texas DOT—Texas Alliance for Minorities in Engineering
"University of California, Berkeley—Family Math

USER’S GUIDE

The culmination of Phase III of NCHRP Project 20-24(3) is

this User’s Guide, which was designed to assist a broad-based
constituency in implementing the ARC action plans (see Figure
3). This document provides a step-by-step description of how
various constituencies can actually proceed with the implementa-
tion of identified action plans. It serves as the single document
that provides the “permanent literature” function for securing
information and guidance available to agencies and organizations

NCHRP
Phase 1 & 11
Research Reports

AASHTO
Recruitment &
Retention Guide

TRAC
Materials

Figure 3. Function of the User’s Guide.

interested in enhancing the civil engineering and transportation
profession. The User’s Guide complements the recruitment and
retention initiatives of American Association of State Highway
‘and Transportation Officials (AASHTO) and the investment of
several other constituencies of the TRansportation And Civil

_engineering (TRAC) activities and materials.

A Directory of Programs and Services, which is available
as a separate document from NCHRP, has been produced in
conjunction with the User’s Guide. It contains existing activities
of federal/state agencies, professional groups, private/public sec-
tor groups, and educational institutions designed to recruit and
retain students (at various developmental stages) in the mathe-
matics/science, technology, engineering, or civil engineering
areas. Each Directory listing includes the program name, a one-
sentence description of the program, and the program address,
phone number, and contact person.




CHAPTER 2

INSTRUCTIONS FOR USING THIS MANUAL

The User’s Guide is arranged according to the three program
elements of the ARC Model: Awareness Programs, Retention
Programs, and Curriculum Programs. Fourteen specific action
plans have been identified and are presented as one of the respec-
tive ARC Model element(s). Each action plan has been prepared
" as a stand-alone document. For example, all of the steps and
information necessary to implement a school presentation pro-
gram are provided in the “School Presentation” section under
Awareness Programs. The various sections of the User’s Guide
contain some repetition of information because it is anticipated
that individual actions may be implemented without reference
to other action plans. As such, the action plans of the User’s
Guide do not have to be read or applied in any particular se-
quence.

Each action plan contains an identifying header running along
the top of every page. The three boxes contained in the header
illustrate whether the action plan is classified as awareness, reten-
tion, or curriculum. The ARC target audience of the action plan
is listed on the first page of each program section. The first
page of each action plan also provides a brief description of the
program and an estimate of the resources (time, money, person-
nel) required to institute each type of program.

The remainder of each action plan recommends a series of
“steps” to implement a particular program. A banner running
down the right side of each page identifies the step and depicts
the range of associated discussion. Helpful hints about each
program are presented in shaded boxes interspersed throughout
the steps of each section. Occasionally, caution statements (ac-
companied by a diamond symbol) are provided to alert the reader
to possible obstacles or problems with program implementation
that have been experienced by established programs.

References to other sections of this manual or other documents,
where appropriate, are provided in shaded boxes. The end of
each program section of the User’s Guide contains specific refer-
ences to the Directory of Programs and Services. The Directory
contains existing services and programs reported by various fed-
eral/state agencies, professional groups, public/private sector
groups, and educational institutions to recruit and retain students
(at various developmental stages) to the mathematics/science,
technology, engineering, or civil engineering areas.

NOTES ABOUT SELECTED ACTION PLAN STEPS

This section contains several comments about selected steps
presented in the various programs of the User’s Guide.

Form a Committee

The first step in many of the program sections is “Form a
Committee.” This step is optional and depends upon the size of

the planned program and the agency implementing the program.
For larger awareness, retention, and curriculum programs, many
established programs suggest forming a committee for a number
of reasons. The main reason is that forming a committee is an
excellent way to gather a diverse group of people to gain their
input and expertise in designing a successful program. A commit-
tee can also help divide the responsibilities of implementing a
new program among several smaller subcommittees. Tasks such
as recruiting volunteers and corporate sponsors, developing com-
petition rules, or marketing the program can be delegated to
subcommittees rather than having two or three people do ali of
the tasks.

For programs that are smaller in scope, forming a large com-
mittee is not necessary when two to three people can implement
a particular program. An example of a program not requiring a
full-fledged committee is a School Presentation program tar-
geting only one or two schools.

Determine a Target Audience

An important step in implementing a new program is choosing
the target audience. In most action plans of this publication, this
step is included in “Form a Committee.” Determining a target
audience for a program should be one of the first tasks that a
committee or program director undertakes, because the audience
chosen will affect the goals and design of the entire program.
Grade level, ethnicity, gender, interest in mathematics and sci-
ence, and grade point average are just some of the considerations
in choosing a target audience. The Phase I market research has
revealed that actions to implement the ARC strategies must vary
with respect to the developmental stages of the target audience.

The attributes of the various developmental stages as presented
in NCHRP Report 347 are briefly provided in the following
sections. These attributes give an indication of the different issues
that need to be addressed in programs for each target audience

3).

The Early Years (K-6)

It is widely acknowledged that children begin to formulate
career impressions at a relatively young age. They acquire opin-
ions of the work people do, the kind of people employed in
various occupations, the compensations offered, and the abilities
required for acceptable performance. On the basis of these im-
pressions, they enthusiastically embrace some occupations as
possible careers for themselves and absolutely remove others
from present or future consideration. Accordingly, presenting
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children (along with parents, teachers, and counselors) with posi-
tive images and impressions about general (i.e., global) engi-
neering may begin at the elementary level. Capturing their aware-
ness of how engineering relates to the needs and functions of
society (early relevancy), of the interrelationship of work and
learning, and of the importance of educational achievement to
opportunities in an engineering career (along with building confi-
dence) are among the first steps toward increasing technological
awareness.

Junior High (7-8-9)

This level is a transition period between general and special-
ized education. Exploration and planning are important for stu-
dents (and parents) at this level. Timely, relevant, and accurate
information about engineering with an introduction to civil engi-
neering may be introduced at this time. Through this awareness
and exploration of engineering, answers can be offered regarding
(1) the amount and type of education needed for entrance; (2)
the content, tools, settings, products, or services with which
engineering is associated; (3) the potential of such an occupation
to satisfy personal interests; and (4) the potential of such an
occupation to provide the type of lifestyle desired. With such
answers, planning (and relevant course choices) for the next
education level will start at the appropriate time. Keeping in
mind the continuing need to instill confidence and the relevancy
of mathematics and science is essential.

Senior High (10-11-12)

Providing students (and parents) with specific career informa-
tion regarding civil engineering and its specialties continues
through the senior high school level. It is at this stage where
career choice—real or perceived—takes place. Technical interest
must be maintained. Preparatory classes to pursue undergraduate
work must be completed. Role model and mentoring activities,
coupled with summer employment opportunities, workshops, use
of information systems, and participation in intervention pro-
grams contribute to the retention of the student’s interest.

College

Engineering freshmen with undecided majors, students in other
scientific colleges, and students in junior college and vocational-
technical schools could be motivated to investigate and pursue
civil engineering if made aware of civil engineering. Junior col-
lege and vocational-technical students are individuals that tradi-
tionally have not entered the civil engineering pipeline. Returning
adults is another group to be considered. It should also be recog-
nized that many students’ decisions at the undergraduate level
may well be short-term compromises. As such, the importahce
of continual professional development must therefore be instilled
in the graduate.

CHAPTER 3

AWARENESS PROGRAMS

As stated in NCHRP Report 347 (Part 1), images are recruiting
mechanisms. The research from Phase I of the project showed
that civil engineering has a poorly defined image among students
(the pipeline) and their adult advisors (influencers). Image re-
sponses that are nonexistent, unflattering, or inaccurate are rea-
sons for dismay. Furthermore, engineering, in general, was found
to be seriously misunderstood. A large number of engineering
students in the focus groups stated that they had no comprehen-

sion of the engineering profession when they entered engineering -

school. Accurate, timely, and relevant information must be pro-
vided to students at all developmental levels and their influenc-
ers (3).

The seven Awareness Programs contained in this User’s

Guide, with the exception of Career Fairs, are applicable to
students in grades K~12 and college. Career fairs are geared
toward older students in grades 7-12 and college. Some strategies
for the involvement of engineers and transportation professionals
in Awareness Programs include: making classroom presentations
about the field of engineering, distributing printed guidance mate-
rial and videos about engineering, attending career fairs to answer
questions about engineering, and holding field trips and open
houses to interest students in engineering. All of these awareness
strategies help engineers and transportation professionals
heighten the awareness of technology, engineering, and civil
engineering among K-12 students and college students.
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ACTION PLAN: AWARENESS PROGRAMS
| FOR |
ELEMENTARY SCHOOL STUDENTS

What are Awareness Programs for Elementary School Students?-

Awareness Programs in this manual refer to school presentations given by engineers to elemen-
tary school classes. Research has found that presenting children with positive images and impres-
sions about general (i.e., global) engineering may begin at the elementary level (/). These
programs need to demonstrate how engineering relates to society and the importance of studying
math and science. Distributing coloring books about engineering or school supplies with an
engineering agency's logo to students during the presentation helps to generate a sense of excite-
ment about engineering.

What are the resources necessary to begin?
Time:

Depending on the size of one's program and the activities planned, about 1 month will be needed
to plan and develop the awareness program.

Money:

Since volunteers will be recruited from. within one's agency to give presentations in schools,
expenditures for awareness programs will be minimal. Expenses will be primarily for hands-on
activities or printing school supplies with the agency's logo.

Related Resources:

1. One person from the agency should be appointed as program director to coordinate the
awareness program.



10

RETENTION ||CURRICULUM

2. A minimum of two engineers should be recruited as volunteers. Most established programs
suggest sending pairs of engineers into schools to make presentations. If the program is
especially targeting women and minority students, it will be important to have women and
minority engineer role models.

3. A commitment to participate in the program should be obtained from at least two teachers in

the targeted school. This is especially crucial for the elementary level, since volunteer engi-
neers should work closely with teachers to develop their school presentations.

Implementation:
Follow the set of steps below for developing awareness programs for elementary school children.

The Directory of Programs and Services contains a list of awareness programs for elementary
school students to contact for more information to help make your program a success!

Design a Presentation

The main goals of an elementary school presentation should be to introduce students
to the field of engineering and to generate enthusiasm about studying mathematics and
science. Each team of two engineers will be responsible for designing their own
Cclassroom presentation. The team should work very closely with the teacher of the
class to which they will be speaking. An elementary teacher can give valuable input as
to what should or should not be included in the presentation. For example, the
teacher can advise the volunteer engineers if the activities they have planned are too
advanced for the targeted grade level. The teacher can also tell the engineers what
types of questions to expect from the students and how long to make the presentation.

Some established programs have developed videos and written material to
help prepare engineers and scientists to visit and interact with elementary
classroom students. For more information, contact:

Chemists in the Classroom American Chemical Society
Pre-High School Division
1155 16th Street, NW
Washington, DC 20036
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Sharing Science with Children: A American Association for the
Survival Guide for Scientists and Advancement of Science (AAAS)
Engineers 1333 H Street, NW

Washington, DC 20005-4792

Short hands-on activities will make the presentation more interesting to students.
Hands-on activities are designed for students to work individually or in groups to
stimulate the students' interest in scientific or technical areas. These activities provide
students with an experience as well as an awareness of how mathematics relates to the
outside world. Hands-on activities generally take more time than an ordinary presen-

-tation. For this reason, be sure to inform the classroom teacher before the presenta-
tion about any hands-on activities that will be included in the presentation.

It is not necessary to invent one's own hands-on activities. Many established programs
listed in the Directory of Programs and Services (e.g., Discover "E," Expanding Your
Horizon Conferences) have kits with ideas for hands-on activities that can be con-
ducted in the classroom.

Distributing engineering coloring books, book marks, or school supplies at the end of
the presentation will help students remember the presentation.

Contact Schools

The next step to implementing an awareness program is to contact schools and let-
them know one's agency is interested in speaking to their elementary students. A
commitment to participate in the program should be obtained from at least two
teachers in the targeted school. This is especially crucial for the elementary level,
since volunteer engineers should work closely with teachers to develop their school
presentation.

Most successful established programs suggest starting out the first year by only having
one or two schools participate in the program. This will keep one's awareness
program small and manageable and give the volunteers a chance to refine their
program presentations. Following the first few school presentations it should be easy
to identify the parts of the program that are working and the parts that need rev1smg
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Some things to consider when contacting schools include
o Student grade level,

o Student interest in mathematics and science, and
o Student ethnicity.

Recruit Volunteers to Make Presentations

The number of volunteérs that will need to be recruited depends on the number of
contacted schools interested in one's program. However, most established programs
recommend sending volunteer pairs of engineers into schools to make presentations.
With two engineers present, the engineers feel more comfortable and the presentations
are more interesting to school children.

Ideally, the engineers chosen from one's agency as volunteers should be professional,
friendly people who are enthusiastic about the field of engineering. They should also
possess good communication skills and be comfortable around young children.

Some established programs have had problems recruiting volunteers during initial
program development without offering incentives. However, awareness programs for
elementary students are generally very short presentations lasting no more than 1 or 2
hours in the classroom. Even preparing the presentation takes a very short amount of
time (several hours at the most). Most program directors stress that personal contact
is the key to getting people to volunteer for one's program without other incentives.

Following is an additional idea to encourage volunteers:

* Time off during normal work hours to make school presentations.

Implement, Then Evaluate the Program

Even though the target audience of one's presentation is elementary school children,
the program should still be evaluated to assess the overall impact of the presentations.

The easiest way to evaluate this type of program is to simply ask students three or four
questions at the end of the presentation. Example questions include: What did you
like about the presentation? What didn't you like? and so on. Keep this session brief
and remember the age of the school children when phrasing the questions.
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The program director should also formulate and distribute questionnaires to teachers
and volunteer engineers to assess their opinions about the awareness program.

Need more information?

The agencies listed within the Directory of Programs and Services, " Awareness Pro-
grams for Elementary School Children," have successful elementary awareness pro-
grams. They can be contacted for more information, help, or ideas.
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ACTION PLAN: CAREER FAIRS

What are Career Fairs?
Career fairs are a chance for established professionals to visit schools and provide students with

~ information regarding careers in civil engineering. It is also a chance for civil engineering faculty
from universities to provide details about college engineering curricula for school students.

What are the resources necessary to begin?
Time:

In general, it should take very little time (under 1 month) or planning to become involved in a career
fair.

Money:

Since career fairs only last 1 or 2 days and the agency will recruit volunteers from its personnel to
staff the display and answer questions, expenditures for career fairs will be minimal. If necessary, the
updating and printing of the agency's recruiting materials (brochures, posters, displays, etc.) will be
the agency’s primary expense.

Related Resources:

1. There will need to be one person from the agency appointed to coordinate the career fair presen-
tation. This person should contact local schools, recruit volunteers within the agency, and evalu-
ate existing recruiting materials (brochures, posters, etc.). '

2. Several volunteers (two or three) will also be needed to staff the display and answer questions.
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Implementation:
Follow the set of steps below for developing career fairs. The Directory of Programs and Ser-

vices contains a list of career fairs to contact for more information to help make your program a
success!

Select the Target Audience for the Program

The first step in designing a career fair program is to select a target audience of stu-
dents. The target audience of the program will influence the type of presentation and
the printed guidance material used during the career fair. For example, a coloring
book about the engineering profession would be inappropriate at a junior high school
career fair. Also, employers at college career fairs emphasize the job opportunities and
benefits within their company to try and interest graduating engineers in a full-time
job. However, employers at junior high school career fairs try to interest students in
pursuing a career in engineering.

Career fairs can target any student group from junior high school to college. Some
things to consider when deciding upon a target audience include

e Student grade level,

e Student interest in mathematics and science,
* Student ethnicity and gender, and

* Student grade-point average.

Contact Schools

Most junior and senior high schools and universities have at least one career fair
per year. During Step 1, contact local schools and universities and let them
know the agency is interested in participating in their school's career fair.

For more information about contacting schools:

See p. 41 of "School Presentations”




16

RETENTION || CURRICULUM

Evaluate Existing Recruiting Materials

Take some time before attending a school or university career fair to review the
agency's career information (brochures, videos, posters, displays). The best way to do
this is to solicit opinions about the literature from several people in one's department.
Get together a group of three or four engineers who work for the agency and have
recently graduated from college (4). Remember to include women and ethnic minori-
ties in this group. Next, solicit the group's opinion regarding the agency's existing
recruiting materials.

Remember the target audience when evaluating the printed
materials.

As stated in NCHRP Report 347, keep in mind that the information must be
accurate (current) and provide the following (3):

=) Definition of civil engineering and its subdiscipline areas;

= Salary structure (short-term and long-term ranges);

=) Working environment (office and field);

= Advancement potential (managerial, technical, entrepreneurial opportunities); and
= Education requirements.

For more information about evaluating existing guidance material:

See p. 33 of "Printed Guidance Material." ‘
See Chapter 2 of the AASHTO Recruitment and Retention Guide.

Recruit Volunteers to Participate in Career Days

Ideally, your volunteers should be professional, friendly people who have worked for
the agency for several years. Try to encourage women and minority engineers in the
agency to volunteer to participate as role models. Since the amount of time to volun-
teer is minimal, it should be relatively easy to recruit enough volunteers to staff the
display.
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Implement, Then Evaluate the Program

Why is evaluation so important?
There are several reasons why evaluation is critical to the program's success:

¢ The overall impact of the program can be assessed.

* The effectiveness of the volunteers can be evaluated.

e The impact of the printed career information (brochures, posters displays)
can be assessed.

For more information about prdgfam’evaluation dcveloped by the
U.S. Dcpartmcnt of Education (5):

See p. 62 of "Mcntonng Programs

Need more information?

The agencies listed within the Directory of Programs and Services, "Career Fairs,"
have successful career fair programs. They can be contacted for more information,
help, or ideas.
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ACTION PLAN: CONFERENCES

What are Conferences?

Conferences give groups of students the opportunity to meet engineering role models, gain career
information about the field of engineering, and participate in hands-on mathematics and science
activities. Conferences are defined by the activities they aim to address. For example, career confer-
ences are characterized by resume and interview workshops. A common component of many engi-
neering-related conferences is to stress the importance of mathematics and science.

What are the resources necesSary to begin?
Time:

Depending on the size of the program and activities planned, a minimum of 5 to 8 months will be
needed to plan and develop the conference.

Money:

The budget needed for the conference will depend on the size and scope of the conference as well as
the resources that are available. For example, the greatest budgetary expense will be renting a
facility in which to hold the conference. If there is a way to have the facility donated, the conference
expenditures can be greatly reduced. Another significant expense incurred by the conference will be
materials needed for hands-on activities and lunch for the participants (optional). Established pro-
grams estimate the total cost of a conference to be between $3,000 and $4,000.

Related Resources:

1. A committee of at least six or seven people will be needed to design the conference.

2. One person from this committee must be appointed to serve as program director.
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3. It will also be necessary to recruit volunteer conference speakers and role models. A
guideline from established conferences is that there should be between 6 and 12 volun-
teer engineers per 100 students to conduct the hands-on activities, portion of the
conference. '

Implementation:

Follow the set of steps below for developihg mathematics and science conferences. The Directory of

Programs and Services contains a list of conference programs to contact for more information to help
make your program a success!

Form a Committee

The first step to planning the conference will be to form a committee to develop and
design the mathematics and science conference. However, this step is optional and
depends on the size of the planned program and the agency implementing the program.
For programs that are smaller in scope, forming a "full" committee is not necessary
when two or three people can implement a particular program.

Even though only three to five people are necessary to organize a larger size confer-
ence, established programs suggest including at least 10 to 12 people on the commit-
tee. The committee should be large enough to facilitate fund raising and locating
conference speakers. Remember to include teachers, school administrators, parents,
and professionals from industry on the panel. Teachers and school administrators are
especially important to include because they can offer valuable input about the math-
ematics and science content of the conference.

At this time, one person within the committee should be appointed to serve as program
director. The director not only coordinates the program but also serves as the point of
contact for questions and information about the program.
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Committee responsibilities will include =

e Establishing goals of the conference;

» Determining the target audience of the conference;

¢ Raising funds for the conference;

Offering suggestions and comments about program content; and

o Deciding on the method that will be used to evaluate the conference.

Set Goals and Determine a Target Audience

Before the content of the conference can be developed, it is important for the committee
to define the goals of the conference. All of the activities included in the program will '
be chosen to meet the goals selected in this step. There are two types of goals that can

be defined: behavioral goals and attitudinal goals. The effect of a behavioral goal is a
change in behavior and the effect of an attitudinal goal is a change in attitude. Your
committee can define one goal or several goals depending on the size and scope of the

conference.

Following are several example goals from established conferences (7):
¢ Portray mathematics and science activities as exciting.

* Provide conference participants with role models who are women
working in fields that rely on mathematics and science.

¢ Encourage students to continue to enroll in mathematics and
science classes.
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A target audience for the conference program should be selected in conjunction with
the goals of the conference. The target audience should be as specific as possible
since the audience will influence the activities and academic content of the program.
Conferences geared toward an elementary audience should primarily consist of short,
hands-on activities that emphasize simple mathematics and science concepts as
exciting. In contrast, conferences for a high school audience may include a career
panel discussion with engineers or a college planning workshop.

Review existing conference models with the committee. Generally, the best approach
to plan the conference is to adopt an existing conference model for the specific site.
Next, alter and adapt this model to fit the conference goals.

Develop the Conference Schedule

Established programs have found that the most effective element in their conference is
hands-on activities. Hands-on workshops are designed to stimulate the students’
interest in scientific or technical areas or to help them broaden their image of math-
ematics. These activities provide students with an experience as well as an awareness
of how these fields of study relate to the outside world. There is no need to create
your own hands-on activities, since established programs have numerous ideas and
suggestions of hands-on activities.

Established programs suggest giving the primary responsibility for developing the
hands-on workshops to the volunteers recruited (7). Each committee member should
be paired with one volunteer to help them develop a hands-on activity. The topic of
the activity should relate to the volunteer's field and not be too advanced for the target
audience. The only other activity constraints are that the activity needs to be short
enough to finish during one session and cannot require expensive or unattainable
equipment. The volunteer speaker will need to thoroughly explain the activity and
how it relates to the outside world.

It may also be useful to include career discussion panels in the conference. However,
remember the target audience before adding this activity. Career panels are most
effective for older audiences (e.g., high school audiences). To begin the discussion,
speakers on the panel should discuss their education, career challenges, and what made
them choose their profession. Next, the audience can be either broken into small
groups or remain in one large group for the panel question-and-answer session (7).
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Develop a Budget and Recruit Outside Sponsors

As stated previously, the budget required for one's conference will depend on the
size and scope of the conference and the resources available. There are several )
different approaches to budgeting, budgetary cycles, and preparing the actual budget
(8). Established programs suggest having the committee construct a list of the
materials (i.e., brochures, food, activity materials) necessary for the conference and
their cost. Next, the resources available to the committee can be used to acquire
many items through donations. Consider the number of rooms needed for the
workshops and special equipment that the facility will have to provide. For ex-
ample, a high school administrator could donate the school's facilities for a Saturday
afternoon.

The committee should also decide during this step whether a registration fee from
conference participants will be necessary. If collecting a fee is necessary, remember
to keep it very small. Established programs have commented that charging a regis-
tration fee is a good idea, since it forces students to make a commitment to attend
the conference (7).. :

The final decision that the committee will need to make during this step is whether
or not outside sponsors will need to be recruited. Soliciting corporate sponsors is a
very time-consuming task and the benefits should be weighed carefully against the
time expended.

Here are some tips on recruiting outside sponsors (7):

1. Select possible sponsors of the conference from state or local boards of
education, colleges, teachers' organizations, PTA's, professional and social
organizations, and businesses (those with stated affirmative action goals).

2. Don't waste time randomly contacting business agencies unless someone
on the committee has a business contact.

Gauge what sponsors are likely to give before asking for money. Past
contributions to other organizations will provide an indication of the relative
amount of money to expect from an agency.
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4. Remember that sometimes "in-kind" contributions are just as valuable as
monetary contributions. "In-kind" donations do not involve cash exchanges
but involve donations of services (for example, secretarial help or printing
and mailing services).

When contacting potential sponsors, explain the focus of the conference
and the budget situation; then ask for a donation.

Recruit Volunteers

The number of volunteer conference speakers needed depends on the size of one's
program and the goals set by the committee set in Step 2. Generally, established
programs suggest recruiting 6 to 12 volunteer speakers for every 100 students.

It is important that speakers be chosen carefully! If one's program is especially target-
ing women and minority students, it will be important to have women and minority
engineer role models as conference speakers. One's volunteer presenters should be
professional, friendly people who are enthusiastic about engineering. It is also helpful
to enlist younger volunteers (e.g., college graduate students) so that students can
identify with them.

Ask for suggestions from the committee about possible conference speakers. (It should
already be known what fields the speakers will represent at the conference based on the
goals that have been developed.) Use committee members' contacts to recruit speak-
ers. Established conferences also suggest contacting colleges and professional societies
for names and recommendations of possible speakers.

Here are some tips on recruiting volunteer conference speakers (7):

1. When initially calling potential speakers, remember to mention the name of
the person who recommended them. Clearly state the purpose of the confer-
ence and the topic the volunteer is being invited to address.
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2. Ask potential volunteers if they would be interested in leading a hands-
on workshop relating to their field. Also ask them if they would be
willing to do the workshop more than once.

. Several days after the initial call, confirm the time and date of the confer-
ence in writing. It is also recommended that the volunteer be provided
with more information about the conference (i.e., conference brochure,
tentative activities schedule, etc.). -

. Finally, if volunteer speakers are unavailable to participate in this con-
ference, ask them if they would be willing to participate in a future
conference. They could also be asked to recommend someone as a
potential conference speaker in their field.

 Publicity for the Conference

There are two different ways to publicize the conference: by personal contact and
through the media. Personal contact is accomplished by having committee members
spread the word about the conference to their friends and school contacts. Several
members of the committee should also be appointed to contact mathematics and
science teachers of the targeted grade level at local schools and provide them with
information about the conference. Remember to include specific information about
how students can register for the conference.

The media, specifically radio and newspapers, can also be used to provide information
about the conference to the local community. Radio stations will usually do free
community service announcements. Likewise, newspapers will usually print press
releases. This can be accomplished by contacting the stations and newspapers to
provide them with the conference information.

If it is decided to keep the size of the conference small, use only personal contact to
recruit conference participants. After two or three schools have been contacted, the
conference will probably be full. Using the media to publicize a small conference will
result in having to turn away a large number of students.
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Implement, Then Evaluate the Program

It is extremely important to perform a pre-conference evaluation and a post-confer-
ence evaluation.

Why is evaluation so important?
There are several reasons why evaluation is critical to a program's success:

o Problems in the conference can be detected and corrected as soon as they
occur. .

o The effectiveness of the hands-on workshops can be evaluated so that
improvements can be made next time.

o The overall impact of the conference can be assessed.

The easiest and most efficient way to evaluate a conference is through a question-
naire. Students should be asked to fill out the pre-conference questionnaire when
they register, before any part of the conference begins. The post-questionnaire can
be filled out at the end of the conference. Collect the questionnaires immediately
after students are finished.

Keep the questionnaires brief and anonymous.

Here are some sample questions from established conference post-questionnaires

).

1. To what extent did the conference increase particpants' exposure to individuals
who work in the engineering field?

2. To what extent did the conference increase the participants' awareness of
mathematics and science courses?

3. To what extent did the conference increase the participants' interest in taking
mathematics and science courses?

4. Which aspects of the conference were most successful?
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At the conclusion of the conference, questionnaires can also be distributed to confer-
ence speakers and committee members to gain their opinions about the conference.
Need more information?

The agencies listed within the Directory of Programs and Services, "Conferences," have successful
conference programs. They can be contacted for more information, help, or ideas.
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ACTION PLAN: FIELD TRIPS/OPEN HOUSES

What are Field Trips/Open Houses?

Field trips/open houses provide an opportunity for secondary school and college students to visit the
offices of civil engineering firms, state and local departments of transportation, and the facilities of
engineering colleges. These tours give students a chance to interact with professional civil engineers
and engineering professors and obtain information regarding careers in civil engineering. More
importantly, students get a chance to see firsthand the jobs civil engineers perform.

What are the resources necessary to begin?

Time:

In general, it should take approximately 1 month to become involved in a field trip/open house.
Money:

Because the program provides that the students will visit the agency's office or facility and the-agency
will recruit volunteers from its staff to participate, expenditures for field trips/open houses will be
minimal. If necessary, the updating and printing of the agency’s recruiting materials (brochures,
posters, etc.) will be the agency's primary expense. An additional optional expense is buying lunch
for the students or handing out pencils, rulers, etc., with the agency's logo. o

Related Resources:

1. There will need to be one person from the agency appointed to coordinate the field trip/open
house. In addition to serving as a tour guide, this person will need to contact local schools, recruit
volunteers in the agency, and put a presentation together. '

2. Several volunteers will also be needed to give brief presentations about the types of jobs they
perform, equipment they use, job responsibilities, and so on. If the program is especially targeting
women and minority students, it will be important to have women and minority role models.
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Implementation:
Follow the set of steps below for developing field trips/open houses. The Directory of Programs

and Services contains a list of field trip/open house programs to contact for more information to
help make your program a success!

Contact Schools *

Before picking up the telephone to contact schools to let them know of the program's
availability, take time to decide on the type of student to be targeted. The target
audience of the program will influence the activities and academic content of the field
trip or open house.

Some issues to consider when choosing a target audience include

Student grade level,

Student interest in mathematics and science,
Student grade-point average, and

Student ethnicity and gender.

During Step 1, contact local schools or universities and let them know the agency is
interested in holding an open house for their students. Specifically, try to contact a
mathematics or science teacher in the school. Explain to the teacher that the purpose
for the visit to the agency is so that students can explore career opportunities in civil
engineering and gain an appreciation for the importance of mathematics and science.
Offer to work with the teacher in developing the presentation and scheduling the open
house. -

It may also be worthwhile to consider contacting mathematics and science clubs in
local schools, Girl and Boy Scout troops, Explorer Posts, and special programs (e.g.,
PRIME, PREP) in the area. These groups will generally be very interested in attend-
ing an open house at the agency.

Develop a Presentation

The type of presentation and tour to be designed will be governed by the type of
student targeted in Step 1.
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| Remember the target audience when designing the tour! I

For example, elementary students have a short attention span, so keep the tour brief.
Also, any engineering concepts presented will need to be explained in simplified
terms. Finally, include hands-on activities in your tour (i.e., show students surveying
equipment or give a CAD system demonstration on a computer). These activities
will help to maintain the interest of elementary school students throughout the tour.

In contrast, for a high school audience, the tour can be more technical. Depending
on the interest level of the students in mathematics and science, engineering concepts
can be presented in detail. For example, instead of just showing students surveying
equipment, one can explain some of the theory and math concepts used in surveying.
The length of the tour can also be extended for an older audience.

Now that it is clear the type of tour and presentation to be designed, a very impor-
tant question must be addressed: :

What aspects of the agency should be emphasized?

The answer to this question will help to decide what to include and not to include in
the presentation. '

Established programs offered the following ideas to include in the tour:

o Start the tour by showing the agency's recruiting video.

* Emphasize the computers and software the agency uses (e.g., CAD) with
demonstrations.

¢ Include a tour of the environmental lab.
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Recruit Volunteers to Give Presentations

The number of volunteers needed to make presentations will depend on the planned

length of the tour established in Step 2.

Ideally, the volunteers should be professional, friendly people who have worked for the
agency for several years. They should possess good communication skills and be
enthusiastic about engineering. Remember to include women and ethnic minorities in
the group of volunteers.

Personal contact is the key to getting people to volunteer to make presentations for the
tour. Let each person approached know how long their presentation should be and if it
is desired that they include a demonstration (e.g., computer software, etc.). Emphasize
that the presentation is informal and that they should anticipate several questions from
students. : :

Implement, Then Evaluate the Program

Evaluating the program will help make the next field trip or open house even more
successful. Evaluation will indicate exactly what students found interesting in the tour
and which demonstrations were the most successful. It can also show if a presentation
was confusing or if a demonstration needs to be simplified. All of this information will
help to revise and improve the tour and presentations.

The evaluation method used for this type of program should be kept simple and to the
point. Two suggested methods are

1. At the end of the tour, ask students informally what they liked most and liked
least in the presentations.

2. Give a questionnaire to the teacher to distribute to students back at school.
Include several questions (no more than four or five) asking students about

the tour.

Also remember to ask volunteers for feedback about the program.
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Need more information?

The agencies listed within the Directory of Programs and Services, "Field Trips/Open Houses," have
successful programs. They can be contacted for more information, help, or ideas.
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ACTION PLAN: PRINTED GUIDANCE
MATERIAL

What is Printed Guidance Mgterial?

Printed guidance material includes posters, brochures, handouts, etc:, that an organization can use to
heighten awareness about the engineering profession. Most agencies/organizations use printed
guidance material as a recruiting tool to highlight engineering job opportunities with their company.
Printed guidance material can also be dlstrlbuted as career information to junior and senior high
school students.

What are the resources necessary to begin?
Time:

In general, approximately 2 or 3 months are required to develop new printed guidance material or
revise existing guidance material.

Money:

The size of the budget depends on the quality of the materials one's agency desires. Depending on
one’s in-house capabilities, quality materials can be produced by the organization itself or with the
help of a professional advertising agency. The type of materials developed will also affect the budget.
For example, producing a video is more expensive than producing a brochure.

Related Resourées:

1. One person from the agency should be appointed to coordinate the development of the printed
guidance material.

2. Three or four engineers from the agency will also be necessary to form a committee to evaluate
old and new printed materials.
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Implementation:
Follow the set of steps below for developing printed guidance material. The Directory of Programs

and Services contains a list of printed guidance material programs to contact for more information to
help make your program a success!

Form a Committee

Before attempting to create or update printed guidance material, review existing
printed material carefully. The most effective and efficient way to perform this
evaluation is to form a committee of three or four individuals who work for the
agency (4). Consider young engineers who have recently graduated from college to
help on the committee. Remember to include women and ethnic minorities on the
committee to reflect different opinions and impressions about the printed material.

Review and Evaluate VExisting Guidance Material

“Gather all of the brochures, posters, and displays that the agency is currently distribut-
ing. With the help of the committee, perform a thorough evaluation of the printed
material.

As stated in NCHRP Report 347, check the following list of "essential ele-
ments" to be included in all printed guidance material (3). Try to identify
which elements are lacking and those that must be added or updated.

Career information must be accurate (current) and provide the following;

= Definition of civil engineering and its subdiscipline areas;

= Salary structure (short-term and long-term ranges);

= Working environment (office and field);

= Advancement potential (managerial, technical, and
entrepreneurial opportunities); and

=» Education requirements.
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Information must avoid perception of "sellin

Information should link the civil engineer with projects addressing
socio-technical problems.

Information should stress the diversity of the civil engineering -
~profession. Materials should be developed to specifically target
underrepresented groups (ethnic minorities and women).

Materials developed should target the pipeline (e.g., high school
students) and/or influencer groups (e.g., parents, teachers).

Information should pr'ovide guidance on sources of financial
support, describe intervention (retention) efforts, and offer sample
descriptions of engineering enrichment programs.

The AASHTO Recruitment and Retention Guide provides additional infor-
mation for evaluating one's printed material. The Guide states that the most
effective printed guidance materials have four central elements “):

* Positive Image - Overcomes negative images of the engineering
- profession.

Clear Mission - Reflects a clear and dynamic sense of mission.

o Sense of History - Addresses the history and evolution of engineering
in your agency.

* Effective Sell - Portrays one's agency as active, engaged, involved, and
up-to-date. ’
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The Guide suggests evaluating one's printed guidance material against
these four criteria.

A checklist is provided in Chapter 2, p. 13, of the AASHTO Recruttment and
Retention Guide to aid in the evaluation.

Another aspect of one's evaluation should be to determine the target audience of the
materials. Do the current printed materials succeed in reaching its target audience?
For example, materials targeting high school students should include information
about the educational requirements necessary to become an engineer. Likewise,
information in materials targeting recently graduated college students should empha-
size professional opportunities and career growth.

During this step, take time for the committee to discuss how the final printed guid-
ance material is going to be distributed and used. Also consider how many copies
are needed.

The last portion of the evaluation should consist of comparing the agency's printed
materials with the printed materials of other related agencies and transportation
programs in the State (4). It should be easy to tell very quickly how one’s guidance
material compares with the other materials. Reviewing different materials can also

help provide ideas when beginning to develop new posters, brochures, and so on.

Identify an Available/Desirable Budget

When the evaluation of the agency's printed materials is completed, the results should
provide a clear sense of which materials need to be revised or completely redone.
Now is the time to begin planning a budget.

The first step in this process is to identify the amount of money one's agency has
available to spend. Depending on the size of one's budget, it may be necessary to
prioritize by order of importance which printed materials to improve or develop. In
general, choose the materials that will target the greatest audience and will be used
most frequently (e.g., brochures).

The next issue to be addressed is determining who will produce the new materials.
The AASHTO Recruitment and Retention Guide suggests looking first to one's in-

house audio-visual and print specialists to create and produce the materials (4).
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The finished guidance material must look professional!

Depending on one's in-house capabilities, quality materials can be produced by the
agency or with the help of a professional advertising agency. Send out a Request for
Proposals to obtain competitive bids for the work. However, before making a final
decision, talk to previous clients of the ad agencnes to make sure they were satisfied
with their finished product.

Review and Evaluate a Draft of the New Materials

As soon as the new printed gmdance matenal is received from the in-house audio-
visual staff or a professional ad agency, it will need to be evaluated. Assemble, at a
minimum, the members of the committee formed in Step 1 for this purpose. Focus
groups composed of students, parents and educators can also be used to preview
drafts of the materials.

Judge the new guidance material against the same criteria used to evaluate the old
material. Use the checklist of essential elements in Step 2, p. 33, or the checklist in
Chapter 2, p. 13, of the A4SHTO Recruitment and Retention Guide.

Here are some other tips for evaluating the finished guidance material:

* Do the final printed materials look professional?

¢ Do the new materials accurately convey the desired message about
one’s agency?

¢ Do the new materials include all of the elements that were found
lacking in the old materials?
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Need more information?

The agencies listed within the Directory of Programs and Services, "Printed Guidance Material," have
developed printed guidance material. They can be contacted for more information, help, or ideas.
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- ACTION PLAN: SCHOOL PRESENTATIONS

What are School Presentations?

School presentations provide an opportunity for practicing engineers to visit schools and increase the
awareness of students, teachers, and counselors about the profession of engineering.

What are the resources necessary to begin?

Time:

Approximately 2 to 3 months are necessary to begin and develop a school presentation program.
Money: |

Since volunteers will be recruited from one's agency to give presentations in schools, expenditures for

school presentation programs will be minimal. If necessary, the updating and printing of the agency's
recruiting materials (brochures, posters, displays, etc.) will be the primary expense.

Related Resources:

1. One person from the agency should be appointed as program director to coordinate the
school presentation program. '

2. A minimum of two engineers will need to be recruited as volunteers. Most established
programs suggest sending pairs of engineers into schools to make presentations. If the
program is especially targeting women and minority students, it will be important to have
women and minority engineer role models.

3. A commitment to participate in the program should be obtained from at least one local
school in the area.
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4. A commitment to participate in the program should also be obtained from at least two
teachers in the targeted school. Gaining the support of teachers is important to the
success of the program!

Implementation:

Follow the set of steps below for developing school presentations. The Directory of Programs
and Services contains a list of school presentation programs to contact for more information to
help make your program a success!

Set Goals and Establish a Target Audience

A school presentation program begins by deciding what one's program is to accomplish.
There are two different types of goals that can be defined: behavioral goals and attitudi-
nal goals. The effect of a behavioral goal is a change in behavior and the effect of an
attitudinal goal is a change in attitude. The goals that are set will need to be specific so
that they can be accomplished successfully.

Following are Example Goals:

* To provide students with an incentive to enroll in more mathematlcs and
science classes and
* To generate interest in the field of engineering.

Determine a target audience for the school preséntation program at the same time the

- goals are set. The target audience should be as specific as possible, because the audi-

ence will influence the activities and academic content of the program. For example,

every age group has different needs. An advanced placement high school audience will

understand advanced mathematics and science concepts that an elementary school

audience would not understand. Also, an elementary school class has a shorter atten-

* tion span then a high school class. Each school presentatlon will have to be tailored to
the target audience. ' '

School presentation programs can target any student group from K-12. In determin-
ing the target audience, consideration should be given to the following points:

¢ Student grade level,
¢ Student grade-point average, and
¢ Student ethnicity and gender.
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Form a Committee

This step is optional depending on the size of one's program. If one plans to target a
large number of schools, forming a committee is an effective way to make decisions
about how to design the program. A committee can also divide program responsibili-
ties among members (e.g., contacting schools and recruiting volunteers). Remember

- to include teachers, school administrators, parents, and professionals from industry on
the committee. It is important to include teachers on the committee for two reasons. )
The first is that gaining teacher support will be crucial to the success of one's pro-
gram. The second reason to include teachers on the committee is to gain their input
about the content of the school presentation.

During this step, one person within the committee should be appointed to serve as
program director. The director not only coordinates the program but also serves as
the point of contact for questions and information about the program. It may be
beneficial to form several subcommittees to divide the program responsibilities (i.e.,
volunteer committee, school relations committee, etc.). The size of one's program
should dictate whether or not subcommittees need to be formed.

It is important for the committee to address the following issues:

» Will we need to use incentives to encourage people to volunteer?

e What schools will we target with our resources?

 Will we offer an orientation session for volunteers before they go into the
classroom?

e Will each volunteer develop their own classroom presentation or will the
committee develop the presentation they will present?

e How will the program be evaluated?

Evaluating one’s program is very important! It is important to plan
how to evaluate the program before the program is under way.
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Contact Schools

Once the committee is formed and a director has been appointed, it is time to begin .
contacting schools and universities to participate in one's program. The number of
institutions and the type of students to be targeted depend on the goals and target
audience of the program. , R

‘Some things to consider when contacting schools include the following:

Student grade level,

Student interest in mathematics and science,
Student grade-point average, and

Student ethnicity and gender.

Most successful established programs suggest targeting one or two schools during the
first year. This will keep the program small and manageable and give the committee a
chance to test and refine the program presentations. It will be fairly easy to determine
within the first few school presentations the parts of the program that are working and
the parts that need revising.

Here are some ideas from the program Discover “E” on how to begin one's
partnership with students and teachers (6):

1. Find out something about the school that has been targeted (e.g.,
average student GPA, interest level of students in mathematics and
science).

. Have specific ideas about what a classroom presentation is to accomplish
(e.g., is the intent to introduce students to engineering in general or to a .
specific field of engineering?).

Determine how much time the agency will spend in the classroom (e.g.,
one period or all day).
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4. Contact local mathematics and science supervisors, principals, and teach-
ers to tell them about one's presentation program. If the names of math-
ematics or science teachers are known, contact them personally. Also,
Discover"E" suggests: "Stress the importance of your visit to help
stimulate mathematics and science motivation."

. Once the teacher has agreed to participate, plan a meeting with the
teacher to review the material to be covered in the presentation.

Recrult Volunteers to Make Presentatlons

The number of volunteers that will need to be recruited depends on the goals of one's’
program (Step 1) and the number of contacted schools interested in the program (Step
3). However, most established programs recommend sending pairs of volunteer
engineers into schools to make presentations. Engineers feel more comfortable and
the presentations are more interesting with two engineers present. ’ '

.Ideally, the engineers chosen from one's agency as volunteers should be professional,
friendly people who are enthusiastic about the field of engmeenng They should also
possess good communication skills. . : «

Some established programs have had problems recruiting volunteers during initial
program development without offering incentives. This problem is usually only tempo-
rary. Once knowledge of the successful program spreads, it should become easier to
recruit volunteers. Until then, most program directors stress that personal contact is the
key to getting people to volunteer for one's program without specific incentives.

Following are additional ideas to encourage volunteers:

e Time off during normal work hours to attend an orientation session
e Time off during normal work hours to make school presentations
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Train Volunteers

Before one's volunteers make classroom presentations, they should attend an orienta-
tion session. If the program is small and only involves a few volunteers, the orientation
session can be a short, informal meeting.

The purpose of this session is to give volunteers

* Background information on the purpose of the school presentation
program (i.e., the goals of the program) and
* Information about the schools and students to be visited.

Prepare a packet of materials to hand out to each volunteer during this session. This
packet should be compiled even if each volunteer is responsible for developing their
own presentation. By including tips about how to prepare a successful classroom
presentation, this packet of information will help to ensure a measure of uniformity
between the volunteers' classroom presentations. Also, include sample evaluation
questionnaire sheets for engineers to distribute to teachers and students at the conclu-
sion of the presentation.

If possible, it is a good idea to invite one or two teachers from the targeted schools to
attend the orientation session. These teachers can give the volunteers helpful input
about preparing their classroom presentations and an idea about what to expect when
they enter the classroom (i.e., types of questions students typically ask). Some estab-
lished programs have developed videos and written material to help engineers and
scientists to visit and interact with K-12 students. For more information contact:

Chemists in the Classroom American Chemical Society
Pre-High School Division

1155 16th Street, NW
Washington, DC 20036
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Sharing Science with Children: American Association for the Advance-

A Survival Guide for Scientists ment of Science (AAAS)

and Engineers Department SEN 1333 H Street, NW
Washington, DC 20005-4792

Keep the orientation session brief! People will not volunteer for
a program if the training is too time-consuming or demanding.

Implement, Then Evaluate the Program

Once the volunteers have started making classroom presentations, it is time to begin
evaluating the program.

Why is evaluation so important?

There are several reasons why evaluation is critical to a program's success:

¢ Problems in one's program can be detected and corrected
as soon as they occur. - :

e The effectiveness of one's orientation session can be evaluated so that
improvements can be made.

* The overall impact of the presentations can be assessed.

There are two fairly simple methods to evaluate student reactions to school presen-
tations. The first method is to verbally ask students informally at the end of the
presentation what they liked about the presentation, what they didn't like, and so
on. Keep this session brief by asking no more than three or four questions. Also
remember the age of the audience when phrasing the questions.

The second evaluation method is to pass out questionnaires to students at the conclu-
sion of the presentation. Keep the questionnaire brief (four or five questions maximum)
. and easy to understand. Collect the questionnaires immediately after the students finish

them.
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The committee should also formulate and distribute questionnaires to teachers and
volunteer presenters regarding their opinions about the presentation.

Need more information?

The agencies listed within the Directory of Programs and Services, "School Presen-
tations," have successful school presentation programs. They can be contacted for

more information, help, or ideas.
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ACTION PLAN: VIDEO AND ADVERTISING

What is Video and Advertising?

Both video and advertising are used by organizations to sell their services. However, they can also
enhance the image and promote an in-depth awareness of the engineering profession and career
opportunities. Advertising can be printed material (magazine ads, newspaper ads, etc.) or radio and
television advertisements. The materials, particularly television ads and promotional videos, also have
use as recruiting tools and can convey career information to junior and senior high school students.
These materials can also be used by individuals or groups to supplement retention and curriculum
strategies.

What are the resources necessary to begin?
Time:‘

In general, it should take approximately 2 months to develop advertising materials. Depénding on the
length and content of one’s video, the video may take longer to produce.

Money:

The size of the budget depends on the quality of the materials one's agency desires. Depending on the
agency's in-house capabilities, quality materials can be produced by one's organization or with the
help of a professional advertising agency. Producing a video is very expensive and companies have
spent as much as $10,000 to $20,000 to create videos.

Related Resources:

1. One person from the agency must be appointed to coordinate the development of the video and
advertising materials. The agency should consider hiring a full-time person with a marketing
background for this job if the agency plans to advertise frequently on TV, in magazines, and so
on.
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2. Three or four engineers from the agency will also be needed to form a committee to evaluate
old and new videos and advertising materials.

Implementation:
Follow the set of steps below for developing video and advertising materials. The Directory of.

Programs and Services contains a list of video and advertising programs to contact for more informa-
tion to help make your program a success!

Form a Committee

Before attempting to create or update videotapes or advertising material, review
existing videos or advertising materials carefully. The most effective and efficient
way to perform this evaluation is to form a committee with three or four individuals
who work for the agency. Consider young engineers who have recently graduated
from college to help on the committee. Remember to include women and ethnic
minorities on the committee to reflect different opinions and impressions about the
videotape and advertising materials.

Review and Evaluate Existing Video and Advertis-
ing Material |

Gather all of the videos and advertising material the agency is currently using. Also
gather videos and advertising material from other engineering agencies and even agencies
in other fields (finance, banking, etc.). This additional material will help the committee
evaluate the agency’s video and advertising materials more thoroughly and more criti-
cally. Viewing materials from other agencies will also give the committee ideas for
developing or refining new or existing videos and ad material.

Following are some of the major questions the evaluation should address: \

What elements are lacking in the current video and advertising material?
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¢ Is the current video outdated? Does it show women and ethnic minorities as
part of the engineering team? '

e How will the material be used and distributed?

Begin the evaluation by checking the list of "essential elements" to be included in all
video and advertising material (3). This list is located on p. 33 of "Printed Guidance
Material" in this manual.” Try to identify which elements are currently lackmg and those
that must be added or updated. :

The AASHTO Recruitment and Retention Guide provides additional information
for evaluating video and advertising material (4). The Guide states that the most
effective materials have four central elements:

* Positive Image - Overcomes negative images of the engineering profession.

o Clear Mission - Reflects a clear and dynamic sense of mission.

« Sense of History - Addresses the history and evolution of engineering in one's
agency. ' "

o Effective Sell - Portrays one's agency as active, engaged, involved, and
up-to-date.

The Guide suggests evaluating the video and advertising matenals against these
four criteria. -

A checklist is prov1ded on Chapter 2, p.13, of the AASH TO Recruitment and
Retention Guide to aid in one's evaluation.
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Another aspect of the evaluation should be to determine the target audience of the
materials. Do the agency’s current video and ad materials succeed in reaching their
target audience? For example, if a video is targeting newly graduated engineers, it
should focus on the agency's new engineers doing real tasks in the real world and
making a difference right out of school.

Identify an Available/Desirable Budget

When evaluation of the agency's video and ad materials is complete, the evaluation
should provide a clear sense of which materials need to be revised or completely
redone. Now is the time to begm planning a budget.

The first step in this process is to identify the amount of money that is available and
desirable for the agency to spend. Depending on the size of the budget, it may be
necessary to prioritize by order of importance which materials to improve or de-
velop. If one's agency does not have a large enough budget to cover the expense of
a video, one may elect to either recruit an outside sponsor to help cover the cost or
hold off on developing a video until more funds are available. Remember, the
finished product needs to look professional! For example, the video must be filmed
in color with a professionally recorded music track (4).

Contract an Ad Agency to Produce the Video and Ad
Material

The next issue to be addressed is who will produce the new materials.

| The finished materials must look professional! I '

Depending on one's in-house capabilities, quality materials can be produced

by one’s own agency or with the help of a professional advertising agency. Send
out Requests for Proposals to obtain competitive bids for the work. However,
before making a final decision, talk to previous clients of the ad agencies to make
sure they were satisfied with their finished product (4).
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Evaluate a Draft of the New Material

- As soon as the new video or advertising material is received from your in-house audio-

visual staff or a professional ad agency, it will need to be evaluated. Assemble, at a

minimum, the members of the committee formed in Step 1 for this purpose. Focus

groups involving students, parents, and educators can be used to preview drafts of the

~materials. Judge the new material against the same criteria used to judge the old mate-
rial. Use the checklist of essential elements in Step 2, p. 33, or the checklist in Chapter
2, p.13, of the AASHTO Recruitment and Retention Guide. / :

Here are some other tips from the AASHTO Recruitment and Retention Guide
for evaluating the new video (4):

» Does the video portray an accurate picture of the agency?

* Does the video look professional?

* Has one avoided adding things into the video that will shorten its useful life
and make it outdated quickly (e.g., trendy music)?

Need more information?

The agencies listed within the Directory of Programs and Services, "Video," have
developed videos and advertising materials. They can be contacted for more informa-
tion, help, or ideas. '




CHAPTER 4

RETENTION PROGRAMS

Every student entering kindergarten is already a member of
the civil engineering pool; each is also a member of every other
potential career pool. The trend has been such that progressively
fewer students choose and retain civil engineering as a profession.
Specifically, women and ethnic minorities remain greatly under-
represented in selecting engineering and civil engineering for
study. When compared to the retention rates for the traditional
‘pipeline member (the white male), the retention of ethnic minori-
ties and women in civil engineering programs is low (3).

Retention efforts are necessary at both the pre-college and
undergraduate levels. Additionally, these retention efforts must
also be of a more personal nature (i.e., intervention) as compared
to the awareness strategy. To retain pre-college students in the
civil engineering pipeline, emphasis must be directed toward
several areas, including (3)

1. Building positive attitudes and self-confidence in mathe-
matics and science;

2. Helping students understand the consequences of curricu-
lum and course choices, so that later options will not be prema-
turely closed; and

3. Providing appropriate role model and mentor opportunities.

51

Retention of undergraduate students in civil engineering requires
efforts in several areas, including (3)

1. Delivering appropriate academic support;

2. Developing student peer-network relationships and making
use of faculty mentoring; and

3. Explaining the relationship between academic preparation
and chosen career.

The Retention Programs in this guide are primarily designed for
audiences of students in grades 7-12 and college. Some strategies
for engineer and transportation professional involvement with Re-
tention Programs include the following: judging science fairs or
coaching teams of students for competitions, acting as a mentor
(role model) to a student or group of students, beginning a scholar-
ship or fellowship program, and hiring students as summer engi-
neering interns. The purpose of these programs is to get engineers
and transportation professionals involved with students to increase
the retention rate of students interested in engineering. Competi-
tions, science fairs, and summer intern programs also provide engi-
neers and transportation professionals with an opportunity to illus-
trate the relevancy of mathematics and science for solving real-
world engineering problems.
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ACTION PLAN: COMPETITIONS AND
SCIENCE FAIRS

What are Competitions and Science Fairs?

Competitions and science fairs introduce students to engineering problems and how mathematics and -
science can be applied to solve these problems in the real world.

What are the resources necessary to begin?

Time:

Depending on the size of the competition or science fair, a minimum of 6 months will be needed to

- organize and develop one's program. Most established programs have commented that it generally
takes two competition cycles (2 years) before a program is firmly established.

Money:

The budget needed for one's program will depend on the size and scope of the competition or science
fair as well as the resources available. An expenditure of approximately several hundred dollars will
be necessary if one’s agency joins an established competition. Beginning a new competition will cost
* more than joining an established competition. '

Related Resources:

1. A committee of at least 10 people will be needed to design the.competition or science fair.

2. One person from the committee should be appointed to serve as program director.
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Implementation:

Follow the set of steps below for developing competitions and science fairs. The Directory of Pro-
grams and Services contains a list of competition and science fair programs to contact for more
information to help make your program a success!

Decide Whether to Start a New Competition or Join an
Established Competition

There are several advantages to joining an established competition like :
MATHCOUNTS, Chemistry Olympiad, or TEAMS (Tests.of Engineering Aptitude,
Mathematics, and Science). First, participating in an established competition requires
less money, time, and resources from one's agency than beginning a new competition.
However, participating in an established competition will still require a significant expen-
diture. The reason is that most established national programs still require participating
agencies to recruit volunteers and to obtain funding in their area.

Joining an established competition also provides ideas about how to design, organize,
and implement a new competition. It may be useful to participate in established pro-
grams to gain experience and ideas about science fairs and competitions, including
¢ Ideas about how to set up a competition (rules, tests, grading, judging),
 Experience designing a realistic budget, and

o Experience recruiting sponsors.

ExposureA to established competitions will hélp one's organization to avoid some of the
in_itial problems faced by established programs.

. Form a Committee

The first step in developing a new competition or science fair is to form a committee.
(For programs that are smaller in scope, forming a "full" committee is not necessary
when two or three people can implement the program.) Established programs suggest
including at least 10 people on the committee. Invite teachers, school
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administrators, and professionals from industry to serve on the committee to provide
input about the academic content of the competition or test. Also, include on the
committee any teachers or professionals that have been involved with previous competi-
tions or science fairs. The committee should also consider contacting established
programs for help or ideas.

At this time, one person within the committee should be appointed to serve as program

director. The director not only coordinates the program but also serves as the point of
contact for questions and information about the program. ‘

Committee responsibilities will include the following:

¢ Choosing the target audience of the program.

e Deciding on the format of the competition (e.g., multiple choice test,
science fair, design competition).

¢ Developing the competition rules.

* Deciding on judging criteria.

« Raising funds and recruiting sponsors.

Design the Competition and Rules

Before designing the program, select the target audience of the competition. The audi-
ence chosen will affect the goals and design of the entire program. For example, the
judging criteria for an elementary science fair and a high school science fair will be
different. Also, the academic content of a junior high school mathematics or science
competition will need to be different from the academic content of a senior high school
mathematics or science competition.
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In selecting the target audience, the committee needs to consider the following points:

e Student grade level,

o Student interest in mathematics and science,
o Student ethnicity and gender, and

e Student grade-point average.

Choose the format of the competition, once the target audience of the program has
been selected. Established programs suggest first picking a competition format and
then choosing an established competition model to adapt to one’s competltlon site.
Using an existing model will save time.

Sample competition formats and example programs include the following:

* Individual or team multiple-choice tests (TEAMS - Tests of Engineering
Aptitude, Mathematics, and Science)

These tests work well with a large group of students because the tests can
be scored by a computer and students can work individually or in teams.
The tests are developed by the program committe¢ and are administered
by volunteers. After each round of tests, the top scoring students ad-
vance to the next round. Continue this process until the top 5 or 10
students are determined. Some established programs award prizes to all
students who reach certain levels. For example, students who reach the
third round of tests are all awarded certificates.

e Individual or team partial-credit test (MATHCOUNTS, Chemistry Olym-
piad)

The main difference between multiple-choice tests and partial-credit tests
is the method of scoring the tests. Partial credit exams must be scored
individually by hand. Depending on the number of students participating
in the competition, a large number of volunteers will be necessary to
grade exams. Since the problems are partial credit, established programs
have commented that the test questions can have a higher degree of
difficulty than multiple-choice test questions.
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¢ Science Fairs (Rockwell International)

Depending on the size of the competition, science fairs can last 2 or 3 days.
The target audience of the science fair will determine the categories in which
to classify students' projects for judging. For example, a grade school science-
fair may only have two divisions: physical science and natural science. A
high school science fair may have specialized categories like chemistry, phys-
ics, or medicine. Volunteers will be necessary to register students as well as
to judge the projects. Sponsors may need to be recruited to donate prizes for
the winning projects. It will take approximately several months to plan and
organize a science fair.

o Design Competitions (Vision 2000 Design Challenges)

Design competitions are very similar to science fairs, except that every design
in the competition is built to solve a particular problem. For example, in egg
drop competitions, each structure is designed to support an egg without
cracking the egg when it is dropped from a specified height. A number of
different competitions can be held, with the winners from each competition
advancing to the next level. Generally, design competitions are smaller in
scope than science fairs. Even though fewer volunteer judges are necessary,
volunteer engineers may be needed to make classroom presentations to
explain design concepts and methods to students.

For more'in

formation about school presentations:

e

"

See - ‘328 of "School Presentations” -

For the next step in designing a competition, break the committee up into groups and
assign different tasks to each group. For example, subcommittees can develop compe-
tition rules, judging criteria, sample competition test questions, and so on. However,
after each subcommittee completes its task, the entire committee should discuss and
approve the competition.
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Develop a Budget and Recruit Outside Sponsors

The budget required for the competition will depend on the size and scope of one’s
competition and the resources available. Probably the largest expenditures in one's
budget will be renting a facility for a science fair or competition test and providing
prizes for the winners.

The committee should also decide during this step whether a registration fee will be
required of the competition participants or the participating schools. For example,
MATHCOUNTS charges each school that participates in its program a $30 fee. If
collecting a fee is necessary, remember to keep it very small. Established programs
have commented that charging a registration fee is a good idea, because it forces
students and teachers to make a commitment to participate in the competition (7).

The final decision that one’s committee will need to-make during this step is whether
or not outside sponsors will need to be recruited. Soliciting corporate sponsors is a

very time-consuming task and the benefits should be weighed carefully against the
anticipated time required.

Recruiting outside sponsors might be necessary if

* Alarge number of students are participating in the competition and rental of
alarge facility is needed,

* OQutside help is necessary to develop or score competition exams, or

* College scholarships or large sums of money are to be offered as prizes.

Remember, sponsors can contribute more than just money to one's competition. For
example, prizes can be donated, or secretarial and clerical help can be donated.

For more information on recruiting:corporate Sponsors

Recruit Volunteers

The number of volunteers necessary depends not only on the size of one's competition
but also on the competition format selected in Step 3. For competitions using multiple-

STEP.
4
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choice tests, several volunteers will be needed to proctor the exams. For competitions
using partial-credit tests, volunteers will be needed to proctor as well as to grade the
exams. For science fairs, volunteers will be needed to judge projects and register
students. For design competitions, one or two volunteers will be needed to judge the
competition and several volunteers will be needed to make classroom presentations to
students participating in the competition.

" Some established programs have had problems recruiting volunteers during initial
program development without offering incentives. Most program directors stress that
personal contact is the key to getting people to volunteer for a program without spe-
cific incentives. Also, be sure to inform volunteers about the amount of time the
competition will take and exactly what type of job they will be performing,

Following are additional ideas to encourage volunteers:
e Time off during normal work hours to judge projects in a science fair and

e Time off during normal work hours to make school presentations to students
in a design competition.

Contact Schools to Participate

Once the process of designing the competition and recruiting volunteers has begun,
contact schools and universities to participate in the competition. Keep in mind the target |
audience selected for the program when contacting schools. Send schools and teachers
information about the competition including competition rules, judging criteria, student
registration forms, and competition entrance fees.

Some things to consider when contacting schools include

Student grade level,

Student interest in mathematics and science,
Student grade-point average, and

Student ethnicity and gender.

Most successful established programs suggest targeting one or two schools during the
first year of the program. This will keep the competition relatively small and manage-
able and give the committee a chance to deal with any problems that arise.
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Implement, Then Evaluate the Program

Why is evaluation so important?

There are several reasons why evaluation is critical to a program’s success:

* Problems in one's competition can be detected and corrected as soon as
they occur.
¢ The overall impact of the competition can be assessed.

The easiest and most efficient way to evaluate a competition is through a questionnaire.

At the conclusion of each competition level, distribute questionnaires to competition
participants, volunteers, judges, and members of one’s committee.

-~

Keep questionnaires brief and anonymous and collect the questionnaires immediately
after students are finished with them. Possible questions include

1. What aspects of the competition did you enjoy most/least?

2. To what extent did the competition increase your interest in taking more
mathematics and science classes?

Use the information obtained from the program evaluations immediately to begin refin-
ing the competition.

Need more information?

The agencies listed within the Directory of Programs and Services, "Competitions and
Science Fairs," have successful competition and science fair programs. They can be
contacted for more information, help, or ideas.
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ACTION PLAN: MENTORING

What is Mentoring?

Mentoring is a way for established professionals to reach out with advice and encouragement to

students in their own field or students at critical decision-making points in their lives. Mentoring
programs in this manual refer to partnership programs between schools and public transportation
agencies, academic institutions, and private sector agencies. In these programs, engineers act as
role models to offer guidance and support to students.

What are the resources necessary to begin?

Time:

Depending on the size of the program and fhe mentoring activities planned, it will take anywhere
from 1 month to 1 year to get the progrant started.

Money:

Generally, state transportation agencies depend on money appropriated for a mentoring program in
the state budget. This amount varies from state to state and from year to year. Private sector
agencies should obtain commitments from at least three corporate sponsors to help support and
begin a mentoring program.

Related Resources:

1. There needs to be one person appointed to serve as program director. Depending on the
size of one's program, this may or may not be a full-time job.

2. A minimum of two engineers will need to be recruited as volunteers. Most established
programs suggest sending engineers into schools to make presentations in pairs of two. If
the program is especially targeting women and minority students, it will be important to have
women and minority engineer role models.
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3. A commitment to participate in the program should also be obtained from at least two teachers in
the targeted school. Gaining the support of teachers is important to the success of the program!

4. A commitment to participate in the program should be obtained from at least one local school in
the area.

Implementation:
Follow the set of steps below for developing mentoring programs. The Directory of Programs and

Services contains a list of mentoring programs to contact for more information to help make your
program a success!

Set Goals

The first important step to beginning a mentoring program is deciding what the pro-
gram is to accomplish. For example, one will need to target a specxﬁc grade level and
then choose which schools in the area to contact.

Following are Example Goals:

o To generate interest in the field of engineering,
e To provide minority students with role models who
“are minority engineers, and
o To provide students with an incentive to stay in
school.

Form a Committee

Forming a committee is a good way to make decisions about how to design and
operate a mentoring program. Potential volunteer mentors, school administrators,
and mathematics and science teachers should be included in the group. At this time,
one person within the organization should be appointed to serve as program direc-
tor. The director not only coordinates the program but also serves as the point of
contact for questions and information about the program. One may also consider
forming several subcommittees to divide the program responsibilities (i.e., fund
raising committee, school relations committee, etc.). The size of the program
should dictate whether or not subcommittees need to be formed.
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It is important for the committee to address the following issues.

¢ Will outside support (financial and personnel) be needed to sponéor the
program, or can the agency, sponsor the program independently?

* How will people be encouraged to volunteer?
e What schools will be targeted with available resources?

o Will the mentors be formally trained by the agency, or will they be
expected to develop their own program?

* What is the program structure?

Here are ideas from successful agency programs:

 Encourage interested students to visit the agency office(s) for a tour

e Encourage mentors to meet informally with interested students.

¢ Encourage mentors to remain in contact with the classroom teacher
even after he/she has made the classroom presentation.

e How will the program's effectiveness be evaluated?

Evaluating the program is extremely important!
The process for evaluating the program should
be planned before the program is under way. -
Two of the most popular evaluation methods
currently in use are student tracking and
surveys (3).
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Involve OQutside Sponsors

If the agency mentoring committee has decided the agency lacks the funds or human
resources to begin a successful program, outside sponsors will need to be recruited.
Unfortunately, the level of funding often determines the success of a program. For this
reason, it is important to spend time working on fund-raising strategies during the initial
stages of program development. As stated in Step 2, depending on the size of the
program, it may be necessary to set up a subcommittee to handle fund raising.

Appeal to the following:

* Private industry/companies and
* Government funding for special programs.

Here are some tips from established programs about how to recruit corporate
sponsors:

o First and most important—Personal contact is the key to :
obtaining corporate funding. Networking at industry functions and talking
to personal contacts in other companies are good ways to get a "foot in the

- door" of a company to ask for program funding.

If possible, recruit the CEO of an industry-leading company in the area to
serve on the program committee. Through a letter-writing or telephone
campaign, one can use corporate contacts to obtain funding.

The direct approach can also be very effective. Simply writing brief
letters to target companies can help obtain necessary funding. How-
ever, remember to follow up the letters with personal telephone calls
to each company.
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Recruit Volunteer Mentors

The number of mentors a program will need depends on the goals set by the commit-
tee in Step 1. However, most established programs recommend sending volunteer
engineers into schools to make presentations in pairs of two. The engineers feel more
comfortable and the presentations are more interesting with two engineers present.

If one's program is especially targeting women and minority high school students, it
will be important to have women and minority engineer role models.

Ideally, one's volunteer mentors should be professional, friendly people who have
worked for one's agency approximately 5 years (The mentor must be very familiar
with the agency's overall operations.)

Mentors should possess good communication skills and be enthusiastic about engi-
neering.

Some established programs have had problems recruiting volunteers without offering
some incentives. However, most program directors stress that personal contact is the
key to getting people to volunteer for a program without specific incentives.

Additional ideas to encourage volunteers include

e Time off during normal work hours to make school presentations and

Compensation time as appropriate
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‘Target Schools

The number of schools and the type of students to be targeted depend on the goals of
one's program.

Some things to consider include

Student grade level,

“Student grade-point average,

Student ethnicity and gender, and

e Student interest in mathematics and science.

Most successful established programs suggest starting out the first year by targeting
only one or two schools. This approach will keep the program small and manageable
and give the committee a chance to test and refine program activities. It will be fairly
easy to determine within the first year the parts of the program that are working and the
parts that need revising. During the second year if it is decided to expard the program
to more schools, most of the bugs will be worked out of the activities and the program

~ will run smoothly.

Here are some ideas from the program Discover "E" on how to begin one's
partnership with students and teachers (6):

* Find out something about the school that has been targeted (e.g., find out if
the school has any special math and science activities and clubs).

Have specific ideas about what a classroom presentation is intended to
accomplish (e.g., is the intent to introduce students to engineering in general
or a specific field of engineering?).

Determine how much tlme will be spent in the classroom (e.g., one period
or all day).
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Train Mentors

Before any of the volunteer mentors begin to visit the target schools, they should
attend a training session or information session for mentors (9).

The purpose of this session is to give mentors

e Background information on the purpose of the mentoring program,
* Information about the roles and responsibilities of a mentor, and
« Information about the schools and students to be visited.

It will be extremely helpful to prepare a packet of materials to hand out to the
mentors during this session. This is especially true if there are a large number of
mentors. The packet should contain information restating the goals of the program,
the responsibilities of a mentor, and, most importantly, tips about how to prepare a
successful classroom presentation. This packet of information will help to ensure a
measure of uniformity among the volunteer mentors' classroom presentations.

Keep the mentor session brief! People will not volunteer for
a program when the training is too time-consuming or
demanding.

Implement, Then Evaluate the Program

Now that the mentors have started visiting schools and making presentations, it is
time to begin evaluating the program.

Why is evaluation so important?

There are several reasons why evaluation is critical to a program’s success:
* Problems in a program can be detected and corrected as soon as they occur.
e The effectiveness of the mentor training session can be evaluated so that

improvements can be made.
e The overall impact of the program can be assessed.
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The following four-step guide for program evaluation was developed by
the U.S. Department of Education (5).

Decide which components of the mentoring program need to be
evaluated

Formulate specific and clearly stated evaluation questions.

Examples:
Are the training sessions too long? -

Do the training sessions meet mentor needs?
What topics were covered in classroom presentations?
Were they helpful to students?

Decide on data collection methods. Two of the most popular evalua-
tion methods currently in use are student tracking and surveys. The
first evaluation method tracks individual student progress upon enter-
ing the program throughout college. Surveys take the form of ques-
tionnaires distributed to people who are involved with the program
(i.e., teachers, engineers, and students).

Plan how the evaluation data will be used.

Need more information?

The agencies listed within the Diréctory of Programs and Services, "Mentoring
Programs," have successful mentoring programs. They can be contacted for more
information, help, or ideas. '
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ACTION PLAN: SCHOLARSHIPS AND
FELLOWSHIPS

What are Scholarships and Fellowships?

Scholarships and fellowships are grants awarded to students to financially aid them in
completing degrees in science and engineering. '

' What are the resources necessary to begin?
Time:

Depending on the size of one's 'scholarship or fellowship ﬁind, a minimum of 2 to 6
months will be needed to organize and develop the grants.

Money:

The budget for one's program will depend on the available/desirable funds within one’s
agency to begin a scholarship or fellowship fund.

Related Resources:

A committee of 3 to 10 people will be needed to develop and oversee the scholarship or
fellowship program.

Implementation:
Follow the set of steps below for developing scholarships and fellowships. The Directory

of Programs and Services contains a list of scholarship and fellowship programs to con-
tact for more information to help make your program a success!
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Decide Whether to Contribute to Existing
Scholarship and Fellowship Funds or Create One

If one's agency lacks the time or resources necessary to begin a new scholarship

. program, it may be useful to consider contributing to existing scholarship or fellowship
funds. Existing programs offer one's company the advantage of having a mechanism
already in place to advertise and select students and administer scholarship finances.
Contact universities or even local high schools to obtain information about various

scholarship and fellowship programs. Becoming involved in these existing programs is .

simply a matter of selecting a scholarship or fellowship fund and contributing.

Form a Scholarship or Fellowship Committee

Form a committee to help facilitate beginning a scholarship or fellowship program.
Determine the number of people necessary to form the committee based on the size and
amount of the scholarship fund. Established programs suggest including a minimum of
three committee members. Include on the committee personnel from the agency and
administrators from the schools or universities that will receive the scholarships.

The first responsibility of the committee will be to establish rules of eligibility for the
scholarships and fellowships. Included within this task is defining a target audience
eligible for the grants. In determining the target audience, the committee will need to
consider the following points:

¢ Student grade level,
e Student ethnicity and gender, and
- Student grade-point average and SAT scores.

Once the target audience of the grants has been selected, other eligibility requirements
must be decided upon and finalized. Example grant-eligibility requirements used by
established scholarship and fellowship programs include the following:

Students must be residents of a certain state.

Students must be civil engineering majors.

Students must be enrolled in certain universities. ]

Students must maintain a minimum GPA throughout the grant duration.
Students must work for the agency offering the scholarship for a minimum
number of years upon completion of their degree.
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The second major responsibility of the committee will be to determine the amount and
duration of each scholarship or fellowship to be awarded. If a grant is to be awarded
for a period longer than one year, the committee will also need to institutc a method of
tracking students' academic progress. This will ensure that each student is still eligible
to receive a grant after the first year. The committee will need to assign the responsi-
bility of tracking students' progress to several of its members.

Another primary responsibility of the committee is to oversee the scholarship or fellow-
ship finances. For example, a bank will need to be selected for deposit of the scholar-
ship funds.- The committee should appoint several of its members to be responsible for
managing the scholarship fund. -

The last important responsibility of the committee is to select the students to be
awarded grants from among the eligible applicants.

Identify an Available/Desirable Budget

After the committee has been formed, identify available/desirable funds to begin a
scholarship program in one's agency. The total amount of funds available from one's
agency will determine the number of grants and the amount of the grants to be
awarded.

It is important to determine if the amount of money set aside by
one’s agency for the scholarship fund will vary from year to
year. If variations in the amount of the scholarship fund occur,
limit the duration of the grants awarded to only 1 year!

Contact Schools

H

Once the grant eligibility rules have been finalized, begin contacting students to apply
for the scholarships and fellowships through schools and universities. Remember the
target audience selected for the grants when contacting schools.

Some things to consider when contacting schools include

¢ Student grade level,
e Student ethnicity and gender,
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¢ Student interest in mathematics and science, and
¢ Student grade-point average. ~

Send information about the scholarships and fellowships to contacted schools.
Remember to include the following:

e Clearly stated eligibility requirements,
* Instructions about how to apply for the scholarships, and
¢ Deadlines that must be met in applying for grants.

Most established programs suggest awarding a smaller number of grants during the first
year of the program. This will keep the program relatively small and manageable and
give the coordinating committee a chance to deal with any problems that arise.

Implement, Then Evaluate the Program

. Evaluation is critical to the program’s success, since the overall impact of the grants
can be assessed. As discussed previously in Step 2, student tracking should be used to
evaluate the success of scholarships and fellowships. Student tracking charts the
academic progress of a student from the time the grant is received until graduation, If
the duration of the grants received is longer than one year, it is essential that student
tracking be used to ensure that students continue to meet grant eligibility requirements
(e.g., minimum GPA).

Need more information?
The agencies listed within the Directory of Programs and Services, "Scholarships and

Fellowships," have successful scholarship and fellowship programs. They can be con-
tacted for more information, help, or ideas.
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ACTION PLAN: CO-OP EDUCATION AND
SUMMER INTERN PROGRAMS

What is Co-op Education?

Co-op Education is a program in which students attend classes for half of the year (or a semester/
term) and work in industry for the remainder of the year (subsequent semester/term). Students can
earn money and possibly college credits while participating in a co-op program. In addition, students

acquire practical experience from their technical jobs in industry that can help them to secure perma-
nent positions in the field of engineering once they have graduated.

What are Summer Intern Programs?
Summer intern programs provide jobs to high school and college students during the summer in the

field of engineering. Intern programs can.also include activities like mentoring or field trips that are
integrated into the programs.

What are the resources necessary to begin?
Time:

Depending on the size of one’s program and the extent of the application and interviewing process, it
will take approximately 6 months to 1 year to get the co-op or summer intern program started.

Money:

“The budget for the program will depend on the number of co-op positions or internships one’s agency
offers and the corresponding salaries.



73

AWARENESS CURRICULUM

Related Resources:

1. A committee of at least 10 people, including a human resource representative, engineers from
one’s agency, the co-op director, and several faculty from all schools and universities con-
tacted, will be needed to design a co-op program. A committee for an internship program
should contain two to three people, including a human resource representative and engineers
from one's agency.

2. There also should be one person from the committee appointed to serve as program
director.

Implementation:
Follow the set of steps below for developing co-op education and summer intern programs. The

Directory of Programs and Services contains a list co-op education and summer intern programs to
contact for more information to help make your program a success!

Form a Committee

The first step in developing a co-op education or summer intern program is to form a
committee. This step is optional and depends on the size and scope of one’s program.
There is no need to form a comittee if two or three people can implement the program.
If a committee is formed, established programs suggest including a minimum of 10
people. Initially, include a human resource representative and several engineers from
one’s agency.

After schools and universities have been selected to participate in the program, ask the

co-op directors and several faculty of the schools or universities to join the committee.

Summer intern committees only need two to three people, including a human resource
_representative and engineers from one's agency. | :

At this time, one person within the committee should be appointed to serve as pro-
gram director. The director not only coordinates the program but also serves as the
point of contact for questions and information about the program. .

The first important responsibility of the committee is to define a target audience for
the co-op or summer intern program. The target chosen audience will affect the
 design of the co-op or summer intern program. For example, when choosing a target
audience of high school students, the program should be designed to retain the high
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school students interested in engineering and encourage them to attend college and
major in engineering. However, in choosing a target audience of college students, the
program should be designed to encourage students presently majoring in engineering to
finish their degree and secure a permanent position in the field of engineering after
graduation. In determining the target audience, the committee will need to consider the
following points:

Student grade level,

Student grade-point average,
Student ethnicity and gender, and
Student college major.

The committee will also need to decide on the eligibility requirements for
the co-op and intern positions. Initially, consider the types of jobs the
students will be performing before answering the following questions.

Will a student need to be majoring in a particular branch of engineering
(e.g., civil engineering) or just general engineering to perform the job?

In order to perform job assignménts, will a student need to have

Will students be required to have a minimum GPA or previous job
experience to be accepted into the co-op or internship program?

Can a student participate in the program for more than 1 year?

Identify an Available/Desirable Budget

_ The next important step to designing a co-op or internship program is to identify

.7+ available/desirable funds in one’s agency that can be used for the program. This step

. ‘wi‘l,l." include determining the number of co-op positions or internships and salaries
“one’s agency will offer to students. The program budget and size will vary from year
to year. :




In the case of co-op programs, after specific schools and universities have been selected
to participate in the program, the initial eligibility requirements may need to be modified
in accordance with the co-op programs in place at the contacted schools and universi-
ties.

Before finalizing the number of co-op positions to be offered,
forecast if one’s firm will have enough work and projects in the
course of 6 months or 1 year to give job assignments to all of
the co-op students-in the program.

Contact Schools

. The target audience, initial eligibility requirements, and number of co-op positions or
internships available will help determine how many schools and universities to contact.
Some things to consider when contacting schools include

¢ Student grade level,

Studnet ethnicity and gender,

Student grade-point average,

« Reputation of the university's engineering program, and
¢ Reputation of the university's co-op program.

When designing a co-op program, first compile an initial list of all the schools and
universities the agency wishes to include as part of the co-op program. Next, inquire
~ about existing co-op programs at each of the universities. Selecting schools and
universities that have established co-op programs to participate in one’s program will
save the agency both the time and money needed to design an entire co-op program.
Established co-op programs have a developed mechanism in place for selecting and
_placing students in co-op positions and a mechanism to deal with problems that arise.
Before eliminating any schools or universities from the list, talk to some companies
that have established co-op programs. Ask these companies about the universities with
which their co-op program is affiliated. Networking with other companies before
selecting the schools and universities will save one's agency problems in the future.

When designing an internship program, consider the reputation of the engineering
programs at several universities before deciding on the final universities to be targeted.

.
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Co-Op Program

After narrowing down the list of schools and universities, ask the co-op director and
several faculty from each of the schools to join the co-op committee. It is extremely
important to ask these individuals to join the committee, because the design of the co-
op program will have to be coordinated with any existing guidelines of college co-op
programs. For example, the number of months a co-op student works in industry
before returning to college is dictated by the semester class schedule of each univer- .
sity.

When designing one’s co-op program, there are several issues to discuss with
the committee, including:

How many students will one’s agency employ at one time?

How many months will the students work before returning to campus?

Will students gain college credits toward their degrees when they partici-
pate in the co-op program? How will the agency be expected to evalu-
ate a student’s work?

How long will students participate in the co-op program with the
agency (e.g., 1 year or every year while in college)?

Will the co-op program include activities for students (e.g., mentoring
programs, orientation sessions, field trips)?

Will the agency be given a chance to recruit and interview on
campus?
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Internship Program

Once the target audience and eligibility requirements have been established,
the committee will need to design the summer intern program. The committee
will need to decide on and plan any activities that will be included in the
program. Some established programs have included the following activities in
their intern programs:

¢ Orientation sessions for all interns,

* Field trips to other company offices or plants,

* Mentoring program matching one engineer with one intern, and
¢ Intern retreat during the last week of the program.

Most established programs agree that including a mentoring program in the co-op
or internship program is very important. Integrating a mentoring program into a
program requires pairing each student with an engineer. The engineer will act as a
mentor by helping the student with job assignments, introducing the student to other
engineers, and providing advice and encouragement to the student.

For more information about implementing a mentoring program:

See p. 60 of "Mentoring Programs”

After the design of the co-op or internship program has been finalized, send informa-
tion about the program to the high school guidance counselors, co-op directors, and
college job placement offices on the list compiled in Step 3. Remember to include

* Clearly stated job description,
» Clearly stated eligibility requirements, and
 Instructions on how to apply for the co-op or intern positions.

Review Existing Recruiting Material

Most agencies use printed guidance material as a recruiting tool to highlight engineer-
ing job opportunities they offer. Therefore, before starting to interview qualified
applicants for the co-op or intern positions, take some time to review the agency's
career information (e.g., brochures, videos, posters). In order to recruit the best
students for one’s program, the guidance materials will have to be informative and
professional. ’

STEP

(Cont.)

STEP
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First, check the following list of "essential elements" to be included in all printed
guidance material (3). Try to identify in these materials which elements are lacking
‘and those that must be added or updated.
Career information must be accurate (current) and provide the following:

« Definition of civil engineering and its subdiscipline areas

* Salary structure (short-term and long-term)

» Working environment (office and field)

o Advancement potential (managerial, technical, and entrepreneurial
opportunities)

* Education requirements

For more information about evaluating existing recruiting materials:

See p. 33 of "Printed Guidance Materials”

Interview Candidates

Following the student application deadline for the program, the committee, with the
help of a human resource representative from one's agency, should begin to evaluate
the applications. Next, a preliminary list of qualified applicants can be compiled.
Before the final selection of students to fill the co-op or intern positions, eligible

candidates will need to be interviewed by the human resource representative on one’s

committee or by other committee members. Most universities have a mechanism in
place to conduct the interviews on campus.

For more information about interviewing and recruiting in schools and on
college campuses:

See Chapters 3 and 4 of the AASHTO Recruitment and Retention
Guide.

STEP
5
(Cont.)
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- Implement, Then Evaluate the Pi'ogram

Why is evaluation so important?
There are several reasons why evaluation is critical to a program’s success.

¢ Problems in one’s co-op or intern program can be detected and corrected as
soon as they occur. :

e The effectiveness of any activities included in one’s program (e.g., a
mentoring program) can be evaluated so that improvements can be made.

 The overall impact of the program can be assessed.

Extensive program evaluation will be possible for a co-op or summer intern program,

since the agency will hire a relatively small number of students. Solicit opinions about
the positive and negative aspects of one’s program from the students bv using entry
and exit interviews or before and after questionnaires.

It is important to perform an evaluation at both the beginning and the end of the
program. Comparing the information from the evaluations will illustrate any changes
in the students’ attitudes or opinions about an engmeermg career as a result of
participation in the program.

In addition to interviews or questionnaires, student tracking should also be used to
determine if the students in one’s program actually graduate with a degree in engi-
neering. Student tracking charts the academic progress of a student from the time
the student participates in the co-op or intern program until graduation.

Depending on the schools or universities with which one's co-op program is affili-

_ated, additional student evaluations such as supervisors' reviews may be req}lired.

. A
Also, if additional activities were integrated into the co-op or summer iritern program,
separate evaluations should be performed for each activity. For examp]e ifa.
mentoring program is integrated into the program, further evaluation of the mentoring
program should be performed.
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STEP
7
(Cont.)

For more information about evaluating a mentoring program:

See p. 60 of "Mentoring Programs”

Need more information?

The agencies listed within the Directory of Programs and Services, "Co-Op
Education and Summer Intern Programs," have successful co-op and

summer intern programs. They can be contacted for more information, help, or
ideas.




CHAPTER 5

CURRICULUM PROGRAMS

Research from Phases I and II indicates that civil engineering
lacks image—in other words, personality. Students, especially
at pre-college levels, fail to grasp the relevancy of their mathe-
matics and science courses. Yet, the importance of the teacher
as an influencer cannot be understated. Drawing on these obser-
vations, curriculum modifications through the pre-college and
college experience are warranted. This is a long-term process
that will require the cooperation of engineers, educators, adminis-
trators, school boards, parents, counselors, and curriculum devel-
opers (3).

The curriculum at the pre-college stage can be modified (3)
through the following:

1. Development of a more creative and cohesive mathematics
and science curriculum that integrates the relevancy of the subject
material;

2. Development of curriculum materials that illustrate how
mathematics and science integrate with social concerns in solving
civil-engineering-related problems; and
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3. Incorporation of the importance of mathematics and science
preparedness.

The curriculum at the college stage can be modified (3) in several
areas, such as

1. Provision of early exposure to the engineering profession and
its specialties,

2. Provision of early and intensive exposure to civil engineering
and its specialties, and

3. Empbhasis on strong preparation in oral and written communi-
cation skills. .

Curriculum programs in this manual are applicable to students
in grades K~12 and college and include Teacher Workshops, Cur-
riculum Enrichment Programs, Summer Workshops, and Pre-Col-
lege Programs. Curriculum pregrams involve collaboration among
engineers, transportation professionals, engineering faculty, and
teachers to develop appropriate materials that show the relevancy
of mathematics and science to engineering.
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ACTION PLAN: CURRICULUM
ENRICHMENT PROGRAMS

What are Curriculum Enrichment Programs?

Curriculum enrichmerit programs can include conferences (Math and Science Network conferences), ‘
enrichment classes ("Saturday Tutorial and Enrichment Program" - PRIME), classroom kits (Mineral
Information Institute kits), and college classes (Freshman Engineering Classes - Cornell University
and Penn State). Research has found that even at the elementary level, students desire more practical
examples in their classes that demonstrate the relevancy of mathematics and science. However, many
teachers have difficulty relating their subject to the world of technology (3). Curriculum enrichment
_programs involve collaboration among engineers, curriculum writers, and teachers to develop appro-
priate materials that show the relevancy of mathematics and science to engineering.

What are the resources necessary to begin?

Time:

Depending on the size and type of curriculum program, about 6 months to 3 years will be needed to
organize and design the program. (Curriculum classroom kits can require up to 3 years to develop,
design, test, refine, and distribute.)

Monej:

The budget for the program will also depend on the type of curriculum program. Some established

curriculum programs are funded through grants from the National Science Foundation or other
foundations. Developing classroom kits often requires the use of professional artists and writers;
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costs have been reported between $950,000 and $2 million for established programs. Curricu-
lum programs, like FACETS of the American Chemical Society, also require large budgets to
develop new mathematics or science curriculums. Some enrichment classes, not held during
school hours (like PRIME's "Saturday Tutorial and Enrichment Program"), pay salaries to the
teachers who participate in the program.

Smaller-scale curriculum development programs are also possible. For example, an engineer
can work with a teacher once a month to develop a lesson for a mathematics or science class
that incorporates an engineering problem into the curriculum.

Related Resources:

1. Large-scale curriculum development programs need the input of a large group of
people including school administrators, education experts, teachers, and engineers from
industry. ‘

2. Large-scale curriculum development programs will also require the services of profes-
sional writers and artists to develop new curriculum materials for classrooms.

3. Smaller-scale curriculum activities may require only the expenses associated with the
materials needed for the in-class instruction.

Implementation:

Follow the set of steps below for developing curriculum enrichment programs. Specific notes
about the different types of curriculum programs are included in the steps as appropriate. The
Directory of Programs and Services contains a list of curriculum enrichment programs to contact
for more information to help make your program a success!
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Form a Curriculum Enrichment Committee

This step is optional and depends on the size and scope of the desired curriculum
development program. A large-scale curriculum development program will involve
numerous people. It is to one’s advantage to form a committee of at least 10 people
to help divide the program responsibilities. Different subcommittees can be formed for
fund raising, interviewing and hiring writers and artists, reviewing different materials, .
and so on. One person within the committee should be appointed to serve as program
director. The director not only coordinates the program, but also serves as the point
of contact for questions and information about the program.

_For a curriculum program with a smaller size and scope, a committee need not be
formed. Program design and management can be accomplished by a program director
and one or two assistants, including a teacher or school administrator.

Established programs have stated that it is crucial to gain support
for one’s curriculum program from school administrators and
teachers from the very beginning. Without this support, it is
doubtful that the curriculum program will be implemented.

Select the Target Audience for the Program

Whether or not a program committee was formed in Step 1, a target audience must be
selected for the curriculum development program. The target audience should be as
specific as possible since the audience will influence the activities and academic content
of the program. For example, PRIME targeted average-GPA senior high school stu-
dents for the "Saturday Tutorial and Enrichment Program (//)." On Saturday morn-
ings, students bring any problems with their mathematics and science homework to a
college where they can be tutored and helped by high school teachers. The purpose of
this program is to encourage average students to continue enrolling in mathematics and
science classes throughout high school.

Curriculum programs can target any student group from K-12th grade and from
freshman through senior level in college. In determining the target audience, the
committee will need to consider the following points:
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Student grade level,

Student grade-point average,
Student ethnicity and gender, and
Student college major.

Set-Program Goals

Before the curriculum program can be designed, it is important for the committee or
the program director to define the program goals. The academic content and activi-
ties of the program will be chosen to meet the goals selected in this step. There are
two types of goals that can be defined for each program: behavioral goals and attitu-
dinal goals. The effect of a behavioral goal is a change in behavior and the effect of
an attitudinal goal is a change in attitude. The committee or program director can
define one goal or several goals depending on the size and scope of the program.

Following are example goals from established curriculum programs:

® The main attitudinal goal for SAE International's "World in Motion" class-
room curriculum kits is to provide students with a more positive attitude
about studying mathematics and science.

* The main behavioral goal behind the American Chemical Society's "Pre-High
School Science" program is to encourage teachers, through the new program
curriculum materials, to use more hands-on science activities in the pre-high
school classroom.

Develop the Curriculum Enrichment Program

The first step to designing a curriculum enrichment program is to choose a program
format. The format will depend on the proposed size and scope of one's program, as
well as the target audience. Budgetary constraints might also limit the options available
for curriculum program formats. Sample curriculum formats and programs include the
following:

Conference
"Expanding Your Horizon Conferences" - Math and Science Network
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#2

For:more information about the curriculum format of a conference program:.

Classroom Kits
"Mineral Information Institute” - Society for Mining, Metallurgy, and Exploration, Inc.

"World in Motion" - SAE International

Classroom kits are essentially boxes that contain different lessons and activities related
to mathematics and science. The lessons can be designed to be used by individual
students or groups of students, or they can be presented to the entire class by the
teacher. The "Mineral Information Institute" kits contain reference books and sample
rocks so the kits are entirely self-sufficient. Everything the teacher needs, including
reference material, is contained in the kit. However, the "World in Motion" kits were
designed to be used by an engineer and a teacher. The engineer works with the teacher
on each lesson to provide support and additional technical information.

Classroom Kkits are expensive and time-consuming to produce. The examples cited
above required budgets of $1 million to $3 million and a time period of 3 to 4 years to
produce. Professional writers and artists were contracted to produce the kits with the
input of education experts. The kits were also field tested and revised before being
mass produced.

Established programs have emphasized the importance of holding orientation sessions
to show teachers how to use classroom kits and other curriculum materials properly.
The more comfortable teachers feel with new curriculum materials, the more likely they
are to use the materials in the classroom.

Enrichment Classes
"Academic Year Program," "Saturday Tutorial and Enrichment Program" - PRIME

Enrichment classes can'be either integrated into mathematics and science classes
during school hours or held after school or on the weekends. These classes are de-
signed to demonstrate the relevancy of mathematics and science to the field of engi-
neering. The classes can also offer extra mathematics and science help to students, as .
in the case of PRIME’s "Saturday Tutorial and Enrichment Program.”

STEP
4
(Cont.)
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The size and scope of enrichment classes varies among established programs. Enrich-
ment classes can be as simple as an engineer working with a teacher once a month to
plan a mathematics or science lesson that relates to engineering. The budgets for
enrichment programs are quite small compared to those required for classroom kits.
The primary expenditures will be for materials for activities included in the program or
salaries for teachers participating in the program after school hours.

College classes can be included in the category of enrichment classes. Several colleges
have freshman seminar classes that introduce students to engineering in general as well
as to the different disciplines in engineering. Requirements to develop a new class
vary from university to university. The major resource necessary to develop this type
of program is a faculty member willing to design and teach the course.

After choosing a preliminary program format, conduct some research about existing
curriculum programs of the same format. Specifically, examine the activities and
academic content of the established programs. The purpose of this exercise is to find
an existing program model that can be adapted to fit one’s goals and audience. One's
. agency will save a great deal of time and resources by adapting an existing curriculum
program model to one's situation rather than designing an entirely new program.

Identify an Available/Desirable Budget and Recruit
Outside Sponsors

The budget required for the curriculum enrichment program will depend on the size,
scope, and format of the program as well as the resources available. Contracting
outside help from writers, artists, and education experts to help develop the curricu-
lum program is a large budget expenditure. Established programs suggest gaining the
support, input, and participation of local school districts, teachers, and administrators
during program development. This involvement will decrease or alleviate the need
for smaller programs to contract outside resources to develop the program.

Another large curriculum program expenditure is teacher salaries for programs that
are conducted after school hours. This problem can be alleviated by integrating one’s
curriculum enrichment program into the school curriculum by working closely with
teachers and school administrators during the program development. This option will
not work unless the agency can gain support from local school districts.
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A possible source of funding for curriculum enrichment programs is foundation grants
(e.g., National Science Foundation grants) (8). If one's agency is considering apply-

ing for a grant, try to enlist the help of someone familiar with writing a grant proposal.
Consult the established programs listed in the Directory of Programs and Services for
more information about grants.

The final decision that the agency will need to make during this step is whether or not
outside sponsors will need to be recruited. Soliciting corporate sponsors is a very
time-consuming task, and the benefits should be weighed carefully against the time
expended.

'For more information about recruiting corporate sponsors:

See p. 23 of "Conferences”

If one’s agency cannot acquire the resources to support the curriculum enrichment pro-
gram designed in Step 4, redesign the program based on the funds from the above step.
For example, scale down the program to make it fit the available funds. Most established
programs have commented that designing a curriculum program is an iterative process
between Steps 3 and 4 that requires several tries before a successful balance is achieved.

- Recruit Teachers to Participate in the Program

Now that the curriculum enrichment program has been designed and the budget has
been finalized, recruit teachers to participate in the program. If one's agency has
included teachers and school administrators in the program development and has
gained the support of local school districts, recruiting teachers to participate should
not be a problem. However, if this is not the case, personal contact should be used to
contact schools and teachers. Send members of the committee or the program
director to local schools to meet with principals and mathematics and science teachers
to discuss one's curriculum program.

If teachers or school administrators have not participated in

developing the curriculum program, it may be difficult to get the
program integrated into the school curriculum. Modifications to
the existing program may need to be made.

STEP

(Cont.)

STEP
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Generally, teachers who are enthusiastic about the curriculum program and volunteer to
participate will remain with the program longer than teachers who are forced to partici-
pate by a principal or school administrator. Some established programs will not work

_ with a school unless the principal and teachers have demonstrated support for the
program.

Implement, Then Evaluate the Program

Why is evaluation so important?

There are several reasons why evaluation is critical to a program’s success:

* Problems in one's curriculum program can be detected and corrected as soon as
they occur.

* The effectiveness of one’s curriculum materials can be evaluated so that im-
provements can be made next time.

¢ The overall impact of the program can be assessed.

Curriculum materials will need to be field tested and revised before they are mass pro-
duced and distributed. This is especially true for the lessons in curriculum classroom kits.

The easiest and most efficient method of evaluation is a questionnaire. Solicit both
positive and negative comments about the curriculum program and the curriculum materi-
als from teachers and students. Ask specific questions about the curriculum materials
included in the program (e.g., which materials did students like best?, etc.).

Follow-up questionnaires should also be used in curriculum enrichment programs. Ques-
tionnaires should be mailed about 6 months after the program or curriculum materials
were distributed to all teachers who participated in the program. The information from
these questionnaires will reveal whether teachers are still using their classroom kit or
curriculum materials.
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Need more information?

The agencies listed within the Directory of Programs and Services, "Curriculum Enrichment
Programs,” have implemented successful curriculum enrichment programs. They can be con-

tacted for more information, help, or ideas.
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ACTION PLAN: SUMMER WORKSHOPS
AND SUMMER PRE-COLLEGE
PROGRAMS

What are Summer Workshops?

Summer workshop programs target elementary and junior high school students and are designed to
encourage students to pursue studies in engineering and related fields. Activities in these workshops
are hands-on and all engineering concepts are presented very simply and generally. The duratxon of
the workshops is generally 1 to 2 weeks.

‘What are Summer Pre-College Programs?

Summer pre-college programs target senior high school students and emphasize a more academic
approach to preparing students for college. Activities presented in these programs demonstrate
advanced mathematics, science, or computer concepts in order to prepare students for entry into their
critical freshman year in engineering and related fields. Career planning workshops and college
financial aid workshops may also be included. Most of these programs are held at colleges and
universities. :

What are the resources necessary to begin?
Time:

Depending on the size and scope of one's workshop or program, about 8 months to 1 year will be
needed to organize and design the program.

Money:
The budget for one's program will depend on several factors. Room and board will be the principal

expenditure and must be included in the budget for each student if the summer workshop or summer
pre-college program is being held at a university.
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The amount of money budgeted for each student will depend on whether a program registration fee is
charged to each student (e.g., the student may be required to pay half of the room and board fees to
attend the workshop). If one’s agency has decided to sponsor the entire program or workshop,
established programs suggest budgeting about $500 per week per student for room and board on a
college campus. Other expenses incurred by these programs include materials needed for hands-on
workshops and fees paid to lab assistants to participate in the program.

Related Resources:

A committee of several people, including engineers from the agency, school administrators, and
mathematics and science teachers will be needed to design the program.

Implementation:

Follow the set of steps below for developing a summer workshop or a summer pre-college pro- '
gram. The steps to organize and design both types of programs are similar. The largest difference
between the two types of programs is the types of activities included in each of the programs.
Specific notes about any program differences have been added to the steps as appropriate. The
Directory of Programs and Services contains a list of summer workshops and summer pre-college
programs to contact for more information to help make your program a success!

Form a Summer Workshop or Summer Pre-College
Committee

Begin designing a summer workshop or summer pre-college program by first forming.
a committee. This step is optional and depends on the size and scope of the pro-
gram. Established programs suggest including about 10 people on the committee.
Include engineers from industry, university engineering and education faculty, and
school administrators. Also remember to include elementary and junior high school
mathematics and science teachers for summer workshops, or senior high school
mathematics and science teachers for summer pre-college programs.

For a summer workshop or summer pre-college program of a smaller size and scope,
a committee need not be formed. Program design and management can be accom-
plished by a program director and one or two assistants, including a teacher or school
administrator.
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At this time, one person within the committee should be appointed to serve as pro-
gram director. The director not only coordinates the program, but also serves as the
point of contact for questions and information about the program.

The first important responsibility of the committee is to define a target audience for
the program. The selected target audience should be as specific as possible. The
chosen audience will affect the design of the activities in the program and whether the
program will be a summer workshop or a summer pre-college program. For ex-
ample, a summer workshop targeting an audience of elementary and junior high
school students will need to contain mathematics and science activities that are hands-
on and fun-oriented. Any engineering concepts in the activities will need to be pre-
sented snmply and very generally. In contrast, a summer pre-college program target- -
ing an audience of senior high school students who have been accepted into college
may contain classes in advanced mathematics, science, or computer topics to prepare
students for their freshman year in college. A summer pre-college program targeting
an audience of students about to enter their senior year in high school may contain
college planning workshops and financial aid workshops. In determining the target
audience, the committee will need to consider the following points:

¢ Student grade level,
* Student grade-point average,
¢ Student ethnicity and gender,
¢ Student college major, and
¢ Student interest in mathematics and science.
Other committee reéponsibilities will include
e Establishing goals for the program,
¢ Developing a budget and deciding if fund raising will be necessary,

e Offering suggestions about activities and program content, and

. Establiéhing program eligibility requirements and selecting students for the
program from the qualified applicants.
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Develop Goals for the Program

Before either program can be designed, it is important for the committee to define the
goals of the summer workshop or summer pre-college program. All of the activities
included in the program will be chosen to meet the goals selected in this step. Since the
' target audiences of these programs are different, the goals of the programs will also be
different. There are two types of goals that can be defined for each program: behavioral
goals and attitudinal goals. The effect of a behavioral goal is a change in behavior and
the effect of an attitudinal goal is a change in attitude. The committee can define one
goal or several goals depending on the size and scope of one’s program.

An example of an attitudinal goal for summer workshops is that after the workshop,
students will have a more positive attitude about studying mathematics and science. An
example behavioral goal for summer workshops is that after the workshop, students will
continue to enroll in mathematics and science classes throughout junior and senior high
school. ‘ ' ' ' - B

An attitudinal goal for summer pre-college programs might be that after the program,
students will have an understanding and appreciation of the jobs that engineers perform.

. An example behavioral goal for summer pre-college programs is that as a result of the-

program, students will improve their mathematics, science, and computer skills before
entering their freshman year in college. ‘ '

Design the Summer Workshop or the Summer
Pre-College Program

The design of the summer workshop or summer pre-college program will depend
heavily on the target audience selected in Step 1 and the goals selected in Step 2.
Before designing any of the activities of the program, conduct some research about
existing summer workshop or summer pre-college programs. Specifically, examine the
formats and activities utilized by established programs. The purpose of this exercise is
to find an existing program model that can be adapted to fit one's own goals and audi-
ence. The committee will save a great deal of time and resources by adapting an exist-
~ ing model to the situation rather than designing a program from scratch. At the very
least, established programs should be able to provide the committee with activity ideas
that have been successful and the names of potential program speakers. '
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The activities planned for the workshop or program should be closely coordinated
with the goals chosen in Step 2.

The types of activities included in summer workshops and
summer pre-college programs are very different!

Summer workshops targeting elementary or junior high school students should contain
mathematics and science activities that are hands-on and fun-oriented. Engineering
concepts can only be presented very simply and generally. Students can be introduced
to the general field of engineering and the jobs engineers perform. A decision has to be
made by the committee on which disciplines and how many disciplines to introduce and
include in the program. However, research has shown that the elementary and junior
high school years are too early for specific career planning. The emphasis of summer
workshops should be to encourage students to continue to enroll in mathematics and
science classes.

Summer pre-college programs should include activities that emphasize a more aca-
demic approach to preparing students for college. Activities may include advanced
mathematics, science, or computer classes that will help prepare students for entry into
their critical freshman year in engineering and related fields. Research-related activities
can also be used in pre-college programs to improve students’ mathematics, science,
and computer skills. Other activities that can be included in pre-college programs are
study skills workshops, financial aid workshops, and career planning workshops.

Some established summer workshops and summer pre-college programs include
mentoring in their design. Integrating a mentoring program into a workshop or pre-
college program requires pairing each student or a small group of two or three students
with an engineer from one's agency, an engineering faculty member at the university, or
even an engineering college student. The engineer will act as a mentor by helping the
student with program activities or providing information about the type of job an
engineer performs. Most established programs encourage mentors to remain in contact
with their student after the program is over to continue to offer support, encourage-
ment, and advice to the student.
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For more information about implementing a mentoring program:
See p. 60 of "Mentoring Programs” '

The design of the summer workshop or summer pre-college program includes determin-
ing the duration of the program. Most established summer workshop programs are 1 to 2
weeks in length. However, summer pre-college programs are 2 to 10 weeks in length.
This difference is because the activities for senior high school students are more complex
and require longer time periods for program completion. These program durations are
useful as general guidelines; the final decision for the length of one’s program will be
based on available facilities and budget.

Develop a Budget and Recruit Outside Sponsors

The budget required for the summer workshop or summer pre-college program will
depend on the size and the scope of the program and the resources available. Since
most workshop and pre-college programs are conducted at universities, room and board
for each student will be the agency's primary expenditure. Established programs suggest
budgeting $500 per student per week. This number is an approximation and will vary
depending upon the university. The committee should also decide during this step
whether a registration fee from workshop or pre-college participants will be deemed
necessary. For example, this fee could be used to pay a portion of each student's room
and board. If collecting a fee is deemed necessary, remember to keep it as small as
possible. Established programs have commented that charging a registration fee forces
students and parents to make a commitment to attend the workshop or program (7).

If students be will staying overnight in college dormitories during the program, resident
assistants will be needed to oversee the students. Elementary and junior high school
students will need close supervision and will require more resident assistants than senior
high school students. Resident assistant arrangements will need to be made with the
university. Some universities can provide resident assistants and the cost is already
figured into the student’s room and board. In some cases, resident assistant salaries will
need to be figured as a separate item in the program budget.

If the program budget will not allow the expense of room and board for students at a
university, another option is to hold the program activities during the day at a university
or at one’s agency (depending on the number of students). This option will greatly
decrease the size of the required budget. However, when publicizing the program,
remember to only target students who live within a reasonable distance of the program
facility.

STEP

(Cont.)

STEP
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Established programs suggest having the committee construct an additional list of
materials necessary for the program activities and their cost. Next, the resources
available to the committee can be used to acquire many of the items through donations.
For example, a school administrator could donate clerical help for mailing program
applications and acceptance letters.

The final decision that the committee will need to make during this step is whether or
not outside sponsors will need to be recruited. Soliciting corporate sponsors is a very
time-consuming task and the benefits should be weighed carefully against the time
expended.

For more mformatmn about 1ecru1t1ng corpmate
sponsors :

«‘9»« -

 Seep. 23 of "Conferences’ -

The Pennsylvania State University’s summer workshop "Ms. Wiz" has demonstrated
another successful approach to recruiting sponsors. Letters are sent each year to faculty
members in engineering and related fields at Penn State. The letters ask each faculty
member to pledge enough money to sponsor one student so that they can attend the
workshop. The pledge covers 2 weeks' room and board for one student. The letters also
ask for faculty to volunteer as mentors. This approach for soliciting Sponsors can easily be
adapted to fit large organizations and agencies.

If the necessary resources cannot be acquired to carry out the workshop or pre-college
program designed in Step 3, redesign the program based on the funds from the above step.
Most established programs have commented that designing a workshop or pre-college
program is an iterative process between Steps 3 and 4 that requires several tries before a
successful balance is achieved.

Recruit Volunteers

The number of speakers that need to be recruited depends on the duration of the pro-
gram and the number of activities planned. The type of speakers the committee will
need to recruit for the program depends on the goals of the program and the activities
planned. For example, either senior high school mathematics and science teachers or
university faculty will need to be recruited to teach enrichment mathematics and science
classes for summer pre-college programs. If the summer workshop will include hands-

STEP
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on mathematics and science activities, recruit teachers familiar with the activities to
participate in the program. Another option is to have the teachers familiar with different
hands-on activities show engineers from one's agency how to conduct the activities.

Ask for suggestions from the committee about possible workshop or pre-college
program speakers. Use the committee members' corporate contacts to recruit speak-
ers. Established programs also suggest contacting colleges and professional societies
for names and recommendations of possible speakers. Personal contact is the key to
recruiting volunteer speakers. However, education experts or university faculty may
need to be offered a salary to participate, especially for programs that run over several
weeks. :

- Publicity for the Program

There are two different ways to publicize one's summer workshop or summer pre-
college program: personal contact and the media. Personal contact is accomplished
through the committee members spreading the word about the workshop or pre-
college program to school administrators and school contacts. Several members of

. the committee should also be appointed to personally contact mathematics and science
teachers at local schools and provide them with information about the program.
Remember to include: N

e Clearly stated eligibility requirements
e Instructions on how to apply for the program
o Application deadlines and registration fees

The media, specifically radio and newspapers, can also be used to publicize the summer
workshop or summer pre-college program to the community.

Implement, Then Evaluate the Program

Why is evaluation so important?

There are several reasons why evaluation is critical to the success of one's summer
workshop or summer pre-college program:
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* Problems in one's program can be detected and corrected as soon as they
occur. _ ‘
* The effectiveness of hands-on activities can be evaluated so that improve-
ments can be made.
e The effectiveness of enrichment classes can be evaluated so that improve-
~ ments can be made.
e The overall impact of the program can be assessed.

The easiest and most efficient way to evaluate a summer workshop or summer pre-
college program is through pre- and post-program questionnaires. Students should

be asked to fill out a pre-program questionnaire when they register, before any part |

of the program begins. The post-questionnaires can be filled out on the last day of
the program. Solicit both positive and negative aspects of the program. Compar-
ing the information from the evaluations will illustrate any changes in the students’
attitudes or opinions about mathematics, science, and engineering as a result of
participating in the program.

Short questionnaires can also be used after each activity in the program to gain a
more detailed evaluation of the activities. If a mentoring program is integrated into
the summer workshop or summer pre-college program, a further evaluation of the
mentoring program should be performed.

At the end of the program, questionnaires should also be distributed to program
speakers and committee members to solicit their opinions about the workshop or
pre-college program.

Need more information?

The agencies listed within the Directory of Programs and Services, "Summer
Workshops and Summer Pre-College Programs," have successful summer work-
shops and summer pre-college programs. They can be contacted for more informa-
tion, help, or ideas. |
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ACTION PLAN: TEACHER WORKSHOPS

What are Teacher Workshops?

Teacher workshops are programs designed primarily for K-12 mathematics and science teachers.
These workshops can have a number of purposes, including giving teachers a better understanding
and appreciation of the jobs engineers perform and also showing teachers how to incorporate more
hands-on mathematics and science activities into their classes. The workshops can range in length
from 1 day to several weeks.

What are the resources necessary to begin?
Time:

Depending on the size and duration of one's workshop and the activities planned, a minimum of 6 to 8
months will be needed to plan and develop.the teacher workshop.

Money:

The budget needed for one's workshop will depend on the size and scope of the program as well as
the resources available. Existing program budgets vary widely. For example, some teacher workshop
programs have developed kits as teaching aides and as a way to encourage teachers to incorporate
more hands-on mathematics and science activities into their classes. The cost for creating and pro-
ducing these kits can reach millions of dollars. At the other extreme, the greatest budgetary expense
for some programs has been the cost of renting a facility in which to hold the workshop. Other
typical workshop expenditures will include materials needed for hands-on activities and lunch for the
participants (optional). An approximate estimate for the cost of a workshop is between $3,000 and
$4,000.
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Related Resources:

1. A committee of about 10 people, including teachers and administrators, as well as professional
engineers, will be needed to design the teacher workshops.

2. One person from the committee must be appointed to serve as the program director.

3. Depending on the types of activities included in the workshop, different workshop speakers will
also need to be recruited.

Implementation:

Follow the set of steps below for developing teacher workshops. The Directory of Programs and
Services contains a list of teacher workshops to contact for more information to help make your
program a success!

Form a Committee

The committee will be making key decisions that will ultimately determine the success
of one's workshop. For this reason, it is important to choose the members of the
committee carefully. Try to gain support for the program from school districts and
administrators in one’s area. For this reason, include at least 10 people on the commit-
tee, including local mathematics and science teachers, school administrators, guidance
counselors, and professional engineers from industry. -

Immediately after forming the committee, appoint one person to serve as program
director. The director not only coordinates the program but also serves as the point of
contact for questions and information about the program.

The first responsibility of the committee will be to select the target audience of the
teacher workshop. The target audience chosen will affect the design and goals of the
teacher workshop. For this reason, one of three main target audiences will need to be
chosen: elementary (K-6) teachers; junior high (7-8-9) teachers; or senior high (10-11-
12) teachers. After one of these groups is selected, the target audience will need to be
further narrowed down. For example, decide whether to include both mathematics and
science teachers or just mathematics or science teachers. These decisions may be
based on one’s budget and on the group of teachers that supported the program and
are likely to participate.
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Remember that even though one's immediate target audience is teachers, the ultimate
target audience will be elementary, junior high, or senior high school students.

Other committee responsibilities will include
¢ Establishing goals for the workshop,
e ‘Developing a budget and deciding if fund raising will be necessary, and

o Offering suggestions about workshop content.

Develop Goals for the Workshop

Before the content of the workshop can be developed, it is important for the commit-
tee to define the goals of the teacher workshop. There are two different types of
goals that can be defined: behavioral goals and attitudinal goals. The effect of a
behavioral goal is a change in behavior and the effect of an attitudinal goal is a change
in attitude. The committee can define one goal or several goals depending on the size
and scope of one's workshop.

An example attitudinal goal for teacher workshops is that after the workshop, teachers
will have an understanding and appreciation of the jobs engineers perform. In other
words, teachers will have a positive attitude toward engineering.

Example behavioral goals for teacher workshops are that after the workshop, teachers
will incorporate more hands-on mathematics and science activities into their classes or
incorporate some engineering problems using mathematics and science into their
classes. ‘

Design the Workshop

The design of the workshop will depend primarily on the target audience selected in
Step 1 and the goals selected in Step 2. Two important issues that one's committee
will need to address are

e  What will be the duration of the workshop (i.e., 1 afternoon, 1 day, or all
week)?

e When will the workshop take place (i.e., during the summer or during the
academic year)? :
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If the workshop is to be held during the academic year, a workshop of 2 days is fea-
sible. Because school is not in session during the summer months, summer workshops
can be longer in duration.

Before beginning the actual design of one's workshop, do some research about existing
teacher workshop programs. Review different formats of established programs and
their related activities. Do not design an entire workshop program from scratch if there
is an existing workshop model that can be adapted to one’s program. At the very least,
established programs should be able to provide the committee with activity ideas that
have been successful.

The activities planned for the workshop should closely match one's program goals. For
example, if the attitudinal goal were to give teachers an understanding and appreciation
of the jobs engineers perform, it would be appropriate to have several engineers from
one’s agency volunteer to make presentations about the jobs they perform and any
recent technological advances the agency has made. Another activity that supports this
goal is giving the teachers in the workshop a tour of the agency and demonstrating how
mathematics and science are used to solve engineering problems.

For more information about getting engineers involved
in making presentations:

‘See p. 42 of "School Presentations”

Established programs have found that a very effective element in the workshops has
been introducing teachers to hands-on mathematics and science activities. Hands-on
activities are designed to stimulate the students' interest in scientific or technical areas or
to help them broaden their image of mathematics. These activities provide teachers and
students with an experience as well as an awareness of how these disciplines relate to
the outside world. Begin designing hands-on workshops by consulting with established
workshop programs to gain ideas for successful hands-on activities.

Develop a Budget and Recruit Outside Sponsors

As stated previously, the budget required for one's workshop will depend on the size and
scope of the workshop and the resources available. Established programs suggest having
one's committee construct a list of the materials necessary for the workshop and their

STEP
(Cont.)

STEP
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cost. Next, the resources available to the committee can be used to acquire many items
through donations. Consider the type of facility required in which to hold the work-
shop, including the number of rooms that will be needed and any special equipment the
facility will have to provide. Next, use the committee's resources to try and get a
facility donated. For example, a school adminstrator could donate the high school
facilities for a Saturday afternoon. Another option is to hold the workshop in a confer-
ence room at one's agency. This option may only be feasible for small workshops.

The committee should also decide if a registration fee from teacher workshop partici-
pants will be required. If collecting a fee is necessary, remember to keep it small.
Established programs have indicated that charging a registration fee is a good idea since
it forces teachers or school districts to make a commitment to attend the conference (7).

The final decision that the committee will need to make during this step is whether or
not outside sponsors will need to be recruited. Soliciting corporate sponsors is a very
time-consuming task and the benefits should be weighed carefully against the anticipated
time required.

For more information about recruiting corporate
“SpONSsors: ‘

Séc p. 22 of "Conferences”

If the resources cannot be acquired to carry out the workshop designed in Step 3,
redesign the workshop based on the funds from the above step. Established programs
note that designing a workshop and a budget is an iterative process between Steps 3
and 4. Several attempts may be necessary before a successful balance is achieved.

Recruit Volunteers

The number of speakers that will need to be recruited depends on the duration of one's
workshop and the number of activities planned. The type of speakers the committee
will need to recruit for the workshop depends on the goals of the program and the
activities planned. For example, if the goal of the workshop is to help teachers appre-
ciate the types of jobs engineers perform, it may be useful to recruit engineers in one's
agency to make presentations or give tours. Remember to include women and minor-
ity engineer role models as workshop speakers. If the workshop will include demon-
strations of hands-on mathematics and science activities, it is a good idea to recruit
either teachers familiar with the activities or education experts to participate in the
workshop.

STEP
4 .
(Cont.)

' STEP
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Ask for suggestions from the committee about possible conference speakers. Use the
committee members' contacts to recruit speakers. Established workshops also sug-
gest contacting colleges and professional societies for names and recommendations of
possible speakers. Personal contact is the key to recruiting volunteer speakers.
However, education experts or teachers may need to be offered monetary incentives
in the program.

Publicity for the Workshop

Before contacting individual schools to inform teachers about the workshop program,
talk to the superintendents of several school districts and the teacher's union. Gaining
the support and endorsement of these two groups is important and will encourage
more teachers to participate. In addition, if the workshop is held during the academic
year, the superintendent can give teachers incentives (e.g., paid time off) to participate.

Two of the most straightforward methods to publicize one's workshop are through
word of mouth by the teachers on the committee and through contacting individual
schools.

. When sending information about one's teacher workshop to individual schools, appoint
members of the committee to make follow-up telephone calls to the mathematics and
science teachers at the targeted grade level of the schools. Remember to include the
following in the information sent to schools:

o Target audience of the workshop,
» Complete description of the workshop and workshop goals, and
o Registration fees and deadlines.

Implement, Then Evaluate the Workshop

Why is evaluation so important?
There are several reasons why evaluation s critical to a program's success:

* Problems in one's workshop can be detected and corrected as soon as they
occur.

* The effectiveness of one's hands-on workshops can be evaluated so
that improvements can be made next time.

e The overall impact of the workshop can be assessed.
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The easiest and most efficient method of evaluation is a questionnaire. Solicit both
positive and negative aspects of the workshop from teachers and speakers. Ask
specific questions about hands-on activities that were included in the workshop--which
activity did they like, will they use hands-on activities in their classes, and so on.

- If attitudinal goals are included in the goals of the workshop, it is extremely important
to perform a pre-workshop and a post-workshop evaluation. ‘Teachers should be
asked to fill out the pre-workshop questionnaire when they register, before any part of
the workshop begins. The post-workshop questionnaire can be filled out at the end of
the workshop. Comparing the information from the evaluations will illustrate any
changes in the teachers' attitudes or opinions about engineering as a result of partici-
pating in the workshop.

If behavioral goals are included in the goals of the workshop, follow-up questionnaires
should also be used in teacher workshop programs. Questionnaires should be mailed
about 6 months after the program to all the teachers who participated in the work-
shops. The information gained from these questionnaires will help to illustrate what
strategies learned by the teachers at the workshop have been implemented in their
classes.

Need more information?

The agencies listed within the Directory of Programs and Services, "Teacher Work-
shops," have successful teacher workshop programs. They can be contacted for more
information, help, or ideas. -
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THE TRANSPORTATION RESEARCH BOARD is a unit of the National Research Coun-
cil, which serves the National Academy of Sciences and the National Academy, of Engireering. It
evolved in 1974 from the Highway Research Board which was established in 1920. The TRB
incorporates all former HRB activities and also performs additional functions under a broader scope
involving all modes of transportation and the interactions of transportation with society. The Board’s
purpose is to stimulate research concerning the nature and performance of transportation systems,
to disseminate information that the research produces, and to encourage the application of appropriate
research findings. The Board’s program is carried out by more than 270 committees, task forces,
and panels composed of more than 3,300 administrators, engineers, social scientists, attorneys,
educators, and others concerned with transportation; they serve without compensation. The program
is supported by state transportation and highway departments’,rt'he modal administrations of the U.S.
Department of Transportation, the Association of American Railroads, the National Highway Traffic
Safety Administration, and other organizations and mdmduals interested in the development of
transportation. o

The National Academy of Scxences is a private, nonproﬁt self-perpetuating society of distin-
guished scholars engaged in scientific and engineering research, dedicated to the furtherance of
science and technology and to their use for the géneral welfare. Upon the authority of the charter -
granted to it by the Congress in 1863, the Aca’&emy has a mandate that requires it to advise the
federal government on scientific and tcchmc’z{l matters. Dr. Bruce M. Alberts is president of the
National Academy of Sciences. e

The National Academy of Engineering was established in 1964, under the charter of the National
Academy of Sciences, as a parallel orgamzauon of outstanding engineers. It is autonomous in its
administration and in the selection of its members, sharing with the National Academy of Sciences
the responsibility for advising the federal government. The National Academy of Engineering also
sponsors engineering programs’ -aimed at meeting national needs, encourages education and research
and recognizes the supenor achievements of engineers. Dr. Robert M. White is president of the
National Academy of Engmeenng

The Institute of Medicine was established in 1970 by the National Academy of Sciences to secure

- the services of eminent members of appropriate professions in the examination of policy matters

pertaining to the heailth of the public. The Institute acts under the responsibility given to the National

Academy of Scnences by its congressional charter to be an adviser to the federal government and,

upon its own’ mmatlve to identify issues of medical care, research, and educatlon Dr. Kenneth 1.
Shine is prejldent of the Institute of Medicine.

The Nanonal Research Council was organized by the National Academy of Sciences in 1916 to
assocn;a'te the broad community of science and technology with the Academy’s purpose of furthering
knowlédge and advising the federal government. Functioning in accordance with general policies:
detérmined by the Academy, the Council has become the principal operating agency- of both the
National Academy of Sciences and the National Academy-of Engineering in providing services to the

. //govemment the public, and the scientific and engineering communities. The Council is administered
L/ jointly by both Academies and the Institute of Medicine. Dr. Bruce M. Alberts and Dr. Robert M.
K ¥ Whlte are chairman and vice chairman, respecuvely, of the National Research Council.
/
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