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I. Abstract

This project was aimed at developing a methodology for improving the enrollment statistics of
underrepresented students in STEM degree programs. An assessment was administered drawing
inference from the correlation between academic performance, perception of engineering and
decision to pursue a STEM degree. Strong correlations were observed between academic
performance, perception of engineering, importance of Mathematics and one’s choice to pursue a
STEM degree. A project-based curriculum addendum was proposed and a private sector
engineering design program was developed and implemented.

2|Page



1. Acknowledgments

We would like to extend our gratitude and great appreciation to the following people and
organizations. Their assistance both intellectually and materially played a vital role in the
development and successful completion of this project.

Prof. David DiBiasio
Prof. Nikolaos K. Kazantzis
Dr. Calvin Hill
Dr. Stephanie Blaisdell
Prof. Martha Cyr
Prof. Kristen Billiar
Prof. Gretar Tryggvason
Steven P. Toddes
Michael J. Scarsella
Angela Throm
Charly EIl Khoury
Michael A. Cretella
Lauren MacMath
Christine Drew
Laura Robinson
Anand Vengurlekar (IDEO)
Superintendent Dr. James Caradonio (Worcester Public Schools)
Principal Sally Maloney (Doherty High School)
Principal Maureen Ciccone (South High School)
Principal Elizabeth Drake (North High School)
Principal Joseph M. Murphy (Burncoat High School)

INTEL, Cambridge, MA
LSAMP, National Science Foundation
Worcester Public Schools
IDEO, Cambridge, MA

3|Page



I11. Table of Contents

l. F AN =TS L ¥ S S R 2
I, ACKNOWLEDGMENTS ...ttt ettt e et e e e ettt s s s bt e e e s s ab e e e s aabae s e sbaeeessbbeessasbaesessbaeeessabeneaas 3
1. TABLE OF CONTENTS ..ottt ettt ettt s et e e ettt e e s bt e e e s eate e e s asbeeeseabeeeessbaeeeasbesessaneessareneaas 4
1. LI AN = T I O ] e 1N = 6
V. TABLE OF FIGURES ...... .ottt ettt e e et e et e s et e e e eab e e e sba e e e s ebbeeesasbaesesraneessabenesas 7
1. INTRODUGCTION. ...ttt ettt ettt e e ettt e s et et e s s et eee s et beeesatetessbeeessbbesesasaesessabesesssbbesesasseasssabenesssbesesanes 8
2. LITERATURE REVIEW. ...ttt ettt ettt e e ettt st e e sttt e e s ettt e e s et e e e e sbaeeessbbeeesssbeeessabeeas 12
2.1. THE NATURE OF MATHEMATICS, SCIENCE AND TECHNOLOGY .1tviiiiiiiiiiiiiiiiiieeiiiiiitieesee s s s siiiiessessssssssnssssess 12
2.1.1. American Association for the Advancement 0f SCIBNCE ........c.ooooeiioee e 12
W o o] [-To1 2 01 USROS 12
2.1.3. SCIENCE TOF Al AMBIICANS. ... tiie ittt ettt ettt e s et e e st e e s eatteessab e e s st eessabeseesbbesssabesssbesssssbbesssabesssebeneessnen 12
2.2. MASSACHUSETTS DEPARTMENT OF EDUCATION ... cviiiiitiii e ettt sttt e e et esteee e st s e e eatae s s ssaaeessevbeessanaeseesnnaeas 13
2.2.1. Massachusetts EAUCation REFOIM ACK ... ..., 13
2.2.2. Massachusetts CUurriculum FramewWorKS...........covi oo 14
2.2.2.1. Mathematics CUITICUIUM FramMEBWOIK .........ocuiiiiiiie ittt ettt et e e st e e s sab e e e s bt e e e sabaeessbanessanes 14
2.2.2.2. Science and Technology Curriculum FramewWorK............ccoi it 15
2.3. INCORPORATING ENGINEERING/TECHNOLOGY PRINCIPLES ....ccciiiitiiietii s itee et ctee et sressve s sbessres s sressree s 15
2.3.1. Engineering/Technology inthe CUrriculum ................ccoooi e 15
2.3.2. Engineering OULreaCh Programs ...........ccooiiiiiioiieeioee ettt 16
2.3.2.1. Worcester High School Engineering OULreach Programs ...........coooieerereieneieeeeiesiese e sie e seeseeeeneas 16
2.3.2.2. AUVANTAGES. ..ottt ettt ettt ettt ettt et s e s et es ettt et es e eae sttt eneene s 19
2.3.2.3. DISAUVANTAGES. ......coviovieiieeeeeeeeeee ettt ettt ettt ae s e se st a et e s e s eas et eneene s 20
2.4. MINORITY INTEREST IN ENGINEERING......cccutttiiieiiiiiitieiiieeeesiitittieesesssesbbtseessesssasasbbasssasssesbbbasseesssssassbesseess 21
2.4.1. Diversity in the CUMTICUIUM ..ottt en e 21
242, IMIBENOUS ..o e et e 21
2.4.3 AUVANTAQGES. ...ttt ettt ettt ettt sttt eat et st s e s e b e eseeae et s essesb e s e beeaeeteens st e bt ent e b et e b ene 22
24,4, REIALEA STUIES ... e e 23
RS TS 182N = RO 24
2.5.1. BACKGIOUNG ..ot 24
2.5.2. SUIVEY IMEBINOUS ..ottt eneene 24
2.5.3. SUrvey QUESLIONNAITE DESIN .......ovieiieeeeeeee et eaea 26
2.5.3.1. Mail SUFVEY QUESTIONNAITE.........iiuiiieiiieieieeti ettt e et ettt et e sbesbe e e s e e s e e besbesbeebe s enseseaneebeseesaennan 26
2.5.3.1.1. The FIrsSt QUESTION ...cveiiiiiiiiie ittt sttt e st et e b e s ae et e s be et e abe e beebe et e sbe e eesteenbesaeeeesteenbennis 26
PR I R 4 (=] [ o OSSPSR 26
3. PRE-ENGINEERING MATHEMATICS & SCIENCE CURRICULUM ADDENDUM........c..ccoovevien. 28
4, STEP INTO STRIVE (PRIVATE SECTOR ENGINEERING OUTREACH PROGRAM) .....c.cccccuenee. 33
R Y/ 1] [ N U 33
YA 11 ] U 33
4.3. STEP INTO STRIVE PROGRAM ......ttiiiiitiie ettt eetee e ettt e ettt e e e etaes e s sttt e s et ae e e sbteeesssbeeesasbbesesasaeesssaseeesatbesennnes 34
4.4, STEP INTO STRIVE PROGRESSION ... .uuttiiiieiiiiiittteitieesseiitiettsesssasisstastsessssiistsesssassssissssssssessssissresseesessissesseeses 35
4.5, STEP INTO STRIVE PROGRAM BREAKDOWN ....uvviiiiiiiiiitiiiiie e s s esitbeetseessesibbetesassssssbbasssassssssssbassessesssassesssess 36
N I oY = W Lo 1= N TSR 36
4.5.2. PROGRAM CURRICULUM ..uutiiiiiiiiiiitiiit e e s ettt e e s sttt s e e s s s iaab b aat s e e s s e sabb b b aasaeeessabbbabasesesssbbbabeeesesssabbbabaeesas 37

5 WORCESTER PUBLIC SCHOOLS PRIVATE SECTOR CONSORTIUM PRE-ENGINEERING
LT A I IR 41
5.1. GRANT PROGRAM DESCRIPTION ...uttttiitieeiiiiittetieesiiaiistbesteesessiisssssessessiasssssssssesssaissssssssssssisssssssesssssinmssseees 41
D 0L PUIPOSE ...ttt ettt e et e et e et e e abe e eab e e eab e e e abe e eab e e eab e e e abeeeaaeeen bt e enba e et e e eabeeenbeeenreeenres 4]



B A2, PRIOMITIES ... e e e 41

5. L3 BIGIDIIITY ..ottt ettt 41
5.1 FUNDING .ottt ettt s b bt s b st s b st e bt b e st h b et s b st st bt n bt ne et e 41
DL B FUNA USE ..o e ettt 42
D18, GraNt DUFALION ... ..eiieeeeeee e e et e 42

6. ASSESSMENT METHODOLOGY ...ttt ettt ettt sttt s ettt e et e s st e e s s bt e e e s sabeeesssbaeessbeesesarenas 43
8.1, SURVEY 1ttiiiiiiiiiiitiiit ittt sitia et e e e et sttt e et s e e s s e bbb e et e e e e e e s bbb e e e e e e e e s sa b b e b e e e s e e s saa b b e b e e e e e e s ae b b e b e ee e e e e e e aa bbb e e e e e e e e e nabberaeaeas 43

B. 1.1, ODJECLIVE ...ttt ettt ettt 43
6.1.2. 9th Grade Survey IMpIemMeNntation.............ccooov oo 43
6.1.3. 12th grade Survey IMpIementation................c.oovioiiii i 44

6.2. STATISTICAL CORRELATION DATA ANALYSIS...uiiiiittiieietieieeieeeesetteeesetesssssaesessssaesessstessssseessssssessssssessssssens 44

7. [ 10 I T 46
7.1, DESCRIPTIVE DATA ANALYSIS ..iiitttiiitieetieitteit e e e s s e sittbettsesssssib b et teasesssab b et eeeseessasabbbeetsasssasbbbasteeessssasbbesenesas 46
7.2. STATISTICAL CORRELATION ANALY SIS .. iittttiiiieiiiiiittitiiie s s s s iibbabee e s e s s sasbbbbasesesssesabbbasssasssessbbbasseesssssasbbasaeesas 47

8. [ IO 0 1] 1 ]\ 53
9. (O] \\ (@ 10 1 1 ]\ 56
10. FUTURE RECOMMENDATIONS. ...ttt ettt ettt sttt e e s ettt e e s ettt e s sbasessetbeeesaseeeessabaeessbansesanes 57
Y = 4 = N L s T RUPR 58
VI. APPENDICES ...ttt ettt ettt st e e ettt e s ettt e e sttt e e e ettt e e sateteessabeeesaatbeeesareeeessbeeesstbeeenares 61
APPENDIX A: SCIENCE & TECHNOLOGY CURRICULUM FRAMEWORK .....cocciitviieiirieieiireeeesctveeessreessssaeesssnseeeans 61
APPENDIX B: STEP INTO STRIVE BROCHURE ..........utiiiititiecttie sttt e e etee s eteee e s etbe e s ssstas s s saaeassssbeeesessaesssseessssaneneaas 67
APPENDIX C: STEP IN STRIVE APPLICATION ...eeiiittiieiiteteeiteeeesettesesasesssssesesssssesssssessssssssssssssessssssessssssssssssseseas 77
APPENDIX D: TEACHER RECOMMENDATION FORM ....uuiiiiiiiiiiitiiie ettt ettt s sttt e e s e s s s eaaaban e s e s s s eaaenes 78
APPENDIX E: STEP IN STRIVE CALENDAR. ... cuttiiiiiiiitttttteeeseiitbeeteeessssabbatesasesssabbasstesesssassbssesesesssassaresssesssasssnes 79
APPENDIX F: DESIGN PROJECT PROBLEM STATEMENTS ...ciiitttiiiieiisiittttieesessissietetesessssssssesssesssassssesssesssassssnes 80
APPENDIX G: ENGINEERING DESIGN PROJECT REPORT (ELECTRICAL & COMPUTER ENGINEERING) ............ 81
APPENDIX H: ENGINEERING DESIGN PROJECT PRESENTATION (ELECTRICAL & COMPUTER ENGINEERING).88
APPENDIX |: ENGINEERING DESIGN PROJECT POSTER (BIOMEDICAL ENGINEERING) ...ccuviuveiiiinienicnieseeie s 90
APPENDIX J2 SURVEY ...iittttiiiie et ieiitteet e et s estbeet s e s s s e iabbaaesasssasbbbeaeeeee st sabbbaaeeeseessaabbab s eeseessaa bbb baeesesssasbbabaeeseessassnrres 91
APPENDIX K: SURVEY ANSWER SHEET ....ciiitttttiieiiiiiitiitteessssiiitbseteessssiistbasssssesssasbsasssssesssssssssssssesssasssssssssesssassssnes 97
APPENDIX L: GRADE 9 ACADEMIC PERFORMANCE ....uuiiiiiiiiiiiitiieeeeesiiiiareessessiibbaseessessssssssesssesssssssssssssesssasssnes 98
APPENDIX M: GRADE 9 FUTURE EDUCATIONAL OQUTLOOK ....icvviieiitiieeiittee e s eteeeestveeeeesteeessvaeassssveessnsaesessnsenas 103
APPENDIX N: GRADE 9 ATTITUDE TOWARD THE STEREOTYPICAL PERCEPTION OF AN ENGINEER................. 111
APPENDIX O: GRADE 12 ACADEMIC PERFORMANCE ......cciiiiiiiitiiiiiee e e eiitttitee e e e s st btrte e s e s s sssbtbasssesssasassbanssasssees 117
APPENDIX P: GRADE 12 FUTURE EDUCATIONAL OQUTLOOK .....uttiiiieiiiiiitiitiieeesssititrieesesssssssresssesssssssresssesssains 122
APPENDIX Q: GRADE 12 ATTITUDE TOWARD THE STEREOTYPICAL PERCEPTION OF AN ENGINEER............... 130

5|Page



I11. Table of Tables

Table 1: Proposed Project-Based Mathematics Curriculum Addendum
Table 2: Proposed Project-Based Science Curriculum Addendum
Table 3: Profiles of Step into Strive Student Participants

Table 4: Step into Strive Program Outline and Schedule

Table 5: Correlation Values of Question Sets

6|Page



IV. Table of Figures

Figure 1: Program Outline & Engineering Design Process

Figure 2: 9th Grade Likelihood of pursuing a STEM Major based on Evaluated Importance of
Mathematics

Figure 3: 9th Grade Plans on Attending College based on Academic Performance

Figure 4: 12" Grade Likelihood of pursuing a STEM Major based on Academic Performance

Figure 5: 12th Grade Likelihood of pursuing a STEM Major based on Evaluated Importance of

Mathematics

7|Page



1. Introduction

The current documented percentage of minority students pursuing STEM related fields as
undergrads is minimal in comparison to the percentage of their Asian and White counterparts in
the overall student population. Socio-economic issues beyond our scope of rectification are at the
heart of this issue. Students of color and minority ethnic decent have an out worldly outlook far
different than those outside of their socioeconomic status. The thought of pursuing a degree in
higher education let alone a STEM related field is beyond the scope of understanding and
acceptance of many students falling within this range of socioeconomic struggle. To believe that
one can pursue or better oneself when the world around you seems to force you into a state of
debasement and acceptance that you will not succeed is this internalized issue that many of these
students face as they step out of their homes to head to school and as they sit in class looking out
the window into their life. The students turn to examples or identities that they can readily relate
to in an attempt to find some form of acceptance or guidance. (Rothman, 1954)

Numerous programs have been established and implemented throughout the nation that present
various solutions to this socioeconomic issue by transporting these students to secondary school
institutions of learning outside of their socioeconomic status in hopes that it would allow these
students to understand that there is a better life or in the least a definite chance to better oneself.
One such program, Metco, first established in 1966 and currently 3,300 students in 34 school
districts in the Commonwealth of Massachusetts participating, is a grant program intended to
expand educational opportunities and reduce racial imbalance by transporting students from a
lower socioeconomic status to a school of a higher socioeconomic status.

Other than the socioeconomic issue that we as a country struggle with, the group postulates that
the low percentage of Minorities pursuing STEM related fields is a result of the lack of diversity
and engineering principles in the current Mathematics and Science High School Curriculums, as
well as, the decrease or lack thereof conceptual hands-on project-based teaching methods and
learning within our secondary school institutions. Many of the texts used in these classes lean
towards the bias of white males, which in turn discourages minority students to pursue such
fields. Students of ethnic decent are on a mission to find what courses relate to them so that they
will be able to choose a field to study upon graduating High School.

Many of the engineering concepts are studied within mathematics and science classes; however,
students are not being introduced to the fact that engineering is simply the use of mathematics
and science principles in unison towards a solution. Basically the notion of Engineering as a
Discipline is not made understood. With the introduction of engineering principles and
conceptual hands-on activities and learning, students will be able to realize the common ground
between all the mathematics and science courses and will then find reason in the need to study
those classes. The introduction of a conceptual hands-on project-based engineering multicultural
curriculum into the current Mathematics and Science curriculum in theory should contribute to
the diversification of minorities interested in pursuing engineering as an undergrad and the
awareness of engineering principles to all students.

According to assessment tests and other measures, Massachusetts schools are among the nation’s
best. Students here rank fourth nationally in reading, sixth in math, and eighth in science on the
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National Assessment of Educational Progress, administered by the U.S. Department of
Education. They scored higher this spring in reading than 69 percent of their peers across the
country on the lowa Test of Basic Skills; a third of the state’s third graders were at the advanced
level, compared to 19 percent nationwide. A Boston College correlation of NAEP results with
international tests found that in eighth-grade science Massachusetts students performed as well
as, or better than, their counterparts in 40 out of 41 other countries, including Germany and
Japan; only kids in Singapore were rated higher.” (Bolon, 2000)

There has been no real individual measure of a student’s performance in the Massachusetts
School Systems of late. By March of 1996 the Department of Education had completed a
Common Core of Learning, released six of seven planned curriculum frameworks based on it,
and began the development of the MCAS based on the frameworks. These frameworks are based
on the statistics of Massachusetts schools as a whole and do not as many statewide statistics
reflect the individual achievements and failures of the schools that comprise it. The Worcester
Public School System is one school system that falls under the category of systems that have
continuously performed under the state level. Looking at the MCAS assessment test scores, an
increasing number of students are falling under the “Needs Improvement” or “Failure” categories
of the MCAS assessment test statistics. What is more alarming is the fact that the vast majority
of these students are of minority descent. Schools are recently focusing more on the statistics of
the school and have abandoned the fundamental notion of fostering the intelligence and
furthering such intelligence of the students that comprise this system.

Engineering is defined as the application of scientific and mathematical principles to practical
ends. Many have researched the notion of an Engineering based curriculum. The concept of such
a curriculum lies in the fact that engineering is all around us and is apparent in everyday
interactions with the world we live in. The more one can introduce such engineering concepts
into the frameworks of the curriculum, the more students become aware of the underlying
concepts in such fields as math and science for they can obviously see and demonstrate the
applications of such concepts. The fact is that students should not be initially subjected to more
rigorous studies of the fundamental concepts, but should be initially engaged in interdisciplinary
studies allowing them to further grasp these fundamental concepts.

Given the newly established Science and Technology/Engineering Curriculum Framework for
Massachusetts public schools, the lack of a diverse curriculum and the implementation of
engineering principles in general mathematics and science courses are the current challenges
public schools face. As a result, the number of Minority undergraduates pursuing a degree in one
of the STEM related fields is very minimal in comparison to that of their undergraduate
counterparts. However, with the introduction of and implementation of a curriculum comprised
of Engineering principles of math and science and more realistic examples, such as the
recognition of well-known researchers, scientists, and/or engineers with minority decent the
amount of minorities pursuing engineering will most likely increase. The additionally project
based curriculum should guarantee an increase in rate of enrollment.

The goal is to produce a curriculum that retains the salient technical material but enhances the
link between fundamentals and applications, reduces critical path length in the course sequence,
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introduces team experiences into all courses, and creates an atmosphere of inclusion rather than
exclusion (Busch-Vishniac and Jarosz, 2004).

Engineering principles are not coupled with the current curriculum that is presented to the
students comprising the Massachusetts Educational System. Unless students are initially and
progressively introduced to Engineering and its concepts at an early stage in their education,
preferably High School, and if these principles are not related to them in a way that they can
relate the material to their surroundings, the number of minority students in Engineering will do
nothing but remain and a stagnant increase. “We expect engineering students to be so committed
to the engineering endeavor from the time they set foot on a campus that they will pursue courses
that offer no insight into engineering as a profession for a minimum of a year, knowing that after
this “hazing,” there will be the reward of relevant classes. This sort of approach selectively
disadvantages women and minorities, because they are less likely to be exposed to engineering
as a profession and to be encouraged to pursue engineering careers” (Wyer, 2003)

Integration and incorporation of engineering principles in the current curriculum is the first and
most important step to increase the number of minorities in the domain of engineering.
“Integration of engineering in all classes will increase the interest in any student to pursue
engineering.” (Wyer, 2003) “John Slaughter, president of the National Action Council for
Minorities in Engineering, declined to set up separate African American and Latino study
programs at Occidental College but ensured that minority contributions were reflected in the core
curriculum. ‘I encouraged the faculty to build stronger cultural studies programs that incorporate
those disciplines as central themes.”” (Wyer, 2003)

The total integration and progression of these engineering principles throughout students
educational career will only aid in the retention of the minority student in the engineering major
of the students choosing but will serve as the prerequisite or foundation for the onslaught of
preliminary and basic classes the student will face in the near future at an institution of higher
education. “Many students lost before the engineering faculty get to them because they become
discourages in the introductory classes—physics, chemistry, and calculus—and discontinue their
pursuit of engineering (Tobias, 1994).” (Wyer, 2003)

The introduction of a conceptual hands-on engineering-based multicultural curriculum into the
current Mathematics and Science curriculum and the development of an engineering based
program to supplement the curriculum addendum could prove to be promising in the
diversification of minorities interested in pursuing engineering as an undergrad and the
awareness of engineering principles to all students. In order to properly develop a program that
would compensate for these theorized educational deficiencies, a survey, administered to local
Worcester Public High School 9" and 12" graders. This survey focused on gauging the current
student population’s academic status, as well as, the attitudes towards Engineering & STEM
related fields as disciplines and as future careers.

This assessment would allow us to draw inference towards whether or not there is a correlation

between their decision to pursue a post-secondary education and their academic performance,
attitudes towards their academics and perception of Engineering and Engineers. This allowed us
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to draw inference into whether or not these characteristics played a role in their decision to
pursue a degree in a STEM related field if they decided to pursue a post-secondary degree.

Relying on methodologically solid data analysis, a curriculum addendum comprised of project-
based engineering principles and multicultural reference proposed. In addition to the proposed
curriculum addendum, an engineering design outreach program, Step into Strive, aimed to
supplement the current curriculum, as well as, prove to challenge the students with more
advanced concepts was developed. To successfully implement this new method of conceptual
hands-on learning and to manage the engineering design program, a consortium of private sector
entities was proposed to provide the necessary training and resources to the teachers, as well as,
to oversee the general administration of the engineering outreach program.

As the paper progresses, we will detail the need for relating Engineering, mathematics and
science, socially is crucial to increasing the interest of minority students in Engineering.
Correspondingly, detailing how this relation is necessary due to the fact that ethnic minority
students are on a continuous mission to discover how courses relate to their individual
subcultures; an assessment they then use to select a college and career, leading to the
diversification of people in the engineering community.
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2. Literature Review
2.1. The Nature of Mathematics, Science and Technology
2.1.1. American Association for the Advancement of Science

The American Association for the Advancement of Science (AAAS) founded in 1848 works
towards the advancement of scientific knowledge and scientific innovation worldwide for the
betterment of all peoples globally. The AAAS is open to and provides its services to 262
affiliated societies and academies of science, totaling over 10 million people worldwide. The
AAAS publishes the acclaimed and widely read journal, Science, as well as many scientific
newsletters, books and scientific reports. The AAAS also develops and leads multiple programs
that elevate the progress they want and need for science worldwide.

2.1.2. Project 2061

The AAAS founded Project 2061 in 1985 to further the Science and Mathematics and
Technology knowledge of all Americans. “Curriculum materials are a critical component of
improving science and mathematics education, yet many materials fail to teach the most
important concepts in an effective way.” (AAAS) Project 2061 is developing programs,
publications and various other materials to assist in the identification and development of
curricular amendments and instructional materials towards the guarantee of a fundamental
Science and Mathematics education for students. “Project 2061 is developing strategies and tools
for evaluating the alignment of K-12 assessments in science and mathematics with national and
state standards and benchmarks.” Project 2061 is now leading two scientific research efforts
towards the enhancement of our knowledge in science and mathematics teaching and learning.
Due to its constant fight for people’s awareness of science and mathematics, Project 2061 has
garnered the reputation as the "single most visible attempt at science education reform in
American history" (Organization of Economic Cooperation and Development, 1996)

2.1.3. Science for All Americans

"Science for All Americans is based on the belief that the science-literate person is one who is
aware that science, mathematics, and technology are interdependent human enterprises with
strengths and limitations; understands key concepts and principles of science; is familiar with the
natural world and recognizes both its diversity and unity; and uses scientific knowledge and
scientific ways of thinking for individual and social purposes.” (AAAS) The publication, Science
for All Americans, is comprised of information and analyses on the nature of Mathematics,
Science and Technology, as well as, the impact of science, mathematics, and technology on our
human society.

Science for All Americans is founded on the fundamental basis that Mathematics relies on both
logic and creativity, two attributes that accentuate the intellectual challenges that mathematics
poses to those that comprise its domain. Mathematics is one of the most important disciplines in
the realm of knowledge and education and it plays such a vital role in our society as a whole. The
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Nature of Mathematics delves deeper into the scope of how mathematical knowledge is the
fundamental basis of scientific literacy. The Nature of Mathematics focuses on the
comprehension, perception, and familiarity of fundamental mathematical concepts by students.
Science for All Americans works on the premise of fundamental relationships between
mathematics, science, and engineering/technology, 4 of which are of great significance:

0 The alliance between science and mathematics has a long history, dating back many
centuries. Science provides mathematics with interesting problems to investigate, and
mathematics provides science with powerful tools to use in analyzing data. Often, abstract
patterns that have been studied for their own sake by mathematicians have turned out much
later to be very useful in science. Science and mathematics are both trying to discover
general patterns and relationships, and in this sense they are part of the same endeavor.

o Mathematics is the chief language of science. The symbolic language of mathematics has
turned out to be extremely valuable for expressing scientific ideas unambiguously. The
statement that a=F/m is not simply a shorthand way of saying that the acceleration of an
object depends on the force applied to it and its mass; rather, it is a precise statement of the
quantitative relationship among those variables. More important, mathematics provides the
grammar of science—the rules for analyzing scientific ideas and data rigorously.

o0 Mathematics and science have many features in common. These include a belief in
understandable order; an interplay of imagination and rigorous logic; ideals of honesty and
openness; the critical importance of peer criticism; the value placed on being the first to
make a key discovery; being international in scope; and even, with the development of
powerful electronic computers, being able to use technology to open up new fields of
investigation.

Mathematics and technology have also developed a fruitful relationship with each other. The
mathematics of connections and logical chains, for example, has contributed greatly to the design
of computer hardware and programming techniques. Mathematics also contributes more
generally to engineering, as in describing complex systems whose behavior can then be
simulated by computer. In those simulations, design features and operating conditions can be
varied as a means of finding optimum designs. For its part, computer technology has opened up
whole new areas in mathematics, even in the very nature of proof, and it also continues to help
solve previously daunting problems.

2.2. Massachusetts Department of Education
2.2.1. Massachusetts Education Reform Act

The Massachusetts Education Reform Act, written into law in 1993, was the driving force
towards the development of the Educational Frameworks present to this day. The Educational
Reform Act was the result of the 1978 Webby vs. Dukakis lawsuit filed against then Governor
Michael Dukakis’s Administration. The lawsuit dealt with the lack of funding in the
Massachusetts Public School System. The basis of the lawsuit was that the future of the students
that comprise the Massachusetts Educational system, due to the lack of funding, would be that of
only inadequacy and mediocrity. The lawsuit claimed that the lack of funding deprived the
students of a proper education and future.

13|Page



The 1978 Webby vs. Dukakis lawsuit lead to a full assessment of the current Massachusetts
Educational Standards and System as a whole. The result of this assessment was the
Massachusetts Education Reform Act. This Reform Act included within it the need for the
development of Frameworks or Statewide Standards for the Massachusetts Educational System.
The State Frameworks were just one of many of the proposed changes outlined in the
Massachusetts Education Reform Act of 1993, which included equitable funding to schools,
accountability for student learning.

2.2.2. Massachusetts Curriculum Frameworks

The Curriculum Frameworks act as guidelines to the teaching of standards in all core academic
courses; guidelines designed for Massachusetts School Districts and educators to utilize in the
development of district curricula, coursework, and daily lesson plans. The final step towards the
development of statewide standards was the approval of the Science and Technology
Frameworks and the Mathematics Frameworks by the Board of Education.

2.2.2.1. Mathematics Curriculum Framework

The Mathematics Curriculum Framework was developed to foster and advance the Educational
Reform that has been ongoing in the state of Massachusetts. It is comprised of the work and
guidance of members of the administration, teachers, and university professors in the field of
mathematics.

The Board of Education panel accepted the work and guidance of the aforementioned group of
educators and administrators, the National Council of Teachers of Mathematics (NCTM), the
Mathematical Association of America, the American Mathematical Society, the American
Association for the Advancement of Science, NCTM’s Principles and Standards for School
Mathematic, data from the Third International Mathematics and Science Study, the National
Research Council’s National Science Education Standards, and drew upon them to develop and
approve of what we know now as the Mathematics Curriculum Framework. This framework is one
of seven sets of standards developed and approved to progress the educational reform taking place
in the Massachusetts Educational System.

The Mathematics Framework was developed in the belief that it would drive all students to
attaining a level of mathematical competence through the implementation of the standards that
comprise the framework. The Mathematics Frameworks is comprised of the following standards.
Number Sense and Operations

o0 Analyze relationships among the various subsets of the real numbers (whole numbers,
integers, rationals, and irrationals).

Explore higher powers and roots using technology.

Explore the system of complex numbers and find complex roots of quadratic equations.
Investigate special topics in number theory, e.g., the use of prime numbers in cryptography.
Use polar-coordinate representations of complex numbers (i.e., a + bi = r(cos6 + isin®)) and
DeMoivre’s theorem to multiply, take roots, and raise numbers to a power.

Plot complex numbers using both rectangular and polar coordinate systems.
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@]

1l4|Page



Patterns, Relations, and Algebra

0 Explore matrices and their operations. Use matrices to solve systems of linear equations.

0 Investigate recursive function notation.

0 Prove theorems using mathematical induction.

o0 Investigate parametrically defined curves and recursively defined functions, including
applications to dynamic systems.

Geometry

o Apply properties of chords, tangents, and secants to solve problems.

0 Use deduction to establish the validity of geometric conjectures and to prove theorems in
Euclidean geometry.

0 Investigate and compare the axiomatic structures of Euclidean and non-Euclidean
geometries.

0 Explore the use of conic sections in engineering, design, and other applications.

0 Investigate the notion of a fractal.

0 Use graphs (networks) to investigate probabilistic processes and optimization problems.

Measurement

0 Explore the scientific use of different systems of measurement, e.g., centimeter-gram-second
(CGS), Scientific International (SI).

Data Analysis, Statistics, and Probability

0 Explore designs of surveys, polls, and experiments to assess the validity of their results and
to identify potential sources of bias; identify the types of conclusions that can be drawn.

o Describe the differences between the theoretical probability of simple events and the
experimental outcome from simulations.

o0 Use technology to perform linear, quadratic, and exponential regression on a set of data.

o0 Design surveys and apply random sampling techniques to avoid bias in the data collection.
(Massachusetts Curriculum Frameworks: Mathematics, 2000)

2.2.2.2. Science and Technology Curriculum Framework

The Science & Technology Framework was developed to foster and advance the Educational
Reform that has been ongoing in the state of Massachusetts. It is comprised of the work and
guidance of members of the administration, teachers, scientists and university professors in the
domain of Science and Technology/Engineering. The Science and Technology Framework
promotes and fosters educational environments characterized by curiosity, persistence, respect for
evidence, open mindedness balanced with skepticism, and a sense of responsibility. The Science
and Technology Framework is comprised of the following standards. (Refer to Appendix A:
Science & Technology Curriculum Framework)

2.3. Incorporating Engineering/Technology Principles

2.3.1. Engineering/Technology in the Curriculum

“Investigations in science and technology/engineering involve a range of skills, habits of mind,
and subject matter knowledge. The purpose of science and technology/engineering education in

Massachusetts is to enable students to draw on these skills, habits, and subject matter knowledge
for informed participation in the intellectual and civic life of American society, and for further
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education in these areas if they seek it.” (Massachusetts Department of Education)
Implementation of a successful engineering/technology curriculum enhances the students
understanding and knowledge of the fundamental principles of each domain of science,
mathematics and engineering and their perception, comprehension and understanding of the
relations between these domains.

2.3.2. Engineering Outreach Programs

Engineering Outreach Programs are pre-college, pre-engineering programs for students in K-12
schools. The Engineering Outreach Program identifies and assists in the academic and career
preparation of students, the majority of them being underrepresented. Outreach programs focus
on enhancing and elevating the interest, comprehension and knowledge of engineering and its
fundamental principles, as well as, a student’s qualifications and eligibility towards the pursuit of
an Engineering Degree.

Outreach programs have been developed and implemented for many years now with two-thirds
of the United States Engineering Colleges implementing and leading an outreach program.
Outreach programs provide other services in addition to introducing students to the realm of
engineering. They provide academic advising, introduction and visits to companies, and other
institutions in the engineering industry, PSAT and SAT workshops, as well as, leadership
opportunities for students. “These programs are designed to employ engineering as a vehicle for
making the principles of science and mathematics relevant, exciting, and accessible to students
and teachers alike.” (ASEE Engineering K12 Center, 2006)

2.3.2.1. Worcester High School Engineering Outreach Programs

There are a variety of programs available to Worcester High School students. These programs
help the Students explore the field of mathematics, science, and engineering. In addition to
catering to the students’ needs, there are also programs available to teachers interested in
obtaining an outside perspective and aid when it comes to assessing their current curriculum.

The grant contributed to Worcester from the University of Massachusetts/Raytheon K-16
Engineering Collaborative and the Massachusetts Department of Education has set the grounds
for the development of a program that will focus on science and technology in the curriculum,
Engineering Pipeline Collaborative (EPIC). The students will have the ability to see how
mathematics, science, and technology relate to each other in the world and the contributions
engineering provided and their need locally, nationally, and worldwide. As a result, WPI is
helping Worcester accomplish the goal of the success of this program. Doherty High School is
the first school that will offer new and future engineering courses. The faculty at Doherty is
working with WPI faculty to prepare their curriculum for the engineering course. There are also
various student team projects that are working to “develop curricular modules for a pre-
engineering program at Doherty.”
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Tufts University, Umass Amherst, and Umass Lowell, with funding from NSF, collaborated to
support the implementation of the engineering design into K-12 classrooms. The Pre-College
Engineering for Teachers (PCET) program is set up so teachers attend a two week professional
development session where they will work with “faculty and engineering graduate students from
their affiliate university to apply the concepts leaned in their classes.” High school teachers
began the program in the 2003-2004 academic school year, middle school teachers will attend
the 2004-2005 academic school year, followed by grade 3-5 teachers, and wrapping up with K-2
teachers.

The Frontiers program is a summer program is specially designed for on upcoming high school
juniors and seniors. The purpose of Frontiers is to present a challenging research and learning
atmosphere created to explore the “outer limits of knowledge in science, mathematics and
engineering.” The duration of the program is two weeks and the students will have the
opportunity to live on campus and assess the facilities available on campus. The students will
develop their knowledge while working with prestigious WPI faculty. The students will also
have to opportunity to “use state-of-the-art experimental, analytical and computer technology” to
enhance their research and learning process throughout the program. The students will also have
the advantage of working with WPI students while in the laboratories and study groups.

The GEMS program, Girls in Engineering, Math and Science, is a summer program created to
introduce engineering to a maximum of 60 high schools girls from across the country at WPI.
The duration of the program is one week. The girls will have the opportunity to enhance their
knowledge of engineering while experiencing the college life through living in the dormitories
and access the facilities on campus. The week is comprised various hands-on laboratories and
sessions geared towards mainly topics that would interest young women, run by WPI faculty or
student volunteers. The activities are designed to teach about the different fields available in
engineering. The atmosphere is designed so that students will be intrigued by that they are doing
and will ask questions to further their understanding of the material. GEMS also explores the
importance of mathematics and science during the program. The goal of the program is to
enhance the knowledge of engineering in high school girls while also diminishing any
preconceived stereotypes of engineers, especially the stereotype that engineering is just a career
path for men. Girls are made aware that scientists and engineering are applying what they have
learned from mathematics and science courses to better the society, help human population and
even make world changing contributions. The program is made possible by the generous grant
provided by the Intel Foundation, as a result, the tuition is affordable and scholarship assistance
is also available for those in need.

The Strive program is a summer program designed to introduce engineering to a maximum of 60
African-American, Latino, and American Indian high school students from across the country at
WPI. The duration of the program is one week. During the week the students will have the
opportunity to experience the college life, living in the dormitories on campus and accessing all
the facilities, while expanding their knowledge on engineering. The week is comprised of
numerous hands-on laboratories and sessions, run by WPI faculty or student volunteers,
designated to teach them more about the different fields available in engineering. The
atmosphere is designed so that students will be intrigued by that they are doing and will ask



questions to further their understanding of the material. Strive also emphasizes the importance of
mathematics and science which in turn will hopefully inspire the students to focus on their
current and future mathematics and science courses. The goal of the program is help the students
to realize that engineers and scientists continuously use mathematics and science concepts to
help better the society, lives of the population, and even change the world. The program is made
possible by the generous grant provided by the Intel Foundation, as a result, the tuition is
affordable and scholarship assistance is also available for those in need.

WPI and the Worcester Higher Education Resource Center have collaborated to create the “Math
and Science Technology Education Resource” (MASTERS) Program. The purpose of this
program is to reach out to minorities in the Worcester Public High Schools, through various
activities that will greatly benefit the students involved in the MASTERS Program. The program
occurs during the academic school year. The goal of the program is to provide various activities
and sessions that will establish a broader interest in as well as preparation for courses relating to
mathematics, science, and engineering. The students meet once a week on the WPI campus
where they will have numerous resources at their finger tips such as: WPI students as tutors,
enrichment opportunities, and advising session as various topics- college applications, college
essays, financial aid information, and SAT preparatory courses. The overall goal of the program
is to increase the number of minority students involved in the pipeline of mathematics, science,
and engineering areas.

Small Learning Communities (SLC) programs support and aim to enhance the development of a
safe and effective learning environment in High Schools with large numbers of students enrolled.
The main purpose of the SLC programs is to ensure that all students in High School graduate and
move on in life with the knowledge and skills necessary to transition into a setting of higher
education and the work force. SLC programs are based on 5 domains:

1. Interdisciplinary Teaching and Learning Teams are the basic building blocks of SLC’s
which may contain one or more teams but never more than a few hundred students. Each
interdisciplinary team of teachers shares students in common for multiple years and
organizes instruction to gain more instructional time with fewer students.

2. Rigorous, Relevant Curriculum and Instruction is at the heart of SLC practice. Within
large blocks of the instructional day, interdisciplinary teams can organize fieldwork and
involve community partners to create a coherent and authentic program of study.

3. Inclusive Program and Practices ensure that students choose to enter a particular SLC
on the basis of their curricular interests and irrespective of their history of achievement.
SLC teams include educational specialists, who collaborate with parents, use time and
resources flexibly, and tailor instruction to meet all students' learning needs.

4. Continuous Program Improvement is integral to SLC team work. Teachers engage in
disciplined reflection on their practice to ensure that all students are learning. They
regularly examine student work and objective indicators of student learning and solicit
input from all members of the SLC community to identify needs for improvement.

5. Building/District Support takes the form of policies and practices that enable SLC
teachers to function in the ways described above. A fundamental form of support needed
for SLCs to thrive is sufficient autonomy for SLC teams to respond flexibly to the needs
of their students. (NW Regional Educational Laboratory)
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The Massachusetts Academy of Mathematics and Science at WPI is a program available to 11"
and 12" grade high school students. The Mass Academy at WPI is set up to nature the needs of
“academically accelerated youths.” It is a public high school that focuses there studies on
mathematics and science. The junior year class itself follows are very intense curriculum that
surpasses the expectations of standard Honors and AP credit courses in ordinary high schools.
During the students’ senior year, they will have the opportunity to complete one year of college
at WPI. The program also offers a balance by including humanities and world languages.

North High offers different programs to fulfill the special interest of students. North High offers
Professional Pathways provided for students in grades 11" and 12™. Professional Pathways are
two year programs that are comprised of various elective classes related to the students’ desired
interests. The pathways offered are Advanced Academics, Business, Engineering Technology
and Communications, and Health and Human Services. Within the Engineering Technology and
Communications pathway students would have to complete the following courses: Computer-
Aided Drafting/Design, Graphic Communications, and Electronics. At the end of the program
the students will have developed a clear understanding of engineering technology concepts as
well as communication concepts. As a result, the students will be able to evaluate their
experience and decide whether a degree in engineering technology or communications is the
right career path they should pursue in college. Nonetheless, the students will have an
established background that will in some way aid in their college experience.

South High offers different academies to the students upon entering their freshman year. Within
those academies are predetermined course requirements for every year they are in South High.
The areas available for study are Arts and Humanities, Education Service and Government, and
Information Technology. Focusing on Information Technology, students enroll in this academy
if they express an interest in technology, graphic design, communications, electronics,
automotive, or multimedia. This academy is very interactive. The purpose of this program is to
create an atmosphere where students succeed while accesses various types of technologies.

Doherty High School also offers an Engineering and Technology Academy. The Academy is
comprised of various activities that identify the commonalities within various disciplines as
concepts are reinforced in multiple contexts. The program emphasis the advantages of project-
based learning and incorporating technology in relating courses. Students will learn the basics
such as the engineering design process, scientific method and multimedia programs (i.e.
PowerPoint, Excel, Publishing, E-mail). The students will have the opportunity to learn how to
use the various tools, programs and materials to enhance their learning process through hands-on
activities.

2.3.2.2. Advantages

The majority of students that are currently interested in engineering are only interested because
their parents/guardians, family member or friend of the family is an engineer. Engineering
outreach programs and Incorporating engineering concepts into the current curriculum will also
verify or disprove preconceived beliefs that some students may have already formulated.
Outreach programs provided a further explanations and hands-on experiences to students
interested in mathematics, science, and/or engineering that they may not experience in their

19|Page



current high school classroom. Outreach programs set a mind nurturing atmosphere, providing
students with numerous resources to answer all their questions concerning various concepts.

The incorporation of engineering and engineering principles in the current Worcester Public
Schools’ mathematics and science courses enhance the student’s desire to learn the material
because they have made a connection with the material and real-life examples. Introducing the
concept that engineering is the application of mathematics and science to solve real-world
problems, students will finally realize the importance of the concepts they learn in their basic
mathematics and science classes and how they relate to real world situations. Incorporating the
concepts that current academies are following regarding engineering in the regular high schools
will spark the interest of students. After being exposed to new ideas, concepts and hands-on
projects that relate to real world problems--students will begin to ask questions to broaden their
understanding of the mathematics, science, and engineering concepts and also seek for additional
examples or in-depth explanations.

2.3.2.3. Disadvantages

Although in general there are no disadvantages in outreach programs and academies in the
Worcester Public Schools Community, there is one great challenge that must be overcome—Ilack
of interest. Given that the main purpose for outreach programs is to attract those that are not as
informed about a topic, it is also used to further educate those that show interest in the topic.
However, most of the time only students that are interested in mathematics, science, and/or
engineering will consider attending outreach programs or academies on their own. Students that
have minimal knowledge of and preconceived views on mathematics, science, and engineering
are very unlikely to show any type of interest in outreach programs or academies focusing on the
preceding topics. This was seen in a personal experience with Step into Strive, where the
majority of the students, although recommended by their teacher or principal, had no plans on
attending college for a STEM major. However, in order to overcome the issues many outreach
programs deal with in not really reaching out to that student population they initial aim to and
hope to reach out to, we made sure to include both the parents and teachers (school
administration) into the application process. With the parents aware of the competitive and
exclusive nature of the program and seeing that their child had been personally recommended by
their teacher and principal of the school, their need for their student to experience this newly
available opportunity was overwhelming. A proper selection criteria is one way in which
outreach programs can guarantee that they are indeed reaching out to the student population they
intend to reach out to.
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2.4. Minority Interest In Engineering
2.4.1. Diversity in the Curriculum

The current mathematics and science curriculum is viewed as being white-biased—it only refers
to white males that have made discoveries or those that have done extensive work to contribute
to mathematics and the sciences. A diverse curriculum is one that incorporates and appreciates
the study of multiple ethnic cultures in relevance to the course material. While the curriculum is
taught the inclusion of various cultures will subconsciously begin to teach students to appreciate
the distinct cultures surrounding them in their studies and their lives, especially in the United
States, which is known for being “The Melting Pot” of the world. In addition to the appreciation
of multiple cultures, students of distinct ethnic background will be able to finally realize how that
course material can be directly related to them, their culture, and their heritage. Minority students
will develop a sense of pride while learning the concepts of their course material. The world is
full of diversity and there is no escaping it. The best way to deal with it is to accept and learn
from it.

2.4.2. Methods

While the courses are being taught, teachers will make reference to well known, yet disregarded
people-- whether they be scientists, inventors, or engineers from various ethnic backgrounds and
relate them to the course material. Various elementary schools, middle schools, high schools and
colleges are beginning to realize that diversity needs to be implemented in the current course
curriculums to accommodate the needs and desires of the entire student body at those particular
universities.

Due to the diversity at The University of Western Australia, the university implemented a set of
guidelines with important points a teacher should review while constructing their course
curriculum in 1998. The university felt that the “student population is [characterized] by
diversity with regard to, amongst other characteristics, gender, race, age, disability, sexual
orientation, cultural background and socio-economic status. Teaching which disregards diversity
places students at a disadvantage by reducing their capacity to learn.” The guidelines focus on 5
main points: Curriculum design, Content, Delivery, Assessment, and Duty of Care. Each
category is then broken down into various points’ stated in question form, which teachers will
refer to and follow while preparing the course material. For example, an excerpt from the list
follows:

2. Content
Does the course content:
o acknowledge the diversity of knowledge and experience of your students?
« use examples/case studies which are free of negative stereotypes or assumptions?-
« examine the implications of diversity as part of the theory or practice being studied?
e encourage students to [recognize] and understand different ways of knowing?

As a result of the provided guidelines, teachers can be sure that their curriculums appeal to the
entire student body’s needs while covering all the course material required.



At the second grade level, Carolyn Brush a New Jersey teacher developed a curriculum that
incorporates various cultures into the pre-set curriculum standards for second grade Social
Studies. The theme she followed was “Around the World.” The multicultural "Around the
World" curriculum expanded the 2nd grade Social Studies curriculum of communities and
continents to include world communities and people.” The curriculum is greatly dependant of the
class make-up since the material in the class is designed to reflect the diversity of the students in
the classroom. In addition to the material taught and learned from the texts, the parents of
students are invited in the share different aspects of their culture to the students in relation to the
material being taught. The goal of the curriculum is to help “Students from diverse backgrounds
develop pride in their heritage” while learning the course material.

2.4.3. Advantages

A diverse curriculum enhances the learning of minority students by providing a common ground
between the students and the course material being taught- their individual cultures and
heritages. With a diverse curriculum, students become aware of their surrounds and different
cultures’ roles in history and in turn show an appreciation and respect towards other cultures as
they continue to live their lives.

The University of Western Australia feels that there are many advantages of a diverse
curriculum; “An inclusive [curriculum, which] acknowledges, respects and responds
appropriately to diversity can contribute to: enhanced learning outcomes for a greater number of
students; validation of student experiences and world views; development of international skills,
cross-cultural perspectives, respect for different values and learning styles, and other skills useful
in a diverse global environment; improvement of academic standards and the quality of
university teaching; recruitment and retention of a greater number of students from diverse
backgrounds.”

The multicultural curriculum in the New Jersey second grade class is astonishing. There are
numerous advantages to this multicultural curriculum. Not only does it make sure to cover all the
materials required by the Social Studies requirements but it takes advantage of the diversity in
the classroom and applies it to course material to keep the children involved and interested; it
also “extends into language arts, science and math.” While discussing all of the ethnic
backgrounds, those of ethnic decent will begin to feel proud about their roots. They will feel like
they are not losing their culture in the United States, but realizing its value and contributions to
history, the building block of the world we live in today. Nevertheless, all the students in the
class will be excited to learn more about history and all the difference cultures that contributed to
it. The effects of the curriculum in this single second grade class also spread to the neighboring
ones. The students had the opportunity of viewing the art the students did in the classroom. The
English as Second Language students also had the chance of viewing the art. They “became
excited whenever they saw something from their country or even their continent [a]and they felt
really good that that their language and their culture were being studied in an American.”
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2.4.4. Related Studies

Intending To Stay: Images Of Scientists, Attitudes Toward Women, And Gender As Influences
On Persistence Among Science And Engineering Majors, a published work by Mary Wyer from
North Carolina State University came to one conclusion that the creation of pipeline programs
and outreach programs serves no purpose in the realm of discovering why there is a significantly
low retention rate among minority students pursuing an Engineering degree. “Pipeline programs
have been created... not the answer to see why under representation of some groups in science
and engineering.” (Wyer, 2003)

The goal is to produce a curriculum that retains the salient technical material but enhances the
link between fundamentals and applications, reduces critical path length in the course sequence,
introduces team experiences into all courses, and creates an atmosphere of inclusion rather than
exclusion (Busch-Vishniac and Jarosz).

Minorities make up the smallest portion of the population and on the domain of Engineering with
only 23% of the U.S. represented by Black’s, Hispanic’s, and Native American’s. Only 6% of
the 23% are in the engineering labor force, and a more alarming statistic is that black women
make up 0.4 % and Hispanic women make up 0.6% of the science, engineering and technology
workforce.

This is largely due to our current curriculum and the Educational System that employs it. The
2001 retention rate in undergraduate engineering for minority students was 38% of the minority
students. “The “lack of hospitality” undermines the academic performance of minority students.”
(Wyer, 2003)

The current curricular setup does not appeal to minority students and does not further the interest
or even bring about an interest in engineering by minority students. The study by llene J. Busch
and Jarosz found a lack in the introduction of Engineering at an early stage in a student’s
educational career which in turn led to that student undertaking an engineering major only to step
into the basic coursework and lose interest, resulting in a change of major.

Once the curriculum holds a sense of social relevance and introduces the Engineering concepts
progressively and at an early stage in the students educational career, we will see a major
increase in the number of minority students pursuing Engineering degrees, as well as, a large
flux in the retention rate of minority students pursuing Engineering. “Our current curriculum
structure tends to neglect the importance of social relevance.” “The need for this link is
particularly acute for women and ethnic minorities, because they are seeking concrete evidence
of social relevance and relevance to their subcultures.” (Wyer, 2003)

Member’s of NSF’s Project for Multicultural and Interdisciplinary Study and Education
(PROMISE) at the Univ. Nevada found social relevance was an important aspect of a minority
student’s decision to pursue an engineering major. “Evidence suggests that ethnic minority
students consider not only social relevance but the extent to which the curriculum is tied to
values of their subculture. For this reason, we must consider the role of diversity and
multiculturalism if we seek to encourage more diversity in engineering school.” (Wyer, 2003)



The outcome of the majority of the studies was that there was a serious deficit in the realm of
multicultural based engineering principles and relevance in the current Educational System. The
Massachusetts Public School system is no different and suffers from many if not most of the
same symptoms present in institutions of Higher Education. *...a revolutionary change is
needed—one that addresses the root cause: an unattractive, unresponsive, and culturally biased
curriculum—rather than an easing of symptoms through medical targets achieved by any means
possible...addressing social relevance and diversity throughout the curriculum is clearly of great
importance in making the curriculum more attractive to underrepresented groups...Even the
simple act of discussing the people of both genders and all races who first applied fundamental
concepts in particular fields might have the profound effect of humanizing our courses and our
profession and making women and underrepresented minorities feel as if they are an integral part
of the engineering profession.” (Wyer, 2003)

2.5. Surveys
2.5.1. Background

Surveys have a variety of purposes and goals, as well as, means of implementation, which
includes telephone surveys, mail surveys, and face to face surveys. In addition to the difference
in how surveys can be administered, they also all share the same attributes and characteristics.

Surveys gather information from only a sample of the population being studied. The sample size
is usually determined based on the size of the sample population. Thus the sample size would
increase as the sample population increased and vice versa. The sample carefully and
scientifically determined so that bias is not prevalent and each member of the sample population
has the same chance of being selected as part of the sample. This method of statistical random
selection allows for statistically inference of the sample population, which is a reliable projection
of one’s results from the sample to the sample population as a whole.

The ultimate purpose of the survey is to allow for some statistical inference of the sample
population. The aim is to describe or obtain a composite perception of the sample population as a
whole.

2.5.2. Survey Methods

Mail surveys are usually low in cost. Mail surveys are the most effective when the survey is
focused and geared towards particular groups.

Mail surveys are the considered relatively easier to conduct for the person administering the
survey, as well as, quite simple to fill out by those that have little or no experience filling out a
survey. Mail Surveys also allow one to minimize ones sampling error at a relatively low cost,
without increasing the cost of administering the survey. This method also allows for a feeling of
privacy, which in turn allows people taking the survey to answer questions more honestly and
feel more comfortable filling it out. The most important aspect of a mail survey is its ability to
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minimize or even eliminate the level of bias that is usually introduced when a person comes in
contact with the interviewer.

Mail surveys, however, due lack in some aspects. Mail surveys suffer from non-response error,
which stems from the fact that most people just won’t fill out the questionnaire that is mailed to
them. Another issue that surrounds mail surveys is the lack of control the person administering
them has on its completion and return. The idea that someone other than the person intended
filled the questionnaire out and returned it is something many researchers who use this method
keep in mind.

Telephone surveys are an efficient method of collecting some types of data and are being
increasingly used. Telephone surveys are implemented successfully in situations that involve
time. When time is a major factor in the successful administering of a survey, this is the
preferred method due to the fact that the survey length can be limited and can still be very
effective.

The most important and greatest strength of the telephone survey method is its ability to generate
results quickly. Adding to the quick turnaround that survey administers experience, the telephone
survey allows for the greatest interviewer control. The conductor of the telephone survey
controls the implementation of the survey from the beginning to the end.

Like Mail surveys, telephone surveys also have their disadvantages. The first and most common
issue with conducting a telephone survey is the fact that not everyone has a telephone in their
household. This statement hold true years ago, but in our day and age of technology
advancement 93 percent of the United States population has a telephone in their household. In
addition to this issue, telephone surveys suffer from the lack of completed and updated telephone
directories. It is difficult to continuously and accurately update and complete the telephone
directories especially in a timely rate when one in five households in the United States move
every year. Lastly telephone surveys introduce a level of bias to the study. Leading questions
from the interviewer, the voice of the interviewer, as well as, the knowledge of the subject matter
that the interviewer him/herself possesses are all issues that play into the bias brought about by
telephone surveys.

Face to Face surveys in a respondent's home or office are much more expensive than mail or
telephone surveys. Although face to face surveys tend to be pricey and very difficult to
administer, they are found to be necessary when complex information is to be collected.

Face to Face surveys are found to be the most effective manner of interviewing a person or group
of people who are less likely or willing to respond to a phone or mail questionnaire. This method
eliminates the issue of incomplete directories and phone calls but can also be very inefficient and
expensive at times. Price comes into question when money is used to travel to conduct a survey
and the participant is not home or not responding.

The negative of conducting a Face to Face survey is the need and requirement of an
administrator who is highly trained and well versed on the research topic at hand.
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2.5.3. Survey Questionnaire Design

Questionnaire design deals with the reduction of non-response and measurement errors that come
from inefficient and difficult to navigate questionnaires. Effectively designed surveys take time
and effort to develop. They attract people because people are more inclined to complete and
attractive and easily navigable. Due to this non-response error, as well as, measurement error are
minimized.

2.5.3.1. Mail Survey Questionnaire

People respond to mail surveys that are attractive and are deemed worth their time. The concept
of a good mail survey design lies in the perception of the person that is taking the survey. In
order to increase the number of responses for a mail survey, one must make sure that the pages
are not cluttered with unnecessary information and that the survey pages have consistent
instructions and are easily navigable. The visual aspect of the mail survey is the most important
and critical in terms of the response rate that is expected from its participants.

2.5.3.1.1. The First Question

The beginning of a survey questionnaire is not the place for a question that could embarrass a
respondent, that is hard to answer, is boring, or smacks of arcane qualities, which only a devoted
questionnaire writer could love. (Salant & Dillman, 1994)

The following are some brief points of structure of a survey questionnaire first question:
Don’t ask something open-ended

Don’t ask something difficult

Don’t ask something embarrassing

Don’t ask people directly about themselves

IS =

2.5.3.1.2. Pre-testing

Pre-testing a questionnaire is time consuming but it is absolutely necessary and at most time
essential the effectiveness of the survey and the study. Pre-testing is a researcher’s first line of
defense against his/her own survey. Pre-testing is a method use to answer questions such as “Are
the questions interpreted the same by all respondents”; “Does the questionnaire create a positive
impression that motivates people to respond?; and “Does any part of the questionnaire suggest
bias on your part?” (Salant and Dillman, 1994)

Pre-testing is conducted in two phases. The first phase deals with communicating with the
potential participants of the survey study, as well as, those individuals that the survey is about if
the survey deals with a group of people. This is necessary to gather any feedback from these two
groups to further improve on your survey instrument. These people have much more knowledge
than you do in the area and could detect and correct and technical errors within the survey
instrument.
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The second phase of pre-testing deals with the actually administering of the survey instrument to
the potential participants. This is the time that the researcher or survey developer should monitor
the participants as the fill out the questionnaire. Following the completion of the survey, the
researcher should question the participants about taking the survey.
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3. Pre-Engineering Mathematics & Science Curriculum Addendum

Ones socioeconomic status in the United States, as well as, in other countries and societies is
determined by the income of the family, the education of the parents within the family measuring
the highest educational level received, the occupation of the parents within the family and lastly
the family’s social status within their community. Those having a higher socioeconomic status
usually experience more success in the preparation of their children for the educational system
facing them due in part to the numerous resources available to them for the sole purpose of child
educational development.

Crnic and Lamberty (1994) discuss the impact of socioeconomic status on children's readiness
for school: "The segregating nature of social class, ethnicity, and race may well reduce the
variety of enriching experiences thought to be prerequisite for creating readiness to learn among
children. Social class, ethnicity, and race entail a set of ‘contextual givens' that dictate
neighborhood, housing, and access to resources that affect enrichment or deprivation as well as
the acquisition of specific value systems."

Research has shown that not only do those having a higher socioeconomic status have access to
resources that those beneath them in socioeconomic status do but that they also are more willing
to ask and gather the necessary information that they feel is necessary to the development of their
children. This is in direct contrast to those have a low socioeconomic status, who are vastly
uninformed and do not seek the knowledge and resources necessary for the proper educational
development of their children.

Ramey and Ramey (1994) describe the relationship of family socioeconomic status to children's
readiness for school: "Across all socioeconomic groups, parents face major challenges when it
comes to providing optimal care and education for their children. For families in poverty, these
challenges can be formidable. Sometimes, when basic necessities are lacking, parents must place
top priority on housing, food, clothing, and health care. Educational toys, games, and books may
appear to be luxuries, and parents may not have the time, energy, or knowledge to find
innovative and less-expensive ways to foster young children's development.

Even in families with above-average incomes, parents often lack the time and energy to invest
fully in their children's preparation for school, and they sometimes face a limited array of options
for high-quality child care--both before their children start school and during the early school
years. Kindergarten teachers throughout the country report that children are increasingly arriving
at school inadequately prepared.”

As aforementioned, students of like socioeconomic status perceive the world much differently
than those of their counterparts. Pursuing a post-secondary school degree is not something many
of these students would say is one of their objectives in life, when they are forced to deal with so
much outside of the educational realm. These students are left to venture the world alone and one
could only assume that they would quickly come to a realization upon looking at those people
that comprise the community that maybe there is no hope for them in furthering themselves.

This mentality is not only developed by students as they progress through the educational system
but is also fostered by a lack thereof a continuous effort to acknowledge and deal with the
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increasing state of failure of the schools that they attend. This lack of a response can only be
explained by many researchers with the understanding that America simply is not concerned
about the increasing numbers of students coming from such socioeconomic situations that are not
being properly educated.

There seems to be a sense of two distinct classes of failure resulting from and proving to be an
example of such dismission on the part of the State & Federal Educational Institutions. The first
is the issue of high dropout rates and illiteracy of those students who are socioeconomically
disparate in comparison to their counterparts. The second is the issue of increasing mass
mediocrity throughout the educational system seemingly affecting those falling in a middle class
socioeconomic status more than all others. The circumstance of mass mediocrity is addressed by
Prof. Pedro A. Noguera, Ph.D:

“And what explains the phenomenon of mass mediocrity? There's some truth to the
traditionalists' view that the schools started downhill when we lost faith in the core curriculum
and in the pedagogical standbys, like phonics. And yet Americans have always managed to
devise substitutes for and distractions from the academic curriculum taken for granted elsewhere
in the world - Deweyan "child-centered education,” voc ed and football, the "general” track, sex
education and character education and drug awareness and conflict resolution and so on. We
have never held intellectualism in high esteem, and we became the world's most powerful nation
without ever becoming the world's best educated.” (Noguera, 2003)

A good education is often the only method to ending the continuing and increasing cycle of
poverty for those students belonging to a low socioeconomic status. This idea of a “good
education” is one that is fundamentally grounded in the pursuit of and fostering of high academic
standards and expectations. Alignment of such elements with the curriculum must be guaranteed
due to the fact that a student’s achievement, personal and academic, is significantly impacted as
a result of what occurs in the classroom. The only hope for students is to be continuously
challenged in direct contrast to the lowering of standards to compensate for the average students
lack of interest in the educational system as seen across the nation. An ever and increasingly
challenging curriculum would proportionately prevent decreased opportunity for higher
education, as well as, translate into a greater percentage of opportunity available to them as they
leave the educational system. “A watered-down curriculum is unacceptable. Teachers should be
knowledgeable of the cultures in which their students live so they can plan effective and
engaging lessons. Additionally, instructional and classroom management techniques that work
well with some students don’t necessarily work well with poor children. The perspective and
experiences of the children need to be considered” (Goodwin, 2000).

As educators should be increasingly knowledgeable about the cultures in which their students
live, developing a multicultural inclusive curriculum such as that in which we are proposing
should be resistant to the documented myths associated with multicultural education. The
proposed curriculum addendum must overcome the ideology that the variance seen in other
cultures should be represented as different ways of living as compared to the dominant culture,
as well as, how there should exist a different set of curriculum for multicultural education. It
should also be resistant to the notion that multicultural education proves only relevant to those
classrooms in which students representing those cultures reside. (Gomez, 1991)
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Educator and content based perspective also plays a large role in the development of a
curriculum addendum. Not only must our curriculum addendum establish and foster an educators
awareness of a student’s cultural identity and the biases it may elicit, it must also through the use
of multicultural based content enable a change in student attitudes in that all cultural groups have
through history made pertinent and significant contributions in all subject matters. (Gomez,
1991)

A number of programs across the nation have made attempts at implementing a multicultural
education. These programs utilize a number of methods including content-oriented, student-
oriented and socially-oriented programs. The content-oriented programs add multicultural
education into their curriculums by inclusion of excerpts and in-class celebrations of cultural
heroes and holidays as the school year progresses. Many of the content-oriented programs also
are much more inclusive and representative of an ideal multicultural education by adding a
number of multicultural themes and materials to the curriculum allowing for the development
and coverage of multicultural content throughout all disciplines incorporating a plethora of
ideologies and perspectives in the curriculum. (Burnett, 1994)

Student-oriented programs tend to address the academic needs of students, especially those
students representative of an under-represented minority group. These programs tend to exist as a
result of research into what teaching methods and curriculum structures show promise towards
students of these targeted groups. This leads to bilingual or bicultural programs being offered to
students, as well as, special classes and programs of study being implemented for minority
students such as special math and science courses. (Burnett, 1994)

Lastly, the socially-oriented programs are aimed towards the increased contact and total
inclusion of all races and cultural groups through the desegregation and restructuring of schools.
Such aims lead to anti-bias programs, programs to encourage multicultural teachers and teaching,
as well as, cooperative learning programs with the sole purpose of increasing cultural and racial
tolerance while at the same time decreasing bias. (Burnett, 1994)

All three methods have their advantages and disadvantages. However, we feel that both student-
oriented, as well as, socially-oriented programs once again uphold this notion of separation and
presenting minority students in a different light. Once you setup a program just for minority
students you move further away from inclusion and determent of those students view that they
are indeed different and cannot or should not be associated with their counterparts. The content-
oriented method seems to be the best method of implementing a multicultural curriculum
addendum. One in which, the students are not separated from their counterparts but all students
are made knowledgeable of the varying cultures and the significant contributions each has made
in all disciplines.

Through the course of our research we have found that the socioeconomic status of students, the
lack thereof a multicultural education in the current curriculum, as well as, the low standards that
exist in today’s education system stemming from the low expectations we have of our students
have strong implications on their education and academic performance. As a result, we felt that
the ideal curriculum addendum should include the following characteristics:

1. Challenging curriculum for all students
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Increased standards

Provided support for students and their respective families

Develop individual educational accountability between students

Development of an educational environment fostering team work and respect

Establish and emphasize the notion that each students posses unique abilities and brings
individual value to the classroom and educational experience

Foster diversity acknowledgment and acceptance of diversity within the classroom

8. Proper utilization of constructivist concepts

S Uk wN

~

We feel that the best way to ensure that these elements appear and remain in the course
curriculum and to guarantee a challenging and engaging curriculum, one must include a project-
based curriculum approach. A project is defined as a supplementary, long-term educational
assignment necessitating personal initiative, undertaken by an individual student or a group of
students. (American Psychological Association (APA)) It is also viewed as an in depth
investigation of a topic. The fundamental aspect of a project based curriculum supplement is that
it is a research effort focused on the ascertaining of answers to questions through research and
analysis by the student. This approach is advantageous due to the fact that students learn and
retain the fundamentals of a problem and reach an answer rather than being told the answer to a
problem and simply committing it to memory in order to later regurgitate it if needed never truly
understanding how and why one came to said answer. A project based sufficiently accounts for
all of the characteristics we aforementioned with special consideration to the proper utilization of
constructivist concepts. This approach would allow students to develop their own individual
understanding of the concepts they learn in the classroom, allowing for teachers to serve a role
consisting less of lecturing and more on developing situations in which all students in their
classes can individually process the information and develop the relationship to the concept
being taught. Concepts should not be presented as mere facts or notes of knowledge that students
just absorb and move on, but should be decomposed and created into a personalized and
individualized understanding of the concepts meaning.

As aforementioned we feel the project based approach should supplement the current Worcester
Public Schools Curriculum not replace it entirely, as many new methods and models are
introduced and replace entirely previous educational model instead of thinking how one could
integrate everything. In fact, in line without thinking and application of the project approach to
the WPS, advocates of the project based curriculum also do not suggest that the project work
constitute or replace the entire curriculum. Instead, they feel that it is best seen as
complementary to the more formal and systemic parts of the current curriculum, as well as, the
more informal aspects of the current curriculum.“Project work is not a separate subject, like
mathematics; it provides a context for applying mathematical concepts and skills. Nor is project
work an "add on" to the basics; it should be treated as integral to all the other work included in
the curriculum. Systematic instruction: (1) helps children acquire skills; (2) addresses
deficiencies in children's learning; (3) stresses extrinsic motivation; and (4) allows teachers to
direct the children's work, use their expertise, and specify the tasks that the children perform.
Project work, in contrast: (1) provides children with opportunities to apply skills; (2) addresses
children's proficiencies; (3) stresses intrinsic motivation; and (4) encourages children to
determine what to work on and accepts them as experts about their needs. Both systematic
instruction and project work have an important place in the curriculum.” (Katz, 1989)
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In addition to not only supplementing the current curriculum with a project based approach, we
feel that there exists a real and increasing divergence in the modern students will and personal
desire to learn or challenge him/herself. An additional emphasis must be placed on the
elimination of this negative image of the world that a student sees and the restoration of a
student’s personal image. Research has shown that students’ image of the world they belong to
and his/her image of themselves directly correlates to how they view their potential rewards and
the necessities of their education in order to obtain such awards. “Children will work hard, for
intrinsic rewards, only if they have a very good reason... The teacher may be the dependable and
caring adult, often the only adult of this kind, who is a consistent and reliable figure in their lives
of unpredictability and change” (Ciaccio, 2000)

Given the low number of minority students pursuing engineering in comparison to the White and
Asian population, it is apparent that something must be added to the current curriculum to
increase the awareness of STEM related fields. Currently, the curriculum is white male biased
due to the textbooks currently produced. Since STEM related careers, specifically engineering, is
the application of both science and mathematics concepts, it is only obvious that engineering
concepts should be mentioned in all science and mathematics course. In addition, a connection is
necessary to those minority students to increase their awareness and knowledge of STEM related
careers. The following sections include an excerpt from the Science and Technology frameworks
available on the Massachusetts Department of Education Website in defense of our conceptual
curriculum addendum.

This Framework introduces four Scientific Inquiry Skills (SIS) standards that are included in
each introductory high school course (except Technology/Engineering, where they are replaced
by the steps of the Engineering Design Process):

SIS1. Make observations, raise questions, and formulate hypotheses.

SIS2. Design and conduct scientific investigations.

SIS3. Analyze and interpret results of scientific investigations.

SIS§4. Communicate and apply the results of scientific investigations.
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4. Step into Strive (Private Sector Engineering Outreach Program)

It is commonly discussed and proven, as aforementioned, that families of low socioeconomic
standing do not and could not obtain the same opportunities as their counterparts, primarily due
to the lack of a financial, social and educational support system that exists for those of a high
socioeconomic standing. As a direct result the community resources that exist to promote and
increase a student’s educational development and opportunities are limited and inadequate at
best. Such community resources include educational outreach programs many of which are
funded by private sector partnerships aimed at increasing the number of students in their
respective fields and industries that come from low socioeconomic situations. A typical outcome
for these outreach programs is the overbearing number of students of higher socioeconomic
status applying for the program in comparison to those students the program is aimed towards in
part due to the inadequate and limited knowledge those parents of the students the program is
attempting to recruit have of the program. “Having inadequate resources and limited access to
available resources can negatively affect families' decisions regarding their young children's
development and learning. As a result, children from families with low socioeconomic status are
at greater risk...from their peers from families with median or high socioeconomic status.” (Zill,
Collins, West, and Hausken, 1995)

As a result the Step into Strive program was developed to increase the number of students
pursuing STEM related fields and guarantee the enrollment of students of a lower socioeconomic
standing who excel or have a desire to learn mathematics and the sciences, as well as, those who
don’t but would under ordinary circumstances be made aware of such a program or opportunity.

4.1. Mission

Step into Strive is a program devoted to the pursuit of an interdisciplinary and challenging
Engineering Instructional methodology, as well as, the implementation and promotion of
Science, Mathematics, Engineering/Technology and future STEM related opportunities to the
parents and students of Worcester, MA through fun, innovative and hands-on design projects that
comprise the Step into Strive Program.

The primary objective of the program was to advance the understanding and application of
engineering principles and concepts in order to enhance the Science & Mathematics Educational
development of the middle school students in the Worcester Public School system while building
on and improving the Worcester Polytechnic Institute (WPI) culture of Innovation and
Educational leadership. The programs affiliation with the Faculty, Staff and Students of a nearby
university (WPI) allowed the program to provide an innovative and challenging STEM based
environment to children in Middle School, regardless of gender, ethnicity, culture or socio-
economic status, with special outreach for those groups traditionally underrepresented in the
Sciences and Mathematics.

4.2. Vision

Step into Strive will be a distinctive and continuously innovative program of national stature,
emphasizing and promoting the integration of knowledge across the Mathematics and Sciences
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to the application of these principles and concepts within the Engineering Discipline and Society.
The program will be noted by Departmental and Faculty excellence and innovation in both
Education and Support, and by the invaluable Graduate and Undergraduate students trained not
only in academic success but also in continuous originality and criticality in reasoning,
communication and representation as effective leaders and role-models to those students
participating in the program; creating a tangible bridge between their age group and
understanding with their higher education mentors and leaders. The program aims to stand as a
pinnacle in the movement to attract more students to STEM related fields.

The program has reached almost 100 students and parents not only giving them the opportunity
but also providing them the tools and knowledge to begin a lifelong exploration of Engineering,
Mathematics and Science.

4.3. Step into Strive Program

Simply put, engineering is solving real-world problems using a combination of mathematics and
science principles and concepts. Problems that engineers solve can range from how to build
bridges, how to make artificial organs for people, to how to treat waste to keep it from polluting
the environment. It's impossible to go through a single day without using something an engineer
has helped to create or in the least acting as an engineer yourself by applying your mathematical
or science knowledge to a problem no matter what educational level you are at or your age.

The Step into Strive Program is a six month enrichment program to introduce Middle School
students in the Worcester, MA area with a special interest to those students in underrepresented
groups to fields in Science, Mathematics and Engineering. The program creates an innovative
and intuitive environment fostering originality and self-discovery allowing the students to
explore the engineering, math and science fields of study through the utilization and application
of the Engineering Design Process and Engineering Design Projects to increase their likelihood
of pursuing further interest in these areas during their high school and college enroliment.

The ultimate goal is to shatter pre-conceptions of engineering and bridge the gaps between,
Mathematics, Science, Fun and Real-World Applications. The Step into Strive program is
primarily comprised of a challenging and very in depth Engineering Design Project, that will
take the student through each step of the engineering design process, from defining the problem,
to conducting in depth research, to designing a solution, to testing the solution, and then to
finally fabricating and making their proposed designs.

The design projects fall into one of the three Engineering Majors represented in the program.
Biomedical, Mechanical and Electrical & Computer Engineering Professors and their carefully
handpicked Graduate students and Undergraduate assistants are at the disposal of the students,
with the Professors proposing the problems, many of which are current issues in the field and
serving as the client or the Company paying the students to develop this product and come up
with a solution and the students overseeing the scope of the project as advisors. Previous projects
included an Artificial Leg for a middle school athlete, an innovative powered wheel chair for a
paraplegic young man and an integrated and networked security system for the Worcester
Courthouse currently being built.
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Students were required to learn and display their competence of all of the steps of the
engineering design process, as well as, any additional science and mathematical concepts relating
to their projects. Students were take on a journey from the most fundamental level of
mathematics and science pertaining to their projects to the highest level needed to fundamentally
understand each of their individual projects. Examples of such concepts range from the
understanding of the biomechanical principles and mathematically equations surrounding
prosthetics such as tensile forces, compressive forces, stress and strain to their application and
modeling.

All of this is wrapped up in a final presentation, giving the students an opportunity to learn
proper presentation and communication skills, as well as, to learn how to create a PowerPoint
presentation and a project presentation poster one which follows the format graduating seniors
here at WPI utilize. The students are also required to submit a research paper on their design
projects.

4.4. Step into Strive Progression

The Step into Strive Program was developed in order to establish a private sector engineering
based outreach program that could be used to supplement the classroom curriculum and further
foster the mathematical and science principles covered in the classroom. The program operated
under the following ideology.

0 The Recruitment and retention of middle school students with a special interest in those
belonging to under-represented groups and provide an innovative educational
environment and experience that prepares them for a future in Mathematics and the
Sciences particularly STEM related majors.

0 The Recruitment and retention of Dedicated & Interactive Faculty members with interests
in increasing the number of youth entering STEM related majors.

0 The Establishment of a new model for engineering education that focuses on in depth and
challenging project-based interdisciplinary and integrative program facets.

o To increase our relationship with Local Small Business and Large Corporations in the
STEM related fields and increase their involvement in the advancement of students in
their respective fields.

o0 To create a continuously innovate environment that fosters and develops a deep
conceptual understanding of Mathematics/Science and Engineering principles.

0 To be able to translate those engineering principles to design applications leading to a
solution.

o0 To develop within our young participants adequate written and oral communication
skills.
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4.5. Step into Strive Program Breakdown

The Step into Strive Program is a six month enrichment program to introduce African American,
Latino, and American Indian middle school students to fields in science, mathematics and
engineering.

4.5.1. Participants

The Engineering Design program targets students from the 6" through gh grade who are currently
attending one of the Worcester Middle Schools. The aim of the program was the acceptance of a
diverse group of students with the diversity ranging in grade, ethnicity and more importantly on their
academic performance in Mathematics in Science. Primary focus was given towards the acceptance of
underrepresented students.

Given the fact that most outreach programs suffer from the lack of a diverse population of participants
due to the fact that the only people who apply are already interested in the program being offered, we
decided to refine our application and consideration process. Information for the program was sent out
to the schools and recommendations for participants were requested. Principals, as well as, teachers
were asked to recommend students from their schools from various academic and socioeconomic
backgrounds. The program was highly competitive and approximately 25 students are admitted. Thus,
acceptance into the program was based on some of the following selection criteria:

I.  Student must be representative of one of the ideal socioeconomic groups
ii.  Student must be representative of one of the ideal academic groups
iii.  Student must show some interest in or must show the potential in succeeding in Mathematics
and Science curriculum

A profile of those students who participated in the 2005-2006 program can be seen in Table 3. There
is no cost to admitted students for the duration of the 6 month program. All accepted students receive
a scholarship to cover their costs in the program including but not limited to course material, lectures,
design project budget, field trips and other events, dinner and additional meals on field trips/events.
Those participants graduating from the program and who’s Engineering Design Project are judged as
the winners will receive a tuition scholarship for the Worcester Polytechnic Institute (WPI) STRIVE
Junior Summer Program.
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Table 3: Profiles of Step into Strive Student Participants

4.5.2. Program Curriculum

The students participated in the program on a weekly basis with scheduled weekly meetings at
the start of the program and then transitioning to 2 meetings on weekly basis the last month to
provide sufficient enough time for them to complete their design projects. The weekly meetings
were divided accordingly to properly represent one of the steps/stages of the Engineering Design
Process.
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Figure 1: Program Outline & Engineering Design Process

Accepted student participants, their families, teachers and principals were invited to the main
WPI campus for the first meeting of the program. The first session of the program served as an
informational overview of the program, requirements and schedule. This meeting also served as
an overview of the different engineering fields of study the program will examine, with the
introduction of the Professors and Department Heads of their respective fields. Each Professor
will gave an interactive and informative presentation on their respective engineering major
following each one up with a hands-on activity for both the accepted students and all those
present. The program and meeting outline, as well as, schedule can be seen in Table 4.
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This meeting began with a recap of Mechanical Engineering and Biomedical Engineering,
both parents and participants were present at thismeeting. A professor from the Electrical
& Compter Engineering (EC'E) department wag present and gave an overview of EC'E.
The engimeering design process was mtroduced to the pm"ticipmltd,- before viewing avideo
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aproduct. A discussion took place and the participants began thinking of which group they
wanted to be a part of.

The meeting began with a recap of all the majors, the preliminary groups were announced
and the students were split mto those groups. The focus of this meeting was the fust step
of the engineering design process, identify the neecl or pml}lem The students were given a
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different labs for an actrvity related to that major. ME- machine shop: BME-tensile
testing, ECE- circuits

The focus of thismeeting was the second step of the engineering design process, regearch
the need or problem. The final groups were announced at this meeting A recap of howto
1dentify the problem was given at the start of the meeting. The participants moved to the

Library for a workshop given by two of the hbrarians on how to research and created a
homepage specifically for the participants covering the topics relatedto their projects.

The focus of thismeeting was step 3 of the engineering design process. develop possible
solutions. Priorto thismeeting a packet with the following worksheets were sent the
participants: Problem statements, Redefine the problem statement, Objectives.
Constramts, Rezearch, Interview Questions, and Function-Means Chart. A review of the
sample problem was done for each of the worksheets previously mentioned to help the
participants understand when each concept means. The participantsmet with their clients
to agk them any questions about their constraints for the project and to work on all the
worksheets and based on their functions-means chart, start developmg possible solutions.

The meeting began with a recap of the engineering design process. The groups then
moved to the library to confinue research to develop possible solutions.

The groups were provided with worksheets specific to their groups to guide them in their
research. The ME group was given information relating to the different type of
wheelchairs that are currently on the market, 1n addition to a hist of vocabulary words such
as quadriplegic, joy stick, pressure, stress, and strain to ensure the students understand all
the concepts related to their project. The BME group was given more vocabulary words
related to material selection such as biocompatible, stress, stram, weight, pressure,
hardness. and rigad. since their focus for the project was related more to material selection
than the design itzelf. The group was alo given a diagram with the bagic parts of
prosthesis. The ECE group was given a vocabulary list which included infrared sensors,
gengors, current, switch, terminal, geries, and parallel. The focus of their design was more
understanding the components and how they woik than the overall design.

The meeting began with a recap of the engineering design process. The groups then
moved to the library to continue research to develop possible solutions. The students were
asked to start thinking of the materials they would need for their prototype.

The meeting began with a recap of the engineering design process. The groups then
moved to the ibrary to continue research to develop possible solutions and develop
questions for their clients and a list for their prototype The sections of the research paper
were presented to the participants.




The focus of this meeting was step 4 of the engineering design process: select the best
possible solution, and a lab with atheme of “Talking a walk in my shoes”” The meeting
began with a client m eeting where the participants presented their design idea to the
client and the client then gave them feedback. The groups continned developing a last of
materials needed for their prototypes. The participants also discussed the parts of the
regearch paper. Each group then completed a lab that related directly to their project.
ME- wheelchair 1ab: The group was given two wheelchairsto share and a list of
activitiesto do while on the wheelchair which mcluded, gomng into a classroom with a
cloged door, entering arestroom, entering and exiting an elevator, exiting/entering a
building, and going up and down an outdoor ramp. The groups algo simmlatedwhat it
would be like to complete these tasks as a quadriplegic. The allowed the group to
experience firsthandthe challenzes people in wheelchairs face on a day to day basigto
cuide them in their design.

BME- leg prosthesis: The group was given a set of leg prosthesisthat was provided by a
local company to let people experience what it i like to have two prosthetic legs. The
prosthetic legzwere made with a hard strap on cast with a prosthetic ankle and foot
attachedto the bottom of the cast. At the end of thig activity the gronp discnggedthe
concepts of pressure, tensile stress, strain, and force and how they relate fo walking
prosthesis.

ECE- circuits and switches: The group reviewed all the components of circuits and
how switches work. The students reviewed the circuits in etz of two to ensure that they
understoodthe components. At the end of the review ezzion the studentswere able to
gee a genior project that was completedby an ECE student that designed a security
system. The group was able to see the circuitboard used for the project.

The focus of this meeting was step 5 of the engineering design process, construct the
prototype. The groups met with their clients to begin working on their prototype,
regearch paper, and PowerPoint presentations for the final dinner. The groups alzo began
working on a poster to display at the final dinner.

The focns of this meeting was step 6 of the engineering degign process, test and evalhate
the final solution. The groups met wath their clients and finished up working on their
prototypes and started any testing relatedto thewr project. The groups also finished up the
research paper, PowerPoint, and poster for the final dinner.

The first part of the meeting was designated to finish up any parts of the project. The
second half of the meeting was designated to celebrate the end f the program and reward
the students of all their hard work with a bowling party.

The focus of this meeting was the final step of the engineering desigi process,
communicate the solution. This was the final meeting where the groups practiced their
presentations in preparation for the last meeting.

Table 4: Step into Strive Program Outline and Schedule



5. Worcester Public Schools Private Sector Consortium Pre-Engineering Grant
5.1. Grant Program Description

While implementing the Step into Strive Program we assumed the role of Program Coordinators.
During the program it was clear that this position required an extensive amount of work, which is
why we feel it is important to create a private-sector consortium to aid in the overall organization
of the program to allow for the teachers to focus on the pilot program and concepts associated
with it in dealing with the participants. The following sections detail the grant outline used by the
Massachusetts Department of Education for our private sector consortium grant concept.

5.1.1. Purpose

The purpose of the privately-funded grant is to aid in the development of a pilot STEM
enrichment program during out-of-school hours that will further emphasis the concepts being
taught in class through the use of hands-on and in-depth STEM theme design projects. This
program will increase the students’ knowledge of STEM fields while challenging them to
develop a true understanding of the concepts taught in the classroom. Parent/Guardian(s) of the
students will have the choice of entering their child into the pilot program. Not only will the
program aid in the development of the students intellectually and personally, but should include
the awareness of further education to the families of the students.

5.1.2. Priorities

The priorities of the program should include informing the students in the Worcester Public
Schools about the different STEM career fields available while also educating the parents about
STEM careers and the advantages of pursuing a degree in such an area. The program should
place an emphasis on the advancement of underrepresented students due to ethnicity and/or
income status.

5.1.3. Eligibility
Only the High Schools in the Worcester Public School System are eligible to apply for this grant.
5.1.4. Funding

A predetermined amount of money will be available to the grantee upon the agreement to
submission of:

1. Quarterly progress reports;

2. Attendance and program quality data during the program; and

3. Evidence that the grantee is interested in maintaining the program after the pilot program
The grantee will need to provide information to the grants’ Board of Directors regarding the
students that are participating in the pilot program and any services the program is providing to
the parents of the students involved.



5.1.5. Fund Use

Funding provided must only be used for the Purpose and Priorities previously described. This
grant is broken into 3 main areas: Teacher training, Classroom curriculum, and the enrichment
pilot program. Prior to the launch of the pilot program, a portion of the grant will cover the cost
of teacher training to ensure the teachers have an acceptable degree of competence of the STEM
careers and potential project topics. The goal of this pilot program is not to replace the current
curriculum as mandated by the state, but to add a new model of learning for the students.
Another portion of the grant will cover the expenses of adding new materials to the classroom
(i.e. updated books, laboratory materials, etc.) to further introduce the concepts to the students.
The remaining portion of the grant will fund the pilot program and any services provided to the
families of the students that are participating. The activities and services that fall under this grant
are included below.

1. Academic enrichment session to emphasis concepts taught in the classroom.

2. STEM theme design projects to further emphasis concepts taught in the classroom.

3. Information sessions on STEM careers.

4. Education field trips relating to STEM careers (i.e. company tours)

5. Activities and workshops to promote parental involvement

6. Tutoring services
In addition, funds may be used to pay for staff and coordinator salaries; contracts with provider
agencies; professional development activities; stipends for professionals, students, or family
members involved actively in the delivery of services; transportation; and program materials. No
more than 22.5% of the total program budget may be used for coordination and administration
and no more than 10% may be used for program materials. Districts or agencies including
indirect costs in their budget proposals can use their most recently approved indirect cost rates. If
the approved rate is higher than 5.0%, the agency can use only a maximum rate of 5.0% for this
grant.

5.1.6. Grant Duration

The duration of the grant provided will last for two fiscal school years. The first year of the grant
will focus on the development of the pilot program for the grantee school, which includes the
teacher training sessions and curriculum changes. The second year the grant will focus of the
launch of the program and the fees included with maintaining the program throughout the school
year.
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6. Assessment Methodology
6.1. Survey
6.1.1. Objective

The Survey was administered to 9" and 12" grade students currently enrolled in the Worcester
Public High Schools. The Worcester Public School System, like many that comprise the
Massachusetts Education System, takes part in the MCAS Testing that occurs yearly within the
Massachusetts Education System. We felt that 9™ graders would be the youngest students to
survey and include in our assessment due to the fact that they have just begun their High School
education. They were the best sample population for us due to the fact that they will have their
own preconceptions of what they will expect in the years to come. They also possess an initial
vision of their academic and post academic future which is vital data for our assessment. We
would like to be able to assess their current status on their education track, as well as, to
determine if they have up until this point encountered or been introduced to a diverse and
engineering based education.

We decided to conclude our survey and assessment with a sample 12" grade population. They
would be the best group of students to alert us to whether or not they completed or will be
completing an engineering based and diverse education. They would also be the best group to
assess the current curriculum and any necessary changes that should definitely be implemented.
By surveying and including the senior population in our assessment we hoped to determine their
final level of Engineering competence and whether or not they were introduced to Engineering or
Engineering concepts thus far throughout their educational career.

We targeted the four High Schools in the Worcester Public School System. We surveyed 9" and
12 graders in the following High Schools.

North High School
South High School
Doherty High School
Burncoat High School

The survey not only gauged the existing status of seniors graduating for secondary education in
Worcester, but also gauged any variance between the 9™ and 12" graders in particle and
variances with their academic performance and outlook on engineering as a discipline and a
career.

6.1.2. 9th Grade Survey Implementation
The Administration and Implementation of the Survey in each of the High Schools differed
between the two grades. Our method for implementing the survey to the 9™ graders in the four

Worcester Public High Schools was to target the Mathematics and Science classes in the grade,
and the students that comprise them. In order to get a more accurate and well rounded sample
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population we decided to develop criteria to what students will be surveyed. In order to keep the
survey implementation statistically random these criteria were necessary.

We focused our random sampling of students on the two divisions of Mathematics and Science
courses in the High Schools. Those two divisions are that of Honors Science and Mathematics
Courses and that of regular Mathematics and Science courses offered by the schools that are
open to all students. The factor that determines whether a student is accepted into one over the
other is that of academic performance. The majority of students who are in the Honors classes
are those that have some level of interest in the Honors class they are enrolled in. For this reason
we felt it was necessary to include a class of students that may or may not possess some level of
interest in the course material. Thus, allowing us to maintain a statistically random assessment as
well as a statistically relevant assessment.

In order to have the surveys administered to the students, we had the Math and Science teachers
for the respective classes administer the surveys at the opening of the class. We collected data
from two Mathematics and Science classes in each of the high schools. Since we collected data
from an advanced mathematics and science class and another from and introductory mathematics
course our data should show results from a diverse sample population. The Mathematics courses
that we focused on administering the surveys to in all four of the High Schools were Honors
Algebra and Foundations of Algebra and Geometry. The Science courses that will be
administered surveys in all 4 of the High Schools are Integrated Science 1 Level 1 and Integrated
Science 1 Level 2.

6.1.3. 12th grade Survey Implementation

Due to the nature of the Worcester Public School system and the Worcester Public High Schools
we found that we were able to administer the surveys in the required homeroom period at the
beginning of the School day. This was the best time to administer the survey to the seniors.
Homerooms are typically created and split up by the last name of the student. We felt that by
surveying the homerooms we would already be presented with a statistically random sample
population.

6.2. Statistical Correlation Data Analysis

Microsoft Excel was used to analyze the data gathered from the surveys. Each response from the
survey was inputted into an excel spreadsheet. The data was analyzed descriptively to determine
the frequency of the answers for each question and a linear correlation was performed to
determine the relationships that, if any, exist between the responses from certain questions in
comparison to others. The data was then broken down into ninth grade and twelfth grade
participants to analyze the results of the participants prior to completing their High School
requirements versus those that had completed their educational requirements. The data was then
broken down my race to allow for any investigation of the data based on previous research.

The linear correlation was performed on the data to determine the relationships that exists

between the questions of the survey. The questions that were most important were compared to
one another. The most important questions were determined and the resulting correlations
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formed were as follows: the participants plans on attending college versus their academic
performance; the participants plans on attending college versus their work ethic; their interest of
pursuing STEM major versus their academic performance, work ethic, importance of
Mathematics to their education, importance of Science to their education, and the importance of
English/Language Arts to their education; their consideration of pursuing engineering versus
their perception of an engineer based on the perception statements presented in the survey.

The values that were used to perform the correlation using their academic performance and work
ethic were the sum of the percentages of the Excellent (Above Expectations) and Good (Above
Expectations). For the perceptions of an engineer statement, the values used for the correlations
were the sum of the Strongly Agree and Agree percentages for the positive perceptions
statements and Strongly Disagree and Disagree for the negative perception statements. The same
method was used to determine the values for the likelihood of pursuing engineering and
attending college questions. To determine the value of the interest of pursuing a STEM major the
sum of each percentage for the majors was divided by the 400, since the absolute total possible
amount percentage for each major is 100 percent; this value represents the overall percentage of
students that showed an interest in pursuing a STEM major in college.

Once all the values were obtained, the correlation function in Microsoft Excel was used to
determine the correlation value between the two questions. The data obtained from the American
Indian students was not included in the correlation calculations since there was only 1 in that
racial group. Once the correlation was established, the data was inputted into a graph to obtain
the best fit trend line equation which can be used to predict different outcomes. This method was
obtained a Linear Regression guide from website created by an Associate Professor at Seton Hall
University.
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7. Results
7.1. Descriptive Data Analysis

Overall 503 students participated in the survey. Of those 503 students, 66.20% (333 students)
answered as being in ninth grade and 31.61% (159 students) in twelfth grade. A total of 4
students, 0.60% (3 students) and 0.20% (1 student), answered as being in tenth and eleventh
grade, respectively, of which were not used in the data analysis of the survey questions.
Therefore, the data analysis following is based off of the 499 ninth and twelfth grade
participants. The Worcester Public high schools that participated include North High School and
South High School.

The ethnicity categories used for the participants follows the same categories currently used by
the public school systems in Massachusetts. The ethnicity breakdown of the participants is as
follows, American Indian 0.20% (1); Asian 13.83% (69); Hispanic/White 11.02% (55);
Hispanic/Nonwhite 18.44% (92); African American 16.03% (80); and White 39.08% (195).
Overall we will be comparing the responses of the participants from the Minority Ethnicity
groups, American Indian, both Hispanic groups, and African American, versus the responses
from the Asian and White participants. The overall goal of the data analysis is to see whether the
current socioeconomic stereotypes correlate with the data obtained in our survey; whether the
students exceed the expected responses or if they meet the expected responses.

The gender breakdown is almost a 1:1 ratio consisting of 46.49% (232) Male and 52.10% (260)
Female.

Overall, over 50% of the ninth and twelfth grade participants rate their academic performance as
Excellent (Exceeds Expectations) and Good (Above Expectations), which corresponds to the A
and B range grade point average, respectively. The participants find that Mathematics, Science,
and English/Language Arts are all very important parts in their education, where over 80% find
that Mathematics and English/Language Arts are important to their education and 65% find that
Science is an important part of their education. When it comes to the participants’ future, 88.5%
of the participants plan on attending college after graduation where 29% consider engineering as
a future occupation. The top 4 majors, ranked from highest to lowest, the participants showed the
most interest were Health Professions & Allied services, Computer & Information Science &
Technology, Business & Commerce, and Engineering & Engineering Technologies. The overall
attitude towards the stereotypical perception of an Engineer is positive. The statements that
portrayed an engineer in a positive manner had more positive (Strongly Agree and Agree)
responses than negative ones (Disagree and Strongly Disagree).

Further looking at the data by ethnicity, it can be seen that with in the ninth grade participants, all
the participants have a high academic performance where the Black and Asian participants have
the highest percentages, followed by Hispanic/white, Whites, and then Hispanic/Nonwhite. Over
75% of the total participants plan on attending college, where Asians have the highest
percentage, followed by the Black participants, and then the two Hispanic groups. The data for
American Indian students isn’t a very good representation, since it only represents one
participant. However, when looking at the amount of participants that selected a STEM major,
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only 20.41% of the Black participants and 15.79% and 17.65% for the Hispanic/white and
nonwhite participants respectively versus the 30.00% of Asian participants. However, more
Hispanics and Blacks are thinking of pursuing STEM versus their White classmates.

For the twelfth grade participants, the overall percentage of participants that identified with an
Excellent (Exceeds Expectations) and Good (Above Expectations) for their academic
performance is over 45.00% with the Black participants having the highest positive performance,
followed by Hispanic/nonwhites, White, Hispanic/whites and then the Asians. A different
relationship can be seen with the amount of participants that plan on attending college after
graduation, the highest percentage can be seen within the Blacks, then Hispanic/Nonwhite,
Whites, Asian, and Hispanic/White. The percentage of participants that selected STEM majors as
an area they are interested in majoring in, the Blacks 13.41% and Hispanic/Nonwhite 11.46%
surpass the amount of Asians 7.50%, followed by Hispanic/White 5.88% and Whites 4.48%.
However, the percentage is very low compared to the percentage of the participants interested in
STEM for the ninth grade participants. For both the ninth grade and twelfth grade participants,
the percentage of student interested in a STEM major is drastically low compared to the
percentage of students that are planning on attending college

7.2. Statistical Correlation Analysis

Linear regression was used to determine the correlation between certain questions to determine if
there was any relationship between the set of questions, instead of developing conclusions based
the descriptive results obtained from the survey for each question. If a strong correlation was
established between a set of questions, the equation of the trend line for the graphs based on the
set of questions can be used to predict the response for other students that did not participate in
the survey. The linear regression of the different set of questions based on the overall responses
of each race was done for the ninth grade participants and the twelfth grade participants
separately.

The survey is broken into three main categorical themes: academic performance, future
educational outlook, and the attitudes towards the stereotypical perception of an engineer. The
breakdown of the questions from the survey is as follows:

Academic Performance:

e Question 1- Academic Performance

e Question 2- Work Ethic

* Question3- Importance of Mathematics as a part of their Education

* Question 4- Importance of Science as a part of their Education

* Question 5- Importance of English/Language Arts as a part of their Education

Future Educational Outlook:
* Question 8- Plans on attending college after graduation

* Question 9- Plans on attending a 2 year university or college after graduation
* Question 10-Plans on attending a 4 year university or college after graduation
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* Question 11-Fields they considered majoring in after graduation
* Question 19-Consideration of engineering as a future occupation
* Question 20-Where do you see yourself in the future

Attitudes towards the Stereotypical Perception of an Engineer: “When | think about an engineer,
I think of a person who:”

e Question 13- Has little or no social life.

* Question 14- Has a lot of friends.

* Question 15- Is very boring.

* Question 16- Is very exciting.

* Question 17- Is an average man/woman doing an average job.
* Question 18- Is nothing like me.

The most important questions from these sections were compared to determine which ones had
the strongest correlations. Table 1 Correlation Values of Question Sets below lists the sets of
questions that were analyzed and the resulting correlation value based on each of the participants
responses. The data was broken down into grade nine and grade twelve for comparison purposes,
to compare the difference in responses based on their completion of their high school education
requirements. The data used to establish the correlation between the set of questions based on the
percentages of the responses is described in the methodology. The tables with the data of the set
of questions below are listed in Appendix #.

oth Grade | 12th Grade
Importance of Science 0.60 0.62
Importance of Mathematics 0.84 0.71
Importance of English/Language Arts 0.62 0.37
Academic Performance 0.83 0.64
Work Ethic 017 0.40
Academic Performance 0.66 0.84
Work Ethic 0.90 0.51
An Engineer has little orno social life. 014 0.20
An Engineer has alotof friends. 0.41 -0.53
An Engineer is very boring. 0.04 0.62
An Engineer is very exciting. -0.66 0.65

An Engineer is an average person
doing an average job.

-0.76 -0.23

An Engineer is nothing like me. -0.40 0.22

Table 5: Correlation Values of Question Sets

To determine which correlations are the strongest, the correlations with the highest values closest
to one represent the set of questions with the strongest relationships. Some of the correlations
from the question sets resulted in a negative value, this means that the relations between the two
questions is inverted meaning that as one of the variables increases the value of the other
decreases; the relationship still exists, it’s just in the opposite direction. The trend line equations
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that are listed in the graphs can be used predict the outcome for a group of ninth grade students
that did not participant in the survey for each of the relationships.

Evaluating the ninth grade responses first, the strongest relationship has a correlation coefficient
of 0.84. This relationship can be seen in Table 5 as the correlation between a participant’s
interest in majoring in a STEM related field and their view on the importance of Mathematics as
an important part of their education. For example, a group of students enter high school and at
the end of their ninth grade year, the percentage of students that Strongly Agree and Agree that
Mathematics is an important part of their education is a total of 72.00%. Utilizing the regression
line equation, y = 1.025x — 50.22, to forecast the response of the percentage of student
participants that view Mathematics as important, we can forecast that 23.58% of those student
participants will show interest in STEM majors. Figure 2 is a graphical representation of this
relationship.
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Figure 2- 9th Grade Likelihood of pursuing a STEM Major based on Evaluated Importance of
Mathematics

Although the relationship between the importance of Mathematics to one’s education and their
interest in STEM majors does not directly predict that by increasing a student’s evaluation of
Mathematics as an important part of their education will increase their interest in pursuing a
STEM major in the future. However, it does represent that through different initiatives made on
the school’s behalf to increase students’ evaluation of Mathematics being an important part of
their education will play a positive role in their interest of pursuing a STEM major.

The next highest correlation value of 0.83 is between the questions about the participants’ plans
on attending college based on their academic performance. This relationship allows us to
conclude that the better a ninth student performs based on the expectations set for them in their
school, the higher their plans are for attending college after graduating high school. For example,
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a group of students enter high school and at the end of their ninth grade year, the percentage of
students that identify as academically performing at either Excellent (Exceeds Expectations) or
Good (Above Expectations) is 70.00%. Utilizing the regression line equation, y = 0.526x +
52.97, to forecast the response of the percentage of student participants that academically
performing above and beyond set expectations, we can forecast that 89.79% of the participants
will plan on attending college. Figure 3 is a graphical representation of this relationship.

Plans on Attending College based on Academic Performance

100.00

95.00 | y=0.526x+ 52.97

R?2=0.687
90.00 -

85.00 | ——Forecasting Trendline

20.00 1-£0 " \White

75.00 | Hispanic/white
Asian

70.00 - Hispanic/nonwhite
65.00 - Elack
60.00 !

35.00 45.00 55.00 65.00 75.00

o
oo
2
°
(S
=Ts]
s
Bl
=
l'.'l»‘
-
ey
1]
{ =
=]
(2]
c
aiy
a

Academic Performance

Figure 3- 9th Grade Plans on Attending College based on Academic Performance

This relationship between the academic performance and plans on attending college cannot be
used to directly conclude that by increasing students’ academic performance level will lead to an
increase in the amount of students that plan on attending college. However, it can be concluded
that if the schools spearhead an initiative to get students to work to their full potential above the
set expectations rather than just meeting them, overtime they will realize that they are capable of
attending college and succeeding in that atmosphere due to their dedication and academic
performance.

Looking now at the twelfth grade correlations, the strongest correltion with a value of 0.84 is the
relationship between the participants’ interest in pursuing STEM majors versus their Academic
Performance. The relatioship shows that as the students work to exceed the expectations set for
them in their highschool courses, the higher the chance that they will express an interest in
pursuing a STEM major after graduation. For example, a group of students about to graduate
high school that identify as academically performing at either Excellent (Exceeds Expectations)
or Good (Above Expectations) is 75.00%. Utilizing the regression line equation, y = 0.270x —
6.70, to forecast the response of the percentage of student participants that academically perform
above and beyond set expectations, we can forecast that 13.55% of the participants will show
interest in STEM majors. Figure 4 is a graphical representation of this relationship.
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Figure 4- 12" Grade Likelihood of pursuing a STEM Major based on Academic Performance

Although the relationship between a students’ academic performance and their interest in STEM
majors is related, it cannot e used t not directly predict that by increasing a student’s evaluation
of academic performance will increase their interest in pursuing a STEM major in the future.
However, through different initiatives made on the school’s behalf to increase students’
academic performance it will play a positive role in their interest of pursuing a STEM major.

The second highest correlation of 0.71 is the relationship beween the participants’ interest in
pursuing STEM majors versus their evalaution of Mathematics being an important part of their
education. The relatioship shows that as the students show an understanding of the imporatnce of
Mathematics to their overall education, the higher the chance that they will express an interest in
pursuing a STEM major after graduation. For example, a group of students about to graduate
high school that Strongly Agree and Agree that Mathematics is an important part of their
education is a total of 93.00%. Utilizing the regression line equation, y = 0.254x — 11.78, to
forecast the response of the percentage of student participants academically performing above
and beyond set expectations, we can forecast that 11.84% of the participants will shown an
interest in STEM majors. Figure 5 is a graphical representation of this relationship.
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Figure 5- 12" Grade Likelihood of pursuing a STEM Major based on Evaluated Importance of
Mathematics

Although the relationship between the importance of Mathematics to one’s education and their
interest in STEM majors does not directly predict that by increasing a student’s evaluation of
Mathematics as an important part of their education will increase their interest in pursuing a
STEM major in the future. However, as aforementioned, it does represent that through different
initiatives made on the school’s behalf to increase students’ evaluation of Mathematics being an
important part of their education will play a positive role in their interest of pursuing a STEM
major
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8. Discussion

Linear regression was used to analyze the data so that we would be able to find relationships
between the responses of certain sets of questions to allow us to make overall conclusions. Based
on the data obtained and discussed in the previous sections, it is clear to see that there is a strong
correlation between the importance of Mathematics for both the ninth grade and twelfth grade
participants in their interest of pursuing a STEM major in the future. In addition, the importance
of Science also has a strong correlation in comparison to the other question sets.

Due to the recent increase in the implementation of outreach programs, it explains why the
students in the ninth grade showed a stronger relationship between the interests in pursuing a
STEM career based on the importance of mathematics to their education than those students in
twelfth grade. This shows that students value the concepts that they learn in their Mathematics
classes, but since there are very low percentage of students that show interest in pursuing a
STEM major, there is obviously a disconnect in the class room along with other classes such as
the different science related subjects.

The sole decline among the top five most popular degree fields between 1989-90 and 2003-04
was in engineering and engineering technologies (five percent). (NCES, 2006)

Looking at the descriptive data results we can see that there is a significant relationship between
the students interest in STEM majors based on their perception of the importance of Mathematics
to their education. Getting students to realize the importance of Mathematics and Science to their
education and how it relates to real world situations would increase the student’s interest in
STEM fields. Project based learning would be the best tool to address this weakness. Currently,
there are initiatives being made to introduce engineering or STEM fields in general to the
younger students, but little attention is being paid to those in high school.

"While our younger students are making progress on national assessments and are ahead on
some international measures, the same can not be said at the high school level," said Mark
Schneider, NCES Commissioner. "U.S. students do relatively well in reading literacy when
compared to their international peers, but they are outperformed in mathematics and science
and our 15-year-old students trail many of our competitors in math and science literacy."”

(NCES, 2006)

The more students are exposed to different concepts in real world situations, the more interested
they may become in the field, given that they can apply it to the real world instead of just
theoretical examples in class. Not only will these projects further explain the concepts to the
students, but it will close that gap between concepts they learn in school and the real world;
students should be able to see the importance of these concepts and how they affect their daily
living.

The descriptive data also shows the differences among the races. For the ninth and twelfth grade

participants, both the academic performances the Black participants have the highest percentage
overall combining the Excellent (Exceeds Expectations) and Good (Above Expectations)
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categories with values of 67.35% and 73.17%. In the ninth grade data, the Asians have the same
combined percentage as the Black students. The Hispanic/nonwhite and Hispanic/white
participants and the White participants come in slightly behind with values of 52.63%, 42.65%
and 53.91% respectively. The same type of comparison can be made for the twelfth grade
participants where the Blacks have an overall academic percentage exceeding expectations of
73.17% versus 45.00% for Asians, 47.06% for Hispanic/nonwhite, 62.50% for Hispanic/white,
and 53.73% for the Whites. From this data we can conclude that although the Black students are
improving, the majority of the minorities are still behind when it comes to exceeding the
expectations set for them by their educational institution based on their counter parts in the class
room.

So what exactly does this tell us you may be asking or better yet how is all of this representative
of our current educational culture and the student’s outlook on the importance of education? This
study proved very telling of the current nature of the outlook on education amongst minority
students. Indeed we find a great irony in the results of the data analysis, as well as, the individual
responses we received from students as to what was the definition of engineering. These
responses included but were not limited to “It is a form of study that deals with both science and
math. There are a lot of different types of engineering such as civil, bio, mechanical etc”, “I don't
like engineering. It's too much work and it’s hard to understand”, “It is some sort of work and
you need to be smart to do it”, “Working with machines” and finally “I don't know”, with only
one minority student responding with the first statement and the majority responding with “I
don’t know” or with some statement totally irrelevant to what engineering truly is.

With the majority of the minority students lacking a basic understanding of what engineering
actually is and how interrelated mathematics and science are in engineering it stands as a stark
contrast to the direction in which our society is moving. As the society moves further and further
towards a technologically advanced society, as well as, a technologically dependant way of
living, one would only assume that with the increase in technology there would also be an
increase in the need of the students to pursue STEM related fields. However, how ironic that we
find that there is a nonexistent knowledge of how the new technologies many of the kids use
today work or what they do. Given the socioeconomic status of many of the minority students
and the influence of their environment and their culture, we find that there does not exist a
progressive mindset, a notion of personal betterment, which directly corresponds to the lack of
students pursuing STEM related fields.

Ray Kurzweil’s “Law of Accelerating Returns” states that the history of technology shows that
technological change is exponential, contrary to the common-sense "intuitive linear" view. So we
won't experience 100 years of progress in the 21st century -- it will be more like 20,000 years of
progress (at today's rate). (Kurzweil, 2001) With technology poised to increase exponentially as
the years progress, why has there been a decline in STEM related fields as of late, especially
engineering. How can we foresee a leap in technological advancement in the coming years when
the degree program of those working towards this leap is experiencing a decline. (NCES, 2006)

The problem proves to be much simpler than first thought. In this day and age there seems to be

a total paradigm shift in the ideology of valuation amongst students. No longer is a proper
education and self-improvement valued. No longer are long-term goals and achievements valued
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amongst the minority students found in our schools today. Much emphasis is put in short term
gain, and ease of advancement. It’s no wonder there is a decline in the number of students all
together pursuing engineering or a STEM related fields, especially amongst minority students
when there exists a recurring theme in our school system that develops a mentality in students to
stare clear of anything they find to prove difficult, anything that may serve as a challenge. This is
evident in the ever decreasing educational standards we find in our schools today.

One of the members of the research group had the pleasure of being invited to a dinner for young
women, mostly minority high school students, aimed at exposing them to women of success and
achievement. She attended having had academic success in High School, through College and
now heading to work for a large Engineering Company, she was looking forward to speaking to
many of the young women about the challenges and rewards of pursuing an Engineering Degree
or a STEM related degree. As the speeches progressed through the night and she continued to
look throughout the room and read many of the profiles of the other professionals that were also
invited, she started to become bothered. Although there were many nurses, surgeons and doctors,
many of the women invited to provide guidance to the girls were uneducated and worked in a
service industry as some sort of technician or a secretary. What seemed to disturb her the most
and even seemed puzzling, was that at her own table she was continuously confronted with
women telling girls that they did not need to go to college, that they should pick up some trade in
High School and continue it through their life or pursue technician program. Never was she more
enraged and disappointed as the night progressed and the common theme seemed to become, “I
was nothing, then became something when | pursued a trade field”. What was actually going on?
Is this what we want our young women of the future introduced to, the idea that they can’t or
shouldn’t even pursue a STEM degree because it might be too difficult. A woman sitting at her
table stated to a young girl who told her that she was thinking about going to college because she
currently attends a vocational school and is in the carpentry program but does not see it as a
future career, “You don’t have to go to college, just pick up a trade in school and start a business,
it’s much easier.” She could not believe her eyes.

These students seem to stand no chance with our society and their cultures constantly
bombarding them with the idea that college is not necessary and that they can make it in this
world without a secondary education degree. The classroom is the only medium in which
students can formulate their own ideas and aims in life. It is where many students finally decide
that a college education is something they definitely need or want having been exposed to some
transformational element in their curriculum. Outside the walls of the school, the students dwell
in a different world. The need for the classroom and curriculum to take them outside of this
world is extremely important.
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9. Conclusion

Based on our research and the data obtained from the survey, it is clear that there is a gap
between STEM concepts taught in the classroom and interest in STEM fields for future
education. There have been recent implementations of outreach programs geared towards
minorities to increase their interest in STEM fields, which explains why there are more ninth
grade students interested in pursuing STEM fields than those in twelfth grade. However, an
initiative needs to be implemented to focus on educating those students in high school.

There is a need for a multicultural project based curriculum to be implemented in the schools,
one which develops and fosters personal constructivism and understanding of concepts being
taught. The hands-on group project approach is one way to realize this. Our proposed curriculum
addendum proves in theory and when compared to literature that it should be successful. In
addition, comparing it to current college project based learning programs, such as the one
implemented at WPI, the real challenge would be integrating it into the middle school and high
school curriculum.

Development of a supplement program such as Step into Strive has already proven successful
with the increasing interest and awareness of the importance of math and science in our middle
and high schools, as well as, the increase in academic performance of those students who see the
importance of a science and mathematics education. With the formation of a private sector
forum, improvements can be made to the current school system in Worcester, which would
compensate for the funding that has been recently cut from the school systems throughout
Massachusetts. The private sector forum would unite with one goal in mind- the further the
education of the Worcester high school students in STEM fields.

With the implementation of a project based curriculum and a program similar to Step into Strive
to further emphasis the concepts taught in the classroom, the increase in students’ exposure to
STEM concepts at earlier stages in their high school career will most likely increase their interest
in pursuing a degree in a STEM related field. With the effort and funding provided by the private
sector forum, the Worcester Public school system would have enough support to implement a
program of this size while maintaining their responsibilities presented to them by the
Massachusetts Department of Education. Since the private sector program would ensure the
involvement of parents in their child’s education, more students of minority decent will
understand the benefits of pursuing a career in STEM related fields since the parents would
assume a more active role in their education.
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10. Future Recommendations

Given the constraints we had in developing this educational proposal, we hope future research
would lead to the implementation of a project based curriculum addendum that satisfies the
needs we addressed alongside an engineering outreach program. Upon doing so, one must
determine if indeed there was an increase in the knowledge of and attitude towards STEM fields
by those students who participated. In addition, to properly assess how this course of action
affects the students academically one should develop a means of tracking the academic and
educational progress of the student participants. Tracking the progress of the students from ninth
grade up to twelfth grade will also allow for the proper identification of any other variables that
either deter a student from STEM fields, or increase his/her attitude/interest toward STEM fields
in addition to the influence of the curriculum addendum and outreach program.

Further research should also lead to an investigation into the schools and the majors the
participating students are applying towards, as well as, the majors they actually declare by their
sophomore year in college. One might find that other variables or even the continued
socioeconomic status of a student has an impact on their future outlook toward STEM fields
other than those variables they encounter in High School.

If we were not hindered by the time constraints we experienced through the course of the project,

we would have indeed developed and setup the infrastructure for the engineering design outreach
program, as well as, the private sector grant consortium.
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V. Appendices
Appendix A: Science & Technology Curriculum Framework

Science and Technology/Engineering
Learning Standards,
PreK-High School

Science and Techsology/ Engineering Curricalom Fromearer Moy 2000 17

In carth and space srience, mudents study the arigin, sructure, and physical phenomena
of the sarth and the universe. Earth and space sdence studies indude concepts in gealogy,
metecralogy, cosanography, and setronomy. These studies integrate previously or sirwlia-
necusly gained understandings in physical and life sviencs with the physical envirenment.
Throuzgh a study of sarth and space, studenis leam about the mature and interactions of
coenns and the atrnosphere, sarth provesses induding plate tectonics, changes in topogra-
phy cwer time, and the place of the sarth in the universs.

In grades PreE-2, students are naturally interested in everyehing around them. This
cuﬁ-:-n:il].r|eu.ds- them to obssrve, collect, and record information about the sarth and about
chjects wimble in the sky. Teachers should encourage ther students’ ohservatiors without
feeling compeel led o offer the precdse sdentific ressons for these phenomena. Young chdldren
bring these experiences to school and learn to eend and foozs their sqlorations. In the
process, they learn to veork with tods ke magnifiers and simple measuning devices. The
learrdng standards at this level fall under che topios of Earths Materials, Wember, Sum os
o Sonree of Heat and Light, and Periodic Phencmema

In grades 56, students explore properties of sarth materials ard how they change.

They condu ot tests to classify materials by shserved properties, make and record sequen-
tial cheerrations, nobe patterrs and voriaticns, and keok for factors that couss change.
Buderts observe weather phenomena and describe them quantitatively using simpls
tools. They study the water cpele, including the forms and locations of water. The fecus

is on having students geretate questions, irvestigate possible sclutions, make predictions,
and evaluate their conclusions. Learning standards fall veder the topics of Rooks and
Their Propertiea, Soil, Weather, Water Cyde, Earth’s History, and The Earth in the Solar
System.

In grades 68, students gain sophistication and sxperience in vsing models, satellits
images, and mape to represent provesees and features. In the early pare of this grade
span, students cortioes to irrestignts geological materials properiies and methods of
arigin. As thedr experiments beocme mmore quantitative, sudents should begin w
recognize that many of the sarths natural evenis oocur because of processes much as
heat transfer.

At chas level, mudents sho:ld remgrize the interacting nature of the sarths four major
systerns: the geosphere, hydrosphers, atmosphere, and bicsphers. They should begin o
ses how the earih’s merement affects bath the living and cenliving components of the
world. Attention shifts from the properties of particular oljects toward an undemsanding
of the place of the earth in the solar spstem and changes in the sarth’s composition and
topegraphy over time. Middle schocl students gropple with the importanee of and methods

Science and Technology/ Enginesring Curricalum Framevori Moy 2000 12
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of cheaining ditect and inditect evidence to m:pport azrrent thinking. They recogrize
that new techoologies and sheervatiors change cur explanatons abot hew things in the
natural worl behave. Learrdng standamds fall under the topios of Mapping the Earth,
Earth’s Structure, Heot Tronsfer in the Earth System, Earth’s History, and The Earth in
the Solar System.

The vrafying theme of 9* and 10* grade eorth and space sdence i the interaction of the
Earih's waricus spheres and human activities. It falls into the following categories: Magter
and Erergy in the Earth System, Earth's Sowrces of Energy, Earths Processes and Cipoles,
ard The Origin and Evalugion of the Universe. Budents continwe ther studies to ircluds
the urdverse. As they review geological, meteorological, cceancgraphic, and sstronomical
data, they leamn about direct and indirect eviderce and consider boer thess might be used
to test competing theories abeout the origin of stars and planets, ipcluding cur oen solar
systemn. Through ineressingly sophisticated investigations and measurements, students
alec learn about varicus geological proceses, including plate tectomics, wind formation,
the flow of weater through the lecal watershed, and changes in the sarth cver time.

0 Scienee and Techaclogy/Engineering Curricalum Fromavork Moy 2000

The life sriences investigate the diversity, cornplexity, and interconnectedness of lifi on
carth. Studenis are naturally drawn to examdree living things, and as they progress
through the grade levels, they become capable of understanding the theories and medels
thak sdentists use to explain cheervatiors of nature. In this respesct, o PreE-12 life
soence curriculum mitrors the way in which the svience of bislogy has evaheed from
chaervation to classification to thecry By high scheel, students learm the importancs of
Diarwin's theory of svolution as o framework for expladning contir by, diversity, and
change cver time. Students emerge from an education in the life sdences recogrizing that
arderin natural systemrs arises in accord with neles that seem to govern the physical
worl, and can be medeled and predicted through the use of mathematics.

As Pinget noted, young children tend to describe anything that meves as alive.

For purposes of working with young children, who do not yet understand the wntinity
of life (e.g., from seed 1o seedling to tree to log), living con be defined as anything that is
alive ar hos ever been alive (e.g., muskrat, flower, roadkill, legl and nonlizing con be
defined om anyihing that is not now and hos pever hesn alive (e.g., rock, mountain, glss,
wristwatehl. Dver time, students refine their intutive understanding. They begin to
include in their defiration of living such behavioms as eating, growing, and reproducing.
Young children bearm to vse their serses to cbeerve and then desorbe the natural world.
Hedicing differerces and simdlarities and grouping organisms bosed on some common
features is findamental to the life saence curmiculum ac this grade span. Far o more
in-depth disrussicn of this ismze, plesse refer to the National Beenos Edvcation Standards
urder Contenit Standard C: Developing Student Understanding {wenve nap sdu/
readingroombo oks'ns eahitm 160 heral ).

As children meove throngh the dementary grades, they expand the range of shservatiors
they make of the living world. In perticular, children record details of the life orcles of
plarits and animals, and explore bow orgardsms are adapted to their habatat. In thess
grades, ohildren mmove beyond using their serees to gather information. They begin to use
measuring devices to gather quantitative data that they revord, exomine, interpret, and
comrnumicate, Children are intreduced to the power of empirical evidence as they design
ways of exploring questions that arise from their chesmvations. Learning standards in
PreE—2 fall under the topics of Characteristios of Living Things, Life Cyoles, Evolution
and Biodiversity, Heredity, and Living Things and Their Environment. The stardords for
grades 8- fall under the topics of Charadteristics of Plants and Animals, Plant Structures
and Functions, Life Cyoles, Heredity, Adoptations of Living Things, and Erergy and
Living Things.

Scirnce and Technclogy/ Engineering Curricalum Frameasord Moy 2001 a
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As students enter the middle schel grades, the emphasis charges from olesrvation and
depeription of individual orgardsms to the development of o more connected wiew of biolog-
ical systemns, Middle school students begin to study biclogy ot the micrescopic level with-
cut dehving into the biochernistry of cells. They learn that apganisms are compesed of cells
ard that sone organisms ore urdesl lulor and muse therefors corry out all of the necs oy
precesses for life within that single cell. Gther crganisms, including human beings, are
multicellular, with cells working together. Students should obeerve that cells of mulsicellu-
lar organisms can ke physioally very different from sach other and velate that fact to the
speecific Tole that each cell has in the organisms ispecialization). For example, cells of the
epe on the shin or the torgue leck different and do different things. Middle schocl studenits
develop the understanding that the human body has organs, sach of which hoes o specific
fznetion of it cwn, and that thess crgors together create systems that interact with each
cther to maintain life. As is cutlined in the Hational Sxence Education Standards, sto-
denits should be exposed in o general way to the systems of the human body, bat are nog
expected to develop o detailed understanding ot this grode level. Middle school studencs
alse examire the hievarchical crgarization of multicellular argandsms ard the rdes and

relaticnships that erganisms sompyin an sosysbem.

At the macrcscopic level, students foous on the interactiors that corur within ecosywberns.
They explore the interdependence of livieg thirgs, specifically the dependence of life on
photcsymihetio orgarisms such os plants, which in turn depend wpon the sun as cheir
moures of energy Students vse mothematios to caloulate rates of growth, detive avetages
and ranges, and represent data graphically to describe and interpret ecclogioal coneepits.
The standards for grades &5 fall under the topice of Classification of Organiams,
Structure and Funation of Colls, Systems in Living Things, Reproduction and Heredity,
Evolution and Bicdiversity, Living Things and Their Encircnment, Enengy and Living
Things, and Changes in Ecomystems Over Thme,

At the high scheel level, mudents study the maevular bass of life by lecking ot the
provesses ocourming in cells. In particular, these students learn that the DNA maleculs
dictates all of our physical traits and that we inherit our porents’ I A and therefore ther
phosical traits They learn that genetic variation is inherited and that the urae of inken-
tance is the gene. It is the inherited maits that provide the voriation on which

natural and memipelated selection act. It is changes in the TR A over time Imutations)
that lead to diversity and the appearance of rew troits that con give an oTgarism a
melevtive advantogs, allering it 1o become more competitive in a given environment,
murvive better, or adapt to changes in the environment (hesis of natur al selection).

The theory of organic evolution is fundarmental to understanding modern biclegy.

It prowides o framework for explairdng why thers are so many different kinds of crganr
isms oo earth; why organismes of distantly related species shore biochemical, anatomdcal,
ard fundtional characteristios; why species become extinet; and how different kinds of

crgordsms are elated to one another,

e Seienee and Technclogy/ Engincaring Curricalum Fromarork Moy 2000

The physical sciences (physios and chemisry) examine the physical world around
us. Uking the methods of the physical sciences, students leam aboue the cormposition,
structure, properties, and reactions of matter and the relationships betwesn matter

and ensrgy

Students are best able to build understanding of the physical sdences through
handeron exploration of the physical world. This framework encourages repeated
and increasingly sophisticated experiences that help students understand proper-
tiem of matter, chemical reacticrs, forces and moticn, and energy. The links
hetween thess conerets experiences and more abstract knowledge and represen-
tations are forged gradually. Over the courss of their scheoling, students develop
muore inclusive and generalizable sxplanations about physical and chemical

interactions.

Teals play a key role in the smudy of the physical world, helping mudents to
detect physical phenomena that are beyond the range of their senses. By using
well-demigned irstruments and computer-based technologies, mudents can
hetter explore phymical phenomena in ways that support greater conce ptual
understanding.

The physical science learning standards for PreE—2 fall under the topics of
Observable Properties of Objects, States of Matter, and Position and Motion of
Ohjects. Toung children's curiosity is engoged when they observe physical
processes and sort chjects by different criteria. During these activities, children
learn basic concepis abet how things are alile or different. As they push, pull,
and transform ohjects by acting uwpon them, children see the results of their
actions and begin to understand how part of their world works. They continue
1o build understanding by telling stories about what they did and what they
found out.

The standards for grades 55 fall under the topics of Propertics of Objects and
Materials, States of Matter, and Forms of Enengy Gincluding electrical, magnetic,
sound, and light). Students’ growth in their understanding of crdinary things
allows them to malkes the intellertnal connections necessary for understanding
how the physical world works. Students are able to design simple comparative
tests, carry out the tesis, collsct and record data, analyze results, and communi-
cate their findings 1o cthers

Scienoe and Technolog v Engineering Curricalum Fromavork May 2001 52
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The mandards for grades 65 fall under the topics of Properties of Matter,
Elements, Compounds and Mixtures, Motion of Objects, Forms of Energy, and
Heat Energy. While students ot the middle school level may be better able to
manage and represent ideas through language and mathematics, they still need
corcrets, physical-world experiences to help them develop concepts assoc ated
with maotion, mass, volume, and energy. As they learn to make acourats measure-
ments using a variety of instruments, their experiments become more quantita-
tive and their physical models more precise. Students are able to understand
relationships and con graph one measurement in relation to ancther, soch as
temperature changs over time. Students may collect data by using micrezomputer-
or caloalator-based laboratories (MBL or CBL), and learn to make sense immedi-
ately of graphical and cther ahstract representations sssential to scientific
understanding.

The high schocl standards for physics include Motion, Forces, Energy, Waves,
and Electromagnetiom. At the end of their study bosed on thess mandards,
students con understand the svidencs that underlizs more complex coneepts of
physics, including forces and vectors, and transformations of energy. Graphical
representations and the gradual intredwetion of functions introdues mudents
to well-defined laws and principles of physics.

The high schocl chemistry standards for a full-year study include Propertics of
Master, Atomio Structure and Bonding, Chemival Reactions and Stoichiometry,
Sedutions, Acids and Bases, and Eguilibrium and Hinetics. Becouse chemistry is
cenitral to our understanding of many other sciences, chemistry instruction
should include links to amtual applications to enable students to relate chemistry
to their everyday lives and current engineering'technology At the end of their
study, mudents are capahle of using sophisticated models and rigorous mathe-
ratical computations to make formal matements of principles of chemistry and
understand their implicaticns. They are able to apply their understanding in
ancther science course, in a higher level of sdence or enginesring’technology
learning, or in the experiences they encounter.
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STRanND 4: TECHNOLOGY /ENGINEERING

Beiences tries to undetstand the natural world. Based cn the knowledge that soientists
dewelop, the goal of engineering is to sohee practical problems through the development or
use of techoclogien, For evarnple, the planning, desigring, and corstruodon of the Central
Artery Tunnel project in Beston (commonly referred to os che “Big Thig™ is o complex and
techeclogically challenging project that draws on knowledge of earth science, physics, and
comstruction and trarsportation technologies.

Technology enginesring works in conjunction with sdencs to sxpand our capacier 1o under-
stand the world, For example, scientists and engicesrs apply sdentific keowled g= of light
o develop losers and fiber optic techoclogies and other technolegies in medical imaging.
They also apply this scientific knowled g to develop such medern commurdeations tech-

nologies o8 telephones, fax machines, ard electronic madl.

The Relatlamship Among $cienca, Enginoaring, and Technology
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Altheugh the term technolegy is often used by itself to deseribe the sducational applice
tion of computeTs in o classroom, irstructional technolegy is o subset of the mudh breader
field of technology While important, computers and instructicnal tecls that uss computers
are onby o few of the many techoelagioal innor ations in use wday.

Technologies developed through enginemring include the systemns that provide our houses
with water and heat; roads, bridges, tunnels, and the cors that ve drive; arplares and
spacecraft; cellular phores, televisiors, and computers; many of teday's chil dren's toyes;
and systems that oreate special effects in movies, Each of these came about as the rem:le

Science and Techsology/ Engineering Curricalom Framevori Moy 2000 T
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of recognizing o eed or problem and areating o techoclogival sohetion. Figure 1 on poge
78 sheres the seps of the enginseting design process. Beginning in the early grades and
continuing through high schesl, students varry cut this design process in ever more
sophisticabed ways. As they gain more experience and knowledge, they are able o draw on
cither disciplines, sspevially mathematics and soiencs, to understand and sclve problems.

Btudenits are experienced technology users before they enter scheal. Their natura] curicsi-
ty about hew things work is clear 4o any adult who has ever watched o ohild doggedly
wark to improve the design of o paper airplane, or to take apart o toy to explore its
irmides. They are also notural engineers and irrentors, builders of sondosstles ot the
beach and forts under furniture. Most students in grades PreE-2 are fascinated with tech-
nclogy, Whils learning the safe use of tools and materials that vederlie engineering salu-
tions, they are encouraged to mandpulate materials that enhance their thres-dimenmcnal
visvalization skills—an emsential compenent of the obdlity to design. They identify and
deseribe characteristios of natural and manmade materials and their possible uses and
identify the use of hagio tools and materials, =g., glue, soissors, tape, ruler, paper, tooth
picks, siraws, ard spools. In addition, mudents at this level larn to identify tools and
simple machines used for o spevifio purposs (e, Tamp, wheel, pulley, lever) and desoribe
hevwr hzman bedngs wes parts of the hody s tools.

Btudenits in grades 55 Jearmn bow appropriate materials, tools, and machines sxberd our
ahility to solve problems and invent. They identify materials used to awcmplish o design
task based on o spedfic properiy and exploin which materials and tocls are appropriates to
corstnact o given protodype. They achieve o higher level of enginesring design skl by rec-
cgnizing a oeed or problemn, Jeamn different ways that the problem can be represented, and
work with a variety of materials and tools to create o product or system to address it

In grades &8, students pursue enginesting questicns and techookgioal solutions that
emphasize ressarch and preblem solving. They identify and urderstand che five elements
of o technology sysbem (goal, inputs, provesses, outputs, and fesdback), They aoquite besic
skills im the mafe vse of hand tecls, power tools, and machines. They explore engineering
design; materials, tods, and machines; and communication, marufacring, construction,
tronsportation, and boengineering technologies. Starting in these grodes and extending
threugh grade 10, the topics of power and energy are incorporated into the study of most
areas of bechnologye Students integrate knowled ge they aoquired in ther machematics and
soience currinzla o understand the links to engineering. They achieve o more advanced
lewel of skdTl im engineering design by learring to comceprualize o problem, design prodo-
types in thres dimersions, and wes hand and power toals to construct their prototypes,
test their prototypes, and moke modifictions as pecessary, The colmination of the engi-
neering desi gn experience is the dewelopment ard delivery of an enginesting presentation.

T2 Seiener and Technolagy) Engincering Curricalum Framavork My 2001

Figure

Steps of the Enginee ring Design Process

Step
Teat and Evaluate
e Solusonis)

Sep 5

b

L Identify tha naed ar preblam
2 Rasoarch tha naed ar problam
1 Examine ourrent siate of the issus and
current solufions
1 Explore ather aptions via the internat,
library, intarviews, el
3. Dovelop possible solwlian(s)
1 Erainstorm passibla solukions
1 Drow an mothematics and scismos
1 Articulata the possible selutions in two
ard thres dimensions
1 Rafina tha poesible saluticns
4. Belart the best possible sclutionls)
1 Didarming which sclutionis) besl mastis]

Siep 1
Identity the besd
o Problem

-

Step 4
Sedect the Beat
Possible Sokutionis)

.

-
Consiruct
a Poiotype

A

6. Comstruet a prototypa
1 Midol the salectsd schutions)in two
and 1hrew dimensions
6. Toad nnd evalusia the salukions)
1 Doas it work?
1 Does it mest the criginal design consirnines?
7. Communicate tha sohukion(s)

1 Maks an enginesring presenintion that
includes a discussion of how 1ha solukionis)
best meet(s) the needs of the initial
prablem, apportunity, or need

1 Disouss societal impart and tradeotls of
1he sclutionls)

B. Rodasign

the original requiremants 1 Owarhoul the sclution(s) based an
e information gathared during the tests
and prasentation
Seimoe and Technclogy, Enginesring Curriculom Framarord May 2001 T3
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Btudenits in grades 9 and 10 learn to apply scientific and mathematical knowlsdge in a
fizll-year, comprehersive technology enginemring course. The topicos addressed includs
engineering design; construstion techoologies, power and snergy technologies in fhed,
thermal, and electrical spstems; communication technologies; and manufaccuring tech-
nelogies. Budents engage in experiences that enhancs their skills in designing, buildicg,
ard testing prototypes. The culmination of this leve] of design experience is also the
development and delivery of an engineering presentation.

Technclogr'engineering curriculain grodes 11 and 12 folleer the appreaches used for the
previcus two grades but expand in a variety of aress based on available schecl expertise
ard student interest. Students may explore advanced technclogr'engineering curmicula
much a8 autemation and robotics, multinmedia, architeciurs ard planming, biotechnclkgy,
ard computer information syetems. They may continue bulding on their hack ground in
engineering design by working on irventions. Course offerings in the high schocl grades
shiould engage students who are interested in:
I expanding their studies in the avea of engineering ond technelogy becanses they

are intevested in a oo legelevel engineering program,

I pursuing career pathways in relevant technology fields, or

I learning about certain aress of technology engineering to expand their general
educational backgronnd, but who will not oeces sarily follow o technical career.

All aress of study should be tau ght by teachers who are certified in that discpline.
Bewmuse of the hands-cn, acive nature of the technology enginsering envirorment,

it is strongly recommended that it ke taught in the moddle and high school by teachers
wha are vertified in techmology education, and whe are very familiar with the safe

use of tools and machires.

T4 Bcience and Technology/ Engineering Curricnium Framework May 2001




Appendix B: Step into Strive Brochure

STEP INTO

Teaching Kids What Enhgineering is all About!




Our Mission

Step into Strive is a student-run organization deveted to
the pursuit of an interdisciplinary and challenging En: _
Instructional methodology, as well as, the ﬁnplementauo and
promotion of Science, Mathematics, Engineering/ Techn'ejf_ 'k
and future STEM related opportunities to the parents and =
students of Worcester, MA through fun, innovative and hands=
on design projects that comprise the Step into Strive Program.

Our Mission 1s to advance the understanding and
application of engineering principles and concepts i order to
enhance the Science & Mathematics Educational development
of the middle school students in the Worcester Public School
system while building on and improving the Worcester
Polytechnic Institute (WPI) culture of lnmevation-and
Educational leadership. Our Affilation yath the Faculty, Staff
and Students of WPI allows us to providean innovative and
challenging STEM based envitonment to children in Middle
School, regardless of gender, ethnicity; cutture-ofsocio-
economic status, with special cutreach fot those groups
traditionally underrepresented in the Sciences and Mathematics.

Step into Strive also provides mvaluable work experience
and leadership opportunities to all of its student volunteers, as
well as, further enriches the University and local Worcester
Community.




of national stature, emphasizing and promoting the infegrafion Qf ]
across the Mathematics and Saences to the application of these p]:'tnrg:gﬁf
concepts within the Engmeerng Disaphne and Soaety. The programi vl Be
noted by Departmental and Faculty excellence and mnovation m DO
Education and Support, and by the invaluable Graduate and Undergraduate

and cnticality in reasoning, communication and representation as effective
leaders and rele-models to those students parficapating m the program; creating
a tangible bridge between their age group and understanding wath their higher

education mentors and leaders. Our hope 1s to stand as a pinnacle in the

movement to attract more students to STEM related fields.

Ower the past 2 years, Step into Stnve has not enly grewn from a small

budding program to a recognized and greafly apg_rs_‘ated student run
organization, but it has also reached almost 100 students and parents notonly
giving them the opportunity but also provachnc tHEsEsesss and knowledge to
begin a ifelong exploration of BEngmeenmne, Mathematics and Science.

"Tt 15 about time a program with this depth and scope was created and presented to our
community and schoel system. Lam lucky that my son excels in school but there 1s not that
much in cur Community or school system to this level that my'son can really get involved
i and apply himself. Itwas great to finally see a University taking this up and giving
students like my son this opportunity.” (Segment of an impromptu speech, one of many,
gwven by a Parent of a 2005-2006 Participant at the 2005-2006 Closing I inner)

It 1s cur deepest hope that you wnll extend your suppert and jomn us agam
in the years to come as we confinue fo refine and develop the program and
mtroduce a growing number of students to what hies within BEngineering,
Mathematics and Saence.

Gina Melendez and Walter C. Uchendu
Co-Directors & Co-Founders, 2005




Fiscal Highlights

s

2004
Actual

(estimated)

2005
Budgeted

2006
Projected

Revenue

Registration

0

0

0

LSAMP Grant

5000.00

6000.00

0

Industry
Donation

1615.00

2920.00

15000.00

Total

6615.00

8920.00

15000.00

Expenses

Administration-
Salaries

1613.00

2920.00

4000.00

Administration-
Materials

250.00

228 92

600.00

Advertising

367.00

500.00

Food and
Beverages/Final
Dinner

4350.00

5020.00

7500.00

Project Materials

400.00

356.87

2400.00

Total

5465.00

8897.00

15000.00




o

Fiscal Highlights

The Overall revenue and contributions to the program hasanereased
from 2004, an increase that will continue in 2006 as Step into Stawe Conﬁi‘rmﬁ to
grow each year. Industry donations have also continued to grow, With TRt
the Small Busmesses, as well as, larger Corporations that contrnbuted totHes
program in a non-financial form of support now hoping to make a financial
contribution to the program. Foundation and University donations are dowm,
but this was predicted due to the large cne-ime donations we saw m 2004 &z
2005, and the subsequent Goals change in direction of the funding source.
Administrative expenses will mncrease m 2006 as we make a move to provide a
stipend to our Graduate and Undergraduate student volunteers. Advertismng
expenses were also up, as a new brochure and interactive CDD were created this
year for distribution to the schools and cur partners and contabutors. Travel
expenses will also increase in 2006 as we plan to add more tops to Corporate
and Small Business locations.

Our budgeted increase for 2006 1s accounted Lot By these addiional
facets of the Step into Strive program. This coTrespones eethe budgoeted

increase in project materials expenses, and many other overall expense increases.

mncrease to accommodate a training session for betSmdentwclunteers and
Faculty & Staff invelved. Step into Stowve has beenand will confmue to
experience explosive growth. However, this growth would not be sustained
without these added facets of the program.

Revenue Expenses

Admin. Salaries
3%

Admin. Materials

Advertising

Food/Beverages
& Final Dinner

2| LSAMP Grant
Project Materals

= Industry Donation




Simply put, engineering is sclving real-world problems usinga.
combination of mathematics and science principles and concepts. Problem*ﬁ&ﬁst
engineers solve can range from how to build bridges, how to make arificGal
organs for people, to how to treat waste to keep 1t from polluting the
environment. It's impossible to go through a single day without usme sometimnes
an engmeer has helped to create or in the least acting as an engineer yourselt B
applymyg your mathematical or science knowledge to a problem no matter what
ecducational level you are at or your age.

The Step into Strive Program is a six month enrichment program to
intreduce Middle Schocl students in the Worcester, MA area with a special
mnterest to those students mn underrepresented groups to fields in Saence,
Mathematics and Engineenng. The program creates an mnowvative and mtuitive

environment fostering originality and self discovery allowing the students to
explore the engmeenng, math and science fields of study through the utiization
and apphcation of the Engineenng Design Process arid Engineering Design
Projects to increase their likelthood of pursmngfztkmiﬂterest in these areas

during their Ingh schoocl and college enrellment.

The ultimate geal 1s to shatter pre-conceptions-efengiricering and brdge
the gaps between, Mathematics, Scienee, Fun and Real-wodd Applications.

Science

Real-World




Our Program

Our program 1s primarily compnsed of a challenging aievesiin cepth
Engineering Design Project, that will take the student through each Step S e
engineering design process, from defimng the problem, o condtctiﬁg'ffl th
research, to designng a solution, to testing the sclution, and then tofTRallE
fabrcating and making their proposed designs. ]

The design projects fall into one of the three Engineenng Majors
represented in the program. Biomedical, Mechanical and Electrneal & Computes
Engineering. Professors and their carefully handpicked Graduate students and
Undergraduate assistants are at the disposal of the students, with the Professors
proposing the problems, many of which are current 1ssues i the field and
serving as the chent or the Company paymg the students to develop this product
and come up with a solution and the students ovemseeing the scope of the

project as adviscrs.

Prewvious projects included an Artificial Leo fé_r’g_g middle school athlete,
an mnovative powered wheel chair for a pamaplegic young man and anmtegrated
and networked secunty system for the SWorcestCrTOIIHee thirrently bemng
built.

All of this 1s wrapped up 1n a final presentatiorygrmg ﬂle students an

opportunty to learn proper presentation and commumeationskills, as well as, to
learn how to create a PowerPoint presentation and a project présentation poster
one which follows the format graduating semors here at WPI titilize. The
students are also required to submita research paper on their design projects.

The Engineering :
Identify the Need
Desjgn Proces I Reésearch the Need

or Problem
or Problem

Communicate
/ the Solution
Develop Possible

Test & Evaluate &‘f Solutions

the Solution
\ ‘ &ct the best

Possible Solution
Construct
a Prototype




Roadmap to the Future

xntion of middle school students with a

belonging to under-represented groups and

ducational environment and experience that

iture in Mathematics and the Sciences

The Recruitment and retention of Dedicated &

Interactive Faculty members with interests in increasing

the number of youth entering STEM related fields

t of a new model for engineering
es on in depth and challenging
d inte grative program facets.

To increase our relationship with Local Small Business

and Large Corporations in the STEM related fields

ously innovate environment that
deep conceptual understanding of
ice and Engineering principles

To be able to translate those engineering principles to
design applications leading to a solution

young participants adequate written and oral
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Spohsors

Worcester Polytechnic Institute (WPI)

NE LSAMP

Contributors

Hanger Orthopedic Group




]llllllllllll_lllll:

Directors

Walter C. Uchendu
Gina Melendez

Faculty

Prof. Kristen Billiar
Prof. Steven Bitar
Prof. Gretar Tryggvasson

Staffr

Christine Drew
Laura Robinson

Graduate ¢ (ndergraduate Volunteers

Angela Throm
Jacquelyn Youssef
Lauren MacMath
Charly E1 Khoury
Michael Cretella
Steven Paul Toddes

Copyrighted 2006
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Appendix C: Step in Strive Application

Ctudent Pre-Application Form
Please complets this application form.

- ETUDENT MAME:

Firse Fldde [ast
HOME ADDREES: —
P (=] 2 Code
v TELEPHONE: () DATE OF BIRTH: /
EMiall; GRALDE ENTERIMNG THIE FALL-
ECHOOL:
Nama [&].]

Ho did you hear about this program?

TFACE: Flease select one
A Africah Amevicah [ Americah ThdiahiAlaskah Native

 Hizpanic O oener (pisase specifn

Additiong| QuUestions

Ty do you Wwate: o0 be in this proEram?

What is your fzvorite thing about school?

Thhat is your [east Favorite thing about schoof?

If I am aocepted intd this progSram I Nops 10,2

Please retUrh this fForm to:
WPL, OFFice of Diversity Programs, 200 Tnstitute Road. Worcester, YA 01609,
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Appendix D: Teacher Recommendation Form

|

Teacher Recommendation FOrm (Dnly a teaCher may Ccomplete this Forml

Pleass révurn this form w0 WP, OFFice of Diversity Prosrams, 100 Institute Rioad, Woncester, M4, 01609

TEACHER MAME:

How 4o You Enow this student?

' Flegse indicate with a checkmark tNe Charatteristics that you Ngve observed regarding this student:

d Mahases routhe taske U Ts seifdivected 1 Ditolays perssverahce - Beads at Srade leve|
O Has curiosity sbout [is emvironment, posses questions [ Teobeevvane O Ciriginality of ideas
2 Has displaved leadership abititiess [ Good attention span [ -Ahbility to reasoh out proolems
2 nifity 10 Brasp ideas at 3 £00d pace [ (3004 Vocabulary
2 Has displayed s00d or berer academic performance in:

O Reading

O ath

O Lansuage arts

Flease ghare any aoditiongl Ccomments regarding this studens bejou:

This student heeds o0 CohtinLE improving NiF abilidges in the Following aCademic arealsk

CiEhature: Digrte:
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Appendix E: Step in Strive Calendar

SChedule of Events

s MovEmbeT 26t Dtudahe Applications DOEr -
Firgt Iheo Seesinre [Machanical Engingering &
BiomadiCal Enginesring

» [ECembar 154- Ind [VMeeting FI2ctrical Eng-
hiEgring & Project Tonics yre snnouncad

s [ECEmbar 15th- 3rd [Maeting S ient [Vesting®
Evap 1 [P

» Jahisry 17t feh Migeting- e 2 DP

» Jablgy I8the2en [legting “Cliant Meethg® -

Ftap 3 DP

» FEbrilay Gt gth (VigStng- Stdp® DF and
bedin probItips

» FEbrilary LEth—yth HE‘B‘:iI‘IEFﬂP! DF 2nd
begin probItips

+ [VisnTh Ind- Bth Hﬂﬁih}mf P shid bagin
prCn e

# VisrTh 1th—Gdh Hﬂﬂtihg—mf [P ghd lb&git
prCn e

v [ViarCh Tind- Ioen Mjeeting- Ciehd [W]aating™
Et8p 3 DP. finish protitips ahd bagin Fikal
Desigh

o mrsh 30 Tith [Vigehhd- ComtinlE Fihgl
Dssigh

& & ol gth—1Ith NEEUI‘“E—;W R 0 A
ik@® Comtihue Firgl Defign

» Aol Iith— 13 [M8gting- Fingl Dogieh Testing.
PolerPoine, Paibsrsh Paosr

v Ao Dth— 134 [Hagting—Fingl DesEh Testing.
PoigerPoine, Pesssrch Fepsr

Ao IEt 13th [Vigeting- Fihal [egign Tasting,
PolerPoint, Resesrch Pacer

v Ao 20t 19th (Meeting PowearPoint, Tasesmth
Pacsr- Pracsice Presshieton £or Fibgl Dinhsr

v Aol 2% 18k Mjeeting PoigsrPoint Eesearch
Papsr- Pracsce Presenteson for Fingl Dinher

Ao 27th- Cl0ged Dinker {"rdi'ﬂﬂ?ﬁﬁﬁf—".
PrEfantytong

*DP=Derigh Froces

at 508-831-5796 Or Einame@Ewpi edu.

eaching hids what
engineering is all about!!

WM
#ifice of Biversicy
Prograns
I19¢ Insoicuce Road
Worcescer, A @ 1 609
FOE-BTi-5Tod
diversicy S wpid.edu

YU will be Cohtacted ih adiahle if thers are ahy CMiahses made ih the mesting dates ahd/or
|eCations. IF YoU Nave ahy Guestiohs fes| free vo Ccomtact Ging Melehdez , Program Coordingtor,
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Appendix F: Design Project Problem Statements

Flecirical & Conmpuier Engineering Desiagn Problen Siatenent
ALHLY: % g -

The City of WorCester is in the proCess of bullding 3 brand new
Courthouse. Due t0 an aversight, the ContraCting for an Electrical +
Computer Engineering team was overlooked. The Board of DireCtors is
naow |0oKINg to Contract a team to desiegn a SeCurity Alarm Syswem For
the new Courthouse. The design must aCCommaodagte For every possible
gituation that Can oCCuUr in 3 goVernment bullding due to natural or
intentional Causes.

(The students will be given a sCaled down model of the Courthouse.)

Biomedical Ergineering Group Design Problen Statement

Tafael was the fastest runner for the WindChester Middle SChool Track
Team. After an injury sustained running track, Rafael |ost the use of his
right leg. His doCtor as submitced him into a program offered by JMASE
MediCal Center that hopes to deVelop a prosthetiC leg substitute For an
gthlete |ike Rafae| o use s0 he Can Continue running traCk.

OMACE MediCal Center is sponsoring the resegrCh for the devejopment
of 8 new proschetic |eg design that will gCCommodate the needs of 3
student athiete weighing betwesn 100 - 130(bs.

Mechanical Engineering Group Desigr Problen §iatement

Diue 12 jow numbers of peopls pUrsuing a nursing career, many of the
IoCal area hospitals are being ovVerwhelmead with the deCreasing nurse to
patient ratio. The WorCester County Hospital board of DireCrors is
sponsoring the design and manufaCturing Contract to the weam that
offers the best wheeiChair design. The wheelChair design must allow For
patients to be able o maneuver themselVes without the help of 4 nurse
or mediCal assistant.




Appendix G: Engineering Design Project Report (Electrical & Computer Engineering)

Worcester Courthouse Alarm System
Electrical and Computer Engineering

Group Members
Dawid Marcano
William Fosales
Naveed Rahman
Michael Alache

Emmamuel Acheernpong
Diallo
Chriztopher

Clhient(s)
Michael Craszla
Lauren Machath
Charly El Ehoury

Table of Contents

Original Problem S@bemismt . . .o e
Flewised Problem Siemamt . .

L8 P

Research.....

User Reguimsments ...

TWInAom D0 ALATIEL .ottt et et e s

Fire Alarm . ...

Window Doar Alarm
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Original Problem Statement
The city of Worcester is building a new courthouse, and the board directors have

every posstble sination that can oocur in the povernment building due o natural or
mientional causes. The alarm pmst have a sensor that detects motion and gives a sigpal fo

aoything that will canse ham to the court bouse such as pases, someone unanthorized
fTying to get in at a late time, and fires high temperatores. The alarm system will be

than 5300

Eevised Problem Statement

The city of Worcester assigned us fo build an alamm system. This alamm system
must be safe and it has to be cheap. Our team thinks that the alam system has o be
small, sensifive, and has to be noisy. Cur first problem was the cost of the alamm system.
We only have 3300 to make the alarm system. We thought that if the alarm is hide from
buman visibidity the alanm will be harder to nom off by a robber




Ohbjectives

We need to have a small alarm that’s not visible to the intruder’s eyes so be can’t
dastroy it. We also need a good quality alanm, that is made with good materials and also
ome that works when it"s supposed to. Our alarm has to be inside the cost range, around
5300, Another imporiant goal is to get an alamm that covers the whole courthouse so that
if amy part gets broken inte, the authorities will be notified. Another mportant factor is to
have an alanm that works when it's supposed to, that is it ooly goes off when a barglar
breaks in of tries to get out, ot when any person walks by the sensor. We would need a
hattery that will Jast long so it woo't be needed to be changed every month, but in as
reasonable peried so the owner forgot to replace it. The alanm st send signals to whom
It may concern, the police for example. Lastly, the alarm mmst sound off in daylizht for a
fire, etc_. and has to send a signal to the police so they can caich the urglar imexpacted
during the nigh:.

Constraints

At the beginning of our project, we came up with a list of constraints, which
meant that we came up with a list of abstacles or road Blecks that prevent us from
achieving our goal

First of all, one of oar consiraints at the beginming of the year was how paach the
total of our project would cost, which s a maximam of 3300, In the real world, there are
Limits 1o what you can do and bay. For example, you can’t just buy anything you want
without any limit; therefore smee this project would usnally be done for real, limifs are
applied to the amoumt of money we can spend.

Second of all, each scenano of problems will require different kinds of alamms.
For example, in the real world, if you were a manager of the courtheuse, you would not
want a fire alarm to detect burglary. If it were so, when a thief passes by the fire alamm,
the fire alanm would not react to himher

In addition, a third constraint of this project would be how srong the signal is,
such as loud sounds and lights. If you had an alamm m your house and a burglar comes
min your howse while you and your family are slesping, you wouldn't want the alanm be
50 weak that it doesn't even wake anyone.

Furthermors, the materials used for each alam could alse be an obstacla. For
example. you would ot use 2 photoelecine sensor (a sensor that detects smoke usms a
beam that when smoke parficles reach it the light is teflected towards the sensor which
will rezult in the alarm geing off) when you are trying to detect motion inside a butlding

Additionally, the size of the alarm is a constraint. This would be an obwious
constraint because if you were to build 2 motion detector that is as big as a whole room of
the courthouse, it would b pomiless because the thisf would easily be able 1o mespass it

Finally, the last constraint that our group had come up with was when the alam
would be irizgered. For example, the alam canno? trigeer dunng the day time when all
the people are walking through the courthouse

In conclusion. these constraints are obstacles that have gotten in the way of our
goal. Cost, type of alamm, the strength of the signal, the material, the size of the alarm,
and how it woald be irizgered are all of our consiraints.




EResearch

The websties that I have visited the most was google.com then when I was in
there I look for alanm systems, I found one that said Alamm system. and then I entered
there. I foumd mformation abowt how the alamm system work, bow can an alam system
sawe the people from deaths. I alse look for mfommartion in eBay.com, eBay is a websie
%o find products and buy them I found some sensors for alamm systems
) tems, I went to a couple of sites. One site was
bowstuffwrorks com. There I learned how an alarm works. Amn alarm is made of a couple
of things, most important of them is the battery and senzors. Some sensors are radas-
based motion detectar, photo-sensor, passive infrared, etc. Another site is

ouipat devices, instlled in a2 way to mmimize any loss of seourity.

User Requirements

We are supposed to deizn a securify system for the Worcester Courthense, which
st mest these requinemeants:

We mmst have a sensor oo each location that may be broken into (7.e. dooas,
windows. etc.). We must have the appropriate sensos in each locaton

We mmst notfy in mmereas ways that an eniry bas taken place. That is, if a
burglar breaks m we mmst notfy the pelice (or others) by seund and‘or ghts

Wehave to frack the inmudsr m his whereabouts. The mrthorites mmst know
which s=nsor has besp mggered, so they know whare the burglar is

We mmst have a sensor in a very important location inside the courthouse (Le.
where the files of previous wrials are kept)

baen actvated and before it has been activated




Function-Means Chart

Functions Means
Diatact Somic Sepsors | Lasers Haat Sensors Camemas
Mowement
Dietecting Customized gas
harmdl gasies | ssnsor
Diatect fire Fire Alarm Temperature Smoke Dietector
Sensor

Putting out fire | Sprinkler

system
Mptify people | Lights Smmds Authority

Using this fanction-means chart helped us deterpune what things we could put in

our alamm system or make different alarms for different things.

Client Meetings

At the beginning of our program we had met with one of eur clients to leam about
crreudts and electric cuments. The clients had wanted an alarm that alerted people of
various things, a break-m, fire, etr. The alarm bad to be powered by a 12V battery, mo
mare. Our clients were Michael Cretella, Lauren MacMarth, and Charly El Ehoury.
Michasl C. bad helped us with the basics of elecinical circuitry, for examples positive and
nagative ends of a batery, kinds of corouts, et Charlie helped us with how to set up the
circuits, and Lauren M. bad helped us with the protorypes and the presentationand
research paper.

Some questions we had asked our clients wens:

1. What is the budzet ranze?
Apswer: $300

2. How much time do we have to make it?
Answer: By the end of the program.

3. What tools are we able to use?
Answer: All tools that you need wall be provided.

<. How high should the volme ba?
Answer: Loud emough to be heard thronghout the building, but nat damage the
people’s hearing.




Possible Solutions

Monion Sensor

One possible motion detector we can use s an Infrared LED. You can think of it
as a light bulb, it emits “mvisible™ Light, and when someone gets in the way, the alam
will get riggered. Another type of a motion detector is a radar-based, which desects
mation by micowaves. Also, there is a photo-sensor, which rings when a door opens,
uzually found in a shopping store. A passive infrared sensor is another option; it “detects
hieat waves that come from the human body. Once it detects these waves, the alamm gets
miggerad.

Fiye Alarm
We look up fire alanns and found that they range from 514-73.

WindowDoor Alarm

The mageetic switch was the best possible solution becauss to secure a window ot
mast be riggered when it opens and the magnetic switches activate when they separate
and they separate as soon as the window opens. The magnetic switches makes all
possible enmies to the windows imalid.

Final Design

Monion Sensor

For our firal product, we decidad to use a PIR sensor. It uses its fensel lens for
the detection of a human body movement, at the limit of five meters. We tested the PIR.
sansor, whenevar you had waved your hand over the sensor—when 1t 15 on—it would o
off. A couple of fearures of this is that it uses; a single voltge operator, 12VDC, a three
pin terminal, siznal owiput is 0 55ec mim. and 2 small eperation power Consumption.

Figure 3: Aotion Sensor

Modian
Ha Malien

Digteched
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Figure 4: Cirosit for Motisa Detector




Fire Alarm

We are not able to build a prototype but there will be fire alams in the
courthouze.

WindewDoor Alarm
Magmetic window alarms activate when the two piaces of the alamm separate.
When separated it will sound an alarm ut the alarm will stay quiet if they are together.
The alarm are perfect for windows becanse when the mapnatic alarm is atfached to the
window if the window happens to open the o magnefic piaces will separate and the
alarm will be triggered. This way when a person fries to speak in through the windew the
alarm will be wigzered as spon as it is opened making the windows secured. Some
magretic window sensor cost 59,95 sach.

Figure 5: Window Promoope (Jeftl, Magmenc Swirch Umed (ceater), Window Frotorrpe (right)

Biwltch, Creev Ewich Closad
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Figurs 6 Circuirs Used Sor the Door azd Wenduw

Conclusion

Owur groap has learned that an alarm system is made up of batteries, sensors,
switches, and conmol papels. Toundersiand more, we learned aboat ciroarts, fermmals,
and open/closed circwits. For the Worcaster Courthouse we decided to use simpls moton
detectors and a mapnefic confact alam for the doors and windows.




Appendix H: Engineering Design Project Presentation (Electrical & Computer
Engineering)

Electrical and Original Problem Statement

Computer Engineering

» Worcester is building a new courthouse

= We were contacted to build an alarm system
that must
— Accommodate all possible situations
— Respond to intentional and unintentional causes

— Use sensors — motion detection, fire detection,
break in detection

— Alert the police
— Be hidden

» Our budget is $300

Members in Group

Christopher

Naveed Rahman

Michael Alache

William Rosales Clients
Emmanuel Acheempong Mike Cretella
Diallo Lauren MacMath
Pavid Marcano Charly El Khoury

Revised Problem Statement Objectives

Small Alarm that is not visible

Good Quality alarm

Within cost range of $300

Alarm that covers the whole courthouse
The alarm to work when it is supposed to
A battery that will last long for it to not be
replaced so often

The alarm must send signals to someone who it
may concern

The alarm must sound off in daylight for a fire

Throughout the course of our project the
problem statement changed little or not
at all.




Constraints

The alarm must be small and not too big.
The cost must be within the budget of $300

Materials used for each alarm must be appropriate
for each

The strength'of-the signal must.be strong enough
to notify the police

[he types of sensors used for each scenario
When the alarm would be triggered (daytime, or

User Requirements

Have sensors at possible places of entry

Notify in numerous ways that an entry has taken
place.

There must be a way for the alarm to indicate
where theentryhas taken place

Sensor in a very important locatien-inside the
courthouse

A-method for deactivation of the security system

both when it has been activated and before it
has been activated.

nighttime, or both)

Function-Means Chart Possible Solutions

Motion sensor

Finetions Memns
Heat sensor

Detect Sortie Sensors Heat Sensars

Moverment -

Petecing Gt Laser sensor

el gosocs | sensor Flashing lights

Detect fire Fire Alam Temperanre | Smoke Detector =
Senser Loud sounds radiating

Putting out fire | Sprinkler

system Radio wave alerting the authority
Notifypecple | Lights Sounck

Final Design/Conclusion

= Motion Sensor- Photoelectric Sensor
= Doors- Magnetic switches

» Windows- Magnetic Switches

= Fire Alarm- No Prototype build




Appendix I: Engineering Design Project Poster (Biomedical Engineering)

DESIGNING A PROSTHETIC LEG

Step into Strive Program
Annette, Josamy, Tevin, Ramon
Client; Angela Throm

Program Goal Materials Testing Function-Mecans Chart

Lhe goal of the “Step info Strive™ program is to introduce middle school = Students tested various materials using a M1 tensile tester to learn about ® Using the objeclives and constraints the students determined the most

students to engincering, math, and science. Students picked a i el CE T types aEana laThl e important functions for their design and potential materials to achieve the
project related lo the biomedical, electrical, or mechanical engineering E functions.

field. Each group was given a “real world” engineering problem Lo solve Function Means
using the engincering design process. e | Attach to his leg Adhesive | Straps Serewed in, of suction
0 3 Lead frame Su;patﬂsisg Metals Polymer Ceramic -
Original Problem Statement st Tave to move Fake Joint_| Springs
Liril stops Interface with leg Cotton Polyester Velour
" Students were given an original problem statement to describe their ettt Withstand the fores of a student athlete | Metals Plastic Wood
p S - ot Fture s £
engineering “problem. Withsland temperatures Aluminum | Polymer gel | Cerarnie

Ralael was the [aslest runner for the Winchesler Middle School track Fonl pane

Final Design

= Afier evaluating other designs and materials the students came up with a
final design.

Team. Afler an injury sustained running track, Rafael lost the use of
his right leg. His doctor has submitted him to a program offered by
UMASS Medical Center that hopes to develop prosthetic leg

substitute for an athlete like Rafacl to use sa he can continue running . Final Design
track. UMASS Medical Cenlm.' is sp(mi.m'ing the .I“'.':‘Sr.‘ﬂﬂ.‘h for the esting Prosthe ¥ SpiideE wHRABL, et G I 1:{
development of a new prosthetic leg design that will accommodate I ] spandee
the needs of a student athlete weighing between 100-130 lbs. * Students tried on prosthetic-like devices m order to understand the = Titanium rod - strong, light ‘ -
requirements for the prosthetic design. = Standard foam foot — fits in a shoe, light e
Ao o prrl B
Revised Problem Statement * Screw attachment — leg can be removed | ‘*'ﬁ‘tg{jm
= Students reviewed the original problem statement and discussed the main = Spring — allows for small fool movemenis ILJ‘Q#
ebjective. From their discussions, the students wrele a revised problem v Shsaier=paoi EnHRE e £ T o

statement that concisely describes the engineering problem.

We need to make a prosthetic leg so Rafael can run in his
competitions and walk again.

Prototype Design

* Students designed and built a prototype to represent their
final design.

Objectives and Constraints

" The leg must be the right weight for the body

= The leg must be comfortable

*  We must choose the right material for the leg

*  The prosthelic must function like an actual leg

= The prosthetic must fit for the upper part of the leg

* The leg must be able to stay on * After trving on the prosthetic legs and seeing the different types of

The prosthetic must be durable prosthetics, the students discussed the important aspects of their design.

Tt should be mulli-lunctional

Tt must be non-irritating

* It must be water proof

Materials that we are limited from

* The cost of the leg itsclf

= Qur time hmit

= Leg has to withstand the foree of an athlcte in the weight of 100-130
pounds

References

http://www.endolite.com’

http://www.ossur.com/temptatel 1 0.asp?pageid=1
http://www.micacorp.com/
hitp://www.ampuleeresource.org/History%e2 0and%2 Oprosthetics.him




Appendix J: Survey

The University of
Science and Technology.
And Life..

o Please carefully complete the questionnaire
o [Indicate your answers by filling in the circles on the answer sheet

YOU MAY USE A BLACK OR BLUE PEN OR PENCIL

INCORRECT MARKS @ @ ®0RRECTMARK ‘

You answers are completely confidential.

Do not write your name on the questionnaire.
Place your name on the answer sheet.

Your participation is completely voluntary

Thank you for assisting us in our research study. We hope to see your participation and views
make an impact.
SURVEY ID #

Educational Research Survey
(WPI) Worcester Polytechnic Institute

Prepared by: WPI - IQP Research Group



School Code: (]I

I:' gth I:' 12th

Student's Grade:

Gender: [ ]Male [ ]Female

Race/Ethnicity:

1 [ ] African American/Black 2 [ ] White

3 [ ] American Indian/Alaskan Native

4 [ ] Spanish/Hispanic/Latino 5[ ] Asian 6 [_] Other
ID Question Selection
How would you rate your academic ] A Excellent (Exceeds Expectations)
performance? [ 1B Good (Above Expectations)
1 [ 1C Fair (Meets Expectations)
(Academic Performance refers to [ 1D Poor (Below Expectations)
Final Grades received in your classes) || F  Very Poor (Unacceptable)
How would you rate your Work [ 1A Excellent (Exceeds Expectations)
Ethic? [ 1B Good (Above Expectations)
2 [ ]C Fair (Meets Expectations)
[ 1D Poor (Below Expectations)
[ 1F Very Poor (Unacceptable)
Mathematics is an important part of | ]1 Strongly Agree
your education. [ 12 Agree
3 [ 13 Neither Agree nor Disagree
[ 14 Disagree
[15 Strongly Disagree
Science is an important part of your | |1 Strongly Agree
education. [ ]2 Agree
4 [ 13 Neither Agree nor Disagree
[ 14 Disagree
[ 15 Strongly Disagree
English/Language Arts is an [ 11 Strongly Agree
important part of your education. [ 12 Agree
5 [ 13 Neither Agree nor Disagree
[ 14 Disagree
[ 15 Strongly Disagree

92|Page



What generally interests you?

(Hobbies, Interests, etc.)

\What courses/subjects in school
interest you the most?

A [_] Mathematics
B [_] English Language F [ ] Physics

Arts G [_] Chemistry
7 |(Check your top 3 choices) C [ ] History H [_] Psychology
D [_] Biology | [] Foreign Languages
E [ ] Anatomy & J [] Other
Physiology
I plan on attending College after [ 11 Strongly Agree
graduating High School. [ 12 Agree
8 [ 13 Neither Agree nor Disagree
[ 14 Disagree

[ ]5 Strongly Disagree

I plan on attending a 4 year University
or College after graduating High
School.

[ 11 Strongly Agree

[ ]2 Agree
[ 13 Neither Agree nor Disagree
[ 14 Disagree

[ 15 Strongly Disagree

10

I plan on attending a 2 year University
or College after graduating High
School.

[ 11 Strongly Agree

[ ]2 Agree
[ 13 Neither Agree nor Disagree
[ 14 Disagree

[ 15 Strongly Disagree
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11

\What Field do you plan on majoring
in?

(Check all that apply)

A [ Architecture &
Environmental
Design

B [ Agriculture &
Natural
Resources

C O Arts: Visual &
Performing

D [ Biological Life
Sciences

E [JBusiness &
Commerce

F O Communications

G [ Computer &
Information
Sciences &
Technologies

H [ Education

| [ Public Affairs &
Services

K [ Library & Archival
Sciences

L [ Engineering &
Engineering
Technologies

M [J Foreign &
Classical

Languages
N [ Health Professions
&

Allied Services
O [J Home Economics

P [ Language &
Literature

Q [ Mathematics
R [ Military Science
S [ Philosophy,

Religion &
Theology

J [ Social Sciences & T [ Physical Sciences

History

U O Undecided

12

Briefly explain what Engineering is in your own words.
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When | think about an engineer, | [ 11 Strongly Agree
think of a person who: [ 12 Agree
13 [ 13 Neither Agree nor Disagree
Has little or no social life. [ 14 Disagree
[15 Strongly Disagree
When | think about an Engineer, | [ 11 Strongly Agree
think of a person who: [ ]2 Agree
14 [ 13 Neither Agree nor Disagree
Has a lot of friends. [ 14 Disagree
[15 Strongly Disagree
When | think about an Engineer, | [ ]1 Strongly Agree
think of a person who: [ 12 Agree
15 [ 13 Neither Agree nor Disagree
Is very boring. [ 14 Disagree
[15 Strongly Disagree
When | think about an Engineer, | [ ]1 Strongly Agree
think of a person who: [ 12 Agree
16 [ 13 Neither Agree nor Disagree
Is very exciting. [ 14 Disagree
[15 Strongly Disagree
When | think about an Engineer, | [ 11 Strongly Agree
think of a person who: []2 Agree
17 [ 13 Neither Agree nor Disagree
Is an average man/woman doingan [ |4 Disagree
average job. [ 15 Strongly Disagree
When | think about an Engineer, | [ 11 Strongly Agree
think of a person who: []2 Agree
18 [ 13 Neither Agree nor Disagree
Is nothing like me. [ 14 Disagree
[ 15 Strongly Disagree
Would you consider engineeringasa |[_]1 Strongly Agree
future occupational field? [ ]2 Agree
19 [ 13 Neither Agree nor Disagree
[ 14 Disagree
[ 15 Strongly Disagree

20

\Where do you see yourself in the
future?

(Future refers to 4 years from now)
(Check all that apply)

1 [] Undergraduate -

College
2 [ ] Part-Time Job

3 [ ] Full-Time Job

4 [ ] Graduate School
5 [_] Other

95|Page




21

What concerns or comments, regarding academics and your education, do you have about
your school?
(Classes Offered, Teaching Methods, Course Materials, etc.)

9% |Page




Appendix K: Survey Answer Sheet
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Appendix L: Grade 9 Academic Performance

Q1. How would you rate your academic performance?
(Academic Performance refers to Final Grades received in your classes)

* Excellent (Exceeds Expectations) ™ Good [Above Expectations)

* Poor (Below Expectations)

—_

Male Female

American Indian

Female

Asizgn

E]

Male

Hispanic/whize

i 10
—
£

Female

= Very Poor (Unacceptable)

v

5

Male

Hispanic/nonwhite

= NA

Female Male

™ Fair{Meets Expectations)

Female

African American

Femalz

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Excellent (Exceeds Expectations) 0.00% 26.53% 7.89% 7.35% 28.57% | 11.72%

Good (Above Expectations) 100.00% 40.82% 44.74% 35.29% 38.78% | 42.19%

Fair (Meets Expectations) 0.00% 28.57% 42.11% 50.00% 26.53% | 40.63%

Poor (Below Expectations) 0.00% 4.08% 5.26% 5.88% 6.12% 5.47%

Very Poor (Unacceptable) 0.00% 0.00% 0.00% 1.47% 0.00% 0.00%

NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Excellent (Exceeds Expectations) 0.00% 0.00% 23.08% 76.92% 100.00%| 0.00% |100.00% 0.00% 35.71% | 64.29% | 53.33% | 46.67%
Good (Above Expectations) 0.00% 100.00% 55.00% 45.00% 52.94% | 47.06% | 41.67% 58.33% 36.84% | 63.16% | 46.30% | 53.70%
Fair (Meets Expectations) 0.00% 0.00% 71.43% 28.57% 62.50% | 37.50% | 61.76% 38.24% 61.54% | 38.46% | 48.08% | 51.92%
Poor (Below Expectations) 0.00% 0.00% 0.00% 100.00% 50.00% | 50.00% | 75.00% 25.00% 0.00% | 100.00% | 71.43% | 28.57%
Very Poor (Unacceptable) 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% 0.00%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%




Q2. How would you rate your Work Ethic?

* Excellent (Exceeds Expectations) ™ Good (Above Expectations) ® Fair(Meets Expectations]

* Poor (Below Expectations) ™ Very Poor (Unacceptable) =NA

=

—
-
o
10
6

1 10
f—
3

—t 3
Femalz

Male Female Female Male Female Male Female Male Female

American Indian Hispanic/whize Hispanic/nonwhite African American

American Indian Asian Hispanic/white Hispanic/nonwhite Black White
Total Total Total Total Total Total
Excellent (Exceeds Expectations) 0.00% 14.29% 7.89% 10.29% 24.49% | 11.72%
Good (Above Expectations) 100.00% 40.82% 57.89% 33.82% 44.90% | 38.28%
Fair (Meets Expectations) 0.00% 36.73% 28.95% 44.12% 26.53% | 44.53%
Poor (Below Expectations) 0.00% 6.12% 5.26% 8.82% 2.04% 3.13%
Very Poor (Unacceptable) 0.00% 0.00% 0.00% 1.47% 0.00% 0.78%
NA 0.00% 0.00% 0.00% 1.47% 2.04% 1.56%
American Indian Asian Hispanic/white Hispanic/nonwhile Black White
Male Female Male Female Male Female Male Female Male Female Male Female
Excellent (Exceeds Expectations) 0.00% 0.00% 14.29% 85.71% 100.00%| 0.00% | 57.14% 42.86% 41.67% | 58.33% | 40.00% | 60.00%
Good (Above Expectations) 0.00% 100.00% 50.00% 50.00% 50.00% | 50.00% | 56.52% 43.48% 40.91% | 59.09% | 46.94% | 53.06%
Fair (Meets Expectations) 0.00% 0.00% 55.56% 44.44% 63.64% | 36.36% | 60.00% 40.00% 38.46% | 61.54% | 50.88% | 49.12%
Poor (Below Expectations) 0.00% 0.00% 66.67% 33.33% 100.00%| 0.00% | 66.67% 33.33% 100.00% | 0.00% | 100.00% | 0.00%
Very Poor (Unacceptable) 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% | 100.00% | 0.00%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 0.00% | 100.00% | 0.00% | 100.00%
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Q3. Mathematics is an impartant part of your education.

= Strongly Agree ™ Agree ™ Neither Agree nor Disagree ™ Disagree Strongly Disagree  ® NA

-
12

!
11

—
——
9
8

12 12 10

-
5
—
7

1

Male Female Female Male Female Male Female Male Female Male Femalz

American Indian Hispanic/whize Hispanic/nonwhite African American White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White
Total Total Total Total Total Total
Strongly Agree 0.00% 55.10% 50.00% 39.71% 46.94% | 33.59%
Agree 100.00% 36.73% 36.84% 42.65% 40.82% | 44.53%
Neither Agree nor Disagree 0.00% 8.16% 13.16% 14.71% 12.24% | 14.06%
Disagree 0.00% 0.00% 0.00% 2.94% 0.00% 7.03%
Strongly Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 0.78%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
American Indian Asian Hispanic/white Hispanic/nonwhile Black White
Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 55.56% 44.44% 63.16% | 36.84% | 74.07% 25.93% 43.48% | 56.52% | 48.84% | 51.16%
Agree 0.00% 100.00% 38.89% 61.11% 64.29% | 35.71% | 58.62% 41.38% 40.00% | 60.00% | 56.14% | 43.86%
Neither Agree nor Disagree 0.00% 0.00% 50.00% 50.00% 40.00% | 60.00% | 20.00% 80.00% 33.33% | 66.67% [ 50.00% | 50.00%
Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 11.11% | 88.89%
Strongly Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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Male

Q4. Science is an important part of your education.

* Strongly Agree

—
11
5

1

Female Male

American Indian

* Agree

—
9
9
5

Female Male

Hispanic/whize

= Neither Agree nor Disagree

5

-
9
—

Female Male

~ Disagree

Hispanic/nonwhite

Strongly Disagree

3

Female Male

= NA

Female

African American

Femalz

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 24.49% 18.42% 11.76% 32.65% | 23.44%

Agree 100.00% 48.98% 47.37% 57.35% 30.61% | 44.53%

Neither Agree nor Disagree 0.00% 14.29% 34.21% 26.47% 32.65% | 26.56%

Disagree 0.00% 0.00% 0.00% 2.94% 2.04% 3.91%

Strongly Disagree 0.00% 0.00% 0.00% 1.47% 2.04% 0.78%

NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.78%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 41.67% 58.33% 71.43% | 28.57% | 62.50% 37.50% 43.75% | 56.25% | 50.00% | 50.00%
Agree 0.00% 100.00% 45.83% 54.17% 50.00% | 50.00% | 58.97% 41.03% 40.00% | 60.00% | 52.63% | 47.37%
Neither Agree nor Disagree 0.00% 0.00% 28.57% 71.43% 69.23% | 30.77% | 44.44% 55.56% 37.50% 62.50% 47.06% 52.94%
Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 0.00% | 100.00% | 20.00% | 80.00%
Strongly Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 100.00% | 0.00% 0.00% | 100.00%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% [ 0.00%
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Q5. English/Language Arts is an important part of your education.

™ Strongly Agree ™ Agree ™ Neither Agree nor Disagree ¥ Series4 ™ Seriess ™ NA

—

Male Female Female Male Female Male Female Male Female Female

American Indian Asian Hispanic/white Hispanic/nonwhite African American White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 46.94% 55.26% 35.29% 59.18% | 36.72%

Agree 100.00% 46.94% 36.84% 50.00% 34.69% | 50.00%

Neither Agree nor Disagree 0.00% 6.12% 5.26% 11.76% 4.08% 10.16%

Disagree 0.00% 0.00% 0.00% 2.94% 2.04% 1.56%

Strongly Disagree 0.00% 0.00% 2.63% 0.00% 0.00% 0.00%

NA 0.00% 0.00% 0.00% 0.00% 0.00% 1.56%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 39.13% 60.87% 47.62% | 52.38% | 50.00% 50.00% 34.48% | 65.52% | 38.30% | 61.70%
Agree 0.00% 100.00% 52.17% 47.83% 78.57% | 21.43% | 58.82% 41.18% 47.06% | 52.94% | 57.81% | 42.19%
Neither Agree nor Disagree 0.00% 0.00% 100.00% 0.00% 50.00% | 50.00% | 75.00% 25.00% 50.00% | 50.00% | 38.46% | 61.54%
Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 50.00% 50.00% 100.00% | 0.00% 50.00% | 50.00%
Strongly Disagree 0.00% 0.00% 0.00% 0.00% 100.00%| 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% | 0.00%
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Appendix M: Grade 9 Future Educational Outlook
Q8. 1 plan on attending College after graduating High School.

" Strongly Agree ™ Agree ™ Neither Agree nor Disagree ¥ Serieséd Series3 W NA

8

=
5

—_
Male Female Male Female Male Female Male Female Male Female Female

American Indian Asian Hispanic/white Hispanic/nonwhite African American White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 100.00% 83.67% 60.53% 51.47% 83.67% | 65.63%

Agree 0.00% 10.20% 18.42% 25.00% 10.20% [ 15.63%

Neither Agree nor Disagree 0.00% 6.12% 18.42% 14.71% 2.04% 14.06%

Disagree 0.00% 0.00% 0.00% 5.88% 0.00% 2.34%

Strongly Disagree 0.00% 0.00% 0.00% 2.94% 2.04% 0.78%

NA 0.00% 0.00% 2.63% 0.00% 2.04% 1.56%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 100.00% 43.90% 56.10% 60.87% | 39.13% | 54.29% 45.71% 41.46% | 58.54% | 46.43% | 53.57%
Agree 0.00% 0.00% 100.00% 0.00% 71.43% | 28.57% | 52.94% 47.06% 40.00% | 60.00% | 65.00% | 35.00%
Neither Agree nor Disagree 0.00% 0.00% 33.33% 66.67% 42.86% | 57.14% | 60.00% 40.00% 0.00% | 100.00% | 44.44% | 55.56%
Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 75.00% 25.00% 0.00% 0.00% 33.33% | 66.67%
Strongly Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 0.00% | 100.00% | 100.00% | 0.00%
NA 0.00% 0.00% 0.00% 0.00% 100.00%| 0.00% 0.00% 0.00% 100.00% | 0.00% 50.00% | 50.00%
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Q3. | plan on attending a 4 year University or College after graduating High School.

* Strongly Agree ™ Agree ¥ Neither Agree nor Disagree * Disagree Strongly Disagree  ®NA

2
-
14

!
5

—

Male Female Female Male Female Male Female Male Female Male Female

American Indian Asian Hispanic/white Hispanic/nonwhite African American White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 63.27% 44.74% 42.65% 69.39% | 53.13%

Agree 0.00% 22.45% 15.79% 23.53% 22.45% | 19.53%

Neither Agree nor Disagree 100.00% 14.29% 34.21% 25.00% 8.16% 20.31%

Disagree 0.00% 0.00% 5.26% 5.88% 0.00% 3.91%

Strongly Disagree 0.00% 0.00% 0.00% 1.47% 0.00% 1.56%

NA 0.00% 0.00% 0.00% 1.47% 0.00% 1.56%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 41.94% 58.06% 58.82% | 41.18% | 51.72% 48.28% 32.35% | 67.65% | 45.59% | 54.41%
Agree 0.00% 0.00% 54.55% 45.45% 66.67% | 33.33% | 62.50% 37.50% 72.73% | 27.27% | 56.00% | 44.00%
Neither Agree nor Disagree 0.00% 100.00% 71.43% 28.57% 61.54% | 38.46% | 52.94% 47.06% 25.00% | 75.00% | 53.85% | 46.15%
Disagree 0.00% 0.00% 0.00% 0.00% 50.00% | 50.00% | 75.00% 25.00% 0.00% 0.00% 20.00% | 80.00%
Strongly Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 0.00% 0.00% | 100.00% | 0.00%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 0.00% 0.00% 50.00% | 50.00%
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Q10. | plan on attending a 2 year University or College after graduating High School.

* Strongly Agree ™ Agree ™ Neither Agree nor Disagree ™ Disagree Strongly Disagree ™ NA

5

6
e e

-
4
—
7
5
5

7
7
4
—
4
o

8
—r —y
Male Female Male Female Male Female Male Female Femalz

American Indian Hispanic/whize Hispanic/nonwhite African American

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 14.29% 15.79% 10.29% 14.29% | 10.94%

Agree 0.00% 14.29% 26.32% 20.59% 10.20% | 13.28%

Neither Agree nor Disagree 0.00% 30.61% 28.95% 36.76% 28.57% | 39.06%

Disagree 100.00% 22.45% 21.05% 20.59% 22.45% | 18.75%

Strongly Disagree 0.00% 16.33% 2.63% 7.35% 24.49% | 14.06%

NA 0.00% 2.04% 5.26% 4.41% 0.00% 3.91%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 42.86% 57.14% 83.33% | 16.67% | 85.71% 14.29% 57.14% | 42.86% | 42.86% | 57.14%
Agree 0.00% 0.00% 71.43% 28.57% 50.00% | 50.00% | 42.86% 57.14% 20.00% | 80.00% | 41.18% | 58.82%
Neither Agree nor Disagree 0.00% 0.00% 60.00% 40.00% 63.64% | 36.36% | 52.00% 48.00% 42.86% | 57.14% | 54.00% | 46.00%
Disagree 0.00% 100.00% 45.45% 54.55% 50.00% | 50.00% | 57.14% 42.86% 36.36% | 63.64% | 41.67% | 58.33%
Strongly Disagree 0.00% 0.00% 25.00% 75.00% 100.00%| 0.00% | 60.00% 40.00% 41.67% | 58.33% | 66.67% | 33.33%
NA 0.00% 0.00% 0.00% 100.00% 50.00% | 50.00% |100.00% 0.00% 0.00% 0.00% 20.00% | 80.00%
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Q11.What Field do you plan on majoring in?
(Check all that apply)

* Other ™ Computer & Information Sciences & Technologies ™ Engineering & Engineering Technclogies ™ Mathematics Physical Sciences

-
-

16
—
15

=3
Male Female Male Female Male Female Male Female Male Female Male Female

American Indian Asian Hispanic/white Hispanic/nonwhite African American White
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American Indian | Asian | Hispanic/white | Hispanic/nonwhite | Black White
Total Total Total Total Total Total
Architecture & Environmental Design 0.00% 16.33% 10.53% 11.76% 10.20% | 10.16%
Agriculture & Natural Resources 0.00% 2.04% 0.00% 4.41% 4.08% 0.78%
Arts: Visual & Performing 100.00% 22.45% 26.32% 14.71% 24.49% [ 19.53%
Biological Life Sciences 0.00% 26.53% 7.89% 10.29% 16.33% | 16.41%
Business & Commerce 0.00% 22.45% 18.42% 22.06% 32.65% | 17.19%
Communications 0.00% 8.16% 0.00% 7.35% 20.41% | 7.03%
Computer & Information Sciences & Technologies 0.00% 48.98% 26.32% 35.29% 24.49% | 19.53%
Education 0.00% 12.24% 5.26% 7.35% 16.33% | 5.47%
Public Affairs & Services 0.00% 6.12% 2.63% 2.94% 18.37% | 3.91%
Social Sciences & History 0.00% 2.04% 7.89% 7.35% 10.20% | 6.25%
Library & Archival Sciences 0.00% 2.04% 2.63% 1.47% 2.04% 0.78%
Engineering & Engineering Technologies 0.00% 42.86% 31.58% 23.53% 24.49% | 16.41%
Foreign & Classical Languages 0.00% 2.04% 10.53% 23.53% 14.29% | 7.03%
Health Professions & Allied Services 0.00% 24.49% 26.32% 16.18% 34.69% [ 20.31%
Home Economics 0.00% 4.08% 7.89% 4.41% 8.16% 7.81%
Language & Literature 0.00% 6.12% 2.63% 2.94% 6.12% 7.03%
Mathematics 0.00% 14.29% 0.00% 7.35% 20.41% | 7.03%
Military Science 0.00% 12.24% 15.79% 7.35% 4.08% 7.81%
Philosophy, Religion & Theology 0.00% 12.24% 0.00% 0.00% 6.12% 2.34%
Physical Sciences 0.00% 14.29% 5.26% 4.41% 12.24% | 10.16%
Undecided 0.00% 20.41% 13.16% 13.24% 14.29% | 28.13%
American Indian Asian Hispanic/white Hispanic/nonwhile Black White
Male Female Male Female Male | Female Male Female Male Female Male Female
Architecture & Environmental Design 0.00% 0.00% 87.50% 12.50% 50.00% | 50.00% | 87.50% | 12.50% | 20.00% [ 80.00% | 53.85% | 46.15%
Agriculture & Natural Resources 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 66.67% 33.33% | 100.00% 0.00% 100.00% | 0.00%
Arts: Visual & Performing 0.00% 100.00% 54.55% 45.45% 40.00% | 60.00% | 40.00% 60.00% 8.33% 91.67% | 24.00% | 76.00%
Biological Life Sciences 0.00% 0.00% 23.08% 76.92% 100.00%| 0.00% 57.14% 42.86% 25.00% 75.00% | 42.86% | 57.14%
Business & Commerce 0.00% 0.00% 63.64% 36.36% 71.43% | 28.57% | 86.67% 13.33% 31.25% 68.75% | 40.91% | 59.09%
Communications 0.00% 0.00% 50.00% 50.00% 0.00% 0.00% 80.00% 20.00% | 40.00% 60.00% | 66.67% | 33.33%
Computer & Information Sciences & Technologies 0.00% 0.00% 62.50% 37.50% 90.00% | 10.00% | 83.33% | 16.67% | 50.00% | 50.00% | 60.00% | 40.00%
Education 0.00% 0.00% 16.67% 83.33% 50.00% | 50.00% [ 40.00% 60.00% 37.50% 62.50% | 57.14% | 42.86%
Public Affairs & Services 0.00% 0.00% 66.67% 33.33% 0.00% | 100.00% | 50.00% 50.00% 22.22% 77.78% | 60.00% | 40.00%
Social Sciences & History 0.00% 0.00% 100.00% 0.00% 66.67% | 33.33% [ 60.00% 40.00% 60.00% 40.00% | 50.00% | 50.00%
Library & Archival Sciences 0.00% 0.00% 0.00% 100.00% 100.00%| 0.00% | 100.00% 0.00% 100.00% 0.00% 0.00% | 100.00%
Engineering & Engineering Technologies 0.00% 0.00% 76.19% 23.81% 83.33% | 16.67% | 100.00% | 0.00% 83.33% | 16.67% | 80.95% | 19.05%
Foreign & Classical Languages 0.00% 0.00% 100.00% 0.00% 50.00% | 50.00% | 100.00% 0.00% 14.29% 85.71% | 33.33% | 66.67%
Health Professions & Allied Services 0.00% 0.00% 16.67% 83.33% 30.00% | 70.00% | 36.36% 63.64% 23.53% 76.47% 19.23% [ 80.77%
Home Economics 0.00% 0.00% 50.00% 50.00% 33.33% | 66.67% | 100.00% 0.00% 50.00% 50.00% | 60.00% | 40.00%
Language & Literature 0.00% 0.00% 0.00% 100.00% 0.00% | 100.00% | 0.00% 100.00% | 33.33% 66.67% | 22.22% | 77.78%
Mathematics 0.00% 0.00% 71.43% 28.57% 0.00% 0.00% 60.00% 40.00% 50.00% 50.00% | 33.33% | 66.67%
Military Science 0.00% 0.00% 83.33% 16.67% 50.00% | 50.00% [ 60.00% 40.00% 50.00% 50.00% | 90.00% | 10.00%
Philosophy, Religion & Theology 0.00% 0.00% 66.67% 33.33% 0.00% 0.00% 0.00% 0.00% 33.33% 66.67% 0.00% | 100.00%
Physical Sciences 0.00% 0.00% 57.14% 42.86% 50.00% | 50.00% | 66.67% 33.33% 66.67% 33.33% | 38.46% | 61.54%
Undecided 0.00% 0.00% 10.00% 90.00% 80.00% | 20.00% | 33.33% 66.67% | 42.86% 57.14% | 55.56% | 44.44%
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Q19. Would you consider engineering as a future occupational field?

* Strongly Agree

g

Male Female

American Indian Asian

* Agree

Male

Hispanic/white

¥ Meither Agree nor Disagree

4

5
-
4

Female Male

* Disagree

Hispanic/nonwhite

E

-

9
pr— 5
4 —
Female Male

Strongly Disagree

African American

® NA

7

6

g
——

Female

White

Female

American Indian Asian Hispanic/white Hispanic/nonwhite Black White
Total Total Total Total Total Total
Strongly Agree 0.00% 12.24% 10.53% 5.88% 6.12% 7.81%
Agree 0.00% 22.45% 28.95% 26.47% 28.57% | 20.31%
Neither Agree nor Disagree 0.00% 44.90% 34.21% 38.24% 30.61% | 31.25%
Disagree 100.00% 12.24% 18.42% 17.65% 18.37% | 23.44%
Strongly Disagree 0.00% 6.12% 7.89% 10.29% 16.33% | 17.19%
NA 0.00% 2.04% 0.00% 1.47% 0.00% 0.00%
American Indian Asian Hispanic/white Hispanic/nonwhile Black White
Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 83.33% 16.67% 100.00%| 0.00% |100.00% 0.00% 66.67% 33.33% 80.00% 20.00%
Agree 0.00% 0.00% 81.82% 18.18% 63.64% | 36.36% | 77.78% 22.22% 35.71% 64.29% 76.92% 23.08%
Neither Agree nor Disagree 0.00% 0.00% 36.36% 63.64% 69.23% | 30.77% | 38.46% 61.54% 60.00% 40.00% 60.00% 40.00%
Disagree 0.00% 100.00% 33.33% 66.67% 28.57% | 71.43% | 66.67% 33.33% 33.33% 66.67% 20.00% 80.00%
Strongly Disagree 0.00% 0.00% 0.00% 100.00% 33.33% | 66.67% | 28.57% 71.43% 12.50% 87.50% 22.73% 77.27%
NA 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% |100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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Q20. Where do you see yourself in the future?
(Future refers to 4 years from now)
(Check all that apply)

® Undergraduate- College  ® Part-Timelob  ® Full-Timelob  ® Graduate School

11
1
Male Female Female Male Female Male Female Male Female Male Female

American Indian Asian Hispanic/white Hispanic/nonwhite African American White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Undergraduate - College 0.00% 44.90% 50.00% 44.12% 32.65% | 41.41%

Part-Time Job 0.00% 26.53% 10.53% 22.06% 18.37% | 21.09%

Full-Time Job 0.00% 34.69% 18.42% 26.47% 18.37% | 31.25%

Graduate School 100.00% 22.45% 31.58% 27.94% 48.98% | 18.75%

Other 0.00% 20.41% 18.42% 16.18% 18.37% | 19.53%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Undergraduate - College 0.00% 0.00% 40.91% 59.09% 57.89% | 42.11% | 63.33% 36.67% 31.25% | 68.75% | 49.06% | 50.94%
Part-Time Job 0.00% 0.00% 30.77% 69.23% 50.00% | 50.00% | 66.67% 33.33% 44.44% | 55.56% | 37.04% | 62.96%
Full-Time Job 0.00% 0.00% 64.71% 35.29% 28.57% | 71.43% | 55.56% 44.44% 33.33% | 66.67% | 57.50% | 42.50%
Graduate School 0.00% 100.00% 27.27% 72.73% 66.67% | 33.33% | 42.11% 57.89% 37.50% | 62.50% | 45.83% | 54.17%
Other 0.00% 0.00% 40.00% 60.00% 28.57% | 71.43% | 81.82% 18.18% 44.44% | 55.56% | 44.00% | 56.00%
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Appendix N: Grade 9 Attitude Toward the Stereotypical Perception of an Engineer

American Indian

Q13. When | think about an engineer, | think of a person who: Has little or no social life.

* Strongly Agree

]
9
-
5
—_—

—

Male Female

Asian

¥ Agree

e

Female Male

Hispanic/white

¥ Neither Agree nor Disagree

oz ]
8

bl

——

Female Male

* Disagree

_—

=
—_r

Female

Hispanic/nonwhite

Strongly Disagree  ®NA

9

5
—

5
— —1
Male F e

African American

Female

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 0.00% 2.63% 4.41% 2.04% 3.13%

Agree 0.00% 4.08% 5.26% 10.29% 2.04% 10.16%

Neither Agree nor Disagree 100.00% 24.49% 28.95% 38.24% 30.61% 36.72%

Disagree 0.00% 38.78% 44.74% 27.94% 28.57% 32.81%

Strongly Disagree 0.00% 32.65% 18.42% 19.12% 36.73% 17.19%

NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 0.00% 0.00% 100.00% 0.00% 66.67% 33.33% 100.00% 0.00% 50.00% 50.00%
Agree 0.00% 0.00% 100.00% 0.00% 0.00% 100.00% | 57.14% 42.86% 0.00% 100.00% 46.15% 53.85%
Neither Agree nor Disagree 0.00% 100.00% 41.67% 58.33% 72.73% 27.27% 50.00% 50.00% 33.33% 66.67% 40.43% 59.57%
Disagree 0.00% 0.00% 47.37% 52.63% 52.94% 47.06% 52.63% 47.37% 35.71% 64.29% 50.00% 50.00%
Strongly Disagree 0.00% 0.00% 50.00% 50.00% 71.43% 28.57% 76.92% 23.08% 50.00% 50.00% 68.18% 31.82%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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Q14. When | think about an Engineer, | think of a person who: Has a lot of friends.

® Strongly Agree  * Agree ¥ Neither Agree nor Disagree * Disagree Strongly Disagree M NA

=

_ i —
5
e —

6
— —_— =

Male Female Female Male Female Male Female

% 9

o
Female

Am n Indian Asian Hispanic/white Hispanic/nonwhite White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 4.08% 7.89% 7.35% 10.20% 6.25%

Agree 0.00% 24.49% 31.58% 36.76% 12.24% 17.97%

Neither Agree nor Disagree 100.00% 65.31% 52.63% 45.59% 65.31% | 64.06%

Disagree 0.00% 6.12% 5.26% 7.35% 8.16% 6.25%

Strongly Disagree 0.00% 0.00% 2.63% 1.47% 4.08% 5.47%

NA 0.00% 0.00% 0.00% 1.47% 0.00% 0.00%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 50.00% 50.00% 66.67% 33.33% 100.00% 0.00% 40.00% 60.00% 75.00% 25.00%
Agree 0.00% 0.00% 50.00% 50.00% 58.33% 41.67% 64.00% 36.00% 50.00% 50.00% 78.26% 21.74%
Neither Agree nor Disagree 0.00% 100.00% 53.13% 46.88% 60.00% 40.00% 48.39% 51.61% 34.38% 65.63% 36.59% 63.41%
Disagree 0.00% 0.00% 0.00% 100.00% 50.00% 50.00% 40.00% 60.00% 50.00% 50.00% 37.50% 62.50%
Strongly Disagree 0.00% 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 100.00% 100.00% 0.00% 85.71% 14.29%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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Q15. When I think about an Engineer, | think of a person who: Is very boring.

¥ Strongly Agree ™ Agree ¥ Meither Agree nor Disagree ™ Disagree Strongly Disagree ™ NA

6

10 6
-
6 &
—

—— 1 == — — S —

Male Female Male Male Female Male Female Male Female Female

Ar Indian Asian Hispanic/white Hispanic/nonwhite African American White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 0.00% 2.63% 4.41% 4.08% 5.47%

Agree 0.00% 6.12% 0.00% 7.35% 6.12% 7.81%

Neither Agree nor Disagree 100.00% 40.82% 42.11% 42.65% 32.65% 40.63%

Disagree 0.00% 28.57% 39.47% 36.76% 38.78% 29.69%

Strongly Disagree 0.00% 24.49% 15.79% 8.82% 18.37% 14.84%

NA 0.00% 0.00% 0.00% 0.00% 2.04% 1.56%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 0.00% 0.00% 100.00% 0.00% 66.67% 33.33% 50.00% 50.00% 57.14% 42.86%
Agree 0.00% 0.00% 33.33% 66.67% 0.00% 0.00% 80.00% 20.00% 33.33% 66.67% 30.00% 70.00%
Neither Agree nor Disagree 0.00% 100.00% 50.00% 50.00% 37.50% 62.50% 48.28% 51.72% 37.50% 62.50% 40.38% 59.62%
Disagree 0.00% 0.00% 50.00% 50.00% 66.67% 33.33% 60.00% 40.00% 31.58% 68.42% 55.26% 44.74%
Strongly Disagree 0.00% 0.00% 50.00% 50.00% 100.00% 0.00% 66.67% 33.33% 66.67% 33.33% 68.42% 31.58%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 50.00% 50.00%

113|Page



Q16. When | think about an Engineer, | think of a person who: Is very exciting.

¥ Strongly Agree ™ Agree ¥ Meither Agree nor Disagree ™ Disagree Strongly Disagree ™ NA

4

H

- — —
- 3 — -

Female Male Female Male Female Male Female

—_—

Male Female Male Female Male

American Indian Asian Hispanic/white Hispanic/nonwhite African American White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 6.12% 18.42% 5.88% 12.24% | 10.16%

Agree 0.00% 24.49% 7.89% 19.12% 16.33% | 11.72%

Neither Agree nor Disagree 100.00% 67.35% 68.42% 60.29% 57.14% | 62.50%

Disagree 0.00% 2.04% 5.26% 10.29% 8.16% | 11.72%

Strongly Disagree 0.00% 0.00% 0.00% 4.41% 6.12% 3.91%

NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 100.00% 0.00% 71.43% | 28.57% | 75.00% 25.00% 66.67% | 33.33% | 69.23% | 30.77%
Agree 0.00% 0.00% 50.00% 50.00% 66.67% | 33.33% | 53.85% 46.15% 25.00% | 75.00% | 60.00% | 40.00%
Neither Agree nor Disagree 0.00% 100.00% 42.42% 57.58% 53.85% | 46.15% | 56.10% 43.90% 39.29% | 60.71% | 46.25% | 53.75%
Disagree 0.00% 0.00% 100.00% 0.00% 100.00%| 0.00% | 42.86% 57.14% 25.00% | 75.00% | 26.67% | 73.33%
Strongly Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 66.67% | 33.33% | 80.00% | 20.00%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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Q17. When | think about an Engineer, | think of a person who: Is an average man/woman

= Strongly Agree

1

Male Female

American Indian Asian

doing an average job.

* Agree

6
10
—r

Female Male

Hispanic/whize

= Neither Agree nor Disagree

Female Male

* Disagree St

- T
7
oLk

e

Female

Hispanic/nonwhite

rongly Disagree

——

Male Female

African American

= NA

Femalz

White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White
Total Total Total Total Total Total
Strongly Agree 0.00% 4.08% 15.79% 11.76% 8.16% 10.16%
Agree 100.00% 40.82% 36.84% 36.76% 38.78% | 35.94%
Neither Agree nor Disagree 0.00% 32.65% 31.58% 27.94% 30.61% | 35.94%
Disagree 0.00% 22.45% 13.16% 16.18% 18.37% | 14.84%
Strongly Disagree 0.00% 0.00% 2.63% 5.88% 4.08% 3.13%
NA 0.00% 0.00% 0.00% 1.47% 0.00% 0.00%
American Indian Asian Hispanic/white Hispanic/nonwhile Black White
Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 50.00% 50.00% 33.33% | 66.67% | 75.00% 25.00% 75.00% 25.00% 53.85% | 46.15%
Agree 0.00% 100.00% 50.00% 50.00% 78.57% | 21.43% | 56.00% 44.00% 31.58% 68.42% 50.00% 50.00%
Neither Agree nor Disagree 0.00% 0.00% 50.00% 50.00% 41.67% | 58.33% | 57.89% 42.11% 46.67% 53.33% 41.30% 58.70%
Disagree 0.00% 0.00% 45.45% 54.55% 80.00% | 20.00% | 36.36% 63.64% 33.33% 66.67% 57.89% | 42.11%
Strongly Disagree 0.00% 0.00% 0.00% 0.00% 100.00%| 0.00% 75.00% 25.00% 50.00% 50.00% 75.00% 25.00%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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Q18. When | think about an Engineer, | think of a person who: Is nothing like me.

¥ Strongly Agree  * Agree ™ Neither Agree nor Disagree ™ Disagree Strongly Disagree ™ NA

R -
5

€

5

5
g —

Male Female Female Male Male Female Male Female Femalz

American Indian Hispanic/whize Hispanic/nonwhite African American White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 4.08% 7.89% 13.24% 12.24% 7.81%

Agree 0.00% 16.33% 21.05% 16.18% 6.12% | 16.41%

Neither Agree nor Disagree 0.00% 53.06% 47.37% 51.47% 46.94% | 48.44%

Disagree 100.00% 18.37% 21.05% 11.76% 20.41% | 17.97%

Strongly Disagree 0.00% 8.16% 2.63% 7.35% 14.29% 9.38%

NA 0.00% 0.00% 0.00% 8.82% 0.00% 0.00%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 0.00% 100.00% 66.67% | 33.33% | 55.56% 44.44% 16.67% | 83.33% | 10.00% | 90.00%
Agree 0.00% 0.00% 37.50% 62.50% 50.00% | 50.00% | 54.55% 45.45% 33.33% | 66.67% | 28.57% | 71.43%
Neither Agree nor Disagree 0.00% 0.00% 53.85% 46.15% 66.67% | 33.33% | 51.43% 48.57% 47.83% | 52.17% | 50.00% | 50.00%
Disagree 0.00% 100.00% 44.44% 55.56% 50.00% | 50.00% | 75.00% 25.00% 30.00% | 70.00% | 65.22% | 34.78%
Strongly Disagree 0.00% 0.00% 75.00% 25.00% 100.00%| 0.00% | 80.00% 20.00% 57.14% | 42.86% | 83.33% | 16.67%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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Appendix O: Grade 12 Academic Performance
Q1. How would you rate your academic performance?

{Academic Performance refers to Final Grades received in your classes)
* Excallent (Exceeds Expectations) ™ Good {Above Expectations) ® Fair [Meets Expectations)

* Pocr [Below Expectations) W Very Poor (Unacceptable) ® NA

5 6
3 7

Mzle Female Male Femnale Male

Male female Male Female Femnale

American Indian Hispanic/white Hispanic/nonwhite African American White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Excellent (Exceeds Expectations) 0.00% 10.00% 17.65% 8.33% 21.95% 8.96%

Good (Above Expectations) 0.00% 35.00% 29.41% 54.17% 51.22% 44.78%

Fair (Meets Expectations) 0.00% 35.00% 47.06% 33.33% 19.51% | 40.30%

Poor (Below Expectations) 0.00% 20.00% 5.88% 4.17% 7.32% 5.97%

Very Poor (Unacceptable) 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White
Male Female Male Female Male Female Male Female Male Female Male Female
Excellent (Exceeds Expectations) 0.00% 0.00% 100.00% 0.00% 0.00% | 100.00% | 0.00% 100.00% 0.00% | 100.00% | 33.33% | 66.67%
Good (Above Expectations) 0.00% 0.00% 28.57% 71.43% 40.00% | 60.00% | 53.85% 46.15% 42.86% | 57.14% | 46.67% | 53.33%
Fair (Meets Expectations) 0.00% 0.00% 28.57% 71.43% 25.00% | 75.00% | 50.00% 50.00% 37.50% | 62.50% | 33.33% | 66.67%
Poor (Below Expectations) 0.00% 0.00% 0.00% 100.00% 100.00% | 0.00% | 100.00% 0.00% 0.00% | 100.00% | 75.00% | 25.00%
Very Poor (Unacceptable) 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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Q2. How would you rate your Work Ethic?

* Excellent (Exceeds Expectations) ™ Good (Above Expectations) ™ Fair (Meets Expectations)

* Poor [Below Expectations) B Very Poor (Unacceptable) = NA

4 5
T -

2

-
3

Male Female Male Female Male Female Male Female Male Female Male Female

American Indian Asian Hispanic/white Hispanic/nonwhite African American ‘White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Excellent (Exceeds Expectations) 0.00% 10.00% 17.65% 29.17% 17.07% 7.46%

Good (Above Expectations) 0.00% 45.00% 41.18% 33.33% 43.90% | 52.24%

Fair (Meets Expectations) 0.00% 45.00% 41.18% 33.33% 36.59% | 34.33%

Poor (Below Expectations) 0.00% 0.00% 0.00% 4.17% 0.00% 2.99%

Very Poor (Unacceptable) 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

NA 0.00% 0.00% 0.00% 0.00% 2.44% 2.99%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Excellent (Exceeds Expectations) 0.00% 0.00% 100.00% 0.00% 0.00% 100.00% | 71.43% 28.57% 0.00% 100.00% | 40.00% 60.00%
Good (Above Expectations) 0.00% 0.00% 22.22% 77.78% 42.86% | 57.14% | 37.50% 62.50% 27.78% 72.22% 40.00% 60.00%
Fair (Meets Expectations) 0.00% 0.00% 22.22% 77.78% 28.57% | 71.43% | 37.50% 62.50% 46.67% 53.33% 43.48% 56.52%
Poor (Below Expectations) 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% 50.00% 50.00%
Very Poor (Unacceptable) 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% | 50.00% 50.00%
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Q3. Mathematics is an important part of your education.

* Strongly Agree

T Agree

Male Female

Arnerican Indian Asian

3

i
2z
.

Female Male

Hispanic/white

Female

¥ Meither Agree nor Disagree

Male

Hispanic/nonwhite

™ Disagree W Strongly Disagree ™ NA

Female Male Female

African American

Female

White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 35.00% 41.18% 29.17% 51.22% | 20.90%

Agree 0.00% 55.00% 29.41% 50.00% 39.02% | 47.76%

Neither Agree nor Disagree 0.00% 10.00% 17.65% 16.67% 9.76% 25.37%

Disagree 0.00% 0.00% 11.76% 8.33% 0.00% 2.99%

Strongly Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 2.99%

NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 57.14% 42.86% 14.29% | 85.71% | 42.86% 57.14% 38.10% | 61.90% | 64.29% | 35.71%
Agree 0.00% 0.00% 18.18% 81.82% 40.00% | 60.00% | 50.00% 50.00% 25.00% | 75.00% | 31.25% | 68.75%
Neither Agree nor Disagree 0.00% 0.00% 0.00% 100.00% 66.67% | 33.33% | 50.00% 50.00% 0.00% | 100.00% | 41.18% | 58.82%
Disagree 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% | 100.00% 0.00% 0.00% 0.00% 0.00% | 100.00%
Strongly Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% [ 0.00%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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Q4. Science is an important part of your education.

* Strongly Agree

Male Female

Arnerican Indian Asian

T Agree

—
4

-1

Female Male

Hispanic/white

¥ Meither Agree nor Disagree

Female Male

Hispanic/nonwhite

™ Disagree MW Strongly Disagree ™ NA

Female Male Female

African American

Female

White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 30.00% 23.53% 12.50% 31.71% | 13.43%

Agree 0.00% 15.00% 35.29% 41.67% 41.46% | 38.81%

Neither Agree nor Disagree 0.00% 40.00% 35.29% 33.33% 24.39% | 31.34%

Disagree 0.00% 15.00% 5.88% 4.17% 2.44% 11.94%

Strongly Disagree 0.00% 0.00% 0.00% 8.33% 0.00% 4.48%

NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 50.00% 50.00% 0.00% | 100.00% | 0.00% 100.00% 30.77% | 69.23% | 22.22% | 77.78%
Agree 0.00% 0.00% 33.33% 66.67% 16.67% | 83.33% | 60.00% 40.00% 47.06% | 52.94% | 53.85% | 46.15%
Neither Agree nor Disagree 0.00% 0.00% 25.00% 75.00% 66.67% | 33.33% | 50.00% 50.00% 0.00% | 100.00% | 42.86% | 57.14%
Disagree 0.00% 0.00% 0.00% 100.00% 0.00% | 100.00% | 0.00% 100.00% 0.00% | 100.00% | 25.00% | 75.00%
Strongly Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 0.00% 0.00% 33.33% | 66.67%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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Q5. English/Language Arts is an important part of your education.

* Strongly Agree

Male Female Male

Arnerican Indian Asian

T Agree

Female Male

Hispanic/white

¥ Meither Agree nor Disagree

-
7
bl

Female Male

Hispanic/nonwhite

™ Disagree M Strongly Disagree ™ NA

Female Male Female

African American

Female

White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 75.00% 58.82% 29.17% 63.41% | 40.30%

Agree 0.00% 20.00% 41.18% 62.50% 34.15% | 43.28%

Neither Agree nor Disagree 0.00% 5.00% 0.00% 8.33% 2.44% 14.93%

Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 1.49%

Strongly Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 26.67% 73.33% 40.00% | 60.00% | 42.86% 57.14% 26.92% | 73.08% | 25.93% | 74.07%
Agree 0.00% 0.00% 50.00% 50.00% 14.29% | 85.71% | 46.67% 53.33% 35.71% | 64.29% | 51.72% | 48.28%
Neither Agree nor Disagree 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% | 100.00% 0.00% 0.00% | 100.00% | 50.00% | 50.00%
Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% | 0.00%
Strongly Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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Appendix P: Grade 12 Future Educational Outlook
Q8. | plan on attending College after graduating High School.

* Strongly Agree ~ Agree ™ Neither Agree nor Disagree ™ Disagree ™ Strongly Disagree ™ NA

—r
5

Male Female Male Female Male Female Male Female Male Female Male Femalz

American Indian Asian Hispanic/whize Hispanic/nonwhite African American White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 75.00% 70.59% 75.00% 82.93% | 68.66%

Agree 0.00% 10.00% 0.00% 16.67% 7.32% 19.40%

Neither Agree nor Disagree 0.00% 0.00% 29.41% 4.17% 4.88% 4.48%

Disagree 0.00% 10.00% 0.00% 0.00% 0.00% 1.49%

Strongly Disagree 0.00% 0.00% 0.00% 4.17% 2.44% 2.99%

NA 0.00% 5.00% 0.00% 0.00% 2.44% 2.99%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 33.33% 66.67% 16.67% | 83.33% | 55.56% 44.44% 29.41% | 70.59% | 32.61% | 67.39%
Agree 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% 100.00% 0.00% | 100.00% | 69.23% | 30.77%
Neither Agree nor Disagree 0.00% 0.00% 0.00% 0.00% 60.00% | 40.00% [ 100.00% 0.00% 50.00% | 50.00% | 100.00% | 0.00%
Disagree 0.00% 0.00% 50.00% 50.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% | 0.00%
Strongly Disagree 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 0.00% | 100.00% | 0.00% | 100.00%
NA 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% 0.00% 100.00% | 0.00% 0.00% | 100.00%
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Q9. I plan on attending a 4 year University or College after graduating High School.

* Strongly Agree ™ Agree ™ Neither Agree nor Disagree ™ Disagree M Strongly Disagree ™ NA

L
-
7]
6

2
3
v

Male Female Male Female Female Male Female Male Female Male Femalz

American Indian Hispanic/whize Hispanic/nonwhite African American White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 65.00% 58.82% 50.00% 73.17% | 52.24%

Agree 0.00% 15.00% 11.76% 20.83% 14.63% | 14.93%

Neither Agree nor Disagree 0.00% 10.00% 17.65% 16.67% 12.20% | 17.91%

Disagree 0.00% 5.00% 5.88% 4.17% 0.00% 8.96%

Strongly Disagree 0.00% 5.00% 5.88% 8.33% 0.00% 4.48%

NA 0.00% 0.00% 0.00% 0.00% 0.00% 1.49%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 38.46% 61.54% 10.00% | 90.00% | 58.33% 41.67% 23.33% | 76.67% | 31.43% | 68.57%
Agree 0.00% 0.00% 0.00% 100.00% 50.00% 50.00% 0.00% 100.00% 50.00% 50.00% 60.00% 40.00%
Neither Agree nor Disagree 0.00% 0.00% 0.00% 100.00% 33.33% | 66.67% | 75.00% 25.00% 40.00% | 60.00% | 58.33% | 41.67%
Disagree 0.00% 0.00% 0.00% 100.00% 100.00% | 0.00% 0.00% 100.00% 0.00% 0.00% 33.33% | 66.67%
Strongly Disagree 0.00% 0.00% 100.00% 0.00% 100.00% | 0.00% | 100.00% 0.00% 0.00% 0.00% 66.67% | 33.33%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00%
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Q10. | plan on attending a 2 year University or College after graduating High School.

* Strongly Agree

Male Female

American Indian

* Agree

'

Female Male

Hispanic/whize

¥ Neither Agree nor Disagree

4
-

Female Male

* Disagree

Hispanic/nonwhite

Male

® Strongly Disagree

African American

= NA

R

4

—_—
3
Female Femalz

White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 20.00% 17.65% 4.17% 12.20%| 17.91%

Agree 0.00% 20.00% 5.88% 25.00% 12.20%| 13.43%

Neither Agree nor Disagree 0.00% 30.00% 35.29% 12.50% 31.71%| 17.91%

Disagree 0.00% 5.00% 23.53% 29.17% 19.51%| 16.42%

Strongly Disagree 0.00% 25.00% 17.65% 20.83% 24.39%| 29.85%

NA 0.00% 5.00% 0.00% 8.33% 0.00%| 4.48%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 25.00% 75.00% 66.67% | 33.33% 0.00% 100.00% 40.00% | 60.00% | 25.00% | 75.00%
Agree 0.00% 0.00% 0.00% 100.00% 100.00% | 0.00% 66.67% 33.33% 20.00% | 80.00% | 55.56% | 44.44%
Neither Agree nor Disagree 0.00% 0.00% 0.00% 100.00% 33.33% | 66.67% | 33.33% 66.67% 38.46% | 61.54% | 66.67% | 33.33%
Disagree 0.00% 0.00% 0.00% 100.00% 0.00% | 100.00% | 42.86% 57.14% 12.50% | 87.50% | 27.27% | 72.73%
Strongly Disagree 0.00% 0.00% 20.00% 80.00% 0.00% | 100.00% | 60.00% 40.00% 30.00% | 70.00% | 40.00% | 60.00%
NA 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 50.00% 50.00% 0.00% 0.00% 33.33% | 66.67%
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Q11.What Field do you plan on majoring in? (Check all that apply)

Other Computer & Information Sciences & Technologies ™ Engineering & Engineering Technologies * Mathematics ™ Physical Sciences

== - —

6 7

Male Female Male Female Male Female Male Ferale Male Female Male Female

American Indian Asian Hispanic/white Hispanic/nonwhite African American White
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American Indian | Asian | Hispanic/white | Hispanic/nonwhite | Black White

Total Total Total Total Total Total

Architecture & Environmental Design 0.00% 5.00% 0.00% 12.50% 14.63% | 4.48%
Agriculture & Natural Resources 0.00% 0.00% 5.88% 4.17% 0.00% 1.49%
Arts: Visual & Performing 0.00% 5.00% 11.76% 4.17% 29.27% | 16.42%

Biological Life Sciences 0.00% 5.00% 5.88% 4.17% 24.39% | 5.97%
Business & Commerce 0.00% 35.00% 11.76% 20.83% 31.71% | 14.93%
Communications 0.00% 5.00% 5.88% 12.50% 17.07% | 16.42%

Computer & Information Sciences & Technologies 0.00% 5.00% 11.76% 16.67% 21.95% | 5.97%
Education 0.00% 0.00% 5.88% 16.67% 12.20% | 14.93%

Public Affairs & Services 0.00% 0.00% 11.76% 12.50% 19.51% | 8.96%

Social Sciences & History 0.00% 0.00% 11.76% 25.00% 4.88% 4.48%

Library & Archival Sciences 0.00% 0.00% 5.88% 4.17% 0.00% 1.49%
Engineering & Engineering Technologies 0.00% 10.00% 5.88% 20.83% 12.20% | 5.97%
Foreign & Classical Languages 0.00% 0.00% 11.76% 8.33% 17.07% | 1.49%
Health Professions & Allied Services 0.00% 15.00% 23.53% 20.83% 39.02% | 16.42%
Home Economics 0.00% 0.00% 0.00% 4.17% 4.88% 1.49%

Language & Literature 0.00% 0.00% 0.00% 4.17% 4.88% 1.49%

Mathematics 0.00% 10.00% 0.00% 4.17% 12.20% | 1.49%

Military Science 0.00% 0.00% 11.76% 4.17% 2.44% 4.48%

Philosophy, Religion & Theology 0.00% 0.00% 0.00% 4.17% 4.88% 0.00%
Physical Sciences 0.00% 5.00% 5.88% 4.17% 7.32% 4.48%
Undecided 0.00% 35.00% 23.53% 20.83% 9.76% | 22.39%
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American Indian Asian Hispanic/white Hispanic/nonwhile Black White
Male Female Male Female Male Female Male Female Male Female Male Female
Architecture & Environmental Design 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% 66.67% | 33.33% | 33.33% | 66.67% 0.00% | 100.00%
Agriculture & Natural Resources 0.00% 0.00% 0.00% 0.00% 100.00%| 0.00% | 100.00% | 0.00% 0.00% 0.00% 0.00% | 100.00%
Arts: Visual & Performing 0.00% 0.00% 100.00% 0.00% 0.00% | 100.00% | 100.00% | 0.00% 8.33% 91.67% | 45.45% | 54.55%
Biological Life Sciences 0.00% 0.00% 100.00% 0.00% 0.00% | 100.00% | 100.00% | 0.00% 40.00% | 60.00% | 50.00% | 50.00%
Business & Commerce 0.00% 0.00% 14.29% 85.71% 50.00% | 50.00% | 40.00% | 60.00% | 15.38% | 84.62% | 20.00% | 80.00%
Communications 0.00% 0.00% 0.00% 100.00% 0.00% | 100.00% | 33.33% | 66.67% | 14.29% | 85.71% | 45.45% | 54.55%
Computer & Information Sciences & Technologies 0.00% 0.00% 100.00% 0.00% 100.00%| 0.00% 75.00% | 25.00% | 33.33% | 66.67% | 75.00% | 25.00%
Education 0.00% 0.00% 0.00% 0.00% 100.00%| 0.00% 25.00% | 75.00% 0.00% | 100.00% | 20.00% | 80.00%
Public Affairs & Services 0.00% 0.00% 0.00% 0.00% 50.00% | 50.00% | 66.67% | 33.33% | 12.50% | 87.50% 0.00% | 100.00%
Social Sciences & History 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% | 83.33% | 16.67% 0.00% | 100.00% | 33.33% | 66.67%
Library & Archival Sciences 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% | 100.00% | 0.00% 0.00% 0.00% 0.00% | 100.00%
Engineering & Engineering Technologies 0.00% 0.00% 50.00% 50.00% 100.00%| 0.00% | 100.00% | 0.00% 60.00% | 40.00% [ 100.00% | 0.00%
Foreign & Classical Languages 0.00% 0.00% 0.00% 0.00% 50.00% | 50.00% | 50.00% | 50.00% | 14.29% | 85.71% 0.00% | 100.00%
Health Professions & Allied Services 0.00% 0.00% 33.33% 66.67% 0.00% | 100.00% | 40.00% | 60.00% | 18.75% | 81.25% 9.09% 90.91%
Home Economics 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% | 0.00% 0.00% | 100.00% | 100.00% | 0.00%
Language & Literature 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% | 0.00% 0.00% | 100.00% | 0.00% | 100.00%
Mathematics 0.00% 0.00% 50.00% 50.00% 0.00% 0.00% | 100.00% | 0.00% 0.00% | 100.00% | 100.00% | 0.00%
Military Science 0.00% 0.00% 0.00% 0.00% 50.00% | 50.00% | 100.00% | 0.00% 0.00% | 100.00% | 66.67% | 33.33%
Philosophy, Religion & Theology 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% | 0.00% 0.00% | 100.00% | 0.00% 0.00%
Physical Sciences 0.00% 0.00% 0.00% 100.00% 0.00% | 100.00% | 100.00% | 0.00% 33.33% | 66.67% | 66.67% | 33.33%
Undecided 0.00% 0.00% 14.29% 85.71% 25.00% | 75.00% | 60.00% | 40.00% 0.00% | 100.00% | 33.33% | 66.67%
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Q19. Would you consider engineering as a future occupational field?

* Strongly Agree

Male Female

American Indian

Female

* Agree

® Neither Agree nor Disagree ™ Disagree

2

Female

-
4

-
3
2

Male Male Female

Hispanic/whize Hispanic/nonwhite

® Strongly Disagree

= NA

-

Male Female

African American

Femalz

White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 5.00% 0.00% 8.33% 7.32% 4.48%

Agree 0.00% 30.00% 23.53% 20.83% 36.59% 7.46%

Neither Agree nor Disagree 0.00% 40.00% 41.18% 29.17% 14.63% | 43.28%

Disagree 0.00% 20.00% 11.76% 12.50% 24.39% | 17.91%

Strongly Disagree 0.00% 5.00% 17.65% 29.17% 17.07% | 26.87%

NA 0.00% 0.00% 5.88% 0.00% 0.00% 0.00%

\
American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 66.67% | 33.33% | 100.00% | 0.00%
Agree 0.00% 0.00% 33.33% 66.67% 50.00% | 50.00% | 20.00% 80.00% 40.00% | 60.00% | 60.00% | 40.00%
Neither Agree nor Disagree 0.00% 0.00% 37.50% 62.50% 42.86% | 57.14% | 71.43% 28.57% 0.00% | 100.00% | 44.83% | 55.17%
Disagree 0.00% 0.00% 0.00% 100.00% 0.00% | 100.00% | 33.33% 66.67% 40.00% | 60.00% | 25.00% | 75.00%
Strongly Disagree 0.00% 0.00% 0.00% 100.00% 0.00% | 100.00% | 42.86% 57.14% 0.00% | 100.00% | 33.33% | 66.67%
NA 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% | 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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Q20. Where do you see yourself in the future?

Undergraduate - Ccllege * Part-Timelob  ® Full-Time Job * Graduate School = Other

S

11

o
5
6

==

——
(]
4

—
4

—

Male Female Male Female Male Female EI Female Femalz

American Indian Hispanic/whize Hispanic/nonwhite African American White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Undergraduate - College 0.00% 20.00% 52.94% 4.17% 36.59% | 28.36%

Part-Time Job 0.00% 30.00% 11.76% 8.33% 12.20% | 16.42%

Full-Time Job 0.00% 25.00% 41.18% 41.67% 21.95% | 41.79%

Graduate School 0.00% 35.00% 23.53% 37.50% 46.34% | 38.81%

Other 0.00% 20.00% 23.53% 33.33% 19.51% | 17.91%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Undergraduate - College 0.00% 0.00% 25.00% 75.00% 22.22% | 77.78% | 100.00% 0.00% 26.67% | 73.33% | 36.84% | 63.16%
Part-Time Job 0.00% 0.00% 16.67% 83.33% 0.00% | 100.00% | 50.00% 50.00% 0.00% | 100.00% | 36.36% | 63.64%
Full-Time Job 0.00% 0.00% 40.00% 60.00% 28.57% | 71.43% | 60.00% 40.00% 33.33% | 66.67% | 46.43% | 53.57%
Graduate School 0.00% 0.00% 42.86% 57.14% 0.00% | 100.00% | 55.56% 44.44% 21.05% | 78.95% | 30.77% | 69.23%
Other 0.00% 0.00% 25.00% 75.00% 50.00% | 50.00% | 25.00% 75.00% 37.50% | 62.50% | 50.00% | 50.00%
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Appendix Q: Grade 12 Attitude toward the Stereotypical Perception of an Engineer

Q13. When | think about an engineer, | think of a person who: Has little or no

= Strongly Agree

Male Female

American Indian Asizgn

sacial life.

™ Agree ™ Neither Agree nor Disagree

-
7
3

—
5
£
—— —
Female Male

Female Male

Hispanic/whize

* Disagree

Hispanic/nonwhite

™ Strongly Disagree ™ NA

L
—

3

—rr _

Female Male Female

African American

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 10.00% 0.00% 4.17% 2.44% 5.97%

Agree 0.00% 15.00% 0.00% 8.33% 2.44% | 11.94%

Neither Agree nor Disagree 0.00% 25.00% 11.76% 37.50% 31.71% | 38.81%

Disagree 0.00% 40.00% 47.06% 20.83% 36.59% | 26.87%

Strongly Disagree 0.00% 10.00% 35.29% 29.17% 26.83% | 16.42%

NA 0.00% 0.00% 5.88% 0.00% 0.00% 0.00%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% 100.00% 0.00% 100.00% 0.00% 50.00% 50.00%
Agree 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% 100.00% 0.00% | 100.00% | 37.50% | 62.50%
Neither Agree nor Disagree 0.00% 0.00% 40.00% 60.00% 50.00% | 50.00% | 55.56% 44.44% 23.08% | 76.92% | 61.54% | 38.46%
Disagree 0.00% 0.00% 12.50% 87.50% 37.50% | 62.50% | 20.00% 80.00% 40.00% | 60.00% | 33.33% | 66.67%
Strongly Disagree 0.00% 0.00% 50.00% 50.00% 16.67% | 83.33% | 71.43% 28.57% 18.18% | 81.82% 9.09% 90.91%
NA 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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Q14. When | think about an Engineer, | think of a person who: Has a lot of friends.

* Strongly Agree ™ Agree ™ Neither Agree nor Disagree ™ Disagree ™ Strongly Disagree ™ NA

-

=

Male Female Male Female Male Female Male Male Female Femalz

American Indian Hispanic/whize Hispanic/nonwhite African American White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 5.00% 0.00% 12.50% 12.20% 5.97%

Agree 0.00% 30.00% 29.41% 12.50% 9.76% | 26.87%

Neither Agree nor Disagree 0.00% 40.00% 64.71% 62.50% 70.73% | 53.73%

Disagree 0.00% 20.00% 0.00% 8.33% 4.88% 8.96%

Strongly Disagree 0.00% 5.00% 0.00% 4.17% 2.44% 4.48%

NA 0.00% 0.00% 5.88% 0.00% 0.00% 0.00%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% 66.67% 33.33% 40.00% | 60.00% | 25.00% | 75.00%
Agree 0.00% 0.00% 33.33% 66.67% 20.00% | 80.00% | 33.33% 66.67% 25.00% | 75.00% | 61.11% | 38.89%
Neither Agree nor Disagree 0.00% 0.00% 12.50% 87.50% 36.36% | 63.64% | 46.67% 53.33% 27.59% | 72.41% | 36.11% | 63.89%
Disagree 0.00% 0.00% 25.00% 75.00% 0.00% 0.00% 50.00% 50.00% 0.00% | 100.00% | 33.33% | 66.67%
Strongly Disagree 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 100.00% | 0.00% 33.33% | 66.67%
NA 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% | 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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Q15. When | think about an Engineer, | think of a person who: Is very boring.

¥ Strongly Agree

Male Female

American Indian

™ Agree

L
6
p—

Female Male

—_1

Hispanic/whize

™ Neither Agree nor Disagree

-
—

5
2
-1

Female Male

 Disagree

Hispanic/nonwhite

® Strongly Disagree

African American

= NA

Femalz

White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 10.00% 0.00% 4.17% 2.44% 4.48%

Agree 0.00% 5.00% 5.88% 12.50% 7.32% 14.93%

Neither Agree nor Disagree 100.00% 40.00% 35.29% 54.17% 34.15% | 50.75%

Disagree 0.00% 35.00% 17.65% 16.67% 39.02% | 14.93%

Strongly Disagree 0.00% 10.00% 35.29% 12.50% 17.07% | 14.93%

NA 0.00% 0.00% 5.88% 0.00% 2.44% 0.00%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 0.00% | 100.00% | 33.33% | 66.67%
Agree 0.00% 0.00% 0.00% 100.00% 100.00% | 0.00% 66.67% 33.33% 33.33% | 66.67% | 50.00% | 50.00%
Neither Agree nor Disagree 0.00% 0.00% 25.00% 75.00% 16.67% | 83.33% | 38.46% 61.54% 28.57% | 71.43% | 41.18% | 58.82%
Disagree 0.00% 0.00% 14.29% 85.71% 33.33% | 66.67% | 50.00% 50.00% 18.75% | 81.25% | 40.00% | 60.00%
Strongly Disagree 0.00% 0.00% 50.00% 50.00% 33.33% | 66.67% | 66.67% 33.33% 57.14% | 42.86% | 40.00% | 60.00%
NA 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% | 0.00% 0.00% 0.00% | 100.00% | 0.00% 0.00%
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Q16. When | think about an Engineer, | think of a person who: Is very exciting.

¥ Strongly Agree

Male Female Male

American Indian

¥ Agree W Neither Agree nor Disagree

I

a4
— 2
Male Male

Female Female

Hispanic/whize

Hispanic/nonwhite

¥ Disagree M Strongly Disagree ™ NA

—r—
G
5

2

Female Male Female

African American

Femalz

White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 5.00% 0.00% 8.33% 4.88% 1.49%

Agree 0.00% 25.00% 17.65% 4.17% 26.83% 17.91%

Neither Agree nor Disagree 0.00% 50.00% 64.71% 75.00% 56.10% | 67.16%

Disagree 0.00% 15.00% 5.88% 8.33% 9.76% 10.45%

Strongly Disagree 0.00% 5.00% 0.00% 4.17% 2.44% 1.49%

NA 0.00% 5.00% 11.76% 0.00% 0.00% 1.49%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 0.00% | 100.00% | 100.00% | 0.00%
Agree 0.00% 0.00% 0.00% 100.00% 33.33% | 66.67% | 100.00% 0.00% 45.45% | 54.55% | 66.67% | 33.33%
Neither Agree nor Disagree 0.00% 0.00% 30.00% 70.00% 36.36% | 63.64% | 38.89% 61.11% 26.09% | 73.91% | 37.78% | 62.22%
Disagree 0.00% 0.00% 33.33% 66.67% 0.00% | 100.00% | 50.00% 50.00% 25.00% | 75.00% | 28.57% | 71.43%
Strongly Disagree 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 0.00% | 100.00% | 0.00% | 100.00%
NA 0.00% 0.00% 100.00% 0.00% 0.00% | 100.00% | 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00%
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Q17. When | think about an Engineer, | think of a person who: Is an average man/woman

= Strongly Agree

Male Female

American Indian

Female

Asian

* Agree

Hispanic/whize

= Neither Agree nor Disagree

Male

doing an average job.

* Disagree

L
I3
—
5
-

a
i
3
-

Female Male

Hispanic/nonwhite

= Strongly Disagree

= NA

e

Female

African American

E

Femalz

White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 10.00% 5.88% 12.50% 4.88% 5.97%

Agree 0.00% 15.00% 35.29% 8.33% 36.59% | 25.37%

Neither Agree nor Disagree 0.00% 35.00% 17.65% 41.67% 31.71% | 35.82%

Disagree 0.00% 30.00% 29.41% 29.17% 24.39% | 25.37%

Strongly Disagree 0.00% 10.00% 5.88% 8.33% 2.44% 7.46%

NA 0.00% 0.00% 5.88% 0.00% 0.00% 0.00%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 50.00% 50.00% 0.00% | 100.00% | 66.67% 33.33% 50.00% | 50.00% | 25.00% | 75.00%
Agree 0.00% 0.00% 0.00% 100.00% 50.00% | 50.00% 0.00% 100.00% 13.33% | 86.67% | 29.41% | 70.59%
Neither Agree nor Disagree 0.00% 0.00% 28.57% 71.43% 33.33% | 66.67% | 50.00% 50.00% 38.46% | 61.54% | 54.17% | 45.83%
Disagree 0.00% 0.00% 33.33% 66.67% 20.00% | 80.00% | 42.86% 57.14% 40.00% | 60.00% | 47.06% | 52.94%
Strongly Disagree 0.00% 0.00% 50.00% 50.00% 0.00% | 100.00% | 100.00% 0.00% 0.00% | 100.00% | 20.00% | 80.00%
NA 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% | 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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Q18. When | think about an Engineer, | think of a person who: Is nothing like me.

¥ Strongly Agree

Male Female Male

American Indian

¥ Agree W Neither Agree nor Disagree

L
3
3
—
2

Female Male Male

Hispanic/whize

Hispanic/nonwhite

¥ Disagree M Strongly Disagree ™ NA

L
G
2
-
Female

Female Male

African American

Femalz

White

American Indian Asian Hispanic/white Hispanic/nonwhite Black White

Total Total Total Total Total Total

Strongly Agree 0.00% 15.00% 0.00% 8.33% 14.63% | 19.40%

Agree 0.00% 25.00% 5.88% 16.67% 9.76% 8.96%

Neither Agree nor Disagree 0.00% 30.00% 47.06% 54.17% 34.15% 43.28%

Disagree 0.00% 20.00% 29.41% 8.33% 31.71% | 20.90%

Strongly Disagree 0.00% 10.00% 11.76% 12.50% 9.76% 7.46%

NA 0.00% 0.00% 5.88% 0.00% 0.00% 0.00%

American Indian Asian Hispanic/white Hispanic/nonwhile Black White

Male Female Male Female Male Female Male Female Male Female Male Female
Strongly Agree 0.00% 0.00% 33.33% 66.67% 0.00% 0.00% | 100.00% 0.00% 16.67% | 83.33% | 30.77% | 69.23%
Agree 0.00% 0.00% 40.00% 60.00% 0.00% | 100.00% | 25.00% 75.00% 50.00% | 50.00% | 50.00% | 50.00%
Neither Agree nor Disagree 0.00% 0.00% 16.67% 83.33% 37.50% | 62.50% | 38.46% 61.54% 14.29% | 85.71% | 41.38% | 58.62%
Disagree 0.00% 0.00% 25.00% 75.00% 20.00% | 80.00% | 100.00% 0.00% 46.15% | 53.85% | 42.86% | 57.14%
Strongly Disagree 0.00% 0.00% 50.00% 50.00% 50.00% | 50.00% | 66.67% 33.33% 25.00% | 75.00% | 60.00% | 40.00%
NA 0.00% 0.00% 0.00% 0.00% 0.00% | 100.00% | 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
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