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This report describes the Loyola/Aspira Pr e-Freshman Enrichment Program (or simply,
PREP), an on-going bilingual educational program which integrates computer science, engi-
neering, and physics in intellectually nurturing Latino students of high potential but limited
opportunity who are entering grades seven through nine. A highly interactive hands-on peda-
gogical approach, innovative curriculum, and interest-stimulating experiences are used to
enable and motivate students to take college-preparatory courses in engineering, science, and
mathematics, ultimately promoting their entry into sophisticated R&D careers. Sponsored by
Loyola University Chicago in conjunction with Aspiraof Illinois and funded by DOE and NSF,
the program combines a six-week commuter program with a thirteen-week academic year fol-
low-up.

The senior staff brings an interdisciplinary approach to introducing computer science to
students from both hardware and software perspectives. Students experiment in three distinct
forums. First, they assemble IBM-compatible microcomputers and then perform digita cir-
cuitry experiments on the computers and other electronics equipment. Second, they experiment
with computer concepts through programs they write in the Program’s software science intro-
duction. Third, they experiment with small computer-controlled machines, building them from
the component level on up, writing the controlling programs themselves. Additionally, during
the summer participants interact with role-models and explore possible science, engineering,
and math (SEM) careersin several arenas. A trip to Argonne National Laboratory gives students
ataste of scientific research environments, and visiting area Universities gives them a picture of
minority opportunitiesin SEM higher education. A trip to alocal utility company helps students
visualize engineering career paths, while a trip to a stock-market trading firm gives them an
image of advanced computer science applied to the business world.

Six Project Objectives

The target population for the program is * under-represented minority students’ entering 7
through gh grades, specifically Latino students in Chicago who can be characterized as “high
potential - low opportunity.” The primary objectives are that students’ interest in science, engi-
neering and mathematics will be piqued as they participate in the program by:
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1. interacting with interesting and interested professionals in various fields of com-
puter science, mathematics, engineering and physicsat a variety of facilitiesin the
Chicago area;

2. assembling an | BM-compatible microcomputer from components;

3. acquiring an appreciation of the profoundly interdisciplinary nature of computer
science and its every-day life applications, and gaining a compr ehensiveintroduc-
tion to the physics and mathematics in har dwar e and softwar €

4. experiencing engineering problems and solutions using their own computer-con-
trolled devices,

5. envisioning educational and career opportunitiesin computer science; and:

6. acquiring computer science skills at a level enabling them to receive special high
school credit.

This Program's overall mission isto intellectually nurture Latino students of limited oppor-
tunity, providing them with experiences which enable and motivate them to take college-prepa-
ratory courses in science, engineering, and mathematics, ultimately facilitating their entry into
sophisticated R&D SEM careers.

PREP does not attempt to duplicate any typical course in any elementary or secondary cur-
riculum. It is, frankly, an enrichment experience that so cuts across disciplinary boundaries and
so involves academic, business, and community structures that it is not realistic to expect
schools to offer the same type of opportunity. While the activities are non-traditional, we do
collaborate very closely with the city schools and have embraced some traditional measures of
program rationale and program success. Central among those measures is the College Board's
Advanced Placement (AP) program. Only eleven (11) Hispanic (Latino) students in the entire
state took the AP Computer Science Exam in Computer Science (Level AB), and five of those
eleven students were participants in the Young Scholars Project on which PREP is indirectly
based. The disparity extends beyond severe under-representation to under-preparation -- His-
panic students taking the AP Examinations in Computer Science scored, on average, more than
one full point (out of five) lower than their non-Hispanic counterparts. None of the city's pre-
dominantly Latino high schools are among the few in Chicago which even offer AP Computer
Science.

RELATED PROJECTS

PREP fitsinto alarger Amoco-funded initiative which itself is part of a much larger NSF-
funded Regional Center for Minorities called Access 2000. PREP is an “anchor” program in
one of the two Aspira Mathematics and Science Learning Centers funded in Chicago under a
$70,000 grant from the Amoco Foundation. The Aspira Mathematics and Science Learning
Centersform one of eighteen programs in the Access 2000 network, which involves five univer-
sities, the Chicago Urban League, Aspira of Illinois, and Argonne National Laboratory. Access
2000 is beginning its third year of asix-year, $3.9M commitment from NSF to address minority
under-representation.
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Asillustrated above, PREP is modeled after a NSF Y oung Scholars Project (Y SP). Funded
since 1988, the NSF/Loyola University Y oung Scholars Project offers high school sophomores
and juniors a six-week summer program in math-based computer science with an academic year
follow-up and is the curriculum template for this project. As alluded to earlier, half of the 1989
African-American and Hispanic students in the state of Illinois who took the AP Examination in
Computer Science were Young Scholars participants. The project has been the subject of
approximately fifteen newspaper articles and was featured in aWLS-TV (ABC) documentary
on minority education, and its participants have been honored in a special ceremony with the
Mayor of Chicago and the Chicago City Council. The project has thus garnered significant rec-
ognition. More importantly, participants indicate markedly increased intentions in pursuing sci-
ence and engineering careers as aresult of the project.

Description of PREP

Currently in its second year, PREP is afully bilingual summer and academic year follow-
up commuter program for Chicago Latino middle-school students, giving them experiences in
computer science and its related disciplines. PREP has been the subject of newspaper articles
and was featured at length on a Chicago T.V. news program. A PREP publicity video was cre-
ated at the request of DOE during this last year and was shown in a Chicago public schools
area-wide principals meeting. NSF has requested the master print of this video to incorporate
segments as footage into their educational programs video.! PREP participants are (and will be)
tracked by the Access 2000 consortium through their high school and college years.

Differences Between PREP and Young Scholars

PREP offers students the same opportunities as the Young Scholars Project, with four
important differences. First, the students are two to three years younger: the curriculum is con-
sequently slightly less sophisticated and is presented over a three-month rather than eight-
month follow-up. Second, most of the activities take place in one of the Amoco-funded Aspira
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Learning Centersin the Latino community, rather than on a university campus. Third, the activ-
ities are bilingual. Fourth, the computers the students assemble are used in other Access 2000
projects and in other Aspira Learning Center activities, so the students are not able to take them
home to keep for themselves, asin the NSF/Loyola Y oung Scholars Program.

Description of Aspira Math and Science Learning Centers

PREP is housed in one of the two Amoco-funded Learning Centers, located in the heart of
the Humboldt Park area of Chicago, at afacility which is shared by the Chicago Public Schools.
The Learning Centers themselves house a core set of activities calculated to promote the interest
and skills of Latino youngsters in science and mathematics. These include visits from retired
Argonne scientists, science experiment sessions using material developed at the University of
[llinois (Chicago), and systematic use of a comprehensive city-wide directory of accessible
math and science programs to encourage students and their families to persist in science and
engineering career hopes.

Thisyear Access 2000 provided funding for three teachersto be involved in the PREP pro-
gram as participants, experiencing first-hand the SEM interactive learning environment. The
teachers worked through additional Pascal curriculum with the help of individualized tutoring
by the PREP program staff after the students were gone for the day. The teachers were payed a
$1,000 stipend for participating in the program and were given an IBM compatible computer to
keep in order to give impetus to them replicating the same types of learning activities in their
own classrooms.

Kraft has announced approval for infusing PREP with $6,000 to enhance the project. In
particular, this will allow for two additional students, two additional computers for the lab,
expansion of the Lego/Pascal labs, and the development of middlie-school level Spanish com-
puter science curriculum.

PROGRAM DESIGN

As mentioned earlier, PREP consists of a six-week summer commuter program followed
by a thirteen-week Wednesday afternoon program during the fall semester. In order to create a
mutually encouraging and safe group atmosphere in which the students can experiment and
learn, we take the students through an outdoor obstacle course on the first day. This activity
induces students to interact extensively with each other, building a strong sense of group iden-
tity.

Computer Science Content

The Computer Science concepts are presented using the Pascal programming language.
Pascal is used in the Advanced Placement program and is widely recognized as an excellent
teaching language. During lecture/discussion, material is presented, discussed, and then illus-
trated by having studentsin groups of two or three finish partially completed programs, working
at the computers. These partially completed programs are carefully structured to lead students
into implementing examples of the material discussed. Later in the lab component, students
work more independently at the computers, writing programs which involve graphics and
sound, again reinforcing the concepts they have learned. The sequence of topics actually cov-
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ered is the most orthodox part of the project, and includes programming basics, algorithm con-
struction, data types, operations, and subprograms.

Lego / Pascal

The Lego/Pascal component was the students’ favorite activity last year in PREP. It started
as Lego/Logo, an educational package developed by Seymour Papert at M.I.T. and has been
modified by our staff to use the Pascal programming language rather than Logo. This modifica-
tion allows students to concentrate on and reinforce only one programming language during the
program. Students begin with the design of small electro-mechanical machines using Lego
gears, wheels, motors, infra-red sensors, and touch sensors. Last year in PREP students built:

* A car which followed aline on atable using an optical sensor;

* A miniature assembly-line conveyor belt which automatically sorted Lego pieces into
long and short;

* A robot arm which was programmed to move a set of pieces from one point to another;

* A washing machine model with sensors to rotate the washing drum only when the door is
shut; and

* A ferriswheel model which stops at the appropriate spots, ostensibly to let passengers on
and off.

After building the devices, students write the programs to provide software control. As
mentioned earlier, students encounter engineering and control problems as they learn to refine
their designs to take into account the physical parameters of motor speed, gear ratios, leverage,
loads, and piece strength. The Lego/Pascal component is one of the most powerful learning
activities for the students because they have concrete motivation to master the Pascal program-
ming structures necessary to do tasks which they can actualy see. Students essentially get to
feel, touch, and interact with the results of the programs they write!

Hardware Design and Circuitry

The scope of the hardware design and circuitry lecture/lab components is rarely if ever
found in pre-collegiate programming.? The material presented is extracted from Digital Elec-
tronics courses taught at Loyola and Northwestern Universities. The approach involves discus-
sions and hands-on experience with gate level circuits through general block diagrams of
computer architecture. Students are initially exposed to computer circuits in the first week of
class when they assemble the Intel-based (MS-DOS) computer systems consisting of: 20 chips
(including memory), three interface cards, power supply, case, floppy drive components, key-
board and monitor. Subsequently we discuss breadboarding techniques and combinatorial logic
devicesincluding logic gates, Boolean algebra and Karnaugh maps.

The key to this approach is the integration of the lecture material with the hands-on experi-
ence in the laboratory, giving students a basic working knowledge of computer hardware com-
ponents by the end of the summer. Students are required to keep careful records of their lab
experiences in alab notebook. Experience with the PREP program has pointed out the need to
teach students organizational and note-taking skills. We interact on aregular basis with students
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in this area by grading their lab notebooks once a week. These notebooks will contain home-
work assignments, arecord of |ab experiences, lecture notes, and handouts.

“ Student I nvestigations” As A Pedagogical Approach

In this program we emphasi ze enabling students “to experience the excitement of doing sci-
ence” This program provides an environment requiring extensive hands-on experience: stu-
dents spend over half (56%) of their time in either a computer laboratory devel oping computer
programs, a digital electronics lab building and electronically experimenting with relatively
sophisticated microcomputer systems, or a Lego/Pascal lab developing their own computer-
controlled devices. Students are consistently led to view learning as a pursuit of discovery rather
than as a pursuit of information.

Career Exploration Activities

An outstanding lineup of computer science, engineering and mathematics practitioners
hosted facility visits and tours for Program participants. In most cases, our hosts were Latino
and specifically addressed the socio-economic situation of our Project participants. The sites
were as follows:

1. Argonne National Laboratory - a scientific research environment; displays and mod-
els of on-going research projects, demonstrations of both superconductivity and high-
resolution computer graphics; supercomputers,

2. Chicago Research and Trade (CRT)- the opening of the grains trading floor at the
Chicago Mercantile Exchange (narrated in Spanish); a tour of the technical trading
office of CRT; examples of how computer technology is used in a business environ-
ment;

3. People’'sGas- A tour of a central work facility including a welding shop and a com-
puterized dispatch center; showing how gaslinesfeed into everyone' s homes; gas stor-
age technology;

4. Northwestern University - auniversity environment; atour of the facilities; graphical
software demonstrations in various computer labs, a presentation on engineering
scholarship opportunities for Hispanic students.

Besides the above four, the first day of the program we took a*group building” field trip to
aropes course, as mentioned earlier. In each of the above sites we had a private meeting with
our hosts, who reflected on both his’her personal career choices and how those choices were
pursued, as well as his/her anticipation of technical and societal trends due to advances in com-
puter science and engineering. Students were asked to reflect on and to articulate their own
career expectations and hopes, as unevenly or vaguely formed as they might be. There is no
requirement that students will “buy into” a SEM career based on their experiences in the pro-
gram, but through these activities students see a number of available options leading to several
different types of stimulating and productive careers.
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Unorthodox Program Features

A notable feature of this program is that it is bilingual, with instruction, hand-outs,
tutoring, and field-trips being communicated in both Spanish and English. All of the students
speak Spanish as their native language, with varying degrees of English proficiency. Having a
bilingual program staff allows us to provide an exceptional educational opportunity to high-
potential students who would not be able to participate in any other special programs because of
the language barrier. We encourage our students to make the transition into communicating
effectively in English as they head towards high school. All technical terms are presented in
English.

Many capable students in Chicago miss the SEM “fast-track” by being shunted off from
Algebra courses in junior-high school. In order to help combat this situation, we gave a brief
presentation and handout to students' parents at our closing ceremony, describing what subject
areas students could take during each year of high school, ultimately leading to SEM university
studies.

A guiding Project philosophy is that the experience it offers not only assists participantsin
the career choice process, but that it would also equips them in practical ways to more success-
fully pursue the educational choicesthat provide the foundation for their careers. For thisreason
we award a high school computer science course credit through the Board of Education. We
also pay students a $120 stipend which helps defray their transportation costs in getting to-and-
from the Project site, as well as defraying possible summer employment income. The stipend
and the issuing of course credit remains subject to carefully defined contingencies: absences
and tardiness during the summer affect the amount of the final stipend, and absences during the
school year affect the course grade assigned for high school credit. Parents and students con-
Sider these terms to be reasonable and agree to them in writing before the program begins.

RECRUITMENT, SELECTION

The target population for this program is “high potential / low opportunity” Latino young
men and women who are entering grades seven through nine, particularly those who might not
yet be accepted in other programs because of an English language barrier. The minimum
expected standard will involve students falling in the top half of their classes, athough others
are also considered with appropriate teacher recommendations. Bilingual student applications
are used to help discern the students' abilities, aptitudes, and background through a combination
of essay questions and check-off lists. Because grades are often not areliable barometer of abil-
ity for minority middle-school students, we depend heavily on teacher recommendations. These
recommendations provide us with a picture of the applicant’s language abilities, maturity level,
and intellectual ability. Applicants come from the Humboldt Park area of Chicago, a predomi-
nantly Latino section of the city with a’58% high school drop-out rate.

Recruitment occurs through a combination of personal classroom visits, mailings to area
schools, Chicago Public Schools Bulletins, and the Loyola/Aspira PREP publicity video.
Access 2000 now publishes a directory of al area science programs, and distributes that direc-
tory (with applications) to each school and local school council in the city. Project announce-
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ments and invitations for applications are sent directly to the Principals, Bilingual Program
Directors, and Math and Science teachers in the twenty-three Humboldt Park area schools.
Recently the publicity video for Loyola/Aspira PREP was shown at a Chicago Public Schools
area-wide principals meeting and there was a tremendous response by the principals, who
would like as many of their students as possible to participate. Project announcements are also
included in the periodic bulletins of the Chicago Public Schools. Recruitment also occurs
through Aspira of Illinois and the Deanery 5 Y outh program, both trusted community organiza-
tions with extensive personal contacts in the Latino community, particularly for those students
in parochial schools.

Both years we have had four student applicants for each available slot. All of the applicant
review and selection is conducted by the PD with input from Aspira, ensuring that the group is
balanced by gender, with particular attention to women.

ANTICIPATED RESULTS

Our overall intention is to provide a sustained and measurably beneficial impact on the
participants' interest and persistence in pursuing science-based education and careers. Measur-
ing this impact is being done in part through The Center for Talent Development at Northwest-
ern University, which works with Dr. Hamilton conducting the evaluation and tracking
component of the Project, as part of their responsibilities in the Access 2000 consortium. The
Project also implements a number of very conventional evaluation techniques. Student note-
books are graded weekly, and a final exam is given. Additionally, students have to complete
their computer programs in a working fashion. All of these assessments are incorporated into
grades that we have arranged to become part of the student’s official high school record, as an
added reward for participation. Pre-and-Post testing will be used to evaluate participants
changesin attitude over the course of the project.

Increased | nterest

We expect that over 95% of the participants will indicate significant and sustained
increases in interest in science and mathematics as a result of PREP, using an interest-measure
designed under NSF contract by the COSM OS Corporation in Washington. 100% of the current
NSF Y oung Scholars students have reported such increases in interest in science and mathemat-
ics.

The Advanced Placement Exam

Since we do not intend for our students to cover the entire AP curriculum, and indeed about
half of our curriculum is not related to the Advanced Placement (AP) Exam at all, most young-
sters completing PREP will require further study (in grades 10-12) to prepare for the AP exames.
We intend for them to do that. If necessary, we will provide further preparation for them
through any of several mechanisms in the Access 2000 network. By 1994, we expect the cadre
of 1992 PREP participants to at least double the current statewide participation in the Computer
Science Examination Program, at both Level AB and Level A. Thisimpliesat least 11 out of the
27 will take Level AB, and another 11 will take at least Level A. (Over 90% of the studentsin
the Y oung Scholars Project take either or both of the AP Exams in Computer Science, and meet
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or exceed the performance of their peers city-wide.) We expect these students will achieve
higher average scores than their counterparts statewide, Hispanic or non-Hispanic. These are
ambitious but tangible goals.

“Tracking” Students

These goals are aso attainable. The Learning Center in which PREP takes place remains
available, with computers, for students to continue their studies. Equally important, the Learn-
ing Centers, as part of the larger Access 2000 network, include staff which will be working with
students for several years after their initial contact -- these students arefollowed. Thisis one of
the two principal advantages to funding this activity in the context of a comprehensive regional
center for minorities -- we systematically “stay with” or “track” these students. (The other prin-
cipal advantage is the enhanced resources at the Learning Centers and elsewhere in the Access
2000 network which become available to students as they enter any Access 2000 program.)
These students are encouraged to continue in other science-based enrichment programs. They
come to share the expectation that before they graduate they will take the AP Examination.
They will have the opportunity to take AP courses -- if not at their schools, then, as mentioned,
through other Access 2000 activities.

Enhanced interest/persistence and increased AP Exam participation and achievement are
the two areas of anticipated results which can be most readily measure. They are also conse-
guences of achieving the six program objectives. Though achieving those objectives is less
measurable, they are nonethel ess powerful outcomes. Loyola/Aspira PREP students take own-
ership of the sense that science-based careers are natural and accessible life paths which they
can pursue.

Notes

1. The request came from Walcoff & Associates, under contract by NSF's EHR Directorate to pro-
duce the video.

2. During last year’s PREP field trip to Northwestern University’s school of engineering, students noticed
that class lecture notes left up on the blackboard in a classroom corresponded exactly to digital logic
material they had learned in the program!

3. Network for Youth Services (NY'S), 1991 report funded by the MacArthur Foundation and the Allstate
Foundation. (312) 227-0416
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