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Abstract

The current paper describes the partnership between Lucent Technologies
Microelectronics Division in Allentown, PA and Lehigh University to develop three
training modules for studentsin K-9. Lucent Technologies Microelectronics Division
currently employs over 5,000 peoplein the Lehigh Valley. One of the magjor problems
facing Lucent Technologiesis community outreach. After conducting a survey of K-9
grade studentsin the Lehigh Valley, it was evident to Lucent that the community did not
understand Lucent’s business. Thus, Lucent Technologies requested the help of Lehigh
University to develop prototype computer based training (CBT) modules for student in
grades K-9 to teach these students about various topics in semiconductors and fiber
optics. Lucent wanted to publicize and education K-9 graders on what Lucent does and
the importance of the business supply.

. Introduction

Applied science as practiced by professionals such as civil, eectrical, chemical and
mechanical engineersisfirmly grounded in a process of progressive problem solving—
that is, the process of inquiry into particular scientific problems at increasing levels of
complexity. However, the typical environment in which engineering students learn about
such problems historically has not been conducive to progressive problem solving
behaviors, and students are often unable to communicate functionally what they know to
others. Accreditation boards such as Accreditation Board for Engineering and
Technology (ABET) have restructured how they assess engineering and technology
programs to emphasize multidisciplinary teamwork, communication skills, and life-long
learning. One of the major changes in these new guidelinesis the emphasis on the
stakeholders (i.e., employers, alumni, students, and parents) to evaluate the program’s
SUCCESS.

Likewise, arenewed interest in teaching and learning for understanding in education has
sparked reform in colleges of education. Accrediting and advising organizations such as
the Association for the Accreditation of Colleges of Teacher Education (AACTE) are
encouraging colleges of education to produce educators who are problem-solvers, critical
thinkers, and reflective practitioners. Unfortunately, education students are often
expected to develop such attributes while engaged in design, development, and
assessment activities divorced from any real contexts and real instructional problems.
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Computer-based training is gaining greater acceptance in industry to disseminate
information. Network-based technologies--when utilized properly--can foster and
enhance such innovative instructional practices. Simply making technologies availableis
not enough. Instead, technology must be designed with specific problemsin

mind and should support meaningful collaboration and communication with others who
share aredl interest in solving real problems. Instructional uses of the Internet and the
WorldWide Web, for example, are more likely to succeed when they address actual needs
and are grounded in sound theoretical understandings. Establishing collaborative
workspaces where the development of learning communities is fostered and made more
concrete for studentsis one such use. It iswith thisin mind, that Lehigh University
created an innovative course in which engineering students entered into a relationship
with an industry client to produce an instructional product. The completion of this
product required the students to incorporate their subject matter expertise aswell asto
use critical thinking and problem solving skills.

Il. Literature Review

According to Sengupta *, the very definition of engineering as an applied scienceis
proving to be amyth. An applied science indicates a profession in which students study
fundamental scientific theory and then apply it in a professional career. It is becoming
clearer that an engineering education requires more than theoretical study and
application. The engineer needs to be able to apply skills to unplanned problems. The
current curricula offers diverse lessons on philosophical orientations, scientific content,
and policies but lacks teaching of the fundamental skills required to apply these teachings
in the real world 2. What is required instead is a process of recursively examining the
teaching situation and extracting those points which are most conducive to problem-
solving.

Scardamalia and Bereiter suggest that such a process exists in the scientific community
and that this process of “progressive problem solving” is an appropriate one for teachers
and teacher educators to examine 3. Progressive problem solving refers to the process of
addressing the problems that define a particular professional domain at increasing levels
of complexity, much like scientists do. Progressive problem solving is a professional
attribute that helps define ;)rof onal practice aswell asintroduce novicesto the process
of thinking and behaving ~.

As statistical evidence may show, the amount of money that is being spent by industries
on their in-house training is equal to the entire amount of money that the United Statesis
spending on post-secondary education. Thisimplies that engineers who endure rigorous
and challenging University curricula have to be retrained before working at the
professional level . The education offered by university and industry is overlapping,
thus wasting precious time in which other skills may be taught. To better explain the
need for change, Sengupta likens the preparation of a doctor to that of an engineer. For
example, when a doctor enrollsin medical school, he/she gets philosophical and scientific
knowledge in a classroom as well as hands on application and experience with solving
real-world problems that may not have a prescribed answer. The engineering education
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needs to shift to thisideology of more hands-on problem solving experience in order to
ensure that engineers will be able to solve spontaneous on the job problems 2

[1l. Educational Paradigm Shift

Based on current research it is apparent that trends are changing in education today.
Unlike the lecture-based classroom, movement toward a more involved environment in
which individuals are experiencing real-life problems is occurring. lhsen et al. suggest
that all education for the future has to be based on experiencing reality *. Redlity in this
sense is described as the state in which persons act in a professional setting solving
problems that afflict the global community *. In order to experience the redlity of being a
professional, the techniques used to teach need to be closely examined. Currently, our
static educational style transfers knowledge from the teacher or professor to the passive
student. To experience impliesto engage and the students are not engaged while
listening to alecture. The student needsto be actively involved in creating his or her own
knowledge by trying to reach a prescribed goal.

In order for a student to experience reality, the philosophy behind teaching must be
altered. The classroom is no longer an arenain which knowledge is transferred between
professor and student. It has to become a nurturing environment in which the students
create knowledge. This methodology follows the Constructivist Model of Learning, as
reviewed by Li °. The emphasis on the creation of knowledge allows students to own
their education °.

The techniques applied by the constructivist viewpoint have been included in other
ventures, such as Project CIRCLE. Project CIRCLE isa*collaborative project between
the University of Texas at Austin College of Education, the Austin Independent School
District (AISD) and the Eanes Independent School District (EISD)” ’. The objective of
this project is to create collaborative knowledge-building communities in high schools
and universities that take the constructivist approach to technology integration ’. It is
imperative that students are challenged not to succumb to this understanding. Oneway to
do thisisto encourage computer support for collaborative learning (CSCL). The results
of using this learning approach were shown in a study done as part of Project CIRCLE.
The research looked at two high schoolsin Austin, Texas. One school was in the inner
city, the other was suburban. The study looked at three aspects of the student’ s behavior
1) knowledge building 1) question asking 3) self-regulation, and 4) lack of initiative. The
study also examined 1) amount of teacher directives, and 2) amount of collaborative
learning. Some teachers adopted the CIRCLE approach, which is heavily based on the
knowledge building and constructivist approach. Other teachers were told not to use
traditional teaching methods. The findings of this research that are relevant to this paper
are those with regard to knowledge building and collaborative learning.

The study found that the teacher who integrated CIRCLE teaching philosophy into the
curriculum created inquiry-based learning environments with high levels of questions
being asked. Those who did not integrate the methodol ogies, but used the computer as a
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support tools, noticed an increase in knowledge building. In other words, the computer
aided in attaining a constructivist classroom environment.

Although the discourse on educational style may be applied to all disciples, the research
examined in this paper istargeted at engineering education. It has shown over time that
different methods of learning are more effective at different times during an engineer’s
education &. It iswith this state of mind that the proposal for Integrated Design | was
created. The problem as foreseen by those involved in the creation of thisinnovative
classroom experiencesis that the university education offered to engineersis lacking the
inquiry-based, real world experience that is necessary for success after graduation.
Because of thislack of active participation, many students are enrolled in engineering
curriculums as a stepping stone for another profession 8. Engineering students are not
being given the opportunities to apply their knowledge to engineering related problemsin
the classroom. In engineering education today, the student is often required to take core
courses in physics and mathematics. These courses are generally offered by the
respective departments and have no affiliation to the engineering departments. The
problem with this design is that engineering students are not able to connect or integrate
their learning across disciplines. In other words the students can not see how what they
arelearning in physics and mathematics apply to their engineering curriculum ©.

One solution is to ascertain faculties that work in industry *. Thisisto ensure that
students are seeing the field from both the textbook ideologies and an experienced
mentor. The most common teaching style for design project is problem based learning
(PBL). Problem based learning isa"learn by doing" pedagogy, where students are
placed into groups and are given a problem to solve % 1% 121314 There jsno formal
instruction by the professor, the students are to find a solution to the problem using
previous knowledge and utilizing guidance from the instructor.

IV. Project Objectives

Lucent Technologies Microelectronics Division, in conjunction with Lehigh University
aimed to develop a series of Microelectronics-related computer based training courses
focusing on the age ranges of 6-9 years of age, 10-12 years of age, and 13-15 years of age
over athree year period. These courses include an introduction to communication
semiconductors and an introduction to communication fiber optics for each age group. In
addition to the two courses, instructor's resources are designed to assist in the teaching of
semiconductors and fiber optics to students in the classroom.
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V. Design Teams

Figure 1 illustrates the process diagram of interdisciplinary teams solving the industrial
problems. The design teams were comprised of nine undergraduate students from the
College of Engineering, as well as four graduate students in Education. The first cohort
of Engineering students was drawn from the Lehigh'’s chapter of the National Society of
Black Engineers. Undergraduate students from the college of engineering conducted the
need assessment, learn about and provided guidance on the industry and technology, and
developed the prototype software. With the permission of Lucent Technologies, the
students were allowed to utilize this experience as an externship.

Graduate students in the college of education aid the group in the design, development,
implementation, and assessment of pedagogical strategies. These students who
participated were able to use the experience as part of their course of study viathe design
elective required as part of their graduate programs. If any of the participating students
expressed an interest in Education, they were able to apply the credits toward a potential
education minor. One advanced graduate student from the College of Engineering and
one from the College of Education served as teaching assistants (TAs). Therole of the
TAs was to support the students, serve as a liaison between the students, the professors,
and the client; and to ensure the students were on target with the development of their
design.

V1. Course Outline

Table 1 illustrates the course outlines. At the beginning of the first semester, students
were given the problem statement and had an introductory client meeting. The courses
were designed to limit formal faculty lectures and to provide the students with resources
in an informal setting. Technical presentations were given to the students after the client
requested a specific deliverable or to provide a high level overview of a particular topic.

ENGINEERING EDUCATION
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Figure 1 Process Diagram of Interdisciplinary Teams to Solve Industrial Problems
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Technical presentations covered the topics listed in the course outlinein table 1.
Technical presentations were delivered in two formats: classroom lectures and on-line
videos streamed with PowerPoint presentations. Upon completing the technical
presentations, students were provided with templates, reading material, and linksto
additional resources to conduct the required task. All resources were made available on
the course web site that was developed using Course Info.

During the first semester, the primary deliverables included a needs assessment, defining
learning objectives, interviewing subject matter experts, defining software specifications,
and developing a low-fidelity prototype storyboard. To gain an understanding of why the

client needs to develop the CBT, the students conducted a needs assessment. In thefirst
month of the class, four engineers from Lucent Technologies delivered presentations to
the class on fiber optics and semiconductors. The students developed a series of
guestions to ask the engineersto gain a greater understanding of the subject. Upon
completing the interviews with the subject matter experts, learning objectives were
developed for their CBT. The learning objectives provided the students with afocal
point to develop the theme for their CBT. As the students devel oped the theme, learning
objectives were modified. Students also developed the software specification utilizing
the procedures outlined by Davis ™. At the end of the first semester, the students

Table 1 Course Outline

Semester 1 Semester 2
Course Titles Computer Based Training Computer Based Training
Design Development

Technical Presentations

Learning Theories

Tour of Lucent

Conducting Needs
Assessment

Hi-Fidelity Prototyping

Developing Learning
Objectives

Educational Assessment

Fiber Optics Overview

Dreamweaver Tutorial

Lo-Fidelity Protoyping

PowerPoint Tutorial

Storyboarding aCBT

ColdFusion Tutiorial

Developing Software

Developing Assessment

Specifications Strategies

Deliverables Needs Assessment Developing Storyboard
Defining Learning Weekly Client Meetings
Objectives

Subject Matter Expert
Interviews

Client Meetings

Present Solution to Target
Age Group

Software Specifications

Presentation to Corporate
Executives

Lo-Fidelity Prototyping
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presented a low-fidelity prototype storyboard to their clients at Lucent Technologies.
During the presentation, the clients provided the students with critical feedback on how to
improve the product.

During the second semester, the students focused on devel oping the storyboard, defining
assessment strategies, weekly client presentations, and developing a hi-fidelity prototype
solution. To develop the storyboard, each week the teams conducted a presentation to
their client to obtain feedback and approval. During the first seven weeks, the storyboard
was expanded and the students aim to increase the technical focus of their solution while
maintaining their creativity. The student group also developed educational exercisesin
their solutions to reinforce the learning. Upon obtaining the approval from their client,
the groups began to prepare the hi-fidelity prototype. A final presentation was delivered
to the senior level management at Lucent Technologies who provided funding for the
project.

VI1l. Solutions

After aninitial orientation to the problem from their industrial liaison, students were
provided with materials such as a company training manual or book. Teams began the
production of inquiry-based activities for K-2 grade students. In year one of this
program, the undergraduate students devel oped storyboard solutions to teach children
ages 6-9 about semiconductors and fiber optics. Graduate students from the college of
education guided the undergraduate students in the development of storyboards, and
developed teacher guides for each solution. The solution devel oped on semiconductors
was designed to teach children about electricity and the role that the semiconductors
industry playsin electronic devices. The fiber optic solution was developed to illustrate
the importance of light in fiber optic communication. Lucent Technologies utilized the
student’ s solutions to develop the final product for dissemination to K-2 grade schools.
The final design specification provided to the external vendor were as follows:

e Internet browser capable (Internet Explorer 3.0 and higher, and Netscape 4.0 and
higher

e 800 x 600 resolution and higher (The course must be at full screen at all times and
should never scroll. If the resolution is higher than 800 x 600 the content needs to
either expand full screen or be centered. If centered, the empty space should befilled
with an appropriate tiled image.)

e CD-ROM based. Although these courses are intended for distribution on CD-ROM,
the courses will also be run over the web or be downloaded from aweb site. The
course on the CD-ROM should not need to connect to the Internet.

e |nstalation. Inthe casethat aplug-inisrequired, it needsto be auto-installed from
both the CD-ROM and web applications.

VIIl. Summary
This paper describes an innovative partnership between Lucent Technologies and Lehigh

University to develop computer based training modules for K-12 community outreach.
Engineering and education students worked together to produce CBT modules on fiber
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optics and semiconductors. This innovative design experience took place over two
semesters. Undergraduate engineering students developed the storyboard and hi-fidelity
prototype solutions, and graduate students from the college of education devel oped
teacher’ s notes for the modules. Lucent Technologies took the final student solutions and
utilized an external vendor to develop the modules.

IX. Recommendation for Future Research

One of the major issues that this course aimed at addressing was stakeholdership. The
authors conducted a study to evaluate and assess the attitudes and behaviors of the
students with regards to their understanding of stakeholdership, ability to think critically,
and development of problem solving skills. At the time of writing this article, the authors
were still evaluating the students’ responses.
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