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Abstract 

 

The Microelectronics Laboratory Curriculum development, for both associate and bachelor 

degrees, is a project between Arizona State University East (ASU East), three community 

colleges in the Maricopa Community College District, and Maricopa Advanced 

Technology Education Center (MATEC) and is funded by the National Science 

Foundation.  This paper describes a model curriculum development strategy to create user-

friendly material for students and the instructor.  The development team consists of faculty 

from community colleges, ASU East and industry subject matter experts (SMEs).  To 

maximize the efficiency of the development team an Online Authoring Tool is developed to 

generate the curriculum materials.   

 

This modular curriculum is competency based and industry validated with the goal of 

producing work-ready graduates.  The online tool structure allows all potential authors to 

upload their material into the system.  Based on their development role, it provides access 

to all (authors, editor and publisher) to review and revise the material.  

 

The tool also has the capability of automatically saving each version of the material for 

logging the changes. When the author uploads the final version of the material the editor 

makes the final changes and informs the publisher to publish the material to the site.  The 

instructor material covers the information to prepare for the laboratory.  The student 

material covers the details of each laboratory exercise with several learning objectives.   

 

Microelectronics Teaching Factory:  Background, Rationale, and Benefits 

 

Arizona continues to rank as one of the leading states in the number of workers employed 

in the semiconductor manufacturing industry.  To meet these demands, semiconductor 

companies (both nationally and locally) have launched an aggressive campaign to attract 

students into programs that prepare them for the future workforce.  As a result, local 

semiconductor companies have sought to collaborate with neighboring higher education 

institutions to implement this workforce initiative.  The College of Technology and 

Applied Sciences (CTAS) at ASU East is leading the way by developing a state-of-the-art 

teaching factory in response to this local and national high technology workforce need.  

A one-of-a-kind Microelectronics Teaching Factory (MTF) has been developed in 

partnership with Intel, Motorola and other local partners in the semiconductor industry.  
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This facility provides a unique learning environment for the students from ASU and 

community colleges statewide who represent the future semiconductor workforce [1].  

By collaborating via the Teaching Factory, the partners in this project can begin to 

transform SMT education in Arizona into a truly integrated regional enterprise providing 

a seamless curriculum, one that takes advantage of the unique resources of each 

partnering institution [2].  

 

Curr iculum Development Goals 

 

The MTF at ASU East is a key element in the joint effort to develop a comprehensive and 

robust laboratory curriculum for both the community colleges and university.  The 

curriculum being developed uses a hybrid model.  This model consists of materials and 

resources e-delivered via the web and follows with a practical application requirement at 

the MTF.  This model provides the optimum flexibility for the working student’s 

schedule.   

 

Six laboratory modules and their corresponding laboratory workbooks (LabEx) are being 

developed during the duration of the multi-year project funded by NSF. Four modules 

relating to the cleanroom operations, environmental health and safety and selected 

processes have been developed to date.  The laboratory modules are currently being beta 

tested and evaluated in community college and ASUE courses during the 2003-2004 

academic year.   

 

Each module focuses on a selected process area within the Teaching Factory and 

corresponds to community college or ASU East courses. The electronic workbooks 

contain lab preparation materials, learner oriented lab manuals, laboratory exercises, and 

assessment instruments for both degree levels [3].  Electronic versions of the workbooks 

are available to the community college and university faculty and students via the web as 

downloadable files housed on the ASUE web site.  Each development team produces the 

LabEx manuals utilizing an on-line authoring system located on the ASUE 

Microelectronics Teaching Factory web site. 

 

Curr iculum Development Web Application 

 

This section discusses the web application created to support the distributed curriculum 

development.  The application provides access to several types of constituents: students, 

curriculum developers, and the general public.  Students access the site to download 

published versions of curriculum and laboratory exercises.  Curriculum developers use 

the site to upload, download, and review curriculum.  Finally, the web site provides 

information and contact information for the general public regarding the Teaching 

Factory and the NFS-sponsored curriculum development effort. 

 

The site is also partitioned into a public side and a password protected side.  The public 

side contains the general information, contact information, and all published curriculum 

which is accessible by students and the general public.  There are several reasons behind 

P
age 9.195.3



Proceedings of the 2004 American Society for Engineering Education Annual Conference & Exposition 

Copyright © 2004, American Society for Engineering Education 

this decision.  First, the NSF has funded the content creation so there are no intellectual 

property issues regarding its protection. Second and perhaps most important, managing 

and supporting student accounts for courses provided at a variety of different educational 

institutions would be problematic.  Therefore, the site supports protected logins only for 

curriculum developers and one or more administrators.  Figure 1 below shows a site map 

and the public and protected portions of the web site. 

 

 

 
Figure 1: Application Site Map 

 

Curriculum developers are partitioned into several roles with associated capabilities as 

shown in the figure above.  The interaction between these roles to create the curriculum 

development workflow is discussed in the next section. 

Curr iculum Development Workflow 

 

Curriculum uploaded into the site is associated with a topic area.  Topic areas typically 

map directly to courses but can be any area of interest for which content is being created.   

For example, the current web site contains content for teaching users how to use the web 

site, advice for prospective students, and documents for the MTF Industrial Advisory 

Board.  Authors can create and load content associated with these topic areas just as they 

develop content for courses.  Authors must be aware that any documents placed in these 

areas are public. 
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A curriculum development team (consisting of fifteen community college and university 

faculty) utilizes a standardized instructional development process template to produce the 

LabEx workbooks. The instructional design template is available to the developers, 

editors and subject matter experts (SMEs) via the online authoring system.  The template 

and its availability online provide a virtual authoring and development space that is 

convenient and consistent for each development phase [3].  

 

Each module development team member is assigned a role and set of tasks based on their 

knowledge, interest and experience by the project manager.  Each module team consists 

of three to five faculty members and one to two industry subject matter experts. Each 

individual team member downloads the template and completes their assigned 

components based on the timelines associated with each module completion and online 

delivery due date.  A team leader is assigned to each team; the leader receives and 

monitors work progress from the developers and SMEs by uploading their material to the 

Online Authoring System.  The leader edits the material by downloading and posting the 

developers’ materials to the system for the editor’s review. The editor is responsible for 

all edits, changes and final proofing.  Changes and edits are sent back to the developers 

for their review and sign off.  The publisher downloads the editor’s files in Microsoft 

Word and converts them to a PDF format for delivery via the online delivery system.  

The online authoring administrator retrieves the word files, by downloading the editor’s 

final version and uploads them as PDFs to the online delivery.  The administrator also is 

responsible for the performance and integrity of the system, including the assignment of 

passwords and login, debugging, and overall system improvement. 

 

Figure 2 shows the MTF web application home page.  The topic area links are located in 

the lower left corner and are accessible by anyone.  The contact link provides information 

about the Microelectronics Teaching Factory and various contacts.  The right column 

contains recent news that can be added by an administrator.  The application displays the 

news directly from a file and does not manage news items internally in the database. 

 

Finally, the home page contains a login for the curriculum developer.  All curriculum 

development occurs in the protected side of the web application.  When his or her 

account is created, each curriculum developer is assigned a role as one of Author, Leader, 

or Editor.   Based on the type of user logging in, the web application displays an 

appropriate main page providing the appropriate functionality. 

 

Authors create curriculum content as files in any application of their choosing, for 

example Word, PowerPoint, etc.  The web site supports any type of file.  Authors have a 

link to upload files to a particular topic area and to view the files, including all uploaded 

versions of a file. 
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Figure 2 : MTF Web Application Main Page 

 

Once the files are uploaded, the web application makes them available for review to the 

Leader for that topic area.  The Leader may approve the document or provide textual 

feedback to the Author requesting changes.  If the Leader provides feedback, the Author 

makes appropriate changes, uploads a new version of the content to be again reviewed by 

the Leader.  In the system, Leaders are also considered Authors and therefore have the 

ability to upload content to and view content in topic areas.  Once approved, the 

document is made available on the Editor to publish to the public side of the web site.  

Editors are considered Leaders (and therefore Authors) so they also have the ability to 

provide feedback instead of publishing the content. 

Design Improvements and Adjustments 

 

Future enhancements for the web site are the ongoing maintenance of bugs, cleaning up 

any poor code created by students, and generalizing the product for use outside the 

Microelectronics Teaching Factory.  Others have expressed interest in using the web 

application; therefore, the code needs to be modified to make the application more 

general, removing application-specific logic and rules. 

 

Conclusions 

 

As with any software project, the software must be enhanced while in operation.  The 

initial development and deployment was performed by team class projects. Using student 

projects for development presents several challenges.  The first is getting students out of 

the “throw away” mentality they have with most academic assignments.  Once finished, 

the result can be discarded.  The difference between this project and typical class projects 

is that it will be put into use for several years, requiring a higher degree of quality, 

testing, and maintenance.  Another issue is the 100% turnover in team membership every 
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semester.  Finally, perhaps the largest issue is project management, both organizationally 

and technically.  Students are learning how to be project managers and they sometimes 

do not see the necessity to devote their scarce time resource to plan, track, and review all 

the project’s activities. 

 

To solve some of the problems, team members are offered independent study credit for 

working on the project in the “off season” (such as summers) when the project class is 

not offered.  However, project management remains an ongoing issue.  Students in the 

project class are taught requirements management and project management skills, but this 

is their first effort to generate a workable application.  Students present their plans and 

status in class and the instructor provides input, but most students are more worried about 

their grade than the project success and don’t bring up real issues in those status reports.  

These problems parallel real software development and the project experience is good 

preparation for their future careers 
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