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Abstract 
 
The environment and expectations facing graduating engineers have changed dramatically in the 
past decade. Graduate engineers are expected to contribute immediately in competitive 
environments with system engineering, information technology, and soft skills in addition to 
traditional engineering fundamentals.  The ability of engineering education to produce graduates 
meeting these market demands will dictate its prominence and viability in the increasingly 
competitive technical education market.  As a result, engineering education needs to develop 
innovative, portable delivery systems to produce these skills for a diverse and changing student 
population.  This paper describes the prototype development and educational integration of such a 
delivery system, the NC A&T State Department of Industrial and Systems Engineering “Virtual 
Enterprise.”  The Virtual Enterprise (VE) is a full scale manufacturing supply chain, integrated 
using information technology, and producing an actual product (desk clocks).  Departmental 
laboratories are organized as business departments within the enterprise.  The structure and 
development process for the VE is described.  The curriculum integration of the VE is achieved 
through the ALIVE (Active Learning In the Virtual Enterprise) System.  ALIVE is a set of twenty 
web-based learning modules based on the VE.  It provides a practical and consistent means of 
developing systems engineering and information technology skills in engineering students reaching 
a variety of learning styles.  Three learning module prototypes are described and demonstrated.   
 
1. Background 
 
The nature of engineering practice has changed significantly over the last three decades.  The pace 
 of change, driven by increased competitive pressures, has been particularly intense over the last 
decade.  However, engineering education has not changed appreciably over that period.  The 
growing gap between traditional engineering education and the result of many years of change in 
engineering practice has caused engineering school constituents to question the effectiveness of 
the programs1.  
 
1.1 Constituent Needs 
 
Recent literature intended to survey industry needs for engineers produces strikingly similar 
results.  The skills often found lacking in engineering graduates may be divided into three 
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categories: skills  to systemically approach complex design and management problems, skills to 
appropriately apply information technology tools, and skills needed to function effectively in an 
organization.  A recent survey of engineering practitioners sponsored by the National Science 
Foundation found that the primary work activity mentioned by engineers was design (66% of 
respondents included this task) and the tertiary activity was management (49% of respondents 
included this task)2.  Engineers have shifted from the traditional role of developer to an integrating 
role as designer.  In cases where corporations have outsourced engineering, the skills needed may 
be more those of a technical manager than a designer.  In either case, workforce changes have 
created a demand for engineers who can integrate technical, managerial, systems, and financial 
skills.  System design objectives are more complex having to consider a number of strategic, 
practical, environmental, legal, and time constraints. Engineers need a “breadth of knowledge to 
handle complex objectives and multidisciplinary functions, to understand non-engineering issues, 
and to perform systems engineering in a loosely bound environment” 3.   
 
The second most cited activity from the NSF sponsored survey was computing 2.  The impact of 
the information technology explosion is well-documented and very visible. This explosion has 
tremendous implication in terms of demand for and responsibilities of engineers.  Two 
organizations that are of primary importance to the practice of Industrial and Systems Engineering 
have emphasized the importance of information technology 4,5. Businesses continue to rely on 
information technology not only to increase individual performance, but as the primary tool for 
integration to the supply chain or enterprise level.   If the primary responsibility of engineers will 
be systems design and integration, information technology will certainly be the primary tool.  The 
technology used for information systems has consistently outpaced the sophistication and fluency 
of its implementation.  The key to successful information technology implementation is not in the 
technology itself, but rather in the ability of engineers to manage its implementation  As a result, 
systems engineering and information technology are intricately linked as supporting the success of 
each other.   
 
The last skill area includes those “soft” skills such as written and oral communication, 
presentation skills, leadership competence and the ability to work on multidisciplinary teams.  
These skills support the ability of the engineer to function effectively within the business 
enterprise. In addition to these national trends, alumni, students, and employers of the NC A&T 
State University Department of Industrial and Systems Engineering continue to emphasize these 
skill areas. 
 
1.2 Traditional Engineering Education Methods 
 
Traditional engineering education was developed during a time of heavy government funding of 
research and development.  The research and development function stresses engineering science 
and theory over engineering practice1.  The format is the traditional classroom lecture where the 
instructor is active and the student is passive.  Learning is achieved through abstract 
conceptualization rather than concrete experience.  Application is implicitly determined through  
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reflective observation rather than explicitly determined through active experimentation. The 
transition from engineering student to engineering practitioner is rapid and disjoint.  Few activities 
resemble engineering practice prior to graduation and few activities resemble engineering theory 
after graduation.  This style of teaching, perhaps sufficient for teaching engineering 
“fundamentals” is grossly inadequate for teaching systems skills, information technology skills, 
and soft skills.   Furthermore, traditional approaches ignore learning styles of large segments of 
our population, inhibiting recruiting, retention, and diversity efforts. 
 
The traditional focus tends to reduce problems to a manageable size for application of analytic 
methods.  The problem is isolated from many highly related issues.  This decomposition approach 
is useful for research and development, but inadequate for practice in a complex world.  A typical 
curriculum consists of fairly isolated classes (except for maybe two or three course successions) 
with little overall integration. Systems thinking considers the impact of related issues.  
Understanding of such issues is often better experienced or learned through example; it is difficult 
to articulate and ineffectively taught in a lecture environment.  Traditional engineering education 
minimizes the impact of information technology in terms of teaching and subject matter.  
Information technology is viewed as too transitory to teach. Engineering design of information 
systems is not included in many curricula. Faculty members themselves are often underskilled in 
the application of information technology.  Finally, traditional engineering education ignores soft 
skills as inferior topics.  Faculty activities do little to encourage development and use of these 
skills to improve engineering education. 
 
1.3 Engineering Education Advances 
 
It is unfair to contend that no trends in engineering education have sought to recognize the 
changing requirements for those in engineering practice.  The recognition of the desperate need 
for change has been a prominent topic in recent engineering education literature.  Attempts to 
consider the systems approach have led to attempts at course integration; and increasing use of 
information technology has introduced new teaching methods and allowed students access to 
software used in practice. 
 
Integration is primarily visible in the form of capstone senior design projects common in most 
engineering schools.  Curriculum designers are increasingly more aware of developing courses 
that combine skills from several prior courses to practice systems design.  Especially innovative 
approaches introduce students to systems thinking early and continuously through their program, 
stressing both engineering and business issues6.  Programs that have sought to emphasize this 
approach have ranged from small-scale graduate programs7; to departmental8; to large-scale 
multi-institutional efforts9.  Successful programs supplement traditional engineering science with 
practical experience in solving real problems.  Though the contributions of these efforts are 
significant, none really addresses the problem of developing a base model for a holistic 
engineering curriculum. 
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Perhaps the most significant demonstration of the changes being expected of engineering education is 
the revision of the accreditation process, termed ABET EC 2000.  Under this accreditation process, 
engineering programs will be expected to borrow techniques established by engineering practitioners 
in Total Quality Management (TQM) to develop an assessment process based on outcomes rather 
than activities. With the extent of existing faculty load and the natural resistance to change, it is 
questionable whether these changes will yield appreciable educational reform without the 
development of model curricula.  Without proper planning and forethought, changes will be made in a 
piecemeal manner; lacking any examination of the motivation for change, the factors that have 
resisted change, or the unintended consequences of the changes being considered10. 
 
2. Virtual Enterprise 
 
The NC A&T State University Department of Industrial and Systems Engineering Virtual 
Enterprise (VE) is a full scale manufacturing supply chain, integrated using information 
technology, and producing actual product.  Departmental laboratories are organized as business 
departments within an information system-integrated enterprise.    The VE departments, their 
function, and conceptual structure can be seen in Figure 1 with the physical structure and 
equipment shown in Figure 2. 
 

 
 

Figure 1: Virtual Enterprise Conceptual Structure 
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Figure 2: Virtual Enterprise Physical Structure 

 
2.1 VE Development 
 
VE systems development requires completion of the following steps undertaken by the 
Department of Industrial and Systems Engineering with assistance from the National Science 
Foundation and Procter and Gamble.  Steps 1-5 are complete.  Step 6 is in progress. 
1. Infrastructure Development – All departments (laboratories) are equipped with at least two 

performance computers with connection to a common high speed network. 
2. Process and Equipment – Processes necessary to design, manufacture, and distribute the 

desired products are identified.  Small scale, flexible manufacturing equipment with computer 
interface is purchased to perform these processes (in our case, much of our existing equipment 
is used). 

3. System Integration – Purchased equipment are connected to the VE system infrastructure.  In 
our case, all equipment is accessible over an Ethernet network with TCP/IP protocol or 
through computer connecter to Ethernet network.  

4. Database Design – The enterprise data model is developed.  The data model is comprehensive 
and complete to be realistic, yet straightforward and simple to promote learning.  Our data 
model contains about 70 entities.  The data model has portions associated  
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with supply, product, engineering, manufacturing, distribution, sales and marketing, finance 
and accounting, human resources, information systems, and other entities.  The model is 
implemented in Microsoft SQL Server. 

5. Server Construction – The infrastructure is connected to database and Web servers.  The 
database is a client-server relational DBMS.  The Web server is used for asynchronous student 
learning and Web-enabled applications and has a secure interface to the database computer.  
The Web server has been developed to allow both ASP and JSP functionality. 

6. Program Development – Simple programs to perform specific departmental functions are 
written to have the same “look and feel” and demonstrate realistic operation of the 
department.  Programs are based on documented process models using data flow diagram 
structure. 

 
2.2 VE Products 
 
The VE system is designed with flexible processes to handle 
multiple products.  The initial VE product is a desk clock as 
shown in the Figure 3 assembly (without timepiece).  The desk 
clock is designed using parametric solid modeling and with a 
rapid prototyping system in the Product, Process, and Facility 
(Engineering) Department.  Parts are manufactured using 
injection molding and CNC machining and inspected using a 
CMM in the Manufacturing Processes and Systems Department.  
Automated assembly is accomplished in a flexible assembly cell.  
The cell possesses CNC capability to custom engrave initials and 
vision-guided robot insertion to insert a timepiece with the 
correct time (according to the  time zone of the customer).  The 
assembly process allows teaching of production postponement 
and delayed differentiation concepts.  A second planned product 
is a disposable camera.  This product facilitates teaching of 
reverse logistics, product recovery, and remanufacturing.                          Figure 3: VE Clock    
           
3. ALIVE System 
 
Curriculum integration of the VE is achieved through the ALIVE (Active Learning In the Virtual 
Enterprise) System.  ALIVE is a set of twenty web-based “learning modules” based on the VE 
(see Table 1).  The ALIVE system provides the equivalent of many short intern experiences in 
many functional departments of the same small company.  It provides a practical and consistent 
means of developing systems engineering,  information technology, and business skills in 
engineering students.  The pedagogical design reaches a variety of learning styles. Learning 
module structure and initial prototypes of the three initial learning modules are described below.    
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3.1 Learning Modules 
 
Each student learning interaction with the virtual enterprise is termed a learning module.  Each 
undergraduate course will have at one or two learning module(s).  Learning modules are 
performed in teams and typically will consume one week of class time each.  A learning module 
requires successful completion of the following steps: 

1. Learning objectives – The module starts with a listing of module learning objectives, the 
basis for student evaluation.  The objectives are written using Bloom’s Taxonomy to 
encourage higher leveling thinking.  The learning objectives also contain an emphasis on 
developing problem solving skills in students. 

2. Functional training – The next step is to have the student team perform the laboratory 
exercise focusing on the related functional area.  This step is where most laboratory 
experiences begin and end, with the student left to make all inductive conclusions. 

3. Data / process model – The student team will review and analyze the data and process 
models associated with integrating.  The student will learn how to use the virtual system 
interface.  The Web interface allows the student to navigate through the data model and 
see entity and attribute definitions and types.  The process model interface allows 
decomposition to the code level.  (Students will learn how to understand data and process 
models early in the curriculum.)   

4. Economic / value issues – The business issues involved in this function are described with 
student teams producing a tradeoff analysis. 

5. Other design issues – The student team is introduced to additional systems issues including 
(where appropriate) social, safety, ergonomic, global, political, and regulatory concerns.  

6. Individual evaluation – Each student is evaluated to ensure learning in steps 2 and 3 
above.  This evaluation is done by a test of skills learned in step 2 and the ability to write 
appropriate database queries for step 3. 

7. Case study – Finally the team demonstrates the ability to synthesize all information learned 
from steps 2-5 by performing a case study.  In the case study, each team member will take 
on a different role (production manager, engineer, accountant) to assist in collaborative 
learning.  The case study encourages problem solving and higher level thinking skills. 

Instruction regarding the learning modules is implemented in Web-based format to enhance 
portability and enable asynchronous learning.   
 
The overall curriculum has been modified to enhance the student experience by having three IT 
courses in the first two years, three seminar classes teaching soft skills, and a systems engineering 
course in the senior year to enhance the capstone design project.   With the addition of disposable 
cameras, learning modules focusing on design for recovery, reverse logistics, scheduling under 
uncertainty, and disassembly will be constructed. 
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Table 1: Initial Learning Module List 
Module Title Labs Classes Class Title 
Industrial Engineering Programming 416 McNair Hall GEEN 102 Computer Programming for IE 
Introduction to Virtual Enterprise All INEN 246 Manufacturing Processes 
Custom Manufacturing 206 Cherry Hall INEN 246 Manufacturing Processes 
Computerized Performance Tracking 102 Graham Hall INEN 255 Methods Engineering 
Activity vs Standard Product Cost  311 Cherry Hall INEN 260 Engineering Cost Management 
Enterprise Data Modeling 416 McNair Hall INEN 280 Information Technology 
Enterprise Web Database Interface 416 McNair Hall INEN 280 Information Technology 
Team Decision Making Using IT 311 Cherry Hall INEN 289 Engineering and Teams 
Statistical Process and System Control 206 Cherry Hall INEN 325 Quality Control 
Inventory Level Optimization 226 Graham Hall INEN 330 Operations Research I 
Manufacturing Execution 104 Graham Hall INEN 346 Automation and Production Systems 
Process Reengineering/ Improvement 104 Graham Hall INEN 346 Automation and Production Systems 
Production Scheduling and Control 104 Graham Hall INEN 355 Production Control 
Distribution Planning and Tracking 226 Cherry Hall INEN 355 Production Control 
Material Handling and Control 203 Cherry Hall INEN 365 Facility Layout / Material Handling 
Enterprise Operator Interface  102 Graham Hall INEN 370 Ergonomics 
Virtual Enterprise Simulation 311 Cherry Hall INEN 415 Simulation 
Product Redesign / BOM Maintenance 203 Cherry Hall INEN 424 CAD/CAM 
Process Planning and Tracking 203 Cherry Hall INEN 424 CAD/CAM 
Virtual Enterprise Business Functions 311 Cherry Hall INEN 485 Systems Integration 
 
3.2 Learning Module Prototypes 
 
The first learning module “Introduction to the ALIVE system”, teaches students the process of 
completing a learning module.  The functional portion of the learning module consists of a tour of 
the departments (which can be done virtually as well as physically).  The data and process model 
teach web navigation using the browser.  The economic and environmental issues facing the 
company, named Aggie Industries are reviewed, and an initial case study looking at product 
improvement is performed.  
 
The second learning module, “Manufacturing Processes”, allows the students to make each part 
needed for the clock (other than the timepiece which is purchased externally).  The laboratory 
includes mill, lathe, and injection molding operations; demonstrating CNC machining and 
computerized operator assistance.  The case study addresses a decision where to make the clock 
scrolls using injection molding or machining. 
 
The third learning module, “Manufacturing Execution Systems”, demonstrates the execution of a 
production schedule generated by a planning system on an automated assembly and packaging 
system.  A daily production schedule is downloaded and the MES communicates with the 
assembly and packaging cell to produce the required product.  The case study investigates the 
cost and effort required to implement an MES.  
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3.3 ALIVE System Implementation 
 
Effective implementation of the ALIVE system faces several challenges, the initial one being the 
technical issues of equipment, process, and IT integration.  Even after successful physical 
integration, curriculum integration presents several challenges.  The first challenge is securing 
faculty acceptance and participation.  All faculty have been involved in the decision process to 
change the nature of our laboratories.  To further encourage participation, faculty members 
associated with each undergraduate class will be involved in the development of the learning 
module substance.  Faculty will be trained to: (a) understand the developed modules in the 
context of the virtual enterprise; (b) develop teaching module substance within the context of the 
standard delivery mechanism.  
 
In addition to inadequate faculty training, another potential problem in implementation is poor lab 
preparation for module execution and poor lab maintenance to ensure repeatability.  The ALIVE 
system uses standards for all modules to promote preparation and maintainability.  These 
standards impact both the learning module and delivery mechanism.  The maintenance structure 
defines needed tasks and the roles of faculty, technicians, graduate students and undergraduate 
students.  The standards and the structure are highly interrelated.  The Web-based nature of the 
learning modules also assists in improving accessibility. 
 
The VE / ALIVE System is portable to other academic programs.  The IT structure requires 
campus network computers connected to Web and database servers.  The database server should 
be client server (such as Oracle or SQL Server).  The normalized data model for the VE may be 
quickly created in the database server.  If the academic program desires to perform all physical 
laboratories, then the capability to perform CNC milling and machining, small scale injection 
molding, and automated inspection is required.  A current VE equipment list is available.  If 
equipment purchase is not feasible, the academic program may use Web-based streaming videos 
of the equipment function as part of the learning modules.  It is anticipated that some learning 
modules will be use by business school students using the alive.ncat.edu Website. 
 
3.4 ALIVE System Evaluation 
 
The effectiveness of the ALIVE approach to engineering education will be assessed with respect to 
the project objectives.  The objectives and associated measures are listed below: 
1) Attracting students to engineering 

a) Increase in number of freshman students opting for Industrial Engineering due to ALIVE 
exposure  

b) Increase in number of students who transfer into the Industrial Engineering program due to 
the ALIVE 

c) Retention rates of students in the program attributable to the virtual enterprise 
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2) Preparing engineers for the workforce 
a) Employer feedback on graduate preparedness to practice engineering  
b) Alumni feedback on their ability to practice as engineers 
c) Faculty evaluation of students’ system integration ability based on capstone design project  

3) Acceptance by faculty 
a) Percentage of department faculty using a one or more course modules 
b) Percentage of course modules incorporated into the curriculum 
c) Faculty feedback on usefulness of the teaching modules 

4) Dissemination to other programs 
a) Number of other programs that receive curriculum notes or teaching modules 
b) Number of visitors to web site 

 
Surveys and other feedback instruments are developed and administered to a representative sample  
of each target population.  Positive trends in the measures should attest to the value of the proposed 
approach.  The project will also be evaluated through a longitudinal study of a randomly selected 
cohort.  The cohort will be tracked over five years to gain insight into the achievement of the above 
objectives. 
 
4. Conclusions 
 
The ALIVE system is based on proven educational techniques.  Effective pedagogy in engineering 
education is based on teamwork and cooperative learning, interdisciplinary nature of problems, 
active participation in learning, open-ended projects that allow communication among students, 
computers treated as a means and not an end, and knowledge content and its application being 
interrelated.  The virtual enterprise supports each of these notions of effective pedagogy.  Each 
learning module allows the student to learn through experience in a “real world” environment.  
Learning modules are developed around explicit instructional objectives to encourage higher level 
learning.  Students learn collaboratively.  Each learning module is designed to better reach active, 
reflective, global, visual, and inductive learning styles.  The proposed project is different from 
traditional engineering education and from disjoint attempts to address needed changes through 
class content changes and integrating design classes.  ALIVE should meet its goal of systems 
engineering, information technology, and soft skill development.  In addition, the ALIVE system 
helps students better understand the interrelationships between courses, enhances student 
recruiting and retention, and enables a smoother transition to the profession upon graduation. The 
developed results can be easily shared with others to yield a high leverage result.  As a result, the 
goals for the ALIVE system is to attract higher numbers and more diverse students to industrial 
engineering, to promote an enhanced educational experience, and to result in a greater level of 
career success and satisfaction. 
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