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Abstract 

The southeastern region of Virginia, specifically Hampton Roads, has a diverse manufacturing 

landscape encompassing a range of enterprises, from small businesses to large corporations. This 

sector includes shipbuilding, construction machinery, aeronautics, and food processing. 

However, both the region and the broader state of Virginia are struggling with a skilled labor 

shortage that fails to meet the demands of these manufacturing enterprises. This paper aims to 

provide insights into the recently established Manufacturing Engineering Technology (MFET) 

program at Old Dominion University, located in Norfolk, Virginia. The MFET program features 

a comprehensive curriculum, encompassing the development of new courses and the 

establishment of a state-of-the-art smart manufacturing laboratory. This program has been 

initiated in collaboration with the Institute for Advanced Learning and Research and Patrick & 

Henry Community College in Martinsville, VA, and a grant funded by the U.S. Department of 

Veteran Affairs. The paper delves into the intricate process of creating the MFET curriculum, 

ensuring that it aligns with the requirements and needs of all partnering organizations, but more 

specifically industrial constituents who are going to hire manufacturing engineering technology 

graduates. 

1. Introduction 

Manufacturing has experienced a resurgence following a significant decline in employment 

numbers between 1997 and 2007. During this period, it transitioned from constituting 12% of 

statewide employment and over 13% of total wages in 1997 to 7.8% and 8.2%, respectively, in 

the Commonwealth of Virginia by 2007. This transformation took place concurrently with the 

shift in the economy from a manufacturing-based model to a service-oriented one [1]. However, 

if the manufacturing industry and associated occupations continue to decline, focus will need to 

shift to addressing the potential for an increasing skills gap across the commonwealth [1]. Areas 

that have achieved the highest degree of success in terms of manufacturing employment are 

Northern Virginia, the Capital Region and Hampton Roads. Consequently, the establishment of a 

manufacturing workforce program in southeastern Virginia would prove highly advantageous to 

the region. The MFET program complements and provides partnership to already existing 

workforce development programs, and Associate of Applied Sciences (AAS) programs that are 

offered by local community colleges.  
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Jobs of the future will not be the same as they were several decades ago, so undergraduate 

education is adapting for preparing engineering technology students for the future of work, 

which includes more training on human and technology integration, coupled with cloud 

computing, integration of artificial intelligence, new communication technologies, and 

cybersecurity related technology changes [2-4]. The future of manufacturing will see an 

exponential increase in the application of cobots in automation, smart sensing technology, 

additive manufacturing, and related metrology and quality assurance methods that are integrated 

within the manufacturing processes due to the ongoing rapid technological changes [5-8]. 

Numerous studies indicate that the future of manufacturing is bright, but they also indicate that 

the requirements on the workforce are changing and will continue to change at an accelerated 

rate [9], [10]. The level of educational and vocational preparation for manufacturing jobs has 

escalated with the introduction of automation, robotics, and highly specialized equipment that 

demand educational and vocational preparation in a way that has not been seen before. Future 

trends in advanced manufacturing point to an increasingly automated world that will continue to 

rely less on labor-intensive mechanical processes and more on sophisticated information- 

technology intensive processes. This trend will likely accelerate as advances in manufacturing 

are implemented. Over the next 10 years, advanced manufacturing will become progressively 

globally linked, as automation and digital supply-chain management become the norm across 

enterprise systems. 

2. Market Demand 

Old Dominion University (ODU) is located in an area that offers diverse manufacturing 

industries including small to large enterprises, shipbuilding and construction machinery, 

aeronautics equipment and aircraft parts, and food processing. The Hampton Roads area is home 

to over 250 manufacturing companies, ranging from small (several employees) to large 

companies (several thousand or tens of thousands of employees). The manufacturing industry in 

Hampton Roads employs over 60,000 people and has an impact on several times as many people 

who are involved with it in some manner. In addition to the traditional manufacturing industry, 

Hampton Roads is home to NASA, Jefferson Lab, and the U.S. Navy, each with significant 

needs related to manufacturing. 

ODU has the unique opportunity to position itself as a flagship manufacturing engineering 

technology academic institution in Hampton Roads. The ODU Engineering Technology (ET) 

program and faculty can provide future MET students with advances on the Internet of Industrial 

Things (IoIT), cobotics, augmented reality, and additive manufacturing. The most prevalent 

manufacturing processes and enabling systems represented in Hampton Roads industries include 

welding, metal forming, casting, machining, injection molding, composites, robotics and 

automation, and digital twin, and smart manufacturing. 

There were 236,600 people employed in the manufacturing industry in the Commonwealth of 

Virginia in 2021 [11]. Most of the people work in transportation equipment manufacturing 

(~44K, food manufacturing (~31K) and fabricated metal products (~17K) [12]. Short-term 

projections for the industry in Virginia indicate around 223,385 people were employed in 

manufacturing in 2020-2020 and manufacturing jobs are increasing [13]. Individuals that might 

enroll in this program would be [14] high school graduates, transfer students coming from 
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community college, technicians, supervisors, or manufacturing personnel who want to move 

their career on the different level. Some students might also move to this major from other 

programs.  

3. Design of New Program 

ODU is launching a dedicated MFET program. Previously, the MET program had a 

concentration in manufacturing systems. The MFET program has been established in partnership 

with Institute for Advanced Learning and Research (IALR) a workforce development 

organization, and Patrick and Henry Community College (PHCC). The funding for the initial 

starting two years came from the externally funded project from U.S. Department of Veteran 

Affairs.  

The curriculum being developed for the MFET program involves the creation of new courses and 

the establishment of a state-of-the-art smart manufacturing laboratory. Existing and newly hired 

faculty members will be involved in the development of these new courses. The smart 

manufacturing laboratory will be equipped with cutting-edge manufacturing equipment to offer 

students a realistic and hands-on manufacturing experience. The equipment encompasses 

metrology, assembly, processing, robotics, additive manufacturing, and programmable logic 

control equipment. This diverse range of equipment will enable the inclusion of practical, hands-

on activities in the courses. 

Developing a comprehensive four-year curriculum necessitates close collaboration among ODU, 

IALR, and PHCC. While all three organizations recognize the importance of the MFET program 

and the benefits of their partnership, they each have specific requirements that must be fulfilled. 

For instance, the university must adhere to ABET accreditation standards, while the workforce 

development organization is driven by industry-specific needs. Moreover, the community college 

aims to offer a two-year applied associate degree, while the university grants a four-year 

bachelor’s degree. The paper delves into the intricate process of developing the MFET 

curriculum to meet the requirements of all three partnering organizations. It will cover the range 

of courses offered, the collaboration efforts, and the utilization of the cutting-edge smart 

manufacturing laboratory. The ultimate goal is to ensure that the program successfully prepares 

students for rewarding careers in the field of manufacturing. 

Currently, there are over 30 ABET-accredited MFET programs located in the US and 

internationally [15]. Langhoff and Shattuck (2022), Ahmad (2016), and Mohammed et al. (2010) 

detailed case studies at different institutions on developing electronics manufacturing technician 

and manufacturing engineering technology programs [16]-[18].  

These programs were either developed based on completion of certificate at technical or 

community college or developed independently by a community college or university. The 

program provides a pathway for students from community college to continue their study to the 

MFET program at ODU. Mohammed (2013) wrote a paper on introducing manufacturing 

engineering to high school students with the Governors Scholars Program [19]. 
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4. Method 

This paper is a case study approach of developing a MFET program where a team of faculty 

from the ODU ET Department collaborated with members of the industrial advisory board 

(IAB), community college and a workforce development organization. In developing the 

curriculum, the role of IAB is to identify the subjects that are important in the manufacturing 

industry. ET, PHCC, and IALR created a course transfer and articulation of credits for the MFET 

program after the curriculum was approved by the both the MFET curriculum committee and the 

IAB. The team reviewed the course content offered at PHCC and IALR and compared them to 

ODU and ABET requirements. For students who completed their AAS degree from PHCC and 

wished to continue their studies, this team developed a pathway for students to enroll in Bachelor 

of Science (B.S.) degree at ODU. 

For the articulation agreement to be attractive to potential students, the number of required 

credits for completion must be kept to a minimum.  A thorough review of the courses required 

for the two-year applied associate degree at PHCC and the required courses and electives in the 

new four-year MFET curriculum at ODU was performed. A mapping of course objectives 

between the two programs was completed and commonality of content was identified between 

the 200-level applied courses at the community college and 400-level senior electives at ODU. 

Using this analysis, it was determined that for this articulation agreement only, students 

completing the two-year applied associate degree at PHCC would be given credit for two of the 

required senior electives in the four-year MFET curriculum (six credits). In addition to this, 

students are given credit three courses at the freshman level of the four-year MFET degree, (nine 

credits) reducing the total number of credits required for completion by 15. The current 

articulation agreement, pending approval, requires 141 credits: 66 credits at PHCC and 75 credits 

at ODU.   

For students who prefer a traditional four-year college rather than a transfer program, the MFET 

is available to them to enroll at ODU starting from year one and requires 121 credits for 

completion. 

5. Smart Manufacturing Laboratory 

The Smart Manufacturing Laboratory (SML), in its initial stage was designed as a conventional 

CNC lab. It was supposed to have three CNC lathes, four CNC milling machines, one coordinate 

measurement machine (CMM) and eight CNC training panels (see Figure 1). 
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Fig. 1. First design iteration of smart manufacturing lab. 

Owing to limitations associated with the facility’s location, construction constraints linked to the 

building, and the expenses associated with necessary electrical, HVAC, and other updates 

required for this specialized laboratory, alongside industry-identified needs for the BS level 

manufacturing engineering technology workforce, the lab underwent a transformation to its 

present state as an advanced facility. It is now outfitted with state-of-the-art equipment including 

a coordinate measuring machine (CMM), vision measurement tools, robotics, a distribution line, 

and a sophisticated smart manufacturing system, as shown in Figure 2. 

 

                                                         

Fig. 2. Smart manufacturing lab. 

6. Results and Discussion 

Members of the IAB have identified several areas of studies. They were but not limited to 

manufacturing processes and standards, geometric dimensioning and tolerancing (GDT), welding 

technologies, additive manufacturing, statistical process control, lean engineering, automation 

and controls, advanced manufacturing processes, industrial robotics, mechatronics, computer 

numerical control in production, design for manufacturing, computer integrated manufacturing, 

industry 4.0, and 21st century workplace. Other areas include electrical labs, automation and 

controls, electrical power and machinery, cyber-physical systems, IoT, and smart devices. 
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Additional courses can be easily integrated such as occupational safety and health administration 

course. 

 

ET programs already have laboratories for automation & controls, industrial robotics, welding, 

material science, thermofluids, hydraulics, design studios and additive manufacturing. The 

department will need to procure equipment for GDT, manufacturing processes and metrology. In 

addition to laboratories and equipment, two lecturer faculty lines is required to teach several 

MFET courses. This information is intended for any organizations planning in developing 

similar program. The SML is created specifically for the MFET program. SML is equipped with 

state-of-the-art equipment. This equipment provides students with practical and hands on 

learning experience. The automated assembly line is for students to learn mechatronics and the 

assembly process. Students also learn about automation and controls, robotics and Industry 4.0. 

The metrology section of the SML includes equipment such as CMM, vision measuring machine 

and height gages. Using these equipment students experience hands on practice on performing 

dimensional measurements.  GDT learning kits enhances students experience in connecting 

dimensional measurements to fit, form and function. The automated distribution line is for 

students to learn programming logic control (PLC), maintenance, and automation and control. 

In addition to in class learning and SML students have access to the state-of-the-art M-Lab at the 

Batten College of Engineering Technology and are taking manufacturing processes introductory 

courses at Darden College of Education and Professional Studies Industrial Technology program. 

ODU students have access to various organizations in Hampton Roads that are offering 

internships and co-op experiences to the students while they are in the MFET program. The 

Department of ET offers credit for multiple internships in their curriculum. The MFET 

curriculum for a 4-year study is listed in Table 2. 

Table 2. Curriculum design of Manufacturing Engineering Technology degree. 

Year Courses Credit Hours 

FIRST 

YEAR 

Engineering 8 

Basic Science, Mathematics and/or Statistics 14 

English and General Education 6 

SECOND 

YEAR 

Manufacturing Engineering Technology 6 

Engineering Technology  14 

Basic Science, Mathematics and/or Statistics 4 

English and General Education 9 

THIRD 

YEAR 

Manufacturing Engineering Technology 12 

Engineering Technology 6 

Basic Science, Mathematics and/or Statistics 3 

English and General Education 9 

FOURTH 

YEAR 

Manufacturing Engineering Technology 12 

Engineering Technology 9 

English and General Education 9 
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In the first year, students enroll in general engineering and basic courses. The second year is 

when students start taking MFET courses, in this case it’s 6 credit hours. The MFET credit hours 

increases in third and fourth years to 12 and 12, respectively.  In addition to MFET courses, 

students take a variety of engineering technology courses from the mechanical and electrical 

programs in the ET department.  

The main challenge in creating a pathway from AS to BS degree is establishing a map that 

connects all courses and meeting the requirements at each institution (i.e., ABET). The purpose 

of connecting the courses is to maximize the number of transfer credits between institutions. An 

articulation agreement provides AS students to transfer into MFET program as juniors. Any non-

transfer basic courses will be deferred to junior and senior years while technical or engineering 

courses taken at community college will transfer to the MFET program. As students enroll or 

transfer into the program in the next few years it is expected that the mapping will evolve leading 

to an improve pathway from AS to BS. 

7. Conclusions 

This paper presents the collaboration between a university, community college and workforce 

development organization to develop a pathway from associate to bachelor’s degree for a 

Manufacturing Engineering Technology program. While the process was challenging, an 

articulation agreement allowed students from community college to transfer to a university to 

pursue a bachelor’s degree. While articulation agreements are common between community 

colleges and universities, they are often marred with a high non-transferable credit hours. The 

Manufacturing Engineering Technology program is different such that students who completed 

their associate degree can enroll at the university with a transfer credit of nearly 60 hours which 

will be counted towards their bachelor’s degree. A traditional 4-year study is also available to the 

students who wants to pursue a bachelor’s degree. This program can be used as a template for 

other institutions who wish to develop similar program. The process of mapping and articulation 

evolve over time as the Manufacturing Engineering Technology program matures. 
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