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Highlighting and Examining the Importance of Authentic Industry
Examples in a Workforce Development Certificate Program

Abstract

The importance of authenticity has been examined in various aspects of education; this is
especially true in the area of engineering education where most graduates will matriculate to
industry. However, the importance of applied and authentic examples could be even more critical
in workforce development programs. In these cases, students are often enrolled with a goal of
using their acquired knowledge to advance their career or move into a new role. Purely
theoretical or stylized examples would not be aligned with the educational goals of these
students.

As part of a National Science Foundation Advanced Technological Education grant, a certificate
program in high value manufacturing (HVM) has been developed. The certificate program is a
collaboration between a research intensive four-year institution and an urban community college.
In this certificate program students will be taking courses in manufacturing processes, design,
and other business-related subjects that are pertinent to the manufacture of low volume
components that have high materials costs, stringent quality requirements, and critical project
timelines. This unique content area requires example that comprise these pertinent aspects of
HVM. This is particularly true of the five newly developed courses covering materials, project
management, quality, logistics, and computer-aided design. While the analogous courses at a
four-year degree granting institution would likely use stylized examples in these courses, this
would not be preferable in an applied certificate program.

This work discusses the acquisition and refinement of authentic and applied examples that are
applicable to the HVM environment. Specifically, the use of industry contacts and the translation
of examples into useable and appropriate examples are examined. These examples are detailed
and compared to traditional stylized academic content. A methodology for examining student
perceptions of these examples is also proposed. A discussion of the importance of authenticity in
applied certificate programs is also presented.

Introduction

Preparing the workforce of the future requires that potential employees have the technical
knowledge necessary, but also professional skills and the ability to seek out future knowledge
and skills as “lifelong learners™. Several methods for providing these skills have been proposed
in higher education literature in general and engineering education literature in particular®*. One
aspect that has not received as much attention in these regards is technician-level training. Often,
people who enroll in technical or certificate programs are looking to update or upgrade particular
skills with the goal of getting a job in a particular industry or a promotion and raise at their
current employer. In such cases, the relevancy and applicability of the curriculum becomes
paramount. This work discusses the infusion of relevant examples into a curriculum developed as
part of National Science Foundation Advanced Technological Education (ATE) grant.

Project-based and problem-based learning have both been widely promoted and used in
engineering education. Problem-based learning focuses on contextual problems that are realistic®.
There have been significant benefits associated with problem-based learning. Problem-based
learning has also been associated with increased self-efficacy®. Self-efficacy is the belief one has



in their ability to accomplish tasks in specific situations. Self-efficacy is associated with greater
effort and persistence °. These are important qualities to promote in a certificate program where
non-traditional students might be trying to change or enhance their career opportunities.
Problem-based learning is also associated with improved adaptive expertise’. Wineburg defines
adaptive expertise as: “the ability to apply, adapt, and otherwise stretch knowledge so that it
addresses new situations - often situations in which key knowledge is lacking” 8. Adaptive
expertise is differentiated from routine expertise by the combination of both innovation and
efficiency (routine experts are merely efficient)®. Given changing technical needs, the promotion
of adaptive expertise is also extremely beneficial. Problem-based learning is also associated with
improved critical thinking and enthusiasm?.

de-Juan et al. ** note that while problem based learning is more about generating knowledge,
project-based learning is concerned with bring that knowledge to bear on a project that is ill-
defined. Project-based learning has also been associated with improved self-efficacy*2. Project-
based learning, when introduced into a mechanics course, improved course outcomes and exam
scores’3. The motivating aspects of project-based learning have also been highlighted4. Both
problem-based and project-based learning are beneficial in the context of technician-level
education programs.

One of the oft-cited aspects of project and problem-based learning is the applicability of the
problem or project. Namely, there is a desire that the problems or projects that students are asked
to work on be authentic in nature. Authentic problems are defined as those whose “primary
purpose and source should be a need, a practice, a task, a quest and a thirst existing in a context
outside of schooling and educational purposes”®°. One of the early places that authenticity was
promoted was in science education® 7. Given that the ATE program is the "pinnacle of
collaboration between industry and education"*8, the incorporation of industry relevant examples
is critical. Students that technology courses tend to be attuned to the ability of the content to
prepare them for industry'®. The importance of creating “real world” situations and activities is
often noted? 21, This authenticity is associated with students caring about what the learn? and
students becoming lifelong learners?.

As part of the curriculum development for this ATE project, industry examples were sought to
inject authenticity into the curriculum. This work summarize the certificate program that is being
developed. Next, the proposed industry examples will be compared to traditional academic and
stylized problems and activities. Next a method for assessing the impact of these alternative
examples will be discussed. Finally, next steps and future work will be detailed.

High Value Manufacturing Certificate

The exercises and problems proposed in this work are for a certificate program that is being
developed as part of a National Science Foundation (NSF) Advanced Technological Education
(ATE) project. This project is a collaboration between Texas A&M University (TAMU) and
Houston Community College (HCC). This project is developing a certificate program in High
Value Manufacturing aimed at the oil and gas industry. High Value manufacturing is where
components use high cost raw materials and have significant value added through processing;
these components are manufactured in low volume and typically have values in the tens of
thousands of dollars. These components also have demanding timelines for delivery and tight
tolerances and quality standards. The certificate program being developed is aimed at providing
technician-level personnel the skills necessary to operate in this unique area of manufacturing.



This requires the development of skills related to manufacturing and fabrication, but also the
ability to put the manufactured component into the context of the overall customer need and firm
operations. In addition to providing skills for the workforce, the certificate program aims to be
stackable, so that participants can also matriculate to a four-year degree or beyond if they choose
not to enter industry directly from the program. Figure 1 shows the potential inflows and
pathways for certificate program participants. Figure 2 shows how the certificate program fits
into the overall context of a degree program; in this case ending with a B.S. in Manufacturing
and Mechanical Engineering Technology.
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Figure 1: Certificate Program Pathways

Given the unique aspects of high value manufacturing, the certificate program was designed to
provide the context of oil and gas exploration along with manufacturing. Specific courses were
added to existing HCC offerings in these areas to highlight topics that are relevant to high value
manufacturing. These courses included: materials, CAD and GD&T, quality, project
management, and logistics in the context of a machine or job shop. The proposed certificate is
what is known as a Level 2 certificate. It is an intermediate qualification comprising 52 credit
hours, but not an academic A.A.S. degree (which requires 60). The courses will be offered in a
combination of in person and distance learning. The curriculum is shown in Table 1; new courses
are bolded.
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Table 1. Proposed HVYM Curriculum

Course Credit

Number Course Number Hours
Semester 1

ENTC 1347 | Safety and Ergonomics 3

MATH 1314 | College Algebra 3

MCHN 1302 | Print Reading for Machining 3

MCHN 1338 | Basic Machine Shop | 3

PTRT 1301 Introduction to Petroleum Industry 3
Semester 2

MCHN 1308 | Basic Lathe 3

MCHN 1313 | Basic Milling Operations 3

INMT 1345 Computer Numerical Controls 3

INMT 1371 | Materials and Applications 3

PTRT 1470 Petroleum Data Management | — 4

Exploration

INCR 1302 Physics of Instrumentation 3
Semester 3

PTRT 2370 Petroleum Operations 3

INMT 1343 | Computer Aided Design/ 3

Manufacturing (CAD/CAM)

INMT 1372 | Quality and Assessment 3

INMT 2370 | Project Management 3

INMT 1373 | Machine Shop Logistics 3

The new courses are meant to provide additional context to the traditional manufacturing
curriculum that similarly offered certificate programs would provide. This is in addition to the oil
and gas exploration courses that provide an overall context to the types of equipment that is
being produced and uses for said equipment. In the case of the Materials and Applications
course, students will learn about basic applied materials science, but also be introduced to exotic
materials as well as the material modifications that are likely to be applied to components used in
oil and gas exploration (e.g., heat treatments). This course will also have a laboratory component
associated with it to allow students to gain hands-on experience testing materials to evaluate their
properties and better understand the relationship between these properties and their usefulness in
various applications. The Computer-Aided Design and Computer- Aided Manufacturing
(CAD/CAM) course will give students an understanding of CAD and CAM tools, but also
introduce them to geometric dimensioning and tolerancing (GD&T). GD&T are critical to high
value manufacturing components. Giving certificate program participants the ability to
understand the relationship between the design (as shown in CAD), the manufacturing process
(as detailed in the CAM program), and the necessary requirements (from the associated GD&T)
will be very beneficial. Again, given the quality requirements associated with high value
manufacturing, a course in Quality and Assessment will provide participants with the
understanding of basic statistics associated with quality along with how to assess alternative
product attributes. To understand the role of the manufacturing process of particular components
in overall production effort and to provide overall context of the oil and gas exploration
enterprise, a Project Management course is also included. In this course, students will learn how



to control project timelines, monitor budgets, and assess the implications of project changes. The
final additional course is Machine Shop Logistics; in this course, students will be provided
insights into how materials move through a job shop. This will also introduce them to
scheduling, inventory management, and the cost implications of alternative decisions. Overall,
the high value manufacturing certificate curriculum is aimed at providing technician-level staff
the ability to better function and provide value in a competitive and demanding industry.

Industry Case Studies

To better provide students with the skills necessary to function in a high value manufacturing
environment and to promote student interest?? and lifelong learning??, authentic industry
examples were sought from partners and contacts of the project team. While numerous cases and
example problems were collected (and are still being collected) representative examples for three
of the courses are presented. They are compared with stylized or general book examples that
would typically be used in similar courses. A discussion of how these problems and cases
highlight important aspects of high value manufacturing is also included.

Computer-Aided Design

One area where stylized examples are often used is in computer-aided design. Contextual CAD
exercises, or those having some meaning to the student, have been shown to have a positive
effect on adaptive expertise?. The model of a connection component that could be used for
various aspects of the high value manufacturing curriculum is shown in Figure 3. This
component is threaded and has an intermediate design complexity. In addition to its potential use
in the CAD modeling instruction, this component can also be used for CAM process planning.
The dimensions and quality associated with various features can also be used to detail GD&T
aspects. Given the component’s authenticity, students can better understand why certain
manufacturing aspects of the model are important. This is in comparison to a stylized textbook?
component shown in Figure 4. This component has similar complexity, but obviously does not
serve a significant purpose (other than CAD instruction).

Figure 3. Authentic Connection Component
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Figure 4. Stylized Textbook Component
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Project Management

Understanding the critical timelines associated with the high value components used for oil and
gas exploration is necessary to provide context for the technical personnel working on these
components. While project management tools can be taught using stylized examples, authentic
examples would provide the students with additional motivation and allow them to better
understand high value manufacturing. An example of a large production project was shared with
the project team. It has been condensed, but shows the steps necessary to create a set of
components used in a deepwater oil drilling platform. This is compared to textbook example?®.
While they have the same number of steps, the authentic example will allow students to better
understand the steps that go into creating high value componentry for oil and gas exploration. It
also includes the cost of necessary contingencies required to meet deadlines. These two cases are
shown in Table 2.

Table 2. Alternative Project Management Examples
Textbook Case Authentic Case
Problem Definition Procure ingots for given metallurgy

System Analysis

Develop weld procedure

Design Input & Output

Extrude 30’ lengths

Design Database

Pull bore and hone ID for tubing

Develop Input Screen

Turn OD and shape tapered stress joint

Develop Output Screen

Weld 150’ lengths

Develop Database

Inspect

Test System
Implement System

Shipping with contingency plan (Houston to Europe)
Assemble on site
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Machine Shop Logistics
Understanding the effects of operations in a job shop or a machine shop on the overall cost of the
product is critical in high value manufacturing. Unnecessary and nonvalue-added operations can



cause quality problems and effect overall timelines. To highlight an analysis of these operations
a case was secured that detailed how to remove costs from an oilfield tool called a packer; this is
a tool that seals off a certain section of the well. The analysis of this tool required the
identification of the various steps associated with producing the packer, their costs, and
developing potential cost reduction solutions. These are shown in Figure 5.

Figure 5. Cost Reduction Ideas
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Table 3 provides a comparison of topics that can be found in a typical textbook on production,
planning, and control or a quality management text when discussing about the cost reduction
process in an industry and an authentic example as shown in Figure 5. As shown in Table 3, the
textbook discussions are very generic and are mostly focused on broad conceptual discussions.
For example, the main case study used to describe the concept of just-in-time and lean
production in Heizer and Render %5, one of the highly adopted textbook in production, planning,
and control, is not even from manufacturing. While textbook cases provide a greater variety of
examples, for certificate students, whose focus is to get ready on the first day at the job, such
concept will not achieve that objective. For these students, having authentic examples that can
directly relate to their work environment (such as Figure 5) can be much more impactful.

Assessment

As mentioned previously, it is critical for certificate program participants to understand the
context of the content they are learning and feel that it is valuable to them. To assess this value,
the instrument developed by Mativo et al. *° will be used across the various certificate program
courses. This instrument is a 20 question survey that uses a Likert scale?” based on the agreement
of such questions as “This course was a waste of time” or “The information presented in this
course is out of touch with the ‘real world’”. The original instrument was aimed at high school
engineering and engineering technology courses, so it will need to be slightly altered for the
purposes of this work.



Table 3: Examples of Textbook case and authentic industry example in production and quality

management
Textbook Case Authentic Case
1 Problem Definition List the steps involved and their current sequence of
operations for producing packer tool
2 Data Collection Time each activity involved in producing the packer tool
3 Data analysis Identify bottle neck activity, evaluate tolerance

requirement for more complex operations like piston
connector and piston housing

4 Root cause analysis Collaborative discussion among design, manufacturing,
and suppliers potential design simplification to make the
assembly more efficient and reliable

5 To be process Remove 15763 RMS & Re-tolerance ID, remove test
fixtures
6 Control and continuous Request supplier cost reduction
improvement

In addition to assessing certificate program participants, the instrument will also be distributed in
some analogous courses at the four-year institution to see if the commonly used textbook
examples produce any different responses. This will allow a comparison of the applicability of
the examples used in the two alternative settings. Given the more applied nature of a certificate
program, it would be assumed that the students would rate the applicability of their courses
higher than those of the four year institution.

Conclusions

The importance of authenticity in engineering education has drawn wide interest in the academic
community. More importantly, the workforce development programs whose focus is to produce
graduates who are ready to contribute immediately in industry, or to provide professional
development opportunities for returning employees, value of authentic examples would become
even more critical than in the traditional four-year degree programs. Purely conceptual or
stylized examples would not be aligned with the educational goals of the students in the
workforce development programs. This paper has presented how authentic and applied
examples that were applied to a high value manufacturing certificate program targeted to energy
industry. The HVM certificate was developed as a part of an ATE grant. As a part of grant, the
project is currently developing five new courses in materials, project management, quality,
logistics, and computer-aided design. The paper provided sample examples of both stylized and
authentic examples and discussed the pros and cons of both pedagogical approaches. Lastly, the
paper also discussed how student perceptions of those examples could be assessed and analyzed
for continuous improvement.
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