INTEGRATING UNDERGRADUATE LEARNING IN ENGINEERING AND BUSINESS TO IMPROVE MANUFACTURING EDUCATION

Manufacturing is the application of machines, tools, and labor to transform raw materials into finished
goods for sale or use. It makes a tremendous contribution to the economy in the form of increasing
gross domestic product (GDP), exports, creating high-paying jobs, supporting all other sectors, and
provides a meaningful return on investment. The integrated nature of manufacturing is evident in its
symbiotic relationship with innovation, Science, Technology, Engineering, and Mathematics (STEM)
education, and national security [1]. Unfortunately, a relatively few young Americans choose a
manufacturing career [2]. Meanwhile, the current manufacturing workforce, relatively less educated
than other sectors, are slower to adapt to new technology as they age. It is predicted that before 2025,
two million manufacturing jobs will be left unfilled due to a widening skills gap [3], which is likely further
impacted by the pandemic. The future of manufacturing depends on effective STEM education and
integrated curricula that provides the emerging workforce with a system view of manufacturing industry
and professional skills transferrable to workplace.

Understanding by Design®
Curriculum content was developed using the Understanding by Design® framework
The framework utilizes a three-stage backward design process:
Stage 1—Identify Learning Outcomes: What knowledge or skills students should acquire?
Stage 2—Determine Learning Assessments: What evidence should be used to measure student learning?
Stage 3—Plan and Design Learning: How should instructional resources be designed and sequenced to help students
achieve the learning outcomes?

Backward Design Process
Stage 1—Identify Learning Outcomes

Table 1: Aligning learning modules with educational standards
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ABSTRACT
Manufacturing is undergoing the greatest change in more than 100 years, and the current skills gap
causes serious concerns about the ability of manufacturers to fill critical positions. Manufacturing
needs a well-trained workforce that possesses skills like problem-solving and critical thinking to
make effective decisions at all stages of the manufacturing process. Traditional manufacturing
curricula tend to focus on a specific discipline rather than viewing manufacturing as a connected,
systemic process needed to make decisions with respect to the entire product development life
cycle. This study investigates this by answering the following questions 1) do students understand
product manufacturing as a connected, systemic process? 2) which manufacturing knowledge
areas, if any, are students deficient? and 3) do knowledge gaps exist for both engineering and
business students? This research proposes a holistic design approach for manufacturing education
to provide students with an integrated view of how products in the real world metamorphose from
an idea into the hands of end-consumers. A dynamic decision-making framework integrating
product manufacturing topics across engineering and business courses is developed. The
framework focuses on process-thinking and decision-making in the context of entire product life
cycle (i.e., product design, manufacturing process, manufacturing system, and business process).
Utilizing Understanding by Design model, we established clear learning outcomes associated with
students’ general understanding of manufacturing knowledge in connection with product
development life cycle based on Bloom taxonomy (i.e., remember and understand). Then, the team
created an assessment that provides acceptable evidence for the defined learning outcomes. Finally,
learning modules were developed to introduce the related manufacturing topics.

• Implemented first component of learning modules (interactive video lesson of manufacturing
concepts) in undergrad engineering and business courses.
• Includes technical knowledge & professional skills.
• Prepares engineering graduates for the new manufacturing evolution.
• Provides both depth within a phase of product design and breadth of knowledge across all
phases of new product development.

Stage 2—Determine Learning Assessments
.
Constructed a mix of multiple choice and open-ended
questions that could adequately measure the
understanding and transfer of knowledge relative to
the desired learning outcomes and assess various
levels of learning outcomes in Bloom’s taxonomy.

Integrated Product Life Cycle Management

Figure 2: An example of survey questions

Stage 3—Plan and Design Learning
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• Video and assessments were piloted with 50 undergraduate students.
• Ten participants were removed from the data set because embedded timing data indicated they did not watch
the videos.
• The remaining sample was majority male (70%; Female 15%; Not selected 15%) and white (80%; Hispanic
2.5%; Asian/Pacific Islander 2.5%; Not selected 15%).
• This sample was comprised of 62.5% Engineering majors, 22.5% Business majors, and 15% with no reported
major.
• Participants completed a pre-survey (demographic, engineering efficacy, and identity).
• The video was divided into five chapters that cover the manufacturing pillars (1-design; 2-material; 3
process; 4-system and technology; 5-information system).
• Each chapter includes a short knowledge check.
• Students watched each chapter video and completed the related assessment items.
• All screens included page timing to monitor engagement in the videos.

• Examine whether the Video Lesson content was accessible for students in both Engineering and Business
courses.
• Independent samples t-tests were conducted comparing assessment performance between Engineering and
Business majors.
• Finding: accessibility of the specific content covered is not impacted by prior knowledge.
Table 2: Correlations between assessments, efficacy, and identity

1
2
3
4
5
6
7
8
1. Engineering Identity
1
2. Engineering Efficacy .72**
1
3. Business Efficacy
.
.
1
4. Video 1
0.01
0.2 .53*
1
5. Video 2
-0.34 -0.23 0.32 .31*
1
6. Video 3
-0.15 -0.08 0.03 0.04 0.04
1
7. Video 4
.41* 0.19 0.33 .35* -0.11 0.12
1
8. Video 5
-0.35 -0.13 0.4 0.2 0.16 0.24 0.17
1
9. Final Knowledge
0.05 .45* .52* .36* -0.03 0.2 .37* .61**
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• A holistic design approach based on Bloom’s taxonomy and Understanding by Design model to
integrate manufacturing learning in undergraduate engineering and business courses.
• Learning modules corresponding to the manufacturing pillars are developed based on the backward
design model and mapped to the levels of Bloom’s taxonomy.
• Interactive videos were tested in undergraduate engineering and business courses and data was
collected and analyzed.
• Assessment items will be aligned more closely to learning objectives, particularly in areas where an
assessment item negatively correlated with a video chapter.
• At the course level, the team will continue to finalize learning modules and activities in each course
to strengthen student problem-solving skills technically and professionally.

Product Innovation and Realization Certification/Minor

Figure 3: Manufacturing learning integration (D= Design, P= Process, S= System, B= Business)

Designed a series of the learning modules are based
on the manufacturing pillars that could be integrated
into manufacturing-related undergraduate
engineering and business courses.
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