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ABSTRACT

Care needs to be taken when creating learning objectives for a post-secondary
manufacturing course in Industrial Technology to ensure students get the skills needed.
Currently, most institutes teach different topics in their introductory and advanced manufacturing
courses. With no guidance to follow, there is uncertainty in what should be taught in introductory
and advanced manufacturing courses. This research usesa quantitative survey to investigate
what the lowa manufacturing companies identify as the most essential technical skills graduates
need to know before entering the lowa manufacturing workforce. Quality and Continuous
Improvement was determined to be the most essential technical skill the lowa manufacturing
industry wants graduates to know before being hired. Additionally, knowledge of Metals,
plastics, and polymers were determined to be the most valuable materials to the lowa
manufacturing industry. The lowa manufacturing industry’s needs data was then compared to
what is already being taught in manufacturing coursesin Industrial Technology programs
accredited by the Association of Technology, Management, and Applied Engineering (ATMAE).
Fabrication was determined to be the most frequently taught topic in manufacturing courses in
ATMAE accredited Industrial Technology programs. This research then identifies learning
objectives for an advanced and an introductory manufacturing course by considering lowa
manufacturing industry’s needs and subjects currently being taught in ATMAE accredited
Industrial Technology programs. Finally, this research uses the Industrial Technology curriculum
with a manufacturing option at lowa State University as a case study to investigate how these

learning objectives can be implemented into a post-secondary program.



CHAPTER 1. GENERAL INTRODUCTION

Background

Currently, review of literature and course descriptions of manufacturing courses at
institutions with an Association of Technology, Management, and Applied Engineering
(ATMAE) accreditation offer limited data on manufacturing course curriculum needs. More
specifically, no standard set of learning objectives for what needs to be taught in an introductory
manufacturing course or an advanced manufacturing course for an Industrial Technology,
manufacturing option or related program has been identified (Rahmawan & Kholis, 2017). There
are many differences between introductory courses across multiple campuses, which results in a
diverse range of topics being taught in advanced courses across the country.

Some institutes with an Industrial Technology program only have one advanced
manufacturing course (Central Washington University, n.d.) while others have multiple
(University of Northern lowa, n.d.). Other institutes, such as California Polytechnic State
University, have no advanced manufacturing class. There are institutes which solely teach metal
and/or plastic manufacturing while others teach wood manufacturing in addition to metals and
plastics. Each institute has a different amount of overlap between the introductory and advanced
courses (e.g., lowa State University, n.d.; Southeastern Louisiana University, n.d.; University of
Northern lowa, n.d.). This overlap results in no apparent pattern for what needs to be taught or
when topics need to be taught.

This research will use survey methods to develop a case study to identify how one
ATMAE accredited program should have their manufacturing courses set up for their Industrial
Technology program with a manufacturing option to align the content being taught with the lowa

manufacturing industry’s needs. lowa State University was chosen for the case study out of



convenience to the researcher. lowa State University’s Industrial Technology program is a useful
case study due to the split of two introductory manufacturing courses and an advanced
manufacturing course. This case study will help to identify the overlap between introductory and
advanced courses as well as investigate how to align the lowa manufacturing industry’s needs

with the courses that are currently being taught.

Example Curriculum: lowa State University

The Agricultural and Biosystems Engineering Department (ABE) at lowa State
University mission statement states that they give students an education in engineering and
technology for agriculture, industry, and living systems. ABE states that they accomplish
this through the promotion of graduates’ education in engineering and technology along with
discovering new technologies for all stakeholders (lowa State University, n.d.). The ABE
department is home to four majors, Agricultural Systems Technology (AST), Industrial
Technology (ITech), Agricultural Engineering, and Biological Systems Engineering (lowa State
University, n.d.). AST and ITech students take TSM 240, TSM 241, and TSM 340 as part of
their course work (lowa State University, n.d.).

TSM 240: Introduction to Advanced Manufacturing and Metals Processing has the
following course description:

A study of selected materials, properties, and related processes used in Metals

manufacturing. Lecture and laboratory activities focus on processes and advanced

manufacturing (lowa State University, n.d.).

TSM 241: Introduction to Manufacturing Processes for Plastics has the following course

description:



A study of selected materials and related processes used in plastics manufacturing.

Lecture and laboratory activities focus on materials, properties, and processes (lowa

State University, n.d.).

TSM 340: Advanced Automated Manufacturing Processes has the following course
description:

NC programming operations and machining practices for CNC mills and lathes. Transfer

of part descriptions into detailed process plans, tool selection, and NC codes. Use of

CAD/CAM for automated NC programming in 2D/3D machining operations of student

designed parts (lowa State University, n.d.).

Purpose

The purpose of this research is to set learning objectives for manufacturing courses to better
align with industry needs in addition to instructor opinions. Currently, there is no universal set of
learning objectives for manufacturing courses in Industrial Technology or other related programs
of study (Rahmawan & Kholis, 2017). Every institution teaches different contentand has a
different set of learning objectives (lowa State University, n.d.; University of Northern lowa,
n.d.). These differences lead to the question: what do Industrial Technology students or students
in a similar program need to know before entering the manufacturing workforce? This question
was answered with three objectives. The scope of this research is Industrial Technology

programs in lowa.



Objectives
Objective one
The first objective of this study was to investigate the alignment of the lowa
manufacturing industry’s needs with learning objectives taught in manufacturing courses in an
Industrial Technology-related field of study. The research question guiding this objective was:
e Whatadvanced manufacturing technical skills does the lowa manufacturing industry

value of college graduates?

Objective two
The second objective was to create a separation between the introduction to
manufacturing courses and the advanced manufacturing courses. Learning objectives for the
laboratory portion of each course were the focus of this objective. The research question guiding
this objective was:
e Whatdo the technical learning objectives need to be for an introductory manufacturing
course and an advanced manufacturing course in an Industrial Technology-related

program of study?

Objective three
The final objective of this research was to identify a method to separate TSM 240 and
TSM 241, introductory manufacturing courses, and TSM 340, an advanced manufacturing course

all taught at lowa State University. The research question guiding this objective was:

e How can the course content of TSM 240, TSM 241, and TSM 340 be separated while

aligning labs with the lowa manufacturing industry’s needs?



Significance of Research

Accordingto the U.S. Bureau of Labor Statistics (n.d.) the manufacturing industry is
projected to lose 550,000 jobsby 2022. Only 19 out of the 77 manufacturing sectors are expected
to add jobs. The 12 manufacturing sectors below are projected to gain jobs and are sectors that
industrial technology students work in (Torpey, 2014).

e Motor vehicle parts manufacturing

e Machine shops; turned product; and screw, nut, and bolt manufacturing
e Architectural and structural Metals manufacturing

e Other fabricated metal product manufacturing

e Household and institutional furniture and kitchen cabinet manufacturing
e Otherwood product manufacturing

e Other food manufacturing

e Motor vehicle manufacturing

e Motor vehicle body and trailer manufacturing

e Office furniture (including fixtures) manufacturing

e Veneer, plywood, and engineered wood product manufacturing

e Other transportation equipment manufacturing
Accordingto the U.S. Bureau of Labor Statistics, 2020, the industrial engineering
technicians job outlook predicts only a one percent increase in careers from 2019-2029. This is
only 1,000 additional jobs being added to this industry.
It is projected that by 2029, the United States will lose 444,800 manufacturing jobs. This
is three and a half percent of all manufacturing jobs in the United States. Manufacturing is one of

only five industries that are projected to lose jobs by 2029 along with information, wholesale


https://www.bls.gov/careeroutlook/2014/article/manufacturing.htm#Table1_Manufacturing.xlsx.f.1
https://www.bls.gov/careeroutlook/2014/article/manufacturing.htm#Table1_Manufacturing.xlsx.f.2
https://www.bls.gov/careeroutlook/2014/article/manufacturing.htm#Table1_Manufacturing.xlsx.f.3
https://www.bls.gov/careeroutlook/2014/article/manufacturing.htm#Table1_Manufacturing.xlsx.f.4

trade, retail trade, and utilities. All other industry sectors are projected to gain jobs and include
healthcare and social assistance, mining, quarrying, and oil and gas extraction, professional,
scientific, and technical services, arts, entertainment, and recreation, accommodation and food
services, transportation and warehousing, other services, construction, educational services,
finance and insurance, and government (Bureau of Labor Statistics, 2020).

With this decline, the importance of graduates’ ability to be more marketable when
trying to find a job in the manufacturing industry is becoming more important (Torpey, 2014).
One option for students to increase their marketability is to pursue a degree in manufacturing or
another related field. The Association of Technology, Management, and Applied Engineering
(ATMAE, n.d.) has 24 manufacturing accredited programs across the United States as of June
2020. These programs come from 19 different schools as seenin Table 1-1 (ATMAE, 2019).
Each program teaches different topics that relate to the manufacturing industry (e.qg., East
Carolina University, n.d.; lowa State University, n.d.; Jacksonville State University, n.d.). To
have a constant between programs, one could set universal program learning objectives either
across the state or across the country. Evenif there is a universal set of learning objectives
between programs, they are not effective unless they meet the lowa manufacturing industry’s
needs, which could be different based on geographical location (Caffarella & Daffron, 2013).
This study is meant to set a standard set of learning objectives for Industrial Technology
manufacturing courses in lowa. This set of learning objectives would be flexible, so they canbe
molded to fit the needs of the manufacturing industry in the geographical area they are being
taught in. This research was done for lowa, but the results could be different for different
geological locations. If a universal set of learning objectives is to be made, more research will

need to be done to account for all geographical locations instead of just lowa. This research



frames a way to determine the manufacturing industry’s needs for different locations and can be
used to set learning objectives for each geographical location. This research considers lowa
manufacturing industry’s needs for technical skills while also analyzing what is already taughtin
the ATMAE accredited programs. The goal being to strengthen the ATMAE accredited
programs and students’ readiness to enter the manufacturing industry workforce.

Alignment of learning objectives for a college manufacturing course to lowa
manufacturing industry’s needs is important to prepare students for their careers in the industry.
The alignment is important, because industry wants to hire employees that know the basics of
their processes and how to operate their equipment (Arroisi etal., 2019). Industry leaders who
hire the students should identify what important manufacturing topics should be learned before
graduates are hired. A survey could be used to identify industry needs and gaps in desired pre-
employed knowledge and pre-employment that should be taught in the manufacturing courses.

Manufacturing industry’s needs could change based on location and who is surveyed.



Table1-1

Accredited ATMAE Programs (ATMAE, 2019)

Institution Name Program Name Option Name
CaliforniaState University — Sustainable Manufacturing

Chico

Central Connecticut State Manufacturing Management

University

East Carolina University Industrial Technology Bioprocess Manufacturing
FortHays State University Technology Manufacturing Technology
lowa State University Industrial Technology Manufacturing
Jackson State University Manufacturing Design Technology

Design & Automation

Jacksonville State University  Applied Manufacturing Engineering ¢
Manufacturing Management

Millersville University of Applied Engineering & Technology =~ Advanced Manufacturing Technology
Pennsylvania Management
Engineering Technology Construction Management & Civil
Morehead State University Engineering Technology
Industrial Management Manufacturing Technology
Northern Illinois University &Technology Emphasis
) . . ) Applied Robotics
Ohio Northern University Manufacturing Technology Manufacturing Management
San Jose State University Industrial Technology Manufacturing Systems
Southern lllinois University  Industrial Managementand Applied Manufacturing
Carbondale Engineering
Southwestern Oklahoma State Industrial Technology Manufacturing Technology
University
SUNY Buffalo State Industrial Technology Manufacturing
Advanced Manufacturing
University of Northern lowa Manufacturing Technology Design
Metal Casting
University of Southern Maine Technology Management Precision Manufacturing
University of Wisconsin— Industrial Technology Management Manufacturing Technology Management
Platteville
Advanced Manufacturing Manufacturing & Industrial Distribution

Western Kentucky University

SME’s four pillars of manufacturing knowledge outlines what was needed in the
manufacturing industry at the time of its creation. A pillar is an accreditation criteria proficiency
for manufacturing engineering and manufacturing engineering technology (SME, 2012). Pillar
one is Materials and Manufacturing Processes. Pillar two is product tooling and assembly
engineering. Pillar three is Manufacturing Systems and Operations. Pillar four is Manufacturing
Competitiveness (Four Pillars of Manufacturing Knowledge, n.d.). Each pillar relates to the two

foundations which are Mathematics and Science and Personal Effectiveness. The foundations are



the core concepts needed to be able to achieve the proficiencies of each pillar. The Mathematics
and Sciences foundation consist of physics, chemistry, biosciences, algebra, calculus, and others.
The Personal Effectiveness foundations consist of interpersonal skills, presentation skills,
lifelong learning, and others. Each pillar is made up of fundamental topics. A fundamental topic
is function or task one should know with in the pillars. The Materials and Manufacturing
Processes pillar consist of Engineering Sciences, Materials, and Manufacturing Processes
fundamentals. Each of these fundamentals have sub-topics. The product, tooling and assembly
engineering pillar consist of Product Design, Process Design, and equipment and Tool Design.
The Manufacturing Systems and Operations pillar consist of Production System Design and
automation systems and controls. The final pillar, manufacturing competitiveness, consist of the
Manufacturing Management and Quality and Continuous Improvement fundamentals. Figure 1-1

identifies what is within the SME four pillars.
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The Four Core Areasand 10 Fundamentals

Materials and Manufacturing Product, Tooling, and Assembly Manufacturing Systems and Manufacturing Competitiveness
Processes Engineering Operations 9 P
. . . . . . Quality and Continuous
Engineering Sciences Product Design Production System Design Improvement
Statics and Dynamics Simulation and Engineering Design Capacity Planning Customer Focus
. . . Facility Planning and Plant .
Mechanics of Materials Intellectual Property Protection 1y Laycl)u% Quality Systems and Standards

Process Planningand

Fluid Mechanics Design Management Development

Inspection, Test, and Validation

Design for X (Manufacturing,
Thermodynamics and Heat Transfer Assembly, Maintenance, etc.)
Transfer

Infrastructure and Plant

Location Problem Analysis and Solving

Productand Manufacturing

Electronical Circuits and Electronics | Market, Sales, and Lifecycle Analysis .
System Design

Factor Analysis

Materials Concurrent Engineering Process Documentation Capability Analysis
Metals Thermodynamics and Heat Work Instructions Statistical Control Methods
Plastics and Polymers Drawing and Engineering Graphics Tooland Equipment Selection Metrology

Production System Build and

Composites CAD/CAM/CAE Test Reliability Analysis
. . Human F rs, Ergonomi .
Ceramics Tolerance Analysis and GD&T uma 2?:3 Ssz;fetgo omics, Continuous Improvement and Lean
Fluids Product Reliability Maintenance Systems Customer and Field Service
Glasses Environmental Protection
Nanotechnology Waste Management
Foams Manufacturing Management
Hybrids Process Design Strategic Planning
Natural Materials Process Research and Development Global Competition
. . . . Organizational Design and
Manufacturing Processes Simulation and Product Analysis Management
Material Removal Product Prototype Build and Test Project Management
Fabrication Print Reading Automated Systems and Personnel Management
Control
. . . P r ms (Mechanical . .
Hot and Cold Forming Rapid Prototyping ower Systems (Mechanical, Human Behavior and Leadership

Electrical, and Fluid)
Control Systems (Mechanical,
Electrical, and Fluid)

Casting and Molding Labor Relations

Electronical and Electronics

Manufacturing Packaging Systems Education and Training

Automated Systems (Hard and

Heat Treatment Equipment and Tool Design Flexible) Operations Research and Forecasting
Joining, Welding, and Assembly Cutting Tool Design CNC, PLg,Oﬁrt]rc:)IComputer Supply Chain and Logistics
Finishing Work Holding Tool Design Compu’\tleerw?/)éﬁlt(esms and Accounting, Finance, and Economics
Bulk and Continuous Flow Die and Mold Design Information Technology Business and Engineering Ethics
Material Handling and Packaging Gage Design Database Systems (MIS, etc.) Social Responsibility
Hand Tool Use a_md Machine Machine Design Enterprlse-ch_je System Standards, Law, and Regulations
Operating Integration
Foundation
Mathematics and Science Personal Effectiveness
Physics, Chemistry, Bioscience, Algebra, Trigonometry, Analytic Geometry, Interpersonal Skills, Negotiating, Conflict Management, Innovation,
Calculus, Probability, Statistics Creativity, Written and Oral Communication, Presentation Skills,

Lifelong Learning, Knowledge

Figure 1-1: SME four Pillars Outline (SME, 2012)
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Methodology

The data for objective one and two was collected from a survey dispersed to lowa
manufacturing companiesthat hire Industrial Technology students from lowa State University.
lowa manufacturers were the focus of this research, because contact information for lowa
manufacturers was readily available. Additionally, required manufacturing courses from all
Industrial Technology programs with an Association of Technology, Management, and Applied
Engineering accreditation were examined to determine what is currently being taught at these
institutions. Objective three uses all previous data from objectives one and two as well as a
survey to manufacturing faculty in the Industrial Technology department at lowa State
University. The educator rankings survey sent to lowa State University instructors was also
based on the SME four pillars of manufacturing. This research (20-152-00) was reviewed by the
Institutional Review Board (IRB), and declared this study exempt from further review. The

exemption can be seenin Appendix A.

Thesis Structure

This thesis followed the manuscript format defined by lowa State University’s Graduate
College. The first chapter provided a background on the research. Additionally, chapter one
introduced the three objectives and methodology used in this thesis. Chapters two and three are
written in the manuscript format to be submitted to research journals. Chapter two includes the
literature review for objectives one and two along with the methods, data, discussion, and
conclusion for these objectives. Chapter three includes the literature review for objective three
along with the methods, data, discussion, and conclusion for objective three. Chapter four is an

overall summary of the entire thesis.
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Technology

Abstract

Learning objectives for post-secondary manufacturing courses in Industrial Technology
programs are important to the education of undergraduate students. There is currently no
universal set of learning objectives for introductory nor advanced manufacturing courses in an
Industrial Technology related program which makes determining what institutions are teaching
the correct information to align with the local manufacturing industry’s needs difficult. This
research uses a Google survey to determine the lowa manufacturing industry’s needs when about
technical skills. Quality and Continuous Improvement was determined to be the most important
technical topic to the lowa manufacturing industry. The lowa manufacturing industry also found
knowledge of Metals, plastics, and polymers important when deciding on what new graduate to
hire. What is currently being taught can also be considered when determining learning objectives
for manufacturing courses. This study examined what technical manufacturing topics were
currently being taught in manufacturing courses in Industrial Technology programs with an

Association of Technology, Management, and Applied Engineering (ATMAE) accreditation.
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Examination of the ATMAE accredited Industrial Technology programs concluded that
Fabrication is the manufacturing process taught at the highest number of ATMAE accredited
institutions. This research then compareswhat is currently being taught with the lowa
manufacturing industry’s needs. Learning objectives were then developed to guide what should
be taught in introductory and advanced manufacturing courses while aligning with the lowa
manufacturing industry’s needs. Further research needs to be conducted to determine if safety
and additive manufacturing topics are important to the lowa manufacturing industry as these
topics are frequently being taught in Industrial Technology programs with an ATMAE

accreditation.

Introduction

Currently, there is no guidance in what needs to be taught in introductory or advanced
manufacturing courses in an Industrial Technology related program of study as stated in chapter
one. When looking at Industrial Technology manufacturing curriculum around the country and
even just lowa, no two institutions teach the same topics. Some institutions have one
introductory manufacturing course while others have multiple. Some institutions do not have any
advanced manufacturing courses while others have one or more. Within these courses the topics
are all differentand what programs are teaching the correct topics is unknown.

To identify what topics should be considered when creating the manufacturing
curriculum in an Industrial Technology program, one should look at the stakeholders needs. For
this research, stakeholders are those who hire graduates from the Industrial Technology program.
These stakeholders are mainly manufacturing companies. Teaching what is important to the
stakeholders is important, because teaching the needed topics from industry makes the graduate

more marketable when looking for a job. If stakeholders no longer need a topic in the workforce,
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the topic should not be considered when teaching students, but if a new topic is needed by the

stakeholders, the topic should be taught.

Purpose

The first objective of this study was to investigate the alignment of the lowa
manufacturing industry needs with learning objectives taught in manufacturing courses in an
Industrial Technology-related field of study. Advanced manufacturing courses were classified,
by the researcher, as any manufacturing course that required an introductory manufacturing
course as a prerequisite. Misalignment in what is being taught and what industry would like our
students to know were determined by analyzing survey data from lowa manufacturing industry
leaders who commonly hire Industrial Technology graduates from lowa State University.
Companies who have hired Industrial Technology (ITech) and Agricultural Systems Technology
(AST) students in the past were surveyed because they are the clients of the Department of
Agricultural and Biosystems Engineering at lowa State University. Employers are the ones
utilizing the skills taught in the manufacturing courses. To determine who needed to be surveyed,
a career services representative for the Agriculture and Life Sciences College at lowa State
University was consulted. Contact information was then acquired through the help of the
Industrial Technology advisor at lowa State University. The goal was to only survey those who
hire Industrial Technology students from lowa State University and most of them were lowa
manufacturers. These lowa manufacturing contacts were then surveyed using a Google survey to
determine what they found to be the most important technical topics for new graduates to know.
This survey was based off the SME four pillars of manufacturing. The goal of this research was
to determine a universal set of learning objectives for the specified geographical location which

was lowa. The question guiding this research objective was:
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“What advanced manufacturing technical skills do the lowa manufacturing industry value of
college graduates?”

After the identification of the lowa manufacturing industry’s needs, a separation of the
introduction to manufacturing course and the advanced manufacturing course occurred for
objective two. Learning objectives for each course were created as the first step in identifying the
separation between the courses. To determine what learning objectivesneed to be placed in each
course, currently taught topics were compared to industry’s needs. If the current learning
objectives did not play an important role in achieving lowa manufacturing industry’s needs, they
were removed and replaced with a learning objective that aligns with lowa manufacturing
industry’s needs. Learning objectives were created by considering lowa manufacturing
industry’s needs and what is currently being taught in other ATMAE accredited programs.
Objective two was guided by the following question;

“What do the learning objectives need to be for an introductory manufacturing lab and

an advanced manufacturing lab in an Industrial Technology-related program of study?”

Literature Review
Industrial Technology Background

Industrial Technology is the study of engineering and manufacturing technologies to help
make processes more efficient, faster, and simpler (National Center for Education Statistic, n.d.).
This can be done by implementing Lean processes into the workflow. Tasks can be done faster
by creating jigs and fixtures to eliminate initial measurements and set up. Industrial technologists
can also create new tools to help with the safety and ease of manufacturing (Minty, 2003). This
definition was then broadened by the National Center for Educational Statistics 15.0612 to state

that Industrial Technology programs prepare students to apply basic principles and technical
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skills of engineering to support industrial engineers and managers. Industrial Technology
curriculum includes the study of human factors, industrial planning, industrial processes,
optimization theory, computer applications, and report and presentation preparation (National
Center for Education Statistic, n.d.).

Industrial Technology can be traced back to 1932 when it evolved fromthe American
Vocational Association which started in 1926 to industrial education. The name Industrial
Technology started to be used in the early 1960s (Minty, 2003). Industrial Technology programs
began to be accredited by the Association of Technology, Management, and Applied
Engineering (ATMAE) in 1989 when the United States Department of Education granted the
National Association of Industrial Technology (NAIT) to be the accreditation agency for
Industrial Technology programs (Minty, 2003).

When Industrial Technology accreditation started, NAIT defined the Industrial
Technology field as the study to prepare industrial professionals for management careers in
business, industry, education, and government (Minty, 2003). This relates to the previous
definition of Industrial Technology put forth by the National Center of Education Statistic,
because it prepares students for industry careers which could be to help support industrial
engineers. The Industrial Technology field rapidly changed throughout the years that it has been
an active field of study. As Industrial Technology became more popular, the field advanced, and
it became the study of management, technology, and society (Minty, 2003). Still, its prepared
graduates for management careers in the fields of business, industry, education, and government,
butit also broadened to allow for other career opportunities such as manufacturing, engineering,
and operations. This allows Industrial Technology graduates to obtaina job in various sectors of

industry (Minty, 2003).
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Industrial Technology graduates can start careersin many fields such as manufacturing
industries, engineering firms, hospitals, pharmaceuticals agencies, government agencies,
construction firms, and many other fields. Job titles include consultant, manufacturing engineer,
drafter, industrial designer, operations manager, production planner, and many other related job
titles (lowa State University, n.d.). It can be seen, through program descriptions and the job title
list, that an Industrial Technology degree prepares students for a large variety of career
opportunities.

Association of Technology, Management, and Applied Engineering and National
Association of Industrial Technology

The National Association of Industrial Technology (NAIT) was founded by Charles
Keith in 1965 but was not recognized until 125 representatives voted to become a formal body in
1967 (Minty, 2003). Charles held the first conference in 1965 with a small group of faculty
members from various institutions (Minty, 2003). In 1966 NAIT was a professional society for
Technology faculty and Industrial Technology technicians (Haughery, Mosher, & Freeman,
2019). In 1973, the National Commission on Accreditation (NCA) approved NAIT to start
accrediting baccalaureate degrees (Haughery, Mosher, & Freeman, 2019).

NAIT changed its name in 2009 to ATMAE (ATMAE, n.d.). ATMAE stands for the
Association of Technology, Management, and Applied Engineering, and promotes professional
pursuit of complex technical problem solving and educators’ goal to educate competitive
technologists and engineers for the workforce through an accreditation of programs (ATMAE,
n.d.). ATMAE accreditation is relevant to two-year and four-year institutions along with
professional and master’s programs. This association is the leader in developing academic and

industrial programs for technology, management, and applied engineering.
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ATMAE has accredited 24 programs related to Industrial Technology acrossthe country.
These programs are spread out between 19 different institutions (ATMAE, n.d.). The curriculum
for these 24 programs will be used in the study as a basis for what is taught and what needs to be
taught in manufacturing courses for Industrial Technology students or those pursuing a similar
degree. ATMAE accredited programs were chosen for analysis in this research because itis a
national institution that accredits Industrial Technology programs.

ATMAE has three main focuses; technology, management, and applied engineering
(ATMAE, n.d.). The focusarea important to this research is technology in the Industrial
Technology subsection. Industrial Technology is the field of study concerned with basic
engineering principles and skills to support industrial engineers (ATMAE, n.d.). This definition
is worded differently than previously stated definitions from the National Center of Education
Statistics, but it is still similar, because by comprehending basic engineering principles, one can
make processes more efficient. Additionally, both definitions articulate how Industrial
Technology prepares students to support industrial engineers (National Center for Education
Statistic, n.d.). The ATMAE definition aligns with the Industrial Technology definition set forth
by NAIT because it prepares students for careers in the industry while helping industrial

engineers (Mint, 2003).

SME

SME started approximately 90 years ago. It was first recognized as the American Society
of Tool Engineers (SME, n.d.). In 1969 it became known as the Society of Manufacturing
Engineers. Since 2013, it has gone by SME (SME, n.d.). This organization works closely with
many different industries. These include manufacturing professionals, companies, educators,

schools, and communities (SME, n.d.). SME is the leading voice for the manufacturing industry
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(SME, n.d.). It has helped advance the industry and helped create more opportunities. They offer
training courses, trade identifies, and certifications (SME, n.d.).

SME has four pillars of manufacturing engineering (SME, 2012). The pillars are used to
describe the breadth of manufacturing engineering (SME, 2012). The SME four pillars were
developed from accreditation criteria for manufacturing engineering programs and other related
programs. The four pillars were created by a committee over a three-year time span from 2008 to
2011. The Manufacturing Education and Research (MER) community was a leader in developing
the four pillars. SME-MER developed a roadmap for manufacturing technology along with a
profile of skills needed in the manufacturing industry (SME, 2012). These four pillars are used
for this research, because they contain all the technical skills that have been important to the
manufacturing industry in previous years. ATMAE and other organizations also use the SME
four pillars during the accreditation process (SME, 2012).

The four pillars can be seen in Figure 2-1. It starts with the four pillars, or main areas of
focus, atthe top. The first pillar is the Materials and Manufacturing Processes. This includes
topics in Engineering Sciences, Materials, and Manufacturing Processes. This pillar is used to
assist with describing the behavior and properties of materials throughout manufacturing
processes (SME, 2012). The next pillar is Product, Tooling, and Assembly Engineering. This
pillar includes topics in Product Design, Process Design, Equipment Design, and Tool Design
and is used to catalog the design of the product and what equipment, tools, and environment are
needed to manufacture the product (SME, 2012). The third pillar is Manufacturing Systems and
Operations which include topics in Production System Design and Automated Systemsand
Controls. This pillar assists people by describing how to create competitive advantages. This is

done through planning, control, and strategies (SME, 2012). The final pillar is Manufacturing
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Competitiveness and includes topics in Quality, Continuous Improvement, and Manufacturing
Management. This pillar describes how to use statistics, calculus, simulations, and information
technology to analyze, synthesize, and control manufacturing operations (SME, 2012).

The four pillars have two foundational sections to hold them together (SME, 2012).
These foundations are Mathematics and Science and Personal Effectiveness. Mathematics and
Science include the following topics: physics, chemistry, bioscience, algebra, trigonometry,
analytic geometry, calculus, probability, and statistics (SME, 2012). Personal Effectiveness
includes the following topics: interpersonal skills, negotiating, conflict management, innovation,
creativity, written and oral communication, presentation skills, lifelong learning, and Knowledge
(SME, 2012). These two major foundations are then held up by 10 fundamental topics. These
fundamental topics are Engineering Sciences, Materials, Manufacturing Processes, Product
Design, Process Design, Equipment and Tool Design, Production System Design, Automated
Systems and Controls, Quality and Continuous Improvement, and Manufacturing Management

(SME, 2012) Each fundamental topic has multiple subtopics within them (SME, 2012).
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The Four Core Areasand 10 Fundamentals

Materials and Manufacturing Product, Tooling, and Assembly Manufacturing Systems and Manufacturing Competitiveness
Processes Engineering Operations 9 P
. . . . . . Quality and Continuous
Engineering Sciences Product Design Production System Design Improvement
Statics and Dynamics Simulation and Engineering Design Capacity Planning Customer Focus
. . . Facility Planning and Plant .
Mechanics of Materials Intellectual Property Protection 1y Laycl)u% Quality Systems and Standards

Process Planningand

Fluid Mechanics Design Management Development

Inspection, Test, and Validation

Design for X (Manufacturing,
Thermodynamics and Heat Transfer Assembly, Maintenance, etc.)
Transfer

Infrastructure and Plant

Location Problem Analysis and Solving

Productand Manufacturing

Electronical Circuits and Electronics | Market, Sales, and Lifecycle Analysis .
System Design

Factor Analysis

Materials Concurrent Engineering Process Documentation Capability Analysis
Metals Thermodynamics and Heat Work Instructions Statistical Control Methods
Plastics and Polymers Drawing and Engineering Graphics Tooland Equipment Selection Metrology

Production System Build and

Composites CAD/CAM/CAE Test Reliability Analysis
. . Human F rs, Ergonomi .
Ceramics Tolerance Analysis and GD&T uma 2?:3 Ssz;fetgo omics, Continuous Improvement and Lean
Fluids Product Reliability Maintenance Systems Customer and Field Service
Glasses Environmental Protection
Nanotechnology Waste Management
Foams Manufacturing Management
Hybrids Process Design Strategic Planning
Natural Materials Process Research and Development Global Competition
. . . . Organizational Design and
Manufacturing Processes Simulation and Product Analysis Management
Material Removal Product Prototype Build and Test Project Management
Fabrication Print Reading Automated Systems and Personnel Management
Control
. . . P r ms (Mechanical . .
Hot and Cold Forming Rapid Prototyping ower Systems (Mechanical, Human Behavior and Leadership

Electrical, and Fluid)
Control Systems (Mechanical,
Electrical, and Fluid)

Casting and Molding Labor Relations

Electronical and Electronics

Manufacturing Packaging Systems Education and Training

Automated Systems (Hard and

Heat Treatment Equipment and Tool Design Flexible) Operations Research and Forecasting
Joining, Welding, and Assembly Cutting Tool Design CNC, PLg,Oﬁrt]rc:)IComputer Supply Chain and Logistics
Finishing Work Holding Tool Design Compu’\tleerw?/)éﬁlt(esms and Accounting, Finance, and Economics
Bulk and Continuous Flow Die and Mold Design Information Technology Business and Engineering Ethics
Material Handling and Packaging Gage Design Database Systems (MIS, etc.) Social Responsibility
Hand Tool Use qnd Machine Machine Design Enterprlse-ch_je System Standards, Law, and Regulations
Operating Integration
Foundation
Mathematics and Science Personal Effectiveness
Physics, Chemistry, Bioscience, Algebra, Trigonometry, Analytic Geometry, Interpersonal Skills, Negotiating, Conflict Management, Innovation,
Calculus, Probability, Statistics Creativity, Written and Oral Communication, Presentation Skills,

Lifelong Learning, Knowledge

Note: Pillars are bolded and located at the top of the figure. Fundamentals are bolded and located in each box of this figure. The

sub-topics within each fundamental are located under the bolded fundamental it falls into.

Figure 2-1: SME four Pillars Outline (SME, 2012)
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Manufacturing Learning Objectives

Learning objectives are short statements that outline what students should learn
throughout the course and answer the question of why students are doing these activities (The
Glossary of Education Reform, 2012). They also answer the question; how this will help in the
future. They are goals that educators establish for each course or assignment (Caffarella &
Daffron, 2013). These goals may be mini goals to help students reach the main goal of their
academic careers. This is called learning progressions which is a closely related concept to
learning objectives. Learning objectives can be difficult to define because each institute uses a
wide variety of terms to describe them. They can be used for educators to set student
expectations, and they are more effective when they are communicated to students and the
reason behind them are explained. Learning objectives are needed to identify the importance of

each class a student is taking (Great Schools Partnerships, 2014).

Methods

Data was collected through a quantitative survey to accomplish objective one. This
survey was sent to manufacturing companies within lowawho have hired Industrial Technology
students from lowa State University in the past. The topic ranking data was analyzed and ranked
by the importance of each topic to the lowa manufacturing industry. Objective two focused on
the results from the objective one by utilizing the survey results to develop learning objectives.
Additionally, for objective 2, all ATMAE accredited Industrial Technology programs were
analyzed and compared to identify what is currently being taught in introductory and advanced
manufacturing courses. Some learning objectives between the introductory and advanced courses
may overlap. If an overlap in learning objectives between the courses is identified, the learning

objectives in the advanced manufacturing course will focus on more in-depth and advanced
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content when compared to the introductory class. This research was reviewed by the Institutional

Review Board (IRB), and they declared this study exempt from further review (20-152-00).

Sample
Survey Sample

A survey was used to gather data fromthe lowa manufacturing industry to determine
what the lowa manufacturing industry thought students needed to know before being hired. The
total survey population was 179. One hundred and seventy-four company contacts who have
hired Industrial Technology (ITech) and Agricultural Systems Technology (AST) students in the
past and five other stakeholders of lowa State University were surveyed because, as they employ
our graduates, they are the stakeholders of the Department of Agricultural and Biosystems
Engineering at lowa State University. As stakeholders, they are the ones utilizing the skills
students are taught in the manufacturing courses. To determine the companies that fit this survey
population, a career services representative for the Agriculture and Life Sciences College at lowa
State University was consulted. A list of employers who have hired Industrial Technology or
Agricultural Systems Technology students from lowa State University was obtained fromthe
career services representative for the Agriculture and Life Sciences College at lowa State
University. The departmental advising staff emailed the survey to each of the 174 contacts they
had from this list. The email to each of the companies contained a consent form and a link to
complete the survey.

Acceptable participants met three criteria. First, they had to work for a company in the
lowa manufacturing industry that hired Industrial Technology graduates from lowa State
University. Second, they had to have worked with or supervised these graduates in the past.

Third, contact information for the company needed to be readily available. The list obtained from
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the career services representative for the Agriculture and Life Sciences College at lowa State
University was narrowed down based on these criteria. The companies that had readily available
contact information was determined by whether the Industrial Technology advisor had a contact
at that company. These contacts were previously gathered from industry technology night and
other networking events. The Google survey was sent to five other lowa State University
contacts not on the Industrial Technology advisor’s contact list as well to get on overall survey
population of 179.

After receiving an acceptable number (n =24) of responses, all the identifiable
information was stripped away, so they could not be identified or placed with how they
responded. A sample size of 24 acceptable because the average response rate for a web-based
survey is 13% (Dillman etal, 2009). To obtain a response rate of 13%, this survey needed to
have 23.27 people respond to it. The survey was sentto 179 people and 29 of them responded to

the survey creating a 16.2% response rate.

Institution Sample

To collect data about what is currently being taught in manufacturing courses, all
ATMAE accredited Industrial Technology curriculums were included in this sample. Data was
collected from University Catalog from each institution to determine what was being taught. This
was a sample of 24 programs from 19 institutionsacross the United States of America. Some
programs had different options within their Industrial Technology programs and are included in

Table 2-1.
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Table2-1

Accredited ATMAE Programs (ATMAE, 2019)

Institution Name Program Name Option Name
CaliforniaState University — Sustainable Manufacturing

Chico

Central Connecticut State Manufacturing Management

University

East CarolinaUniversity Industrial Technology Bioprocess Manufacturing
Fort Hays State University Technology Manufacturing Technology
lowa State University Industrial Technology Manufacturing
Jackson State University Industrial Technology Manufacturing Design Technology

Design & Automation

Jacksonville State University  Applied Manufacturing Engineering -
Manufacturing Management

Millersville University of Applied Engineering & Technology =~ Advanced Manufacturing Technology
Pennsylvania Management
Engineering Technology Construction Management & Civil
Morehead State University Engineering Technology
Industrial Management Manufacturing Technology
Northern Illinois University &Technology Emphasis
. . . . Applied Robotics
Ohio Northern University Manufacturing Technology Manufacturing Management
San Jose State University Industrial Technology Manufacturing Systems
Southern Illinois University  Industrial Managementand Applied Manufacturing
Carbondale Engineering
Southwestern Oklahoma State Industrial Technology Manufacturing Technology
University
SUNY Buffalo State Industrial Technology Manufacturing
Advanced Manufacturing
University of Northern lowa Manufacturing Technology Design
Metal Casting
University of Southern Maine Technology Management Precision Manufacturing
University of Wisconsin - Industrial Technology Management Manufacturing Technology Management
Platteville
Advanced Manufacturing Manufacturing & Industrial Distribution

Western Kentucky University

Data Collection
Survey

A web-based survey was used because a large population was being targeted that is
spread out across lowa and its surrounding states. Further, an electronic method allowed them to
break up the completion of the survey into smaller time frames allowing more time to think
about the answers. After two weeks, a reminder email was sent asking the contacts who did not

participate to take the survey.



32

The following scale was used to determine what topics were the most important to
industry leaders: 0 = Unsure/Unimportant; 1 = Useful; 2 = Important; 3 = Essential. This scale
was used and verified in the previous survey that the survey was adopted from, so it was
determined that the survey was acceptable to use for this study. This scale was used to calculate
an overall score for each topic such as Metals, Fabrication, and others. Each unsure/unimportant
response received zero points. Each useful response received one point. Each important response
received two points and each essential response received three points. Each topic had 29
participant responses, so the overall score had a maximum possible score of 87 points (3 points x

29 respondents =87 possible points).

Instrument

The survey instrument was adopted froma previous study, Using the Four Pillars of
Manufacturing Engineering Model to Assess Curricular Content for Accreditation Purposes
(Pung & Jack, 2014). Adopting this survey was done because the questions in the survey were
set up to provide the answers needed for this research (Jack etal., 2014). Survey questionswere
adopted fromthe previous survey as they have been previously tested in Bulmer et. al. (2006) to
provide the needed responses for this research. Additionally, this survey aligned well with the
objectives of this research. This survey can also be used to examine program objectives, industry
needs, and course objectives for this research and future research (Jack etal., 2014). Permission
was granted by the original authors, Pung and Jack (2014), to use and modify this survey. The
only change made to the original survey was adding comment sections to get more detailed
information. The comment sections were added to gain more insight into what learning

objectives need to be in objective 2.
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Not all subtopics are used in this research even though they wereall included in the
survey. Figure 2-2 identifies the subtopics, fundamental topics, and core areas used in this study.
The topics in Table 2-2 are more related to manufacturing courses than the topics that were
removed. Topics were removed if they were related to core curriculum or other non-
manufacturing topics. For example, all topics in the Mathematics and Sciences fundamental were
removed, because they are taught in individual core courses. Mathematics and Science should be
known before taking manufacturing courses. These topics are taught in their own course, so they
do not need to be taught in manufacturing courses. Engineering Sciences were also not included
in the analysis, because they are engineering topics that may or may not be relevant to
technology students. Additionally, Manufacturing Management and other fundamental topics
were not analyzed, because they are more related to management than they are to manufacturing
itself. All topics were included in the survey even though not all topics were analyzed in this
research, so the data could be used for future research. All areas within the SME four pillars can
be used in future research to determine what should be taught in a manufacturing related
program. Additionally, all the data can be used to determine what should be taught in other

classes related to a manufacturing engineering that are not considered manufacturing topics.
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Core Areas, Foundation, and Fundamentals used in Study

Materials and Manufacturing

Product, Tooling, and Assembly

Manufacturing Systems

Plastics and Polymers
Composites
Ceramics
Fluids

Glasses
Nanotechnology
Foams
Hybrids

Natural Materials

Design for X (Manufacturing, Assembly,
Maintenance, etc.) Transfer
Market, Sales, and Lifecycle Analysis
Drawing and Engineering Graphics
CAD/CAM/CAE

Tolerance Analysis and GD&T

Processes Engineering and Operations
Automated Systems and
Materials Product Design Control
Automated Systems and CNC,
Metals Design Management PLC, and Computer Control

Manufacturing
Competitiveness

Manufacturing Processes
Material Removal
Fabrication
Hot and Cold Forming
Casting and Molding
Electronical and Electronics Manufacturing
Heat Treatment
Joining, Welding, and Assembly
Finishing
Bulk and Continuous Flow
Material Handling and Packaging

Hand Tool Use and Machine Operating

Process Design

Process Research and Development

Simulation and Product Analysis
Product Prototype Build and Test
Print Reading
Rapid Prototyping

Equipment and Tool Design
Cutting Tool Design

Work Holding Tool Design
Die and Mold Design
Gage Design

Machine Design

Quality and Continuous
Improvement

Continuous Improvement and
Lean

Foundation

Personal Effectiveness
Product Design
Process Improvement
Quality and Continuous
Improvement

Note: The four pillars are bolded with a solid underline. Fundamentals are bolded and italicized.

Figure 2-2: SME four Pillars Outline Used in Study

A Google survey was used as the adopted survey was already in this format, it allowed

ease of modification, and allowed ease of distribution to participants. This surveying method

allowed for the ease of compiling and reducing the data down into usable and comprehendible

data sets. Further, the Google tools provided the ability to perform data analysis, so the data can

be shown visually. The comment sections of the survey, that were added, allowed the industry

member to provide additional qualitative feedback. The simplicity of the survey was key to the

participants to completing the survey in 10 to 15 minutes and obtaining the received data. A full

copy of the survey can be found in Appendix B.
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All questions in the survey were based on the SME four pillars. All topics from these four

pillars were included in the survey, but this study only analyzed 41 areas of the SME four pillars

as seen in Table 2-2. The topics in Table two are the topics included in this the survey

specifically related to this research. Figure 2-3 identifies one of the questions asked in the survey

as an example of the question form throughout. The full survey can be found in Appendix B.

Table 2-2
Topics Surveyed

Technical topics

Bulk and Continuous Flow
CAD/CAMICAE

Casting and Molding
Ceramics

CNC/PLC/Computer Control

Composites

Cutting Tool Design
Design for X
(Mfg/Assy/Maint/etc.)

Design Management

Die/Mold Design
Drawing/Engineering Graphics
Electrical and Electronic
Manufacturing

Fabrication

Finishing

Fluids

Foams

Gage Design

Glasses

Hand Tool Use and Machine
Operation

Heat Treatment

Hotand Cold Forming
Hybrids

Joining, Welding, and Assembly

Machine Design
Market/Sales/Lifecycle Analysis
Material Handling and
Packaging

Material Removal

Metals

Nanotechnology
Natural Materials
Plastics and Polymers
Print Reading

Process Development and Test

Process Improvement
Product Design

Product Prototype Build and
Test

Quality and Continuous
Improvement

Rapid Prototyping
Simulation/Process Analysis

Tolerance Analysis/GD&T
Work Holding Tool Design
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6. Content: Materials

Indicate the extent of coverage as it contributes to the curriculum
Mark only one oval per row.
0=Unsure or Unimportant 1=Useful 2=Important 3=Essential

Metals

Plastics and Polymers
Composites

Ceramics

Fluids

Glasses
Nanotechnology
Foams

Hybrids

Natural Materials

Figure 2-3: Materials survey question.

Curriculum Collection

The manufacturing curriculum from each institution with an ATMAE accredited
Industrial Technology program was collected into a single Microsoft Word document.
Curriculum identification was done by going to the curriculum website for each program and
determining what courses were considered manufacturing courses. A manufacturing course was
defined as a course that teaches students about manufacturing or had a laboratory with
manufacturing machines. After determining what courses were considered manufacturing

courses, the course description was analyzed to determine what manufacturing topics were
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taught in these courses. These topics included all topics from the SME four pillars along with
manufacturing topics not included in the SME four pillars. The topics being taught were then

placed into a Microsoft excel sheet for comparison to what was being taught at other institutions.

Data Analyses

Survey Analysis Methods

Each response from each respondent and each question from the web-based survey was
put into a spreadsheet for analysis. The total score for each topic was calculated based off the
three-point scale described in the survey data collection with an overall maximum score of 87
possible. The topics were then ranked from highest to lowest based on the overall score. If a
respondent did not answer a question, the average score of all responses to this question was
calculated to replace the unanswered question. This method is called mean imputation and has
been used in other studies (Ghali et. al., 2006). The topics were ranked within each category. For
example, all Materials were ranked from highest to lowest within the Materials category. Then
all topics were ranked from highest to lowest as a whole group from the SME four pillars to
identify what topics were the most important. If more than one topic had the same overall score,
the frequency of each essential, important, useful, and unimportant/unsure responses were
examined. If one topic had a higher essential response rate the topic won the tie. If both topics
had the same essential response rate, the important responses were examined. If topics had the
same essential response rate, but a different important response rate, the topic with the higher
important response rate won the tie. If topics had the same essential and important response
rates, the useful response rate was examined. When topics had the same essential and important
response rate, but different useful response rate, the topics with the higher useful response rate

won the tie. If two or more topics had the exact same response frequencies, then they were given
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the same ranking. After determining the lowa manufacturing industry rankings, all topics were
split into essential, important, and unimportant topics. Responses were added up for each topic
and were considered essential if they had an overall score of 57 or more out of 87 because this
resulted in receiving at least 66% of the total possible points. They were important if their
overall score was between 29 and 56 out of 87 because the technical skill received 33%-66% of
the total possible points. Technical skills were considered unimportant if they received an overall

score below 29 out of 87 because the topic received fewer than 33% of the possible points.

Learning Objective Creation

After splitting technical topics into essential, important, and unimportant according to the
lowa manufacturing industry survey, topics were split further to be considered introductory skills
and advanced skills. Topics that were essential to the manufacturing industry were placed into
both the introductory and advanced courses. Topicsthat were important to the manufacturing
industry were placed into either the introductory or advanced course depending on if the topic
was considered an introductory or advanced skill. An introductory topic was defined as a topic
that could be taught without any prerequisites. This meansthat the topic could be learned without
learning any other topic first. An advanced topic is a topic that needs a prerequisite topic to be
learned before learning it. This means that the advanced topic is not the first topic in a series of
learning.

After topics were placed into the introductory and/or the advanced course list, they were
created into learning objectives. These learning objectives were created by using Blooms
Taxonomy that was modified by Anderson and Krathwohl’s (2001). Blooms Taxonomy has six
levels of thinking skills. The lowest level of thinking skills is “remember”. The next level is

“understand” followed by “apply”. The fourth level is “analyze” followed by “evaluate”. The
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highest level of thinking skills is to “create”. The remember level is made up of two
subcategories which are “recognize” and “recall”. The understand level is made up of
“interpret”, “exemplify”, “classify”, “summarize”, “infer”, “compare”, and “explain”. The apply
level is made up of “executing” and “implementing” while analyze is made up of “differentiate”,
“organize”, and “attribute”. The evaluate level is made up of “checking” and “critiquing”, and
the create level is made up of “generate”, “produce”, and “plan” (Anderson & Krathwohl’s,
2001).

The topics that were essential to the lowa manufacturing industry were placed in a higher
level of thinking skills, because they are more important to the stakeholders. The essential topics
that were placed in the introductory coursesare topics that students need to be able to understand
or apply by the end of this course. These are onthe lower end of the thinking scale, but they will
be learned in more depth in the advanced courses. These topics are then expanded upon in the
advanced courses, and students should be able to evaluate or create these topics by the end of the
advanced course.

Topics that were important to the lowa manufacturing industry were placed in a lower
level of the thinking scale, because they are not as important to the manufacturing industry.
Topics taught in both the introductory and advanced courses were placed in the understand level
of the thinking scale. This allows students to interpret the topics taught while also being able to
explain each topic and compare them to each other. Topics that were deemed unimportant by the
manufacturing industry were not included in the learning objectives, because they were not

important in comparison to other topics.
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Curriculum Analysis Methods

The data from what was currently being taught in ATMAE accredited programs was
compared to the lowa manufacturing industry’s needs survey results. If something was being
taught but was not listed as essential or important according to the lowa manufacturing
industry’s needs survey, a learning objective was created to fulfill the needs of current teachings.
Topics that were taught at 50% or more of the institutions were placed in the same categories as
the topics that were important to the manufacturing industry. If any of these topics were the same
as one of the essential topics to the manufacturing industry, then the learning objective was left

alone, because it had already been created into a learning objective.

Results and Discussion

The total industry’s needs survey populationwas 179 (N), and the survey had a response
rate of 16.2% (n =29). The first set of data analyzed was the demographics of the survey
participants. The results displayed in Figure 2-4 identify that 51.7% of respondents work in a
professional-management role at their company. Out of the people surveyed, 41.4% work in the
professional-technical field at their place of work, and the remaining 6.9% have a professional-

independent role at their company.
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Role in Company

Professional -
Technical
41.38%
Professional -
Independent
6.90%
Professional -
Management
51.72%
= Professional - Management » Professional - Technical = Professional - Independent

Figure 2-4: Demographics of Respondents

Companies that participated are listed in alphabetical order in Table 2-3. Some
companies had more than one person respond to the survey, and some respondents did not share
their company information with the survey. The companies that respondents worked at can be

seen in Table 2-3.
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Table 2-3
Employers of survey respondents
Number of Number of
Participants' Representatives Representatives
Company of from each Participants’ Company of from each
Employment Company Employment Company
Ardent Mills 2 Kreg Tool 1
Bauer Build
Manufacturing 1 Micro-Trak Systems 1
CIRAS 3 Miracle Tools America, LLC. 2
Global Fabrication 1 Osmundson Manufacturing 1
Grain Millers 1 Palmer Group 1
HNI Corporation 1 Seneca Foundry 1
Husco 1 SICK Inc. 1
Hydro 1 Technical Services, Inc. 1
lowa State University 1 TruAcre Technology 1
Kent Corporation 1 TruStile Doors 1
Vermeer Corporation 1

The respondent’s backgrounds and job titles varied. The job titles of the respondents are

listed in alphabetical order in Table 2-4. Not all respondents shared their job title for the survey.

Twenty-one respondents shared their job title while eight of them did not.

Table 2-4

Survey participants had these job titles

Job titles

Applications Engineer
Chairman

Director of Milling

Director of Quality (Former
Director, Engineering)
Factory Automation Account
Manager

HR Generalist

Manufacturing Engineer

Operations Manager
Owner

Plant Manager
Plant Manager
President

President
Program Coordinator I11
Program Manager

Project Manager

Receiving/Maintenance Manager
Recruiter

Safety Manager

Sr. Industrial Engineer
Structural Draftsman
Supplier Development
Manager

Talent Acquisition
Manager

Talent Acquisition
Specialist

Talent Acquisition
Specialist

TAP Director

Tool Design Engineer
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Table 2-5 shows the percentage of manufacturing sectors represented in this survey. The

survey sample is then compared to the lowa manufacturing industry according to the CIRAS

study done in 2016. Table 2-5 shows that the sample population is not a good representative of

the overall manufacturing population in lowa.
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Materials

The next set of data from the Iowa industry’s needs survey was used to determine the
importance of Materials in the eyes of the lowa manufacturing industry. Figure 2-5 uses the
frequency of each ranking for each material. No respondents ranked Glasses or Foams as
essential for new employees. No participants rated Metals as unimportant, and Metals have the
most essential responseswith 12 out of 29. The overall score for each category was used to rank
the importance of each material. The data identifies that Metals are the most important material
graduates need to know about before being hired according to the lowa manufacturing industry.
This is because Metals had the highest essential response rate with 12 out of 29 and hada
minimum of one out of three for importance. Metals also had a 12 out of 29 response rate in the
important section. The overall score for Metals was 65 out of 87. Plastics and Polymers come in
at the second most important with nine out of 29 respondents ranking it as essential and 11 out of
29 ranking itas important. Plastics and Polymers had an overall score of 56 out of 87.

Knowing how to fabricate Nanotechnology which had an overall score of 24 was ranked
the lowest among survey participants. Only one respondent out of 29 ranked Nanotechnology as
essential and five out of 29 ranked it as important. The second least important material according
to the survey respondents were Glasses with an overall score of 26 and no essential responses.
Glasses had six out of 29 respondents rank it as important and 14 ranking it as useful. Hybrids
also had an overall score of 26, but one respondent out of 29 ranked it as essential and five out of

29 ranked it as useful.
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16. Content: Production System Design

Indicate the extent of coverage as it contributes to the curriculum.

Mark only one oval per row.

0=Unsure or ,
, 1=Useful 2=Important 3=Essential
Unimportant

Infrastructure/ Plant Location — ) — )

l"\. A WA "\_,'I |
Fadility Planning / Plant Layout — ) 3 -
Process Planning / T ) ™ -
Development o - o o
Capacity Planning g_; 'f.-_-;' f_-_-;' r_l
ProductionMifg. System Y — — —
Deﬁign LS r WA L L
Process Documentation Work - D) ) -
Instructions - ) ) )
Tool and Equipment 'S ) ) )
Selection . . . .
Production System Build and — ) r —
Test ) ) ) )
Human Factors - - ) -
Ergonomics and Safety - - - .
Maintenance Systems -] ) -
Environmental Proteciion - - ), -

Waste Management . ) - -




146

17.  Ifdesired, please leave comments on what could be improved upon or specific things you find

important from the previous question.

18. Content: Automated Systems and Control

Indicate the extent of coverage as it contributes to the curriculum.

Mark only one oval per row.

0=Unsure or _ _ _ .

Unimportant 1=Useful 2=Important 3=Essential
Power Systems ~ ~ -
Control Systems — ) — ™
(Mech/BElectFluid)) — . . o
Packaging Systems D D ) )
Automated Systems — P— — —

’ I, I { 1 { ] 1 |
((HardFlexible)) — b — —
CNC/PLC/Computer Control ) C ) C )
Computer Systems and — — — —
Metworks (- L L ./
Information Technology C C D )
Database Systems ([MIS, — — —_— —
H:}} I _fl |___,| .x__.- I_ ___l

Enterprise Wide System J— — — J—
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19. Ifdesired, please leave comments on what could be improved upon or specific things you find

importantfromthe previous question. This could include programs your companyuses.

20.  Content: Quality and Continuous Improvement

Indicate the extent of coverage as it contributes to the curriculum.

Mark only one oval per row.

E;T‘:;:rr;: 1=Useful 2=Important 3=Essential
Customer Focus ) D D D
Quality Systems and ) - ) =
Standards - - - -
Stafistical Control Methods D D D D
Problem Analysis and Solving ;_'_'_::- -j_'_':- :j:_';- [:'_:]
Factor Analysis — — Y —
(([DOE/Comelaiion]) - ) ) )
Capabiity Analysis O - O O
inspecionTestadaon O o O O
Metrology - - - -
Reliability Analysis D D D D
Continuous Improvement / — — —
Lean Mg () L - -
Customer and Field Service C ) ' ) )
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21.  Ifdesired, please leave comments on what could be improved upon or specific things you find

important from the previous question.
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Content: Manufacturing Management

Indicate the extent of coverage as it contributes to the curriculum.

Mark only one oval per row.

ET]T:;:rrtzr?tr 1=Useful 2=Important 3=Essential

Strategic Planning ) D ) )
Global Compeion O O C O
Organizational Design and Y — — —
Management e’ — - L.

Project Management D D D D)
Personnel Management C D D )
Human Behavior/ . — - —
Leadership R g P (-
Labor Relations D D ) D
Education and Training O ) ) -
m Research and (:;. .;’:';. ) :3 If: .
Supply Chain and Logistics C D ) D
Accounting/Finance/ —_— — —_— —
Economics p— ) () ()
E;l:ineas ! Engineering — — — —
Social Responsibility ) - ) )
Standards, Laws, Regulations —
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23, Ifdesired, pleaseleave comments on what could be improved upon or specific things you find

important from the previous question.
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Professional Effectiveness

These topics should be present throughout the curriculum. For example, these are ofien used to shape the
presentation of topics.

Mark only one oval per row.

0=Unsure or
, 1=Useful 2=Important 3=Essential
Unimportant po
Customer Focus ) D D !
Quality and Continuous — p— — j—
{ | { ] 1
Improvement - R — —
Metrology -
SPC i : ) |’: ) ’: ) f::l
Problem Analysis — — —_— —
L L) . J L
Capabilty Analysis O ) @) -
Reliabiity - - ) -,
- T . O )
Systems Thinking — — _— -
. L_"I b '] '
Product Design — — — _—
Manufaciuring Processes - - - O
Production System Design - (- - (-
Measurement of Process ('_';] .\ _':. ,r\"_'j. .:'_';.

Variables

- : . -
Process Improvement p— — p— -
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25 Ifdesired, please leave comments on what could be improved upon or specific things you find
important from the previous question.

26.  Foundation: Mathematics and Science

Indicate the extent of coverage as it contributes to the curriculum.

Mark only one oval per row.

0=Unsure or Unimportant  1=Useful 2=Important 3=Essential

Physics ) ) ) -
Chemisiry .;':__“: -;;_ ) -:';__';: -;;_ )
C ) ) ) )
Bio—sciences — — — —
Algebra ) - ) -
Trigonometry et o R P
Analyfical Geometry — — — —
' ' ' O )
Calculus — p— — —
™ I/_'\. { ™ I/ S
Probability pa— - -x )
p— - - .

Statistics - (- - .




153

27. Ifdesired, pleaseleave comments on what could be improved upon or specific things you find
important from the previous question.

28.  Fundamentals: Personal Effectiveness

Indicate the extent of coverage as it contributes to the curriculum.

Mark only one oval per row.

3;::::3:;: 1=Useful 2=Important 3=Essential

Iniespersonal Sidfs -, C ) )
Negofiing - o O O
Conflict Management O - ) -,
Innovation - - - -
Creativity - - - -
Wikenand Ora O O O O
Communication

Presentation Skifs - - - -
Lifelong Leaming - - - -

Knowledge p— . - -
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29.  Ifdesired, please leave comments on what could be improved upon or specific things you find
important from the previous question.

30.  Comments: Other Details

These comments can be used for details and suggestions that go beyvond the basic survey.

31, Contact: Would you be willing to provide more input?
How would you be willing to help.

Check all that apply.

|| Letus Contact You
|| Participate on Advisory Board

32.  Contact: Email or phone number

We need to need to know who is providing the input
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APPENDIX C: SURVEY SENT TO MANUFACTURING EDUCATORS IN THE
INDUSTRIAL TECHNOLOGY DEPARTMENT AT IOWA STATE
UNIVERSITY

Stakeholder Survey: Manufacturing Curriculum
Needs

INTRODUCTION

The purpose of this survey is to collect information on manufacturing industry needs in respect
to new hires. This will help set learning outcomes for manufacturing courses at the post-
secondary level.

DESCRIPTION OF PROCEDURES
This survey should take less than 20 minutes to complete.

RISKS
We know of no risks in participating in this survey

BENEFITS

If you decide to participate in this study there will be no direct benefit to you. However we will
use the information that we collect to revamp the manufacturing curriculum and set learning
outcomes to meet the needs of the manufacturing industry.

COSTS AND COMPENSATION
You will not have any costs from participating in this survey and you will not be compensated for
participating in this survey.

PARTICIPANT RIGHTS

Your participation in this survey is completely voluntary and you may refuse to participate or
leave the survey at any time. If you decide to not participate in the survey or leave the survey
early, it will not result in any penalty or loss of benefits to which you are otherwise entitled.

CONFIDENTIALITY

Records identifying participants will be kept confidential to the extent permitted by applicable
laws and regulations and will not be made publicly available. However, federal government
regulatory agencies and the Institutional Review Board (a committee that reviews and approves
human subject research studies) may inspect and/or copy your records for quality assurance
and data analysis. These records may contain private information.

Whenever the data are reported, only frequency and averages will be published. Your identity will
remain confidential.

QUESTIONS OR PROBLEMS
You are encouraged to ask questions at any time during this survey.
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For further information about the survey contact Dr. John Haughery at h aughery@iastate.edu or
Miss. Reth at treth@iastate.edu. If you have any questions about the rights of research subjects
or research-related injury, please contact the IRB Administrator, (515) 294-4566,
RB@iastate.edu, or Director, Office of Research Assurances, 1138 Pearson Hall, Ames, IA
50011

This form will be used to compile a statistical model of curriculum needs. These results will be
compared to our actual curriculum content.

Mote: Keep in mind that this form is most useful when there are a variety of answers. For
example, setting all answers to 'Essential' will make it impossible to determine priorities for
change. We need to know where we can focus our limited resources.

* Required

Basics: Your Name *

We need to know who is providing the input.

Content: Materials

Indicate the extent of coverage as it coniributes to the curriculum.
Mark only one oval per row.

O=Unsure or Unimportant  1=Useful 2=Important  3=Essential

Metals

Plastics and Polymers

Composites

Ceramics

Fluids

Glasses

Nanotechnology

Foams

Hybrids

Natural Materials
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Content: Manufacturing Processes

Indicate the extent of coverage as it confributes to the curriculum.

Mark only one oval per row.

0=Unsure or _ _ N .
Unimportant 1=Useful 2=Ilmportant 3=Essential
Matesial Removal D D D )
Fabsaion O O O O
Hot and Cold Forming (- (- - -
Casfing and Molding - - - D
Electical and Electronics ) ) ) -
Manufacturing
Heat Treatment e g - /
Joining, Welding, and I:zl |\: ) \: ) |'\':'z|
Assembly
Finishing [ _z'l ) \ | | ]
Bulk and Continuous Flow (- - - —
Material Handling and C C D D
Packaging
Hand Tool Use & Machine C C C )
Operation

Ifdesired, please leave comments on what could be improved upon or specific things you find
important from the previous question. This could include specific machines or tools.
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Content: Product Design

Indicate the extent of coverage as it coniributes to the curriculum.

Mark only one oval per row.

E;'ih:ssrrtzr{:tr 1=Useful 2=Ilmportant 3=Essential

Market'Salles/Lifecycle — — — —

{ \ { | { ] | }
Aﬂﬂh’Siﬁ LN L L L
Intellectual Property Protection — = —_— —
Design Management ) ) ) )
Themodynamics / Heat — — — -
Transfer () () - -,
Simulation / Engineering - p— — J—
Design —/ / - —
Design forX — — — —
(Mg /AssyMintietc ) /) L Lt Lt
Draving/Engineering . . - -
Graphics (- ) ) (-
CAD/CAM/CAE () ' Oy )
Tolerance Analysis/GD&T — - o o

{ { | h] { ]
Product Liabiity o i S —

If desired, please leave comments on what could be improved upon or specific things you find
important from the previous question.
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Content: Process Design

Indicate the extent of coverage as it contributes to the curriculum.

Mark only one oval per row.

Ei?:;s:tzﬁ: 1=Useful 2=Ilmportant 3=Essential
Process Research and — — P —
Development L L L L
Simulation / Process p— j— — —
Analysis - g ) (-
Product Prototype Build and o — — i
Test ) - - -
Process Development and . o o ]
Test - - - )
Piint Reading ' - ) )
Rapid Prototyping -, - - -,

Ifdesired, please leave comments on what could be improved upon or specific things you find
important from the previous question.
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Content: Equipment and Tool Design

Indicate the extent of coverage as it confributes to the curriculum.

Mark only one oval per row.

Ei:;;r;z 1=Useful 2=lmportant 3=Essential
Cotticing Tool Design C ) C ) C
Work Holding Teol — — — —
Design o - _ -
Die/Mold Design () ) -
Gage Design () - - )
Machine Design ) D

Ifdesired, please leave comments on what could be improved upon or specific things you find
important from the previous question.

Content: Automated Systems and Control

Indicate the extent of coverage as it contributes to the curriculum.

Mark only one oval per row.

0=Unsure or

Unimportant 1=Useful Z2=Ilmportant 3=Essential

CNC/PLC/Computer
C“m L — A e
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Ifdesired, please leave comments on what could be improved upon or specific things vou find

important from the previous question.

Professional Effectiveness

These topics should be present throughout the curriculum. For example, these are often used to shape the
presentation of topics.

Mark only one oval per row.
0=Unsure or _ B N .
Unimportant 1=Useful 2=Important 3=Essential
Quality and Confinuous — —
Improvement — — — —
Product Design Manufacturing ) ) )

Processes Process ) C

Improvement -, -)

If desired, please leave comments on what could be improved upon or specific things vou find

important from the previous question.
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Contact: Would you be willing to provide more input?

How would you be willing to help.
Check all that apply.

|| Let us Contact You
|| Participate on Advisory Board

This content is neither created nor endorsed by Google.

Forms



163

APPENDIX D: TSM 240 UNDERSTANDING BY DESIGN-STAGE 1

Instructor: Taylor Reth Course: TSM 240: Introduction to
Advanced Manufacturing and Metal
Processing

Semester: Spring 2021 Audience: 2" year undergraduates

Credits: 3 Prerequisites: Math 145

Stage 1 — Desired Objectives and Understandings

Course Description:
A study of selected materials, properties, and related processes used in Metals manufacturing.
Lecture and laboratory activities focus on processes and advanced manufacturing.

Lecture: Students will learn about G and M coding, CNC machining components, shop safety,
material handling, Continuous Improvement, metal characteristics, and Bulk and Continuous
Flow. Students will also learn how to read technical drawings.

Lab: Students will learn how to operate hand tool and CNC lathes, create codes to cut parts,
and machine parts. Students will learn how to weld and assemble Metals. Metal casting and
part finish will also be taught.

Established Goals:

1. Use G and M codingto program CNC lathe and make parts to specifications.

2. Determine most efficient feed rate, spindle speed, and depth of cut when using CNC
lathes.

Operate hand tools and CNC and lathes efficiently, effectively, and safely.

Join, weld, and assemble parts.

Perform Finishing processes and part finish inspections.

6. Perform Lean assessments.

Transfer:

Students will be able to independently use their learning to...

Efficiently, effectively, and safely create programsand cut parts on CNC mills and lathes.

ok w

Enduring Understandings: Essential Questions:

4. Part quality is dependent on feeds, speeds, 1.1 What mathematical equations are used
depth of cut, material, and ability to follow | to calculate machining parameters?
drawing specifications. 1.2 How does changing the cutting

5. Lean has its place in manufacturing. parameters affect the part finish?

6. Different machinesand tools are requiredto | 1.3 How do material characteristics affect
safely create different finished products. the cutting parameters?

1.4 How are engineering drawings read?
2.1 How are quality checks performed?
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2.2 What Lean tools are used for
Continuous Improvement and Process
Improvement assessments?

3.1 What are the different types of CNC
lathe tooling?

3.2 What are the different types of hand
tools?

3.3 What are the different types of metal
manufacturing?

3.4 What personal protective equipment
(PPE) is needed for different machining
operations?

3.5 How do you safely operate CNC
machines and hand tool with the current
engineering controls?

Knowledge:

Students will know...

1.1.1 Feed rate and spindle speed equations and
functions.

1.2.1 Effects of depth of cut on surface finish.
1.2.2 Effects of using the incorrect feed rate and
spindle speed.

1.3.1 Effects of part material on machining
parameters.

1.4.1 GD&T symbol recognition.

2.2.1 Lean principles.

2.2.1 Benefits of an A3 form.

3.1.1 Types of CNC lathe tools.

3.2.1 Types of hand tools.

3.3.1 Various metal manufacturing processes.
3.4.1 Operator safety.

3.4.2 CNC machine safety.

Skills:

Students will be able to...

1.1.1 Calculate the appropriate feed rate
and spindle speed.

1.1.2 Select the most efficient depth of cut.
1.2.1 Identify the quality of the part’s
surface finish.

1.3.1 Select most efficient cutting
parameters for part material.

1.4.1 Read engineering drawings.

2.1.1 Perform quality checks.

2.2.1 Select which Lean tool to use when
assessing processes.

2.2.2 Perform Continuous Improvement
assessments.

3.1.1 Operate CNC lathes.

3.1.2 Identify CNC lathe tooling.

3.2.1 Identify and operate hand tools.
3.3.1 Weld, assemble, and join Metals.
3.3.2 Heat treat Metals.

3.3.3 Hotand cold form Metals.

3.4.1 Wear proper PPE.

3.5.1 Operate CNC machines safely.
3.5.2 Identify engineering controls
currently in place.
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APPENDIX E: TSM 241 UNDERSTANDING BY DESIGN-STAGE 1

Instructor: Taylor Reth Course: TSM 241: Introduction to

Manufacturing Processes for Plastics
Semester: Spring 2021 Audience: 2" year undergraduates
Credits: 3 Prerequisites: Math 145

Stage 1 — Desired Objectives and Understandings

Course Description:
A study of selected materials and related processes used in plastics manufacturing. Lecture and
laboratory activities focus on materials, properties, and processes.

Lecture: Students will learn about material handling, packaging, and Rapid Prototyping. Non-
metal material characteristics will also be learned.

Lab: Students will learn how to package finished products, form parts using Plastics and
Polymers, join Plastics and Polymers. Additionally, students will learn how to manufacture
electronical components and use 3D printers to rapid prototype.

Established Goals:
1. Handle and package products for shipping.
2. Basic comprehension of non-metallic materials.
3. Plastics and Polymers forming and welding.
4. Use of soldering for electronical manufacturing.

Transfer:

Students will be able to independently use their learning to...

Efficiently, effectively, and safely create parts on an injection molder and solder electronical
parts.

Enduring Understandings: Essential Questions:

4. Materials have different compositions 1.1 What are the different types of non-
and must be handled, packaged, and metallic manufacturing materials and how
formed differently in a safe manner. are they different?

5. Rapid Prototyping can be done through | 1.2 How are different materials and parts
additive manufacturing processes. packaged and handled?

6. Solderingcan be used to manufacture 1.3 How do different materials formto
electronical parts in a safe manner. make parts?

1.4 What personal protective equipment
(PPE) is needed when working with
different materials and machining
operations?
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2.1 What are different ways to rapid
prototype parts?

2.2 What materials and systems can be used
in additive manufacturing?

3.1 How does one solder electronical parts?
3.2 What PPE is needed when soldering?

Knowledge:

Students will know...

1.1.1 Properties of non-metallic materials.
1.2.1 Packaging and handling procedures for
different materials and parts.

1.3.1 Different forming processes for non-
metallic materials.

1.4.1 Operator safety.

2.1.1 Various Rapid Prototyping processes.
2.2.1 Various additive manufacturing machines
and materials.

3.1.1 How to solder electronical boards.
3.2.1 Operator safety when soldering.

Skills:

Students will be able to...

1.1.1 Differentiate non-metallic materials.
1.2.2 Handle and package parts.

1.3.1 Form various types of non-metallic
materials.

1.4.1 Safely work with non-metallic
materials.

2.1.1 Perform Rapid Prototyping
procedures.

2.2.1 Operate various types of 3D printers.
3.1.1 Operate CNC mills and lathes.

3.1.2 Solder basic electrical boards.

3.2.1 Safely solder.
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APPENDIX F: TSM 340 UNDERSTANDING BY DESIGN-STAGE 1

Instructor: Taylor Reth Course: TSM 340: Advanced
Automated Manufacturing Processes

Semester: Spring 2021 Audience: 3#and 4" year
undergraduates

Credits: 3 Prerequisites: TSM 210, TSM 216,

TSM 240, MATH 151

Stage 1 — Desired Objectives and Understandings

Course Description:

NC programming operationsand machining practices for CNC mills and lathes. Transfer of
part descriptions into detailed process plans, tool selection, and NC codes. Use of CAD/CAM
for automated NC programming in 2D/3D machining operations of student designed parts.

Lecture: Students will learn about G and M coding, CNC machining components, and
engineering economics. Students will also learn how to read technical drawings.

Lab: Students will learn how to operate CNC mills and lathes, create codes to cut parts,
machine parts, and learn how to utilize Mastercam to create programs.

Established Goals:
1. Use G and M codingto program CNC lathes and mills.
2. Determine most efficient feed rate, spindle speed, and depth of cut when using CNC
mills and lathes.
3. Operate CNC mills and lathes efficiently, effectively, and safely.
4. Ability to use CAD to design and manufacture parts to specification.

Transfer:
Students will be able to independently use their learning to...
Efficiently, effectively, and safely create programsand cut parts on CNC mills and lathes.

Enduring Understandings: Essential Questions:

4. Tooland machine lifespansare dependenton | 1.1 What mathematical equations are
feeds, speeds, depth of cut, and material. used to calculate machining
5. Different CNC machining processes, tools, | parameters?
and automated systems are required to safely | 1.2 How does changing cutting
create different finished products. parameters affect the tool and machine
6. Differentdesign processes are usedto create | life?
quality parts to specification and to create
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prototypes, manufacturing tools, equipment,
and processes.

1.3 How does part material affect the
tool and machine life and cutting
parameters?

1.4 What mathematical equations are
used to determine the most cost-
efficient machine for an operation?
2.1 What are the different types of
CNC machining and tooling?

2.2 How can automated systems be
integrated into CNC operations?

2.3 Whattooling is most effective to
use for different operations such as
facing, contouring, engraving, and
chamfering?

2.4 What personal protective
equipment (PPE) is needed for different
machining operations?

2.5 How do you safely operate CNC
machines with the current engineering
controls?

3.1 How are machines, work holding
tools, gages, cutting tools, and dies and
mold designed?

3.2 How can CAM and CAD programs
be used to design parts and programs?
3.3 How are GD&T read on an
engineering drawing?

3.4 How can prototypes be designed
and tested?

3.5 What quality tools can be used to
test, improve, and analyze processes
and Continuous Improvement checks?

Knowledge:

Students will know...

1.1.1 Feed rate and spindle speed equations and
functions.

1.1.2 Effects of depth of cut on tool life.

1.2.1 Effects of using the incorrect feed rate and
spindle speed.

1.3.1 Effects of part material on machining
parameters.

1.4.1 Mathematical equations for time value of
money.

2.1.1 Types of CNC mill and lathe operations.
2.2.1 How to integrate automated systems into CNC
machining.

Skills:

Students will be able to...

1.1.1 Calculate the appropriate feed
rate and spindle speed.

1.1.2 Select the most efficient depth of
cut.

1.2.1 Identify the quality of the part’s
surface finish

1.3.1 Select most efficient cutting
parameters for part material.

1.4.1 Determine most cost-efficient
machine(s) for an operation.

2.1.1 Operate CNC mills and lathes.
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2.3.1 What tooling to use for different machining
operations.

2.4.1 Operator safety.

2.5.1 CNC machine safety.

3.1.1 Processes for designing machines, work

holding tools, gages, cutting tools, dies, and molds.

3.2.1 How to use CAM to program parts.
3.2.2 How to create parts on CAD software.
3.3.1 What GD&T symbols represent.

3.4.1 Processes to design and test prototypes.
3.5.1 Quality, Continuous Improvement, and
Process Improvement tools.

2.1.2 Identify CNC mill and lathe
tooling.

2.2.1 Operate automated systems.

2.3.1 Select correct tooling for different
cutting operations.

2.4.1 Wear proper PPE.

2.5.1 Operate CNC machines safely.
2.5.2 Identify engineering controls
currently in place.

3.1.1 Design machines, work holding
tools, gages, cutting tools, dies, and
molds.

3.2.1 Use CAM software to create a
program and cut a part to specifications
from engineering drawing.

3.2.2 Design a parton CAD software.
3.3.1 Read engineering drawings and
decipher GD&T symbols.

3.4.1 Design, build, and test prototypes.
3.5.1 Perform quality checks.

3.5.2 Improve processes.




