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Statistical method used for hypothesis testing (Purdue
University Libraries, n.d.).

A learning methodology that is shown to be a promising
pathway for filling many skilled jobs that are left unfilled in
the manufacturing industry (Deloitte, 2018c, p. 15).

An organization that provides data and statistics, specific to
demographics, industry, business, occupation, and
geography (Purdue University Libraries, n.d.).

Comprehensive list of competencies which a star performer
possesses, along with their level of possession (Christina,
2016, p. 8).

Computer controlled machines that utilize coded programs
for fabrication, cutting, and shaping various metals (Purdue
University Libraries, n.d.).

The basis for any learning involves the employee,
motivation, andassets, within the manufacturing industry
(Deloitte, 2016).

A human genetic pharmaceutical drug used to treat
leukemia patients (Sills, 2011).

Database used to gather business data, company and private
profiles, executivedata, and industry research (Purdue
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A consulting firm that surveys and performs studies on a
wide range of industriespertaining to personnel, groups,
and industries (Purdue University Libraries, n.d.).

A listing of professional and related occupations that
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Analysis of workers that are heterogenous or
flexible withintheir skillsets that further enhances the need
for human capital (Purdue University Libraries, n.d.).
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Educational credential given to school dropouts in
the United States (Purdue University Libraries, n.d.).

The part of society born between 1965 and 1979 (Purdue
University Libraries, n.d.).

A comprehensive and unique measure of the total final
output ofall goods and services produced within an
economy whether for sale or own use (Purdue University
Libraries, n.d.).

The idea that expertise, instruction, design, ability, and
people’s well-being, arepart of a particular economic
foundation (Becker, 2002).

Specific systems needed for a smooth integration towards
sustaining human capital (Hughes, 2019, p. 4).

Internal-Knowledge sharing programs, portals, video
sharing systems, collaborative experiences, that help people
constantly learn and share knowledge (Deloitte, 2016, p.
58).

A series of responses numbered from one to five (1-5),
that’s used to measurecharacter and personality traits
(Purdue University Libraries, n.d.).

Statistical test that is used to determine if there are
statistically significant differences between two groups
(Purdue University Libraries, n.d.).

A firm that represents the industry’s skilled workforce
towards thepromotion within current manufacturing
(Purdue University Libraries, n.d.).

U.S. financial database firm used for the purposes of
collecting information ondomestic and international
companies (Purdue University Libraries, n.d.).

The research strategy or method that a person uses to
conduct research, or collectsdata (Purdue University
Libraries, n.d.).

The part of society born between 1980 and 2000 (Purdue
University Libraries, n.d.)
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National Academy of Engineering Identified in 2008 by a committee, a host of global

Grand Challenges

National Association of
Manufacturers (NAM)

National Compensation Survey
(NCS)

On-The-Job Training (OJT)

Original Equipment

Manufacturer (OEM)

Overall Equipment Effectiveness

(OEE)

Qualitative Analysis

Quantitative Analysis

Return-On-Investment (ROI)

S&P Capital 1Q

Skilled Worker

challenges that must be addressed through long-term and
innovative education, research, and engineering solutions
(Purdue University Libraries, n.d.).

An industrial trade organization founded in 1895,for the
purposes of defending business against the uproar of
criticism (Purdue University Libraries, n.d.).

A survey conducted by the Bureau of Labor and Statistics
that is used to examine the skill content of low-wage jobs
(Purdue University Libraries, n.d.).

Work-based learning, trial by error learning, or observation
and demonstrated learning and behaviors of others (Purdue
University Libraries, n.d.).

An alignment of component parts bought from other
manufacturers or organizations (Purdue University
Libraries, n.d.).

Factors that lead to increased downtime, increased cycle
time, and increased overtime (Manufacturing Institute,
2014).

Knowledge production that involves the separation of
elements of data according to some priori or data-derived
system (Purdue University Libraries, n.d.).

Statistical and mathematical modeling, research, measuring
techniques, tobetter understand behavior (Purdue
University Libraries, n.d.).

Investing in people for the purpose of gaining specific
skills thatyield a payback or return (Purdue University
Libraries, n.d.).

A financial information platform that was originally
designed to address theneeds of the investment banking
community (Purdue University Libraries, n.d.).

Described as an artisan worker who is highly skilled,
possesses a wide range ofskills and exercises some control
over the admission of workers into the trade (Hagan, 1977,
p-29).



Skills Gap

Skills Shortage

Society of Human Resources
Management (SHRM)

Soft Skills

Standard Industrial

Classification Codes (SIC)

The 2X2 Matrix

Tier-1

Tier-2

Total Factor Productivity (TFP)

t-test

Unskilled Worker

Xiil

The current level of skill versus the level of skills actually
exhibited (PurdueUniversity Libraries, n.d.).

The absence of skilled workers within the manufacturing
sector (Cerasis, 2014).

A survey firm that focuses on workplaceethics within a
professional setting (Purdue University Libraries, n.d.).

Nontechnical and not reliant on abstract reasoning,
involving interpersonal andintrapersonal abilities to
facilitate mastered performance in particular contexts
(Purdue University Libraries, n.d.).

Resource database used for the collection ofmanufacturing
data correlated with the economy (Purdue University
Libraries, n.d.).

Universal framework developed to identify a particular
deficiency, or lackthereof, for creating a matrix for skills
improvement and creation (Lowly & Hood, 2004).

Supply chain consisting of companies that supply parts and
systems directly to theOriginal Equipment Manufacturer or
OEMs (Purdue University Libraries, n.d.).

Similar to Tier-1 in that the difference is Tier-2 supplies
parts to Tier-1, then suppliesparts to an OEM (Purdue
University Libraries, n.d.).

The use of technology having a positive and significant
relationship both with the ratio of skilled to unskilled
labour, skilled-to-unskilled wage ratio, anda negative
relationship between the degree of substitution between
skilled and unskilled labour inputs are poor substitutes
(Malik & Sousa, 2017, p. 128).

An inferential statistical method used for determining
differences between two means ofgroups (Purdue
University Libraries, n.d.).

Described as a segment of the workforce associated with a
limited skill set orminimal economic value for the work
performed (Kagan, 2020).



U. S. Workforce Development
System

Components that support the needs for initiating,
sustaining, organizing, learning, and training of the
workforce (McKinsey & Company, 2017).

X1v



XV

ABSTRACT

Author: Bannister, Marvin, L. MS
Institution: Purdue University
Degree Received: May 2021
Title: IDENTIFYING THE INDUSTRIAL SKILL GAP and ADVANCING INDIVIDUAL
LEARNING METHODOLOGIES
Committee Chair: Dr. Duane D. Dunlap
Nationally, manufacturing jobs are left unfilled (Queen, 2018). The economy suffers due to this
deficit (Giffi, Dollar & Gangula, 2015). Research indicates that this deficit is due to the “skills
gap” (Deloitte, 2018a, 2018b, 2018c). The intent of this research project was to determine the
extent to which skills are correlated to performance, standards, and conditions. The project's
methodology included research elements with a sample population (N) of ten metal
manufacturing companies. Utilizing multiple quantitative and qualitative analyses, seven data
points (n) of skilled and unskilled workers were analyzed. Research findings indicated statistical
significance between skilled and unskilled workers in the areas of analysis. Particularly,
unskilled workers tended to have lower scores than the skilled workers, and mean scores across
the seven data points also revealed that the satisfactory skill level across the seven data points
was unattainable. Research findings also indicated that a sizeable percentage of companies that
did not offer training specific tothe seven data points emphasized the lack of investments in
developmental training programs. Moreover, failure to acknowledge data points within quality
policies or metrics across companiesintensified investment deficiency in human capital among
corporations. The analysis results championed investing in training and investments in human
capital. For the above reasons, it is paramount that companies invest in operator training

initiatives; hence, promotion of more robust company obligations towards learning, and the

advancement of the National Academy of Engineering Grand Challenges initiatives.



CHAPTER 1. INTRODUCTION

1.1 The Problem

Nationally, manufacturing jobs are left unfilled. Particularly, six out of 10 manufacturing jobs
are left unfilled due to the lack of investment in developmental skilled learning and training
programs within the United States (Queen, 2018). A recent study by Deloitte and the
Manufacturing Institute (2016) found that manufacturers need to fill 4.6 million jobs from 2018-
2028. As indicated in Figure 1.1, of the projected 4.6 million manufacturing jobs, only 2.2 million
are likely to be filled. Deloitte and the Manufacturing Institute attribute the shortfall to the
restricted skills within the manufacturing workforce. The effects of the manufacturing workforce

deficit are substantive.

The skills gap may leave an estimated 2.4 million positions unfilled
between 2018 and 2028

jobs open from retirements -

4.6M manufacturing jobs

1.96M | new jobs due to natural growth - - to fill from 2018-2028
Trren - ony
2.4M (53 out of 100) apen positions lie vacant 2.2M
due to a skills shortage in the US manufacturing industry jobs are likely
10 be filled

*Calculated on the basis of 52.7% of the skilled manufacturing pasitions that are unfilled (per the 2018 survey)
**Ratirement age of 66

Source: BLS Data, OEM {Oxford Economics Model), Deloitte and Manufacturing Institute skills research initiative.

Figure 1.1: The Skills Gap (Deloitte, 2018a)



1.2 The Impact

The U.S. unskilled labor force deficit has led to significant labor adjustment costs across
manufacturing industries within U.S. public firms. “Every job in manufacturing creates two and a
half new jobs in local goods and services, and for every dollar invested in manufacturing, another
$1.32 in additional value is created in other sectors” (Giffi, Dollar and Gangula, 2015, “para. five”).
As indicated in Figure 1.2., Deloitte and the Manufacturing Institute (2018a) project that the skilled
labor force deficit can lead to a major shortfall of 454 billion dollars in the manufacturing Gross
Domestic Product (GDP). The shortfall will be up to 454 billion dollars if the manufacturing

industry cannot address the deficit in skilled labor.

B S manufacturing output/GOP B Manufacturing output/GDP at risk due to skills shortage

U5% billion
2,068

2517 =88

2,447
ra 2254 2,366
2,139 2175

2018 2015 2020 2021 2022 2023 2024 2025 2026 2027 2028

--------------------- Persistent skills shortage could risk US$2.5 trillion -
economic output over the next decade

MNote: 2017 base year.
Source: Data from BLS and Oxford Economics Model, Deloitte and Manufacturing Institute skills research inltlative.

Figure 1.2: The Skills Shortage (Deloitte, 2018a)



The shortfall of the manufacturing labor force is consequential to other business sectors and
human existence. For example, Sills (2011) indicates the impact on cancer patient therapies. Sills

(2011) further describes how notable the leukemia pharmaceuticals industry issues are below:

“The scarcity of not only cytarabine, but also numerous other drugs, is an urgent public health
problem that both the drug industry and the government have an obligation to address. To do
this successfully, both the causes and the solutions of this issue need to be understood in their
broader context: the neglect of manufacturing, especially high-tech manufacturing, in the

United States” (p. 156).

Moreover, the shortage of skilled labor also connects to declines in productivity within
manufacturing. The correlation among various other circumstances, including increased crime rates,
unemployment and underemployment, the percentage of the population below the poverty level, and

decreased per capita income (White, 1999).

1.3 Measurement of the Problem

Various sources outline the impacts of skilled labor deficits (Deloitte, 2018a, 2018b; The
Society of Human Resources Management, 2019). For instance, Infographics provides the
following depiction outlining the influences of skill shortages on overall earnings. As indicated in
Figure 1.3 on page 4, increased downtime, increased cycle time, and increased overtime costs lead
to a decreased Overall Equipment Effectiveness (OEE) and increased annual overtime costs

(Manufacturing Institute, 2014).



M institute
U.S. Manufacturing Skills Shortage
Threatens Future Earnings

Here's how ‘Fictional Company, Inc., based

on the median respondent to a survey of Fictional Company, Inc.
U.S. Manufacturers, is risking annual 2,000-employees
earnings as a result of a skills shortage. $500 million in annual revenue.

f@iiﬁ

8-10 percent of skilled and
highly-skilled roles are unfilled,

Increased Increased Increased
Downtime Cycle Time Overtime Cost
L ]
Left unfilled, the 3 v
‘Company’ sees negative |"
impact in key areas. )
Due mostly to increased cycle 9 percent decrease in Increase in
time, the Company would have Overall Equipment Effectiveness (OEE) overtime cost by
9 percent less effective
capacity to produce product. in unrealized earnings annually

i annually
When OEE reduction is added to increased

overtime cost, the 'Company’ is putting more
than 11 percent of annual earnings (EBITDA) j
or $4.6 million annually at risk using a 7.9 $4,600,000

percent average profit margin for manu- in annual earnings

facturers.” That is more than $3,000 per

manufacturing, non-management employee.

*htipifewe ine. comig A I ing hmi
To access the full report please visit www.accenture com/manufacturingskills.

Securce: Study surveyed 300 axscutves from LS. manufactunng companias with an averags annual
revenue of $100 milion. The study was conducted between August 2013 and January 2014 Copyright @ 2014 Accenture All rights resenved,

Figure 1.3: Skills Shortage Influences (Cerasis, 2014)

Such consequences emphasize the effect of not having skilled workers but do not
adequately explain the correlation of skills to performance, standards, and conditions. Moreover,
the emphasis is to quantify and understand the effects in light of performance, standards, and
conditions. By comparing trained versus untrained employees' research results and the impact on
quality, productivity, and safety, the problem will be measured. Particularly, the investigative

method includes the analysis of a select corpus of research results. The investigation's foci



include quantification and analysis of the skilled labor force deficit on performance, standards, and

conditions.

1.4 National Academy of Engineering Grand Challenge Alignment

Extant literature emphasizes the impetus for technologically-inclined manufacturing
workers (Saltanovitz, 2014; Smith, 2015). The aforementioned thrust elevates concerns for the
diminishing manufacturing skilled workforce. Mallick and Sousa (2017) accentuates the dilemma
below:

“...technology has a positive and significant relationship both with the ratio of

skilled to unskilled labour and with the skilled-to-unskilled wage ratio. In addition,

we find a negative relationship between the degree of substitution between skilled

and unskilled labour and TFP [Total Factor Productivity]. In particular, when the

two labour in- puts are poor substitutes, differences in productivity are extremely

large. Such differences have indeed increased over recent decades and can be linked

with the fall in the elasticity of substitution between skilled and unskilled labour”

(p. 128).

The problem of a diminished skilled workforce was analyzed in two ways. The first
analysis entails juxtaposing research results regarding skilled and unskilled workers and the effects
on performance, standards, and conditions. The second analysis involves juxtaposing components
of a learning methodology, particularly apprenticeship programs, for manufacturing programs and
results from the first juxtaposition. Focusing on the extent of the alignment between the learning
methodologies and identified “skills gap” is to “shape the sources and directions of innovative

activities” (Mallick & Sousa, 2017, p. 129) that aim to improve the manufacturing workforce.



Promoting advanced learning methodologies for manufacturing programs will be linked
to the National Academy of Engineering Grand Challenge of AdvancedPersonalized

Learning (Zwers, 2010).

1.5 Summary of the Problem Statement

The urgent need to advocate for investments in manufacturing programs within the United
States has lingered extensively. The prolongation of inactions and lack thereof will continue to
leave a rippling effect throughout the manufacturing and other associated industries. Stagnation
after-effects cause the influx of labor inconsistencies between skilled and unskilled workers,
requiring ananalysis of objectives and solutions. Gaining a true understanding of requirements to
identify and shore up the skills deficiencies (i.e., “skills gap”) will necessitate using learning
methodologies suitable for personalized learning advances. One learning methodology,
apprenticeships, has shown to be a “promising pathway for filling many of the skilled jobs that
lie open in the manufacturing industry” (Deloitte, 2018c, p. 15). Insight from the United States
Department of Labor (2020) recently announced 100 million dollars of grants for apprenticeship
programs. The Department of Labor and various organizations (e.g., The Society of Human
Resources Management, Deloitte, Manufacturing Institute) aim to shed light on productive ways
to minimize the “skill gaps.” Similarly,

“instead of fretting about a skills gap, we [as a Nation] should be focused on the
real challenge of knitting together the supply and demand sides of the labor
market. Thinking about the real financial and institutional mechanisms necessary
to make, say, apprenticeships work is far more productive than perennially

sounding alarms about under-skilled workers” (Weaver, “para. 16”).



CHAPTER 2. REVIEW OF LITERATURE

The United States of America is generally perceived as the “land of opportunity”
(McKinsey and Company, 2019). To fulfill the perception of opportunity, processes must occur
to develop qualified candidates. Figure 2.1 below illustrates six reasons organizations struggle to
hire suitable candidates. Three of the six identified struggles relate to the competency of the
applicants. Due to such factors, over one-third of the organizations surveyed indicate a decrease
in applicant quality across various areas of expertise (The Society of Human Resources
Management, 2019). Particularly, work experience, technical skills, and workplace (soft) skills
are relevant to applicants' knowledge base. Whether or not applicants have the knowledge base

details the dilemma of skilled vs. unskilled workers.

TOP REASONS ORGANIZATIONS ARE STRUGGLING
TO HIRE SUITABLE CANDIDATES

Competition from other employers

Candidates do not have the needed '
work experi 36%
perience

Candidates do not have the right o
technical skills 35 A)

Low number of applicants or lack of 33
interest in the organization

Salaries and benefits are not competitive
for the market

Candidates do not have the right 0
workplace (soft) skills 30%

Figure 2.1: Top Reasons Organizations Are Struggling to Hire
Suitable Candidates(The Society of Human Resources

Management, 2019)



2.1 Interpretations of Skilled and Unskilled Worker

Nationally, various factors determine the classification of workers (U.S. Bureau of Labor
Statistics, 2001). For the research project’s purpose, the terms skilled worker and unskilled
worker will reflect characteristics identified within the section. The below discussion includes
brief explorations of the terminologies of skilled worker and unskilled worker.

Researchers suggest that the commitment to skilled workers is paramount to productivity
in the workplace. For instance, Gabszewicz and Turrini (2000) brilliantly articulate the association
between skills and productivity in the following excerpt:

“In a market economy, the supply of skills is determined by private incentives originating

on the labour market. The demand for skilled labour, in turn, depends on firms’

incentives on the product market. If firms find it to be convenient to sell low-quality

(high-quality) products, their demand for skilled labour is low (high), and market wages

for qualified workers do not (do) stimulate an abundant supply of skills” (p. 576).

As Gavszewicz and Turrini (2000) suggested, the classification of workers reflects
corporations’ quality choices. Such quality choices are grounded in the effects of skilled
workers and unskilled workers. The concept of a skilled worker (or skilled labour) is an
interesting terminology. The terminology has evolved. For instance, Hanagan (1977) analyzes
the concept via Marx’s Capital. According to Hanagan (1977), Marx’s Capital describes an
artisan worker as “one who was highly skilled, possessed a wide range of skills, and exercised
some control over the admission of workers into his trade” (p. 29). The following depiction,
Hanagan (1977) characterizes skill as a “scarce ability which it takes time and effort to acquire”
(p. 29). Hanagan (1977) further indicates the extensive and complex nature of this definition in
the following example:

“The definition of skill is a broad one which includes the manual dexterity of the wood



joiner and the shoe laster as well as the extraordinary physical capacity of the forger. In
any case, it is frequently difficult to evaluate the relative share of dexterity and capacity
in determining skill” (p. 29).
The above definition emphasizes an individual’s skill set. Particularly, the definitionsuggests
that a skilled worker can perform satisfactory performance within his or her chosen
occupation.
Similar to Hanagan's (1977) findings, Minneci (2015) posits the complex definitive
nature of a skilled worker in the following excerpt.
“Despite a growing interest in the phenomenon, particularly since the 1990s, the
international scientific community has not provided a universally accepted definition of
highly skilled workers so far, because of differences between countries in terms of
education systems and recognition of qualifications” (p. 171).
Minneci (2015) further asserts that extant literature “focus[es] on the level of education of the
highly skilled worker, others on the type of occupation in the country of destination and others

on combination of both” (p. 171).

The concept of a skilled worker has different meanings determined by factors associated
within a specific occupation. Machine operators required only a limited amount of knowledge
and skills to be proficient. Moving forward, the advances in technologies present the need to
recruit and train personnel for more advanced job skills and opportunities. Due to the shortfall of
required training initiatives and inadequate skill development programs, skilled worker
conditions within manufacturing will remain unfavorable. For instance, six out of 10
manufacturing jobs are left unfilled due to the lack of investment in developmental skilled

learning and training programs within the United States (Queen, 2018). The concept of an
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unskilled worker is a person within an industry that has little to no job knowledge. For instance,
Kagan (2020) provides the following definition of unskilled workers: “a segment of the
workforce associated with a limited skill set or minimal economic value for the work performed.
Unskilled labor is generally characterized by a lower educational attainment, such as a high
school diploma, GED, or lack thereof, and typically results in smaller wages. Work that requires
no specific education level or specialized experience is often available to the unskilled labor

force” (“para.1”).

Similarly, The US Bureau of Labor Statistics defines an unskilled worker as follows:
“For National Compensation Purposes (NCS), laborers are unskilled workers [individuals] who
perform tasks at the work area. Laborers perform unskilled tasks, primarily manual, and do not
have an area of trade specialization” (U.S. Bureau of Labor Statistics, 2001, “para.16”).

Skilled and unskilled workers’ definitions draw attention to the stark differences
betweenthe two categories of workers. Particularly, the classification of a laborer is similar to
the classification of the unskilled worker. Moreover, the skilled worker is matched to an
apprentice's classification because of the skills gained while working in the industry. The
designation of the skilled and unskilled worker titles projects the notation that specificity is just

as important as the actual description of both workers.

2.2 The “Skills Gap”

The ever-changing landscape of employer requirements and worker skills alters the
norms for obtaining adequate skills. The methods for obtaining skills within the industry and

learning institutions do not favor the unskilled employee due to advances in technologies. Such
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“advances within the industry have developed a void in terms of workers’ skills and employer
expectations” (Apprenticeship.gov, 2020). The “Skills Gap” is a common problem for
corporations. Due to the “Skills Gap,” Deloitte (2018a) indicates that the time to fill a position
from 2015 to 2018 has increased by at least 25%. As indicated in Figure 2.2, the percentage
increases between 70 to 93 for skilled production workers, 94 to 118 for Engineers, Researchers,

and Scientists, and 48 to 90 for all other workforce areas are 32%, 25%, and 87.5% respectively.

The average time to fill an open job
position is on the rise

Number of days to fill a job position, by categories,
2015 and 2018

H3015 H3018

118
94

93 =

i 4-5|

Skilled production  Engineers, All other
workers researchers, and  workforce
(Welding, machining,  scientists areas
egquipment (Bathelor's
operations, elc]  degree minimum)

Source: 201 B Deloitte and Manufacturing Institute
skills gap study.

Figure 2.2: The Dilemma of Filling Open Jobs (Deloitte, 2018a)

The relevant skills that were once suitable or capable are now changing due to certain

factors. Deloitte (2018b) proposes that the key skills needed to succeed in the manufacturing sector
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include digital skills, technology, and computer skills, programming skills for robots and
automation, critical thinking, and using tools and techniques. Investing in the right skills is the best

possible scenario for preparation for the future (Deloitte, 2018b).

2.2.1 Addressing the “Skills Gap” via Apprenticeship Programs

Placing more emphasis on apprenticeship programs decreases the skills gap. If
employer-sponsored apprenticeship programs are readily available, advanced quality, and
adequately promoted, the pathways towards a skills gap solution will be promising
(Apprenticeship.gov, n.d.). Apprenticeship.gov (n.d.) suggests that specialized training provides
opportunities for unskilled workers to learn industry-specific skills. Additional trade-specific
course study followed by on-the-job training is key to conform to industry needs.

The urgency for adapting more advanced manufacturing technologies needs to be
complemented by improved methods for skilled learning concepts. Apprenticeship.Gov (n.d.)
states that additional emphasis ought to focus on what skills workers require and how teachers
are using their techniques to access and develop better learning methods for decreasing skills
deficiencies.

Apprenticeships provide one important component towards the quest for closing the skills
gap. The journey starts at the early stages of an industrial worker's career ambitions. As
technologies and manufacturing processes continue to get more and more advanced, the
American worker’s skills continue to trend towards a downward trajectory. The approach to
remedy the skills gap's undesired effects is a task that will include a wide range of contributing
factors. Considering the factors critical industry requirements, advanced manufacturing, and
increased technical aptitude, the skilled worker has little to sustain the status quo.

Apprenticeship.gov continues to overstress the need for supporting apprenticeship
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programs through critical support personnel. Until there is a linked partnership between industry
leaders and educational institutions, the skilled worker will become irrelevant due to the
numerous technological advances within manufacturing (Apprenticeship.gov, n.d.). The industry
is moving quickly towards the next industrial revolution, which includes advanced
manufacturing and automation. To prepare the industry workforce for the next advancement,
industry leaders must implement the necessary changes simultaneously and expeditiously. There
is great concern that the skills gap is not being addressed properly, and skilled workers'
developments continue to falter. A recent survey by the National Association of Manufacturers
indicates that 90 percent of manufacturers express optimism about the future and about 75
percent express deep concerns about their ability to attract and retain a quality workforce moving

forward” (National Association of Manufacturers).

2.3 Defining Human Capital

Corporations are in positions to define what connotes a skilled worker. Such indications are
linkedto human capital. The manner in which human capital is defined varies. For instance,
Woodall (1987) suggests that human capital is defined by people investing in themselves through
education,training, and additional activities. Also, the investment payoffisrewarded through higher
earnings during the person’s career. Woodall (1987) further mentions the importance of
investments and the requirements necessary for achieving the goals to serve the people and a
person's wages throughout their careers. Woodall (1987) also conceptualizes other important
attributes about whathuman capital means and who it benefits. Woodall further highlights the
following four main subjects and details that are required for a more in-depth understanding of

human capital:
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1. The analysis on the amount of return to funding in human capital,
2. Profitability of human capital versus physical capital,

3. How is human capital linked to the worker’s efficiencies, and

4. The additional types of investments towards human capital.

Becker (2002) offers a varied perspective of human capital. Becker’s conception of
human capital highlights expertise, instruction, design, ability, and people's well-being within a
particular economy. Gary Becker is best known for the many viewpoints that human capital
provides, both personally and on a corporate level. Becker stresses the most significant
component of human capital is the investments in people — the driving force behind human
capital. Depending on the type of business (economy) and its respective sector, the driver behind
the human capital is linked to a specific attribute. Moreover, human capital is either tangible,
virtual, personal, innovative, or economical. The undisputed claim for settling on a concrete
hypothesis is that human capital on a personal contribution level is the model of choice.

Keeley (2007) introduces human capital as competence, skills, understanding and traits,
that advance individual and societal benefits, contributing to a person’s respective country.
Keeley's main idea of human capital is about a person's competencies and potential
advancements. Once competencies develop, a specific component will allow the person to make
a societal contribution or benefit the person’s home country. Considering there are many
pathways and initiatives suggesting the basic competencies of human capital, there is broader
alignment for a deeper understanding of people and skills. The elements of childhood serve as

contributing factors for developing human capital.
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Commonalities and differences exist between the varied notions of human capital. The
notions highlight what human capital is, the components, the benefits, and the recipients. The
main commonality is the investment in people and their drive towards obtaining specific skills.
The backbone of human capital is investing in the person; the payback serves as the Return On
Investment (ROI) for both parties involved. One big difference includes the defining feature of
societal benefits as an area of focus. No one definition of human capital will suit the needs of
all. The intent and purposes are about investments that satisfy the people and the intended
organizational objectives.

Human capital comprises many facets and encompasses people, corporations learning
institutions, and the economic landscape. The necessities warranting the needs for human capital
are mainly based on the demands towards achieving a satisfactory goal for the worker and
corporation. Questions remain whether the demand for human capital is feasible enough to
create programs that support skills enhancements and worker training initiatives. Corporations
must be willing to initiate, support, and sustain the needs for human capital at the local, state, and
federal levels.

2.3.1 Investing in Human Capital

Corporations are not the same; each has different objectives and corporate metrics.
Where does human capital fit into a corporation's objectives? Questions like this may be left
unanswered until there is a need or demand for a particular skill, training, people, and
opportunities. Components that support the need for initiating and sustaining employee skills
training include programs like the workforce development system are presented in Figure 2.3 on
page 16. Figure 2.3 describes the workforce development system's various structures that
organize the learning and training of the workforce. Personnel at various stages within the

process



16

are placed at certain points throughout the workforce development program diagram.
Individuals from the local, state, and federal levels support and drive the program’s process flow.
At the center of the development system is the employers, who are the driving force for the entire

system.

Funding Tuition
Unemployed citizens
Services Training
TR Training
Jobs

Social-support services’ (Wg;%‘::’:‘;"}o‘m'%‘mﬁﬁiﬁf f‘;‘oeardV '!S) Educational institutions?

Funding Funding Funding Funding
and policy and policy and policy
Federal government State governments
Folicw

Figure 2.3: The US Workforce-Development System (McKinsey & Company, 2017)

Structures of the workforce development system are paramount to the United States’ aim
to increase skills within the workforce industry. Systems such as the workforce development
system must entail five components, as McKinsey & Company (2017) indicated in Figure 2.4 on
page 17. The components include engagement, training modules, curriculum, assessments, and
instruction. Each component has a specific purpose in support of effective training concepts.
Some of the listed components demonstrate effectiveness, while others may require additional
support and repetition to prove effective. Each individual component’s description details

specific criteria, if achieved, would yield beneficial results.
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Figure 2.4: Five Components of Effective Training

(McKinsey & Company, 2017)

Data is a vital component in the United States’ analytical approach for bridging gaps in
acquiring the necessary skills, training, and education for the manufacturing workforce. For
instance, Figure 2.5 on page 18 accentuates the necessity. As identified in Figure 2.5 on page 19,
data sources come from various inputs and outputs, which result in favorable outcomes.
Millennials are indeed the future generation of the workforce. The shift from the past baby
boomers and Generation-X necessitates adjustments geared towards skills adjustments.

Hanson and Gulish (2016) suggest due to various factors and conditions, the millennial
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workforce is ill-equipped to meet required advances towards educational attainment. The shift
must not only come from on-the-job training practices; it must also incorporate college-level

instruction.

Using Data to Aid
Education
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Figure 2.5: Using Data to Aid Education (Hanson & Gulish, 2016)

Millennials are forced to decide whether to go directly to the job market or obtain a vital
skill in their pursuit of success. As young adults enter their chosen field, they will find
themselves at a crossroads because of the rapid advances in manufacturing technologies. Based
on the options in Figure 2.6 on page 19, the opportunities become clearer due to the potential of
skill-building that enhances the possibilities for job availability. Once the models and
frameworks are set into place, the associated attributes will ensure a smoother transition towards
education to job goals. Moreover, higher education institutions, employers, and employees must

work and align efforts to ensure all learning possibilities are made available.
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Figure 2.6: Education to Employment
(McKinsey & Company, 2017)

Alongside appropriate systems of integration promoting and supporting women in
manufacturing, there are programs and opportunities for Learning and Development (L&D).
To facilitate the effort to help employees “learn how to learn, L&D teams are building internal
knowledge-sharing programs, developing easy-to-use portals and video sharing systems, and
promoting collaborative experiences at work that help people constantly learn and share
knowledge” (Deloitte, 2016, p. 58). As indicated in Figure 2.7 on page 20, the center of any
learning model is the employee — the motivation and assets for the manufacturing industry.
Particularly, in addition to the traditional competencies for employee learning, a more broadened
approach is required that focuses on where the employee currently stands in their career. The

common attributes needed for a successful learning model need not be in any particular order.
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Organizational goals include motivating and providing employees with opportunities for

improvement, and in return, the employees absorb training and invest in themselves.
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Figure 2.7: A Continuous Learning Model (Deloitte, 2016)

Investing in the future is the most common way for an organization and the employee to
gain valuable capital and experience. Also, the proper investments, training for developing
specific skills are needed within the vast and complex manufacturing sector. The training
created and implemented yesterday will not be as relevant for tomorrow. The manners in which
the training landscape has changed over time are identified in Figure 2.8 on page 21. More
criticalanalysis of change is relevant because the commonalities are employee- and corporate-
focused attributes with specific goals for learning methods. Particularly, the future of learning is
about recreating and energizing traditional learning with more innovative ways of employee-

centered learning.
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Learning is a series of corporate programs built around
L&D-designed content and L&D-approved experts
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Figure 2.8: Learning Today and Tomorrow (Deloitte, 2016)

Moreover, in Figure 2.8, there are over ten ways that employers and organizations use
training to fulfill specific goals. The needs can be either employee-specific, employer-specific, or
have a corporate component with their distinct requirements. Either way, the bottom line needs
to have a useful and beneficial component for all parties involved. The educational system in
which to edify the potential workforce is diverse. The needs for training are now more important
than ever, given the manufacturing industry's current landscape. Research regarding the

manufacturing industry cannot overstress the critical shortcomings for skilled employees.
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Corporations and management must identify, enhance and sustain employee training needs.
Essentially, a training, education, and skills metric development system would be beneficial in

identifying which system works best, as described below in Figure 2.9.

More work needs to be done by organizations and education systems to ensure
that the U.S. workforce is prepared for the future of work.

Based on open-ended responses,
HR professionals feel candidates are

lacking some skills that are shared WHICH EDUCATION
by all education systems: SYSTEM IS BEST
POSITIONED TO
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w ﬁﬁ education s)
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higher education to develop their workforce.

Figure 2.9: Addressing the Skills Gap
(The Society of Human Resources Management, 2019)

After identifying which skills, education, and training metric is best suited for a particular
employee, corporations and educational institutions must decide the next best steps. The

identification of a suitable education and training method can be an arduous task for all parties
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involved. One education and training system that works best for one organization may not be
appropriate for the next. One possibility that can prove beneficial for all is the implementation
of a human capital system of models. The human capital system of models, corporationsand
learning institutions are best fit to make decisions regarding employee erudition.

Corporations and learning institutions can best link education and training metrics that work best
between the Employer and the employee. The following section provides both an overview and

a more in-depth look into human capital systems and models.

2.4 Leveraging Human Capital Systems and Model

Aligning with critical tasks and job functions would be critical rated competencies
specifically, knowledge, skills, abilities, and personal characteristics. Generic, off-the-shelf job
descriptions lack the wealth of job information that fuels the activities of all other human capital
management functions. For instance, Hughes (2019) provides the following representation of the
components of the system.

Figure 2.10, on page 24, includes more specifics that are paramount for the smooth
integration necessary to sustain human capital. Human capital typically includes training
measures, occupation level or (job classification), and talent acquisition or skillsets, Hughes (p.
4). The Human Capital Management System (HCMS) includes further measures by including
additional metrics, ensuring that all tasks, goals, and opportunities are covered. The inclusion of

extra measures works to achieve the best possible employee training and support system, Hughes

(p.- 4).
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Figure 2.10: Human Capital Management Systems Components and Relationships

(Hughes, 2019)

A second human capital system includes the Development Stage of the Dynamic
Matching Lifecycle Model. The model in Figure 2.11, employers use education as a signal
indicating an able applicant; and search for that signal (education) within the labor market.
Furthermore, there are four ways an organization uses this information to find suitable
employees within the workforce. As indicated in Figure 2.11 below, the four components of the

model are training, socialization, job design, and job crafting.
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|
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; ; Development
Matching stages Creation - [J lizati Termination
Recruitment, hiring Training, socialization, 5
J 5 job design. job crafting Push-and pull-based separations
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Vertical and/or
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» Time

Figure 2.11: Dynamic Matching Lifestyle Model
(Weller, Hymer, Nyberg & Ebert, 2019)



25

Figure 2.11, on page 24, illustrates the analysis of workers being heterogenous or flexible
within their skillsets will further benefit the need for enhancing human capital. Dynamic
matching comes into play due to unforeseen circumstances within the job market. When
fluctuations occur, heterogenous employees will yield the best results because of their adaptable

skills; therefore, providing the best human capital benefits for an organization.
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CHAPTER 3. RESEARCH METHODOLOGY

3.1 Research Methodology Overview

The project's methodology included research elements with a sample population (N) of
ten metal manufacturing companies. The ten companies were primarily Tier-1, Tier-2, and
Original Equipment Manufacturer (OEM), suppliers, which supply fabricated metal products to
the automotive, aerospace, military, medical, and other products to businesses worldwide. The
two research elements included skilled machine operators and unskilled machine operators. The
two research elements were analyzed to quantify workers' skills gap. The analysis provided a
context to further explore what level of skill existed between skilled and unskilled machine
operators.

The research study included 28 data points for each company surveyed. There were
seven specific knowledge and skill data points (n) analyzed across four data inputs. The seven
specific knowledge and skill data points (n) included: machine safety procedure, compliance
work understanding, standard work, machine setup, sample part operation, part
operations/running parts, and production/final inspection. Data inputs related to both workers,
skilled workers, and unskilled workers, included: training, knowledge/skill level, quality factor,
and type of training. Data inputs related to training or the knowledge and skill capacities
included having been trained and not being trained. Data inputs related to knowledge/skill level
were documented by using a Likert scale. The knowledge and skill levels ranged from no skills,
some skills, satisfactory skill, very good skill, up to exemplary skills. Data inputs related to
quality factors included acceptable and unacceptable. Data inputs related to the type of training

included traditional, on-the-job training (OJT), and apprenticeships.
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3.2 Research Instruments

The Purdue Library was the main research instrument used. Additional research
instruments used from Purdue included S&P Capital 1Q, Mergent Online, and D&B Hoovers.
The three research instruments used were all databases for the purpose of collecting data points
with company and sample populations, descriptions for gathering specific company profiles with
unique information. Included within the company research databases were manufacturing
industry-specific Standard Industrial Classification Codes (SIC Codes). The codes are specific to
an industry title, Division D: Manufacturing Category. The primary metals industry is 3300, and

the fabricated metal products is industry 3400.

3.3 Data Collection Procedures

Company data were acquired by the utilization of research instruments from the Purdue
library and other research databases from S&P Capital 1Q, Mergent Online, and D&B Hoovers.
Additional outlets include appropriate course documents/materials utilized during the ENGT
590b semester. Specific focus was targeted on skilled and unskilled workers within the metals
manufacturing industry. The process and procedures used were for the identification of
documented and verified worker training that has supported research methodology and thesis
hypothesis. The data researched and captured on the skilled and unskilled workers within metals
manufacturing has been documented and recorded to validate the disparities between both
workers within the industry.

Utilizing Table 3.1, on page 28, a worker analysis was collected and recorded. The
manufacturing employee operator analysis table was drawn that included the seven data points

(n). Next, the four remaining worker data points were written down and documented:



Recipient Received Training (Yes/No)

Knowledge / Skill Level (Likert Scale)

Quality Factor (Acceptable/Unacceptable

Type of Training Provided (Traditional/OJT/Apprenticeship)

28

The rough draft chart was completed and filled out accordingly by researching ten

metals manufacturing companies. Calculating the data from the blank sheet of paper was

required to validate research accuracy before transferring it into Excel. The collection of data

was then transferred onto a completed Excel spreadsheet. The knowledge/skill level attribute

was used asa Likert scale for purposes of calculating and documenting worker analysis.

Table 3.1: Manufacturing Employee Operator Analysis

Worker Analysis
(n=7)

Machine Safety
Procedure

Recipient Knowledge/Skill Level Quality Factor Type of

Received Training

Training Provided

Yes No No | Some | Satisfactory | Very | Exemplary | Acceptable | Unacceptable | Traditional | OJT
Skill Skill Skill Good Skill

Skill

Compliance
Work/Understanding

Standard Work

Machine Setup

Sample Part Operation

Part
Operation/Running
Parts

Production/Final
Inspection
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34 Research Variables

The captured and recorded data from the ten metals manufacturing companies focused on
the knowledge and skill levels of the skilled and unskilled workers within the metals
manufacturing industry. The research sources included critical company specifics related to
operator safety, compliance, standards, machine setup, operations, and inspection processes. The
included data gathered has been further categorized into variables identified as groupings that
represented skilled and unskilled workers (n) data points.

The project's research sources included the Purdue Library (lib.purdue.edu), focusing
on metal manufacturers. The second critical element of the study focused on seven data points
related to worker knowledge and skills, and a sample size of ten metal manufacturing companies.

e Machine Safety Procedure

e Compliance / Work Understanding
e Standard Work

e Machine Setup

e Sample Part Operation

e Part Operation / Running Parts

e Production / Final Inspection

3.5 Statistical Measures

Utilizing multiple analyses, seven data points (n) of skilled and unskilled workers from ten
metal manufacturing companies were analyzed. Multiple analyses were necessary to ensure
statistical significance comparing and contrasting worker knowledge and skills of skilled and

unskilled workers.
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Using skill rating (i.e., skilled or unskilled) as the independent variable and the rankings
from the Likert Scale (0 to 4) as data points, seven t-tests and seven Analyses of Variance
(ANOVA) wereconducted. These parametric tests evaluated the variation in the data. To further
examine the statistical significance and the distribution of data, a nonparametric test, the Mann-
Whitney U Test, was conducted.

3.6 Data Analysis

Table 3.1, on page 28, includes data point descriptions (n) and research elements from ten
metal manufacturing companies (N) detailing the descriptions from both skilled and unskilled
workers in the metal manufacturing industry. Qualitative analyses were conducted to determine
the extent of worker and/or company attributes with specific emphasis on the acquired worker
competencies or lack thereof.

e Recipient Received Training

e Knowledge / Skill Level

e Quality Factor

e Type of Training Provided
Complementing the above four worker attributes were seven knowledge and skills data points
(n).

The skilled worker analysis described seven (7) data inputs used for all key attributes of
skilled workers (n) within the metal manufacturing industry. Each attribute identified both
workers having obtained or learned necessary skills and training within the industry, or if
additional skills are needed. Additionally, a quality factor and training types will be selected to

determine if the skilled worker is proficient within the metals manufacturing industry.
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Table 3.1, on page 28, was utilized in two ways. The first manner of utilization was for
the analysis of both skilled and unskilled workers combined into one operator analysis. The
purpose of this is to better calculate the worker analysis by incorporating both workers. The
skilled and unskilled workers were then separated and analyzed into their specific charts for

analysis. Next, each category and remaining research element was individually analyzed.

3.7 Limitations

Potential factors that can change the skilled and unskilled worker research study would
be the search instruments and specifics within the Purdue Library and the erroneous appraisal of
workers. Search methods involving subjects, terminologies, keywords, and phrases, and topics
are all subject to greater specificity. Determining the exact keyword and phrasing to achieve a
successful study requires more time. The categorizations of workers within the research study
were based on corporations’ evaluations. The manners in which corporations define “skilled”
and “unskilled” workers may be subjective and may not ultimately align with research findings.

Moreover, the prominent crucial component of the research study was the validity of the results.

3.8 De-limitations
The study aims to research skilled and unskilled worker data points (n) and a sample size

(N) of ten companies. The goal is to research what is required to establish specific boundaries.



CHAPTER 4. RESULTS AND FINDINGS

Metal manufacturing and fabrication machine operator jobs remained limited due to the
industry's shortage of skilled operators. Nationally, metal manufacturing machine operator jobs
remained unfilled (Queen, 2018). The absence of upskill training for skilled operators, and the
lack of initial training opportunities for unskilled workers resulted in the shortage. Multiple data
points were analyzed to determine the extent to which workers were trained, and quality factors
were directly linked to the worker knowledge data points. Moreover, the research analyzed

worker knowledge and/or skill levels.

4.1 Worker Analysis: Skilled and Unskilled Workers

A worker analysis of all ten metal manufacturing companies determined the skill gap
between skilled and unskilled workers. As indicated in Table 4.1 on page 33, the research
includedseven specific knowledge and skill data points; this totaled 28 data inputs for each of the
companies researched. Multiple statistical analyses established substantial differences between
data values related to skilled and unskilled workers. The multiple analyses included eight
variables: categorizations of workers (skilled or unskilled) and the seven data points.
Comparative analyses run via IBM SPSS Statistics necessitated both a specified independent and
dependent grouping variable. The categorizations of workers served as the independent
grouping variable. To create dependent variable data to compare the groups, the rankings from

the Likert Scale (0 to 5) were utilized as data points.



Table 4.1: Manufacturing Employee Operator Analysis

33

Worker Analysis Recipient Knowledge/Skill Level Quality Factor Type of
(0=7) Received Training
Training Provided
Yes No No | Some Satisfactory Very | Exemplary [Acceptable |Unacceptable |Traditional | OJT
Skill Skill Skill Good Skill | Skill

Machine Safety 2 8 4 2 0 3 1 4 6 2 8
Procedure
Compliance 7 3 2 4 0 3 1 8 2 4 6
Work/Understanding
Standard Work 7 3 3 3 0 3 1 7 3 3 7
Machine Setup 5 5 3 3 0 2 2 4 6 4 6
Sample Part Operation 5 5 6 0 0 3 1 4 6 3 7
Part 4 6 6 0 0 2 2 4 6 2 8
Operation/Running
Parts
Production/Final 4 6 6 0 0 0 4 5 5 5 5
Inspection

Tables 4.2, on page 34, includes the results of the independent samples t-test. Since there were

seven dependent variables, the analysis included seven t-tests. Results from the parametric test

indicated a statistical difference between skilled and unskilled workers. Despite examining a

moderate sample size, the T statistic and p-value revealed a considerable statistical difference.




Table 4.2: Results of the Independent Samples t-test

95% C.L
Data Point
ata ToInts t af| p M | SE | Lower | Upper
Machine Safety Procedure -8.85 | 810.000(-292]0.33| -3.68 | -2.16

Compliance Work/Understanding | -7.84 | 8 | 0.000 [ -2.58 1 0.33 | -3.34 | -1.82

Standard Work -8.03 | 8 [ 0.000 | -2.75(0.34| -3.54 | -1.96
Machine Setup -8.31 | 8 [ 0.000( -3.00| 0.36| -3.83 | -2.17
Sample Part Operation -16.44 8 1 0.000| -3.25( 0.20| -3.71 | -2.79
Production/Final Inspection -15.34] 8 1 0.000 [ -3.50 [ 0.23 | -4.03 | -2.97

Table 4.3 on page 35 includes results of the ANOVA. Since there were seven dependent
variables, the analysis included seven ANOVAs. Results from the parametric test indicated a
statistical gap between skilled and unskilled workers. Although the test examined a moderate
sample size (N), the F statistic and p-value illustrated a considerable statistical

difference/variance.
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Dimension Sum of Squares | df | Mean Square F p
Machine Safety Between Groups 20.42 1 20.42 78.40 | 0.000
Procedure Within Groups 2.08 8 0.26
Total 22.50
Compliance Between Groups 16.02 1 16.02 61.50 | 0.000
Work/Understanding Within Groups 2.08 8 0.26
Total 18.10 9
Standard Work Between Groups 18.15 1 18.15 64.53 | 0.000
Within Groups 2.25 8 0.28
Total 20.40 9
Machine Setup Between Groups 21.60 1 21.60 69.12 | 0.000
Within Groups 2.50 8 0.31
Total 24.10 9
Sample Part Operation Between Groups 25.35 1 25.35 270.40 | 0.000
Within Groups 0.75 8 0.09
Total 26.10 9
Part Operation/Running | Between Groups 29.40 1 29.40 235.20 | 0.000
Parts Within Groups 1.00 8 0.13
Total 30.40 9
Production/Final Between Groups 38.40 1 38.40
Inspection Within Groups 0.00 8 0.00
Total 38.40 9

The Independent Samples t-test and ANOVA results indicated a statistically noteworthy

difference amongst the scores of skilled and unskilled workers. Particularly, there exists a

statistical significance across all tested dimensions. Finally, in the t-test table on page 34, the

negative mean scores indicated the unskilled workers in the analysis had lower scores than
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skilled workers tests; SPSS was able to test all seven variables. This difference in the analysis is
based on the nonparametric independent samples t-test determined if the same results hold forthe
data. As indicated in Table 4.4 by the nonparametric tests, SPSS tested all seven variables.
Analysis differences used both nonparametric test methodology and parametric tests as a basis.
The parametric tests focused on the scores' variation, while the nonparametric tests focused on
the distribution of scores. The Mann-Whitney U Test, indicated by Table 4.4, revealed unskilled
workers tended toward lower scores than skilled workers. The results observed and known about

Table 4.4: Mann-Whitney U Test

Null Hypothesis Test )4 Decision
1 The distribution of MSP Skill Independent-Samples Mann- .010 Reject the null hypothesis.
Level is the same across Whitney U Test

categories of Skilled.

2 The distribution of CWU Skill Independent-Samples Mann- .010 Reject the null hypothesis.
Level is the same across Whitney U Test

categories of Skilled.

3 The distribution of SW Skill Independent-Samples Mann- .010 Reject the null hypothesis.
Level is the same across Whitney U Test

categories of Skilled.

4 The distribution of MS Skill Independent-Samples Mann- .010 Reject the null hypothesis.
Level is the same across Whitney U Test

categories of Skilled.

5 The distribution of SPO Skill Independent-Samples Mann- .010 Reject the null hypothesis.
Level is the same across Whitney U Test
categories of Skilled.

6 The distribution of PO Skill Independent-Samples Mann- .010 Reject the null hypothesis.
Level is the same across Whitney U Test

categories of Skilled.

7 The distribution of PFI Skill Independent-Samples Mann- .010 Reject the null hypothesis.
Level is the same across Whitney U Test

categories of Skilled.
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the analyzed data served as a predictor for the included and expected outcomes. The statistical
analyses described by Tables 4.2, 4.3, and 4.4 on pages 34, 35, and 36, respectively, offered
meaningful results about the research study. Summaries of the Independent-Samples Mann-

Whitney U Test are available in the Appendix.

Qualitative analyses of the remaining data points offered additional details. For instance,
50% or more of the companies did not provide training specific to five (71.4%) of the seven data
points; the data points were machine safety procedure, compliance work/understanding, standard
work, part operation/running parts, and production/final inspection. The area of quality factors
divulged comparable findings. Data indicated 50% or more of companies did not identify five
(71.4%) of the seven aforementioned data points within their quality metrics. Of the seven data

points, the preferred method of training was on-the-job training (OJT).

4.2 Skilled Worker Analysis

Research gathered for the skilled workers within the metals manufacturing industry has
shown to be paramount in all areas of analysis. For instance, in Table 4.5 on page 38, one
particular area that remained relatively consistent is the data point for recipient received training.
One hundred percent (100%) of the skilled workers’ knowledge and/or skill levels ranked as
either very good or exemplary. The types of machines owned by the companies included: 5-axis
CNC machines, metal punch presses, CNC lathes, and horizontal CNC mills. Particularly, 100%

of the companies offered training specific to six (85.7%) of the seven data points:

e Compliance Work/Understanding
e Standard Work

e Machine Setup
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e Sample Part Operation,
e Part Operation/Running Parts
e Production/Final Inspection
The machine safety procedure distributed results between receiving, and not receiving
training, for the remaining data point. Similarly, 100% of the companies identified seven (100%)
of the data points within their quality policies or metrics. Of the seven data points, thepreferred

method of training was on-the-job training (OJT).

Waorker Analysis Recipient Knowledge/Skill Level Quality Factor Type of
(n=7) Received Training
Training Provided
Yes No No Some Satisfactory Very Exemplary |Acceptable |Unacceptable |Traditional | OJT
Skill Skill Skill Good Skill Skill
Machine Safety 2 2 0 0 0 3 1 4 0 2 4
Procedure
Compliance 4 0 0 0 0 3 1 4 0 0 2
Work/Understanding
Standard Work 4 0 0 0 0 3 1 4 0 1 2
Machine Setup 4 0 0 0 0 2 2 4 0 1 2
Sample Part Operation 4 0 0 0 0 3 1 4 0 1 2
Part 4 0 0 0 0 2 2 4 0 1 2
Operation/Running
Parts
Production/Final 4 0 0 0 0 0 4 4 0 1 2
Inspection

Table 4.5: Skilled Worker Analysis
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4.3 Unskilled Worker Analysis

Research gathered for the unskilled workers within the metals manufacturing industry has
shown to be inadequate in areas of analysis. For instance, as indicated in Table 4.6 on page 40,
over 80% of the companies did not offer training specific to the below data points:
e Machine Safety Procedure
e Compliance Work/Understanding
e Standard Work
e Machine Setup
e Sample Part Operation
e Part Operation/Running Parts
One hundred percent (100%) of the unskilled workers’ knowledge and/or skill levels
were ranked as either no skill or some skill. The type of operated machines included metal
punch presses, CNC lathes, CNC mills, drill presses, and welding equipment. Comparable
findings were observed in the area of quality factors. Particularly, data indicated that 80% or
more companies, did not identify the seven data points within their quality policies or metrics.
Of the seven data points, the preferred training method was on-the-job training (OJT), with only

one company identified.
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Worker Analysis Recipient Knowledge/Skill Level Quality Factor Type of
(n=7) Received Training
Training Provided
Yes No No | Some Satisfactory Very |Exemplary |Acceptable [Unacceptable |Traditional | OJT
Skill Skill Skill Good Skill | Skill
Machine Safety 0 6 4 2 0 0 0 0 6 0 1
Procedure
Compliance 3 3 2 4 0 0 0 4 2 0 1
Work/Understanding
Standard Work 3 3 3 3 0 0 0 3 3 0 1
Machine Setup 1 5 4 2 0 0 0 1 5 0 1
Sample Part Operation 1 5 6 0 0 0 0 0 6 0 1
Part 0 6 6 0 0 0 0 0 6 0 1
Operation/Running
Parts
Production/Final 0 6 6 0 0 0 0 1 5 0 1
Inspection

Table 4.6: Unskilled Worker Analysis

4.4 Discussion

The manufacturing employee operator project identified the following research problem:

Six out of 10 manufacturing jobs are left unfilled due to the lack of investments in developmental

skilled learning and training programs within the United States (Queen, 2018). “Every job in

manufacturing creates two and a half new jobs in local goods and services, and for every dollar

invested in manufacturing, another $1.32 in additional value is created in other sectors” (Giffi,

Dollar and Gangula, 2015, n.p.). The problem will be analyzed by juxtaposing research results

of skilled and unskilled workers and the effects on performance, standards, and conditions

(Bendoly & Prietula, 2008). Promoting advanced learning methodologies for manufacturing

programs will be linked to the National Academy of Engineering Grand Challenge of Advanced

Personalized Learning (Zwers, 2010).

Research findings acquired via Independent Samples T-Test, Analysis of Variance

(ANOVA), and Mann-Whitney U Test, support various components of the research problem

statement. The analysis results suggest that over 75% of companies that did not offer training
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specific to the seven data points emphasized the lack of investments in developmental training
programs. Moreover, failure to identify and correlate worker knowledge/skill levels with
company policies or metrics intensified investment deficiency in human capital among
corporations. The analysis results championed investing more for training purposes within
metals manufacturing; whereby “every job in manufacturing creates two and a half new jobs in
local goods and services, and for every dollar invested in manufacturing, another $1.32 in

additional value is created in other sectors” (Giffi, Dollar and Gangula, 2015, n.p.).

The results also emphasized the importance of understanding other effects of minimal
investments in human capital. For this reason, juxtaposing the results of skilled and unskilled
workers and the effects on performance, standards, and conditions served as a mode of analysis
(Bendoly & Prietula, 2008). Research findings indicated statistical significance at the Alpha
level .05 between skilled and unskilled workers in the areas of analysis. Moreover, unskilled
workers tended to have lower scores than skilled workers. Mean scores across the seven data
points: Machine Safety Procedure, Compliance Work/Understanding, Standard Work, Machine
Setup, Sample Part Operation, Part Operation/Running Parts, Production/Final Inspection; also
revealed that the satisfactory skill level across the seven data points was unattainable. For all of
the above reasons, it is paramount that companies invest in initial manufacturing employee
operator training initiatives. Manufacturing programs linked to the National Academy of
Engineering Grand Challenge of Advanced Personalized Learning require more robust company

obligations for promoting learning methodologies. (Zwers, 2010).
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CHAPTER 5. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

5.1 Summary

Research conducted included ten metals manufacturing companies and production
employees within the metals manufacturing industry. The analysis provided a context further to
explore competency levels between skilled and unskilled machine operators. The research
includedRecipient Received Training, Knowledge/Skill Level, Quality Factor, Type of Training
Provided, that focused on worker analysis within the following areas:

e Machine Safety Procedure

e Compliance/Worker Understanding
e Standard Work

e Machine Setup

e Sample Part Operation

e Part Operation/Running Parts

Production/Final Inspection
The remaining analysis of the skilled and unskilled machine operators focused on the following
worker data inputs:

e Recipient Received Training

e Knowledge/Skill Level

e Quality Factor

e Type of Training Provided

Multiple statistical measures included Analysis of Variance (ANOVA), Mann-Whitney U

Test, and T-Test samples to identify the disparity between the machine operators. Qualitative

analysis of machine safety procedure, compliance work/understanding, standard work, part
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operation/running parts, and production/final inspection was conducted. Results indicated that
skilled workers were proficient in the following areas: Machine Safety Procedures, Compliance
Work/Understanding, Standard Work, Machine Setup, Sample Part Operation, Part
Operation/Running Parts, and Production/Final Inspection. Coincidentally, unskilled workers
were indicative of a worker who possessed little to no skills in the same areas. The significant
outcomes of the study were that there is indeed a skills gap between skilled and unskilled
workers. The knowledge and skill capacities of both workers varied from having been trained on
specific competencies to not being adequately trained. The alignment of the study findings and
extant literature indicates that addressing the "skills gap" between skilled and unskilled workers
requires firm, correlated efforts between metals manufacturing industry leaders and educational

entities.

5.1.1 Skilled Worker Analysis

The research findings for the skilled workers have shown to be very favorable within all
areas of analysis. Results for knowledge/skill levels indicated that 100% of the skilled workers
analyzed scored very good or exemplary. The data point for recipient received training showed
that over 90% of the workers analyzed had received training. Moreover, aligned training with
the seven data points indicated favorable outcomes. For instance, 50% of the skilled workers
received training in the area of machine safety procedure. One hundred percent (100%) of the
skilled workers received training in compliance/work understanding, standard work, machine
setup, sample part operation, part operation/running parts, and production/final inspection. The

preferred method of training was on-the-job training (OJT).
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5.1.2 Unskilled Worker Analysis

The research findings for the unskilled workers showed a significant difference within
critical areas of analysis. Results for knowledge/skill levels indicated that over 80% of the
unskilled workers analyzed scored no skill or some skill. The examination for recipients who
received training revealed that over 80% of the unskilled workers did not receive training.
Mainly, unskilled workers did not receive training in the following five of the seven (or 71% of
the) areas of analysis: machine safety procedure, machine setup, sample part operation, part
operation/running parts, production/final inspection. Foci of training for unskilled workers were
in the areas of compliance/work understanding and standard work. The preferred method of
training unskilled workers was on-the-job training (OJT). Findings related to the level and kind
of training offered to this group of workers support the notion that six out of 10 manufacturing
jobs are left unfilled due to the lack of investment in developmental skilled learning and training
programs within the United States (Queen, 2018). Furthermore, the unskilled worker analysis
results prove that; effective company obligations are paramount for promoting advanced learning
methodologies for manufacturing programs that will be linked to the National Academy of

Engineering Grand Challenge of Advanced Personalized Learning (Zwers, 2010).

5.1.3 Statistical Analysis - Skilled and Unskilled Workers

The skilled and unskilled worker statistical analysis included seven specific knowledge
and skill data points and 28 data inputs for each of the companies researched. The statistical
analyses consisted of three tests: Independent Samples t-test, Analysis of Variance (ANOVA),
and Mann-Whitney U Test. The statistical analyses determined statistical significance between

data values related to skilled and unskilled workers. The sample t-test and ANOVA results
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indicated a statistical significance between the two groups of workers. The Mann-Whitney U

Test showed that the unskilled workers tended to have lower scores than the skilled workers.

5.2 Informative Analyses of Metals Manufacturing Industry

The metals manufacturing industry’s informative analysis consisted of companies that
employed workers with varying knowledge and skills. The data collected and analyzed included
quality and training results from workers within the Metals Manufacturing Industry. The analysis
of the industry has revealed an invalid perception of the industry’s workforce. The researched
companies presented worker nomenclature representing worker skill sets that did not accurately
meet specific company practices. The Worker Analysis, for instance, has seven particular areas
that represent the aptitudes of typical metals manufacturing industry workers. Of the seven
areas, 50 to 60% of the companies did not offer training related to machine safety procedure,
machine setup, sample part operation, part operation/running parts, and production/final
inspection. Correspondingly, quality factor findings suggest that these same areas of analysis

were not reflected within the companies’ quality policies or metrics.

5.3 Conclusions of The Body of Work Within the Capstone Directed Research Project

The Capstone Directed Research Project identified skill differences via three statistical
analyses between metals manufacturing workers, and the components of the research study. For
instance, the analyses of skilled and unskilled workers suggest that workers lacked training and

skills relevant to the worker analysis data points specified within the CDRP.
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5.3.1 Interpretations of skilled and unskilled workers

The metals manufacturing industry’s analysis of skilled and unskilled workers has been
perceived as two separate entities. For instance, according to Hanagan (1977), Marx’s Capital
describes an artisan worker as “one who was highly skilled, possessed a wide range of skills,
and exercised some control over the admission of workers into his trade” (p. 29). Moreover,
Kagan (2020) provides the following definition of unskilled workers:

“a segment of the workforce associated with a limited skill set or minimal economic

value for the work performed. Unskilled labor is generally characterized by a lower

educational attainment, such as a high school diploma, GED, or lack thereof, and
typically results in smaller wages. Work that requires no specific education level or

specialized experience is often available to the unskilled labor force” (“para.1”).

Similarly, the Capstone Directed Research Project identified a skilled worker as a worker who is

qualified within the seven worker analysis data points:

e Machine Safety Procedure

e Compliance Work/Understanding
e Standard Work

e Machine Setup

e Sample Part Operation.

e Part Operation/Running Parts

e Production/Final Inspection

The four worker data inputs listed below were correlated towards worker and company
attributes:

e Recipient Received Training
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e Knowledge/Skill Level
e Quality Factor

e Type of Training Provided

The analysis results of metals manufacturing workers suggest that favorable worker data results
indicated a capable industry worker.

5.3.2 Significance of Shortages of Skilled and Unskilled Workers

Companies within the Metals Manufacturing Industry employed workers that were
inexperienced within the industry. The analysis of unskilled worker knowledge aligned with the
CDRP’s Review of Literature on why organizations struggle to hire suitable candidates. As illustrated
in Figure 2.1 on page 7 of the CDRP’s Review of Literature, below displays the six reasons

organizations struggle to hire qualified candidates.

TOP REASONS ORGANIZATIONS ARE STRUGGLING
TO HIRE SUITABLE CANDIDATES

Competition from other empiloyers. 43%
Candidates do not have the needed 36%

work experience

Candidates do not have the right "
technical siils 35%

-
intetest in the ergasization
1
for the market

Candidates do nok have the right o
workplace {soft) siills 30%

Figure 2.1: Top Reasons Organizations Are Struggling to Hire Suitable Candidates(The Society

of Human Resources Management, 2019)

Similar findings associated with the skilled and unskilled worker analyses, the results were
identical and in line with current literature. The analysis outcomes for industry workers have

shown critical gaps in top areas of company-provided training and receiving training. The
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previous areas mentioned are significant because worker competencies, company training, and
metrics results have correlated with current literature.

5.3.3 Research Findings Limitations/Delimitations

The statistical analysis of the skilled and unskilled workers presented challenges due to
various factors. For instance, the company provided data that were collected and analyzed and
was not specific to just one type of worker. The worker attributes were grouped according to
company profiles, descriptions, and the type of metal manufacturing industry. To fully leverage
the analysis, more data with a larger sample size (N) was needed to show some variability
between both groups. The modest sample size provided statistical challenges related to
variancesof comparing both workers. The larger the sample size (N), the more likely and less
complicatedthe analysis tests will become.

One area misrepresented was the company’s Machine Safety Procedures. A major
finding during the worker analysis was that most companies did not have Machine Safety
Procedures. The majority of the companies utilized a company-wide safety policy in place of the
Machine Safety Procedure.

5.3.4 Analysis of CDRP Findings

The CDRP addressed worker results based on the four Research Problem Statements.
The research results were specific to skilled and unskilled workers within the Metals
Manufacturing Industry. The research results of workers within the Metals Manufacturing
Industry suggest that the findings align with the literature review for industry workers.
Research findings will highlight worker skills deficiency, and the voids in company training
processes can be acknowledged and improved. The results are critical towards bridging the gap

for identifying qualified, skilled workers within the industry. Critical Worker Knowledge and



49

Skills Training continues to be the benchmark standardfor recognizing and attracting Metals
Manufacturing Industry workers. Suggested methods for attracting qualified industry workers are
dependent on Metals Manufacturing Industry leaders' support, correlated with commitments

towards sponsored training programs.

5.4 Recommendations

Concluding this study, differences between both groups of workers within Metals
Manufacturing are apparent. Key alliances between corporate and educational entities are
necessary for ensuring worker training and quality objectives are addressed. The outcome and
prioritization for knowledgeable manufacturing industry workers justify improvement in training
and quality initiatives. Future skills gap projections and solutions are dependent on the ways
companies advance training/learning methodologies. Two recommendations to make such
advancements include competency mapping and skills development matrix. Competency
mapping (i.e., the process of identifying key competencies of an individual or organization
(Choudhary, Sharma, & Mahalawat, 2013; Johri, 2014)), offers companies depictions of
workers’ skill sets. Two models are recommended. One model depicts a skilled worker. A
secondmodel represents an unskilled worker. A juxtaposition of the two models must occur to
quantify the skills attributed to each type of worker and the “skills gap”. Such quantifications
will provide a context to explore the “skills gap further” in light of an appropriate learning
methodology. The process of competency mapping entails a “comprehensive list of

competencies which a star performer possesses, along with their level of possession” (Christiana,

2016, p. 8). One of the significant goals of competency mapping is to critique individuals’
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competency, or lack thereof, to develop or identify appropriate learning methodologies to
improve competency (Choudhary, Sharma, & Mahalawat, 2013). The methods for competency
mapping are displayed in Figure 5.1.  Unlike the competency mapping framework that

directlyinvolves the workforce, the proposed mapping entails depictions of the unskilled

Understanding the Vision and Mission of the Organization

- — Delineating the organization
ans hh:g g:i?izlm:z Eﬂ und and structure clearly as well as the
P g reporting relationships

v
Competency Identification

Skill sets required for the job, and

Outline the mles and responsibilities soft skill sets required for the job
of the position and short-term goals plus interadtion with other units/f
personnel
b

Generating a Competency Model and Benchmarking Variocus Skills
Specific for Specific Positions

b
Assessment of the Current Incumbent, Keeping in Mind the Next
Promotion and the Competencies Required for That Position
i

Analyzing the Results of Benchmarking and Using Them in Various
HR Practices for Development

Figure 5.1: Outline of Competency Mapping (Johri, 2014)

and skilled workforce. Table 5.1, on page 51, provides a framework in which to tabulate
competency and interest levels; to organize appropriate data to develop competency mappings of
skilled workforce and unskilled workforce. Cumulative results need to be utilized to indicate

levels for the areas of assessment. Upon completing all tabulations, competency
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Table 5.1: Competency and Interest Levels

Unskilled Workforce Skilled Workforce

Areas of Assessment Competency Interest Competency Interest

Level Level Level Level

Core Task Performance

Citizenship Performance

Counterproductive
Performance
Standards
Conditions
Competency level Interest Level
0 = Indemonstrable 0 = No indication of interest
1 = Demonstrable at a low level 1 = Indication of interest
2- Demaonstrable at a high level U- Unspecified

U- Unspecified

mappings (or graphs) need to be developed for the unskilled workforce and skilled workforce.
For instance, Figure 5.2, on page 53, displays a competency map of a manager from Nagesh,
Kulenur, Jagadeesh, 2016). The map indicates the expected results (in blue) and actual results (in
green) in relation to the areas of assessment (e.g., job-related competence and skills and
attributes). The mapping indicates that the actual results are at or beyond the expected results.
Such results suggest that the expected levels of competency of the manager may be too low. The
results of this mapping provide a richer context in which to organize learning methodologies to

support higher levels of competency in all areas of assessment.
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Figure 5.2: Competency Map of Manager (Nagesh, Kulenur & Jagadeesh, 2016)

To further explore the assessment areas, a second model needs to include a skills
development matrix (or 2X2 Matrix). The 2X2 Matrix is a universal framework developed to
identify a particular deficiency, or lack thereof, and create a matrix for skills improvement and
creation (Lowy & Hood, 2004). Upon completing analyses of the competency mappings
depicting the skill and unskilled workforce, the 2x2 matrix needs to list and focus on skills
development requirements, current skills, and proficiencies. The 2x2 Matrix provides a
context in which deficiencies could be aligned with components of a learning methodology to
improve competency. As illustrated in Figure 5.3 on page 54, the current features of the 2x2
Matrix include the following categories: low proficiency and high proficiency. The remaining
categories need to be determined by analysis of skills. Matrix classifications need to be

aligned with components of learning methodologies. The following questions must guide
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the alignment of matrix classifications and the components of proposedlearning
methodologies: What components are beneficial for individuals with low competency level

and low-interest level? What components are helpful for individuals with high competency

=
= To be High Proficiency
T .
determined
©
ot
_
g Low Proficiency To be determined
=
z
Q
—
Low Competency Level High

Figure 5.3: Proposed 2x2 Skills Development Matrix

levels and low interest? What components are beneficial for individuals with low competency
and high interest? What components are helpful for individuals with high competency and high
interest? The intent of the competency mapping and the 2x2 matrix is to highlight the “skills

gap” and identify appropriatecomponents of learning methodologies to minimize the gap.



54

LIST OF REFERENCES

Apprenticeship.gov (2020). Apprenticeship closing the skills gap. Retrieved November 22,
2020, from https://www.apprenticeship.gov/awards/apprenticeship-closing-skills-

gap.

Apprenticeship.gov (n.d.). What is an industry-recognized apprenticeship program. Retrieved
November 18,
2020, from https://www.apprenticeship.gov/employers/industry-

recognized- apprenticeship-program.

Becker, Gary. (2002). The age of human capital. Education in the Twenty-First Century, 3-8.

Bendoly, Elliot & Prietula, Mike (2008). In “the zone”. The role of evolving skill and
transitional workload on motivation and realized performance in operational tasks.
International Journal of Operations & Production Management. Retrieved
September 21, 2020 from
https://www.researchgate.net/publication/243461875_In_the zone The role of evo
lving_skill and_transitional workload on motivation_and _realized performance in
operational tasks.

Beulah Viji, C.M. (2016). Enhancement of employee performance through competency
mapping in its sector — An empirical analysis. CLEAR International Journal of
Research in Commerce & Management, 7(9), 8-14.

Borrego, Maura & Foster, Margaret & Froyd, Jeffrey. (2014). Systematic Literature
Reviews in Engineering Education and Other Developing Interdisciplinary Fields.
Journal of Engineering Education. 103. 10.1002/jee.20038.

Cerasis. (n.d.). [Infographic]. Help wanted: Skills for manufacturing jobs, what does
the manufacturing skills gap cost us? Retrieved November 10, 2020, Retrieved
from https://cerasis.com/skills-for-manufacturing-jobs/).

Choudhary, M., Sharma, D. & Mahalawat, D. (2013). Competency mapping an effective tool for
HRM. International Journal of Research in Commerce & Management, 4(5), 64-66.

Christiana, M.B.V. (2016). Enhancement of employee performance through competency
mapping in IT sector — An empirical analysis. International Journal of Research
in Commerce & Management, 7(9), 8-14.

Deloitte (2016). Global human capital trends. Retrieved November 4, 2020, from
https://www2.deloitte.com/content/dam/Deloitte/global/Documents/HumanCapital
/ex- dup-global-human-capital-trends-2016.pdf.



http://www.apprenticeship.gov/awards/apprenticeship-closing-skills-
http://www.apprenticeship.gov/employers/industry-
http://www.researchgate.net/publication/243461875_In_the_zone_The_role_of_evo

Deloitte (2018a). Measuring the depts of the current skills shortage. Retrieved November 5,
2020 from:
https://documents.deloitte.com/insights/2018DeloitteSkillsGapFoWManufactur

ing.

Deloitte (2018b). Digital impact: How are skills shifting? Retrieved November 5,
2020 from:
https://documents.deloitte.com/insights/2018DeloitteSkillsGapFoWManufacturing.

Deloitte (2018c). Forging a path forward to fill the gap for skills and jobs in the future

manufacturing workplace. Retrieved November 5,
2020 from:
https://documents.deloitte.com/insights/2018Deloitte SkillsGapFoW Manufactur

ing.

Gabszewicza, J. & Turriniab, A. (2000). Workers’ skills, product quality and industry
equilibrium. International Journal of Industrial Organization, 18(4), 575-593,
DOI: https://doi.org/10.1016/S0167-7187(98)00031-9.

Giffi, Craig, Dollar, Ben & Bharath, Gangula (2015, January 17). Help wanted: American
manufacturing competitiveness and the looming skills gap. Deloitte Review Issue
16. Retrieved September 19, 2020, from_
https://www?2.deloitte.com/us/en/insights/deloitte- review/issue-16/manufacturing-
skills-gap-america.html.

Hanagan, M. (1977). Artisan and Skilled Worker: The Problem of Definition. International
Labor and Working-Class History, 12,28-31, DOI:10.1017/S0147547900015441.

Hanson, A. & Gulish, A. (2016, Spring). From to college to career: Making sense of
the post-millennial job market, Georgetown Public Policy Review, 21(1), 1-
22.

Hughes, R. (2019). Human Capital Systems, Analytics, and Data Mining. New Y ork:
Chapman and Hall/CRC, https://doi.org/10.1201/9781315153650.

Johri, A. (2014). Competency mapping as a strategic HR tool in manufacturing industry:
An empirical study”, The IUP Journal of Management Research, Vol. XIII, No.3,
pp. 7-24.

Kagan, J. (2020, November 19). Unskilled labor. Retrieved on November 15, 2020,
from https://www.investopedia.com/terms/u/unskilled-labor.asp.

Keeley, B. (2007). Human Capital: How what you know shapes your life. Paris: OECD

Insights, OECD Publishing, https://doi.org/10.1787/9789264029095-en.

55


http://www.investopedia.com/terms/u/unskilled-labor.asp

56

Laboissiere, M. & Mourshed, M. (2017). Closing the skills gap: Creating workforce-
development programs that work for everyone. Retrieved from
https://www.mckinsey.com/industries/public-and-social-sector/our-insights/closing- the-
skills-gap-creating-workforce-development-programs-that-work-for-everyone

Lowry, A. & Hood, P. (2004). The power of the 2x2 matrix: Using 2x2 thinking to solve
business problems and make better decisions. San-Francisco: Jossey-Bass.

Mahir, P. , Pérez-Lufio, A. & Fuentes-Blasco, M. (2020) Innovation as the key to
gain performance from absorptive capacity and human capital, Technology
Analysis & Strategic Management, 32 (7), 822-834, DOI:
10.1080/09537325.2020.1714578.

Malik, M.K. & Sousa, R.M. (2017). The skill premium effect of the technological change:
New evidence from United States manufacturing, International Labour Review,
156(1), 133-131.

McKinsey & Company. (2019). Education to Employment: Designing a system that works.
Retrieved at https://www.mckinsey.com/industries/public-and-social-
sector/our- insights/education-to-employment-designing-a-system-that-
works.

Minneci, F. (2015), If there were a ‘Highly skilled red octopus’? The case of Italian highly
skilled mobility at times of crisis, Economics and Sociology, Vol. 8, No 3, 170-182,
DOI: 10.14254/2071-789X.2015/8-3/13.

Mullen, P. D., & Ramirez, G. (2006). The promise and pitfalls of systematic reviews.
Annual Review of Public Health, 27, 81-102. doi:
10.1146/annurev.publhealth.27. 021405.102239.

Nagesh, P., Kulenur, S. & Jagadeesh, K. (2017). Employee competency
mapping. SDMIMD Journal of Management. 8. 1. 10.18311/sdmimd/2017/18058.

National Association of Manufacturers (2018, October 5). Manufacturers stress skills
gap crisis on manufacturing day. Retrieved November 5, 2020, from
https://www.nam.org/manufacturers-stress-skills-gap-crisis-on-
manufacturing-day- 883/?stream=series-press-releases.

Ng, T. & Feldman, D. (2010). Organizational tenure and job performance.
Journal of Management, 36. 1220-1250. 10.1177/0149206309359809.

Petticrew, M., & Roberts, H. (2006). Systematic reviews in the social sciences: A practical
guide. Malden, MA: Blackwell.

Prefered Reporting Items for Systematic Reviews and Mata-Analysis (PRISMA). (n.d.).
The official website of PRISMA. Retrieved on November 20, 2020, at
http://prisma- statement.org/.


http://www.mckinsey.com/industries/public-and-social-sector/our-insights/closing-
http://www.mckinsey.com/industries/public-and-social-
http://www.nam.org/manufacturers-stress-skills-gap-crisis-on-
http://prisma-/

57

Queen, K.H. (2018). Narrowing the Skills Gap. SMART Manufacturing.
Retrieved September 21, 2020, from_https://search-
proquest-
com.ezproxy.lib.purdue.edu/technology1/docview/2352623
891/. 9BC6318BAAE74A1FPQ/1?accountid=13360.

Saliba, George N. (2013). Meeting workforce needs through higher education. New Jersey
Business. Retrieved
from https://search.proquest.com/abicomplete/docview/1426539351/abstract/135EA547
5CA847D6PQ/1?accountid=13360.

Saltanovitz, M. (2014, Jun 29). Aligning education with workforce needs. 7CA
Regional News Retrieved November 15, 2020, from
https://search.proquest.com/docview/15414902562accountid=13360.

Sills, J. (2011). Seeds of change for restoration ecology. Science, vol. 333, p. 156. Retrieved on
November 5, 2020, from www.sciencemag.org.

Smith, D. (2015). Future workforce needs equity, education. Saint Paul Legal Ledger.
Retrieved from https://search.proquest.com/docview/1712105395%accountid=13360.

The Society of Human Resources Management (2019). Skills gap. Retrieved November 5,
2020, at
https://www.shrm.org/hr-today/trends-and-forecasting/research-and-
surveys/documents/shrm%20skills%202ap%202019.pdf.

United States Department of Labor. (.n.d.) The official website of the United States
Department of Labor. Retrieved on November 1, 2020, at https://www.dol.gov/.

United States Department of Labor. (2020, February 2). U.S. Department of Labor
announces nearly $100
million in apprenticeship grants to close the skills gap. Retrieved November 15,
2020, from https://www.dol.gov/newsroom/releases/eta/eta20200218.

United States Bureau of Labor Statistics. (2001). The Occupational Classification System
Manual (OCSM). Retrieved November 29, 2020, from
https://www.bls.gov/ncs/ocs/ocsm/comuseocsm.htm#c2.

Weaver, A. (2017, August 25). The myth of the skills gap. The MIT Technology Review.

Retrieved November 15, 2020, from
https://www.technologyreview.com/2017/08/25/149485/the-myth-of-the-skills-

gap/.


http://www.sciencemag.org/
http://www.shrm.org/hr-today/trends-and-forecasting/research-and-
http://www.dol.gov/
http://www.dol.gov/newsroom/releases/eta/eta20200218
http://www.bls.gov/ncs/ocs/ocsm/comuseocsm.htm#c2
http://www.technologyreview.com/2017/08/25/149485/the-myth-of-the-skills-

58

Weller, Ingo & Hymer, Christina & Nyberg, Anthony & Ebert, Julia. (2019). How
matching creates value: Cogs and wheels for human capital resources research.
The Academy of Management Annals. 13, 188-214. DOI:
10.5465/annals.2016.0117.

White, G. (1999) Crime and the decline of manufacturing, 1970-1990,
Justice Quarterly, 16:1, 81-97, DOI: 10.1080/07418829900094061.

Woodhall, M. (1987). Human capital concepts. Economics of Education, 21-24.

Xu, Y. & Li, A. (2020). The relationship between innovative human capital and interprovincial
economic growth based on panel data model and spatial econometrics. Journal of
Computational and Applied Mathematics,

365. DOI: https://doi.org/10.1016/j.cam.2019.112381.

Zwers, J. (2010, November). An Education-Industry Partnership to Create the
Workforce of tomorrow. Power Engineering. Retrieved September 21, 2020
from
https://www.power-eng.com/2010/11/01/an-education-industry-partnership-to-
create-the- workforce-of-tomorrow/#gref.



http://www.power-eng.com/2010/11/01/an-education-industry-partnership-to-

MSP Skill Level

Independent-Samples Mann-Whitney U Test

6

APPENDIX A

Independent-Samples Mann-Whitney U Test

Skilled

Unskilled

N=6
Mean Rank = 3.50

Skilled

N=4
[Mean Rank = 8.50

Ms skill Level

Frequency

Frequency

IPAT IIDIS SN

Independent-Samples Mann-Whitney U Test

]

Unskilled

N=§
Mean Rank = 3.50

Frequency

Skilled
Skilled

Ned
Mean Rank = 8.50

Frequency

19A37 1IDIS SW

PFI Skill Level

Independent-Samples Mann-Whitney U Test

Cwu skill Level

Independent-Samples Mann-Whitney U Test

SPO skill Level

N=6
Mean Rank = 3.50

Skilled
Unskilled Skilled

N=§ N=4
 Mean Rank = 3.50 Mean Rank = 8.50 6

Frequency Frequency

Independent-Samples Mann-Whitney U Test

Skilled

Unskilled Skilled

Nad
Mean fank = 8.50 5
4 I 4

| - n

=6
§ Mean Rank = 350

65 43210123456

Frequency Frequency

Skilled
Unskilled Skilled

N=d
Mean Rank = 8.50

5 4 3 21012 3 456

Frequency Frequency

12427 1IPIS NWMD

1A IS OdS

2AR7T IDIS 14d

SW Skill Level

PO skill Level

Independent-Samples Mann-Whitney U Test

Independent-Samples Mann -Whitney U Test

6

Skilled

Unskilled Skilled

N=4
Mean Rank = .50

N=§
 [Mean Rank=3.50

Frequency Frequency

Skilled

Unskilled Skilled

N=d
Mean Rank = 8.50

N=6
bhean Rank = 3.50

65 43 210123456

Frequency Frequency

13737 IS Od

1PA37 IS MS

59



	THE PURDUE UNIVERSITY GRADUATE SCHOOL STATEMENT OF COMMITTEE APPROVAL
	ACKNOWLEDGMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ABBREVIATIONS
	GLOSSARY
	ABSTRACT
	CHAPTER 2. REVIEW OF LITERATURE
	CHAPTER 3. RESEARCH METHODOLOGY
	CHAPTER 4. RESULTS AND FINDINGS
	CHAPTER 5. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
	LIST OF REFERENCES
	APPENDIX A



