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ABSTRACT

The purpose of this study was to determine the degre

]

of correlation between four-year ABET/MET competencies and
company demographics of plant location and plant size and
usage of manufacturing technologies, and to determine the
overall rating per SIC classification of validated MET
ccmpetencies. This purpose is reflective of the literature,
which indicated that there is a need for further develcpment
of manufacturing engineering technology competencies to meet
the industry needs of a region or state.

A guestionnaire was used to collect data. It was
mailed to 440 randomly selected practicing manufacturing

engineers in North Carolina. The sample size was

U1

(@)
3

1\

studv had a response rate of 11.4%. One hundred chirty-
seven MET competencies were dependent variables.

Inderendent variables were number of employees at the work
site, utilization of a spectrum of manufacturing
technologies, and plant location.

Data were analyzed using Microsoft Excel and Windows

48]

S=SS and the level of significance was set at .05. Four
procedures were used to analyze the data: (a) linear
regression (F-ratios, r-square, beta coefficients, t-test);

(b) Pearscon's correlation; (c) point biserial ccrrelaticn;

and (d) descriptive statistics.
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Significant correlation existed between plant size
large and competency category 3-Manufacturing Processes, and
petween plant size grouped data and competency category 5, -
9 nese were the only two tail independent
variables which had significant correlation and t-test
statistics, indicating their association with the
perceptions of respondents regarding important MET
competencies. Competencies 2,5,7, and 8 (Manufacturing

crocesses, Jontro.s, Liperal S

ct

udies, and Capstone Courses)
had significant one tail directional correlation with

ail directicnal correlatcion

(a

grouped piant size data. One !

1

be

1

"
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1]
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ween competency 3-Manufacturing Processes and

ize, and pbetween competency 3-Manufacturing

3
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ant size.
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nd iargs D
Five percent of the 137 entry-level MET competencies

P

were ccnsidered as "extremely important" by manufacturing

engineers, £7% were considered "very important," 27% as
"important," and the remaining odd percentages as
"minimally"” and "not importantc." The 137 competencies are

grouped into major neading categories. Respondents were
asked to rate the importance of competencies on a 1-3 scale.

The overall competency category ranked importance from rated

(Y

ncies are f£rom nignest to lowest (1) Capstone

comp

(D
{8}

Courses, (2) Design for Production, (3) Liberal Studies, (4)
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Manufacturing Management/Quality Productivity, (5)
Manufacturing Processes, (6) Manufacturing Systems and

Automaction, (7) Control, and (8) Materials.
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CHAPTER I

INTRODUCTION

Nature of the Problem

Engineering Technology is an academic discipline that
contains areas of specialization in particular fields. One

O
n
1
jan
™
n
(]
{1
._J

elds of specialization is Manufacturing

Engineering Technology (MET; Edwards, 1984). The rapid

Q
LA
(@]
z
n.
6]
[mi}

W

lobal competition, new manufacturing
tschnologies, changes in plant demograpnics, and an

educational snift toward indus

o1
s

al-education cooperation
and partnerships during the last 15 ye2ars has generated an
increased need Ior educators to examine theilr manufacturing
rricula zo determine if college graduates are being
prepared to meet the needs of their local, regional, and

state industries.

Previous research has established a validated set of

n
1
'
v
1
]
4
3
\Q
111

-]

n

Q2
=

ineering Technclogy ccmpetencies required
of entry-level graduates but failed to address the
industrial education needs according to the demographic
needs of industry. Industrial characteristics, utilization
of mcdern manufacturing technology, and management methods

Y= A -

anT across industry tvpe, lccation and

@]

rganizational structure. The scope of manufacturing

education reaches beyond the classroom and into the local
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and regional needs of industry. To better understand the

[}

affect of manufacturing variables on MET competencies and to
better equip manufacturing educators on curricula content
specific to tneir service areas, this study will identify
relacicnships between characteristics of manufacturing
facilicties and established competencies for MET programs in
tne stacte of Nortnh Carolina.

Statement of the Problem

T

ne problem of this study 1s o determine the ranked
importance of previously validated four-year ABET/MET

competencies bpased on the rated response of industrial

representatives and to determine the degree of correlation

petween MET competencies and manufacturing facility

characteristics delineated according to usage of
manufacturing technology, plant location, and plant size.
Statement of Purpose
The purpose cf this study is to assist North Carolina
manufiacouring educators involved with curriculum

development, workforce development, and technolcgy transfer
oy identifyilng competency priorities according to

generalized manufacturing characteristics and demographics.
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Significance of the Study

Thea
e

ignificance of this study arises from increased

n
n

focus on regional economic development and divergent
industrial characteristics.

Education's Role in Regional Economic Development

The need for determining the effect of manufacturing
facility characteristics on MET competencies 1s evident by
changing economic factors 1n manufacturing and by the

growing perceived responsibility of universities to engage

nigher education in the economics of community and regional
Jdeve._opment

Ferrc (1882) in a study spenscred by the American
Association of State Cclleges and Universities presents a

model for college and university participation in economic

community development. The model suggests steps for

}—

institutional seli-assessment and participation in economic
development. These steps include (a) developing a planning
process that involves bringing together key institutional
and community decision makers, (b) identify problems faced
oy educators as they attempt to expand their leadership role
in economic and community development planning, (c) anaiysis
of the institutions' environment, and (d) development of

goals and strategies for economic participation. A total of

eight colleges and universities utilized the model,
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including Western Carolina University. Smith (1996), in a
study to determine the guantitative relationships between

zolleges and the economic development of the communities in

(h

which they were located, found that there is value of post-
secondary education for econcmic development. There are
direct linkages between manufacturing jobs and earnings and
occupational enrollment. The engagement of universities
into the sconomic success of businesses and industries

requires an examinatcion of the specific competencies

graduates Ifor those businesses.

[ 1)

required c

Divergent Industrial Characteristics

The Universitcy of North Carolina System is ccmposed of
15 universities. Two of these universities offer MET
paccalaureate degrees, The University of North Carolina at
Charlotte (UNCC) and Western Carolina Universitcy (WCU; ABET,
1995). The 1397 mission statement at WCU states "As a major
plic resource for Western North Carclina, the University
assists individuals and agencies in the region through the
expertise of its faculty, its staff, and its students" (WCU,
1999 p. 23). McClure (1997) stressed a ". . . need to
increase contact with indusctry and work world--especially
with changing economy of WNC from basic production to

competitive/high tech new industries" (p. 16). As a result

of this increased need of business and manufacturing
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education, and technology transfer, the Chancellor at WCU

initiated funding for a Regicnal Technology Center on the

WCU campus (McClure, 1997). The mission of UNCC reads,
To provide for the educational, economic, social, and
~ ] 0—1vv:;l 3d"ra:ﬂcemenr ~AF +Fha man~nnla Cf ATAv+ f"::rcl'\_.na

- e e —,eT e~ P = -

through on and off campus programs, continuing personal
and professicnal education opportunities, research, and
collaborative relationships with the private, public,
and nonprofit instituctional resources of the greater
Charlotte metropolitan region. (UNCC, 1999, p. 12)

Small to medium sized industries utilize varying

(0

degrees of modern manufacturing technologies and emplcyee

educational plans. Reddy (1992) indicated companies hax

0
<

e

not kept pace with international competitive practices,

-

arly small automotive suppliers that are in

-

t—

particu
desperate need of upgrades vet are least able to afford

them. Smaller companies have fewer resources to devote to

plant modernization and employee training. Smaz

exr

(=]

manufacturing firms tend to have older technologies, require
modernization and need manufacturing engineers and
technicians equipped with competencies necessary to lead
these upgrades. Chisman (1992) sampled 11,000 small
businesses naticnally to determine their workforce
educaticnal plans. Medium-sized industries tend to have

more capital and can invest in employee education plans.
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Small business programs tend to be low intensity, quick-fix
types; few encourage lifelong learning. Employers who offer
programs do so because of competition, a need to produce
nigh qualicy products, and enlightened human resource

olicies.

‘O

iverse lndustries and plant size are prevalent in

Nortn Carolina. According to the 1996 census there were
12,34% manufaccturing industries. These plants employed a
total of 361,525 workers Fifty-nine percent of all

manufaccuring industries in North Carclina employ fewer than

19 emplovees (QOffice of State Planning, 1999).

w
1]
w
’_‘
0
0

ompetencies for MET graduates are needed for
U.S. participation in the glopbal economy and are well
dccumented. A study by the Society of Manufacturing
Engineers (SME) supports the need for basic entcry-level
cempetencies cf MET graduates and requires the development
of certain competencies as criteria for grant funding (SME,
1998) . How these basic competencies are developed can be
influenced by the individual characcteristics of
manufacturing facility characteristics of a particular
universitcy service area. Should rural universities focus

more on & particular group of competencies because small

businesses are dominate the region? The influence of
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manufacturing facility characteristics on these basic

no

al

0]

competencies ha peen investigated.

indin

rn

this study will be used as a foundation

(i)

S O

o

ne

V8]

=

for developing curricula content for adult and continuing
education programs in North Carolina. The study will serve
as a basis for curriculum up-dating to enhance professiocnal/

\
eCn

1C

T nical preparation of MET graduates entering the
manufacturing industry in North Carolina and serve as
curricula model for similar rural and urban manufacturing

environments tnroughout the U.S.

Research Questions

e following research guesticns are designed to
address the needs of four-vear MET/ABET programs in North
Carclina. In esach case the statistical null nhypothesis 1is
indicated.

1. Is there a significant relationship between the
degree of usage of manufacturing technologies and each

industrial desired competency category?

Hypothesis la

There is zero correlation between usage of
manufaccturing technology and each MET competency

Catsgory in tne population.
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Hypothesis 1lb

The independent variable usage of technology is not a
significant variable in determining each competency
importance.

Hypothesis 1c

There is zero correlation between usage of
manufacturing technology and the overall importance of

MET competencies (mean response of all competencies

significant wvarilable in determining the coverall

(=

importance of MET competencies (mean response of all

ccmpetencies each plant).

2. Is there a significant relationship between the
number of emplovees at the work site (plant size)
respondents and each desired competency category?

Hypothesis 2Za

There i1s zero correlation between plant size grouping
small, medium, and large and each MET competency

category in the population.
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Hypothesis 2b

The independent variables of small, medium, and large
plant size are not significant variables in

determining each competency category.

There is zero correlation between plant size and the

portance of all MET competencies (mean

(o]
4

[N

3

overa..

response of all competencies each plant) in the

N

e 1s not

()]

e independent variable of plant si

There 1s zero correlation between plant size (all

lan

'o
ct

sizes grouped together) and each MET competency
category in the population.

Hypothesis 2f

plant sizes grouped together)are not significant
variables in determining the importance of each MET

competency category.
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3. Is there a significant relationship between plant
location and each competency category?

Hypothesis 3a

There is zero correlation between plant location
(urban/rural) and each MET competency category in
the pooulation.

Hypothesis 3b

There is not a significant relationship between plant
locaticon (urban/rural) and each MET competency

ategery.

<

[P

Hypothesis 3c

Tnere 1s zero correlation between plant location and
the overall impecrtance of MET competsncies.

Hypotnesis 3d

The

}s
3
Q.

ependent variable plant size is not a

igni

n
tn

icant variable in determining the overall

b

importance of MET competencies.

4. What 1is the overall perceived importance of each
industrial desired competency?

5. What 1is the overall perceived importance of each

industrial desired competency according to SIC groupings?
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Operational Definitions

The following terms are defined to clarify their use in
the context of the study:

1. ABET--Accreditation Board for Engineering and

]

echnology. An accreditation body whose function is to

0

rovide world wide leadership to assure quality and

on in engineering, technology, and applied

}=-

imulate innovat

V7]
1
P

w
9]
p2
Iy
O
M

education (ABET, 1998, p. 1).
2. Competency--A predetermined set of knowledge,

skills, and abilicies that the student i1s expected to

zomretenclies in function and purpose.
1. Engineer--one who appiies science to the optimum
conversion of the resources of nature to benefit humankind.

Broad pased principally on physics, chemiscry, and

a

mathematics. Engineering extends inco material science,
sciid and fluid mechanics, thermodynamics, transfer and rate
of processes, and systems analysis (Akinkuoye, 1991).

5. Engineering Technolegy--is that part of the

M

ogical field which requires the application of

—

chno

1

scientific and engineering knowledge and methods combined
with tecnnical skills in support of engineering activities;

it lies in the occupational spectrum between the
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craftsperson and the engineer at the end of the spectrum
closest to the engineer (ABET, 1998).
6. Entry-level Employment--employment, after

graduation, in a professional position carrying duties and

m
o)
1)

'O
(0]
3
tn
'.-4.
U
’—J
’_.J
._J
[
’J
M
0

'O

oroportionate with a baccalaureate or

assoclate degree 1

1 manufacturing engineering technology.
7. Manufacturing Engineering Technology--very much a

vart of the definition of manufacturing engineering, it 1is

art of the cechnological field which requires the

application of sci

1]

ncific and engineering knowledge and

methods combined with technical skills in support of
engineering acciviries; it lies in the occupational spectrum

petween craftsman and the engineer at the end cf the
spectrum closest to the engineer (SME, 1987).

3. Manufacturing Technologist--an individual assigned
Lo projects on design, development, and implementation of
engineering plans; drafting and erecting manufacturing
engineering equipment; estimating and inspection;

maintaining manufacturing machinery or manufacturing

ces; assisting with research and development; sales and

[N

S

v

M

presentation; and servicing and testing of materials and
components {Brummett, 1985) .
9. Manufacturing Engineering--manufacturing

engineering is that specialty of professional engineerin
g g J¢ g g
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which requires such education and experience as 1is necessary
to understand, apply and control engineering procedures in
manufacturing process and methods of production of
industrial commodities and products (Yost, 1984).

10. Company production profile--business, demographic,
and manufacturing methods and technologies that contribute
to the production of products.

11. Perception--"a mental awareness or cognizance of
relationships between work responsibilities and necessary

Traits or competencies to carry out those responsibilities™

u

ToW

fay -

0

-
i

()

33, p. =

12. Rural--communities with fewer than 2500
inhabitants c¢r land mass containing fewer than 1000
inhabitants per square mile (Herzog, 1996).

13. Statistics--a set of procedures for describing,
synthesizing, analvzing, and interpreting quantitative data
(Gay, 1992, p. 371}).

14. Technician--assists in the practical aspects of
coordinating the skills of the craftsperson, and sometimes
responsible for building and maintaining industries and
operating systems with the assistance of craftsperson
{Akinkuoye, 1991).

15. Variable--a differing element of a sample

(Guralnik, 19384).
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16. Standard Industrial Classification (SIC)--a

umerical code which identifies one specific industrial

product or product line. The first two digits represent a

proad class of product, such as machinery (SIC 35). The

[}
[

nal two digits of the four-digit code delimit the class of
product, such as food products machinery (SIC 3551) or
weodworking macninery (SIC 3553; Yost, 1984).

Assumptions

~

The folliowing assumptions are made in pursuit of this
study:

1. Manufacturing engineers emplocyed in the
manuizcIuring industry are a gooed source f£or obtainin

and education competency information in their
particular industry.

2. Respondents will report their true, accurate,

)]
}.l
jo]
0O
1]
]
D
'
(]
M
n

erences on the questionnaire provided.

(¥8)

Manufacturing engineers are interested 1in assisting
education and are willing to provide the needed data.

4. The functional industrial sector of manufacturing

M

ngineering as a discipline is representative of the
knowledge and skills required for curricula develcpment in

manufacturing engineering technology programs.
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Delimitations

This study will not address:

1. The general education classes required for

graduates CoO Dpe

[t}
-

ic

'O

ro en

1

in the manufacturing industry.

V)
} 2
98]
7]
!
3
il
3
[
(e 1)
[$}]

crturing engineering curricula and

1. University and community college MET degree

crograms outside thne state of North Carolina.
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CHAPTER II

LITERATURE REVIEW

3]

To assist in delineating the parameters of this study,

a review of ralated literature and research was conducted.

st

The review of literature contriputed extensively to the
generation of the MET competency list, the refinement of the
variables which include, SIC classification (product ctype),
the rural-urban location of each manufacturing plant, usage
of manufacturing technologies, and the number of facility
employees. Each variable was used in the final instrument

TC COL.eCl Qata.

-1
jay
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1 Plant, Product, and Manufacturing Technology
Diversity

2. Industry-University Linkages

3. Placement of MET Graduates

4. Related Studies

Plant, Product, and Manufacturing Technology Diversity

In a study sponsored by the Society of Manufacturing
Engineers, Koska and Romano (188%) analyzed surveys and
opinions of over 7500 manufacturing practitioners and
reported on the anticipated changes in manufacturing and

competencies required by MET graduates. They indicate
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changes in several areas including new products, product
variation, global competition, global manufacturing
technologies, and social and econcomic change. "These

differences, accelerated by on-going changes in the markets,

Q.

roduccs, an

‘o

technoleogy, demand that manufacturing and

manulfacturing engineering be looked at in a new light"

LAo3Ka & xomano, 15%5, p. 1). Glopal competition,
increasing number of manufacturing technologies, and a focus

on the demands of the customer are forecasted trends
expected in the coming decade.

Shifr from Large to Small Plantcs (number of employees)

. .
urrently, f£ive out O

— A e o e e =

(]

Six American employ=es work in
instituticns with fewer than 1,000 employees (Carnevale,
1991). In North Carolina, 99.24% of all manufacturing SIC
cocded companises emplev less than 1000 workers and 95.13% of
a1l companiss employ .ess than 379 (Harris Info, 1899).
Recent snifts in the number of emplovees through
corporate downsizing and its effect on manufacturing
productivity and skills is evident through research on small
to medium sized industries. External competitive and
social-economic influences have a significant effect on the

manufacturing environment. As U.S. industries strive to

face off glcbal competitive forces, manufacturers have begun
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and will continue to shift from large complex plants to

smaller plants (Sheridan, 1989).

'O

Small business represents over 90% of the businesses in

‘fu, 199

't

V. Pelham (2000) noted that firm

(03]

size and industry characteristics have strong positive
correlation with ccmpany performance. Results of the study

indicate that market crientation for implementing growth and

b
19)

ducz differentiation is significant. Larger firms have

)

e

(=]

lessened leve

(1]

of customer contact which leads to internally
focused operations and production/technical orientations

I o adjust o customer demands, new products,

’.J.

nac may £a

ct

divers:

(1)

.

v1lng market conditicns. Kotry and Meredith

o
4

1597) Zound smaller firms have nigher emphasis on product
improvement, product quality, new product development, and
customer service. Small-business performance factors include
emphasis on adecpting new production methods and increasing
employee productivity/production efficiency. Chasten and
Mangles (1997) found that the most important influences on
performance for small companies were customer quality
expectations, developing new products and structuring the
organization to optimize work-force effectiveness, including
training for employeses at all levels.

Schmenner and Lackey (1994) address the competency

issue among small businesses and downsized companies.
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Management and production jobs have been re-engineered out
due to technical developments, commitment to improved
materials management, and plant layout. These changes
resulted in raising the technical competence of new
oroduction managers and engineers regquiring advanced and

multiple managerial and technical skills, particularly in

JIT and information technologies. It was summarized that
manufacturing engineers in smaller plants are more likely

requirsed TO posSsess a broader range of competencies. XK.
Henry, (personal communication, April 30, 1999) a MET

graduate and process engineer at a small Caterpiliar plant

—s

in Franklin, NC, stated that

(=N

n la

N

ger Caterpillar plants,
manufacturing engineers require narrow specialized skills,
1

wnere as smaller plants require broad based skills.

Modern Manufacturing Technologies and MET Competencies

rn

The deve.opment of new manufacturing technologies in
the past ten years has significantly affected the
competencies required of manufacturing engineers and
~ecnnicians sntering the workforce. Mittelstade (1596)
discussed the influence of personal computers on
competencies required of new manufacturing engineers.
Personal computer pcwer is becoming a factor in nearly every

stage of the production process from integrated CAD/CAM

systems, integrated automation systems, and quality control.
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Allred (1993) discussed the changing U.S. manufacturing

varadigm and the manufacturing technologies accompanying
this snifc Paradigm shifts to new automatiocn in robotics,

ccmputerized real-time process control systems, and

integrated MRP-II systems for enhanced material flow are

o}

ized to keep product development and cycle time

(=

ng ut:

-

e
short for improved customer service, reduce inventories, and

shorter work-in-process times. The development and
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(Zirbel, 1983, p. 1)
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The New Econcomy and Divergent Product Types

Productivity, quality, wvariety, customization,

convenience, and timeliness are organizational manufacturing

strategies for the new econocmy. The implications associated
Jitn these strategles are having a profound effect on job
designs, and manufacturing competencies. Carnevale (1991)

addresses these changes by expanding on increased job

complexity ancd job skills.
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Employees will need to be flexible in order to live in
a competitive framework of global competition. Traditional
productivity was achieved by automating the rigid components
of a2 work process, using more narrow purpose machinery
requiring reduced skill requirements. 1In the new economy,

1

flexible technologies will require more flexible skills of

Q

workers and enginesrs. Increased emphasis on soft
competencies of communication and interperscnal skills are

regqu

3
1

d to effecrively interact with customers and transmit

=

-~

technical information relevant to producing high qualicy
products. Additionally, information technologies and

computer technologies in manufacturing are replacing

s

epetitive intellectual tasks, reducing paper work and
allowing networking capabilicies for just-in-time

deliv

(D

ries, faster setups and reprogramming, thereby
increasing timeliness, varietv and customization (Carnevale,
1591 .

The type o

N
'O

roducts produced in the new economy
reflects a shift away frcom traditional machining and
materials and their associated competencies, toward new
composites, alloys and polymers, particularly in small
businesses focused on product diversity. The rapid change
of pace in today's global economy is causing products to

become obsoclete at an unprecedented rate. New technologies,
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substitute materials, changing consumer tastes, and shifting
consumption patterns are shortening product life cycles and

requiring companies to develop a steady stream of new

Weizer (1994) discusses the use of advanced materials
such as specialty steels, aluminum, and engineered plastics
in automotive applications. Customer demands of higher fuel
economy, government safety regulations, and environmental
recycling issues have driven automotive changes toward new
materials. Multi-grades of steel such high strength steel,
low alloy steel, and stainless steel will continue to
dominate components of automobiles. Below are the percentage

change in automobile steel contents between 13583 and 1958.

Zigh Strength 4.1% increase
Low Alloy 7.1% increase
Stainless Steel 1.8% increase
Aluminum 9.6% increase
Engineering Plastics 9.6% increase

MET graduates will be expcsed to new matcerials
including environmental composites and coatings, high
performance powder metallurgy, stainless steel for anti-lock
braking systems, and polymeric materials for automotive

exterior body panels designed to reduce weight, styling

Uil

lexibility, greater damage resistance, and lower production
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costs. As a current example, advanced aluminum alloys have
peen developed by Dana Corp. to reduce cost, weight, power
consumption, and noise levels (SAE, 1999).

Urban Affects on Manufacturing Technology

Kniudsen (19%4) investigated the influence of urban and

- P=4 -~ . Y A - - - -—
£ flexicle manufactur

=]

ng cslls (FMC).
Several comparisons were drawn between lndependent (non-
parent companies) and branch (mulci-plant) plants. Branch
plants tended o be urban facilities and adopted FMC later
zhan independent plants. Quality and increased output were
important reasons for the adoption of FMC in independent

CLants, whersas rural ol

N 1]

ncs ave

(9]

i

Xperimentation with new
technology and labor-cost reduction as important reasons.
Additionally, urban plants tended to be less flexible than
rural plants in terms of production scheduling, and
contained more levels of upper management. The increased

n urban locations colncldes with

[@
wn
1)
(8]
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[
'0
a
m
2
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8]
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(o]
D
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experience by Henry (1999) who indicated smaller-rural

vlants require a croader set of MET competencies. Knudsen
noted that urban plants had greater capital and information

resources than their rural counterparts. Urban plants were
less likely to have trouble achieving required machine
utilization rates and had fewer bottlenecks using FMC after

it was up and running. Management at urban plants was more
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familiar with benchmarking, statistical process control, and

-~ i -

in-time concepts than their rural counter parts.

§
(
{
=

Manufacturing Technologies in the Rural South

Rosenfeld (1995) addressed two issues of the effect of
manufacturing technologies on required skill levels.
Corporate leaders and educators contend that advanced
cechnologies require more cerebral skills, an ability to
solve a variety of production problems, and a willingness to
accept greater responsibility. Advocates of implementing
advanced manufacturing computer technologies argue that

'

higher-order skills, brea

n of knowledge, and knowledge of

(@)

,4
5
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Xosenisld uses the term workers as producticn workers
or machine operators. As manufacturing technologies become
"turn-kKey" cr automated will the skills of entry - level

—re

MET’'s also pe diminished? With advances in CNC software
technologies, the CNC programmer may not be reguired to
understand the basic skills needed for CNC programming, be
it at the worker or supervisory level. Researchers argue
that technology is more likely to simplify and de-skill work
than to upgrade it and can lead to intensified management
control over workers. rlynn (1988) reinforces the argument

that automation divides the work force, and as a result many

jobs are de-skilled. Although higher skilled tasks are
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nesded, computer-contrcliled machines have eliminated the

h

need for tasks that previously required skilled craftsmen.

r

Rosenfeld's research supports the argument that

technology adoption requires advances in skill levels. A

b

survey of 147 employees in 14 southern small, rural

L 1Y

automated firms showed a substantial increase in skill

-~

(=]

levels and participation in day-to-day decisions in sm

f

7]

number of firms, and showed a significant need for increased
flexipbility in the work force. Interviews of employees and
engineering managers emphasized the need for highly skilled

workers. "Smart responsible workers are needed to operate

[N

b v‘S'—ﬂ'»—-:v—c St mma 1A e v
oxscl2ace =ief zme I ce U

1Y
—

1

fu

S

1
O

"

.

W0
0

oy reasonably sophisticated people" (Rosenfeld, 1991, p.

&

=

hact ar

(D

the implications for MET competencies in rural

cr

outhern sta

n

es? North Carclina industrial extension

m

service indicated that inadequately trained factory managers

do not know how to deal with incoming technology and are
barriers to modernization. A survey of the use of

prcgrammable autcmation found supervisors to be the least

likely to be trailned to understand and use the equipment,

P

ver to supervise intelligently, they should be have hands-on
experience. Bellwrignt Industries in South Carolina noted

that degreed engineers lack the hands-on experience and
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fired several prcduction engineers because "They were not
willing to get out in the shop and get their hands dirty and

their knowledge and interests were too theoretical"

19
J
[§)

Ncerth Carclina MET graduates often obtain supervisory
cositions in rural areas and with the adoption of new
manufacturing tecnnologies, southern MET graduates will pe
required to know as much and more than production workers
and should be trained along with production workers. In
terms Of competencies in Southern rural manufacturing

olants, hands-on experience in all technical areas is

essential. Southern rural MET programs should emphasize the

software, and modern prcduction management methods
(Rosenfeld, 18¢%%5).

The Spectrum of Manufacturing Technology Utilization

The utilization spectrum of manufacturing technologies
and thus the on the job competency requirements of MET
aduates vary significantly. Knudsen (1994) surveyed
machinery manufacturers in Illinois, Indiana, Michigan,
Ohio, and Wisconsin on the utilization of flexible

manufacrturing cells, flexible labor cells, and concurrent

cnanges in management operations. The population of
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companies surveved were classified as non-electrical
machinery, and small to medium sized firms organized as "job
shops." Results indicate 66% responding had no flexible

manufacturing capability (FMC).

)

jtilization of flexible manufacturing systems was
affected by plant size. Smaller plants tend to have less
access to capital and new production technclogy iniormacicn
~han large plants, but large plants are less able to adapt
gquickly to new methods of production than small plants.
Beede (1998) sampled thousands of U.S. manufacturing

clants and found enormous diversity in the levels,

~zilizazizcn, and zdcpzion 2f manufacturing techneleogy
Jariaples cThat contrioute o this diversitcy are :a) varving
degress of asscceilation with new plant-level Jcb creaticn,

(b) productivity, and (c¢) earnings. The research

"

westigated 10,000 plants 1in five manufacturing groups:

v

fabricated metal products; industrial and commercial
machinery and computer equipment; electronic and other
electric equipment and components; transportatlon equipment;
and instruments related products (SIC 34-38). The most

important finding of the study is that technology adoption

'O
t

atcern

n

of manufacturing plants exhibit enormous diversity,
even within the same industry or the same production

process. Table Al, shows the major technology grouping
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surveyed. Table A2 shows the detailed technologies

investigatad within these major grcups. Notably, Beede

(b

(1998) found that 2 to 4% of 10,000 plants sampled use

stand-alone technologies of computer-aided design and

(M

wumerical control machine tocls. Eightesen percent

cemputer

N

of these plants adopred unique manufacturing technology
combinations that contributed to increased productivity. The
technology combinations relative to productivity levels are

listed in Table A3.

Industry-University Linkages

Due to competitive forces and new developments in
manufacturing technologyv, industry has been the driving
force behind changes in engineering and technology
curricula. Strengthening the bond between industry and
academia is vital to the future of engineering technology,
and reforming curricula to achieve industry participation is
essential {(Lanndt, 1993). Mason (1998) surveyed 47
manufacturing companies in the Pacific Northwest to
determine the current and future content of the
manufacturing curriculum. Increased accountability from
industry and the tax-paying public on the quality of college

graduates nas resulted in curriculum evaluations. Zargari

[aY]

{1999) surveyed working tecnnology graduates to determine

curriculum strengths, weakness, and relevancy. The editor
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of Manufacturing Engineering, responded "university

curriculum developers must critically examine their
offerings to ensure that they are delivering exactly what
industry needs" (Coleman, 1991, p. 4). Owen (199%4)

1

emphasized that to be globally competitive manufacturing

("
)
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ompetenciss required by ilndustry.

)

:lobal competition and customer driven products nave f[orced

industry to move toward system-integrated and flexible

5 . . . = . :
anda tecnnica agssistance o manuracturing related o

(SR N R T o - 13 (BSR4 -

service activities of educators should seek out and set as
nigh priority service activities related to the outside
community needs of business, industry, and government. Hill
(1994) discussed methods used to determine the focus of the
Technology Assistance Center at Weber State University.
Surveys and interviews of industrial representatives from
small o medium-sized industries were conducted to betcter
serve the industrial educational needs of the region. The

data reveas

Q.

a i

(h

ustry-education partnerships were reguired
to provide industrial technical assistance and assist

stimulating regional economic development. Kopp (1996)
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emphasized the need of university engineering and technology
programs in electronics and manufacturing to expand their
services to meet the educational needs of their surrounding
service communities. These programs within the Purdue

versizy Statewide Technology System recognized the need

-

n

(
'J

(@1}

or industry involvement to increase enrollment and to keep

- s 1
2 zul3z Ccurrent with indus

)

te

-~

ct

pa

rial technologies and

manufacturing methods.

[

Clary (1983) in a study conducted by the Department of
Occupational Education at North Carolina State University
determined elements that affect an institution's ability to

respend to the trazining needs ¢

—— e aam o

(]}

industry. Nineteen
elements were identified as being important to a
universicy's responsiveness to industry. Elements
significant to this study include (a) high gquality of
instruccion, o' guick response to industry and follow-
tnrough by the institution, (¢! tailoring of courses to meet

the specific needs of industry, and (d) flexibility of the

=

nsticution to meet the unusual needs of industry. The

y recommended that institutions respond to

p—

tudy strong

n

industry needs for training.
Williams (1994) addressed the need for Western Carolina
University (WCU), located in the mountainous region of

Western North Carolina, to engage in workforce development
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in order tc (a) address tnhe region's economic future
impacted by global competitiveness, (b) assist industries
affectea by the regional shifc from large corporations tcC
smasl and medium sized manufacturing firms, and (c) provide

TSIl ZAL Supgorc Ior regjional industries actempting to
_mpoement adviancsd manuiaciuring tsechnclogiss The repcor:s
croposed workicrce develcpment initiatives in the areas of
3 mCre rizorous academic pregrams fcr all voung people;

JToImITiiEnL: 13 IZ1l3CCraTiin cetwesn smployers, communicy
SollwIes, and WIU; and 2 Zeveloring adult =sducation and
Tr3lning Crograms chat anticipate the sxkill demands of
smer3ing oS

Placement < MET Cracduates
A Tnorouzn osxaminaticon of the literature revealed no

re3€3rci On tne placement oI MET graduates according te SIC

ne notion 2L edaucators tnat |

AR Dol W & Sul g The 2lversity oI ccmpanises and the relacted
JImgeIenclss smploving MET graduates can vary significantly.
&Iy Lngustry types vary Irom state to state. In Norch

Jarclina, 1422 Zirms are classified as ctextile SIC code 2200

ranking first in North Carolina manufacturing employment.

cducts accounted for employment of 24,805 people and
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ranked as tne 13tn largest employer in the manufacturing

sscocor Miscellanecus manufacturing sector SIC code 3900
employs 8,230 people at 331 estaplisnments in North
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ls Industry accounted

Zor The emplcovment oI 17,306 peoples, with a rank of 13th
AmCng NerITn JarcLlina’s manuiacturing inaustries

The valus 0oL primary manuiactursrs' snhipments in 1996
vas 33.5 billion, a rank of 1ith among North Carolina’s
TaniIaCTruring industries. Thneve wers 1,582 =staplishmencs
wnder Tne SIC code 3330-Indusctriai & Commercial Machinery &
JITmiLTer ZIulgment, SmpLOoving 53,554 people stacewide,
ranking 3.3% of The entire state's workforce. Several areas
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spectrum of industries will be required a broad range of
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competencies beyond the traditional metal-working and heavy
equipment industry.

It 1s clear that engineering technology graduates do
take on engineering job titles. Mott (1992) researched
engineering technology graduates over the last 25 years at
the University of Dayton. Engineering Technology graduates
were placed in the following employment functions: (a)
General Management (6.3%!, (b) Design-related Functions
(31.1%), (c) Manufacrturing-related Functions (28.0), (d)
Sales/Service-related Functions (24.8%), (e) Other Tecnnical
icns {3.0%), and {I! Other Non-Technical Functions
(1.8%). Stratton (19939 performed a similar studv and found
that 62% of MET graduates held a professional title of
engineer. Fowler (1980) surveyed employers of the bachelor
engineering technclogy (BET) program at Georgia Southern
College regarding several items including job titles,
acceptance of BET graduates by employers, performance,
educational preparation, and dependability. All areas were
rated as either satisfactory or excellent.

Such research validated the technical competency of
engineering technology graduates in the field but does not
address the spectrum of industries employing engineering
technology graduates. Edmonson (1999) found that between

1992 and 1996, 192.9% of all engineering and technology
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graduates form the University of Dayton were employed in
manufacturing engineering/management positions and did
publish a listing of some of the employers of engineering
technology graduates. Edmonson noted that they were
employed at "a wide variety of large and small firms"
(Edmonson, 19939, p. 5), but the SIC spectrum nor the

percencage o
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ABET has recognized the importance of MET graduates
feedback by requiring accredited programs to conduct aiumni
survey, yet very limited research data are available on MET
alumni perxceptions of curriculum and the type of ccmpanies
MET graduates f£ind jobs (ABET, 2000).

Lack of research in the placement of MET graduates
according to SIC product types supports this research
variable as the entry-level MET competency questionnaire was
sent and received from diverse SIC product ctypes, indicating
the employment of MET graduates.

Related Stcudies

Brown (1983) used the Deiphi method to determine if
competencies derived from the curriculum of the newly
established MET program at WCU correlated with competencies
as perceived by regional industry. The region investigated

was a five-state territory surrounding WCU including
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bordering porticns of Georgia, South Carolina, Tennessee,
Nerth Carolina, and Virginia. The purpose of this study was
to determine if the competencies used in the MET program at
WCU were acceptable for entry-level employment by industries

ined service area.

}_J
o
o
ry
0
Q
m

[}

A survey of ranked importance of entry-level tasks as
perceived by industry experts in a five state region in

surrounding Western North Carolina (WNC) were compared O

(1

o1}

ne ranked order of 1mportance as perceived by the
Industrial and Engineering Technology (IET) faculty at WCU.

Results revealsd that 51 of the 77 competencies were

~rornsidered more imeorcant oy IET faculoy than by indus
consigcered nere -m:,v-\.»«..b DYy L=l tacully tTnan py 1rndus

P4 P P4

1
3]
<

with 14 competencies having significantly higher mean rating
apcve the .0% lLevel. Overall the study indicated that MET
competencies at WCU did not correlate with the competencies
defined by industrial managers in the region.

Brown (1983) recommended seeking additicnal assistance

{ )

rom industry in the form of program planning as a means of
establishing more appropriate learning experience for
students and indicated the need to replicate the study in a
metrcpolitan industrial area in order to evaluate the
_ccaticn affsct on industrial rated ccompetencies.

Daniel (1992) develcoped a questionnaire to determine

the competencies required of manufacturing supervisors in
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the electronics industry. Subjects consisted of 38
supervisors from attendees of an electronics manufacturing
workshop. The study sought to determine if high-performing
supervisors in the electronics industry would be seen by

subordinates as displaying significantly greater levels of

1

competencies. Nine competenci

'..l
M
[0}
=

identified in the study
sianificantly distinguished high-performing supervisors from
other randomly selected supervisors. High-performing

-

isors were found to demonstrate significantly higner
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ine orientation,
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b ve, collaboration and team building, systematic
proplem solving, image and reputation, and self-confidence.

The study demonstrated that job and job-context specific

]

squirements for exemplary performance is significant and

an be uncovered and

(@]

=

b

‘ganizacion ro

1
)
[o]]
1
O
~

v
—
=

n

o}
o)
0}
a
o]
cr
0

ized. The study exemplifies this research of

(=)

1wwvestigating manufacturing competencies significance

r

according to diverse product types and facilicy
demographics.

Yost (1984) surveyed the chief operating officers of
187 manufacturing facilities among five (SIC) groups 1n the
state of Wisconsin to determine the competency tasks
required of manufacturing engineers. The study sought to

determine the level of importance of entry-level tasks

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



37

required of manufacturing engineers as perceived by
manufaccturing firms in 1984 and five years in the future,
and how those tasks vary according to plant size and SIC

ication. The initial list of entry-level tasks was

™

classi
derived from (a) manufacturing engineers emploved in
Wisconsin, (b) opinions of experts within the School of
Indusctry and Techrnology of the University of Wisconsin-
Stout, {c) SME publications, {(d) course descriptions from

U.S. colleges and universities offering degrees in

Marnufacturing Engineering, Manufacturing Engineering

3

echnology, and (e) a review of
comcany publlications. Entry-ievel TaSKS were categorized

and ranked according to level of importance using

descriptive statistics and analysis of variance to test for

(=8

significant differences on each tasks according to plant
size and SIC group.

The study examined the present and future ranked
importance of entry-level tasks required of manufacturing
engineers in the state of Wisconsin. The study determined
that 33 out of 99 present time tasks in 10 different
categories were considered as "somewhat important" to
industry experts in the state of Wisconsin. Thirteen of the

59 tasks were considered "very important" at that present

time. Fifty-six of the 99 tasks were considered "important"
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the present time. Twenty-four encry-level manufacturing
Engineering CLas<s were rated "somewhat important." Six of

—ne 8% tasks were considered "not important" in the present

time. Tasks that were considered "very important" at the

Orotolype newWw parts and products, d) specify macterials, (e)

CroQUCTITLILY lmprovements, and (g} JUusStiiy equlpment
e - 3 - - e -< - - - -~ s Y J " oy e s ~
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within Tne grav lron foundries and manufacturers of motors

The Yost (1%84) research addressed the competencies

required of manufacturing engineers among selected
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industries in the state of Wisconsin. Tasks were partially
derived from curricula ccontent across various engineering

nd technology disciplines including manufacturing

b

enaineering prcarams, manufacturing engineering technology

programs, and induscrial technology programs. Each of these
programs has a different purpose and function. Therefore,

v

s findings on the affect of plant size on competencies for

(=8

ABET/MET programs have not been validated for other states
Oor the country as a whole. Due to the extremely rapid

n manufaccturing technologies, the Yost study 1is

(=N

change

outdated. Yost suggested a replication of his study in

otner fields of manufacturing (IT, MET, MT programs) TO
determine if results differ.

-

-

lman (1539) periormed a Delphi study to decermine
fundamencal competency areas tcC pe used in the development
of the SME Certified Manufacturing Technologies examination.
The study identified 88 competency areas, 24 of these were
emphasized in the examination. The three highest rated
competencies were drafring and engineering drawing, numan
communicatcions, and safety.

Zirbel (1993) performed a Delphi study and identified

zhircy-seven tasks as being needed by engineering

t

echnologists in the year 2000. The Delphi panel

recommendations were incorporated into a second survey
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instrument that was used to validate the findings.
Manufacturing firms in Texas validated these nation-wide
findings. 2Zirbel recommended several areas of curriculum
improvements including (a) development of strong work ethic
and the concept of guality be emphasized in the curriculum.

(b) oral and written communication be an integral part of

=
[miY
0
o)
c
s
[1)]
(1}

all cocurses, {(c) team projects be an integral part o

werk, {d) methods of automaticn for improving guality and
oroductivity be stressed in later courses, (e) teachers of
MET programs should be prepared to continually upgrade their

cwn competency with applications in manufacturing, and (£)

he competencies developed from his research be used as

Y

that
a basis of discussion to evaluate the content, level of
importance, and the amount of time placed on MET activities
when designing or revising MET curricula.

Discussing his results, Zirbel provided a stimulus for

-

ent investigation calling for future research to

n

the pre
include (a) a replicated study 1n otner geographilc regions
with larger sample population, and (b) additional studies
witn various types of manufacturing industries and size of
companies.

Nelson (1992) performed two Delphi studies and compared
them. The first Delphi study of industrial experts

determined more specific competencies from previous broad-
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based manufacturing engineering technolcgy competencies
determined by Miller (1389), Tillman (1989) and Zirbel
(1993). Competencies identified by Miller (1989), Tillman

(19

¢ 3]

S

—

, and Zirbel (1993) were associated with SME

certification, Industrial Technology programs or MET

O

programs pbut were not specifically tied to ABET
accreditation. In the second Delphil study, a survey was
mailed to program directors of all ABET accredited MET
programs to determine to what degree they perceive their

graduates had acttained the specific competencies identified

py industrial members of the first Delphi panel.

Nelson found no significant difference between the
rankings of tne panel of industrial experts and the program
directors. Using the Wilcoxon matched-pairs signed-ranked

test on eacn of tne SME major neading competencies also

| 4 3

]
0]
<
(M
oY)
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(4]
0

no significant difference between rankings of the

'O
1]
o
1)
._l
O

f industrial experts and ABET program directors.
Nelson (1994) concluded that (a) with the exception of
four competencies, educators from ABET-accredited
instituticons are emphasizing the selected technical
competencies in MET programs, (b) the competencies

denctified by the Delphi panelists can be used by MET

(=

educators to evaluate programs and to develop or revise

courses, and (c) the rankings assigned to the competencies
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by both Delphi panelists and program directors support and

validate the competencies identified by Zirbel (1993).
Alchough the Nelson (1992) study validated competencies

on a national scale for ABET/MET prcgrams, the study did not

address the competency reguirements acccrding to the

1

N

utilization of manufacturing technology, plant size,
location, and product type. An investigation of ABET/MET

competsencies according to tnese variables

is a current issue
i3 addressed 1n subseguent neadings This study utilizes

zhe most recent and validated research on MET competencies
as addressed pbv Nelson (1592) as a validacted standard from

which o compare against the manufacturing technology and

The Society of Manufacturing Engineers (SME) developed
a Manufacturing Education Plan (MEP) that 1identified
competencies required of entry-level engineering and
technology graduates. The MEP addressed competency
requirements in manufacturing studies, manufacturing
svstems, guality, continuous improvement, physical control
of machinery, manufacturing management, communications,
product engineering, design-sciences, and mathematical
tools. These competencies were derived from the automotive
industry, machine tool industry, heavy equipment industry,

aircraft and aerospace industry, and the electronics
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industry (SME, 1997). According to the MEP, manufacturing
engineering competencies carried varying weight according to

industry type. Competencies identified in the MEP were

associated with each specific type of industry. "Thus,

colleges and universities can identify the voice of their
swrn induscrial constlizuency anc peccter focus cn the
perceived needs of the employers of their graduates" (SME,

According to the above mentioned experts in the field,

the mission and responsibility of manufacturing education

s . . R At o m N = i -
rs£acnes 1nNLo tne LZcal ana reg‘.onal needs oOL 1naustry. 1o
meet reglconal and statewide needs, =4uCatcors musSt Know Ins

skills and competency requirements of industry. This study

1

xnowledge by examining the degree of

rh
h

will add ¢ the body o
reilaticnship between company prcduction characteristics and
the impcrrtance of ABET/MET competencies for a particular
state. Previous research to establish ABET/MET competencies
was done on a national scale, neglecting the affects of
various company production characteristics and demographics.
summary

Chapter two presented selected literature that examined
the relationship between validated MET competencies as
presented by Nelson (1992) and the independent variables of

plant size, urpan and rural plant location, utilization of
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manufacturing technologies, and the diversity of
manufactured products. The first section dealt with the
connection of small and large plants, modern manufacturing
technologies, the new industrial economy, product
diversification, plant location, and the utilization of

manufaccturing technologies to MET competencies. The second

|+

section examlned the relationsnip between industry input and
the development of MET competencies according to local and

regicnal focus of educacional institutions. The third

a.

0,
o1
m
t

section o

5

esentce diversity of employment opportunities

t
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itles, industry type and size in which MET

L

radu oved. The fourth sectrion examined related
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studies in the development of MET competencies validacted by

or furcther research on

rn

Nelson and addressed the need
competencies according o the independent variables.

The review of literature indicated that there has been

L)

a significant shift from large corporations to small
manufacturing plants. Smaller firms are more customer-

focused which leads to the introducticn of diverse products.
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d due to several factors including

nnol
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Q

manufacturing ¢ gical develcpments, which has raised
the technical competence required of managers and engineers.

Urban located facilities incline towards adopting

manufacturing technologies later in time than rural plants.
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Thus, MET competencies in urban plants tend to require less
technologically advanced skills. Urban plants tend to have
higher number of upper level management thus requiring a
narrower set of skills. Rural plants tend to have fewer

upper level managers and engineers reguiring more "catch

v
—
[

' type supervisors and engineers over specialized skills.
Specifically, southern rural manufacturing companies tend to
empLoy inadegquately trained managers that do not know how to
implement new and up-incoming technolegy, particularly 1in
the area of programmable automation. Rural southern
companies need more nands-on type engineers with experience

in basic manufacturing skills

[N

n addition to advanced
management, and automation skills.
The utilization of modern manufacturing technologies

according to plant size vary and thus the competency

requirements of MET's wvary. Smaller manufacturers typically
nave less capital available for new equipment purchases, and
nave less access to new production methods and technologies.

Large plants are not able to adopt new technologies quickly.
Industry-university relations are being strengthened in
order to meet technical requirements of graduates. Industry
is working with education to obtain graduates that can "hit
the ground running." Viewing area industry as the customer,

curriculum changes according to the local and region needs
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of indusctry have taken precedence over national standard MET
competency. Research cites several examples (surveys) of
where universities sought out curriculum content from
industry. Regional universities are more involved in the
economic and regional development and research activities
should seek cut and set as a high prioricy service
acrivities addressing the needs of business and industry.
here arse a wide variety of industries in which MET
araduates could find employment. The literature shows cthat

mest find jops that contain the title of engineer, but the

scope of placement in terms of product type nas not been
researched. Thus the effect of this diversicy on MET
competencies nas not been investigated. This is

significant, as the traditional metal-wecrking heavy industry
base in U.S. is shrinking, plants are downsizing, and
companies are producing new and diverse products.

The Nelson study validated MET competencies across the
nation by surveying ABET MET faculty. His findings agreed
wich Zirbel, and Zirbel suggested further research on MET
competencies in other geographic regions, with larger sample

opulations and studies that included various types of
manufacrturing industries and plant sizes.

In summary, literature supports the concept of

investigating the strength of relaticnship between MET
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competencies and geographic entities of product type, plant
lecation, plant size, and utilization of manufacturing
technologies. The connection between these variables and
MET competencies has not been established in literature, and

is the focus of the present investigation.
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CHAPTER III
METHODOLOGY
Collected data from practicing manufacturing engineers

acturing industries on the perceived importance of

n

in manu

s

entry-level MET competencies were evaluated against usage of
manufacturing technologies, product type, number of
employees, and plant lccation. Data were analyzed using
correlation analysis. Each manufacturing engineer was asked

to provide information on his or her company's demographics

fel)
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anufacturing technolecgies. The

independent variapbles were the utilization (presence or

acsences: 2I manufacturing technologiss, number of amplovees,
Cl3EnNT Locaticn o ourzan or rural;, and product cype (SIC
classificacion). The dependent variables were the

respondent's rating (minimally important to extremely
important) of the previously validated ABET/MET
competancies. Regression research methodologies similar to
this study were used by Gale (1998) to compare the extent of
technology use as a funcrtion of rural-urban indicator
variables, Laura {1998) to examine the relationship between

oroductivicy, 1nvestment and plant age over time, and by

(V0]

S

[2)

} to examine factors contributing to employee

[

Chan ¢

o

commitment in the implementation of flexible manufacturing

systems.
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Population
A computer database of 8,927 North Carolina
manufacturing firms was obtained from North Carolina
Advantage West Economic Development Agency. The database

-

[T e S — -
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m
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n cn all SIC companies in Norch

-
!

Carolina, including number of emplovees, mailing addresses,
sales revenue, executive titles, and product description.

niceaAa

[67]

es SIC numbering system is published by

[¢1)
1

The o
tne Statistical Policy Division of the United States
Government. The SIC numbering system 1s used to classify
all firms by activity to facilitate compilation and
presentacion of data. Division D, major groups 20060 to 30060
serles numpers indicate manufacturing companies. The 4-

digit number defines the specific industry wichin a

subgroup. For =xample
SIC 3XXX 1s the designation for manufacturing.

12XX :s the major group number for Industrial
and Commercial Machinery and Computer
zguipment.

352X is the sub group for Constructicn
Machinery and Material Handling.

3535 is the industry number for Conveyors and

Conveying Equipment.
Major manufacturing SICs groupings investigated in this
study are 2200, 2300, 25C0, 2600, 3000, 3300, 2400, 3500,

3600, 3700, 3800, 3%00. Below is a listing of the

(o

designation titles for each of these SIC major numbers.
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Maior Group 2200: Textile Mill Products.

Mator 3roup 2300: Apparel and Other Finished Products
Made Frcm Fabrics and Similar
Materials.

Maicy Group 2500: Furniture and Fixtures.

Major Group 2600: Paper and Allied Products.

Major 3rcup 3000: Rubber and Miscellaneous Plastics
Products.

Maicr Group 23C00: Primary Metal Indusctries.

Major Groug 3400: Fabricated Metal Products, EX<ept
Machinery and Transportation
Tguipment.

Major Grour 3500: Industrial and Commercial
Machinery and Computer Equipment

Maior Group 3600: =Zlectronic and Other Electrical
Tguipment and Components, Except
Jcmguter Zquipmentc

Ma-cy Zrcour :772: TranspgorIation Zgulpment

Maicr Sroup 323(00: Measuring, Analyzing, and
Controlling Instrumentcs.

Major Group 3500: Miscellaneous Manufacturing

Industcries.

Sample Selection

Four hundred and forty companies were randomly

selected. This research initially examined 12 SIC
indecendent variables (IVs), 2 urban/rural IVs, 3 plant size

IVs, 3 lsvel of zechnology IVs, and 1 dependent variable

.JITLeIlsSncsy CZategory: Ifor each regression equation.
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Combining research questions reduced the number of required
mailings. The selection of SIC major groups was done based
on previous MET competency research by Yost (1984), Zirbel
2, and Nelscnm (13%Z). SIC selections by these

ne tradizticrnal metal working groups of

(]}

3330, 34C0, 3280C, and 2500. Additionally, a review of North

Jaroi-na Stace Zconcmic data was conducted to determine

2032 310 si1gnifilcant Ln Terms Of percentage oL totadl
manufacturing employmenc. North Carolina sustains a heavy

MET graduates obtaining positions in these industry types

ZZZzce 2I Stzce Planning, 1989}
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members wers _mplemented befors sending the instrument to
industrial representatives. The evaluators were asked to
crIvids zddlzlicns ¢r delstions to the comprehensive listing

2Z Manulacturing Meznods and Manufacturing Technologies.

Argerncdix B 1ists tne sxgert jurors. COnly minor changes in
The instrument were reguired pased on the recommendations ot
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|

Collection of Data

ne datacase of companies was expcrted into MicroSoftc
=xcel IZormat Zor subseguent analysis using SPSS Windows

statistical software. Randomness of the SIC mailings was

(h
3
n
[
<
M
(0%
g
13
(@]
(o]
nQ
=
1
oy
m
[
n
m
O
th
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- Cover letter. Each survey pack contained a cover
_=TTey explalning tne study tTo the respondent.
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3uYUEY DATKST Iontained & stamped, seif addrsssed return

1. Nc rsrturn date oI the guestionnaire was requested.
Thcse snginssrs who 4id not respcend were sent a follow-up
CCOSTCErI oreJussTing IZomplsticn SIothe lnastrument.

=. The Zata wers o e coded and grouped into an Excel
screadsnest Ior descriptive statistical analysis and then

imported in Windows SPSS for regression analysis.
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Recording and Follow-up Procedures

The responses to each item on the survey were recorded
into an =Zxcel spreadsheet. As 1in Yost (1984), companies
with less than 10 employees were not included in the
mailings. Industries employing less than 10 people were not

considered a typical environment where intermittent, batch,

S

or continuous type prcduction processes are present. This
study took an identical approcach to the minimum number of

emplovees at a company to include that company in the

on. To obrain a stratified random selection of

}-

populat
companies according co number of employees and SIC number,

random numoers were assigned separatelv to groupings of less

than 50 =smployees, between 50 and 450 smployees, and greater
Than 450 emplcyses. Afzer the responses were received, all

ivided into three divisions

o)

of the respondents were
according numper of employees to represent plantc size of
small, medium and large. Small companies with employees
between zerc and 160 were designated as small, between 161
and 350 were designated as medium and between 351 and 2200
as large piants. The mean value of each competency category
was manually calculated and recorded as were the number of

manufacturing technologies used. Six weeks following the

ing a follow-up reminder postcard was sent to

p—

.. .
irniclilal mal

all non-respondents.
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Response Racte

"Completion rates on many mail questionnaires are
notoriously low with figures of 10 to 50% considered good"
(Warwick, 1975, p. 129). Of the 440 surveys sent out, 48
were returned. Three additional surveys were returned
following the reminder postcard fcr a total of 50
respondents.

Analysis Procedure

The goal of multiple regression analysis is to
investigate the strength of relationship between a dependent
variable (DV) and several independent variables (IVs;
Pedhazur, 1982). Regression analysis provides a means of
objectively assessing the degree and character of the
relationship between DV and IVs. Regression is used for

prediction or cecrrelation analysis. Correlacion is used when

ct
:
M

intent is to measure the degree of assoclation between

()
1y

e DV and IVs. This study utilized the correlation element
of regression analysis.

Regression requires the use of metric or continuocus
data, which means using interval or ratio data for bcth the
independent and dependent variables. However, categorical
(non-metric, nominal/ordinal) variables can be used.

Categorical variables constitute a set of mutually exclusive
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categories that differ from each other in kind, but not in
degree. Categorical variables are classified into groups

such as occupation, marital status, or political

[}

affiliation. The independent variables in this study of
manufacturing technologies are non-metric (ves/no in terms
of a company's utilization of a manufacturing technology).
Independent variables must be coded or assigned symbols to
represent their group. Research Questions 1, 2, and 2 use
seven categories (a) usage of technology, (b) plant size-

small, {(c) plant size-medium, (d) plant size-large, (e)

plant location-urpban, (f) plant location-rural, and (g)

The dependent variakles (four-year MET competencies)

were alsc grouped, but not coded as they are metric data

p—

(interval/ratio data). Nelson (1992) validated 141 MET
competencies which are separated i1nto eight categories:
Design for Production, Materials, Manufacturing Processes,

Manufacturing Systems and Automation, Controls,

Manufacturing Management/Quality and Productivity, Liberal

[¢5]

tudies, and Capstone Courses. The manufacturing engineer's
response rating of each individual competency under each
category 1is averaged and an overall score obtained for each

competency category. Regression was then run on each
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independent variable category against the dependent variable
category mean (Hair, 1995).

Correlation Analysis

In addicion to examining the strength of relationships

on analysis, correlation hypothesis testing

[

through regress
using the Pearson r correlation coefficient was utilized.
ncse wvariapies with significant correlation are considered

negative, oOr positive in the population. Additcionally,

0]
3

tcint pi-serial correlation and significance was done on

Research Question 3 requiring the investigation of

dichotomous and continuous variables.

== - - - - PR - RN
oy

Research Questions 4 and S require descriprive

statistics. The overall mean importance of each comget

1)

ncy
category according to SIC product grouping will be presented

in Chapter 4, as will the overall perceived importance of

gach competency category.
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ng Tnls rate with the response rates in recent

v
RE

manufacturing literature (Mehra & Inman, 1992, 22.44% and

Warcd, Leong, & Boyer 1994, 30%), 11.6% appears to be
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useable, with certain power limitations, given 50
respondents. Stevens (1996) recommends a nominal number of
15 data points per predictor for multiple regression
analysis.

Analysis of Hypotheses

The hypotheses were tested for their statistical
significance using multiple regression and correlatcion

analysis for Research Questions 1, 2, and 3. Descriptive

Statiscics were used for analysis of Research Questions 4

Hypotnesis la periormed correlation between the usage

of tecnnclogy for each competencv category per each company

[43]

trhat responded. Scatter diagrams and asscociated correlation
values were determined by counting the number of
technologies the respondent indicated on the survey versus
the mean response of each competency category for each
company. Table C4 shows the mean competency category
ratings for each company. In order to determine whether
usage of technology 1is an important variable when
censidering the importance of competencies, Hypothesis 1b
was tested by performing regression analysis on the same
data as in Hypothesis la. Hypothesis lc involved computing

the correlation between the count usage of technology per

each company and the over-all mean response of each
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competency category for each
137 competencies). Tab

each of all competencies per

60

company (the mean of the entire

for

shows the mean response

each company.

Hypothesis 2a involved computing the correlation

between the number of employees and the mean of each MET

competency category. Plant size was determined by dividing
the entire data set into thirds The first third were
designated small, the second third as medium, and the last
third as large. The acrtual groupings are 0-160

emplovees/small, 161-350 employees/medium, and 351-2200

emplovees/large. Plants were sorted according their number

of emplovees, grouped according to small, medium, and large,

tnen correlated against their corresponding mean resgonse of
each competency category. Table C5 shows the plant size
groupings and tneir corresponding mean response per

competency category. In Hypothesis 2b regression was run cn

the same dataset as Hypothesis 2a to determine if plant size

1S

an imoorzant variabple when considering the mean response

correlation was

n

competency categories. In Hypothesis 2c,

o]

completed between plant size {(all sized grouped together)
and all MET competencies (all competency scores grouped
together), per each company. In Hypothesis 2d, regression

was computed on the same dataset as Hypcthesis 2c¢ to

determine 1if plant size is an important variable using F
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ratics. In Hypothesis 2e, correlation was run between all
tne plant sizes grouped together and the mean response of
eacnh competsncy category. In Hypothesis 2f£, the same

1ztaset used in Hypotnhesis 2e was run using regression to

determine the importance of plant size as a whole when

In nypoctnesis 2a point bi-serial correlation was

ccmpleted between urban/rural lccation and the mean response

cI s=ach competency category. Table C6 show plant location
and mean Competency category response for each ccmpany. In

Zypothesis 3L resgressicn analysis was completed on the same

2xT3s2T 33 Hyoctnssis Io oTo detsrmine LI glant location is
A LTIDIYITANT URYLACLS when considering the mean response of
=ach company categcry. Hypothesis 3¢ seeks to determine the

correlation petween plant location and the overall mean of
all competencies. Table C7 shows the plant location and

mean response of all competencies Icr sach company.

Researcn Question 4 det

(D

rmines the overall competency
category ranking based on the mean response ratings.
Criginal rankings were "extremely important" (5), "very

importanc” (4, "important" {(3), "minimally Importanct" (2),
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Researchn Question 5 determines the overall ranked

impcrtance cf competency categories based on rated responses
cey SIC classiiication.
Xesearcn Quescion One

relaclionsnip between usage of manufacturing technclogy and
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Tigurss 1-: presented 1n Appendix C show the scatter
ilazrams oI sacnh ceompetency versus numpber of manufacturing

tecnnolcgies used. The negative sign of the r value
indicates a reduced mean rasponse of each competency

category as the utilization of manufacturing technologies
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increase. A positive r value indicates an increase in the
mean response of each competency categorvy as the utilization
of manufacturing technclogies increase. It can be stated
that correlation between usage of technology and individual
MET competency categories does not appear to occur in the

populaction.

Table 8
Correlation Each Competency Categories and Usage of
Manufacturing Technologies

Competency

Number Competency Pearson r
1 Design for Production -.137
2 Materials -.150
3 Manufacturing Processes -.177
4 Manufacturing Systems and Automation +.159
S Controls -.054
5 Mfg. Management/Quality & Productivity +.020
7 Liperal Studies -.005
3 Capstone Courses +.167
Note. r{(49) = .2759, p < .03, two tail

n

tates that the independent wvariabl

at
N N = T I N
7 LT A o

i

usage of technology is not an important variable in
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determining each competency category importance. The
regression equation coefficients indicate corresponding

correlation negative and positive slopes and are listed in

Table 9.
Taple 9
Regression Coefficients Competency Categories and
Usage of Manufacturing Technologies
Competency po o}
1 Design for Production 4.015 -.0073
2 Marerials 2.017 -.0073
3 Manufacturing Processes 3.721 -.0086
4 Manufacturing Systems and Automation 3.226 +.0074
< Conzxrcels 3.37C -.00438
6 Mfg. Management/Quality & Productivity 3.621 +.0009
7 Liberal Studies 3.858 -.0002
B Capsctone Courses 3.792 +.0086
Figures -14 1n Appendix C show the normar gprcobapilizy
plots of the standard residuals for each competency
categcry. The plot 1s strongly linear indicating that the

disctribution of standardized residuals is close to a normal

curve. The t-regression statistic for the significance of
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1

the independent variable utilization of manufacturing

technologies on all competencies is shown in Table

[

0.

Table 10
Regression t test Significance all Competency Categories and
Usage of Manufacturing Technologies

Competency

Number Competency t

1 Design for Production -.9650
2 Materials -1.064
3 Manufacturing Processes -1.192
+ Manufacturing Svstems and Automation +1.128
s Ccntrols -.3780
z MIg. Management/Quality & Productivicy -.0128
7 Liberal Studies -.0310
3 Capstone Courses +1.186
Note. t(50) = 2.01, p < .05, two tail

The effect 1s not significant on all competencies at t
regression (50) = 2.01, p < .05, two tail. The squared r
values in Table 11 indicate that a very small proportion of
tne total variability comes from the usage of manufacturing
t=cnnclogies and supportcs the small t and r values. It can

pe stated that usage of manufacturing technologies does not
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appear to be an important variable when considering the

importance of individual MET competency categories.

Table 11
Squared R All Competency Categories and Usage of
Manufacturing Technologies

Competency .
Number Competency R”
i Design for Production .018s8
pA Materials 0225
2 Manufacturing FPrccesses .02382
4 Manufacturing Systems and Automation .0253
5 Controls .0028
5 Mfg. Management/Quality & Productivity .0004
7 Liperal Studies .00002
3 Capstone Courses .0270

Hypothesis 1c states that there is zerc correlation in
the population between usage of technology and the overall
importance of all MET competencies. Results show a small
correlation value of .0001 which is not significant at r{48)

= .2787, p < .05, two tail. Zero correlation exists between
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the overall mean response of all MET competencies and usage

of manufacturin

3

technologies.

19}

b

Hypotnesis 1d

Hypothesis 1d states that the usage of technology is
not a significant variable in determining the overall
importance of MET competencies. The R° is extremely low at
.0000009%. The ct-regression is .007 and 1is not significant

T tf

A

[9)]

0) = 2.01, p < .05, two tail. Usage of technology

&

w

does not appear to affect the overall importance of all MET
competencies.

Researcn Question Two

there is a significant

[ 1Y

Researcn Quescicn 2 asks 3

M

N ] o s e s - IR eat P=RN 7 e 3 - ) honl
relacionsnip petween the numper 0I emplovees and sacn MET

competency category and for all competencies overall. Each

({
O
=
'O
(4]
1
(1]
ja !
)
'<,
)
(7]

tegory was investigated using Pearson’s
correlation and linear regression analysis. One respondent
was not included due to incomplete data and required 49
degrees of freedom. Plant size was determined by dividing
the entire data set into thirds. The first third were
designated small, the second third as medium, and the last
third as large. The actual groupings are 0-160
employees/small, 161-350 employees/medium, and 351-2200
employees/large. The distribution of plant sizes were

sorted in ascending order, the first 16 were grouped as

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



68

small plant size, the second 16 as medium plant size, and
the final 16 were designated as large plant size.

Hypothesis 2a

s zero correlation between

-

Hypothesis 2a states ther

M

plant size grouping small, medium, and large and each MET

1

pEIency Category in che

s

opulation. Table 12 shows that

T

the effect of plant size on each competency per plant size
grouping is significant for Competency 3, Manufacturing

Processes, Large p

[
15

ant size, r(ls; = .4382, p < .03, TWC

-

N

Note that a total of three correlations were

significant using one tail testing. Large plant sizes

(i)

indicated competencies three and four were significant at

r(ls) = .412, p < .05 one tail and medium plant size was
signifiicant for competency 3 at r(ls) = .412, p < .05, one
tail Figures 17-19 in Appendix C show the scatter plots of

those significant one and two tailed competencies. Plant

size grouping large was equally split of positive and

-

lant size grouping medium contained

T

U

~
v

)
(
’A

negactlve Corr

1

correlation and one negative correlation.

(1)
0
It

seven poSitiv
Plant size grouping small resulted in two positive and six

negative correlation.
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Table 12
Correlation Each Competency Category Grouped S, M, L, and
Plant Size

Competency Pearson r
Number Competency Small Medium Large
1 Design for Producrtion -.422 +.281 -.0486
2 Materials -.045 -.096 -.070
3 Manufacturing Processes -.178 +.427 -.497
4 Manufacturing Svstems

and Automation -.248 +.300 -.208
5 Contrels +.111 +.042 +.166
6 Mfg. Management/Qualicy

& Productivitcy -.057 +.009 +.336
7 Likeral Studies -.2138 ~-.130 +.301
3 Capstone Courses +.152 +.001 +.296
Note.
Small r.ls, = .x27, C 33, Two zTall
Medium rils) = .482, p 05, two tail
Large rils) = .482, p 05, two tail
Smail r(l4) = .426, p < .05, one tail
Medium r(ls) = .412, p 05, one tail
Large r(ls) = .412, p .05, one tail

Hypothesis 2b

Hypothesis 2b states that independent variables of
small, medium and large plant sizes are not significant in
determining each competency category. This analysis lcoked

at the significance of each competency category compared
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ag3inst plant size of small, medium, and large. Table 13

[ i

shows the F values for a

3

alysis of small, medium and large

companies. None of the F ratios were significant,

c1
jay

nerefore, no beta coefficients or t-values are reported.

None of the t-regression coefficients were significant at

t{+9) = 2.01, p < .05, two tail
Tabie 13
F - Ratlo Each Competency Category Grouped S, M,L

Competency
Number Competency F-Ratio
M Design for Production 0.467
2 Materials 1.466
3 Manufacturing Processes 1.1486
4 Manufacrturing Systems
and Automation 0.750
S Controls 0.511
S Mfg. Management/Quality 1.065
& Productivity
7 Liperal Studies 1.536
3 Capstone Courses 1.137
Note. F{(2,37) = 3.15, p < .05, two tail
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Hypcthesis 2c

HAypothesis 2c¢ states that there 1s zero correlation

o}

etween planc size (all sizes grouped together) and the

cverall impcrtance of all MET competencies (all competency

n

cores grouped together) in the population. Results

M

ndi

f=-
t=
0

act

(D

a correlation of .163 between the mean response of

11 MET competencies and all plant sizes grouped together.

1}

This value is not significant at r(438) = .2759, p < .05, two
tail, nor at the one tail significance of r(48) = .2353, p <
.05. Zero correlation exists between plant size and the
impccrtance of all MET competencies.

Hvococtnesis 24

Hypothesis 2d states that the independent variable of

vlant size (all sizes grouped tcgether) is not a significant

(=

variaple in determining the overall importance of all MET
competencies all competency scores grouped together). The
eZifect of plant size is not significant when considering the
mean response of all MET competencies. Regression analysis
shows a very small coefficient of .0001 and a regression t
0of 1.144 which is not significant at t(49) = 2.01, p < .05,

two tail. The R value is relatively low at 16.3%.
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Hypothesis 2e

Hypothesis 2e states there is zero correlation in the
population between plant size (all plant sizes grouped
together) and each competency category. Table 14 points
toward a positive correlation on competencies 1, 2, 5, €, 7,
and 8 and negative correlation on competencies 3 and 4.

The e

[}

ftect of plant size is significant for competency

u
0
0
;;|
]
O
1
n
"

having an r value greater than the critical

valu

~J

87, £ <

—

WO tail

2

¢!
t
-
63}
I

(@]
[¥1]

The negative
correlation of the r-value indicates a reduced mean response
of each competency category as the plant size increases.

The positive correlation of the r value indicates an

increase in the mean response of each competency category as
glant size increases. Competencies 1, 2, 5, 6, 7, and 3 had
positive correlation, one of these being significant. Note

1

ies 3, 5, 7, and 2 were significant at ri48) =
.23%3, p < .05, one tail, indicating a directional
correlation in the population. The review of literature
SUPDOrts a positilve correlation, as the number of emplcovees

increase the broader and more important certain competencies

become.
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Table 14
Correlation Between Plant Size and Each Competency Category

Competency Pearson r
Numper Compecency r(48)
1 Desigrn. for Prcduction +.057
-~ ANk o mama = T . NN
< SIA LT L Qe D T o vk
3 Manufacturing Processes -.27%
4 Manufacturing Systems and Automation -.025
3 Ccntrols +.289
5 Mfg. Management/Quality & Productivicy +.227
7 Liberal Studies +.239
3 Capstone Courses +.233
Notce.

r{i48) = .2737, o < .25, two tail

r{4s8) = .23%2, p < .0%, one tail

<X
<
'O
O
(g
»
)
wn
}s
n
Do
n
n
1

HY 7 ates that independent variaple plant
e 1s not an Important variable in deterxmining sach
competency category importance. The regressicn equation
coefficients indicate corresponding negative and positive
slopes as listed in Table 15. The t-regression test for
:mportance of an independent variable in the regression
equation on all comperencies for plant size is shown in

Table 16. One regression equation shows that plant size is
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1 determining the impcrtance of
competency 5, Controls. The R values in Table 13 indicates
a reascnable regression model with the percentage of

variance the mean response for each competency is explained

by plant size reaching 8%.

Tablie 15

Reg;Zs;ion Coefficients for Use of Each Competency Category
and Plant Size

Compereancy

Number ) Competency e bl

A Design for Prcduction 3.757 +.000086
2 Materizals 2.87¢% +.00003
3 Manufacturing Processes 3.618 -.0003

4 Manufacturing Systems and Automation 3.4156 -.00002
> Controls 3.048 +.0005
S Mfg. Management/Quality & Prcductivity 2.556 +.0002

7 Liperal Studies 3.762 +.0002

8 Capstone Courses 3.905 +.0003

Note. po = y intercept Dl = regression coefficient
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Table 16
Regression t test Statistics All

Competency

75

Categories and

Plant Size

Competency

t-statcistic

1 Pesign for Production +0.398
2 Materials +0.139
3 Manufacturing Processes -1.980
4 Manufacturing Systems and Automation -0.170
5 Controls +2.099
5 Mfg. Managementc/Quality & Productivicy +1.617
7 Liperal Studies +1.712
S Capstonse Courses +1.81¢t
Note. ci{50;, = 2.01, p < .05, two tail

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



76

Table 17
Squared R All Competency Categories and Plant Size

Competcency .
Number ‘ Competency R-
1 Design for Production .0033
2 Matexrials .ano04
3 Manufacturing Processes .0758
+ Manufacturing Systems and Autcmation .22z
S Controils .0840
=z MEZz. Management/Qualicy & Productivity 0517
7 Libperal Studies .0576
8 Capstone Courses 0642

Research Question Three

Research Question 3 seeks to determine i1f the urban and
rural location of a plant has any effect on the importance
of each MET competency category and all competencies.

Linear regression analysis and point-biserial correlation

was used to determine the significance of this wvariable.

(P8

Hypothesis 2a

Hypothesis 2a states that there is zero correlation
petween plant location (urpan/rural) and each MET competency
category. Table 18 shows the point-biserial correlation of

each competency compared against the urban and rural
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location of a manufaccturing facilicy. None are significant

at rop{(48) = .2787, p < .35, two tail.

;;Z:i—é;serial Correlation Each Competency Category and
Numger cf Emplovees

Competency Point-Biserial
Number Competency Yop (48)
1 Design for Producticn ~.112
2 Materials +.035
3 Manufacturing Processes +.068
4 Manufacturing Systems and Automation -.084
5 Contrels -.007
6 Mfg. Management/Quality & Productivity -~.044
7 Liperal Studies +.191
3 Zapstone Courses +.202
Note. r.z(48) = .2787, p < .05, two tail

]

ivpotnhesis 3D

P

194

Research Question 3b asks if there is a significant

+

(b

lationship between plant location and each MET competency
category. Table 19 shows the F-ratic values for each
cempetency when compared against plant location urban or
rural. There were no significant F values at F{1,48) =

4.04, p < .05, two tail. Additionally, &all t-regression
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values for each competency were not significant at t(48) =

2.21, £ <« .03, Twc tail.

Table 19
F-Ratio Each Competency Categories Grouped Urban/Rural Plant
Location

Competency
Number Competency F-Ratio

1 Design for Producticn ILELL

2 Materials 0.060
3 Manufacturing Processes 0.228
< Manufacturing Systems

and Automation 0.352
s ControLs 0.002
S MEg. Management/Quality

& Productivity J.085
7 Liberal Studies 1.683
e Capstone Courses 2.081

Ncte. F(1,48), 4.04, p < .05, two tail

Hvpothesis 3c

Hypothesis 3¢ states there is zero correlation between
plant location iurban/rural) and the overall importance of
all MET competencies. Results indicate a point serial
correlation of .13 which is not significant at r.:(48) =

.2787, p <« .05, two tail.
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Hvoothesis 3d seeks to determine if plant lccation is a

significant variable in determining the overall importance

S MET ZImpsteniies In Thlis case, ai. che MET competencies
202 ZUEeralsa Togetner and regressed against thelr respective

is not

o
o
o
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1
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._J
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1
|
B
1
V6]
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1Y
n
n
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o
0
m
o
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NS
(8]

s1gniZ:s cant atT t©.43; = 2.0l p < .03, two tail.
Researcn Question rFour

Research Question + investigated the coverall perceived
.mgortance ¢ sach industrial desired competency.
I deTermining Tne Lavel oI lmportance, =ach respondent was
Iien Tne 2LCorTuniTy T orespond To 2ach of the 137
compstencies with a Number 1 To 3.

Imporcance of Individual Competencies

Zxcremely Impcrtant

Zased upcrn mean scores, seven competencies of the total

127 ‘E.1%! are considered by manufacturing englneers to be

extremely important and are identified in Table 16

TxXtremely important tasks involved five competency

ca!
[

W
ot
(D
Q]
0
[
"
1)
n

Two ccompetencies are in Group 8 Capstone

Wl Zompstencies are in Group 7-Liberal Studies,
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o~

()

2 ccmpetsncy in Group é-Manufacturing Management/Quality

'Y

nd Productivity, one competency in Group 3-Manufacturing

Processes, and one task is in competency Group l-Design for

P N N

Tarnis 22
Individual Tcmpetencies Receiving Mean Scores of Extremely
Imporcant
Jverall Mean
Raz=d Order Competency Score
: Understand the importance of guality - the
imporzance of doing it right the first cime. 4.68
z Cocmmunicate oral and writtcen messages in a ciear,
concise, and professional manner 4.60
E Cemonstrate 3 workx stnic that displavs motivation,
natural curiosity, and a sense of responsiveness
without clcse surervision. 4.58
< Read and interpret assembly drawings. 4.56
3 Underscand and practice safe working condictions. 4.54
3 Liszen snd understand problems and difficulties
zhat cccur in manufacturing (participate 1in team
deliper=tions). 4.54
7 Learn to get the job done right, without any
excuses, and on schedule with minimal supervision 4.52
Very Imgorcant

\
/

‘ND

the 137 (67.153

th

Based upon mean scores, 32 o

competencies are considered by respondents to be very
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important and are identified in Table 17. Very important
tasks appeared in all 8 competency categories. Nineteen
(20.6%) tasks are in competency Group 1: Design for
Production. Eight (8.7%) are in competency Group 3:
Manufacturing Processes. Ten (10.8%) are in competency

Group 4: Manufacturing Systems and Automation. Two (2.1%)

are in competency Group 5: Controls. Thirteen (14.1%) are
in competency Group &6: Manufacturing Management/Quality and

2,

?roductivicy. Twenty-nine (31.5%) are 1n competency Group

7: Liberal 3Studies, and 11 (11.8%) are in competency Group

a lapstcone Courses.

Table 21

Individual Competencies Receiving Mean Scores of Very
Important

Mean
Jcmepetancy Score
: Semcnstraze gerscnil 2thics and £e acle s oapply them +.20
Z Understand process strength/weakness. 4.40
: Cefiine Tosts-sfifscoive manuialiuring Crocesses  Kncwing
strengtns and weaknesses cf each manufacturing process! 4.38
1 Inderstand the Tasic working xncwisdece of persconal computers +.38
= Provide clear, ccocnclse work instructions and procedures to
shop cperschnnel 4.38
3 Zevelcp Time manacement skills. 4,34

(Table Continues)
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23 and/or uTilize SYsSTematic griblem sclwving Technigues .21
z¢ Tnderstand what mecivates amployees. +.04
- Eal

+.02
il .22
3a .02
33 +.02
1
-

4.00
i3 .00
ze +.28
37 tolerancing 3.%93
i ~LTH Local fustoms 3
. 1 aa
27 2020
1] - reccanize che

"zost" of actions and

S Assume UnTil sScmeone steps you. 3,398
\ -
T
13
e

3.3%4
14 3.94
A=
e )

3.92
15 Zvaluate sxisting ccenditicns with regard o estaklished

scandards cclicy and recommend sgecific changes to correc:t
safe <2 iIns 3.82

17 uate guaiity pericrmance in exisSTing manuiacturing

(Table Continues)
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Jverall Mean
Rated lrder Ccmpetency Score
36 Underscand process glanning 3.55
7 Jnderscand principles and applicaticns of jusc-in-cime 3.%4
z3 Yerify that installed contrcl equirment operaces COXYectly 5.34
8¢ Underscand industrial standards ANMSI, D0B, ISA, ISO 3CQcCe 3.%4
3C Werx wicth design snginssrs o inject producikilicy and testabrlicy

Ieatures at the concept stage 3.32
3L ldenciiy condizicons that reqgulirs ncn-standard creraticns 3.82
2 ASSIST 3UCPLLISrsS Ln ICrrecting thelr manuiacturing crizlems R
mporcanc
Pl il

i . .- - " _ . - - . . -
As 1indicated in Tapble 18, 37 tasks of cthe 137 (27.0%)

are considered to be important. All competency categories
contaln important tasks. But the predominate numkcer of
1mportant competencies are those listed under Group S:
Controls. Nine Controls competencies constitute 24.3% of
important competencies. Seven competencies (18.9% of
important competencies) were considered important in

Manufacturing Management/Quality and Productivity. Seven

13.2% compestencies were of the competency group
Manuliacoturing Frocesses.  Six (16.2%, competencies were

considered Important in Group 4: Manufacturing Systems and
Automation. Group 7: Liberal Studies contained five

competencies (13.5%), Group 2: Materials contained two
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competencies listed as important.

considered important in Capstone Courses.

Table 22

One competency

(2.7%)

87

was

Individual Competencies Receiving Mean Scores of Important

Mean
lompetency Szcrs
. Zemenscr
e . .-
Tl 1.3
- > 3.80
3 3.46
. e e
4 Zeliins o
and Lmgl
Ionstral 3.46
< 3,498
- Lurioa oare Ehels!
g urind are, and
L
- T oas
-1t
3 Understand the feneflts i networking computing devices. 3.40
3.3¢8
o 2
-i 3.38
.n <t
- - 4"
23 3.32
1
3.32
iz Understand technical language and cuitural problems associat
with werld-wide manufacturing. 3,32
s Understand tasic materials xncwledge of Is including
machinatility for manufacturing. I.Iz3
bt Rncwledgesaple cf materia: handlinc and automated systems 3.22
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Minimally Important

Only one competency was considered minimally important
Tc entry-level MET graduates, grouped 1n competency Category
2-Materials: Understand the injection molding process and
related plastics applications.

Not Importantc

Zero competencies were considered not-important.
Alchough several competencies did receive sccres as not

< -

:

v

razings were pased on the mean

3

el
3

v =g ol
- —Ree—

e

ot
18]
.

<

~

- ——
~ ’ ~ i

L §)

[}

1

response of ail respondents.

mportance of Competency Categories

3

Based upcn mean sccres, competency categeries are rated

on the order of importance as listed in Table 19.

Tacle 23

Competencies Categories Mean Scores (All Data)

Overall Mean
Rated Order Competency Category Score
1 Capstone Courses 4.00
2 Design for Production 3.85
3 Liperal Studies 3.82
4 Manufacturing Mgt./Quality Productivity 3.60
5 Manufacturing Processes 3.49

(Table Continues)
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Overall Mean
Rated Order Competency Category Score
g Manufacturing Systems and Automation 3.39
7 Controls 3.24
- Macorials 7oan
~ il e e el D — .

Research

importance of

to SIC groupings?

w)

IC group 2300,

prics and from SIC group 3900,

Research Question Five

Question 5 examined the overall perceived
each industrial desired competency according
Zero gquestionnaires were received from
Apparel and Other Finished Products

Miscellaneous

Tables 20-2¢

}—s
p—a

@]

rn

Industries. The owing

SIC

for
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Cémpetency Category Mean Scores 2200 SIC Classification
Textile Mill Products

1 Capsctone Courses +.00
2 Liperal Studies 3.94
3 Manufacturing Mgt./Quality & Productivicy 3.88
+ Design for Production 3.7%
5 Controls 3.50
3 Manufacturing Systems and Auctomation 3.0¢
7 Manufacturing Processes 2.78
8 Macerials 2.50
Tapls 2%

Competency CZategory Mean Scores 2500 SIC Classification
TUurnlTure znd FlxIures

Rated Order Competency Category Mean Score
1 Cesign for Production +.27
2 Manufacturing Processes +.06
3 Capstone Courses 3.95
1 Liperal Studiss 3.80
5 Manufacturing Mgt.,Quality, & Preductivity 3.83
6 Manufacturing Systems and Automation 3.38
7 Controls 2.64
2 Materials 2.33
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Table 26
Competency Category Mean Scores 2500 SIC Classificaticn
Paper and Allied Products

Rated Order Competency Category Mean Score
1 Capstone Courses .70
2 Controls 3.91
3 Liberal Studies 3.82
< Materials 3.33
5 Manufacturing Mgt./Quality & Productivicty 3.19
6 Manufacturing Systems and Automation 3.20
- Manufaccuring Prcocesses 2.8:3
3 Cesign for Production 2.80
Table 27

Competency Category Mean Scores 3000 SIC Classification

etency
Rubber and Miscellaneous Plastics

Rated Crder Competency Category Mean Score
i Capstone Courses 4.03
2 Controls 3.93
: Liperal Studlies 3.87
4 Manufacturing Mgt./Quality & Productivity 3.86
5 Design for Production 3.81
6 Manufacturing Processes 3.58
7 Manufacturing Systems and Automation 3.43
8 Materials 3.33
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Tapble 23
Competency Category Mean Scores 3300 SIC Classification
Primarv Metal Industries

Rated Order Competency Category Mean Score
1 Cesign for Production 3.80
z Manufacturing Systems and Automation 3.4+
3 Capsctone Courses 3.43
+ Manufacturing Processes 3.31
z anafactoaring MgT., QuaLnltTy L o FroducTivity 3.13
5 Liperal Studies 3.14

Materials

(18]

<4

[s 1}

[$9}

’
Controis

(8]
(18]
~)

3~ = =3
P SO S B

Competencies Categories Mean Scores 3400 SIC Classification
Fapricated Metal Products

Rated Order Competency Category Mean Score
e Controls +.02
2 Capstone Courses 3.34
3 Liperal Studlies 3.93
4 Design fcr Production 3.80
5 Manufacturing Mgt./Quality & Productiwvicy 3.63
) Manufacturing Processes 344
7 Manufacturing Systems and Automation 3.28
g Materials .87
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Table 30
Competency Category Mean Scores 3500 SIC Classification
Indusctrial and Commercial Machinervy and Ccocmputer Equipment

Rated Order Competency Category Mean Score
1 Capstone Courses 3.90
2 Design for Productiocn 3.79
3 Lireral Sctudies 3.78
4 Manufacturing Mgt./Qualicy & Productivitcys 3.62
5 Manufacturing Processes 3.58
5 Manufacturing Systems and Automation 3.44
7 Controls 3.05
3 Materials 2.85
Taple 31

Competency Category Mean Scores 21500 SIC Classificaticn
Zlectronic and Octner Electrical Egquipment and Compcnents,
Zxcept Computer Eguipment

Rated Qrder Competency Category Mean Score
J Design Ior Production +.45
2 Capstone Courses +.2%
3 Liberal Studies +.08
4 Manufacturing Systems and Automation 3.71
5 Manufacturing Mgt./Quality & Productivity 3.66
& Manufacturing Processes 3.47
7 Materials .17
8 Controls 3.08
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Table 32
Competency Category Mean Scores 3700 SIC Classification
Transportation Egquipment

Rated Order Ccmpetency Category Mean Score
1 Capstone Courses +.09

2 Design for Production 1.00

3 Liberal Studies 3.94

+ Manufacturing Mgt./Quality & Productivity 3.8¢

3 Manufacturing Processes 3.85

5 Manufacturing Systems and Automation 3.42

7 Controls 3.38

8 Macerials 2.96
Taple 33

Competency Category Mean Scores 3800 SIC Classification
Measuring, Analyzing, and Controlling Instruments

Rated Order Competency Category Mean Score

1 Capstone Courses 3.83
z Liberal Studies 3.60
3 Design for Production 3.38
4 Manufacturing Mgt./Quality & Productivitcy 3.27
5 Manufacturing Processes 3.23
3 Manufacturing Systems and Automation 3.13
v Materials 2.67
8 Controls 2.55%
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Summary of Statistical Results

Chapter four was arranged in five secticns to

3
™

corresponding te the five null hypotheses of the study.
analysis focused on the differences between plant
demographics and usage of manufacturing technologies and the

mean response of MET competency categories. All data were

[§1]
3
(Y}
._J
<

=t

zed bv Pearsocn's correlation, point biseria
correlation, and linear regression. Descriptive statistics

were presenced on the importance rating of MET competencies

O
<
M
A
ol
s
’.J
v
jai
o]
o)
)]
(2
n
-
N
\Q
Al
(¢}
[
O
’—A .
o
\Q
[0}

The analysis indicated

significant differences (p < .05, two tail) on 3 of the 14

null hypctheses
The statistical findings provide support for the
cbieczives cf the studyv. In shorz, the analysis indicated

!

hat demographic variable and degree usage of manufacturing

technologies do affect MET competency ratings.
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CHAPTER V
SUMMARY, CCNCLUSICONS, AND RECCMMENDATIONS

The cenctral problem of this study was o assess the

influence ¢ Jdemcgrarhic variables Zor curriculum
develcement given reliapilizy of utilizing a standard set of

universicies T2 meet The lndustrial expectaticns of cheir
cornstizuerncy, varcticularly when the constizusnt vcice
raoresents diverse or specific manufacturing technelcegies,
znd Zdemcgrachic characteristics.

The review of literature suprpcros the getential
ccrrelacicn between the inderendent variables cf glant size,

plant location, usage of manufacturing technologies, and

licerature review leaned toward cthe influence of the

cre thnie nuos

rn

indevendent variables cn MET competencies cthered

[
P
"3

[

()

W%}

(]

)_l

n

(1

1Y)

=

14

3

]
oy
1]
3
o)
|._l
*4

nvpothesis states that the
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independent variable does not affect MET competencies versus

reiecction would have meant that the independent variable

]

affects competencies. Failure to reject the null hypothesis

Ara B! ~TyiAT A
Crs LLZLUCLn

T

confourding =

1

C

f— 4
[41]
18]

can be the result cf severa

j
"

3

b
b
0.
M

Q
[
oY)
1
)]
[(]]
oY)
3

0
—
M
wn
’.1
N
1]

motivacticnal facrors affecting

raspondents' respcenses gecullarities, length of the survey,
arnd survey samcle distributicn amcng companies in North
Carclina.

The gcal oI this reseavrch is tc detect the influence of

aad’ = — =g =~ - .. o - - . e.r - -
Trne specifilc cbleczives cf the study were o answer the
JussTicns

1 Is there ccorrelaticn tetween usage ¢ manulacturing
zechnelcgy znd zhe impcrtance c©f MET ccmrezencies?

2. 1s zhe effect of usage of manufacturing significant
in dezermining tne imporzance of MET competencies?

(s

Is Zners correlaticn between plant size and MET

H

&nctc si

[

e significant 1n

—

[
4
n
«r
ot
M
1Y
n
(1)
1]
0
1
(@]
-t

o

'

determining the importance of MET competencies?
5. Is thers correlation between the location of a

-} — o
re 1m

'O
O

rcance of MET ccmpetencies?
6. Is the effect of plant location significant in

determining the importance of MET competencies?
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7. What is the importance rating of MET competencies

8 What is the importance rating of MET competencies
acccrding o 3IC classification in North Carolina?
summary

Review of Lic

(b

racur

D

Due to lack of directly related studies on the effect
of certain demcgrarhics on MET competencies, the review of
iicterature considered elements that held logical ties; the
diversity of new manufactured products, recent shifts from
large to small plants, recent development of modern

manuliacturing technologles and their effect on MET
comgpetencies, the new sconomy and its implicaticns cn Scb

designs and manufacturing competencies, the urban effects of

lant Loccation on tne utilization and adoption of

'O

manufacturing technologies, manufacturing skills in the
rural south, the spectrum of manufacturing technology
utilization throughout in America, i1ndustry-university

relationships in addressing curricula content, and the

n

P T P .
oying MET gracuates.

b
86}

diversity of companiss emp
Related research studies to determine what
manufacturing competencies are required by industry for a

rcad range of engineering/technology programs including

industrial technology, manufacturing engineering,
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manufacturing technology and manufacturing engineering
technology and their importance were addressed by Yost

(1984) and Tillman (1989). Competencies specific to the
ABET/MET curricula and their rated importance were addressed

ov 3rown (1983), Zirpel (1853), and Nelson (1992;.

SIC category, manufacturing and with sub-grcuping SIC
teadings 2220, 2300, 2S00, 2500, 2000, 33906, =200, 339¢,
TELI, :T9Z, 3300 and 500 were consigered Ior tnls stuavy. A

computer program was used tc determine which SICs had
adequats number oI Zirms, and which Zirms varied

sufficiently in size o permitc small, medium and large

presaxs. =Zach SIC grcuping often ceontained over 130090
CComDEnies Randcm numeers were Jensrated and asscclatead
N1TH eacn company Subsequencly, thiie top 35 companlies in

each SIC were selected for survey distripution.

on of MET Competencies

=R

Research by Nelscn (19%2) developed MET competencies
from the previous wcrk of Zirbel (13993), Tillman (1989),
Miller (198%9), and the Society of Manufacturing Engineers
(SME) Curricula 2000 (Arthur, Wells, & Demers, 1986;). The
Nelson competencies were validated for ABET MET programs

throughout the U.S.
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Zirbel and Nelson did not investigate the effect of
various demogravhic variables or the degree of utilization
of manufacturing technologies, both of which vary widely per
region, state and industry type. Zirbel recommended
additional research related to his study to include (a) a
replicated study in other geographic regions, with larger
samplie population and (b) additional studies with various
tvpes of manufacturing industries and size of companies.

Taking these competencies as paseline reference, thils
research scught to determine if various demographnic

variaples affected the importance of competencies.

Sy - - o= 7 s =
Surwvey Instrument tC cthe Panel I Zxpercs
- = - -~ - - - &
3=fors the survey was mailed, a panel of expercts

xnowledgeable in the field of manufacturing engineering
technoleogy was sstablisnhed for reviewing the instrument.

4

hese rerresentatives included manufacturing engineers from

area industry and educators in the Zour-year manufacturing
technology Zield. Aprendix B contains the list cf gualifiec

jurors. Jurors were selected acccrding to their xncwledge

(al

of MET rreograms and a minimum five vears of manufacturing

{4
3

lgineering wWOrkKlng experience.

Analysis of Data

Four ctypes of statistical tools were used in the
aniliysis 2f data. They include linear regression, Pearscon's
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correlacicn, point biserial correslation,

C )
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s O 1 and catciorn.

N

e e}
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4]

were conducted for

{ANOVA)

O

(1)

rn

r survey di

done using a datapase provided by Advantage We

Development Commission of Western North Caroli

were assigned a random number and those compan

included tne survey mailing, thus ensuring

within the scopre of the research had an equal
be

ing selected. The surveys were distributed

according to SIC, and plant size. However due

return rate,

random responses were not obtained. Small ret
suggest response bilas by SIC classification,

plant location.

it can be stated with high probability that

102

and cdescriptive
1l regression was used for dichotomous

Significant ctests

idence level,

bservacions on

stribution was
st Economic
na. Companies
ies were
e
chance of
randomly

o the small

a

urn rates

plant size,
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Non-sampling errors in terms of personal

characteristics are possible. Uncontrollable factors such
is the resvondent's attitude and enthusiasm toward the
subject can contripute toward undesirable variabilicy.

Induced pias of personal prejudices are possible and may
vary with the employment title of the perscn completing the

survey.

The survey was directed toward shop floor manufacturing

L]

ngineers. However surveys were actually completed by a
range of manufacturing and human resource personnei. Blas
could have occurred due to the educational backgrcund of
these individuals. Personnel responding with an engineerind
undergraduate degree could have scored competencies
containing applied theory elements higher than competencies
containing nhands-on type skills. Supervisors nolding MBA
degrees could have rated operation research skills higher
than hands-on skills.

Bias due to constrained dependent variables of the
survey 1s also pcssible. The lowest value was set at 1 and

nighest set at 5. The respondent may have wanted o rate

some competencies below a one or higher than five.

1)

xternal Validic

7]

t<

()

This study failed to draw a large sample from the

population of interest and thus the ability to generalize
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from it is significantly compromised. The elements of
geographical bias betwesn rural and urban companies left out

~~mpaniss that cculd have contributed tc the sctudy.

- — - . (aal ~
Nm mm - S R : - — - o - =
C3&xIe ZZ SNG Mol CImibef2llCles
T m geme s e ~F licavarure roir-s —award = proad number
e T lew I LlZel atTures CcClnrnTg Towarad z proa ] 54
- - ee = 4 =~ =~ = - = — - = e -~ - - N~y A =y - ""“J‘."‘," —- -
ZZ Y30 .=3 TNAT &aIleT e AQCCTLCh Ao uZiiIzZaTion oL

AN4 TOElr asscecirated

LI AITUYINS ITTmoEeTenIlss Trhe sxXgectation Tnat as the
LILoIZATIon I ManuiaCturing Telnnollgliss LCcrease, SO aces
mna dmrmmgrm memmn AC MET m~emrat st s s P . ST S
e 1mMDSrTanles O oo Sompelencises, wWas ot IZund Tl DE

< -~ =1 - - = -~ == - o .. = = .- Ao v 31 3
SIgniIlIiZant IZr Zacn Zompsiency ITaTeglry. As indicated by

= J = z .
. = . -
1w T-vagraszsicn coefificients, the variable usage °or
R P ey et m T mmee S ez Cmpmymame cravianle ¢
- DRTTAYINZ =2 L2a I 2T AN LMperant varilaop.lege wrhen
COMSLIISYLINS <SaCh Iomrelens/s ZTategcriy.

cIrrelaTiin owas Izund.  The varilicls usage oI fechneolcgy as
IMCSYTANT wWaS8 oI 3igniiicant wnen considering all MET
IomgeTsencsiss.
Slant Size and MET Ccmpetencies

Are MET ccomgetencies less important at larger plants?
Tindings indicatse that Ior ccmpetencdy Category 3-
ManulIaCturing rrocessses, there exists a signiiicant
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ies. Medium-size
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uring Processes significant

=ZZeCilve F-YRILICS.

A Cccomgarison petwesern all MET competenciss categories
213 ALl DLanT size data groured togetner revealed 3z CCSLT1VE
ZUI non-slgniilicanT ccrre.Laticn Ccrralazicn shows That as
ULANT o S.Ie lntreazsd 32 dces Tie Lmroviance oI all MET
B R LTLln, Toe LmpIrTancse oI Clant S1Ze i3S A
SoilLLIL AT UAYLAD LS L USIYSS331I0 RN&LYSIS showsed non-
=IZective ©-ratics

A Comgaeriscrn petwesn all DLAnRT SizZes grouped IcgEetner
nc Categcrisst and =2ach Competsncy catsgery snowed
Torrecensy TategIyy grcup S-Tontrcols signiiicant.
Zompetency categcoriss 3, 3, 7, and 5 were significant at the
cne zailead level. Taple 30 summarizes the significant
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Jdmmary OL Xesearcn Question Two Significant Findings
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Srcur 1: Design Zcr Prcduction. Twenty-seven percent of

.. MZT cCcompetencies were rated "important" with the highest
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percentage (24.3) of important competencies coming from
grour five-Ccnzrols Cne comgetsncy WwWas tconsidersd

"minimally important" and zero competencies were considered

crtant." Ncte that several competencies did receive
s "not important," comperency ratings were based on
ce of MET Ccmpetencles Per SIC Grouping

rating across

cf zhis
acTempc

[ -

e

1.

4

ererall

1

t

Programs

practicing manufacturing engineers in North Carolina.

sample s

varies

induscry

ver

MET competencies for

listings investigated. The diversity of importance
various SIC groupings supports the industry-
T curriculz devslcooment methods pressrnted in —ha
£ licerature
Conclus:ons
Iczilowing conclusions adcdress the overall purpcse
study and are based on an analysis of this data. No

s made o generalize zhe conclusions

[N

— e

=0 other

The results of this study cannot necessarily be

zed region,

-~
N

or other MET

. This survey was mailed to 440 randomly selected

study had a

4

ize was 50. The response

The

rate O
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2. Within the sample, there is very lictle

cerrelacion bectween usage of manufacturing technology and

=

3 The variable usage cf manufacturing technologies
is nct an impertant Zfacter when considering the importance
cf MET competencies,

= Trers 1s very lizzle correlation bectwesen plant
size and =acn MET ccmpetency Categlry.

2 Clant size is an impcrzant variable when

considering 3 £ach competency Categ

O
Ly
<

and all competencies.

S

is wvery little correlation between plant

L~caTicn urcan/rural and cthe rmportance oI eacn MET
CCmpeTency JaTtegeory.

7 Plant locaticn wurpan/rural) is nct an imgcerIanc
rariaple when considering the impertance ci overall MET
comgetencies.

8. Liberal Studies and Capstone Ccurses were highest
rated "extremely important" competency categories.
Competency Group 1: Design for Prcduction, was the highest

raced "very lmportant" category. Competency Group 5:

)
9
A
Qi
m
£,

[ POV R Q4 -
zls, was the highe T

"important" competencies.
There were very few "minimally important" and "not

impcorzant" ratced competsncies.

(D
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5. The importance of MET competencies across selected

the impcrtance of MET
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l. One prcblem was that the list of competencies was

1
';A
’
[
’-l.
(.l
O
(1]

- - . . , .
zoc lorng Icr respondentTs Do malntain cneilr con

-z

-
o]
el
(U
=
g\
n
'al
O
e}
I'e
o

g
{
"
o1
O
(&1
L
M
n

o)
@]
3
Q.
13}
i
n
!
ot
n
o
@]
Q.
.,a
1
=
O
3
(1]
-

'
'
(0]
(&
=3
81}
ct
=
O
3
)
0
!
0
()]
"~
o
@
(@
o
'O
[
a
'O
O
n
[
o
o]
Q.
(2
M
n
’—J
Q
o]
6]
[
ct
o)
M
n
1
[
g

might have countcered some of the deletericus =ffscres from
LInG _l138T3 Lo YraTing tne survev.
= S ¥

1 1 e 1=

- - P =Y = P =8 o S ~tala & -~ alel el toh e

A.2NC T CSUoeY mManagsrs Y rersScnnel 2K combisStlln.
2 Siiyretra —vmAd - s I Y A T S == 2e mem o
. SUurveys rzaifticnal.ly nave nald oW YEesTlniss TrIT=Es,

ferent strategy of contacrting respondents shculd be

U]

Q,
[N
n

[
n
M
(o)
'Q
O
n
0)]
i ']
o
E_A
S
'a
w
O
jo]
o
)
[8)]
H
*_J
n
O
[at
i_‘
o
1
4]
3
<
o
M
b
n

confidence c¢n inferring the resulcs to the pcpulation.

"When an investigator anticipates a certain effect size
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Implications for Educators

radictionally as a result of funding limitations,

!

technclegy programs have lagged induscry in terms of
equicment and technical training. As agents cf technclogy
fer o state and regional industries, universities

snculd strive o be l=zacders in the arplication advanced

= 1A amyirm s hes=alipras FAaripAase s U
shculd serve as baseline IZoundacticns cf inmstruction,

nowever, it 1s recommended that administrators of MET

mographic affects and the importance of
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specific competencies required by their state and regional
based industrial constituency. Nc standard set cf validactsd

MET ccmpetencies can be applied across diverse regional and
statewide demographics. As universities are accountable to
Tne tax-paving cubic and suppiving industry with qualified
graduates, =ducators snhould i1isten to the voice of tneir

customers in determining modern and relevant competency-

tased instructicn. This research suppcrts the effects <f
diverse demographnic effects on the importance of MET

competencies.

Recommendations for Further Research

The following recommendations are made under the

premise that no single study can provide the information
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required for a comprehensive curriculum reiIcrm.

»
'n

Instictuticns are unique in their geocgraphic location,

clientele, gcverning board, and cother controlling factors,

“hus, curriculum enhancements snould address the

1

constituents of a pregram.

employ MET graduates. Such informaticn would provide more

3. Addicicnal research on induscry-university

linkages for MET programs is needed. Are universities

3

—

eally listening to the vcice of thelr custcmers and

addressing their needs in terms cf gualified students and

~ .y —— 1
O g, & PO - - = R et R “vre S~ it
curriculia ccncent? How many MET Csrocgrams are activels
Dmerm T rm A fem yememd mrnaTl e s A ey omen mem A ebe o e
el e T ade e TH LGS SUINT LTl . AT LOSTIZUCZTLICT a3 wWnac

mecnods are being utilized to incorporate industry input?
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W

. Research on state and regional adoption of new

manufacturing technologies is needed to assist in developing

MET curricula and compecencies. There is cnly scarce
lizeracure cn che adortion of zand dispersion c¢f new

manufacturing technologies in the state ¢f North Carclina.

5. Researcn 1s needed on tine current sStatus ot
desived MET ccmeeczencisg in rurzl manufacturing ccomganiss
5, MET ccmpetency DRaseda rssSearcn 1s neecaec ITnat

address thes needs o©f small producticn Zacilities?
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urvey should decermine what are

the desired of enctry-level MET graduates per SIC listings
and their usage of technoclogy. It should establish a2 matrix
oI usage CI Techrnclcgy, Location, size, 3IC, ana MET

compeTency lmpcrtance such chat an educator can review his
sizuaticn with rescect o lcocal industry SIC representatiocn,

urban-rural lccaticon, number of employees, and determine

4
(a}
n
o)
()
N
}_o.
th
i_l

c competencies employers are lcoking for and

subsegquently incorporated into the curriculum.
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Table A

Technologies Survevyed By Major Technology Group
Group

Number Group Titles

1 Computer Aided Design or Related Technologies
2 Flexibie Manufacturing

: ScocIics

= ALTITATEL MATErial Hand.Llng

= Automated Sensors

2 Communications Networks

-

Prcgrammable Manufacturing Control
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lajor Technology Group

Numper Manufacturing Technology

L Computer aided design and / or computer aided

R T
Tt ST D o
= =

representation of computer aided in procurement

,_,
w

0+

o
'_J
1
o))

Cally Cr computer numerically contrclled machines

2 Flexipls manufacturing cells or systems

: Siczk znd clace rorocs

: ltner rcoeos

< AuTomatlc stcerage and rectrieval systems

4 Autcmactic guided wvehicle systems

3 Automatlic sensor pased inspection and/or test equipment
cericrmed on incoming or in process matsrials

3 Automatic sensor based inspection and/or test performed
on final product

3 _ccal arsa networks Zor tecnnical daca

&) local area networks for Zactory use

5 Inter-company computer netwcrk linking plant tco
subcontractors, suppliers, and/or customers

()
0
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Technologies

Combinations Relative

To Productivicy Levels
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APPENDIX B
COVER LETTER, QUESTIONAAIRE

AND QUALIFIED JURORS
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Ri1Znard Tempes
MET Ccocrdinacor
Cepartment of Industrial &% Engineering Technclcay

I am seeking your ass:is

¢
0
-

pa

19

undergraduate Manufacturing £ ering Technology (MET) degree programs offered
at North Carolina Universicies Your firm was selectad as 2 gotential employer
cf MET gracduates. This Juesticnnaire was directed to you because as a
gracticing manufacturing engineer, you are in excellent position tc provide the
tnfcrmatcion needed fcur assisctance in this effcrt is greatly appreciated. If
Uou 3ire oo 3 2ngin silczely relarad =22 nrod i=n
icziviziss, o $ fac-urt ;gir
ce .oc
srad
EX
A , 1Sk title, and cther idenciiying data have been

ragusste EEM 23Tt 3.l data o onl T
and that SEjefe S will ¥ n

lazter Ln IInt 3CTing you for £

1sh =2 recsive zhem

=ded cn I ccnsider =2 Ce a very Lmportan

I e ces ara nfluencing the manufacturing tase of 2
any vz raduaces e needed as future leaders. Additicrally, one
2I zhe macr ¢ =I a regicnal universicy is o gprovide relewvant educaticn
=s current and smpleyers 1ilke yours The Tegpartment of Iadustrial &
Inginesring Tac voat Weste Carolina University Is continuously seaking

V& T2 .mprove fiectiverne and guality ¢f their grograms and services,
and we need you helg =c determi how to test meet the needs of industry. You
and your comgpany are the mest v able scurce of meaningful feedback Alznough
zha guesticnnailrs2 1s lengthy, 1S an accurate metncd 0f ncw to best determine
the competencies ycu require of r graduates Again, your cccperation and
censideraticn o cthis study is atly agpreciaced.
Syt e

ichard Temgls
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An Analysis of Manufacturing Facility Characteristics and
Four - Year MET Competencies for ABET Accredited Programs in
North Carolina.

There are three sections to this survey, yvour professional
profile, technological characteristics of your company, and
MET competency ratings.

tion I iInstructilons

order to ensure validity and creditabilicy to this scuady,
ase provide some information abcut your professional

1ti

Section II Instructions

In Section II indicate those production characteristics and
tecnnologies that are currently in use or under development
at vour facility. Place a check mark by the manufacturing

technologies, methods, capabilities, etc. currently in use

or under development at your facilicy.

- : - - -

in Section III piease rate each competency as you perceive
important for an entry-level position requiring a B.S.
degree in Manufacturing Engineering Technology at your
company. Use the below scale. Possibly there 1is a
competency you would require of a MET graduate that 1s not
listed. On the last page list any additiona. competencies
or knowledge areas vou would require of an entry - level MET
graduate and theilr importance.

Net Important = 1
Minimally Important 2
Impertant 3
Very Important 4
Extremely Important =5
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SECTION I YOUR PROFESSIONAL PROFILE

Name :
Job
Title:
Company Name:
Brief Job
Description:

Highest Degree Obtained: AS 8BS MS
Doctorate
Area of Specialization in each degree:
A3
B8S
MS
Doctorate
Number cf Years in Manufacturing Engineering. Please Circle
1 - % {5 - 10) (11 - 15\ (15 or more)

SECTION II COMPANY PROFILE

Please place a check mark by the following manufacturing
technologies or methods currently in use or under
development at your facility.

QUELLITY

Coordinate Measuring Machines (CMM)

ISO 580300

Automated Quality Data Acquisition Hardware and
Software (stand alone systems)

Automated Quality Data Acquisition Hardware and
Software (networked systems)

Vision System for Quality Applications

Total Quality Management (TQM) Applications

Use of higher level statistical tools for industrial
proclem solving. (ie, regression analysis, desian of
experiments, Taguchi method)

HEEN
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Deming's Quality Principles

Use of Quality Deployment Funcctions
SPC Control Charts and Techniques
Six Sigma Quality Measurement

Product Design Capabilities
Manual Crafring
2-D Drafting - ie Autosketch
3-D CAD System

T M Macmmmmamses~ MNAama e DA CAFrrraya
- - AL N b e e N ..a\-d‘:.A - bar — e w19 A

Rapid Prototyping Machine
Finite Element Analysis Software

Modal Analysis Hardware and Scftware
Geometric Dimensioning and Tolerancing

Design for Manufacturing

Just - In - Time Inventory Management
Materials Requirement Planning (MRP) paper
implementcatcion

Materials Requirement Planning (MRP! computer
implementation

Forecasting Techniques

Capacity 2lanning Methods

Value - Added/Non - Valued Added Analysis
Time & Motion Analysis

Ergonomic Standards

KANBAN Svstems

PUSH Producticn Systems

PULL Production Systems

Economic Order Quantity (E0Q) or similar Demand
System Management method.

Group Technology

Machining

APT (Automatic Programming Tool) for CNC code
generation.

2 - D CNC Code Simulation and Generation from Graphic
Input Software

3-D CAM/CNC Code Simulation and Generation from
Graphic Input Software. Examples: (MasterCAM, CAMAX,

SurfCam,
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CAD/CAM data network communication to shop floor.
Tape driven CNC machine tools.
Manual machine tools.

You
You
You
You

Automacion

[

use
use
use
use

computers &

three or less axis machine tools.

more than three axis machine tools.

predominately ENGLISH units of measurements.

predominately METRIC

Networking

e

3

1
(O
A0 b

-y
3

'w'o
Uy

(O RO )]

)y 0

M|
cwwwm—wm3
wtx 0

3

R M = D N
n o

C

ion Software
or similar LAN

uring Simulac

, TCp/IP, for

ucion.

C

M

web based discribution.
Operations

Visual

[{ ]
n.Q o
W)

1
1

=is
NT -,

vice

0w Q.

O un m

c
mn o -

iemens

3 M M~
= U

WINCC,

3 (211 O
a O 'O
n

-

3
»

rammable Logic

Networked

Automated Material Handling Equipment

Rob

O

ts for Production Processes,

Handling
Flexible
flexiple
Computer
Lasers Technology for Manufacturing Processes

Use of Knowledge Based Systems or Expert Systems 1in

Man

Bar Co

uta

Assembly,

Manufacturing Cells
Assembly Systems
-Aided Plant Layout/Design

cturing Processes.
Wide Area Network
Computer Aided Process Planning
de Reading

(WAN)
(CAPP)

Corporate Demographics

Jrean

Location

Rural Location

Number of Employees at

vour plant?

Contre

plant data

uiring programming in C++,
similar programs.

National

WonderWare or similar

1

'-.4

2rs

Macterial
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SECTION III COMPETENCY RATINGS

COMPETENCY 1 - DESIGN FOR PRODUCTION

Encry-level graduactes with a B.S. Manufacturing Engineering Technology

snculd be able to
DESIGN/DRAFTING
t.C Ncad and Inctorpret ascembly drawinge 122 4 ¢S
1.0.1 Understand gecometric dimensioning and

tolerancing. 123 45
1.0.2 Understand drafting technigues

tie. orthographic, isometric, and picctorial views). 12345
..0.3 Understand part application and development to ensure

functionalicy (How things are put together) . 123 45
1.0.4 Understand common manufacturing standards called for

on drawings (ANSI, MIL, DOD specs.;, including bill

of materials and process plan. 12345
1.0.5 Understand tolerance stacking. 12345

QUFACTURING TEAMWCPK AND PRODUCT DEVELOBMENT
ent manutfacturing on a multi-disciplinary product

t
development team to ensure producibility of
u

=
—

.1 Work wilth design engineers to inject producibility

and testability Zeatures at the concept stage. 1

(9]
[

da
V)]

T+ 0~

.1.2 Communicate with other departments (marketing,

=
+

manufacturing, etc.) to transmit manufacturing

perspective. 1

18]
(W)
e
wn

1.1.3 Provide the development team with knowledge of

specific process capakilities (including cost and

w)
s
(V)]

times for processes). 12

=
—

.4 Identify manufacturing resources (and alternatives)

veeded for product produccion. 1253 4+ 5
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SCHEDULING
1.2 Identify requirements for sequential operations. 123 45
1.2.1 Provide accurate estimates of the time required

in performing manufaccuring operations. 12345
LABOR STANDARDS AND MEASUREMENTS
1.3 Identify bottlenecks. 123 45
1.3.1 Determine the need for autcmation/human assistance

To offset bottlenecks. T2 0% 408
1.3.2 Identify conditions that require non-standard

operations. 123 45
THE MANUFACTURING ENVIRONMENT
T4 Understand the manufacturing environment. 123 45
1.4.1 Understand basic production, £flow of work,

facilitles layout. 123 45
1.4.2 Define costs-eifective manufacturing processes

knowing strengths and weaknesses of each manufacturing

process) . 123 4 S
1.4.3 Understand process strength/weakness. 123 45

COMPETENCY 2 - MATERIALS

Entry-level graduates with a B.S. Manufacturing Engineering Technology

should be able to:

2.1 Select the proper tecoling and parameters {Cr macnining operat.cns
(metals), (know how to make a part). 12345
2.1.1 Understand the injection molding process and related
plastics applications. (know how to make a part). 12345
2.1.2 Understand basic materials knowledge of metals including
machinapilicy for manufacturing. 12345

COMPETENCY 3 - MANUFACTURING PROCESSESS

Entry-level graduates with a B.S. Manufacturing Engineering Technology
should be able to:
MACHINING OPERATIONS

3.1 Understand basic machining operations and equipment. 1 2 3 4 5
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v

(V%)

w2

(VY]

1.1 Program a CNC machine (specify correct cutter/feed
speeds, machine set-up, correct cutter for application,
and know how to make a part). 1
1.2 Analyze a CNC program that is producing cut-cf-spec
parts and make necessary corrections. 1
1.3 Estimate raw material requirements for a
production run. 1
1.4 Understand basic materials handling applications. 1
I...2 Zesign, speciiy tooling and fixtures. 1
1.¢& Understand the concept of simplest manufacturing prccess
applicable to the job. 1
1.7 Design tools, dies, jigs, etc. for the production
process. 1
.1.8 Estimate tooling requirements for a producticn run. 1
WORKING SAFETY
z Understand and practice safe working conditions. i

S .

3.

W)

%)

L)

w

Entry-level graduates with a B.S.

t

)

[S]

1]

-

COMPETENCY 4 -

[

requirements,; apLLiCations
"

r

nnow-edge of sa qulpment
a

fet guards,

.,.ﬂ,

() .l

(S
et

Understand the impor;ance of a clean workspace. 1
Understand OSHA guidelines. 1
Understand the handling and disposal of hazardous

materials. 1
Understand the safety data sheets (MSDS). 1

Zsaluate existing conditions with regard to
blished standards or policy and recommend specific

tc correct unsafe conditions. 1

[35 T 6 B ) [88) (8]

[N

(9]

[ 8]

[PIS) (]

(9]

[{S]

)

10

w W

(VY]

LI LI ()

w) )

()

S

b

b

MANUFACTURING SYSTEMS AND AUTOMATION

should be able to:

4.

< .
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1

18]

w

v and eliminate non-value added operations. 1

knowvledge of a wide wvarietv of manufacturing

Practice simplicity of thought to operations. 1
Know what "flexible" and "integrated" manufacturing

are, and their application. 1

"~

[S]

5
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A
w

'y
~d

>
(Vo]

e
4=
(&7}

-
-
—

.14
.15

b

b
=
[0))

Entry-level graduates with a 8.S. Manufacturing

Understand basics of CAD-to-CAM-to-machine tool
interfaces.

Understand process planning.

Understand the process of simplification before
automation.

Participate in/contribute to teams developing
assembly cells and systems.

Understand principles and applicaticns of
just-in-time.

Undersctand design-for-assembly.

Observe successive manufacturing operaticns and devise

methods of combining them into a single coperacion.

Xnowledgeable of material handling and automated

systems.

Understand assembly mechodologies and techniques.

Understand the wvalue of computer modeling
Develop computer aided engineering of flexibie

manufacturing systems FMS) and integrated

Zlexible-automated factory floor systems as a member

of a multi-disciplinary team.

Understand access and use of manufacturing databases.

COMPETENCY 5 - CONTROLS

should be ablie to:

z 1

J.

w
[

w
w

wm
a

U
[0 4] ~J
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ting manufacturing operations.

Verify that installed control equipment operates
correctly.

Verify that a PLC program performs correctlyv.
Know who (in-house and outside} can develop and
troubleshcot PLC applications.

Integrate PLC with process equipment.

Learn PLC’'s applications/uses in manufacturing and

ncw to change/modify PLC to meet requirements.

Understand closed - loop control.

Understand and specify different control techniques -

pneumatic, and electrical.

Engineering

che shelf contrci =squipmenI 1ntc new

136

12345
12345
123 45
12345
123 45
123 45
12345
123 45
12345
12345
Technology
12345
123 45
123 4 3
12345
123 45
12245
123 45
12345



(9] ui

w

.10
.11

Understand ladder logic and octher techniques.

Interface controls, sensors and interlocks to a PLC.

Define process applications, generate supplier

specifications and implement equipment into

manufacturing, within schedule conscraincs.

a

3

[{S]

(IS}

COMPETENCY 6 - MANUFACTURING MANAGEMENT/

QUALITY AND PRUOD

CILIVITY

e

137

h

wmn

Enctry-level graduates with a B.S. Manufacturing Engineering Technology

should be able to:

Q.

[3)

[8))

Oy

h

[V )

(83

(o)

[3)

[}

[0)%
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t

LS

.10

—
[

.15

Understand the importance of quality - the importance

of doing it right the first time.

Analvyze the nature of parts rejection to determine the

cause and dewvise preventative measures.
Provide leadership and an example in qualicty

operation.

ht . - -1 = - ~ - - - —s B -
Aldly Ze and €valuate JUaLLty gpertormance ooz
manuZacturin cpera:;cns

Recognize conditicns/circumstances that constitute

"trouble spots" in manufacturing a product.

Assist suppliers in correcting thneir manufaczuring

problems.

Determine equipment process capabilities.
Understand SPC, quality, wvariability, how to
make measurements.

Provide clear, concilse work instructions and
procedures to shop personnel.

Understand industrial standards

(ANSI, DOD, ISA, ISO 9000).
Request/recommend modifications to processes,

procedures and designs.

Manage and implement projects within schedules and

budgetary constraints.

Understand tche business, market, and custcmers.

Understand the basics of materials regplenishment

and inventory ccntrol.

Understand Just-In-Time and Kanban principles.

[
(R}
9]

1

1

P

(=

=

s

(=

18]

[

o

t

38}
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1
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W)

§.16 Understand engineering economy formulas/concepts

and understand and calculate time/value of monev. 12345
6.17 Use date gathering equipment such as CMM and digital

measuring equipment. 12345
6.18 Understand the principles of Deming. 12345
6§.19 Recommend and develop appropriate technology for

automation in manufacturing cells. 12345
4.20 Devise product-testing methodologies with

industrial engineers. 12345
6.21 Train production perscnnel in the proper appiicaticn

of current cechnclogy and the implementation of

new technology 12345

CCMPETENCY 7 - LIBERAL STUDIZES

Zntry-level graduates with a B8.S. Manufacturing Engineering Technology

snhould pe able to:

L1 Ccmmunicate oral and written messages in a clear,

e

concise, and r

1
o
M
2
v
ta
w
e
wn

[ -0
LE€SS:I0oNd. M

¢

o
7.2 Prepare tecnnical repor
o)

c o
Write memos/reports quickly, clearly, and with

(v

proper grammar. 12345
7.4 Listen and understand problems and difficulties that

occur in manufacturing (participate in team

deliberations) . 12345
7.5 Be able to "sell" an idea. 12345
7.8 Ffind cut manufacturing production perscnnel real

needs and problems. R R
7.7 Assist in the preparation of technical specifications

(write procedural inscructions). 12345
7.8 Prepare and give technical presentations with good

graphic aids. L2034 3
7.3 Learn to sort through key information on a report,

and act on it as reguired. 123 4 5
7.10 Understand the basic working knowledge of personal

computers. 12345
7.11 Perform mathematical calculations. Note this

ccmpetency was reorganized under "Liberal Studies.™" 12345

7.12 Have workinag knowledge of different types of software
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for wvarious applications - word processing, database
spreadsheet, design, presentation, etc.

Demonstrate working knewledge of an operating
system (DOS, UNIX, Windows, etc.).

Conduct business in a manner consistent with

local customs.

Understand technical language and cultural proclems
associated with world-wide manufacturing.

Conduct okjective data collection and analysis, and
arrive wich wvalid conclusions.

Understand simple logical methods.

Understand the "no-free-lunch" principle - recognize

e
the necessity of compromise - appreciate
actions and in-actions.

Understand the methodology of effective
brainstorming.

Develop and/or utilize systematic problem

solwing tachnique

th

oy

(8l

WOrX in a "team" envircenment tha

n

reguLrs
compromising for the "gcod of the whole."
Communicate effectively with other team members and
ensure that your own work and team members work is
completad on time.

Share workload and credits with the team.

Know nhow to "learn to learn"” (life-long learning).
Recognize that the kest solution meets the needs of

all departments/operations (politically sensitive,

but den’t compromise to reach a poor implementation).

Develop a global (company) perspective.
Understand sexism, racism, and politics.
Understand the benefits of networking computing
devices.

Understand post-manufacturing problems (solid waste).
Understand what is expected in safety and health.
Understand handling of hazardous chemicals.
Understand issues associated with the environment

the workplace. (Health and safety concerns)

the "cost" of

=

b

=3 =

pt

=

P

=

e

—

[ 89 [ 5] 1]

(3]

9

) tJ L) (18] [§8]

(9]

t)

[ 15 T 8 }

(8]

(9]
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7.33 Understand environmental interactions of
manufacturing processes. 12345
7.34 Understand what motivates emplovees. 12335
7.35 Understand chemical applications and safety concerns. 1 2 3 4 5
7.36 Understand work place worker rignts
and responsibilicties. 12345
FIARMTTIM AT/ (s} MAATNQOTAND mMATTDQRQ
NN/ L A bl N L ~ P o O A A ™ N N N b e
Entry-level graduates with a B.S. Manufacturing Engineering Technology

should be able

2
<

[39]

G

a

[¢3]

w

18]

-

N

Gy

w

.10

f
[

.13

TOo:
Demonstrate a work ethic that displays motivation,
natural curiosity,
supervision. 1
Learn to get the job done right, without

any excuses,

—

and on schedule with minimal supervision.

Maintain lovalty to the company and department -

ensuring goals are met regardless of outside influences.

ccare about +our company as if you owned ict). 1
Balance personal and professional life. 1
Cemcnstrats gersonal ethics and be able to

app.y —hem 1

Jevelop time management skills.

=

Assume authority and responsibility until someone
Stops wou. 1
Expose yourself to your profession

{conferences, seminars}. 1

Integrate skills taught in various courses in

)

in integrated groject.
Demonstrate the ability to recognize problems in
personal work environment/discuss practicality of

solving them.

]

Resolve an unstructured probiem. i
Understand human psychology. 1
Demonstrate the ability to create time management

plans, money, facilities budgets, and achievements

for oneself.

P-4

Know now to learn new processes quickly. 1

o

J

{9}

[{S]

[S]

to

[39]

1)

18]

18]

[ 8]
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ADDITIONAL COMPETENCIES REQUIRED AND THEIR IMPORTANCE

1

1)
1
883
)
e
U

3 123 15
1 123 45
z 123 1 5
A P
B 123 45
8 123 45
B 123 45
19. 123 45
1l 12345
12 123 15
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Lists of Qualified Jurors

Industrial Representation

Mr. Danny Crooke
Manufacturing Engineer
Qutboard Marine Corporaticn
Andrews, NC 28751

Mr. Ron Westmoreland

Area Manufacturing Engineer
Outboard Marine Corporation
Andrews, NC 28751

Academic Representation

Dr. Jerry Cook

Professor Industrial & Engineerinag Technoloav
Western Carolina University

Culilownee, NC 28723

Or. Aaron Bail

Associate Professor Industrial & Engineering Technology
Western Carolina University

Cullowhee, NC 28723

Dr. Couglas Pine
Asscciate Professor Industrial Technclogy
Jniversity of Nerthern Iowa

Cedar Falls, IA 50613

Dr. Ali Kashef

Associate Professor Industrial Technology
University of Northern Iowa

Cedar Falls, IA 50613
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MEANS, CORRELATION AND HYPOTHESIS FIGURES
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Company Cl c2 C3 C4 Cs Ce Cc7 cs8 All

No.

1 4.503.332.753.385.004.904.89¢5.00 3.59
2 3.853.004.003.443.273.623.944.21 3.14
3 4.002.673.943.623.363.8363.924.07 3.18
4 3.2903.004.003.254.733.524.084.07 3.31
S 3.43.674.193.442.003.9535.92 3.4 3.J0
8 3.353.002.813.003.452.863.253.57 2.72
7 3.702.673.313.252.823. 2.78 4.07 z2.2C
3 3.901.674.753.563.183.674.004.57 3.09
9 3.203.332.813.005.003.673.83+4.29 3.11
10 3.202.22232.002.882.813.813.504.50 2.70
il 3.03.333.753.563.,093.623,363.21 3.04
13 2.502.0032.303.382.5853.433.413.64 2.8
iz 3.202.202.2553.852.103.723.39%.2= Z2.39
15 $.2523.6873.943.132.733.333,313.43 3.13
1A 1.5 32.003.182.814.272.712,293.71 1,19
27 4.202.673.633.653.1833.573.754.00 3.10
13 3.804.004.063.563.914.194,114.00 3.45
19 2.803.332.883.193.913.193.894.71 2.90
20 3.752.003.193.562.183.953.974.14 2.83
21 4.403.674.313.884.184.144,424.79 3.62
22 3.903.673.€633.003.733.004.003.86 3.11
23 4.253.673.693.063.734.333.784.14 3.31
24 3.353.003.252.813.913.003.643.78 2.87
25 3.352.333.252.752.273.243.784.00 2.62
26 3.603.003.943.633.093.573.363.00 3.02
27 3.793.003.063.443.003.293.443.71 2.87
28 3.0521.002.252.312.182.673.313.14 2.10
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Company C1 cz2 C3 C4 C5 Cse c7 C8 All
No

29 3.25 4.00 3.44 3.63 2.18 3.52 3.56 4.14 2.95
30 4.20 3.87 4.13 3.0C 3.82 3.57 4.28 4.00 2.33
31 4.05 2.33 3.50 3.75 3.18 4.00 3.78 3.886 3.0/
3z 4+.335 1.00 3.38 +.31 2.45 4.24 5.00 5.00 3.59
33 5.00 =.J0 +.44 +.00 +.00 4.00 <.36 +.00 3.72
B .22 2.2 .22 2.3 2027 .33 4.38 4.=23 2.39
35 +.20 3.00 3.56 3.44 3.82 41.24 4.14 4.57 2.3C
38 3.75 3.33 3.88 3.31 3.00 3.86 3.75 4.00 3.11
37 4.00 3.00 3.25 3.69 2.02 3.48 3.69 4.21 2.90
385 £.30 2.67 3.75 +.44 4.91 4.33 4.31 4.07 3.59
39 3.60 2.00 3.00 3.63 2.55 3.29 4.22 4.64 2.78
40 +.50 3.00 3.31 3.88 2.09 3.20 3.82 4.29 3.20
<2 +.00 3.33 3.38 2.26 3.00 2.95 3.17 3.14 2.80
12 3.10 2.67 3.44 3.31 3.09 3.43 3.78 3.93 2.385
43 3.80 2.67 3.31 3.44 2.27 3.19 3.14 3.43 2.73
14 3.00 1.7 2.81 2.81 2.00 2.8%8 3.00 3.00 2.27
23 3.0 2.67 3.75 3.44 3.00 3.33 4.03 4.29 3.01
16 3.0 1.67 3.31 2.81 2.27 3.00 3.53 3.86 2.52
<7 $.40 2.33 4.313 2.63% 1.64 5.458 3.50 5.d0 =2.77
13 4.20 3.00 3.63 4.25 3.82 4.10 4.94 5.00 3.49
19 4.35 3.00 3.50 3.50 3.82 3.86 4.50 4.29 3.32
c0 3.20 1.33 2.82 3,31 2,31 2.7 2,75 2,61 2.74
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Table C5
Plant Size CGroupings and Mean Competency Categories.

FlanT  Numker ZZ 22 o C Ct ce z7 e
Size Employees

Small 12 265 2,00 .19 .21 4.27 2,71 2 .29 3. 71
Small 25 4.40 2.33 4.13 2.69 1.64 3.48 3.50 3.00
Small 40 5.00 4.00 4.44 4.00 4.00 4.00 4.36 4.00
Small 50 4.20 3.00 3.63 4.25 3.82 4.10 4.94 5.00
Small 30 4.00 3.00 3.25 3.89 2.09 3.48 3.65 4.21
Small 110 2.8% 3.00 +4.00 3.44 2,27 3.62 3.%94 4.21
Small 120 3.45 3.7 4.18 3.44 2.00 3.95 3.382 3.64
Small 140 2.60 3.00 3.00 3.38 3.55 3.43 3.44 3.64
Small 140 3.35 3.00 3.25 2.81 3.91 3.00 3.64 3.79
Small 140 .20 3.87 4.15 3.00 3.82 3.57 4.28 4.00
Small 150 3.20 2.33 3.00 2.88 2.91 3.81 3.50 4.50
Smzll 10 <.2¢ 2.87 3.63 3.68 3.18 3.87 3.75 4.00
Small PSSR 1 .87 3.:L 3042 2,27 Ll Zola 243
Small 150 .20 1.33 2.63 3.31 3.9 3.76 3.75 3.64
Small 160 3.80 +.00 4.06 3.56 3.91 4.19 4.11 4.00
Small 160 4.40 3.67 4.31 3.88 4.18 4.14 4.42 4.79
Medium 170 2.380 3.33 2.38 3.19 3.9L 3.15 3.89 =a.71
Medium 180 3.05 1.00 2.25 2.31 2.1 2.67 3.31 3.14
Medium 200 4.25 3.67 3.69 3.0€ 3.73  4.33 3.78 4.14
Medium 200 4.20 2.33 3.00 3.38 2.27 3.95 4.06 4.43
Medium 200 4.00 3.33 3.38 2.56 3.00 2.95 3.17 3.14
Medium 200 3.10 2.87 3.4 3.31 3.09 3.43 3.78 3.893
Medium 236 3.75 3.33 3.88 3.31 3.00 3.86 3.75 4.00
Medium 240 4.05 2.33 3.50 3.75 3.18 4.00 3.78 3.86
Medium 250 4.25 3.67 4.19 4.50 3.45 4.24 4.08 4.43
Medium 250 3.00 1.67 2.81 2.81 2.00 2.86 3.00 3.00
Medium 265 3.90 1.67 4.75 3.56 3.18 3.67 4.00 4.57

(Table Continues)
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Plant Number C1 Cc2 C3 C4 CS Cé C7 oF:)
Size Employees

Medium 300 3.90 3.00 4.00 3.25 4.73 3.52 4.08 4.
Medium 300 3.60 3.00 3.94 3.63 3.0¢ 3.57 3.36 3.
Medium 300 3.75 3.00 3.06 3.44 3.00 3.29 3.44 3.
Medium 350 .00 2.67 3.%4 3.69 3.36 3.86 3.92 4.
Medium 350 3.90 2.87 3.75 3.44  3.00 3.33 4.03 4.
Madium 30 .28 1,57  3.21 2.81 2.27 3.00 3.53 3.
_arzs ERSESRNC IR 2022 .78 .52 3.2% 3.582 2.2 3
Large 375 4.35 +.00 3.38 4.31 2.4 +.22 5.00 5
Large 4100 3.35 2.33 3.25 2.75 2.27 3.24 3.78 4
Large 450 3.40 2.00 23.25 3.3 4.18 3.71 3.50 4
Large 450 3.90 3.67 3.63 3.00 3.73 3.00 4.00 3.
Large 350 3.25 4.00 3.44 3.63 2.13 3.52 3.56 4.
Large 500 4.35 3.87 3.94 3.13 2.73 3.33 3.31 2
Large 500 +<.¢S 3.00 3.31 3.88 3.09 3.50 3.89 4
Large 600 +.20 3.00 3.56 3.44 3.82 4.24 4.14 4
Large 700 3.35 3.0 2.31 3.0 3.z 2.86 3.25 3
Large 750 3.60 2.00 3.00 3.63 2.55 3.29 4.22 4
Large 850 4.30 2.67 3.75 4.44 4,91 4.33 4.31 4
Large 1000 3.75 2.00 3.19 3.56 2.18 3.9% 2.87 4.
Large 1300 4.35 2.00 2.50 3.50 3.82 2.85 4.50 4
Large 2000 4.50 3.33  2.75 3.38 5.00 4.950 4.89 5.
_Larze 22272 :.7¢C 2.2 31.321 3.2 2.82 2.87 3.783 4
Large 2200 3.20 .33 2.81 3.00 5.00 3.67 3.83 4.
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Table C&
Plant location and Mean Competency Category
Response pexr Company

Company Plant C1l c2 C3 c4 C5 Ceé Cc7 C8 Mean
No. Loc.

i 1 4.50 3.33 2.75 3.38 5.00 4.90 4.89 5.00 3.55
2 1 3.85 3.00 2.00 3.44 3.27 3.62 3.94 4.21 3,14
3 0 4.00 2.87 3.94 3, 3.36 3.86 3.92 4.07 3.18
4 1 3.90 3.0C 4.00 3. 4.73 3.52 4.08 4.07 3.31
5 i 3.45 3.67 4.19 3.44 2.00 3.95 3.92 3.64 3.08
6 1 3.35 3.00 2.81 3.00 3.45 2.86 3.25 3.57 2.72
7 0 3.70 2.67 3.31 3.25 2.82 3.67 3.78 4.07 2.90
8 0 3.90 1.67 4.75 3.56 3.18 3.67 4.00 4.57 3.09
9 1 3.20 3.33 2.81 3.00 5.00 3.67 3.83 4.29 3.11
10 1 3.20 2.33 3.00 2.883 2.91 3.81 3.50 4.5¢ 2.7¢C
1z 2 2.60 32.32 2.7 2.858 2.09 2.2 2.3 32.21 2.04
2 1.25 3.67 4.19 4.50 3.45 4.24 4.08 4.43 3.55
i3 3 2.50 3.00 3.00 3.38 3.55 3.43 23.44 3.84 2.80
P 1 2.40 2.00 3.25 3.63 4.18 3.71 3.50 4.14 2.96
5 V) 4.95 3.67 3.94 3.13 2.73 3.33 3.31 3.43 3.13
58S J 3.55 3.00 3.19 3.81 .27 2. 3.89 3.71 3.19
17 1 1.20 2.67 3.63 3.89 3.18 3.87 3.75 4.00 3.10
18 0 3.80 £.00 4.06 3.56 3.91 4.19 4.11 4.00 3.45
19 0 2.80 3.33 2.88 3.19 3.91 3.19 3.8% 4.71 2.90
20 1 3.75 2.00 3.19 3.56 2.18 3.95 3.97 4.14 2.83
21 1 4.40 3.87 4.31 3.88 4.18 4.14 4.42 4.79 3.62
22 1 3.90 3.67 3.63 3.00 3.73 3.00 4.00 3.86 3.11
23 C 4.25 3.67 3.69 3.06 3.73 4.33 3.78 4.14 3.31
24 i 3.35 3.00 3.25 2.8 3.3L 3.3G0 53.6=2 .73 z.a7
25 1 3.35 2.33 3.25 2.75 2.27 3.24 3.78 4.00 2.62
25 1 3.60 3.00 3.94 3.63 3.09 3.57 3.36 3.00 3.02
27 1 3.75 3.00 3.06 3.44 3,00 3.29 3.44 3.71 2.87
23 0 3.05 1.00 2.25 2.31 2.18 2.67 3.31 3.14 2.10

(Table Continues)
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Company Plant C1 c2 C3 C4 C5 Cé C7 Cs8 Mean
No Loc

29 2.25 4.00 3.44 .63 2.18 3.52 2.8 4.14 2 .2€
30 1 4,20 3.67 4.13 3.00 3.82 3.57 4.28 4.00 3.33
31 1 £.03 2.33 3.50 3.75 3.16 4.00 3.76 3.86 3.07
32 1 4.85 4.00 3.88 4.31 2.45 4.24 5.00 5.00 3.59
33 0 5.00 4.00 4.44 4.00 4.00 4.00 4.36 4.00 3.72
34 i +.20 2.33 3.00 3.38 2.27 3.95 4.06 4.43 2.90
3s i 4.20 2.00 3.56 3.44 3.82 4.24 4.14 4.57 2.30
36 1 3.75 3.33 3.88 3.31 3.00 3.86 3.75 4.00 3.11
37 0 4.0C 3.00 3.25 3.69 2.09 3.48 3.69 4.21 2.90
338 0 4.30 2.67 3.75 4.44 4.91 4.33 4.31 4.07 3.58
39 i 3.60 2.00 3.00 3.63 2.55 3.29 4.22 4.64 2.78
10 8] 4.50 3.00 3.31 3.88 3.09 3.°20 2.89 4.29 3.20
41 i 4.00 3.33 3.38 2.56 3.00 2.95 3.17 3.14 2.30
42 ¢ 3.10 2.67 3.44 3.31 3.09 3.43 3.78 3.93 2.85
43 0 3.80 2.67 3.31 3.44 2.27 3.19 3.14 3.43 2.73
44 0 3.00 1.67 2.31 2.81 2.00 2.88 3.00 3.00 2.27
15 1 1.90 2.87 3.75 3.44 3.00 3.33 4.03 4.29 3.01
16 i 3.60 1.67 3.31 2.81 2.27 3.90 3.253 3.86 z.5z
47 1 4.40 2.33 4.13 2.69 1.64 3.48 3.50 3.00 2.7
13 1 4.20 3.00 3.63 4.25 3.82 4.10 4.94 5.00 3.49
49 0 4.35 3.00 3.50 3.50 3.32 3.86 4.50 4.29 3.32
50 0 .20 1.33 2.63 3.31 3.91 3.76 3.75 3.64 2.74
Note. 1 = Rural, 0 = Urban

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



150

Table C7
Plant location and Mean Competency Category
Response per Company

Company No. Plant Mean Response
Location All Competencies
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Company No. Plant Mean Response
Location All Competencies
18 1 4.34
3 0 3.84
7 J 3.596
3 0 3.91
il 0 3.47
13 0 3.28
15 0 3.58
16 0 3.73
L3 0 4.18
] J 3.20
2z J 3.587
28 0 2.77
23 0 3.46
33 J $.29
37 Q 3.56
38 0 4,25
<3 a .27
12 0 3.47
+3 0 3.25
44 0 2.82
49 0 4.04
50 0 3.44
Note. 1 = Rural, 0 = Urban
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Figure C1
Scatter Diagram Competency 1, Desian for Production vs
Number of Manufacturing Technologies Used
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Figure C2
Scatter Diagram Competency 2, Materials vs
Number of Manufacturing Technologies Used
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Scatter Diagram Competency 3,

Number of

Manufacturing Technologies Used
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Figure C4
Scatcer Diagram Competency 4, Manufascturing Systems
and Autocmation vs Number of Manufacturing Technologies Used
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Figure C5
Scatter Diagram Competency 5, Controls vs Number of
Manufacturing Technologies Used
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Figure C6
Scatter Diagram Competency 6, Manufacturing
Management/Quality & Productivity vs Number of Manufacturing
Technologies Used
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Scatter Diagram Competency 7,
Number of

Manufacturing Technologies Used

Figure C7
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Figure C8
Scatter Diagram Competency 8, Capstone Courses vs
Number ¢ Manulizcouring TecnncLcgles Used
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Figure C9
Normal Probability and Standardized Residuals
Competency 1, Design for Production

Ccmpetsency 1 Nermal Score vs Std. Residuals
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Figure C10
Normal Probability and Standardized Residuals
Competency 2, Materials
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Figure C11
Normal Probability and Standardized Residuals
Competency 3, Manufacturing Processes
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Normal Probability and Standardized Residuals
Competency <+, Manufacturing Systems & Automation
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Figure C13
Normal Probability and Standardized Residuals
Competency 5, Controls

Competency 5 Normal Score ws Std. Residuals
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Figure C15
Normal Probabilityv and Standardized Residuals
ompetency 7, Liberal Sctudies

Ccompetency 7 Nermal Score vs Std. Residuals

3.06 - - -
R 5.0 - e e - o e®
u
- ~ 2t »
2 c.0a *
= o".
< Gvdﬂ"”
ot N - . ® -
= - T <. t“"‘ ) - < 3
= - rve .
3 S
= .0
.
» B
.
RO g
Standardized Residuals
Figure Clé
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Figure C17
Plant Size Large,

Capstone Courses vs Number of
Manufacturing Technologies Used
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Figure C19
Scatter Diagram Competency 3, Plant Size Medium,
Capstone Courses vs Number of
Manufacturing Technologies Used
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