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FOREWORD

During the past 10 years, the term high technology has increasinglyappeared in magazines and newspaper accounts of new waves of exotic
technology that is changing the workplace. Since the end of the recessionin the early 1980s, American industry has rushed to adopt new and
sophisticated high-technology systems and processes in an all-out effort toresolve problems with product quality, rising labor costs, increased foreigncompetition, and sagging productivity.

Manufacturing industries have probably invested the most in time andmoney in their efforts to leapfrog into the high-tech age. In their hurriedtransition from old (sometimes antiquated) technology to the new, industrieshave created both surpluses and shortages of worker:. Many blue- collarworkers have been permanently displaced from semiskilled and unskilled jobsthat no longer fit into a high-technology work world. At the same time, thedemand has grown for higtly trained technicians who can create, install,
operate, program, and/or maintain the high-technology systems of today andtomorrow. Again, as they have in past years, the 2-year postsecondaryinstitutions across the country have moved quickly to upgrade, expand, andcreate programs to train and retrain people to fill the technician jobsneeded by industry. A number of schools reacted to the growing demand froma strong technological base of programs that have been in place since the
early and mid-1960s. Some institutions have developed high- technology
programs from the ground up with no previous technical program base fromwhich to start. How are they doing? This is the question that is addressedby the project reported here.

This publication provides summary information regarding the basiccomponents of high-technology
programs that contribute directly to a high-

quality program. The findings apply broadly to all types of high-technologyprograms in different fields. The outcomes of the project are the resultsof the combined survey responses of many technical educators and concernedbusiness and industry representatives.

We would like first to express our appreciation to the members of theproject advisory panel who provded valuable insights and recommendations toguide the project:

George Bradford, Chairman

Engineering Technology Ovision
Champlain College
Burlington, Vermont

Jack L. Hess, Jr.
Senior Training Specialist
Cincinnati Milacron
Cincinnati, Ohio

Lloyd (Dick) Carrico

Director, Technical Services
International Flexible
Automation Center
Indianapolis, Indiana

James Jacobs, Visiting Scholar
Custer for Social and Economic Issues
Industrial Technology Institute
Ann Arbor, Michigan
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David A. Pilon, Associate Dean
Technology Division
Macomb Community College

Jack Powers, President
Spartansburg Technical College
Spartansburg, rnutn Carolina

Also we wish to tt.ank the faculty in those colleges that serve as fieldtest sites for early drafts of the assessment materials. The six institu-tions that cooperated were as follows:

College of Alamance

Alamance, North Carolina
M. Lewis McMillan, Jr., Chairman
Life Sciences Department

Greenville Technical College
Greenville, South Carolina
Anita Hefner, Dean of the
Business Division

Ralph Kneisly, Dean of the
Industrial Technologies Division

Spartansburg Technical College
Spartansburg, South Carolina
Jack Powers, President

Karen B. Atkins, Dean of
Instruction

Steve Faulkner, Dean of Engineering
Technologies

Kemp Sigmon, Dean of Industrial
Technologies

Fox Valley Technical Institute
Appleton, Wisconsin
Virgil Noordyk, Trade and Industry
Coordinator

Len Place, Electromechanical Instructor

Hocking Technical Institute
Nelsonville, Ohio
Robert Hawkins, Chairman
Ceramics Engldeering Technology

Triton Community College
River Grove, Illinois
Dallas Garrett, Dean
Business and Technology

In addition to these individuals and institutions, our appreciation isextended to the faculty members in the many colleges who participated in tnesurvey of quality indicators. A full listing of the participating collegesand institutes is provided in appendix A. Our thanks are also extended tothe many representatives of businesses and industries who took time tocomplete the survey questionnaires.

Cur appreciation is extended to the external reviewers whose commentsand suggestions were most helpful in finalizing this publication. Thanks goto Michael J. Dyrenfurth, Professor of Industrial Education, University ofMissouri, Columbia, Missouri; and Paul McQuay, Dean of Applied Sciences;Delaware County Community College, Media, Pennsylvania. Thanks are alsoexpressed to Novella Ross and Wayne Schroeder of the National Center Stafffor their assistance. The National Center wishes to acknowledge theleadership provided to this effort by Robert E. Taylor, recently retiredExecutive Director. Thi- project was carried out in the Special ProgramsDivision under the direction of Harry Drier, Division Associate Director.



The project staff involved in this research project included William L.
Ashley, Project Director, Ernest Fields, Research Specialist; and Graduate
Research Associates, Judy Boylson, Larry Inks, and Patricia Medina.
Secretarial and typing assistance was provided by Katheleen Babbs and Abby
Hurd. Beverly Haynes provided the word processing assistance. Editorial
review was conducted by Judy Balogh.

Chester K. Hansen
Acting Executive Director

The National Center for Research
in Vocational Education

vii 1 0



EXECUTIVE SUMMARY

This publication reports the outcomes of an i.westigation of qualityindicators in high-technology programs in 2-year postsecondary
institutions.The project addressed three basic questions. The first question probed thenature of high technology and its implications for educational practice.The second question inquired about the essential components and featuresthat are reflective of a quality

program, whereas the third question focusedon the level of implementation
and practice at which quality characteristicsactually exist in exemplary programs.

The study did not seek to establish standards or national norms; to doso would have been i premature venture at the current stage of high-technology program development. Most programs are in a state of transitionfrom older to newer technological content. Many programs are very new andstill in initial development stages. Others represent one of only a feworograms of their type in the country and are specifically designed andfocused on technological applications unique to a corporation or region.

The study resulted in identifying and verifying 44 practices that werejudged as indicators of a quality program. Eleven of the indicators weredeemed to be "essential" to a quality
program, especially in the

development-start-up phase. An additional 24 indicators were rated aselements that are "very important" in enhancing and maintaining a programduring its early growth years. Finally, eight other items were judged as"important" elements in the refinement and expansion of a high-qualityprogram.

A review of program practices reflected a high-level of consistencybetween the perceived importance of the indicators and the extent of theirimplementation and practice. The factors that were in greatest practice bya majority of programs in the study sample were also among those of highestimportance. Administrators and faculty in high-technology programs appearto be practicing what they deem to be important. That was perceived asimportant reflects many fundamental policies and practices that areimportant in many types of technical education. In summary, several keythemes were reflected in the survey data collected from 74 educators and 68employers. Across 84 high-technology
programs in 13 different technologyareas, the following were judged as essential or very important elements:

Technologically up-to-date faculty, equipment, and curriculum.

Program content and practices that are highly relevant to the
business/industry work environment and organization demands.

Close attention to the needs of students including educational andfinancial support and responsive curriculum.

Underlying all of the above was the theme of close cooperation andmutual support between an educational
institution and the relatedbusiness/industry community.

ix
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In addition to the project survey activities, a self-assessment process aidsupportive materials were developed and are offered to the high-technology
educational community. It is hoped that faculty and planners in high-
technology programs will find the instruments and suggested procedureshelpful in start-up planning and/or program Improvement activities.

The following profile information is offered for those who are involvedin high-te hnology programs or are interested in their general
characteristics. The information applies to only those programs involved inthe project but can, with caution, be considered as reflecting a typical
program.

On the average, programs involved in the survey have 3.7 full-time and
4.6 part-time faculty teaching 108 students majoring in the program. The
average lecture session has 22.5 students, whereas laboratory sessions
average 15 students per session. Program facilities and 4 laboratories witha total of 6884 sq. ft. of usable floor space.

An average annual budget of $442,000 provides for faculty salaries (74
percer.t), laboratory teaching assistants (8 percent), equipment and supplies(12.3 percent), and program maintenance (5 percent). The average yearly
cost per "Full-Time Equivalent" student enrolled is $2,307.

Advisory panels consisting of 10 members meet an average of 2.5 times ayear, with more frequent informal and individual input to program faculty.

In summary, about half of the sample programs evolved out of older
technology programs (engineering, electronics) started in the late 1960s andearly 1970s, whereas the others (biotechnology, laser, computers) were
developed as new programs during the last 6-8 years in response to emerging
technologies. Changes, adaptability, and flexibility will increasingly
characterize these successful programs.



INTRODUCTION

This publication was developed to provide administrators and faculty in2-year postsecondary institutions with a self-review and assessment tool.
The contents of the publication focus on the features, characteristics, andpractices that were judged as important indicators of program quality.

The publication is divided into three chapters that address each of thefollowing questions in turn. What is high technology and what are the
related educational implications for program practices? What are the
essential elements that contritlte signifi' .ntly to the educational qualityof a high- technology program? At what level of practice and rte of
implementation do the quality elements exist in programs?

A detailed and thoughtful discussion about high technology, reflectingthe writings and thinking of scholars and scientists down through the ages,
iF presented in Chapter 1. It attempts to answer the first question.

Answers to the second and third questions addressed by the project
represent the combined judgments of over 140 knowledgeable educa6ors and
high-technology industry representatives. Survey results are presented toillustrate the experiences and practices found in over 75 high-technology
programs in 25 different states.

Finally, Chapter 3, presents a suggested approach and set of steps to
guide administrators and faculty in conducting a self-review and assessmentof their owr program.

1
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CHAPTER 1

A DISCUSSION OF HIGH TECHNOLOGY

High Technology: What Is It?

Although the term high technology has gained widespread usage in recentyears, it remains an elusive concept. Few people who use it are able torender a precise definition (see Useem 1986, pp. 17-19). In most cases itis left undefined, assuming some common or general understanding. In othercases, the term is applied with
trepidation to industries or processes th'itmay or may not lie within its scope. Some see the aoplication of the termto a very limited number of industries or processes with no widespread

application or impact. Still others dismiss the term as only a "buzzword"with no implications for substantive differences in technological processes.If nothing else, the confusion argues the need for clarification.

Given that the term high and its alternative
qualifiers--new, advanced,and emerging- -that are increasingly applied to technology imply qualitativechange, it night be fruitful to explore exactly what is changing and how.Drawing from the literature on change in different areas, one can begin tosharpen the concept of high technology and bring its implication intoclearer focus by considering it within a much broader context of change.Transition along at 1 ist four dimensions is important--(1) conceptual, (2)instrumental, (3) environmental, and (4) structural--all of which are bothproducers and products of change. This introduction explores technologicalchange within each of these four dimensions, suggests alternative termswhich might be employed to refine the concept, and discusses theimplications of changes on technical education in particular.

Dimensions of Technological Change

In the almost universally acknowledged transition from an industrial toa postindustrial era (for a dissenting opinion see Stearns 1984), the impactof technological change on our lives is dramatically apparent. Figure 1delineates four dimensions of that transition--conceptual,
technical,environmental, structural--to bring it into clearer focus.

The Conceptual Transition

The conceptual transition--a change in the way we view the world--is inlarge part a shift from mechanistic/reductionist to organic/expansionistdoctrines. The two related doctrines, mechanism and reductionism, arerooted philosophically in the Renaissance and sparked the 18tn Century Ageof Enlightenment and the Industrial Revolution. Two of the most influentialproponents of the concepts were French philosopher Rene Descartes andEnglish physicist Sir Isaac Newton. Five of the key components of thedoctrines as directly espoused or implied by Descartes are presented below.

3
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DIMENSIONS OF TRWITION
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Figure 1. Dimensions of technological transition
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First, all of nature was divided into two parts: (1) matter- -theexternal or physical world that provided our only direct experiences, hence,our only source of true knowledge, and (2) the mind--the thinking substancethat was controlled by God and belonged to the spiritual realm. Second,plants and animals, like all other matter, were compri<ed of tiny particlesoperating under lave of lotion and were therefore v.sentially machines."Thus did Descartes regard animals a piece of clockwork, and Robert Boyle (aphilosopher and physic4st of the same era) the human body as a 'matchlessengine'" (Baumer 1961, p. 255). Third, any object or event could be under-stood by reducing it to its ultimate parts and studying the parts--the prin-ciple of reductionism. Fourth, everything that occurred in the world--theeffects--was completely determined by something that preceeded it--thecause. Anything that could not be disassembled for study could be explainedby its cause-effect
relationships.

Newton's publication of Principia Mathematica in 1687 added mathemati-cal laws to the mechanistic concepts that could be used to calculate themovement of objects under the influence of gravitational pull. The lawsestablished a nonmysterious relationship between the forces that governfalling objects on earth and the forces which govern the operation of thesolar system. Hi; findings helped to solidify the conceptualization of aclooklike universe set on a mechanically
predetermined course (Schroeer1972). Mechanistic reductionist dactrines left an indelible impression onWestern thinking. As a natural extension of reductionism,

analysis--theprocess of breaking
material to be understood into its lowest constituentparts to derive eA understanding of the whole--became the pervasive mode ofinquiry. The world was regarded as deterministic, and systems in whichevents occurred

were conceptually ''closed" to outside or environmentalinfluences. Scientific research was separa.ed into ever finer specializa-tions with little
communication between them. Because the physical worldwas considered the ultimate reality, physics was regarded as the premiersubject for study, and the proper source from which other scientific(including social scientific) concepts were derived (Ackoff and Emery 1972,p. 3). Physics postulated the atom as the ultimate indivisible particle ofmatter, chemistry reduced matter to elementary substances, biology reducedlife to the cell,
psychoanalysis reduced personality to the id, ego, andsuperego (Ackoff 197A, p.9)

In illustrati I, -Jle practical
influences of mechanism and reductionism,Fritzoff Capra (1S,'L'',\ jc ws out that in medicine, for example, the body isregarded essentip;, 3 aOine analyzed in terms of its parts. Diseaseis viewed as a m4.( vf biological mechanisms studied from the per-spective of cellt .111 oolecular biology. Doctors, specialized in dif-ferent parts, in'. rv,le either physically

or chemically to correct themalfunctioning of wecific mechanisms. The orientation, notes Capra,inhibits consideration of the interdependency
of other tissues, organs, orpsychological or social aspects.

Organic or systems concepts, which were under development around theturn of the ceotury, began gathering momentum in the 1940s. A self-consciousness of their distinct utility in explaining living and socialphenomena and of their expansionist quality sparked the postindustrial

5
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revolution. Expansionist doctrine never considers objects or events as
discrete parts, but rather as parts of larger wholes. It does not counter,but complements reductionism and analysis. Three interrelated lines of
development important to the conceptual transition are identified below.

First, features unique to living systems, which distinguish them from
nonliving systems, were being discovered from about the turn of the century.
Selfregulating or homeostatic processes in living organisms were being
identified whereby information on variation from some norm is fed back into
the system to restore its internal equilibrium. Living systems are
therefore purposeful rather than externally controlled (Dechert 1971, p.
72). Drawing on other developments in biological sciences, Ludwig von
Bertalanffy (1950) delineated three tiers of functional interdependence in
living systems--between (1) internal parts, (2) internal parts and the whole
organism, and (3) the organism and its environment--that provide a more
appropriate conceptualization of life and social phenomena than does the
machine. The system as a whole can do more--that is, greater than--the sum
of its parts; and it is open not closed to its environment.

Second, in the 1940s, it was noted that attention in philosophy over
the previous two decades had shifted attention from elementary particles and
their properties to symbols--essentially nonphysical elements--that produce
a response to something other than themselves. In a series of conceptual
expansions, as opposed to reductions, attention shifted from symbols to
language, language to communication that formed the communication sciences
(Ackoff 1979, p. 12).

Third, the Cartesian/Newtonian concept of a universe comprised of
discrete particles that form fundamental building blocks was destroyed by
electromagnetic experiments and Einstein's theory of relativity. The
developments showed that subatomic particles have mass in the form of
energy, but no material substance. The universe can thus more appropriately
be considered a complex web of relationships than a machine. "Energy
patterns form stable atomic and molecular structures that build up matter
and give it a macroscopic solid apperance" (Capra 1982, p.22).

The Technical Transition

The technical transition--a change in the design and application of
tools and techniques--is both the product and producer of change in the
other three dimensions. Two features of the technical transition are (1) a
shift from mechanical to automated tools and (2) a shift in application from
increasing physical power to enhancing problem-solving and decision-
making capability.

Prior to the industrial revolution, the craft worker served as the
source of both direct energy and control of his machine (Dechert 1971, p.78). In the transformation to industrialization, complex tasks were
scientifically analyzed and reduced to simple, elementary operations. Where
possible, human tasks were replaced by machine. Steam replaced muscle as a

6



constant source of power to overcome the problem of human fatigue; wheeltransmission provided a regular, repetitive operation (Herbst 1974, p. 14).

A continuing goal in machine development has been to increaseflexibility by removing Ichanical constraints. Hirschhorn (1984, 19-24)cites three mechanical developments in that direction. (1) The developmentof portable electric motors freed machine parts from being connected to thesame primary power source, thus allowing them to move at different speeds.(2) The invention of the slide rest, a tool for automatically feeding acutting tool to a metal piece to be shaped, freed the hands of the operator,as a means of feeding the operation. (3) A cam is "a specially and oftenirregularly shaped" replaceable machine component with an attached followerthat is in turn equipped with a cutting tool. As the cam turns, its shapeor some transformation thereof is imparted to the tool. The invention ofthe cam improved machine flexibility because it could produce a wide varietyof shapes "without stripping down and rebuilding the machine (for each) newdesign" (p. 22).

As tools were freed from reliance
on human energy in the industrialage, they were freed from direct human control in the postindustrial age.Three lines of development form the basis for tool automation in thepostindustrial era. First, predating recognition in the 1940s of thephilosophical preoccupation with symbols and communication was a series of

communications-related inventions (Ackoff 1974, p. 17). The mechanizationof symbol transmission
was enabled by the invention of the telegraph in theearly 19th century, the telephone, the wireless in 1895, and the radio andtelevision in the 20th century. Another series of devices was developedthat could observe and record properties of objects and events--for example,the thermometer, odometer, speedometer, and voltmeter were invented; andelectronics was applied to mechanized observation through sonar and radardeveloped in England in 1937.

Second, the principles ,f autonomic or self-regulating processes inhuman neurophysiological systems were seized upon for their application totool design. Norbert Wiener (1961) perceived the importance of
communication control in self-regulatory systems and founded cybernetics- -the science of control through communication. By the early 1940s aninterdisciplinary approach to the development of servomechanisms--self- regulating machines that could be used for military purpose--wasunderway.

The self-correcting concept is based on a cyclic feedback loop orprocess built into the system. In the process, a sensing device perceivesthe system's variation from a predetermined goal and transmits theinformation to a selector or decision-making element. The selector comparesthe information with the objective or goal and transmits the information toan effector that adjusts the system to its goal. In a closed loop, thesearch is within the system; in an open loop, part of the search is carriedon outside the system's environment. Flexibility derives from the fact thatthere is no predetermined sequence of actions as in mechanical systems,rather the system responds flexibly to changing environmental conditions toachieve its goal.

7



Following from cybernetics was the development of aigital
computerization. Computerization permits automatic execution of long anddetailed logical manipulation of data otherwise beyond human capability. Italso allows a rationality and precision in decision making unattainablebefore their invention.

The Environmental Transition

The environmental transition is a change in social, economic, politicaland interorganizational conditions in which an organization must operate.The shift has been from relatively static to turbulent environmentalconditions,

In the mechanized world or the industrial era, the United States hadachieved technological and industrial superiority dating from the lastquarter of the 19th century. It had abundant physical and capital resourcesthat provided a confident self- sufficie "cy. For the first three-quarters ofthe 20th century, it was faced with little competition. Although the United
States pioneered in technological innovations, once industrial dominance wasfirmly established after the turn of the century, industrial adoption oftechnological changes was relatively slow.

Robert Reich (1983) notes that as late as the early 1960s, only 8percent of U.S. economic goods were subject to foreign competition. Withdomination of domestic markets, similarity in production processes allowedcapital and labor to be shifted easily from declining to growing industries.Consumer's choices were largely limited to domestic products.

In the post-World War II years, the reindustrializing countries inNorthern Europe and Japan became prime beneficiaries of postindustrial
technical innovations. By the mid-1970s, in a more competitive economicenvironment, tht pace of change and the rate of technical adoption wasincreasingl:, externally set--to a great extent by Japan. By 1982, about 70percent of ul.S. goods were open to foreign competition (Reich 1983). In1984, foreign producers made one of every four cars, one of every eightpersonal computers, two of every three pairs of shoes, and nearly everyvideocassette player.

The special brand of environmental unpredictability and uncertaintyincreasingly characteristic of the postindustrial era has been labeled
"turbulent" by Emery and Trist (1965). Four features of turbulent
environments are (1) factors are sufficiently interdependent so that aseries of changes can be set off by the actions of a single event, (2) thechanges take on a self-perpetuating life of their own, (3) the direction orduration of changes defy prediction, and (4) they are beyond the rapacity ofany single organization or small group of organizations to control.Turbulent conditions are caused by strategic moves of large organizations tooperate unencumbered by other forces and the accelerating pace of
organizational and technical developments to meet competitive challenges.

8
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Structural Transition

The structural transition--a change in organization design to meetenvironmental conditions--shows a movement from a hierarchical /closed modelto conegial/open systems.

During the industrial era, whether the focus was upon manufacturing(Taylor 1967), service units of organizations (Gulick and Urwick 1937), orgovernment (Weber 1947), a common set of organizational principl. , based onmechanistic concepts applied. The model was concerned with achievi ?maximum efficiency through highly standardized, optimally functioningorganization. Uncertainty was reduced, and a determinate operation achievedby conceptually closing the organization to outside influences--an easyprocess in the highly insulated, slowly changing environment of the era.The organization was always subordinated to a "master plan" flowing inpyramid form from a single head of the organization to successively largerlayers of subordinates with decreasing skill levels. In manufacturingorganizations, the work was particularly fractionated. "The semi-skilledworker. performed I-ote tasks; the skilled worker varying tasks within afixed framework" (Hirshhorn 1985).

Organic principles, first applied to automated tool design, becomeappropriate for organizations that must function in the turbulentenvironmental conditions of the postindustrial age. Adaptable organizationsare essentially open systems--that is, they detect changes in theenvironment and feed the information back to allow the system to adjust toambient conditions. In the new organizational design, information flowbecomes highly valued. As a consequence, hierarchies are eroded. Finns nolonger have the luxury of allowing communication to pass through severallayers of organization and get distorted or lost on the way (Herbst 1974).
Adjustment to novel situations requires organizational learning.Constantly forming and reforming networks, based on neural networks that .ancreate new paths for novel responses in human systems, replace hierarchicalstructures. Interdisciplinary knowledge, a holistic understanding of theorganization and one's relationiship to it, and an ability to interchangefunctions replace narrow specializations.

Tightening the Definition of High Technology
The previous section identified four interdependent dimensionsinfluencing a general transition from mechanistic to organic systems. Thequestion remains, however, as to the essential features of high technology,and high-technology occupations, industries, and programs.
To begin the clarification, technology will be defined as thedevelopment or utilization of tools to extend human capability beyond itsnatural limits (adopted from Faddis, Ashley and Abram 1982, R. 21). Drawingfrom the discussion in the previous section it was shown that the conceptualbasis underlying machine (or tool) development and human organizationunderwent a transition from the industrial to the postindustrial era.

9
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Figure 2 suggests that the level of technology may be measured along
two dimensions: (1) the level of machine (or tool) intelligence employed,from low to high, and (2) the level of human intelligence employed in the
operation, from low to high. Intelligence in both instances is used to
connote the self-regulating concepts applied to machine and organization
development in the postindustrial era. It is important to clarify further
that human intelligence does not refer to innate ability, rather it refers
to the interdisciplinary and organizational attributes required at the
technical core or productive level in flexible organizational structures.
The four technology types are described below.

LMI

HMI

LEVEL OF

HUMAN INTELLIGENCE

LHI HHI

LMI/LHI
TYPE I

LMI/HHI
TYPE II

TYPE III
HMI/LHI

TYPE IV
HMI/HHI

Figure 2. Classification of technology types.

In Type I technologies, both low machine and low human intelligence are
employed in the productive process. Type I productive processes include
most large manufacturing organizations characteristic after the industrial
revolution. They are suited for producing large volumes of highly
standardized products. However, they are incapable of responding to sudden
environmental changes that call for flexibility in product designs or other
sudden responses to rapidlj changing conditions facing the organization.

In Type II technologies, a low level of machine intelligence but a high
level of human intelligence are utilized. Type II technologies include
manufacturing or craft operations prior to the industrial revolution when
the craftworker exercised complete control over the productive process and
was required to have a holistic perspective of this opation. It is still
typical of many small shops today. The type also includes traditional
professional firms in the service sector such as those in law or medicine.
In both cases, competition is forcing the adoption and integration of
greater nachine intelligence.

In Type III technologies, productive processes utilize a high level of
machine intelligence and low human intelligence. The category encompasses
some manufacturing firms in a transitional stage where workers still perform
rote functions, but where automation is being introduced. Service
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organizations in this category include those where personnel who perform
limited functions, such as routine clerical processing, are vulnerable to
substitution by automatic teller machines and programmable cash registers.
Here the tool may have high flexibility but is employed in combination with
a worker with limited skill training thus rendering the organization
inflexible.

In Type IV operations, both machine intelligence and worker
intelligence are high. Although high machine intelligence is employed, it
does not substitute for but simply expands the workers' problem-solving,
decision, or creative capacity. The tasks still left for the worker in:lude
those of machine programming, high-level monitoring operations required to
control the productive processes, and trouble shooting to maintain and
repair the machinery. Worker, machine, and organization are all highly
flexible and adaptable to changing conditions--that is, capable of learning.
As competition increases, Type IV operations are becoming increasingly
required in both the goods and service producing sectors of the economy.

'Employing the typology outlined as a tool, we can further clarify
definitions. First the typologies may be used to determine man-machine
relationships and thereby to classify single occupations. Thus Type IV
occupations would be classified as high or advanced technology occupations.

Likewise an organization characterized by Type IV man-machine
relationships would be classified a high- or advanced-technology
organization. With respect to organizations, it is important to point out
(1) that different departments of an organization might be characterized by
different types--for example, type "I manufacturing operations with Type III
office functions--and (2) that an orpnization might not be representative
of other organizations in its industry.

It also follows that industries in which the typical organization falls
into a given category--for example, a requireflunt for survival in the
industry is that the organization be Type 1V--may be classified as a high-
technology industry.

There is still a question remaining over the use of terms. Given thatthe horizons of development in tools, processes, and organizations are
constantly receding, how enduring is the application "high technology"?
(See Useem 1986, p. 19). A suggestion for dealing with this problem is to
make two distinct terms: (1) For those technologica developments that are
at the cutting edge in their field and fulfill type IV requirements, the
term emergent should be reserved. (2) Since high and advanced ere relative
terms--that is they must stand in relationship to something--they should
simply be understood to refer to technologies with type IV or
postindustrial, self-regulatory characteristics thus eliminating the
buzzword quality.
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Postindustrial Implications for Program Design

The two preceding sections delineated four mutually reinforcingdimensions of technological transition from the industrial to the postin-dustrial era and developed a typology of functional relationships betweentool and organization design to clarify concepts of high technology. Thissection uses those previous sections as a basis for pointing to broad areasthat should be given attention in the design of advanced technologyprograms.

The interdependence
between industrial and educational organizationssuggests that they will be affected by similar environmental forces bringingabout a similarity in structural features. Herbst (1974), for example,makes the point that the model used for structuring the educational taskwill determine the characteristics of the educational organization. Hepoints out that organizations in highly industrialized nations, therefore,have largely acquired the organizational characteristics for operating inthe slow-changing environment of the traditional factory. With the rapidchanges in specific fields of knowledge on the one hand, and rapid changesin industry and society on the other, there is a need to build a capacityfor rapid adaptability into educational organizations in general. The needis particularly pronounced for technical education programs concerned withadvanced and emerging technologies.

Adaptable programs are themselves learning systems--that is, they havethe capacity to sense environmental changes and the internal flexibility tomake rapid adjustments to novel environmental conditions. Moreover, programadaptability is required to transfer the capacity for continued adaptabilityto students.

The capacity to monitor environmental
changes implies that the programis either directly linked to, or is otherwise it a position to sense forcesand trends from, external sources that have a capacity to affect itsoperation. Following is a sample of suggested program features forincreased environmental monitoring targeted by sector:

Business/industry--faculty membership in local business
organizations, provision for contract services by program or facultyto business/industry, maintenance of active advisory committees,
faculty research in technological processes, joint or cooperativeresearch efforts; program surveys of private industry.

Government--participation on local/stete economic developmentcommittees; service on commissions, task forces, committees;technical assistance to legislative bodies.
4

Education--maintenance and service in professional organizations;
vertical/horizontal cooperative relationships with other educationalinstitutions,

horizontal/vertical articulation agreements with2-year and 4-year programs.

12
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Under increasingly turbulent environmental conditions, the ability toadjust 'co novel conditions is dependent upon a rich network for communicat-
ing ideas (Nadler and Robinson 1983) combining knowledge and interchanging
functions. In an educational setting, it also requires some sense a,ongfaculty members of the interdependence of their subjects. Equally important
is the opportunity for faculty members at all levels to participate indefining the direction and working through the process of organizational
change (Herbst 1974). A list of features that contribute to structural
flexibility in technical programs include the following:

Cross-training of faculty in various subject areas

Flexible work schedules for faculty

Team teaching for faculty in complimentary subject areas

Faculty participation in program decisions--freedom to explore,
implement, and test organizational alternatives

The ultimate test of an advanced technology program's relevance is the
curriculum instructional design. The design will be a close reflection of
the program's ability to monitor the environment and adapt to rapidly
changing environmental conditions. It will also become a factor In the
student's placement and his or her continued adaptability in the world ofwork. The curriculum and instructional format may be divided into three
areas for consideration: (1) content, (2) delivery system, and (3)
evaluation (Groff 1983). The division is employed to suggest program
features that further contribute to program adaptability:

Content--strong emphasis on basic skills, broad interdisciplinary
core requirements, strong computer content to extend problem ._ '^A
capacity, emphasis on problem solving, emphasis on interpersonalskills.

Delivery system--closely simulates workplace environment, integrates
work and learning opportunities through industry training
arrangements, teachers act as resource persons to aid students in
reaching solutions rather than as authorities, students encouragedto work in teams rather than competitively, program is vertically
and horizontally articulated to accommodate maximum flexibility for
students; students advised on important features in assessing job
opportunities, students are custom placed into jobs

Evaluation--competency-based, multiple rather than single ways of
arriving at solutions to problems

For a great number of people, the term high- or advanced technology
conveys little substantive meaning. On closer examination, however, thetechnological transition can be viewed in the context of a set of highly
interdependent chanr-,s which are cutting across the conceptual, instru-mental, environmental, and structural dimensions of society. The
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transitional forces of the postindustrial age are at least as profound, ifnot more so, is those that ushered in the industrial era.

It is clear that the degree of utilization of high machine intelligenceis increasing rapidly and at this stage of the transition, the logic ofhuman replacement characteristic of the industrial age still prevails inmany productive processes. The long-term trend, however, is toward greaterhuman involvment with more discretionary power aided by machine intelligence(Nadler and Robinson 1983). Education, in general is calling for sweepingreforms to equip people to function with current and emerging technologies.In the transition,
requirements for technicians in particular are undergoingchange from narrow specialization in a technical field to the acquisition ofincreasingly broad interdisciplinary skills encompassing both tech-kaliscientifc subjects and interpersonal skills. To survive, technical programswill have to understand and reflert the new logic.

25
14



CHAPTER 2

A SURVEY OF HIGH-TECHNOLOGY PROGRAMS

Introduction

This section presents the rationale, procedures, and results of a survey
of exemplary high-technology education programs in 2-year postsecondary
colleges. The purpose of the survey as to identify and validate a set of
quality indicators that relfect important practices and policies among high-
technology programs. A second objective was to assess the level of
practice. The survey resulted in a profile of the' characteristics and
features that are considered by educators and industry representatives to be
highly related to pr_jram quality. The indicators were incorporated into a
self-assessment form and process that is presented in Chapter 3 of this
publication. The following discussi, explains the general approach and
procedures followed in conducting the survey. Several tables present the
overall results of the survey, and an interpretation of the findings is
offered.

Survey Approach and Methods

The approach taken in designing and conducting the survey of high-
technology program quality indicators was based on several assumptions.
First, it was assumed that the state-level leadership for postsecondary
community and technical colleges in each state would be a reliable source to
identify leading high-technology programs. Therefore, the appropriate board
or department in the sample of states was contacted to nominate programs to
be surveyed.

A second assumption was that the leading programs have adopted various
practices that contribute to successful program operation and outcomes. It
was reasoned that a survey of leading programs would reveal the experiences
and judgements of faculty with respect to the factors they had found over
time to impact significantly on program quality. Acting upon the given
assumptions and reasoning the following activitites were conducted.

Nomination of Quality Indicators

The names of deans, chairpersons, and lead faculty members from 25
institutions with previously recognized exemplary high-technology programs
were selected from publications and reports. The individuals were sent an
open ended survey form that requested that they nominate the most important
indicators of quality in their respective programs. Responses were provided
in the respondents' own words along with explanations and descriptive
material about he program. The nomination survey activity produced 55
statements or descriptors of practices and policies. The statements were
identified in six categories as follows:

o Faculty and staff

15 26



o Facilities and equipment

o Curriculum and instruction

o Business and industry cooperation

o Budget, resources, and support

o Student recruitment, selection, and support

The initial list of nominated indicators were reviewed, combined, andreworded into a consistent style and format.

Verification of Quality Indicators

The next major activity was directed toward verification of the initialset of indicators. The approach was to resubmit the list to a large groupof educators and industry personnel for their roview and rating. Letterswere sent to 30 randomly selected state departments/boards of 2-year
postsecondary colleges and technical institutes, asking each to nominate
their four to siA leading !ligh-technology programs. A total of 25 statesreturned the nomination forms for a total of 84 candidate programs in 13different technological areas. A lead faculty member or administrator ineach program was contacted and asked to participate in the survey. Inaddition, each educator was asked to name one or two business/industry
representatives who were employers of their program graduates. A total of76 employer names were provided. The final sam ,e for the verification
survey included 84 educators and 76 employer representatives.

Survey packets were prepared and mailed to each person in the sample. Aperiod of 3 weeks was allowed for .turns after which nonrespondents werecalled and encouraged to return the survey form. Final responses werereceived or a total of 74 educators and 68 business/industry
representatives.

The survey questionnaire
-n.:t,isted of the nominated indicators arrangedso each one _ould be rated -- _ 1-7 scale in terms of its importance toprogram quality (see appendix S). Tabulation of the survey data resulted inan average importance rating for each indicator. Importance ratings acrossprograms are presented in appendix C. Space was provided for comments andits nomination of additional indicators. No new indicators were generatedalthough some comments were offered from respondents. Data were summarizedand the overall rank order of the indicators was determined as was theirorder within each category. Differences in importance rating across theprogram areas was also calculated and are reported in the following section.

The second phase of the survey was designed to measure the relativelevel of practice or implementation of each indicator among the programsincluded in the first survey. A modified form of the verification surveywas prepared and mailed to the educators in the sample (see appendix D. Atotal of 44 usable returns were received. The lower number of usable



surveys was due in part to the type of data requested, changes in severalfaculty personnel, and t'-se fact that faculty in very new programs could notanswer many of the questions. The results of the second survey are reportedand discussed as a representation or "snapshot" of a small sample of
programs. It was not intended to reflect national or regional trends andshould not be viewed as doing so. Information abaout the programs was
collected from the respondents and is reported in appendix E.

Survey Results

A total of 46 indicators was rated by educators and employers asimportant to high-technology program quality. Based on the overall rank andimportance ratings, the indicators were divided into four groups labeled asessential, very important, important, ana not important. Ratings for the
indicators are reported in Table 1.

Essential Indicators

The first group of indicators, numbers, 1-11, were rated as essential toa ciality program. These indicators, rated 6.0 or above on the 7.0 pointscale, are descriptive of practices that occur during the development phaseof a program. That is, project staff viewed the first 11 indicators asessential to the successful establishment of a sound program. In addition,the underlying themes of currency and relevance are suggested by the 11indicators; currency means that high-technology programs must be on theforefront of technological developments. Programs should incorporate
current practices, and also, should prepare students for changes anddevelopments that will occur in the future.

Relevance means the program should, in terms of content, skills,equipment, and practice, reflect the realities of the work scene the
technician will enter. Frequent and systematic input from business/industry
contributes to efforts to keep programs relevant.

Each of the 44 programs surveyed were requested to complete a programdescription. Along with statistical information such as the number of
faculty, students enrolled, floor space, and so forth. Also respondentswere asked for a description of the program's design and operation, key orunique features, and the current status of the program's content andoperation. These descriptions y,elded a number of common practices that arerelated to program quality.

The development of current and relevant programs were specifically
described as having well-equipped, up-to-date laboratories to which allstudents had full access.

The most common feature across 44 programs that was essential iadeveloping a high degree of relevance was the guidance of an advisorycommittee. An active committee ensures that the program is in touch withthe current status and future needs of high technology industries. Thecommittee also ensures that equipment and facilities are similar or the sameas those being used in industry.
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TABLE 1

PROGRAM QUALITY INDICATORS

Indicators (Rank Order)
Importance
Rating

1. Faculty attend conferences, workshops, or seminars to keep
up to date in their technical field.

6.6

2. Programs provide fully equipped lab and work stations for students. 6.5

3. Cooperation includes frequent input from advisory committees of
business/industry personnel.

6.4

4. The curriculum reflects the newest technological developments and
applications.

6.3

5. Budgets include funding to upgrade and update equipment as
programs mature.

6.3

6. Program facilities and equipment are the same as or very similar
to the typo found in business or industry.

7. curriculum and instruction stresses the development of problem-
solving abilities.

8. Programs recruit and enroll superior high school students
(GPA of B or above).

9. Cooperation includes the development of customized training
programs for business/industry personnel.

10. Programs promote the success of graduates as a recruitment aid.

11. Curriculum and instruction are formulated on and incorporate
performance-based objectives and evaluations. 6.0

12. Programs test and place students in basic skills improvement
courses if needed.

5.9

13. Programs test and place students in basic skills improvement
courses if needed. 5.9

6.2

6.1

6.0

6.0

6.0

14. Phograms receive vendor technical assistance in implementing
hardware and software systems and applications. 5.9
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Table 1--Continued

Indicators (Rank Order) Importance
Rating

15. Cooperation involves faculty in business/iaiustry work experiencesor projects to help maintain their occupational expertise.

16. Cooperation includes private sector support through donations of
equipment and/or funds.

17. Curriculum includes special courses to strengthen math and
communication skills.

18. Program facilities and equipment allow maximum integration and
replication of workplace settings.

5,8

5.8

5.8

5.8

19. Programs recognize students' dedication and motivation in additionto intelligence.
5.8

20. Budgets include grants to purchase special equipment. 5.7

21. Budgets include funding for new faculty positions. 5.7

22. Faculty have at least 3 years of recent work experience relatedto their teaching area.
5.6

23. Programs collaborate with high schools to better prepare studentsfor postsecondary education.
5.6

24. Curriculum content first develops core technical skills and then
develops specialized skills.

5.6

25. Budgets include funding to hire laboratory assistants to maintain
facilities and equipment.

5.6

26. Faculty hold professional degrees in the technical field in which
they teach.

5.3

27. Cooperation includes :udent participation in work experiences atlocal business/indk,try sites.
5.3

28. Curriculum content stresses the development of interpersonal skills. 5.3

29. Programs have lab assistants to set up, service, and maintain
equipment,

5.3

30. Budgets proviie for faculty salaries that are competitive with
private sector salaries.

5.3

19

30



Table 1--Continued

Indicators (Rank Order)
Importance
Rati ng

31. Program equipment is available to business /industry personnel for
instruction and demonstration. 5.2

32. Faculty stay informed about comparable technical programs in other
institutions. 5.2

33. Faculty are active members in a professional or technical education
association. 5.2

34. Programs have flexible facilities that can accommodate periodic
equipment and curriculum changes.

35. Curriculum is articulated wi th related curricula in 4-year
institution programs.

5.1

5.0

36. Faculty have previous teaching experience in industry, education,
or the military. 5.0

37. Cooperati on includes the loan of business /industry personnel to
serve as adjunct faculty.

38. Budgets are separate from other technical program budgets.

39. Cooperati on i nvol ves joi nt i ndustry faculty pa rti ci pati on at
conferences, trade associations meetings, and presentations to
other groups.

40. Faculty serve as consultants to business or industry.

41. Curriculum is articulated wi th secondary pretechni cal or vocational
courses.

42. Faculty participate in programs to enhance their teaching skills.

43. Curriculum and instruction use computer- assisted instructional
systems.

44. Curriculum and instruction incorporate self -paced individualized
learning materi al s.

45. Faculty publish articles or books on topics in their technical
fi el d.

46. Faculty conduct funded research activities )n their technical
field.
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4.6

4.3
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4.0
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Very Important Indicator

The second division of the 46 indicators are numbers 12-36 and were
rated from 5.0 to 5.9 on the importance scale. If it is agreed that 1-11
are essential to the development of a quality program, then the second set
is very important to the operation and maintenance of a program.
Specifically, three underlying themes are apparent: cooperation with
business and industry, attending to students' needs, and enhancing andenriching the curriculum so that it remains adaptaole to change and
educationally challenging.

Looking beyond the advisory committee, representatives from business and
industry can help maintain a cooperation by aiding in the design of programs
and selection of equipment. Training is thus directed at both educational
and industrial needs.

Students' needs are also considered when representatives, offering their
knowledge of industry, help students direct their training toward a specific
goal and even aid in their placement. The close cooperation allows
industries, with direct affiliations to a program, to recruit top students
from the program to begin work upon graduation.

The curriculum offered by the high-technology programs tends to be more
generic in nature. The broad range of courses offer the students full
exposure to several content areas, and thus allows them to either:

o diversify and broaden their interests,

o design a specific curriculum sequence in order to specialize in a
2-year program, or

o transfer to a 4-year program. The ability to make adjustments in
the curriculum is very important.

Important Inoicators

The third division of indicators are these twat are important to programquality. These indicators, numbers 37-44, were rated between 4.0 and 4.9 on
the importance scale. A review of the indicators suggests a focus on
refining the activities of the entire program. Although not essential,
these features can make the program more attractive. Several programs
reported that they separated their laboratory and classroom instructors. Byoffering both classroom instructors and laboratory instructors, each can
concentrate on specific materials and give students more tutoring aid. An
instructor is thus available at all times.

Self-paced individualized learning materials and computer-assisted
instruction help meet alternative student learning-styles. However, the
rapid pace of curt culum changes required to stay up to date often are farahead of the development of good individualized and computer-phased
instructional materials.

1
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Levels of Practice

A secol round survey was conducted among the educators in the sample.The questionnaire was designed to obtain measures that would reflect the
relative level or extent of practice for each of the quality indicators.Answers to the survey questions were given as percentage measures. Forexample, question 1 asked for the percentage of program faculty that attenda conference/workshop/seminar annually to keep up to date in their field.Responses could range from 0 percent to 100 percent. The procedure followedin tabluating the data consisted of grouping responses into four percentageranges as follows:

o 1 to 25%--low level

o 26 to 50%--moderate level

o 51 to 75%--high level

o 76 to 100%--very high level

The results are .eported according to the number of programs that
responded in each (.f the four ranges. Usable responses were received from44 program faculty in 9 technological groups as follows:

o Laser, 3

o Robotics, 4

o CAD/CAM, 6

o Microelectronics, 6

o Health/Biotechnology, 5

o Computer, 3

o Engineering, 9

o Communication, 2

o Others*

*Programs included in the Others category included WI ConsultancyProject, Science Laboratory Technology, Microcomputer (certificate program,Applications, Office Information Technology, Quality Assurance Technology,Avionics Technology



Survey Results

The results of the second survey provide an iintial look at the levelsof practice for each of the indicators and featu,es of a quality program.The results reflect the degree of consistancy between the perceivedimportance of various practices and the extent to which they have beenimplemented across a small sample of high-technology programs. Recognizingthat many high-technology
programs are and will continue to be in a state oftransition and change, the reader is cautioned not to place undue emphasison the data reported here. At this point in time, it is impractical to drawhard conclusions about the ideal level of practice fur the variousindicators. Other programs, because of their content, curriculum focus,organizational structure, student body, funding, or any one of a number ofother functions, may have higher or lower levels of practices on somevariables. In fact, the range of variation among the programs in this studywas great. Also it is important to keep in mind that programs with smallnumbers (1-4) of faculty reported percentages that have. quite differentmeanings from programs with larger numbers of faculty. For example, if 3 of4 faculty members attend a conference, the percentage reported was 75percent. When compared to a faculty group with 5 of 10 members attending aconference, a 50 percent rate, the real difference is not apparent. Thepossibility of such differences between a readers program and data presentedhere should be considered in making comparisons and drawing inferences.However, the results presented in table 2 is not without validity andusefulness. At least one of three observations can be made with respect tothe pattern of program responses. The possible observations include

o the majority of response cluster at the upper level of practice,

o the majority of responses cluster at this lower level of practice,

o the responses are spread across the levels of practice.

In addition, attention should be given to the degree of consistency betweenthe ranked position of an indicator and it's relative level of practice.Consider indicator 1 ;'or example. The program responses clustered at theupper level of practice (30
programs at the "very high" level). This resultwould seem to be consistant with the logical premise that what is consideredto be most important should be practiced to the greatest extent possible.In comparison, however, consider the respones to indicator 5.

Budgets include funding to upgrade and update equipment. Here, a differentinterpretation is reflected by the cluster of programs at the lower level.Recall that the "low" category translates into a 1-25 percent response,which means that 34 programs have from 1-25 percent of their budgetsallocated to equipment
replacement and update. It would appear dS if thelevel of funding is relatively consis' it across the sample. The questionof the adequacy of the level of funding is not answered by the data that wascollected.
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TABLE 2

IMPLEMENTATION OF QUALITY INDICATORS

Level of Practice

Indicators (Rank Order)
1 Low 1 Moderate 1 High 1 Very High

1. Faculty attend conferences, workshops, or
seminars to keep up to date in their
technical field.

2. Programs provide fully equipped lab and
work stations for students.

3. Cooperation includes frequent input from
advisory committees of business/industry
personnel.

4. The curriculum reflects the newest techno-
logical developments and applications.

5. Budgets include funding to upgrade and
update equipment as programs mature.

6. Program facilities and equipment are the
same as or very similar to the type found
in business or industry.

7. Curriculum and instruction stresses the
development of problem-solving

abilities.

8. Programs recruit and enroll superior high
school students (GPA of B or above).

9. Cooperation includes the development of
customized training programs for business/
industry personnel.

10. Programs promote the success of graduates
as a recruitment aid.

11. Curriculum and instruction are formulatei
c.' and incorporate

performance-based
objectives and evaluations.

12. Programs test and place students in basic
skills improvement courses if needqd.

13. Programs test and place students in basic
s!;ills improvement courses if needed.

24

4 4 6 30

1 0 1 41

20 6 3 12

15 6 12 11

34 5 0 1

2 5 6 31

5 6 2 7

18 15 3 0

24 15 4 1

0 5 4 33

6 5 4 27

3 14 14 13

20 17 2 0



Table 2--Continued

Level of Practice

Indicators (Rank Order) Low 1 Moderate I High I Very High

14. Programs receive vendor technical
assistance in implementing hardware and
software systems and applications.

15. Cooperation involves faculty in business/
industry work experiences or projects to
help maintain their occupational
expertise.

16. Cooperation includes private sector
support through donations of equipment
and/or funds.

17. Curriculum includes special courses to
strengthen math and communication skills.

18. Program facilities and equipment allow
maximum integration and replication of
workplace settings.

19. Programs recognize students' dedication
and motivation in audition to
intelligence.

20. Budgets include grants to purchase
special equipment.

21. Budgets include funding for new faculty
positions.

22. Faculty have at least 3 years of recent
work experience related to their teach-
ing area.

23. Programs collaborate with high schools
to better, prepare students for post-
secondary education.

24. Curriculum content first develops core
technical skills and then develops
specialized skills.

25. Budgets include funding to hire laboratory
assistants to maintain facilities and
equipment.

25

15 10 1 7

15 15 3 4

24 6 1 0

24 6 1 0

4 13 7 15

12 12 9 4

22 4 0 1

0 1 16 22

8 9 5 14

6 20 11 4

4 10 8 21

30 0 0 0
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Table 2--Continued

Level of Practice

Indicators (Rank Order)
1 Low 1 Moderate 1 High 1 Very High

26. Faculty hold professional degrees in the
technical field in which they teach.

27. Cooperation includes student partici-
pation in work experiences at local
business/industry sites.

28. Curriculum content stresses the develop-
ment of interpersonal skills.

29. Programs have lab assistants to set up,
service, and maintain equipment.

30. Budgets provide for faculty salaries
that are competitive with private sector
salaries.

31. Program equipment is available to
business/industry personnel for
instruction and demonstration.

32. Faculty stay informed about comparable
technical programs in other institutions.

33. Faculty are active members in a profes-
sional or technical education association.

34. Programs have flexible facilities that can
accommodate periodic equipment and
curriculum changes.

35. Curriculum is articulated with related
curricula in 4-year institution programs.

36. Faculty have previous teaching experience
in industry, education, or the military.

37. Cooperation includes the loan of
business/industry personnel to serve
as adjunct faculty.

38. Budgets are separate from other technical
program budgets.

26

5 12 3 10

18 5 2 5

27 7 2 3

30 0 0 0

0 1 16 22

14 2 0 3

8 11 6 16

1 18 7 22

2 2 6 31

R 7 4 11

8 7 3 3

5 2 0 1

22 4 0 1



Table 2--Continued

Level of Practice

Indicators (Rank Order) Low 1 Moderate 1 High 1 Very High

39. Cooperation involves joint industry
faculty participation at conferences,
trade associations meetings, and pre-
sentations to other groups.

40. Faculty serve as consultants to business
or industry.

41. Curriculum is articulated with secondary
r"etechnical or vocational courses.

42. Faculty participate in programs to enhance
their teaching skills.

43. Curriculum and instruction use computer-
assisted instructional systems.

44. Curriculum and instruction incorporate
self-paced individualized learning
materials.

45. Faculty publish articles rir books on
topics in their technical field.

46. Faculty conduct funded research activities
in their technical field.

27

12 12 4 10

7 14 8 10

12 7 3 3

8 18 2 11

16 6 0 3

19 3 2 1

12 12 1 2

6 4 0 0
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The following statements summarize broad levels of practice for eachgroup of indicatOrs.

Across the first 11 "essential indicators" program practices weredistributed according to the following:

o Majority of provams with practice levels above 51 percent

- -faculty attend conferences/workshops/seminars

--provide fully equipped labs and work stations

--curriculum reflects the newest developments

- -facilities and equipment same as type in industry

--promote success of grads as recruitment aid

- -curriculum incorporates performance-based approach

o Majority of programs with practice levels below 51 percent

- -frequent input from advisory committees

- -budget includes funding for equipment update

- -curriculum stresses problem-solving abilities

- -recruit and enroll superior students

- -customized training for business and industry

Across the "very important"
indicators, numbers 12 through 36, programs

were sorted according to the following:

o Majority of programs with practice levels above 51 percent

- -establish limits on class size

--facilities/equipment allow integration replication of workplace

- -budgets include funding for new faculty

- -faculty have 3 or more years work experience

- -curriculum develops core skills then specialized skills

- -faculty salaries are competitive with private sector salaries

- -faculty stay informed about comparable programs
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- -faculty are members in professional/technical education
association

- -facilities accommodate periodic equipment and curriculum
changes

Majority of programs with practice levels oelow 51 percent

- -place students in basic skills classes

- -receive vendor assistance in implementing systems

--faculty involved in industry work or projects

- -private sector support for equipment

- -special courses to strengthen math and communications
skills

- -recognize student dedication and motivation

--include grants to purchase equipment

- -collaborate with high schools

--funding to hire laboratory aids

- -faculty hold professional degree

--student work experience at local business

--curriculum stresses interpersonal skills

- -lab assistants set up and maintain equipment

- -equipment available to bucinpss/industry

--articulation with 4 -year programs

- -faculty have previous teaching experience

Across the 8 "important" indicator, number 37-44, programs were sortedaccording to the following:

Majority of programs with practice levels above 51 percent

NONE
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o Majority of programs with practice levels below 51 percent

- -industry personnel loaned to faculty

- -budgets separate from other technical programs

- -industry/faculty cooperation at meeting/conferences

--faculty consult with business/industry

- -curriculum articulated with secondary programs

- -faculty participate in programs to enhance te-ching skills

- -use computer assisted instruction

- -instruction incorporates self-paced learning materials

Findings and Conclusions

Programs reported having practice levels above 51 percent, on a minorityof the indicators, (15 of 44). fhe first 10 of the 16 indicators were in
the upper half of the ranking (number 1-22). The remaining 5 indicators
were in the upper half of the lower 22 indicA*1rs on the list.

The 15 indicators representEJ 5 of the 6 categories of indicatorsaccording to the following distribution.

o Faculty, 5
o Facilities/equipment, 4
) Curriculum /instruction, 3
o Students 2

o Budget, 1

The indicators wit- a majority of programs above the 51 percent levelparallel the relative importance levels assigned to the indicator, that is,more important indicators
were being implemented at high levels of practice.

Allowing for the practical reality that a lower level of practice isquite appropriate or even desired for some indicators, programs practicesseem to be in general ac'ord with the levels of importance assigned to theindicators by faculty. In a time of scarce educational resources,
increasing demands on faculty, and rapid technological changes, the programsIncluded in this study are fJcusing their efforts on faculty, equipment, andcurriculum. These three areas represent the backbone of a solid program.
With six majority level indicators from the first 11 "essential" indicators,
the focus is clearly on a strong developmental basis for a high-technology
program. The second set of majority level indicators reflect key
operational and program enhancement features. Again, the focus seems to beon emphasizing those characteristics and practices that produce and sustain
a fundamentally sound education-41 program.
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Indicators that were less then the 51 percent practice level reflectfeatures that are important and contribute to the quality of a program buttake longer to achieve or can be implemented at lower levels in thebeginning of program development.

Recommendations

From the preceding analysis of the survey results, and with
consideration given to the many written comments from high technologyprogram faculty, the following recommendations are offered:

o The development of a high-technology program is a long-term andexpensive educational endeavor. Success of a program depends onthorough and systematic planning with substantial commitments fromthe educational institution and the private sector companies thatwill hire the graduates of the program. Without a high level of
confidence that all of the essential indicators can be acquired and
implemented, consideration should be given to deferring the start-upof a new high-technology prcgram.

o Once a decision has been made to start a new high-technology program,full leadership attention should be directed at the key factorsrelated to program quality. First, the very best faculty membersthat can be obtained should be located and hired. Adequate fundingto keep the faculty at the institution and up to date in their fieldshould be ear-marked in the budget.

Seond, the latest state-of-the-art facilities and equipment shouldbe reviewed and sources of funding sought to acquire that which ismost essential to the educational needs of the program. Much
equipment can be acquired as donations. Although some categories ofequipment might not be state-of-the-art, they will serve very well inan educational situation. For example, equipment designed to store,clean, maintain, preserve, or prepare materials, samples, specimens,and other such things may be donated for models. But if they workwell or can be repaired, will serve the program and conserve funds
for the purchase of essential new equipment. In any case, the
equipment start-up costs of a high-technology program can during thefirst 12-24 months reach or exceed one-half to three-quarters of amillion dollars, ($500,000 to $750,000); substantially higher costswill be involved if facilities construction or modifications areinvolved in the project. In the early phases of a program student
enrollments will likely be lower and per-student cost will be veryhigh. Careful attention should 1.,e given to the potential impact onexisting program budgets, before the expenditure of such a large
amount of money is undertaken. Acquisition of new equipment for sometypes of programs may not be exceedingly expensive because existing
,ogram facilities, equipment,

ana materials may form the base or,e of the new program. In addition. equipment may be acquired inpnases to match the first wave of students going through the
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program. Highly specialized equipment that will be needed only forupper-ievel courses can be purchased or perhaps leased during thesecond year L. the program thus spreading costs over several budget
years. Regardless of the costs and purchase arrangements, facilitiesand equipment were ranked as essential components of a
high-technology program and must be available to students in adequatenumbers and for adequate periods of time to assure studentcompetency.

Third, faculty and equipment do not alone ensure a sound program. Atechnically up-to-date, well-planned program of study including a
curriculum based on an analysis and documentation of the knowledge,skills, and abilities required of graduate technicians is needed to
complete the basic program. Sources of information and resourcesfrom which to build a quality curriculum include other similar
technology programs at 2-year or 4-year colleges, business orindustry training programs, military programs for nonclassified
skill areas, and materials prepared through federal or state fundedprojects. Each of these sources should be researched to locate the
best availabl^ materials to support the educational process. In
addition, vendors and manufacturers usually can and do provide basic
training and operations manuals that can be adapted.

o Following the start-up of a new high - technology program, frequent
attention must be given to the enhancement and maintenance of the
program. Activities should be pursued that encourage (1) close
cooperation with business and industry, (2) articulating wlfh
secondary and higher education procrams, and (3) the (evelopment of
financial and supportive educational services for students. Renewal
and technological update of faculty should be encouraged and
supported through cooperative ventures with universities, research
centers, industry training institute, and travel to other exemplaryprograms. Improvements in curriculm structure and instructional
practices should be systematically accomplished through a criticalreview and self-evaluation process that includes faculty, student,
and employer input. Both the content and delivery of the
instructional process should be reviewed to identify effective
technique trouble spots that can be improved. These activities
are essential to the quality of the program as it matures and "rows.

In summary, sound educational practices, implemented through careful
planning, with the full support of the institutional leadership and
business/industry community are fundamentally essential components ofa quality program. If any one of the essential elements is missing
the program and its long-term success is in jeopardy of failing.
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CHAPTER 3

A PROGRAM ASSESSMENT PROCESS

Purpose of Assessment

High-technology programs in postsecondary institutional settings aresubiect to forces from several groups of internal and external variables.
The groups of variables that impact on programs include the following:

Institutional mission and capacities

Technological practices and trends in industry

student abilities and needs

Employer demands and needs

Within each group there are specific variables that influence the characterand quality of an educational program. A basic tension exists between thegroups of variables as they act as competing forces on a program. Forexample, as technology changes, a need tc respond is exerted on theeducational program. A response might include updating the curriculum,
acquiring additional equipment, and/or providing inservice training forfaculty. Lialted resources may prevent programs from implementing all ofthe appropriate responses, thus impacting on program capacity and quality.

From another dimension, labor market changes, can increase or decreasethe number of students enrolling in various technology programs. The endeffect of such enrollment shifts can be too mary or too few classes and
instructors, which in turn forces 'ogram realignment, reductions, and/orexpansions. Any appropriate response las a cost.

Another case might also exist when the basic skills competency levelsof students decline and institutions find it necessary to offer remedialcourses. There is a corresponding cost to the institution as well as to thestudents. Employers may alcu find :t necessary to increase in-housetraining in response tc, a decline in literacy levels. Demands for local
college remedial education services may increase or decrease accordingly.As eesource allocation decisions are made regarding high-technology programresponses to these various types of changes, other programs may have topostpone a needec revision or improvement. (In a time of declining orlimited resources, hard trade-off must be made.)

Over time, the various
competing pressures from external and internalvariables have a tendency to drive programs toward a central mode ofoperation and practice. Periodic program review can aid in realignments andadjustments.

A program review process should provide
comparative measures from othersuccessful programs. The results of a program self-assessment processshould provide answers to planning and revision questions and should provide
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information useful in weighing alternatives and options. It is intendedthat the process suggested here accomplishes these goals.

Assessment Approaches

The suggested approaches to conducting a self-assessment of a high-technology program are based on the following criteria:

o Be easy and simple to conduct

o Be conducive to faculty acceptance and use

o Be applicable to different technology programs and institutionalsettings

Three general approaches are suggested in order to accommodatedifferent sized faculty groups and institutional arrangements and schedules.

The "large-group" approach is intended for settings in which
(1) relatively large numbers of faculty (seven or more) are teaching in thesame high technology program, (2) faculty are located at remote sites, or(3) part-time faculty are away from campus most of the time.

The "small-group" approach is intended to accommodate settings in which(1) the high-technology program faculty number less than seven individuals,
(2) they are on the same campus most days of the week, and (3) they have
daily opportunities to meet in incormal sessions to discuss assessment
activities.

The "individual" approach is suggested for use in settings where
(1) the faculty number from one to three members tn the same high-technology
program, (2) they teach together, and (3) they spend considerable timetogether discussing program plans and activities.

Lame Group Approach

The large-group approach will best fit the needs and schedules offaculty groups that find it difficult to frequently spend large amounts of
time (several hours) together. Large faculty groups usually consist of two
or three person teams who teach similar or related courses and can meet
frequently to discuss their instructional responsibilities. The large-group
approach is intended to capitalize on the frequency and closeness of the
team relationships within the large faculty groups.

A facilitator/coordinator will be needed to expedite several functions
and tasks and to provide special assistance to off-campus and part-time
faculty. Also the facilitator will be responsible for ensuring coopera-
tion and involvement of all concerned faculty. A general set of steps andtasks that should be carried out is presented in table 3 with approximate
times suggested.
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1

Step I

TABLE 3

LARGE-GROUP SELF-REVIEW PROCEDURES AND TASKS

Task
I Time in Days

1 Prepare and distribute a memo suggesting and explaining 14 to 21the benefits and purpose of a program review. Faculty/
administration may vote on a motion to conduct a review.Agreement should be obtained from a large majority.

2 Appoint/select a coordinator and provide him or her with 10this publication to review.

3 Duplicate a sufficient number of assessment materials 2to supply all faculty members an advisory panel members
as appropriate.

Prepare instructions for completingand returning the materials.

4 Schedule an orientation meeting. Hold the meeting and
explain the assessment process and schedule of
events. Emphasize the fact that the process is
a self-review for program improvement and futureplanning and is not intended to identify a poor
program. Distribute assessment materials and explain
procedures.

1 to 5

5 Designate a location where the assessment forms are to 10be returned. Collect all forms and tabulate theresponses. After results a-e tabulat2d, the forms are
to be returned to faculty for their use.

6. Tabulate and analyze faculty responses and prepare
handout materials indicating the appropriate program
data from the tables in this publication.

7

7 Distribute to all concerned faculty and advisory 10personnel copies of the assessment results and
comparison data from the tables. Allow 5 days for
faculty to review

results; encourage the development
of questions for discussion.

8 Schedule and convene a general review meeting includ- 1ing the program advisory committee members to discuss
results and possible interpretation and actions
at the meeting, develop an agenda of issues to be
reviewed/studied, and form faculty teams or committeesto develcp recommendations.
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Step I

Table 3--Continued

Task
1 Time in Days

10
9 Distribute team/committee recommendations to all

faculty for their review and consideration.

10 Schedule a final meeting to solicit acceptance of
recommendations and schedule development and/or
revision actions. Assign or request volunteers to
carry out actions according to normal procedures and
policies.

An estimated time span of 66-78 days would be required to execute a program
review procedure, according to the steps presented above. The steps are
r'' ral suggestions that may, in many settings, be completed sooner than

cimated. A large faculty (15-25 members) might well require more time for
Astribution and collection of materials. The amount of advance notice
required to schedule a meeting will also vary according to institutional
schedules and practices.

Regardless of the minimum time required, it is strongly recommended
that the process be conducted in an efficient manner, but it should not
become a burden to Faculty with a full schedule. Program renewal and
improvement is an ongoing process and the assessment procedure should flow
into the normal schedule and pace of events involving faculty.

Small Group Approach

Faculty groups of seven or less who are located on the same campus may
find the less-formal, small-group apprnach appropriate to their needs and
style of working together. Tht tasks are based on the assumption that
smaller groups can find time to meet frequently (twice a week) for
discussion and planning sessions of 1-2 hours. The tasks in table 4 are
suggested as a general set of activit_rs for a small-group approach.

Step I

TABLE 4

SMALL-GROUP SELF-REVIEW PROCEDURES AND TASKS

Task
1 Time in Days

1 The appropriate administrator(s) should be informed as 5
necessary. A lead member of the faculty group should
review th:s publication and initiate a discussion of
the self-assessment procedure and its berefits.
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Step I

Table 4--Continued

Task
i Time in Days

2 The faculty group should agree to conduct the self-
assessment and each person should read this
publication.

3 The group should meet and set up a schedule to complete 1the assessment procedure. Materials should be
duplicated and distributed to faculty and advisory com-mittee members. Questions regarding the assessment
instrument and response procedures should be resolved.Me person should be designated as facilitator to
collect and compile results.

4 Each faculty and committee member should complete the 5assessment form and return it to the facilitator.

5 The facilitator should compile-summarize the results and 5distribute copies of the totals to other faculty and
advisory committee members.

6 After each member oas reviewed the results, tf ! group 10should meet again to discuss the implications andrelated issues. Plans for revisions, or further infor-
mation-gathering activities, should be developed.

7 The faculty members should summarize their delibera- 10tions and proposed improvement actions. A letter
detailing their plans should be sent to the appropri-
ate administrator for review and approval as needed.

8 After approvals are received faculty should implement
improvement actions and continue to meet to reviewtheir results.

10 to 90

The suggested small-group approach to program assessment is intended tocapitalize on the close working relationship that exists between smallgroups of faculty teaching in the same program. Excessive formality isusually not needed when small groups can regularly meet to share concernsand make plans. The faculty should discuss each indicator, their responsesto the assessment form, and other program data and arrive at a consensusregarding future program directions in light of their particular setting.

Individual Approach

Individuals teaching in a program area with one or two fellow facultycan carry out an assessment on either an individual or team approach. The
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major advantage of the approach Is that it takes full advantage of the closerelationship among two or three faculty members in the same program. The
focus of this approach is to involve faculty in an item-by-item discussionof the indicators, related program data, and their own pronram practices.
The steps/tasks in table 5 are suggested.

TABLE

INDIVIDUAL SELF-REVIEW PROCEDURES AND TASKS

Step 1 Task
I Time in Days

1 Fach faculty member should review this publication and 5
make a personal copy of the assessment materials Tor
future reference during discussion sessions. Admini-
strative approval should be obtained if needed or
desired.

2 Faculty should meet to discc:.s their general concerns, 1-2
objectives and preferences regarding the assessment
process. The group should arrive at a consensus
regarding their approach and time lines. Advisory
committee members should be involved in the review
process.

3 Faculty and committee members should meet again,
according to their owo schedule, and begin substantive
discussions of the indirAtcrs it each category. Dis-
cussions can be limited to ,me category at a time. The
data on the overall importance rankings and program
specific ranking should be reviewed and compared to the
local program practices currently being followed.
Differences and similarities should be noted and
recorded for each category of indicators as they
are discussed. A consensus rating should be re-
corded on the assessment form to indicate faculty
opinion.

5 Faculty and advisory panel members should meet to
discuss tre list of similarities and differences
and consider alternative f:ourses of action for each.
(This activity may be done at several different
meetings tc avid overly long sessions).

6 Based on the preceding discussions, a tentative list
of high priority actions and revisions should be
prepared and reviewed. The list will represent a
program improvement action agenda for a specified
period of time (quarter, seaster, year).
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Step I

Table 5--Continued

Task
1 Time in Days

7 The list of actions should be presented to the
appropriate administrative officer for review,
approval, and support as dictated by policy.

10

8 Upon approval, faculty should proceed to implement 10actions according to plans and schedules.

The key feature of the individual approach is that a single assessment formis completed. Each indicator is discussed by the faculty members and aconsensus rating is recorded. Differences and similarities are discussedone at a time, and important points are noted as the list of actions isdeveloped. Because only one, two, or three faculty members are involved,the formality of filling out individual rating forms and tabulating theresults is avoided.

The forms that have been developed for use in the self-review processare presented in appendix F.
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Nominated Techhology Programs

Laser

Camden County College
P.n. pox 200
R'ackwood, NY 08012

Pikes Peak Community College
5675 South Academy Boulevard
Colorado Springs, CO 80906

University of New Mexico-Los Alamos
4000 University Drive
Los Alamos, NM 87544

Microelectronics/Electronics

Columbia Basin College
2600 North 20th Avenue
Pasco, WA 99301

nurham Technical College
1637 Lawson Street
Durham, NC

Gulf Coast Community College
5230 W. Highway 98
Panama City, FL 32401

Hillsborough Community College
Pavilion Building, Room 1042
3405 W. Buffalo Avenue
Tampa, FL 33622

Kansas City Kansas Community College
7250 State Avenue
Kansas City, KS 66112

Nashville State Technical Institute
120 White Bridge Road
Nashville, TN 37209

Pima Community College
P.O. Box 3010
Tucson, AZ 85705-3010

University of Akron

Division of Engineering A Science
Technology

Akron, OH 44325
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North Central Techincal Institute
1000 Campus Drive
Wausau, WI 54401

Triton College
2000 5th Avenue

River Grove, IL 60171

Daytona Beach Community College
P.O. Box 111

Daytona Beach, FL 32015

Durham Technical Institute
Analog Devices
Greensboro, NC

Hagerstown Junior College
Hagerstown, MD 21740

Honlulu Community
874 Dillingham Boulevard
Honolulu, Hawaii 96817

Mesa Community College

1833 West Southern Drive
Mesa, AZ 85202

Parkland College
2400 West Bradley

Champaign, IL 61821

Spartansburg Technical College
Box 4386

Spartansburg, NC 29305
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Robotics

Illinois Central College
East Peoria, IL 44325

Jefferson College
Box 1000
Hillsboro, MO 63050-1000

Wake Technical College
9101 Fayetteville Road
Raleigh, NC 27603

Electromechanical Engineering

Cincinnati Technical College
3520 Central Parkway

Cincinnati, OH 45223

Montgomery College
Germantown Campus
20200 Observation Drive

Germantown, MD 20874

Thomas Nelson Community College
Hampton, VA 23670

Engineering Manufacturing

Butler County Community College
901 South Haverhill Road
El Dorado, KS 67042

CAD/CAM

Anne Arundel Community College
101 College Parkway
Arnold, MD 21012

Brookdale Community College
Drafting Design Department
765 Newman-Springs

Lincroft, NJ 07738

College of Lake County

19351 West Washington Street
Grayslake, IL 60030

Illinois Valley Community College
Rural Route #1
Oglesby, IL 61348

Niagara County Settlement Road
3111 Saunders Settlement Road
Sanborn, NY 14132

Fox Valley Technical Institute
1825 Bluemount Drive

P.O. Box 2277
Appleton, WI 54913

North Shore Community College
3 Essex Street
Beveraly, MA 01915

Delaware Technical and Community
College

Newark, DE 19702

Bellevue Community College
P.O. Box 92700, Room A 202
Bellevue, WA 98009

Chattanooga State Technical and
Community College

4501 Amicola Highway

Chattanooga, TN 37406

Moraine Park Technical Institute
235 North National Avenue
Fond du La.:, WI 54935
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New Mexico Junior College
5317 Livington Highway
Hobbs, MN 88240

Niagara County Community College
3111 Saunders Settlement Road
Sanborn, NY 14132

Engineering Technology

Hocking Technical College
Ceramic Technical Department
Nelsonville, OH 45704

University of Cincinnati
College of Applied Science
ML 103

Cincinnati, OH 45210

Computer

Genessee Community College
1 College Road

Batavia, NY 14020

Greenville Technical Community
College

P.O. Box 5616
Greenville, SC 29606

Milwaukee Area Technical College
Technical Division
1015 North 6th Street
Milwaukee, WI 53203

State Techical Ins:.itute at Memphis
5983 Macon Cove
Memphis, TN 14020

Manufacturing

Greenville Technical College
P.O. Box 5615, Station B
Greenville. SC 29606

Moraine Valley Community College
Palos Hills, IL 60455

New River Community College
P.O. Drawer 1127
Dublin, VA 24084

Honolulu Community College
874 Dillingham Boulevard
Honolulu, HI 96817

York Technical College
I' ghway 21 Bypass

Rock Hill, SC 29730

Glendale Community College
6000 West Olive Drive
Gleclale, AZ 85302

Kapiolani Community College
4onolulu, HI 96814-2859

Springfield Community College
1 Armory Square

Springfield, MA 14020

Johnson County Community College
12345 College at Quivira
Overland Park, KS 66210

Northern Virginia Community College
Annandal Campus
8333 Little River Turnpike
Annandale, VA 22003
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rack Valley (Allege

2812 19th Avenue

Rockrard, IL 61108

Services

Catonsville Community College
800 South Roll!ag Road
Catonsville, MD 21k28

Glendale Community College
6000 West Olive
Glendale, AZ 85302

New Mexico State University
Box 3DA
Las Cruces, NM 88003

Spokane Community -_,,ege
N. 1810 Green St'det

Skpokane, WA 99207

Other

Clayton Junior College
P.O. Box 285
Morrow, GA 30260

Delaware Technical and Community
College

P.O. Box 897
Dover, DE 19903

Orange Count, Community College
115 South Screet

Middletown, NY 10940

Piedmont Virginia Community College
Route 6, Box 1A
Charlottesville, VA 22901

Heath /Biological Science

County College of Morris
Route 10 and Centergrove Road
Randolph, NH 07869

Weber State College
Ogden, UT 84408

Delaware Technical and Community
College

P.O. Box 897

Dover, DE 1n903

Honolulu Community College
874 Dillingham Boulevard
Honolulu, HI 96817

North Central Technical College
P.O. Box 698
Mansfield, OH 44901

Cuyahoga Community College
/00 Carnegie Avenue
Cleveland, OH 44115

Lorain County Community College
1005 North Abbe Road
Elyria, OH 44035

Piedmont Technical College
Drawer 1467, Eme,ald Road
Greenwood, SC 29648

Pikes Peak Community College
5675 S. Academy Boulevard
Colorado Springs, CO 80905

Delaware Technical and Community
College

^.0. Box 897
Dover, DE 19903

46

,5



Johnson County Community College
12345 College Boulevard
Overland Park, KS 66210

Owens Technical College
Caller Number 10000 Oregon Road
Toledo, OH 43699

Schoolcraft College
16600 Haggerty Road
Libonia, MI 48151

Technical College of Alamance
P.O. Box 623
Haw River, NC 27258

Communications

Jefferson College
P.O. Box 1000
Hillsboro. MO 63050-1000

West Virginia Institute of Technology
Community and Technical College
Montgomery, WV 25136

Maricopa Technical Community College
108 North 40th Street
Phoenix, AZ 85034

Phoenix College
1 Madrid Plaza
Mesa, AZ 85201

Stanly Technical College
Route 4, Box 55

Albermarie, N:, 28001

Wilbur Wright College
3400 North Austin
Chicago, :L 60634

Mercer County Community College
P.O. Box B
Trenton, Nu 08690
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APPENDIX B

QUALITY INDICATOR
VERIFICATION QUESTIONNAIRE
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NATIONAL s0k/tY OF HIGH iFCIINOLOUY
PROGRAM CHARAtIERISTIL,',

This survey has been designed to investigate now important certain
characteristics are to the success of ahigh-technology program. Please read the list of

program characteristics in each section and rate the importanceof each on the 7-point scale by irawing a c.rclo around the ipropriate n ',er. Even though many items may 5esomewhat interrelated, please avoid having all of your ratings similar (e,
all around "4"). We realize thatall of these items are of at least slight importance. However, we are try,ng to determine the relative importanceof each item in comparison to the others in the same section.

1 = Extremely Important
4 . Moderately Important
1 = Slightly Important

SECTION ONE: FACULTY

A faculty member in a high-technology program should- -

1. he an active member of
a profes,iunal or technical education association

2. have previous teaching
experience in industry, education, or the military

3. have a professional degree
r1 a technical field related to the teaching area

4. take courses in education to enhance teaching skills or to develop new ones

5. keep 0 to date with the technical field by
attending conferences, workshops,or seminars

b. stay informed about similar technical
education programs in other institutions

7. serve as a technical consultant
to business and industry

d. have at least 3 years of recent
work exoerience in a job related to the teaching area

9. conduct pntlic or privately
funded research in the technical field

10. publish articles or books on topics in the technical field

;write in)

SECTION TWO BUDGET, RESOURCES, ANL SUPPORT

The budget, resources, and support for a high-technology program should--

1. include grants to purchase special equipment

2. include follow-up funding to upgade equipment as the program matures

3. provide funding for new faculty positions

4. be sep-ate from other technical program budgets

5. be determined by faculty
negotiating directly with top-level administration

6. provide fu,ids for laboratory
technicians to maintain facilities and equipment

1. include provisions for
supplementing faculty salaries to keep them competitivewith private sector compensation

( write in)

SECTION THREE
BUSINESS /INDUSTRY COOPERATION

Cooperation between a high-technology
program and business/industry should include--

I. frequent input from en advisory
committee of business /industry peoole

?. student participation in planned
work experiences at local business/industry sites

3. loan of business/industry
personnel to serq as adjunct faculty

1. joint participation or presentations
at business and industry conferences or tradeassociation meetings

5, close involvement of regular faculty in business/industry work experiences andprojects to maintain their
occupational expertise

development of customized
training programs for upgrading industry personnel in anew te:tinology

1. private sector support through
donations of equipment and/on funds

H. discoi.nts on equipment and merchandise from vendors

9. equipment loans, gifts, and grants

(write in)

6.

51

58

1 I

1 2 3 4 5 7

1 2 3 1 5 b

1 2 3 4 5 o

1 2 3 4 5 6

1 2 3 4 h 6 7

1 2 3 4 5 6 ?

1 2 3 4 5 6 7

7 3 4 5 6 7

I 2 3 4 5 6 ?

1 2 3 4 5 b 7

1 2 3 4 5 b

1 2 3 4 5 6 7

1 2 3 4 5 6 7
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7 . Extremely Important
4 . Moderately Important
1 SITyhtly Important

SECTION FOUR. FACILITIES AND EQUIPMENT

Facilities and equipment in a nigh-technollgy program should- -

1. provide fully equipped study and work stations for students
2 3 4 7

2, be the same as or very similar to the equipment used in business or industry
2 3 4 5 6 7

3. receive technical support from vendors to im,,Oement systems, hardware,
and/or applications

1 2 3 4 5 6 1

4. be set up, operated, and maintained by technical support statt employed by the ,olle9e
I 2 14 5 6 1

5. cm designed to provide maximum integration of equipment and technical systems
I 1 3 4 5 6 1

6. provide space for optimum hands-on learning activities for students
I 2 3 4 5 6 1

1. feature flexible buildings to accommodate periodic changes in equipment and curriculum
I 2 3 4 5 6 7

8. oe available to businessiindustrY personnel for instruction and demonstration purposes on
a scheduled basis 1 2 3 4 5 6 7

;write in)
1 2 3 4 5 6 7

1 2 3 4 5 6 7

SECTION FIVE: CURRICULUM AND I4STRUCTION

The curriculum in a high-technology program should

!. incorporate performanceJAsed training objectives
1 2 3 4 5 6 1

2. represent the newest technological developments and applications
1 2 3 4 5 6 1

3. articulated with secondary school pretechnical our s
1 2 3 4 5 6 1

4. oe articulated with related curricula in 4-year institutions
1 2 3 4 5 6 1

5. be designed in concert with local industry leaders
1 2 3 4 5 6 7

6. stress the development of problem - solving abilities
1 2 3 4 5 6 7

7. include special courses to enhance math and communication skills 1 2 3 4 5 6 7

8. incorporate self-paced learning material.
1 2 3 4 5 6 7

9. be sequenced to develop core skills first, then specialized skills
1 2 3 4 S 6 7

10. use computer-assisted instructional systems for indivi, ized learning
1 2 3 4 5 6 7

11. stress the development of interpersonal skills
1 2 3 4 5 6 7

12. include courses in the behavioral and management sciences
1 2 3 4 5 6 7

write t o l

I 2 3 4 5 6 7

1 2 3 4 6 6 7

6EA,TION SIX: STUDENTS

she recruitment, selection, and support of students in high-technology programs should- -

1. follow normal policy regarding minimum admission requirements
1 2 3 4 5 6 1

2. establish controls on claSs sizes
I 2 3 4 5 6 7

3. provide for diagnostic testing and placement in developmental skill classes to
assist students

1 2 3 4 5 6 7

4. 14clude collaboration with high schools to prepare students more fully for post-
secondary education

1 2 3 4 5 6 7

C. disseminate informAtion and proaucts to high scnools to attract and motivate
super,or students

1 2 3 4 5 6 7

6. ,ecognize students' dedication and drive as an importance factor in addition
to intelligence

' 2 3 4 5 6 7

7. allow the department to control its own admission process 1 2 3 4 5 6 7

8. use the success of former students as a recruiting aid 1 2 3 4 5 6 7

(wr te i n )

1 2 3 4 5 6 7

1 1 3 4 5 6 7
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HIGH TECHNOLOGY QUALITY INDICATORS

IMPORTANCE RATING BY PROGRAM

Faculty

1. Faculty should attend conferences, workshops, orseminars to keep up to date in their technical field.

2. Faculty should have at least 3 years of recent
work experience related to their teaching area.

3. Faculty should hold a professional degree in the
technical field in which they teach.

4. Faculty should be active members in a professional
or technical education association.

5. Faculty should stay informed about comparable
technical programs in other institutions.

6. Faculty should have previous teaching experiencein industry, education, or the military.

7. Fdculty should serve as consultants to businessor industry.

8. Faculty should participate in programs to enhance
their teaching skills.

9. Faculty should publish articles or books on topics
in their technical field.

10. Faculty should conduct funded research activitiesin their tecnoical field.
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HIGH TECHNOLOGY QUALITY INDICATORS

IMPORTANCE RATING BY PROGRAM

cC I
u-i CD
V) CDa'cc

CC

Student Recruitment, Selection, and Support

1. Programs should recruit and enroll superior high
school s'odents (BPA of B or above).

2. Programs should promote the success of graduates
as a recruitment aid.

3. Programs should establish limits on lecture
and labora'.3ry class size.

4. Programs should test and place students in
basic skills improvement courses if needed.

5. Programs should recognize students' dedication
and motivation in addition to intelligence.

6. Programs should collaborate with high schools
to better prepare students for postsecondary
education.

7. Programs should follow normal admission
policies in accepting students.
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HIGH TECHNOLOGY QUALITY INDICATORS

IMPORTANCE RATING BY PROGRAM

N

CC
41 0co 03< 0J CC

Curriculum and Instruction

1. The curriculum should reflect the newest
technological developments and application.

2 Curriculum and instruction should be designed
in concert with local

business/industry personnel.

3 Curriculum and instruction should stress the
development of problem-solving abilities.

4 Curriculum and instruction should be formulated
on and incorporate

performance-based objectives
and evaluation.

5. Curriculum should include special courses to
strengthen math and communication skills.

6. Curriculum content should first develop core
technical skills.

7. Curriculum content should stress the develop-
ment of interpersonal skills.

8. Curriculum should be articulated with related
curricula in 4-year institution programs.

9. Curriculum should be articulated with second-
ary pretechnical or vocational courses.

10. Curriculum and instruction should use computer-
assisted instructional systems.

11. Curriculum and instruction should incorporate
self-paced individualized learning materials.
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59

G 6



HIGH TECHNOLOGY QUALITY INDICATORS

IMPORTANCE RATING BY PROGRAM

CY I-
LO CDV) CCI< C.)-.I CC

Bi iness/Industry Cooperation

1. Cooperation shorld include frequent input from
advisory commttee of busin.Ls/industry personnel.

2. Cooperation should include the development of
customized training programs for business/industry
personnel.

3. Cooperation should involve faculty in business/
industry work experiences or projects to help
maintain their occupational expertise.

4. Cooperation should include private sector support
through donations of equipment and/or funds.

5. Cooperation should include student participation
in work experiences at local business/industry
sites.

6. Cooperation should include the loan of business/
industry personnel to serve as adjunct faculty.

7. Cooperation should involve joint industry-faculty
participation at conferences, trade association
meetings, and presentations to other groups.
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HIGH TECHNULOGY QUALITY INDICATORS

IMPORTANCE RATING BY PROGRAM

Facilities and Equipment

Ce
LIJ 0VI 0:1cC 0-.I Cr

1. Programs should p Nide fully equipped lab andwork stations for students.

2. Program facilities and equipment should be thesame or very similar to the type found in
business and industry.

3. Programs should receive vendor slchnical assist-ance in implemtntinq
hardware and software systemsand applications.

4. Program facilities and equipment should allowraximum integration and replicaticn of workplacesettings.

5. Programs should have lab assistant to set up,
service, and maintain equipment.

6. Program equipment should be available to business/
industry personnel for instruction and demonstration.

7. Programs should have flexible "acilities that can
accommodate periodic equipmen and curiculum
changes.
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HIGH TECHNOLOGY QUALITY INC[CATORS

IMPORTANCE RATING BY PROGRAM

V)
L)

,X
1J.J 0V) COc 0J CL

Budget, Resources, and Support

1. Budget should include follow-up funding to upgradeor update equipment 's the program matures.

2. Budgets should include grants to purchase specialequipment.

3. Budgets should include funding for new faculty
positions.

4. Budgets should include funding to hire laboratory
assistants to maintain facilities ind equipment.

5. Budgets should provide for faculty salaries that
are competitive with private sector salaries.

6. High tech program budgets should be separate
from other technical prdgram budgets.
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APPENDIX D

LEVEL OF PRACTICE
SURVEY QUESTIO,iNAIRE

73



SURVEY OF HIGH TECHNOLOGY
PROGRAM CHARACTERISTICS

PART 2

Nsme of Program
Nagle of Rbecomicnt

Name of School
Position or Title

This is the second quattionnalre in the two-part survey of high technology programs. This form is designed todetermine the amount of each
characteristic that exists in various program areas. The order of the Items on thisform reflects their importance based on the results of the first survey. Please respona to each item by indicat-ing the appropriate percentage for your high tech program. You may need to make approximations for some of theitems. In those cases please indicate upper and lower limits (i.e. 30% 5% or 30 -354).

SECTION Otlit FACULTY

Please indicate the percentage of regular faculty in your high technology program, who:

1. have during the past year, attended a conference, workshop,
or seminar to keep up- to-date withtheir technical field?

2. hold one of the following
degrees in a technical field related to the subjects they teach?

Bachelor degree Masters degree % .h.D. degree % other
3. have three or more

years work experience related to the courses they teach?

1 to 3 years 3 to 5 years 5 to 7 years 7 plus years
4. have visited technical

education program in other schools in order to keep up- to-date withtheir field?

5. have had prev'mus teaching
experience in any of the following settings?

Other colleges Private Industry Military I Other
b. are active members in orofessional or technical education

association related to theirteaching field?

7. have, during the past year, participated in a formal program to improve their teaching skills?

8. have, during the past year, eervol as a technical consultant
to business or industry?

9. have, dtring the past
year, conducted funded research in their technical field?

10. have ever published
in article or book on topics in their technical field?

SECTION TWO, grIlDEMT8

For the students in your program plea ,91 indicate the percentage of those who:

1. obtain position in their technical field upon graduation?

2. require financial aid to attend school?

3. do not graduate due to

academic difficulties financial difficulties employment personal reasons
4. are well prepared in the/.

high schools for the academic work in postsecondary program?
3. are placed in special classes

to improve their basic skill&

6. were superior high school
students (GPA of "B. or above)?

7. on the average, how such of course grades are based on each of the followings

class particirstion exam scores lab oerticipation student project

term eapers I student effort

SECTIOr THREE: BUSINESS/INDUSTRY COOPERATION

Please indicate the relative amount or cooperation and sharing between your program and business and industry.what is the percentage of:

1. student enrollment that consists of industry personnel involved in upgrading or retrainingin high technology?

2. regular t..culty who participate
annually in business industry work experiences or projectsto maintain their technical Itnowl, d-le?

3. annual program support provided
by private sector donations of equipment or funds?

4. students completing the program who are placed with a local business/industry?

5. regular faculty who participate
jointly with builness/industry personnel at technicalconferences and association activities?

6. teaching faculty that are employes on _oan from local business or industry?

7. full-time faculty who annually teach special or customized training courses for industry pe-sonnel?

O. program content and praCtiC0 that is twvised annually because of advice from the business/industry advisory committee?
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$11M011 MOM ISCILITIRS AND EQUIMMDM

Please indicate the percentage of:

1. students in your program who have regular access to fully equipped study and
laboratory stations?

2. students who use cooperative work experiences
or internships to lain access to equipmentand training

3. student learning time allocated to classroom %s laboratory off carpus activities

4. program facilities and equipment that is the same as or comparable to the t?pe currently timedin business or industry

5. vendor service and support provided to implement new equipment and systems?

6. technical support needed to implement new equipment and systems that has been provided by vendor.

7. program facilities and equipment designed
to replicate workplace settings and operations

R. proiram facilities and equipment that are adequate to delive- an up-to-date education andtraining program

9. program equipment that is used jointly by business or industry personnel for t,asir own instructionor demonstration purposes

SECTION 'Ins CURRICULUM AND IMITMOCTIOM

Please indicate for your program, the percentage of curricular content and instructional practice that:

1. focuses on the newest technological developments and applications?

2. has been designed and developed in concert with local industry personnel?

3. stress the development of problem-solving abilities

communication skills thematic* stills interpersonal skills
4. is formulated on and incorporates

performancsd based objectives and evaluation?

5. is focused on fundamental technical concepts and principles?

6. is articulated with related four -year collage programs?

7. itt articulated with a secondary 'ocational or pretechnical program?

8. is delivered through the use of computer -asilivzed instructional systems?

9. incorporates self-paced individualised learning materials?

SECTION SIX: 'UMW AND IUMOURCee

Please answer the following questions as indicatem.

1. What is the ge dollar value of your total program budget?

2. What percentage of the annual budget is allocated for

faculty salaries lab /teaching aides ; equipment and supFlies

program mainiranee

3. What percentage of the total departmental budget is allocated to this high tech program?

O. What percentage of annual program support comes from special grants or gifts?

5. What is the average annual cost
per full-time-equivalent student in the program?
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TABLE 6

PROFILE OF PROGRAM SPECIFICATIONS

PROGRAM INFORMATION
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Average Number of Faculty

Full-Time
1.25 3.0 5.3 4.6 3.2 2.5 6.6 2 5,5 3.7

Part-Time
2.50 2.0 7.0 3.8 6 1 10.3 3 6.'J 4.6Average Number of Students
Sl 46 152 224 58 70.5 125 50 161 108.5

Average Class Size

Lecture

Laboratory 22.5
14

24
15

24

16
33

20
2,

16
21

16
23.1

16.2
lb.5

12.0
17.5

13.5
22.5

15.3Average Number of Laboratories 5 3 7 2 3 2 3.9 7 3 4Average Floor Space (Sq. Ft.) 3066 8500 12,666 3237.5 5250 6450 16.491 4146.6 2150 6884Average Program Budget ($)
105,000 326,250 385,000 266,550 486,866.70 161,000 510,280 NA 681,000 442,000Average Budget Allocations
% % % % % % % % % 'X

Faculty Salaries
78 64 78 80 79 55 79 90 68 74

Lab/Teaching Assistants
9 30 3 11 2 2 5 0 8 7.8

Equipment/Supplies
16 28 15 8 8 5 13 5 13 12.3

Program Maintenance
6 5 5 5 4 5 3 5 11 4.8Average Yearly Cost Per FTE ($) 1944 2356 2487.50 2288 3351 1350 2425 NA 2262 2307Number of Advisory

Committse Members 8 9.5 10 9.5 10 9 10 12 13 10Number of Committee
Meetings Per Year 2 3 2 3 4 2 2.1 2 2.5 2.5





HIGH TECHNOLOGY
PROGRAM QUALITY REVIEW

(A Self-Assessment Process)

Name
Check One:

Faculty Rank
Full-Time

Technical Specialit:,
Part-Time

Purpose

This form has been designed to be used by individual faculty members inhigh-technology programs to conduct an assessment of program activities.
All faculty members in the same program should each fill out a copy of the
assessment f rm. Faculty responses should be tabulated, summarized, and
used as a bases for planning or improving program practices. (The resultsof your own review can be compared with the data provided in the companionpublication.)

Instructions

Read the instructions given on the following page and respond as directed.There are no "right" or "wrong" answers. All questions are to be answered
by individual faculty members and advisory committee members. Responses
should be based on individual experiences. Adequate time and thought should
be given to each item. Don't rush. After all the individual ratings have
been compiled and averaged, faculty should meet to discuss the results and
their implications for the program.

79



RATING THE IMPORTANCE OF ACTIVITIES

This self-assessment form has been designed to rata the importance of
various activities iin terms of their contribution to the quality of yourprogram. Carefully read each characteristic in each section and rate its
importance by drawing a circle around one of the numbers on the 7 pointscale. Space is provided to add other indicators.

Essential

Very Important
Important
Not Important

SECTION ONE: FACULTY ACTIVITIES

As a faculty member in a high-technology program,
how important is it that you--

1. attend conferences, workshops, or seminars to
keep up to date in your technical field.

2. have recent work experience related to your
teaching area.

3. hold a professional degree in the technical
field you teach.

4. maintain an active membership in a profes-
sional or tec"nical education association.

5. stay Informed about comparable technical
programs in other institutions.

6. have previous teaching experience in industry,
education, or the military.

7. serve as a consultant to business or industry.

8. participate in programs to enhance your
teaching skills.

9. publish articles or books on topics in your
technical field.

10. conduct funded research activities in your
technical field.
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Essential
Very Important
Important
Not Important

SECTION ONE (continued)

t

Others
1 2 3 4 5 6 7

1 2 3 A 5 6 7

SECTION TWO: STUDENT RECRUITMENT
SELECTION AND SUPPORT

How important is it that your high-technology
program--

1. recruit and enroll superior high school
students (GPA of B or above).

2. promote the success of graduates as a
recruitment aid.

3. establish limits on lecture and laboratory
class size.

4. test and place students in basic skill
improvement courses if needed.

5. recognize students' dedication and motivation
in addition to academic achievement.

6. collaborate with high schools to better
prepare students for postsecondary education.

7. follow normal admission policy in accepting
students.

Others

SECTION THREE: CURRICULUM AND INSTRUCTION

How important is it that the curriculum and
instruction in your high technology program- -

1. reflect the newest technological developments
and options.
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1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 5 7
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1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7
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Essential
Very Important
Important
Not Important

SECTION THREE (continued)

2. be designed in concert with local business/
industry.

3. stress the development of problem-solving
skills.

4. be formulates, on and incorporate performance-
based objectives and evaluation.

5. include special courses to strengthen math and
communication skills.

6. first develop core technical skills and
then develop specialized skills.

7. stress the development of interpersonal
skills.

R. be articulated with related curricula in
4-year institution programs.

9. be articulated with secondary pretechnical
or vocational courses.

10. use computer-assisted instructional systems.

11. incorporate self-paced individualized learning
materials.

Others

SECTION FOUR: FACILITIES AND EQUIPMENT

How important is it that your high-
technology program--

1 provide fully equipped lab and work stations
for students.
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1 2 3 4 5 6 7

1 2 3 4 5 6 7
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1 2 3 4 5 6 7

1 2 3 4 5 6 7
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1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7



Essential
Very Important------,
Important
Not Important

SECT ON FOUR (continued)

2. provide the saw. or very similar facilities
and equipment as those found in business or
industry.

3. receive vendor technical assistance in
implementing hardware a J software systems
and applications.

4. allow maximum inzegration and replication
of workplace faclit4-s and equipment.

5. provide lab assistants to set up, service,
and maintain facilities and equipment.

6. make the facilities and equipment available
to business and industry personnel for
instruction and demonstration.

7. maintain flexible facilities that can
accommodate periodic equipmen+ and currir:ulum
changes.

8. allocate student learning time to each of the
following settings:

o classroom,

o laboratory,

o off-campus sites.

9. encourage student.; to participate in
cooperative work exper:ence or internship
programs.

Others

B2

2 4 5 6

2 3 4 5 6

2 3 e 5 6

2 3 4 5 6

1 2 3 4 5 c 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 E 7

1 2 3 4 5 6 7

1 2 3 4 5 5 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7
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Essential
Very Important
Important
Not Important

SECTION FIVE: BUSINESS/INDUSTRY COOPERATION

With respect to business/indLAry cooperation,
how important is it that your high-technology
program--

1

1. include frequent ir: :., from an advisory com-
mittee of business/inaustry personnel. 1 2 3

2. include the development of customized
training programs for business/industry
personnel.

3. involve Faculty in business /industry work
experiences or projects to help maintain

their occupational expertise.

4. include private sector support thiough
donations of equipment and/or funds.

5. include student participation in work experi-
ences at local business/industry sites.

6. include the loan of business/industry
personnel to serve as adjunct faculty.

7. bP involved in joint industry-faculty

participation at conferences, trade
association meetings, and : ,sentations to
other croups.

Others

SECTION SIX: buDGET, RESOURCES, AND SUPPORT

1 2 3

1 2 3

1 2 3

1 2 3

1 2 3

1 2 3

1 2 3

1 z 3

H'_.4 important is it that the budget and resources
of your high-technology program- -

1. include follow-up funding to upgrade or
update equipment as the pro--am r' cures. 1 2 3

2. include grants to purchase special equipment. 1 2 3
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Essential
Very Important
Important

Not Important

SECTION SIX (continued)

3. include funding for new faculty pos-Lions.

4. include funding to hire laboratory assistants
to maintain facilities and equipment.

5. provide faculty salaries that are competitive
with private sector salaries.

6. be separate from other technical progran
budgets.

Others

COMMENTS:

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7
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