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(ABSTRACT) 

The purpose of this study was to determine the characteristics of technological literacy 

for high school graduates. A panel of experts in technological literacy was used to formulate 

the list of characteristics and make judgments on each. 

The design of the study was the Delphi Method, using the Q-Sort Technique, with the 

Thurstone and Chave Method of Equal Appearing Intervals. Using the Method of Equal Ap- 

pearing Intervals, median scores and Q-Values were calculated for each characteristic. The 

80th percentile was used to determine when a characteristic reached consensus. 

A panel of experts was chosen from among seven groups: (a) philosophers of education, 

(b) technology educators, (c) engineering educators, (d) scientists, (e) science educators, (f) 

classroom teachers, and (g) business and education support. 

The results of the study provide a clearer focus on what is meant by technological liter- 

acy. This study identified a list of 24 consensus items to be used as minimum characteristics 

of technological literacy for high school graduates.
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CHAPTER I. INTRODUCTION 

The National Commission on Excellence in Education released its report, A Nation at 

Risk, to Secretary of Education T. H. Bell on April 26, 1983. This report made the nation aware 

of the problems facing American education, particularly in academic achievement and literacy 

in technology (technological literacy). The report stated that the nation was becoming illiter- 

ate and expressed concern over the extensive technological developments which had trans- 

formed the workplace and our living environment. The Commission made recommendations 

to resolve the problems. 

Recommendations published in A Nation at Risk (1984) had a major influence on the 

education reform movement. The responsibility of educators to prepare high school students 

in the United States to live in a modern society is indicated in the recommendation that tech- 

nology should be an integral part of the new basics in education. In response to this recom- 

mendation, educators in technology, science, engineering, and other fields tendered 

definitions for technological literacy. 

In contributing to the definition of technological literacy, DeVore (1983), a technology 

educator, cited the need for students to become technologically literate and raised the ques- 

tion, “what does it mean to be technologically literate” (p. 3)? DeVore also suggested that this 

question should first be answered by establishing a general concern for competence in basic 
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literacy skills. He pointed out that because of the complexity of our modern society, driven 

by technological developments, it is paramount that citizens should be able to understand and 

manage technology. The need for technological literacy is illustrated by the enormous num- 

ber of people who are ignorant about technical systems. DeVore contended that technological 

literacy has become recognized because of the significance of the problems associated with 

technological developments and argued that technoiogical illiteracy could be reduced if it 

were a focus in education. 

Maley (1984), a technology teacher educator, agreed that education should focus on 

technological literacy. Maley advocated a discipline dedicated to technology as well as a 

technological focus across the curriculum. He believed a discipline in technology would ed- 

ucate the whole child (holistic education), making him/her functional in a technological soci- 

ety. The best approach to holistic education is through the study of technology, which itself 

is being discussed and linked to other disciplines. 

Technology is more than a component of a science program. Shamos (1984), in a 

speech to the American Educational Research Association, called for technological literacy in 

science programs. In his presentation he stated: 

What is needed to address problems posed under the guise of a “crisis in science education” is 
to move toward a more realistic goal: technological literacy. One reason for fostering this goal 
is that unlike scientific literacy, technological literacy focuses on social, cultural, and economic 
changes brought on by technology, changes which touch more closely the lives of most people. 

Shamos believed that technology was much more meaningful to students than pure science. 

Technology is less abstract than science, enabling students to experience itonaa daily basis. 

Shamos contended that students may not be able to understand technology without a grasp 

of the many factors that affect it. Technology factors in science were addressed by the Na- 

tional Science Board Commission on PreCollege Education in Mathematics, Science and 

Technology (1983) in a report on education reforms in pre-collegiate science and technology 

education. 

Culbertson (1981) concluded that education needed to leave the mindset of the industrial 

revolution and look to the micro-electronic age. He proposed a new framework emphasizing 

the phenomena of technology. In an attempt to direct education reform through his approach, 

. 
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he cited a lack of agreement on the purpose of education and how to integrate technology. 

He pointed out that schools will have difficulty establishing priorities to resolve the problem 

if the purpose is unclear. 

Friedman (1980) believed the most important reason for technological literacy was for 

the survival of the democratic process. American productivity is lagging behind other coun- 

tries, and a secure political future depends not only on the acquisition of information but in its 

effective utilization. For this reason, Friedman advocated that technological literacy should 

provide students with an understanding of how major social, economic, and geophysical 

problems affect our society as well as the ability to weigh alternatives and make informed 

decisions. 

Bowden (1982) supported Friedman’s (1980) views on the danger of the United States 

losing its political influence in the world by not keeping pace with technological developments. 

He stated that science and technology have become critical parts of the social, economic, and 

political structure of our society and attributed U.S. dependence on other countries to their 

progress in technological developments. Bowden concluded that social and cultural reform 

depend on our understanding of the importance of becoming technologically literate. There- 

fore, despite a lack of agreement over what it means to be technologically literate, it is im- 

perative that we actively pursue the consensus needed to begin to provide the necessary 

education for our youth. 

In the report, Preparing Americans for the 21st Century, the National Science Board 

Commission on PreCollege Education in Mathematics, Science and Technology (1983) called 

for the study of technology to improve students’ levels of technological literacy. The report 

Stated: “technological topics need to be integrated into the present curriculum” (p. 75). 

Based on this recommendation, projects to develop curricula designed to integrate technology 

into the science curriculum were funded by the National Science Foundation (NSF). 

The task of integrating technology into the industrial arts curriculum was addressed by 

the International Technology Education Association (ITEA, 1983) when it developed a profes- 

sional improvement plan to transform industrial arts into technology education. The plan in- 
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cluded a mission statement on technology education and a set of goals, objectives, and 

implementation strategies to lead the industrial arts profession into developing technology 

education programs. The Professional Improvement Plan, 1983 - 1986 (ITEA, 1983) called for 

the ITEA to “pursue the ideal form of technology education, to ensure technological literacy 

of all people” (p. 2). Secondary education was among the the targeted program areas, and 

the Association led the reform movement in planning for change and became involved in 

legislation. 

Specific strategies called for developing documents to explain technological literacy, 

develop curriculum, regenerate program standards, and produce student achievement tests. 

Through federal legislation, the ITEA initiated the concept of technology education demon- 

stration sites to provide in-service programs for teachers in technology education. Congress 

passed the Omnibus Trade and Competitiveness Act (1988) to enhance the competitiveness 

of business and industry in the world-wide market place. The Bill included the Technology 

Literacy Act, which called for setting up centers across the United States to conduct in-service 

programs for educators on technology education. Although this legislation recognized the 

need for technological literacy, the necessary resources and research were not provided. 

Strong appeals from the Commission on Excellence (1983), the United States Congress 

(1988), and researchers to effect reforms which will ensure achievement in technological lit- 

eracy illustrate the importance of the issue. However, from the perspective of implementation, 

there is a lack of agreement over what it means to be technologically literate. In order for 

Curricula and programs to be developed, an agreement must be reached. 

Statement of the Problem 

A problem facing education is the disagreement over the definition of technological lit- 

eracy. This study addresses those disagreements in an effort to reach a consensus on the 

minimum characteristics of technological literacy for high school graduates. 
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Research Questions 

The following research questions define the scope of this study: 

1. Can a consensus be reached by a panel of experts on the minimum characteristics of 

technological literacy for high school graduates? 

2. If consensus is not reached, what are the nature and extent of diversity among the panel 

of experts? 

Purpose and Significance of the Study 

The purpose of this study was to provide educators with additional information about the 

characteristics of technological literacy. Specifically, communication among a diverse panel 

of experts to reach a consensus on the characteristics of technological literacy allows edu- 

cators to begin implementation of programs to improve the technological literacy of high 

school graduates. 

Teacher education institutions can utilize this information to develop curricula and im- 

prove teacher education programs. The results are also significant to policy makers for 
t 

making decisions on future education curricula and programs. 

Limitations of the Study 

The following limitations were identified in this study: 
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The study was limited to a small number of experts, identified by the researcher accord- 

ing to the criterion for an expert, and it was expected that their opinions identified the 

characteristics of technological literacy. 

The study was limited to seven groups of experts: (a) philosophers of education, (b) 

technology educators, (c) engineering educators, (d) scientists, (e) science educators, (f) 

classroom teachers, and (g) business and education support personnel. 

The Delphi Technique and Q Methodology with Equal Appearing Intervals were the only 

methods used in this study to gain consensus from a panel of experts and to analyze the 

data. 

The study was limited to investigation of the minimum characteristics of technological 

literacy for high school graduates. 

Assumptions 

For the purpose of this study, the following assumptions were made 

The characteristics identified by the panel of experts represented the range of minimum 

characteristics of a technologically literate high school graduate. 

Agreement/disagreement over these items was not attributed to respondent misinter- 

pretation of the categories or expectations. 

The Delphi Technique and Q Methodology with Equal Appearing Intervals were appropri- 

ate methods for this study. 

The experts selected by the criterion were qualified as members of the panel of experts. 
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Definition of Terms 

For the purpose of this study, the following definitions were used: 

1. Agreement: the rule for agreement on the minimum characteristics of technological lit- 

eracy for high school graduates. Using the the range of Q-values for each group of ex- 

perts and the total panel, the criterion was set at 0.500 to 4.500. 

2. Consensus: the rule for declaring agreement on the minimum characteristics of techno- 

logical literacy for high school graduates within groups of experts and the panel as a 

whole. Using median scores, the criterion was set at the 80th percentile (Barnes, 1987: 

Foster and Perrault, 1986; Copeland, 1977). 

3. Literacy: “not as a set of independent skills associated with reading and writing, but the 

application of particular skills for specific purposes in specific contexts” (Langer, 1987, 

p. 37). 

4. Technology: “the study of the creation and use of technical means*: tools, machines, 

techniques, technical systems, and the behavior of technological systems in relation to 

people, their societies, the environment and the civilization process.” 

*Technical means is used by the author rather than technology. Technology is the disci- 

pline or field of study (-ology); technical means the elements created and used which are 

the object of study (DeVore, 1986). 

5. Technology Education: “Technology Education is the school discipline for the study of the 

application of knowledge, creativity, and resources to solve problems and extend human 

potential” (Virginia Technology Education Service, 1988, p 8). 
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Summary 

New and emerging technologies, e.g., communication systems, have transformed to- 

day’s living and working environments. The impact of these technological developments on 

society has altered the expectations of outcomes from the education system and increased the 

need for research on technological literacy. 

Redirecting educational efforts to provide an understanding of our technologically driven 

society requires identification of characteristics necessary to achieve technological literacy. 

However, research to date has generally focussed on the various concepts of technological 

literacy by emphasizing either applications, impacts, or attitudes. 

Technological literacy is a relatively new topic, and it has been labeled a national im- 

perative. Continued research is critical to the development of relevant programs and curric- 

ula. While this study was not intended to develop curricula, it lays the foundation by clarifying 

what is meant by technological literacy. The study is particularly significant because it utilized 

a diverse panel of experts from different disciplines to add to the research base on techno- 

logical literacy. 
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CHAPTER Il. REVIEW OF LITERATURE 

Introduction 

Technological developments leading up to the 1980s affected more than technology 

systems. Many publications state that recent technological developments have produced 

unprecedented changes. In keeping pace with technological developments, the education 

system was expected to raise the students’ level of technological literacy. However, it was 

difficult for the education system to respond without guidance and direction to develop pro- 

grams for technological literacy. 

The review of literature on technological literacy indicated a focus was still being de- 

veloped, and a commonly accepted definition is not yet in place. The literature contained 

numerous position papers and a limited amount of research on technological literacy. Without 

a notion of consensus on which to base their studies, most researchers were working to de- 

termine the characteristics of technological literacy. Therefore, this literature review was 

structured to cover discussions on the definitions of literacy, technological literacy, and 

characteristics of technological literacy. 
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The literature review was divided into three areas: 

1. Dimensions of literacy. 

2. Studies on the characteristics of technological literacy. 

3. Using the Delphi Technique. 

Dimensions of Literacy 

Experts cannot agree on a single definition of literacy because the attributes and stand- 

ards are relative to the context in which literacy is observed. Some view literacy as a global 

array of skills, beliefs, knowledge, and functions that includes nearly any aspect of communi- 

cation. It was generally stated in the literature that literacy is a product of the interactions 

among teachers, students, and materials, as well as their experiences in society. 

The basis for establishing a standard for literacy varies from country to country or even 

among different cultures. Literacy is generally defined as having a degree of competence in 

reading, writing, oral language, math, and other skills. A very traditional definition of literacy 

was found in Webster’s Ninth New Collegiate Dictionary (Webster, 1985): literacy “is the 

quality or state of being literate,” and literate is being “educated, cultured, able to read and 

write, versed in literature or creative writing, and literary, lucid, polished, having knowledge 

or competence” (p. 697). To understand the meaning of the definition, each word needs to 

be explained. Each word in the definition has relationships with dimensions of literacy. To 

be educated or cultured in a society implies having knowledge of how that society functions 

and of its major developments, such as technological. 

The United Nations Educational, Scientific and Cultural Organization (UNESCO) has 

dedicated much of its attention to the decline in levels of literacy around the world. To draw 

attention to this matter, UNESCO issued a report from the International Committee of Experts 

on Literacy (Curle, 1964) which contained the following definition: 

CHAPTER Il. REVIEW OF LITERATURE 10



A person is literate when he has acquired the essential knowledge and skills which enable him 
to engage in all those activities in which literacy is required for effective functioning in his group 
and community and whose attainments in reading, writing, and arithmetic make it possible for 
him to continue to use it towards his own and the community’s development and for the active 
participation in the life of his country. In quantitative terms the standard of attainment in func- 
tional literacy may be equated to the skills of reading, writing, and arithmetic achieved after a 
set number of years of primary or elementary schooling (p. 12). 

Curle (1964) indicated there was a need to give countries some sense of direction for goals 

in literacy, but he felt the Committee had directed too narrow a focus in listing the traditional 

contexts. In a later committee report a much broader statement was made that included much 

more latitude, indicating that there was much more to being literate than just achieving the 

traditional basic skills. 

Technology became an important dimension of literacy after the impact of Sputnik and 

other technological developments that altered patterns in society. The technological devel- 

opments since Sputnik greatly raised society’s expectations of what a student should know 

about scientific and technological developments. The United Nations Educational, Scientific 

and Cultural Organization (UNESCO, 1980) report, Literacy: 1972-1976, addressed this concern 

and made this statement: “In countries with a high educational level and advanced technol- 

ogy, more is asked for and, in some cases, people are even regarded as functionally illiterate 

if they are incapable of completing a complicated questionnaire or of assimilating written in- 

structions containing technical language” (p. 32). 

The major difference between UNESCO’s 1964 (cited in Curle, 1964) and 1980 published 

statements on literacy is the absence of a quantitative measure. In the 1964 report, it was 

recommended that each country set a minimum standard for literacy by grade level. Also, for 

the first time UNESCO recognized technology as a dimension of literacy. The emphasis 

placed on technology and technical language formally established technology as a dimension 

of literacy. 

The indication of being literate, according to Gough (cited in Goody, 1968) goes beyond 

basic literacy skills. Although a person needs to be able to read and write, these skills signify 

only basic literacy. Gough (cited in Goody, 1968) pointed out how basic literacy could be an 

enabling factor; however, he implied that there is much more to being literate when he stated: 
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Whether, or with what emphasis, these developments will occur seems to depend less on the 
intrinsic knowledge of writing than on the overall development of the society’s technology and 
social structure, and perhaps, also, on the character of its relations with other societies (p. 84). 

Gough’s recommendations did not alleviate the need for basic literacy. He believes basic 

literacy is fundamental to all education. He did point out that a person’s ability to function in 

a society would depend on one’s attaining knowledge of the progress made in society. As 

he indicated, the progress in any society is largely dependent upon technological develop- 

ments. 

Success, societal progress, and prosperity may not be achieved in spite of a high degree 

of literacy. Achieving literacy can mean rising to abstract levels of literacy associated with 

high academic skills and knowledge. Graff (1982), a noted literacy researcher, felt literacy 

would be more useful to educators and researchers than to the general public and students. 

Schuman, Inkeles, and Smith (1967) supported this criterion based upon their empirical in- 

vestigations. They further indicated that evidence does not support the expectations that lit- 

eracy means prosperity and progress when it is compared to abstract, meaningless 

assumptions. Schuman, Inkeles, and Smith (1967) concluded: 

Rather than finding literacy to be a factor which completely pervades and shapes a man’s entire 
view of the world, we find it limited to those spheres where vicarious and abstract experience is 
essentially meaningful. The more practical part of a man’s outlook, however, is determined by 
his daily experiences in significant roles (p. 16). 

Schuman, Inkeles, and Smith (1967) expressed the distinction between functional literacy 

and literacy in technically specific areas. While these researchers and others have investi- 

gated the dimensions of literacy, Bloome (1987) indicated that consensus on the dimensions 

of literacy at large have not been reached. According to Bloome (1987) there is general 

agreement that the major dimensions are political, social/cultural, technological, economics 

and scientific. The levels of literacy are generally basic, functional, academic, and technical. 

Literacy covers a wide range of capabilities--all the way from being able to understand 

a want ad in a newspaper to being able to enjoy a novel or read a scientific writing and un- 

derstand it. According to Hutson (in Bloome, 1987), the level of literacy which is referred to 

as basic, places places emphasis on lower levels of academic literacy, without any explicit 

specificity to strong skills in reading or writing. Although there may be a range of disagree- 
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ment over what comprises basic literacy, it is generally accepted that it means a person has 

basic reading and writing skills at an elementary grade level--perhaps grade three or four. 

Hutson (1982) discussed a higher level of literacy--academic literacy. Academic literacy 

is associated with a higher level of knowledge and literate ability than basic or functional lit- 

eracy. Hutson also indicated academic literacy is associated with the workplace. In the 

workplace, most workers need to able to understand technical manuscripts and reports. Ac- 

ademic literacy does not appeal to many students because it is perceived as irrelevant to the 

working and living environment. Hutson indicated an academically trained student may not 

have acquired the necessary literacy for life in general. 

Perhaps the most confusing level of literacy is functional literacy. It has three common 

meanings: the first level is an extension of basic literacy, a second level prepares an individ- 

ual to cope with daily life routines, and the third refers to job-relevant literacy. The confusion 

is centered on what a person should know to be able to function in life. Such functioning is 

considered to include being able to take care of daily life expectations outside of the work- 

place. Some researchers, such as Kirsch and Gurhrie (in Bloome, 1987) insisted that literacy 

should not be associated with skills and behaviors beyond printed material, although Fletcher 

(in Bloome, 1987) noted that a person’s physical performance is directly related to his ability 

to read and understand directions. Without a basic/functional literacy foundation and the lit- 

eracy level needed to function in particular settings, a person may not be able to perform. 

The third use of functional literacy refers to job- relevant literacy, including basic literacy 

where reading and writing are essential. As noted by Duffy (in Bloome, 1987), some jobs re- 

quire more than basic literacy while others may not. It is essential that people be capable of 

reading at a certain grade level in order to read technical manuals and other materials as- 

sociated with their job. Even under the third use of functional literacy there is confusion be- 

cause some demands are more technical and require higher levels of literacy than others. 

The confusion over the definition of functional literacy and the contrasting views on the 

value of literacy were surveyed by Clifford (in Bloome, 1987). He noted that the demands for 

increased levels of literacy in many technical occupations were not only required to carry out 
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the work, but continual retraining made higher levels of literacy imperative. Technical literacy 

is the third defined category of literacy. Hutson (1982) defined technical literacy as “skills and 

strategies required to learn and to use high-concept density material (in print or in other visual 

modes) during training or performance for skilled, semi-skilled or professional employment” 

(p. 2). Huston further indicated that academic and technical literacy differed in certain char- 

acteristics, e.g., content, format, task structure, mode of delivery, resources, problem formu- 

lation, and criterion (the success of the performing the job tasks). 

With regard to literacy and technology, Ahmed (cited in Wagner, 1987) suggested it is 

unlikely the importance given to technology will replace the need for basic literacy. Ahmed 

indicated a gap between less fortunate illiterate people and literates would create a new so- 

cial division between those who serve the needs of those who understand and control tech- 

nology. He believed that if the mission is to improve literacy worldwide among all people, 

then literacy has a greater significance than ever. Ahmed further indicated traditional! literacy 

skills of reading, writing, and numeracy will still remain the foundation. The new dimension 

of technology would have to be added to make the dimensions of literacy relevant for the 

current age. 

Traditionally, it was customary to explain literacy according to the concept of dimen- 

sions. The general perspective of the dimensions are social/cultural, political, economic, 

scientific, and technological. Various studies have been conducted on different contexts and 

the dimensions of literacy. This was evident from the following key descriptors in the titles 

of dissertations listed in the Comprehensive Dissertation Indexes (1861 - 1987): scientific, 

economic, dramatic, functional, visual, music, civic, object, social, media, sight singing, 

mathematical, cultural, computer, energy, social self- concept, reading and writing, and tech- 

nological. 

Technology was identified as a dimension of literacy, either as functional literacy or in 

a highly intellectual category associated with vicarious and abstract experiences. Impacts 

from technological developments directly affected how a society functioned. In recent years 

a wave of technological developments greatly altered nearly every phase of life. Some ex- 
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amples are generations of the electronic chip, laser beam, fiber optics, robotics and artificial 

intelligence, and fully automated machines. 

Bloome (1987) indicated the ability to cope with technology was a factor in determining 

the norm for functional literacy. Bloome (1987) cited Hutson who concluded that functional 

literacy is a basic level of literacy used to cope with daily life, the technological state of a so- 

ciety, and elements associated with job-related literacy. From these writings, technology was 

perceived as a dimension of literacy, which is a component of basic literacy, functional liter- 

acy, and literacy in technically specific areas. 

It has been very difficult for researchers to identify all aspects and dimensions of liter- 

acy; however, a general perspective of the dimensions has generally been accepted. Di- 

mensions have been expanded, recognizing how new developments have made an impact on 

the current dimensions. The general perspective of the dimensions are social/cultural, poli- 

tical, economic, and technology. Speaking on the relevance of technology, Wagner (1987) in- 

dicated traditional literacy skills of reading, writing, and numeracy will remain the basics for 

literacy. The new dimension of technology would have to be added to make the dimensions 

of literacy relevant for the current age. | 

Technology: A Dimension of Literacy 

Technological developments explained the existence of and progress ina society. It was 

pointed out in the literature on literacy how important it was to have a knowledge of techno- 

logical developments and how they have affected society. The purpose of this section is to 

address the issue of technology as a dimension of literacy. 

In recent years, it is agreed that the technological developments and innovations greatly 

outpaced the rate at which infusion into society could occur. Hersh (1983a) indicated the 

1980’s were certainly the age of high technology, and the culture was changing because of 

effects and impacts from technological developments. He contended that we must recast our 

notion of literacy and replace old definitions with a new one. A definition is needed that sup- 

ports the development of the United States into an increasingly knowledge-based, high- 

technology society. Hersh stated, “we must acquire technological literacy” (p. 625). 
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The contemporary age of technology has required more skills in literacy than the sup- 

porters of the basics movement were identifying. Hersh (1983a) indicated the return to basics 

should mean much more than basic functional literacy. The idea that the American society 

can exist in a technological age with no more literacy than the ability to read a little, write 

one’s name, and count change is barbaric. Hersh stated that the rebirth of the basics may 

not be enough: “reading a newspaper, filling out an application blank, and writing a check are 

no longer sufficient” (p. 637). Literacy now includes the competence to sort, analyze, and 

synthesize an array of information. The difference between the haves and the have-nots will 

be measured in terms of technological literacy. 

The importance of being literate in technology points out how necessary it is to function 

as a citizen and make judgments relative to everyday life. Although technology is recognized 

as a dimension of literacy, it affects more than what appears in print. Stanley (1972), in a 

journal article written about the effects of technology, declared that in the United States and 

in Western culture, literacy was essentially technicist in nature and that a modern society of- 

ten sacrificed human freedom to the wishes of its primary means- its technology. A technicist 

society, according to Stanley, is characterized by sophisticated technology, by a devoted faith 

in technological capacities, and mostly by altering human reason to serve. Stanley (1972) 

Stated that “in such a society, the end or purposes of instruments are not subjected to inten- 

sive rational analysis at the public level” (p. 375). He suggested that technicism was a radical 

disjunction between using reason and common sense and reaching a solution at any cost. 

He identified four elements of a technicist culture: 

1. a domination of the notion of objectivity; 

2. a metaphorical domination of non-human domains such as from mechanics, biology, or 

engineering; 

3. specialization or social division of labor; and 

4. the general population yielding its responsibility for action, at a personal level, to socie- 

ty’s technicians--people trained technically. 
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Stanley (1972) was concerned that if these factors do exist in a society, they contribute 

to the grave danger of the public becoming controllable by those who are experts in technol- 

ogy. He stated, “[the] public resigns to the dictates of expertise and subsequently withdraws 

into private hedonisms of consumer existence accompanied by proliferating forms of refusal 

to endow the society at large with moral stature” (p. 376). Subsequently, he feels that a so- 

ciety could evolve with an elitist group which understands and controls society due to their 

Knowledge in technology. 

Wharton (1981) claimed that without a functional level of literacy, people would find life 

very difficult, even in simple life activities. With a less-than-competent level of literacy to 

function in society, Wharton (1981) stated, “people stand the threat of becoming techno- 

peasants, those who will serve as serfs and sub-servants to technology” (p. 3). A person who 

is a candidate for techno-peasantry, according to Wharton, is one who cannot read and write 

well, who has no sense of the major human questions, and who shows no interest in contin- 

uing to learn. 

It was evident from Hersh (1983b), Stanley (1972), and Wharton (1981) that not only was 

technology a critical dimension of literacy, but it had made a major impact on nearly every 

aspect of society. The indication from this review is that technology should be included in 

what it means to be literate. The technological developments and innovations have not only 

changed much of the workplace but also the living environment. 

Studies in Technological Literacy 

The limited research on technological literacy imposed limitations on the literature re- 

view of the characteristics of technological literacy. The review was limited to definitions and 

studies of different approaches. Studies were included in telecommunications, general/liberal 

arts education, the workplace, and community college education. 
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Warnat (1983), a science educator, searched the literature for works on scientific, com- 

puter, and technological literacy through ERIC Documents. He identified 200 articles. Ninety 

articles that were closely reviewed appeared to place scientific literacy studies in the 1960's, 

computer literacy in the 1970’s, and technological literacy in the 1980’s. Warnat suggested 

that the newness of technological literacy seemed to indicate the reason for a lack of con- 

sensus on its meaning when he wrote: “technological literacy has yet to be defined, although 

it seems to encompass all the literature-the basic skills, scientific, and computer, as well as 

the humanities and the social sciences--with a broader view of technology incorporating the 

various emerging information technologies” (p. 14). 

Crohn (1983), in the Northwest Regional Educational Lab (NWREL), pointed out the lack 

of agreement on what comprises technological literacy. In a study on the employment future, 

he researched the need for technological literacy in the marketplace. Crohn pointed out 

technological literacy had to be defined for this project based upon a review of the literature. 

Crohn wrote: “It is clear that we are moving toward a high technology future~one in which 

high technology industries will be drastically altering work functions. In high technology jobs, 

people will interact with machines and electronic terminals” (p. 4). He showed that our pur- 

pose in education is to provide all students with the necessary contemporary education to 

prepare them for the marketplace. 

The NWREL report (Crohn, 1983) pointed out a broad-based educational foundation pro- 

vided skills required to perform in a high technology society as well as in a changing work 

environment. In the report it was stated: “This preparation we shall call technological 

literacy” (p. 4). Crohn concluded that one task of educators is to help young people prepare 

for change and successfully respond to the demands of an advanced technological future. 

Crohn stated, “this education is most appropriately called technological literacy” (p. 6). Stu- 

dents need to attain skills in analytical reasoning, logic, and communications. 

Yff, the Executive Director of Teacher Education materials for ERIC, in 1983 authored the 

publication, Technological Literacy, Challenge for Teacher Education. He cited a number of 

authors on the topic of technological literacy who attempted to define technological literacy. 
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From this publication, Yff observed that there is no acceptable definition for technological lit- 

eracy that can serve the purposes of education, industry, or the government. According to 

Yff and the opinions of others, there was little or no consensus on technological literacy even 

as the technological developments continued to accelerate. 

Yff (1983) wrote this definition of technological literacy: “It encompasses the capabilities 

and applications of computers and computerization, of course, but it also includes the appli- 

cations of the physical and natural sciences as they effect our daily lives” (p. 3). 

The abuse of technology, according to Yff (1983), is driven in general by economics. As 

long as profits can be made, regardless of the impact technology makes on society and the 

environment, certain uses of technology will continue. At some point, society decides that 

enough is enough, and decisions are made to protect the environment and society. 

The researcher determined an understanding of technology encompasses much more 

than any single innovation. A computer is just one small part of the technological age. The 

discoveries of science drive technology, and technology drives science for new discoveries. 

The technologist is crucial to advancing scientific investigations and applying scientific dis- 

coveries. Someone who is technologically literate must be able to synthesize what he/she 

learns in school and apply this toward solving problems in life. Attributes contributing to 

technological literacy are the ability to predict the potential impact of an innovation, the ability 

to understand technological systems, and the ability to investigate a problem and propose a 

solution. 

Scientific discoveries have provided technology with the basis for technological devel- 

opments. Today, these developments are being driven by a thirst for new discoveries. Sci- 

ence and technology together have spawned a growth of knowledge and the development of 

a whole range of new machines and techniques. Yff (1983) believed that the public looked to 

education to accommodate this rapid growth. Education was expected to help everyone un- 

derstand these innovations and to assimilate them into society. The computer is one of these 

technological innovations. Technological literacy, however, is much broader than being 

computer literate. The computer is merely one tool of technology. 

CHAPTER II. REVIEW OF LITERATURE 19



�H�o�w�e� �(�1�9�8�2�)� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �i�t� �i�s� �n�o�t� �e�n�o�u�g�h� �j�u�s�t� �t�o� �u�n�d�e�r�s�t�a�n�d� �m�o�d�e�r�n� �m�e�c�h�a�n�i�s�m�s� �o�r� 

�k�n�o�w� �h�o�w� �t�o� �u�s�e� �a� �c�o�m�p�u�t�e�r�.� �O�n�e� �m�u�s�t� �a�l�s�o� �k�n�o�w� �h�o�w� �t�o� �u�s�e� �k�n�o�w�l�e�d�g�e�.� �H�o�w�e� �(�1�9�8�2�)� �s�t�a�t�e�d� 

�h�i�s� �v�i�e�w� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�:�  ��T�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �m�e�a�n�s� �p�o�s�s�e�s�s�i�o�n� �o�f� �t�h�e� �n�e�c�e�s�s�a�r�y� 

�a�b�i�l�i�t�i�e�s� �t�o� �e�n�g�a�g�e� �i�n� �c�o�m�p�l�e�x� �t�h�i�n�k�i�n�g�,� �i�.�e�.�,� �t�h�e� �p�o�s�s�e�s�s�i�o�n� �o�f� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �f�u�n�d� �o�f� �k�n�o�w�-� 

�l�e�d�g�e� �a�n�d� �t�h�e� �s�k�i�l�l�s� �t�o� �t�a�p� �a� �c�o�n�t�i�n�u�o�u�s�l�y� �c�h�a�n�g�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �b�a�s�e�.� �T�h�e�s�e� �a�b�i�l�i�t�i�e�s� �s�t�e�m� 

�f�r�o�m� �h�i�g�h� �q�u�a�l�i�t�y� �i�n�s�t�r�u�c�t�i�o�n� �n�o�t� �o�n�l�y� �i�n� �m�a�t�h�e�m�a�t�i�c�s� �a�n�d� �s�c�i�e�n�c�e�,� �b�u�t� �a�l�s�o� �i�n� �h�i�s�t�o�r�y�,� �l�i�t�e�r�a�-� 

�t�u�r�e�,� �a�n�d� �a�l�l� �h�u�m�a�n�i�t�i�e�s �� �(�p�.� �2�5�)�.� �T�e�c�h�n�o�l�o�g�y� �i�s� �l�o�g�i�c�a�l�l�y� �o�n� �a� �c�o�n�t�i�n�u�u�m�;� �i�t� �i�s� �a�l�s�o� �l�i�k�e�l�y� �t�o� 

�a�f�f�e�c�t� �a� �f�u�l�l� �r�a�n�g�e� �o�f� �s�u�b�s�e�t�s� �o�f� �t�h�e� �c�u�r�r�i�c�u�l�u�m�.� �H�o�w�e� �h�a�s� �s�u�g�g�e�s�t�e�d� �a� �h�o�l�i�s�t�i�c� �a�p�p�r�o�a�c�h� �w�h�i�c�h� 

�w�o�u�l�d� �i�n�t�r�o�d�u�c�e� �t�e�c�h�n�o�l�o�g�y� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �c�u�r�r�i�c�u�l�u�m�.� �S�o�m�e� �e�d�u�c�a�t�o�r�s� �b�e�l�i�e�v�e� �t�e�c�h�n�o�l�o�g�y� 

�b�e�l�o�n�g�s� �i�n� �s�c�i�e�n�c�e� �e�d�u�c�a�t�i�o�n�.� 

�T�h�e� �s�c�i�e�n�c�e� �e�d�u�c�a�t�i�o�n� �r�e�f�o�r�m� �m�o�v�e�m�e�n�t� �h�a�s� �l�o�o�k�e�d� �t�o� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �r�e�c�o�g�n�i�z�e�d� �i�t�s� 

�r�e�a�l� �v�a�l�u�e�.� �S�h�a�m�o�s� �(�1�9�8�4�)� �w�a�s� �a�m�o�n�g� �m�a�n�y� �w�h�o� �h�a�s� �s�u�p�p�o�r�t�e�d� �t�h�i�s� �i�d�e�a�.� �H�e� �o�f�f�e�r�e�d� �a�n� 

�a�p�p�r�o�a�c�h� �f�o�r� �s�c�i�e�n�c�e� �e�d�u�c�a�t�i�o�n� �t�h�a�t� �w�o�u�l�d� �o�f�f�e�r� �a�n� �e�d�u�c�a�t�i�o�n�a�l� �p�r�o�g�r�a�m� �t�h�a�t� �f�o�c�u�s�e�d� �o�n� �t�h�e� 

�a�p�p�l�i�c�a�t�i�o�n�s� �o�f� �d�i�s�c�o�v�e�r�i�e�s� �i�n� �s�c�i�e�n�c�e� �a�n�d� �t�e�c�h�n�o�l�o�g�y�,� �a�s� �w�e�l�l� �a�s� �a�c�c�e�s�s�i�n�g� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�-� 

�e�r�a�c�y�.� �H�e� �e�x�p�r�e�s�s�e�d� �h�i�s� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �i�n� �a� �s�p�e�e�c�h� �w�h�e�n� �h�e� �s�t�a�t�e�d�:� 

 ��T�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �f�o�c�u�s�e�s� �o�n� �s�o�c�i�a�l�,� �c�u�l�t�u�r�a�l�,� �a�n�d� �e�c�o�n�o�m�i�c� �c�h�a�n�g�e�s� �b�r�o�u�g�h�t� �o�n� �b�y� 

�t�e�c�h�n�o�l�o�g�y�,� �c�h�a�n�g�e�s� �w�h�i�c�h� �t�o�u�c�h� �m�o�r�e� �c�l�o�s�e�l�y� �t�h�e� �l�i�v�e�s� �o�f� �m�o�s�t� �p�e�o�p�l�e�. �� �H�e� �i�n�s�i�s�t�e�d� �t�h�a�t� �e�d�-� 

�u�c�a�t�i�o�n� �s�h�o�u�l�d� �m�o�v�e� �t�o�w�a�r�d� �a� �m�o�r�e� �r�e�a�l�i�s�t�i�c� �g�o�a�l� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�.� �S�h�a�m�o�s� �b�e�l�i�e�v�e�d� 

�t�h�a�t� �m�o�s�t� �s�t�u�d�e�n�t�s� �a�n�d� �t�h�e� �p�u�b�l�i�c�,� �g�e�n�e�r�a�l�l�y�,� �r�e�l�a�t�e� �m�o�r�e� �e�a�s�i�l�y� �t�o� �t�e�c�h�n�o�l�o�g�y� �t�h�a�n� �t�o� �s�c�i�e�n�c�e� 

�b�e�c�a�u�s�e� �t�h�e�y� �h�a�v�e� �d�a�i�l�y� �c�o�n�t�a�c�t� �w�i�t�h� �p�r�o�d�u�c�t�s� �o�f� �t�e�c�h�n�o�l�o�g�y�.� �T�e�c�h�n�o�l�o�g�y� �k�e�e�p�s� �t�h�e� �s�t�u�d�e�n�t� 

�i�n� �t�o�u�c�h� �w�i�t�h� �t�h�e� �r�e�a�l� �w�o�r�l�d�.� 

�U�p�o�n� �p�r�e�s�e�n�t�i�n�g� �v�i�e�w�s� �o�n� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �t�o� �t�h�e� �S�c�i�e�n�c�e� �a�n�d� �M�a�t�h�e�m�a�t�i�c�s� �E�d�u�-� 

�c�a�t�i�o�n� �N�e�e�d�s� �A�s�s�e�s�s�m�e�n�t� �C�o�n�f�e�r�e�n�c�e�,� �W�a�r�n�a�t� �(�1�9�8�3�)� �s�p�o�k�e� �i�n� �s�u�p�p�o�r�t� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�-� 

�a�c�y�.� �T�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�,� �a�c�c�o�r�d�i�n�g� �t�o� �W�a�r�n�a�t�,� �i�s� �m�u�c�h� �b�r�o�a�d�e�r� �t�h�a�n� �m�a�t�h�,� �s�c�i�e�n�c�e�,� �a�n�d� 

�c�o�m�p�u�t�e�r� �e�x�p�e�r�t�i�s�e�.� �W�a�r�n�a�t� �(�1�9�8�3�)� �r�e�i�t�e�r�a�t�e�d� �H�e�r�s�h ��s� �d�e�f�i�n�i�t�i�o�n� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �i�n� �h�i�s� 

�s�p�e�e�c�h�:� 

�T�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �i�s� �t�h�e� �c�o�m�p�e�t�e�n�c�e� �r�e�q�u�i�r�e�d� �t�o� �e�n�g�a�g�e� �i�n� �c�o�m�p�l�e�x� �t�h�i�n�k�i�n�g�.� �I�t� �e�n�t�a�i�l�s� 
�p�o�s�s�e�s�s�i�o�n� �o�f� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �k�n�o�w�l�e�d�g�e� �a�n�d� �s�k�i�l�l� �t�o� �a�c�c�e�s�s� �a� �c�o�n�t�i�n�u�o�u�s�l�y� �c�h�a�n�g�i�n�g� �b�a�s�e� �o�f� 
�i�n�f�o�r�m�a�t�i�o�n�.� �K�n�o�w�i�n�g� �h�o�w� �t�o� �u�s�e� �m�a�c�h�i�n�e� �t�e�c�h�n�o�l�o�g�y�,� �s�u�c�h� �a�s� �c�o�m�p�u�t�e�r�s�,� �i�s� �i�m�p�o�r�t�a�n�t� �b�e�c�a�u�s�e� 

�.� 

�C�H�A�P�T�E�R� �I�l�.� �R�E�V�I�E�W� �O�F� �L�I�T�E�R�A�T�U�R�E� �2�0



�c�o�m�p�u�t�e�r�s� �h�e�l�p� �t�o� �s�t�o�r�e� �a�n�d� �m�a�n�i�p�u�l�a�t�e� �i�n�f�o�r�m�a�t�i�o�n�.� �B�u�t� �t�h�e� �f�o�c�u�s� �m�u�s�t� �u�l�t�i�m�a�t�e�l�y� �b�e� �o�n� �e�n�-� 
�g�a�g�i�n�g� �c�r�i�t�i�c�a�l� �t�h�o�u�g�h�t� �a�n�d� �t�e�a�c�h�i�n�g� �p�e�o�p�l�e� �h�o�w� �t�o� �c�o�n�t�a�i�n� �l�e�a�r�n�i�n�g� �(�p�.� �1�3�)�.� 

�T�h�e� �V�i�r�g�i�n�i�a� �C�u�r�r�i�c�u�l�u�m� �C�o�u�n�c�i�l� �f�o�r� �T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n� �o�f� �t�h�e� �T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n� 

�S�e�r�v�i�c�e� �(�1�9�8�8�)� �d�e�v�e�l�o�p�e�d� �a� �c�u�r�r�i�c�u�l�u�m� �m�o�d�e�l� �a�n�d� �a� �p�r�o�p�o�s�a�l� �f�o�r� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�e�c�h�-� 

�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n� �i�n� �V�i�r�g�i�n�i�a ��s� �p�u�b�l�i�c� �s�c�h�o�o�l�s�.� �T�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �w�a�s� �d�e�f�i�n�e�d� �a�s�  ��t�h�e� 

�p�o�s�s�e�s�s�i�o�n� �o�f� �a� �r�e�a�s�o�n�a�b�l�e� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �i�t�s� �d�y�n�a�m�i�c�s�,� �t�h�e� �o�p�p�o�r�t�u�n�i�t�i�e�s� 

�i�t� �o�f�f�e�r�s�,� �i�t�s� �i�m�p�a�c�t� �o�n� �p�r�o�d�u�c�t�s� �a�n�d� �p�r�o�c�e�s�s�e�s�,� �m�a�r�k�e�t�s�,� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �s�t�r�u�c�t�u�r�e� �a�n�d� 

�p�e�o�p�l�e �� �(�p�.� �6�)�.� �T�h�e� �C�o�u�n�c�i�l� �a�l�s�o� �s�t�a�t�e�d� �t�h�a�t� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �i�s� �a�n� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� 

�1�.� �t�h�e� �h�i�s�t�o�r�i�c�a�l� �r�o�l�e� �o�f� �t�e�c�h�n�o�l�o�g�y� �i�n� �h�u�m�a�n� �d�e�v�e�l�o�p�m�e�n�t�:� 

�2�.� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�c�i�s�i�o�n�s� �a�n�d� �h�u�m�a�n� �v�a�l�u�e�s�:� 

�3�.� �t�h�e� �b�e�n�e�f�i�t�s� �a�n�d� �r�i�s�k�s� �o�f� �c�h�o�o�s�i�n�g� �a�m�o�n�g� �t�e�c�h�n�o�l�o�g�i�e�s�;� 

�4�.� �t�h�e� �c�h�a�n�g�e�s� �o�c�c�u�r�r�i�n�g� �i�n� �c�u�r�r�e�n�t� �t�e�c�h�n�o�l�o�g�y�;� �a�n�d� 

�5�.� �a�n� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�e�c�h�n�o�l�o�g�y� �a�s�s�e�s�s�m�e�n�t� �a�s� �a� �m�e�t�h�o�d� �f�o�r� �i�n�f�l�u�e�n�c�i�n�g� �t�h�e� �c�h�o�i�c�e� �o�f� �f�u�-� 

�t�u�r�e� �t�e�c�h�n�o�l�o�g�i�e�s�,� �a�n�d� �t�h�a�t� �i�t� �e�x�i�s�t�s� �o�n� �a� �c�o�n�t�i�n�u�u�m� �(�p�.� �2�)�.� 

�T�h�e� �r�e�p�o�r�t� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �d�u�e� �t�o� �i�n�d�i�v�i�d�u�a�l� �d�i�f�f�e�r�e�n�c�e�s� �a�n�d� �a�b�i�l�i�t�i�e�s� �t�h�e�r�e� �w�i�l�l� �b�e� �d�i�f�f�e�r�e�n�t� �l�e�v�e�l�s� 

�o�f� �c�o�m�p�e�t�e�n�c�i�e�s� �a�s� �w�e�l�l� �a�s� �u�n�d�e�r�s�t�a�n�d�i�n�g�.� 

�T�h�e� �T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n� �S�e�r�v�i�c�e� �(�1�9�8�8�)� �p�u�b�l�i�s�h�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �d�e�f�i�n�i�t�i�o�n� �f�o�r� �t�e�c�h�n�o�-� 

�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�:�  ��T�h�e� �t�e�c�h�n�o�l�o�g�i�c�a�l�l�y� �l�i�t�e�r�a�t�e� �p�e�r�s�o�n� �s�h�o�u�l�d� �h�a�v�e� �a� �s�e�n�s�e� �o�f� �w�h�a�t� �t�e�c�h�n�o�l�o�g�y� 

�c�a�n� �a�n�d� �c�a�n�n�o�t� �d�o�.� �H�e� �o�r� �s�h�e� �s�h�o�u�l�d� �n�o�t� �b�e�l�i�e�v�e� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �c�a�n� �s�o�l�v�e� �a�l�l� �i�l�l�s�,� �n�o�r� �t�h�a�t� 

�t�e�c�h�n�o�l�o�g�y� �i�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �m�o�s�t� �p�r�o�b�l�e�m�s �� �(�p�.� �2�)�.� �T�h�e� �d�o�c�u�m�e�n�t� �p�r�o�v�i�d�e�d� �a�n� �a�p�p�r�o�a�c�h� �t�o� 

�t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n� �w�i�t�h� �l�e�a�r�n�i�n�g� �o�u�t�c�o�m�e�s� �i�n� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�.� 

�T�h�e� �l�i�t�e�r�a�t�u�r�e� �d�i�d� �n�o�t� �s�u�p�p�o�r�t� �a� �c�o�n�s�e�n�s�u�s� �o�n� �a� �d�e�f�i�n�i�t�i�o�n� �f�o�r� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �b�u�t�,� 

�r�a�t�h�e�r�,� �c�h�a�r�a�c�t�e�r�i�z�e�d� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �a�c�c�o�r�d�i�n�g� �t�o� �l�e�a�r�n�i�n�g� �o�u�t�c�o�m�e�s� �a�n�d� �e�x�p�e�c�t�a�t�i�o�n�s�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �H�e�r�s�h� �(�1�9�8�3�a�)�,� �H�o�w�e� �(�1�9�8�2�)�,� �S�h�a�m�o�s� �(�1�9�8�4�)�,� �W�a�r�n�a�t� �(�1�9�8�3�)�,� �W�h�a�r�t�o�n� �(�1�9�8�3�)�,� �a�n�d� 

�Y�f�f� �(�1�9�8�1�,� �1�9�8�3�)�,� �i�t� �i�s� �c�l�e�a�r�l�y� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�h�e� �b�r�o�a�d� �c�o�n�c�e�p�t� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� 

�c�o�n�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �p�r�o�b�l�e�m� �o�f� �r�e�a�c�h�i�n�g� �c�o�n�s�e�n�s�u�s� �o�n� �w�h�a�t� �c�o�n�s�t�i�t�u�t�e�s� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�.� 

�O�n�e� �a�p�p�r�o�a�c�h�,� �a�c�c�o�r�d�i�n�g� �t�o� �D�u�c�e�y� �(�1�9�8�5�)�,� �F�o�s�t�e�r� �a�n�d� �P�e�r�r�a�u�l�t� �(�1�9�8�6�)�,� �a�n�d� �N�W�R�E�L� �(�1�9�8�4�)�,� �i�n�-� 

�C�H�A�P�T�E�R� �I�I�.� �R�E�V�I�E�W� �O�F� �L�I�T�E�R�A�T�U�R�E� �2�1



�v�o�l�v�e�d� �u�s�i�n�g� �a� �p�a�n�e�l� �o�f� �e�x�p�e�r�t�s� �t�o� �g�a�i�n� �c�o�n�s�e�n�s�u�s� �o�n� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�-� 

�e�r�a�c�y�.� 

�R�e�s�e�a�r�c�h�e�r�s� �a�r�e� �u�n�l�i�k�e�l�y� �t�o� �a�c�c�e�p�t� �a� �n�a�r�r�o�w� �d�e�f�i�n�i�t�i�o�n� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�.� �D�e�f�i�-� 

�n�i�t�i�o�n�s� �c�a�n� �b�e� �c�o�n�s�t�r�u�c�t�e�d� �b�y� �a�n�a�l�y�z�i�n�g� �t�h�e� �w�o�r�k�s� �o�f� �o�t�h�e�r�s�.� �W�h�a�r�t�o�n� �(�1�9�8�1�)� �i�n�d�i�c�a�t�e�d� �i�t� �i�s� 

�u�n�l�i�k�e�l�y� �e�x�p�e�r�t�s� �w�i�l�l� �a�c�c�e�p�t� �a� �d�e�f�i�n�i�t�i�o�n� �c�o�n�s�t�r�u�c�t�e�d� �f�r�o�m� �t�h�e� �w�o�r�d� �f�r�e�q�u�e�n�c�y�/�p�h�r�a�s�e� �a�n�a�l�y�s�i�s� 

�m�e�t�h�o�d�.� �R�e�s�e�a�r�c�h�e�r�s� �v�i�e�w� �t�h�i�s� �a�s� �a� �c�o�l�l�e�c�t�i�o�n� �o�f� �f�r�a�g�m�e�n�t�a�t�i�o�n�s�.� 

�|� �A� �s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �o�n� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �i�n� �t�e�l�e�c�o�m�m�u�n�i�c�a�t�i�o�n�s�.� �T�h�e� �d�e�s�i�g�n� �o�f� 

�t�h�e� �s�t�u�d�y� �a�n�d� �t�h�e� �f�i�n�d�i�n�g�s� �p�r�o�v�i�d�e� �i�m�p�o�r�t�a�n�t� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �n�a�t�u�r�e� �o�f� �i�n�v�e�s�t�i�g�a�t�i�n�g� �t�h�i�s� 

�t�o�p�i�c� �a�n�d� �a�n� �i�n�d�i�c�a�t�i�o�n� �o�f� �h�o�w� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �w�a�s� �v�i�e�w�e�d� �b�y� �a� �g�r�o�u�p�.� �D�u�c�e�y� �(�1�9�8�5�)� 

�e�x�a�m�i�n�e�d� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �b�e�i�n�g� �l�i�t�e�r�a�t�e� �i�n� �t�h�e� �t�e�c�h�n�o�l�o�g�y� �o�f� �t�e�l�e�c�o�m�m�u�n�i�c�a�t�i�o�n�s�.� �T�h�e� �s�t�u�d�y� 

�w�a�s� �d�e�s�i�g�n�e�d� �t�o� �o�p�e�r�a�t�i�o�n�a�l�i�z�e� �a� �c�o�n�s�t�r�u�c�t� �o�f� �t�e�l�e�c�o�m�m�u�n�i�c�a�t�i�o�n� �t�e�c�h�n�o�l�o�g�y� �l�i�t�e�r�a�c�y�.� �T�h�e� 

�s�t�u�d�y� �w�a�s� �a�p�p�r�o�a�c�h�e�d� �b�y� �a�s�s�u�m�i�n�g� �t�h�a�t� �t�h�e�r�e� �w�e�r�e� �t�h�r�e�e� �d�i�m�e�n�s�i�o�n�s�:� �c�o�g�n�i�t�i�v�e�,� �a�f�f�e�c�t�i�v�e�,� �a�n�d� 

�a�b�i�l�i�t�y�.� �T�h�e� �s�t�u�d�y� �s�u�r�v�e�y�e�d� �c�o�l�l�e�g�e� �s�t�u�d�e�n�t�s�,� �e�d�u�c�a�t�o�r�s�,� �a�n�d� �i�n�d�u�s�t�r�y� �p�r�o�f�e�s�s�i�o�n�a�l�s�.� �A� �l�i�s�t� �o�f� 

�3�9� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�e�r�e� �d�e�v�e�l�o�p�e�d� �t�h�r�o�u�g�h� �a� �q�u�o�t�a� �s�u�r�v�e�y� �m�e�t�h�o�d�o�l�o�g�y�.� �I�n�d�u�s�t�r�y� �p�r�o�f�e�s�-� 

�s�i�o�n�a�l�s� �w�e�r�e� �a�s�k�e�d� �t�o� �j�u�d�g�e� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �b�e�i�n�g� �l�i�t�e�r�a�t�e� �i�n� �a�t� �l�e�a�s�t� �o�n�e� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�c�a�t�e�g�o�r�i�e�s� �o�f� �c�o�m�m�u�n�i�c�a�t�i�o�n� �t�e�c�h�n�o�l�o�g�y�:� 

�A�b�i�l�i�t�y�:� 
�I�m�p�o�r�t�a�n�c�e� �o�f� �s�k�i�l�l�s� �t�o� �c�a�r�e�e�r�s� �i�n� �t�e�l�e�c�o�m�m�u�n�i�c�a�t�i�o�n�s�.� 

�A�b�i�l�i�t�y� �t�o�:� 

�o�p�e�r�a�t�e� �a�u�d�i�o� �c�o�n�s�o�l�e�s�,� 
�p�e�r�f�o�r�m� �s�i�m�p�l�e� �c�o�m�p�u�t�e�r� �o�p�e�r�a�t�i�o�n�s�,� 
�p�e�r�f�o�r�m� �c�o�m�p�l�e�x� �c�o�m�p�u�t�e�r� �o�p�e�r�a�t�i�o�n�s�,� 
�u�n�d�e�r�s�t�a�n�d� �s�i�m�p�l�e� �s�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m�s�,� 
�e�v�a�l�u�a�t�e� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �e�q�u�i�p�m�e�n�t�,� 
�d�e�t�e�c�t� �a�n�d� �d�i�a�g�n�o�s�e� �s�i�m�p�l�e� �p�r�o�b�l�e�m�s� �i�n� �e�l�e�c�t�r�o�n�i�c� �e�q�u�i�p�m�e�n�t�,� 
�p�r�o�p�o�s�e� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �i�m�p�r�o�v�e� �e�l�e�c�t�r�o�n�i�c� 
�e�q�u�i�p�m�e�n�t� �p�e�r�f�o�r�m�a�n�c�e�,� 
�m�o�d�i�f�y� �e�x�i�s�t�i�n�g� �e�l�e�c�t�r�o�n�i�c� �s�y�s�t�e�m�s�,� 
�u�s�e� �f�o�r�m�u�l�a�s� �t�o� �c�a�l�c�u�l�a�t�e� �c�a�p�a�b�i�l�i�t�i�e�s� �a�n�d� �l�i�m�i�t�a�t�i�o�n�s� �o�f� �e�l�e�c�t�r�o�n�i�c� �e�q�u�i�p�m�e�n�t�.� 

�C�o�g�n�i�t�i�v�e� 

�I�m�p�o�r�t�a�n�c�e� �o�f� �u�n�d�e�r�s�t�a�n�d�i�n�g� �a�t� �l�e�a�s�t� �o�n�e� �t�e�c�h�n�o�l�o�g�y� �i�n� �s�i�x� �c�a�t�e�g�o�r�i�e�s� �o�f� �v�a�r�i�o�u�s� 
�k�i�n�d�s� �o�f� �t�e�l�e�c�o�m�m�u�n�i�c�a�t�i�o�n� �t�e�c�h�n�o�l�o�g�i�e�s�.� 

�I�m�p�o�r�t�a�n�c�e� �o�f� �u�n�d�e�r�s�t�a�n�d�i�n�g� �m�a�n�y� �o�r� �m�o�s�t� �t�e�c�h�n�o�l�o�g�i�e�s� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�i�x� 
�c�a�t�e�g�o�r�i�e�s�:� 

�C�H�A�P�T�E�R� �I�l�.� �R�E�V�I�E�W� �O�F� �L�I�T�E�R�A�T�U�R�E� �2�2



�m�e�s�s�a�g�e� �c�r�e�a�t�i�o�n�,� 
�d�e�l�i�v�e�r�y�/�w�i�r�e�,� 
�d�e�l�i�v�e�r�y�/�w�i�r�e�l�e�s�s�,� 
�p�r�o�c�e�s�s�i�n�g�,� 
�s�t�o�r�a�g�e�/�r�e�t�r�i�e�v�a�l�,� 
�r�e�c�e�p�t�i�o�n�/�d�i�s�p�l�a�y�.� 

�A�f�f�e�c�t�i�v�e� 
�S�a�t�i�s�f�a�c�t�i�o�n� �w�i�t�h� �d�e�p�t�h� �o�f� �k�n�o�w�l�e�d�g�e� �t�h�e�y� �h�a�d� �i�n� �r�e�s�p�e�c�t� �t�o� �t�h�e� �t�e�c�h�n�o�l�o�g�i�e�s� �i�n� �s�i�x� 

�d�i�f�f�e�r�e�n�t� �c�a�t�e�g�o�r�i�e�s�.� 

�_� �A�n� �a�t�t�i�t�u�d�e� �r�a�t�i�n�g� �s�c�a�l�e� �o�f� �f�o�u�r�t�e�e�n� �s�e�m�a�n�t�i�c� �d�i�f�f�e�r�e�n�t�i�a�l� �i�t�e�m�s�.� 

�S�e�m�a�n�t�i�c� �I�t�e�m�s�:� 

�f�a�i�r�/�u�n�f�a�i�r� 
�c�o�n�t�e�m�p�o�r�a�r�y�/�n�o�n�-�c�o�n�t�e�m�p�o�r�a�r�y� 
�w�o�r�t�h�l�e�s�s�/�v�a�l�u�a�b�l�e� 
�p�l�e�a�s�a�n�t�/�u�n�p�l�e�a�s�a�n�t� 
�c�o�m�p�l�e�t�e�/�i�n�c�o�m�p�l�e�t�e� 
�b�a�d�/�g�o�o�d� 
�s�a�f�e�/�d�a�n�g�e�r�o�u�s� 
�c�l�e�a�n�/�d�i�r�t�y� 
�t�a�s�t�e�l�e�s�s�/�t�a�s�t�e�f�u�l� 
�p�o�s�i�t�i�v�e�/�n�e�g�a�t�i�v�e� 
�i�n�t�i�m�i�d�a�t�i�n�g� 
�f�r�i�e�n�d�l�y�/�o�p�t�i�m�i�s�t�i�c� 
�p�e�s�s�i�m�i�s�t�i�c� 
�h�a�r�m�f�u�l�/�b�e�n�e�f�i�c�i�a�l� 
�b�e�n�e�f�i�c�i�a�l�/�e�s�s�e�n�t�i�a�l� 
�n�o�t� �e�s�s�e�n�t�i�a�l� 
�p�e�r�s�o�n�a�l�/�i�m�p�e�r�s�o�n�a�l� 
�w�e�a�k�/�s�t�r�o�n�g� 
�s�o�f�t�/�h�a�r�d� 
�(�p�.� �1�7�)�.� 

�T�h�e� �d�e�s�i�g�n� �o�f� �t�h�e� �s�t�u�d�y� �w�a�s� �c�h�o�s�e�n� �t�o� �a�c�c�e�s�s� �i�n�d�u�s�t�r�y ��s� �o�p�i�n�i�o�n� �o�n� �s�k�i�l�l�s�,� �a�t�t�i�t�u�d�e�s�,� �a�n�d� 

�a�t�t�r�i�b�u�t�e�s� �f�o�r� �e�m�p�l�o�y�m�e�n�t� �i�n� �a� �t�e�c�h�n�i�c�a�l� �f�i�e�l�d�.� �D�u�c�e�y ��s� �(�1�9�8�5�)� �s�t�u�d�y� �w�a�s� �u�s�e�d� �f�o�r� �p�r�o�g�r�a�m� 

�e�v�a�l�u�a�t�i�o�n� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t�.� �T�h�e� �r�e�s�p�o�n�s�e�s� �f�r�o�m� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �s�u�r�v�e�y�e�d� �w�e�r�e� �a�n�a�l�y�z�e�d� �f�o�r� 

�d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �a�t�t�i�t�u�d�e�s� �t�o�w�a�r�d�s� �t�e�l�e�c�o�m�m�u�n�i�c�a�t�i�o�n�s�.� �T�h�e� �a�n�t�i�c�i�p�a�t�e�d� �o�u�t�c�o�m�e� �o�f� �t�h�e� �s�t�u�d�y� 

�w�a�s� �t�o� �u�n�d�e�r�s�t�a�n�d� �h�o�w� �t�h�e� �a�t�t�i�t�u�d�e�s� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �s�e�r�v�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e�i�r� �n�e�e�d�s�.� 

�F�i�n�a�l�l�y�,� �t�h�e� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �o�u�t�c�o�m�e� �w�e�r�e� �u�t�i�l�i�z�e�d� �f�o�r� �d�e�v�e�l�o�p�i�n�g� �p�r�o�g�r�a�m�s� �f�o�r� �t�r�a�i�n�i�n�g�.� 

�T�h�e� �s�t�u�d�y� �w�a�s� �n�o�t� �d�e�s�i�g�n�e�d� �f�o�r� �a�n� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �a�c�r�o�s�s� �t�h�e� �c�u�r�r�i�c�-� 

�u�l�u�m�.� 

�T�h�e� �l�i�t�e�r�a�t�u�r�e� �r�e�v�e�a�l�e�d� �a� �s�t�u�d�y� �c�o�n�d�u�c�t�e�d� �b�y� �F�o�s�t�e�r� �a�n�d� �P�e�r�r�e�a�u�l�t� �(�1�9�8�6�)� �o�n� �t�h�e� �c�h�a�r�a�c�-� 

�t�e�r�i�s�t�i�c�s� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�.� �T�h�i�s� �s�t�u�d�y� �w�a�s� �t�a�r�g�e�t�e�d� �a�t� �d�e�t�e�r�m�i�n�i�n�g� �w�h�a�t� �i�s� �c�o�n�s�i�d�e�r�e�d� 
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�l�i�t�e�r�a�t�e� �f�o�r� �a� �g�e�n�e�r�a�l�i�s�t�,� �w�i�t�h�o�u�t� �a�n�y� �r�e�f�e�r�e�n�c�e� �t�o� �a� �s�p�e�c�i�f�i�c� �g�r�a�d�e� �o�r� �a�g�e� �l�e�v�e�l�.� �E�x�p�o�n�e�n�t�i�a�l� 

�g�r�o�w�t�h� �o�f� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �h�o�w� �i�t� �h�a�d� �a�f�f�e�c�t�e�d� �b�u�s�i�n�e�s�s�,� �i�n�d�u�s�t�r�y�,� �a�n�d� �d�a�i�l�y� �l�i�f�e� �w�e�r�e� �a�m�o�n�g� �t�h�e� 

�m�a�i�n� �c�o�n�c�e�r�n�s� �i�n� �t�h�e� �s�t�u�d�y�.� �T�h�e� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �w�a�s� �u�s�e�d� �t�o� �s�u�r�v�e�y� �t�h�e� �o�p�i�n�i�o�n�s� �o�f� �a� �p�a�n�e�l� 

�o�f� �e�x�p�e�r�t�s� �f�r�o�m� �i�n�d�u�s�t�r�y� �a�n�d� �e�d�u�c�a�t�i�o�n�.� �T�w�e�n�t�y�-�s�i�x� �o�f� �t�h�e� �o�r�i�g�i�n�a�l� �n�i�n�e�t�y�-�f�i�v�e� �s�t�a�t�e�m�e�n�t�s� �t�h�a�t� 

�w�e�r�e� �i�n�i�t�i�a�l�l�y� �g�e�n�e�r�a�t�e�d� �h�a�d� �t�h�i�r�d�-�r�o�u�n�d� �m�e�a�n�s� �o�f� �4�.�0�0� �o�r� �h�i�g�h�e�r� �o�n� �a� �1� �t�o� �5� �s�c�a�l�e�.� 

�T�h�e� �d�e�s�i�g�n� �o�f� �t�h�e� �s�t�u�d�y� �c�a�l�l�e�d� �f�o�r� �i�t�e�m� �r�a�n�k�i�n�g� �o�n� �a� �f�i�v�e�-�p�o�i�n�t� �s�c�a�l�e�.� �T�r�e�a�t�e�d� �a�s� �i�n�t�e�r�v�a�i� 

�d�a�t�a�,� �a� �m�e�a�n� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �e�a�c�h� �i�t�e�m�.� �T�h�e� �8�0�t�h� �p�e�r�c�e�n�t�i�l�e� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�i�c�h� 

�i�t�e�m�s� �r�e�a�c�h�e�d� �a�c�c�e�p�t�a�n�c�e�.� �C�a�t�e�g�o�r�i�e�s� �w�e�r�e� �e�s�t�a�b�l�i�s�h�e�d� �b�y� �t�h�e� �r�e�s�e�a�r�c�h�e�r�s� �f�o�r� �t�h�e� �s�t�u�d�y� �t�o� 

�g�r�o�u�p� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �2�6� �i�t�e�m�s� �w�e�r�e� �r�e�p�o�r�t�e�d� �i�n� �t�h�e� �s�t�u�d�y� �w�i�t�h� �a� �m�e�a�n� 

�v�a�l�u�e� �o�f� �4�.�0�0� �o�r� �h�i�g�h�e�r�:� 

�T�e�c�h�n�o�l�o�g�i�c�a�l� �L�i�t�e�r�a�c�y� �i�n� �C�o�m�m�u�n�i�c�a�t�i�o�n�s�/�C�o�m�p�u�t�e�r�s� 

�1�.� �C�o�m�m�u�n�i�c�a�t�e� �w�i�t�h� �t�e�c�h�n�i�c�a�l� �t�e�r�m�s� �b�o�t�h� �v�e�r�b�a�l�l�y� �a�n�d� �i�n� �w�r�i�t�i�n�g�.� 

�2�.� �I�d�e�n�t�i�f�y� �t�e�r�m�i�n�o�l�o�g�y� �r�e�l�a�t�e�d� �t�o� �m�a�j�o�r� �f�i�e�l�d� �o�f� �s�t�u�d�y� �o�r� �i�n�t�e�r�e�s�t�s�.� 

�3�.� �K�n�o�w� �t�h�e� �d�e�s�i�g�n� �p�r�o�c�e�s�s� �a�n�d� �i�t�s� �u�s�e� �i�n� �t�h�e� �s�o�l�u�t�i�o�n� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �p�r�o�b�l�e�m�s�.� 

�4�.� �D�e�f�i�n�e� �t�e�c�h�n�o�l�o�g�y� �l�o�g�i�c�a�l�l�y� �i�n� �t�e�r�m�s� �o�f� �c�o�m�p�o�n�e�n�t�s�.� 

�5�.� �I�n�t�e�r�p�r�e�t� �g�r�a�p�h�i�c� �c�o�m�m�u�n�i�c�a�t�i�o�n�s�.� 

�6�.� �U�s�e� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �i�n�d�u�s�t�r�y� �a�n�d� �t�e�c�h�n�o�l�o�g�y� �i�n� �s�e�l�e�c�t�i�n�g� �c�a�r�e�e�r� �o�p�t�i�o�n�s� �a�n�d� �e�d�u�c�a�-� 

�t�i�o�n�a�l� �p�r�o�g�r�a�m�s�.� 

�7�.� �K�n�o�w� �u�s�e� �o�f� �c�o�m�p�u�t�e�r�s� �i�n� �i�n�d�u�s�t�r�i�a�l� �a�p�p�l�i�c�a�t�i�o�n�s�.� 

�T�e�c�h�n�o�l�o�g�i�c�a�l� �L�i�t�e�r�a�c�y� �i�n� �M�a�t�h�e�m�a�t�i�c�s� �a�n�d� �S�c�i�e�n�c�e� 

�1�.� �M�a�k�e� �i�n�t�e�l�l�i�g�e�n�t� �d�e�c�i�s�i�o�n�s� �r�e�g�a�r�d�i�n�g� �t�e�c�h�n�o�l�o�g�i�c�a�l� �a�l�t�e�r�n�a�t�i�v�e�s� �r�e�l�a�t�e�d� �t�o� �c�o�m�m�u�n�i�t�y� �o�r� 

�p�u�b�l�i�c� �p�l�a�n�n�i�n�g�.� 

�2�.� �D�e�s�c�r�i�b�e� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �s�c�i�e�n�c�e� �a�n�d� �t�e�c�h�n�o�l�o�g�y�.� 

�3�.� �K�n�o�w� �c�o�m�m�o�n� �t�h�e�o�r�e�t�i�c�a�l� �a�s�p�e�c�t�s� �o�f� �t�h�e� �p�h�y�s�i�c�a�l� �s�c�i�e�n�c�e�s�.� 

�4�.� �M�a�i�n�t�a�i�n� �a� �h�i�g�h� �d�e�g�r�e�e� �o�f� �o�b�j�e�c�t�i�v�i�t�y� �i�n� �a�s�s�e�s�s�m�e�n�t� �o�f� �t�e�c�h�n�o�l�o�g�y�.� 

�5�.� �S�o�l�v�e� �p�r�o�b�l�e�m�s� �a�n�a�l�y�t�i�c�a�l�l�y�.� 
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�6�.� �A�p�p�l�y� �m�a�t�h�e�m�a�t�i�c�s� �t�o� �s�o�l�v�e� �t�e�c�h�n�i�c�a�l� �p�r�o�b�l�e�m�s�.� 

�T�e�c�h�n�o�l�o�g�i�c�a�l� �L�i�t�e�r�a�c�y� �i�n� �T�e�c�h�n�o�l�o�g�i�c�a�l� �S�y�s�t�e�m�s�,� �P�r�o�c�e�s�s�e�s�,� �a�n�d� �P�r�i�n�c�i�p�l�e�s� 

�1�.� �K�n�o�w� �t�h�e� �s�t�r�e�n�g�t�h�s� �a�n�d� �l�i�m�i�t�a�t�i�o�n�s� �o�f� �c�u�r�r�e�n�t� �t�e�c�h�n�o�l�o�g�y�.� 

�2�.� �A�p�p�r�e�c�i�a�t�e� �t�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�v�i�c�e�s�.� 

�'� �3�.� �U�n�d�e�r�s�t�a�n�d� �m�a�t�e�r�i�a�l�s�,� �p�r�o�c�e�s�s�e�s� �a�n�d� �t�h�e�i�r� �u�s�e� �i�n� �m�e�e�t�i�n�g� �h�u�m�a�n� �n�e�e�d�s�.� 

�4�.� �R�e�a�l�i�z�e� �t�h�a�t� �c�o�n�t�r�o�l� �o�f� �t�e�c�h�n�o�l�o�g�y� �i�n�v�o�l�v�e�s� �a� �m�u�l�t�i�f�a�c�e�t�e�d� �s�y�s�t�e�m�s� �a�p�p�r�o�a�c�h� �w�i�t�h� �a� �v�a�r�i�e�t�y� 

�o�f� �i�n�p�u�t�s�.� 

�T�e�c�h�n�o�l�o�g�i�c�a�l� �L�i�t�e�r�a�c�y� �i�n� �T�e�c�h�n�o�l�o�g�y�/�S�o�c�i�e�t�y� �I�n�t�e�r�f�a�c�e� 

�1�.� �U�n�d�e�r�s�t�a�n�d� �t�e�c�h�n�i�c�a�l� �p�r�o�c�e�s�s�e�s� �n�e�c�e�s�s�a�r�y� �t�o� �f�u�n�c�t�i�o�n� �a�s� �a� �c�o�n�s�u�m�e�r�,� �i�n�t�e�l�l�i�g�e�n�t� �v�o�t�e�r�,� 

�a�n�d� �d�e�c�i�s�i�o�n� �m�a�k�e�r�.� 

�2�.� �K�n�o�w� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �h�a�s� �a�n� �e�f�f�e�c�t� �o�n� �a�n�d� �i�s� �u�n�i�n�f�l�u�e�n�c�e�d� �b�y� �s�o�c�i�e�t�y�,� �c�u�l�t�u�r�e�,� �a�n�d� �v�a�l�u�e�s�.� 

�3�.� �R�e�a�l�i�z�e� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �c�a�n� �b�e� �d�e�s�t�r�u�c�t�i�v�e� �a�s� �w�e�l�l� �a�s� �b�e�n�e�f�i�c�i�a�l�.� 

�4�.� �S�t�a�t�e� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �o�f� �t�e�c�h�n�o�l�o�g�y� �t�o� �t�h�e� �f�u�t�u�r�e�.� 

�5�.� �A�d�a�p�t� �t�o� �t�e�c�h�n�o�l�o�g�i�c�a�l� �e�v�e�n�t�s� �o�r� �c�h�a�n�g�e�s�.� 

�6�.� �U�n�d�e�r�s�t�a�n�d� �t�h�e� �p�r�o�c�e�s�s�e�s� �o�f� �i�n�v�e�n�t�i�o�n� �a�n�d� �i�n�n�o�v�a�t�i�o�n�.� 

�7�.� �C�o�m�p�r�e�h�e�n�d� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �o�f� �o�u�r� �b�a�s�i�c� �i�n�s�t�i�t�u�t�i�o�n�s� �t�o� �t�h�e� �t�e�c�h�n�o�l�o�g�i�c�a�l� 

�p�r�o�c�e�s�s�/�p�r�o�g�r�e�s�s�.� 

�8�.� �E�x�p�l�a�i�n� �h�o�w� �t�e�c�h�n�o�l�o�g�y� �h�a�s� �a�n�d� �w�i�l�l� �c�o�n�t�i�n�u�e� �t�o� �h�a�v�e� �a� �m�a�j�o�r� �i�n�f�l�u�e�n�c�e� �o�n� �d�e�f�i�n�i�n�g� �w�o�r�k�.� 

�9�.� �C�o�m�p�r�e�h�e�n�d� �t�h�e� �l�i�n�e�a�g�e� �o�f� �t�h�e� �t�e�c�h�n�o�l�o�g�i�c�a�l� �g�r�o�w�t�h� �o�f� �t�h�e� �p�a�s�t� �a�n�d� �f�u�t�u�r�e� �(�p�p�.� �5�6�-�5�7�)�.� 

�F�o�s�t�e�r� �a�n�d� �P�e�r�r�e�a�u�l�t� �(�1�9�8�6�)� �c�o�n�f�i�r�m�e�d� �o�t�h�e�r� �p�r�o�p�o�s�a�l�s� �o�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� 

�l�i�t�e�r�a�c�y�.� �T�h�e�i�r� �s�t�u�d�y� �i�n�d�i�c�a�t�e�d� �p�e�o�p�l�e� �s�h�o�u�l�d� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �i�n�t�e�r�f�a�c�e� �b�e�t�w�e�e�n� �t�e�c�h�n�o�l�o�g�y� 

�a�n�d� �s�o�c�i�e�t�y�.� �I�t� �w�a�s� �i�m�p�o�r�t�a�n�t� �t�o� �u�n�d�e�r�s�t�a�n�d� �h�o�w� �t�e�c�h�n�o�l�o�g�y� �i�m�p�a�c�t�s� �o�n� �c�o�n�s�u�m�e�r�i�s�m�,� �p�o�l�i�-� 

�t�i�c�s�,� �c�u�l�t�u�r�e�,� �v�a�l�u�e�s�,� �w�o�r�k�,� �a�n�d� �b�a�s�i�c� �s�o�c�i�e�t�a�l� �i�n�s�t�i�t�u�t�i�o�n�s�.� �T�h�e� �l�i�t�e�r�a�t�e� �p�e�r�s�o�n� �i�s� �e�x�p�e�c�t�e�d� �t�o� 

�u�n�d�e�r�s�t�a�n�d� �t�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�v�e�l�o�p�m�e�n�t�s� �a�n�d� �m�a�k�e� �f�u�t�u�r�e� �p�r�e�d�i�c�t�i�o�n�s�.� �T�h�e� �o�u�t�c�o�m�e� �o�f� �t�h�i�s� 

�C�H�A�P�T�E�R� �I�l�.� �R�E�V�I�E�W� �O�F� �L�I�T�E�R�A�T�U�R�E� �2�5



�s�t�u�d�y� �r�e�v�e�a�l�s� �s�o�m�e� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �b�u�t� �l�e�a�v�e�s� �t�h�e� �r�e�a�d�e�r� �w�o�n�d�e�r�i�n�g� 

�w�h�e�r�e� �t�h�e� �r�e�s�u�l�t�s� �s�h�o�u�l�d� �b�e� �a�p�p�l�i�e�d� �i�n� �e�d�u�c�a�t�i�o�n�.� �A� �s�e�c�o�n�d� �c�o�n�c�e�r�n� �i�s� �r�a�i�s�e�d� �o�v�e�r� �t�h�e� �t�e�r�m� 

�g�e�n�e�r�a�l�i�s�t� �a�n�d� �w�h�e�r�e� �t�h�i�s� �c�o�n�c�e�p�t� �f�i�t�s� �i�n�t�o� �e�d�u�c�a�t�i�o�n�.� �I�t� �w�o�u�l�d� �b�e� �m�u�c�h� �m�o�r�e� �p�r�a�c�t�i�c�a�l� �t�o� �i�n�-� 

�v�e�s�t�i�g�a�t�e� �t�h�e� �n�a�t�u�r�e� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �a�p�p�l�i�e�d� �t�o� �a� �g�r�a�d�e� �o�r� �a�g�e� �l�e�v�e�l� �i�n� �e�d�u�c�a�t�i�o�n�.� 

�I�n� �h�i�s� �m�o�n�o�g�r�a�p�h�,� �Y�f�f� �(�1�9�8�3�)� �p�r�o�p�o�s�e�d� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �e�d�u�c�a�t�i�o�n� �a�r�e� �i�n�t�e�r�r�e�l�a�t�e�d�.� 

�T�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �w�a�s� �c�i�t�e�d� �a�s� �a� �n�e�w� �p�u�r�p�o�s�e� �f�o�r� �e�d�u�c�a�t�i�o�n�.� �T�h�o�s�e� �w�h�o� �c�o�n�t�r�i�b�u�t�e�d� �t�o� 

�t�h�i�s� �p�u�b�l�i�c�a�t�i�o�n�,� �h�o�w�e�v�e�r�,� �i�n�s�i�s�t�e�d� �t�h�a�t� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �c�a�n�n�o�t� �b�e� �a�c�h�i�e�v�e�d� �t�h�r�o�u�g�h� �a� 

�n�e�w� �c�o�u�r�s�e�,� �s�e�p�a�r�a�t�e� �i�n� �e�l�e�m�e�n�t�a�r�y�,� �s�e�c�o�n�d�a�r�y�,� �o�r� �p�o�s�t�-�s�e�c�o�n�d�a�r�y� �e�d�u�c�a�t�i�o�n�.� �T�e�c�h�n�o�l�o�g�y� �i�s� 

�o�n� �a� �c�o�n�t�i�n�u�u�m�;� �i�t� �c�h�a�n�g�e�s� �a�n�d� �a�l�t�e�r�s� �i�t�s� �c�o�u�r�s�e� �i�n� �a� �s�h�o�r�t� �t�i�m�e�.� �T�e�c�h�n�o�l�o�g�y� �i�s� �a�l�s�o� �a� �b�r�o�a�d� 

�a�r�e�a� �w�h�i�c�h� �a�f�f�e�c�t�s� �a�l�l� �s�e�g�m�e�n�t�s� �o�f� �t�h�e� �c�u�l�t�u�r�e� �a�n�d� �s�o�c�i�e�t�y�.� �Y�f�f� �(�1�9�8�3�)� �s�t�a�t�e�d�,�  ��W�h�a�t� �m�u�s�t� �b�e� 

�d�e�v�e�l�o�p�e�d� �i�s� �a� �n�e�w� �f�r�a�m�e�w�o�r�k� �f�o�r� �o�r�g�a�n�i�z�i�n�g� �a�n�d� �r�a�t�i�o�n�a�l�i�z�i�n�g� �g�e�n�e�r�a�l� �a�n�d� �l�i�b�e�r�a�l� 

�e�d�u�c�a�t�i�o�n �� �(�p�.� �1�7�)�.� �T�h�e� �i�n�d�i�c�a�t�i�o�n� �f�r�o�m� �t�h�e�s�e� �s�t�a�t�e�m�e�n�t�s� �w�a�s� �t�h�a�t� �a�l�l� �d�i�s�c�i�p�l�i�n�e�s� �h�a�v�e� �t�h�e� �r�e�-� 

�s�p�o�n�s�i�b�i�l�i�t�y� �o�f� �i�n�f�u�s�i�n�g� �t�e�c�h�n�o�l�o�g�y� �i�n�t�o� �t�h�e� �s�c�h�o�o�l� �c�u�r�r�i�c�u�l�u�m�.� 

�T�h�i�s� �c�o�n�c�e�r�n� �r�a�i�s�e�s� �q�u�e�s�t�i�o�n�s�:� �W�h�a�t� �d�i�m�e�n�s�i�o�n�s� �o�f� �a� �m�o�d�e�r�n� �s�o�c�i�e�t�y� �s�h�o�u�l�d� �e�d�u�c�a�t�o�r�s� 

�c�o�n�s�i�d�e�r� �i�n� �d�r�a�f�t�i�n�g� �a� �n�e�w� �c�u�r�r�i�c�u�l�u�m�?� �W�h�a�t� �d�o�e�s� �t�e�c�h�n�o�l�o�g�y� �m�e�a�n� �f�o�r� �t�h�e� �a�i�m�s� �o�f� �e�d�u�c�a�t�i�o�n�?� 

�S�e�v�e�r�a�l� �r�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� �o�f�f�e�r�e�d� �s�o�m�e� �a�n�s�w�e�r�s�.� �Y�f�f� �(�1�9�8�3�)� �h�a�s� �c�i�t�e�d� �t�h�o�s�e� �w�h�o� �a�r�e� �e�x�a�m�i�n�-� 

�i�n�g� �t�e�c�h�n�o�l�o�g�i�c�a�l� �e�f�f�e�c�t�s� �a�n�d� �a�s�p�e�c�t�s� �i�n� �e�d�u�c�a�t�i�o�n�,� �L�o�u�i�s� �l�o�z�z�i� �(�1�9�8�0�)� �d�e�a�l�t� �w�i�t�h� �t�h�e� �i�m�p�o�r�t�a�n�c�e� 

�o�f� �a� �v�a�l�u�e�s� �d�i�m�e�n�s�i�o�n� �i�n� �d�e�v�e�l�o�p�i�n�g� �d�e�c�i�s�i�o�n�-�m�a�k�i�n�g� �s�k�i�l�l�s�,� �J�a�m�e�s� �B�o�t�k�i�n� �(�1�9�8�0�)� �i�d�e�n�t�i�f�i�e�d� �t�h�e� 

�k�i�n�d� �o�f� �l�e�a�r�n�i�n�g� �t�h�a�t� �m�o�s�t� �a�p�p�r�o�p�r�i�a�t�e�l�y� �c�l�o�s�e�s� �t�h�e� �g�a�p� �b�e�t�w�e�e�n� �h�u�m�a�n� �a�n�d� �t�e�c�h�n�o�l�o�g�i�c�a�l� 

�g�r�o�w�t�h�,� �I�r�v�i�n�g� �B�u�c�h�e�n� �(�i�n� �Y�f�f�,� �1�9�8�3�)� �a�d�v�o�c�a�t�e�d� �a� �f�u�t�u�r�e�s�-�b�a�s�i�c�s� �c�u�r�r�i�c�u�l�u�m�,� �a�n�d� �S�h�a�n�e� �a�n�d� 

�C�u�l�b�e�r�t�s�o�n� �(�i�n� �Y�f�f�,� �1�9�8�3�)� �r�e�c�o�m�m�e�n�d�e�d� �e�d�u�c�a�t�i�o�n� �h�a�d� �t�o� �c�o�n�f�o�r�m� �t�o� �a� �r�a�p�i�d�l�y� �c�h�a�n�g�i�n�g�,� �t�e�c�h�-� 

�n�o�l�o�g�i�c�a�l�l�y� �o�r�i�e�n�t�e�d� �w�o�r�l�d�.� 

�W�h�a�t� �a�r�e� �t�h�e� �c�o�n�t�r�i�b�u�t�i�o�n�s� �o�f� �t�h�e�s�e� �r�e�s�e�a�r�c�h�e�r�s� �i�n� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�?� �l�o�z�z�i� �(�1�9�8�0�)� 

�s�t�r�e�s�s�e�d� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �a� �v�a�l�u�e�s� �d�i�m�e�n�s�i�o�n�.� �S�t�u�d�e�n�t�s� �s�h�o�u�l�d� �d�e�v�e�l�o�p� �t�h�e� �a�b�i�l�i�t�y� �t�o� �m�a�k�e� 

�d�e�c�i�s�i�o�n�s� �a�n�d� �d�e�v�e�l�o�p� �g�e�n�e�r�a�l�i�z�a�b�l�e� �s�k�i�l�l�s� �(�e�.�g�.�,� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g�,� �a�n�a�l�y�t�i�c�a�l� �a�n�d� �c�r�i�t�i�c�a�l� 

�t�h�i�n�k�i�n�g� �s�k�i�l�l�s�)�.� �S�t�u�d�e�n�t�s� �s�h�o�u�l�d� �b�e�c�o�m�e� �a�w�a�r�e� �o�f� �t�h�e� �e�t�h�i�c�a�l� �a�n�d� �m�o�r�a�l� �c�o�n�s�e�q�u�e�n�c�e�s� �o�f� �t�h�e�i�r� 

�a�c�t�i�o�n�s�.� �B�o�t�k�i�n� �(�1�9�8�0�)� �l�o�o�k�e�d� �a�t� �t�h�e� �k�i�n�d� �o�f� �c�u�r�r�i�c�u�l�u�m� �t�h�a�t� �w�i�l�l� �d�e�a�l� �w�i�t�h� �t�h�e� �g�a�p� �t�h�a�t� �e�x�i�s�t�s� 

�b�e�t�w�e�e�n� �h�u�m�a�n� �a�n�d� �t�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�v�e�l�o�p�m�e�n�t�s�.� �H�e� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �e�d�u�c�a�t�i�o�n� �s�h�o�u�l�d� �p�u�s�h� 

�C�H�A�P�T�E�R� �I�I�.� �R�E�V�I�E�W� �O�F� �L�I�T�E�R�A�T�U�R�E� �2�6



�b�e�y�o�n�d�  ��m�a�i�n�t�e�n�a�n�c�e� �l�e�a�r�n�i�n�g �� �t�o�  ��i�n�n�o�v�a�t�i�v�e� �l�e�a�r�n�i�n�g�. �� �H�e� �c�o�n�t�e�n�d�e�d� �t�h�i�s� �c�h�a�n�g�e� �w�o�u�l�d� 

�b�r�i�n�g� �a�b�o�u�t� �m�u�c�h� �n�e�e�d�e�d� �r�e�n�e�w�a�l� �a�n�d� �r�e�s�t�r�u�c�t�u�r�i�n�g� �o�f� �e�d�u�c�a�t�i�o�n�.� �B�u�c�h�e�n� �(�i�n� �Y�f�f�,� �1�9�8�3�)� �b�e�-� 

�l�i�e�v�e�d�  ��b�a�c�k� �t�o� �t�h�e� �b�a�s�i�c�s �� �s�t�o�p�p�e�d� �s�h�o�r�t� �o�f� �w�h�a�t� �w�a�s� �n�e�e�d�e�d�.� �H�e� �i�n�d�i�c�a�t�e�d� �h�i�s� �a�p�p�r�o�a�c�h� 

�w�o�u�l�d� �n�o�t� �a�l�t�e�r� �t�h�e� �c�o�n�t�e�n�t� �i�n� �p�r�o�g�r�a�m�s�,� �b�u�t� �i�t� �w�o�u�l�d� �o�v�e�r�l�a�y� �a� �n�e�w� �a�p�p�r�o�a�c�h� �t�o� �o�r�g�a�n�i�z�i�n�g� 

�i�n�s�t�r�u�c�t�i�o�n� �a�n�d� �d�e�l�i�v�e�r�y�.� �T�h�e� �m�a�i�n� �p�r�e�m�i�s�e� �f�o�r� �c�h�a�n�g�e� �w�a�s� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�.� �S�h�a�n�e� �a�n�d� 

�C�u�l�b�e�r�t�s�o�n� �(�i�n� �Y�f�f�,� �1�9�8�3�)� �r�e�c�o�m�m�e�n�d�e�d� �m�a�k�i�n�g� �a�n� �e�f�f�o�r�t� �t�o� �t�i�e� �t�h�e� �p�u�r�p�o�s�e� �o�f� �e�d�u�c�a�t�i�o�n� �t�o� 

�c�h�a�n�g�e�s� �i�n� �s�o�c�i�e�t�y�.� �I�f� �e�d�u�c�a�t�i�o�n� �w�e�r�e� �g�o�i�n�g� �t�o� �a�d�d�r�e�s�s� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�,� �a� �s�c�h�o�o�l� �s�h�o�u�l�d� 

�e�s�t�a�b�l�i�s�h� �g�o�a�l�s�.� �T�h�e� �n�e�c�e�s�s�a�r�y� �a�d�j�u�s�t�m�e�n�t�s� �s�h�o�u�l�d� �b�e� �m�a�d�e� �t�o� �a�c�c�o�m�p�l�i�s�h� �t�h�o�s�e� �g�o�a�l�s�.� 

�F�r�i�e�d�m�a�n� �(�i�n� �Y�f�f�,� �1�9�8�3�)� �s�u�p�p�o�r�t�e�d� �t�h�e� �b�e�l�i�e�f� �t�h�a�t� �t�e�c�h�n�o�l�o�g�i�c�a�l� �s�t�u�d�i�e�s� �a�r�e� �f�u�n�d�a�m�e�n�t�a�l� 

�t�o� �a� �t�r�u�l�y� �l�i�b�e�r�a�l� �e�d�u�c�a�t�i�o�n�,� �a�n�d� �h�e� �s�u�g�g�e�s�t�e�d� �f�a�c�i�n�g� �t�h�i�s� �q�u�e�s�t�i�o�n�:�  ��W�h�y� �i�s� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�-� 

�e�r�a�c�y� �a�n� �i�m�p�o�r�t�a�n�t� �o�u�t�c�o�m�e� �o�f� �l�i�b�e�r�a�l� �s�t�u�d�i�e�s�? �� �(�p�.� �1�8�)�.� �F�r�i�e�d�m�a�n� �f�e�e�l�s� �t�h�a�t� �t�h�o�s�e� �w�h�o� �b�e�l�i�e�v�e� 

�t�e�c�h�n�o�l�o�g�y� �i�s� �a� �s�t�r�a�n�g�e� �c�o�m�p�o�n�e�n�t� �f�o�r� �t�h�e� �c�o�n�t�e�n�t� �b�a�s�e� �s�h�o�u�l�d� �r�e�a�l�i�z�e� �t�h�a�t� �t�e�c�h�n�o�l�o�g�i�c�a�l� 

�s�u�b�j�e�c�t� �m�a�t�t�e�r� �h�a�s� �m�e�r�i�t� �t�h�a�t� �i�s� �w�o�r�t�h�y� �o�f� �r�e�s�p�e�c�t�.� 

�B�o�t�k�i�n� �(�1�9�8�0�)� �r�e�p�o�r�t�e�d� �t�o� �T�h�e� �C�l�u�b� �o�f� �R�o�m�e�,�  � ��c�o�n�v�e�n�t�i�o�n�a�l� �s�c�h�o�o�l�i�n�g �� �a�s� �a�  ��h�u�g�e� �e�n�t�e�r�-� 

�p�r�i�s�e �� �h�a�s� �t�o�t�a�l�l�y� �f�a�i�l�e�d� �i�t�s� �m�i�s�s�i�o�n �� �(�p�.� �5�3�0�)�.� �B�o�t�k�i�n� �e�x�p�l�a�i�n�e�d� �t�h�a�t� �e�d�u�c�a�t�i�o�n� �h�a�s� �n�o�t� �k�e�p�t� �p�a�c�e� 

�w�i�t�h� �o�u�r� �c�h�a�n�g�i�n�g� �s�o�c�i�e�t�y�,� �l�e�a�v�i�n�g� �a� �h�u�m�a�n� �g�a�p�.� �T�h�e� �g�r�o�w�i�n�g� �c�o�m�p�l�e�x�i�t�y� �o�f� �o�u�r� �s�o�c�i�e�t�y� �a�n�d� 

�o�u�r� �i�n�a�b�i�l�i�t�y� �t�o� �d�e�a�l� �w�i�t�h� �i�t� �c�a�u�s�e� �s�e�r�i�o�u�s� �p�r�o�b�l�e�m�s�.� �B�o�t�k�i�n� �r�e�f�e�r�r�e�d� �t�o� �a� �c�o�n�v�e�n�t�i�o�n�a�l� �s�c�h�o�o�l� 

�a�s� �a� �p�l�a�c�e� �t�h�a�t� �o�n�l�y� �p�r�o�v�i�d�e�s� �m�a�i�n�t�e�n�a�n�c�e� �l�e�a�r�n�i�n�g�,� �a�c�c�o�m�p�l�i�s�h�i�n�g� �l�i�t�t�l�e� �m�o�r�e� �t�h�a�n� �t�o� �p�e�r�-� 

�p�e�t�u�a�t�e� �o�u�r� �c�u�r�r�e�n�t� �c�o�n�d�i�t�i�o�n�.� �B�o�t�k�i�n� �d�o�e�s� �n�o�t� �t�h�i�n�k� �t�h�a�t� �i�n�n�o�v�a�t�i�v�e� �l�e�a�r�n�i�n�g� �a�l�o�n�e� �w�i�l�l� �s�o�l�v�e� 

�a�n�y� �o�f� �t�h�e� �p�r�e�s�s�i�n�g� �i�s�s�u�e�s�.� �W�h�a�t� �h�e� �d�o�e�s� �s�u�p�p�o�r�t� �i�s� �u�s�i�n�g� �i�n�n�o�v�a�t�i�v�e� �l�e�a�r�n�i�n�g� �a�s� �a� �n�e�c�e�s�s�a�r�y� 

�m�e�a�n�s� �o�f� �p�r�e�p�a�r�i�n�g� �i�n�d�i�v�i�d�u�a�l�s� �a�n�d� �s�o�c�i�e�t�i�e�s� �t�o� �a�c�t� �i�n� �c�o�n�c�e�r�t� �i�n� �n�e�w� �s�i�t�u�a�t�i�o�n�s�.� 

�T�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �w�a�s� �n�o�t� �o�n�l�y� �r�e�g�a�r�d�e�d� �a�s� �a� �l�e�a�r�n�i�n�g� �o�u�t�c�o�m�e� �s�u�i�t�e�d� �f�o�r� �a�c�a�d�e�m�i�a�,� 

�i�t� �w�a�s� �a�l�s�o� �a�d�v�a�n�t�a�g�e�o�u�s� �i�n� �t�h�e� �w�o�r�k�p�l�a�c�e�.� �B�u�s�i�n�e�s�s� �a�n�d� �i�n�d�u�s�t�r�y� �h�a�v�e� �b�e�e�n� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� 

�p�r�a�c�t�i�c�e� �o�f� �s�u�p�p�o�r�t�i�n�g� �e�d�u�c�a�t�i�o�n�.� �B�u�t� �w�h�a�t� �c�o�u�l�d� �i�n�d�u�s�t�r�y� �o�f�f�e�r� �i�n� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�?� �T�h�e� 

�N�o�r�t�h�w�e�s�t� �R�e�g�i�o�n�a�l� �E�d�u�c�a�t�i�o�n�a�l� �L�a�b�o�r�a�t�o�r�y� �(�N�W�R�E�L�,� �1�9�8�4�)� �c�o�n�s�i�d�e�r�e�d� �t�h�e� �q�u�e�s�t�i�o�n�,�  ��w�h�a�t� 

�c�a�n� �i�n�d�u�s�t�r�y� �o�f�f�e�r� �i�n� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�, �� �f�o�r� �s�e�c�o�n�d�a�r�y� �e�d�u�c�a�t�i�o�n�.� �I�t� �w�a�s� �t�h�r�o�u�g�h� �a� �s�e�r�i�e�s� 

�o�f� �i�n�t�e�r�v�i�e�w�s� �w�i�t�h� �e�m�p�l�o�y�e�e�s� �t�h�a�t� �t�h�e� �N�W�R�E�L� �s�t�a�f�f� �e�x�p�l�o�r�e�d� �v�a�r�i�o�u�s� �d�i�m�e�n�s�i�o�n�s� �o�f� �t�e�c�h�n�o�-� 

�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �a�n�d� �w�h�a�t� �t�h�e�y� �m�e�a�n�t� �i�n� �t�h�e� �w�o�r�k�p�l�a�c�e�.� �N�e�x�t�,� �t�h�e�y� �u�t�i�l�i�z�e�d� �w�r�i�t�i�n�g�s� �o�n� �t�e�c�h�n�o�-� 
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�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�a�t� �w�a�s� �p�r�o�p�o�s�e�d� �f�r�o�m� �r�e�s�e�a�r�c�h� �a�n�d� �p�r�o�f�e�s�s�i�o�n�a�l� �o�p�i�n�i�o�n�s� �a�n�d� 

�a�s�k�e�d� �s�c�h�o�o�l� �r�e�p�r�e�s�e�n�t�a�t�i�v�e�s� �f�o�r� �t�h�e�i�r� �a�d�v�i�c�e�.� �T�h�e� �r�e�s�u�l�t� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �w�a�s� �a�n� �a�p�p�r�o�a�c�h� 

�t�o� �d�e�f�i�n�i�n�g� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �s�k�i�l�l�s�.� �N�W�R�E�L� �(�1�9�8�4�)� �s�u�g�g�e�s�t�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �a�p�p�r�o�a�c�h� �t�o� 

�t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�:� 

�T�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �i�s� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �s�k�i�l�l�s� �a�n�d� �a�t�t�i�t�u�d�e�s�-�-�s�o�m�e� �v�e�r�y� �g�e�n�e�r�a�l� �a�n�d� �o�t�h�e�r�s� �v�e�r�y� 
�s�p�e�c�i�f�i�c�.� �A�l�m�o�s�t� �e�v�e�r�y� �w�o�r�k� �s�i�t�u�a�t�i�o�n� �t�o�d�a�y� �r�e�q�u�i�r�e�s� �a� �d�i�f�f�e�r�e�n�t� �s�e�t� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �a�b�i�l�i�t�i�e�s�,� 
�m�a�n�y� �o�f� �w�h�i�c�h� �w�i�l�l� �a�l�w�a�y�s� �b�e� �v�e�r�y� �c�l�o�s�e�l�y� �t�i�e�d� �t�o� �a� �p�a�r�t�i�c�u�l�a�r� �t�a�s�k� �(�e�.�g�.�,� �w�o�r�d� �p�r�o�c�e�s�s�i�n�g�)�,� �b�o�d�y� 
�o�f� �k�n�o�w�l�e�d�g�e� �(�e�.�g�.�,� �b�i�o�t�e�c�h�n�o�l�o�g�y�)� �o�r� �o�c�c�u�p�a�t�i�o�n�a�l� �a�r�e�a� �(�e�.�g�.�,� �m�a�r�k�e�t�i�n�g�)�.� �Y�e�t�,� �m�o�s�t� �o�b�s�e�r�v�e�r�s� 
�b�e�l�i�e�v�e� �j�o�b�s� �o�f� �t�h�e� �f�u�t�u�r�e� �w�i�l�l� �a�l�s�o� �r�e�q�u�i�r�e� �a� �b�r�o�a�d�e�r� �s�e�t� �o�f� �a�p�t�i�t�u�d�e�s� �a�n�d� �a�t�t�i�t�u�d�e�s� �t�h�a�t� �m�a�r�k� �t�h�e� 
�t�e�c�h�n�o�l�o�g�i�c�a�l�l�y� �l�i�t�e�r�a�t�e� �w�o�r�k�e�r�- ��s�k�i�l�l�s� �t�h�a�t� �s�o�u�n�d� �v�e�r�y� �s�i�m�i�l�a�r� �t�o� �t�h�e� �r�e�f�o�r�m� �m�o�s�t� �e�d�u�c�a�t�i�o�n�a�l� 
�a�g�e�n�c�i�e�s� �a�r�e� �a�d�d�r�e�s�s�i�n�g� �i�n� �t�h�e� �1�9�8�0 ��s� �(�p�.� �6�)�.� 

�T�h�e� �N�W�R�E�L� �p�r�e�p�a�r�e�d� �a� �l�i�s�t� �o�f� �s�e�v�e�r�a�l� �f�a�c�e�t�s� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �t�h�a�t� �c�o�u�l�d� �b�e� 

�c�l�u�s�t�e�r�e�d� �i�n�t�o� �t�h�r�e�e� �b�r�o�a�d� �c�a�t�e�g�o�r�i�e�s�:� 

�1�.� �A�t�t�i�t�u�d�e�s� �o�r� �g�e�n�e�r�i�c� �s�k�i�l�l�s� �t�h�a�t� �c�a�n� �b�e� �t�a�u�g�h�t� �i�n� �a�n�y� �c�l�a�s�s�:� 
�A�c�c�u�r�a�c�y� �a�n�d� �P�r�e�c�i�s�i�o�n� 
�A�n�t�i�c�i�p�a�t�i�n�g� �N�e�e�d�s� 
�C�r�e�a�t�i�v�i�t�y� �a�n�d� �I�m�a�g�i�n�a�t�i�o�n� 
�C�r�i�t�i�c�a�l� �T�h�i�n�k�i�n�g�/�P�r�o�b�l�e�m�-�S�o�l�v�i�n�g� 
�E�t�h�i�c�a�l� �S�t�a�n�d�a�r�d�s�/�C�o�n�f�i�d�e�n�t�i�a�l�i�t�y� 
�L�i�f�e�l�o�n�g� �L�e�a�r�n�i�n�g�/�R�e�t�r�a�i�n�i�n�g� 
�S�y�n�t�h�e�s�i�s� �o�f� �I�n�f�o�r�m�a�t�i�o�n� 
�S�y�s�t�e�m�s� �T�h�i�n�k�i�n�g� 
�T�r�o�u�b�l�e�s�h�o�o�t�i�n�g� 

�2�.� �A�p�p�l�i�e�d� �S�k�i�l�l�s� �r�e�q�u�i�r�i�n�g� �d�i�r�e�c�t� �i�n�s�t�r�u�c�t�i�o�n� �a�s� �w�e�l�l� �a�s� �p�r�a�c�t�i�c�e� �u�n�d�e�r� �v�a�r�i�o�u�s� �c�o�n�d�i�t�i�o�n�s�:� 
�C�o�m�p�u�t�a�t�i�o�n�a�l� �a�n�d� �C�a�l�i�b�r�a�t�i�o�n� 
�L�a�y�o�u�t�/�D�e�s�i�g�n� 
�L�i�s�t�e�n�i�n�g� 
�M�e�a�s�u�r�e�m�e�n�t� 
�S�p�e�a�k�i�n�g� 
�W�r�i�t�i�n�g� 

�3�.� �S�p�e�c�i�a�l�i�z�e�d� �S�k�i�l�l�s�:� 
�E�v�a�l�u�a�t�i�o�n� �o�f� �S�o�f�t�w�a�r�e� 
�F�i�l�e� �M�a�i�n�t�e�n�a�n�c�e� 
�K�e�y�b�o�a�r�d�i�n�g� 
�N�e�t�w�o�r�k�i�n�g� 
�S�e�a�r�c�h� �a�n�d� �R�e�t�r�i�e�v�a�l� 

�T�h�e� �N�W�R�E�L� �s�t�u�d�y� �(�1�9�8�4�)� �p�o�i�n�t�e�d� �o�u�t� �t�h�a�t� �a�t�t�i�t�u�d�e�s�,� �a�p�p�l�i�e�d� �s�k�i�l�l�s�,� �a�n�d� �s�p�e�c�i�a�l�i�z�e�d� �s�k�i�l�l�s� 

�w�e�r�e� �r�e�l�a�t�e�d� �t�o� �w�h�a�t� �i�t� �m�e�a�n�t� �t�o� �b�e� �t�e�c�h�n�o�l�o�g�i�c�a�l�l�y� �l�i�t�e�r�a�t�e�.� �T�h�e� �q�u�e�s�t�i�o�n� �w�a�s� �r�a�i�s�e�d� �i�n� �t�h�e� 

�r�e�p�o�r�t�:�  ��W�h�a�t� �W�e� �C�a�n� �D�o� �i�n� �L�a�n�g�u�a�g�e� �A�r�t�s� �t�o� �P�r�o�m�o�t�e� �T�e�c�h�n�o�l�o�g�i�c�a�l� �L�i�t�e�r�a�c�y�? �� �(�p�.� �2�)�.� �T�h�e� 
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�r�e�p�o�r�t� �r�e�c�o�m�m�e�n�d�e�d� �t�h�e� �b�r�o�a�d� �n�a�t�u�r�e� �o�f� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �t�h�e� �o�u�t�c�o�m�e� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� 

�a�s� �o�u�t�l�i�n�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �w�i�l�l� �r�e�q�u�i�r�e� �t�h�e� �s�u�p�p�o�r�t� �o�f� �o�t�h�e�r� �a�r�e�a�s� �i�n� �t�h�e� �s�c�h�o�o�l� �c�u�r�r�i�c�u�l�u�m�.� 

�H�i�g�h� �s�c�h�o�o�l� �g�r�a�d�u�a�t�e�s� �m�a�y� �m�a�t�r�i�c�u�l�a�t�e� �i�n�t�o� �p�o�s�t�-�s�e�c�o�n�d�a�r�y� �s�c�h�o�o�l�s� �a�n�d� �c�o�n�t�i�n�u�e� �t�h�e�i�r� 

�e�d�u�c�a�t�i�o�n�.� �W�h�a�t� �a�r�e� �t�h�e� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �n�e�e�d�s� �o�f� �p�e�r�s�o�n�s� �t�r�a�i�n�e�d� �a�t� �t�h�e� �c�o�m�m�u�n�i�t�y� 

�c�o�l�l�e�g�e�?� �M�i�t�c�h�e�l�l� �e�t� �a�l�.� �(�1�9�8�6�)� �r�e�s�e�a�r�c�h�e�d� �t�h�i�s� �q�u�e�s�t�i�o�n�,� �r�e�p�o�r�t�e�d� �t�h�e�i�r� �f�i�n�d�i�n�g�s� �i�n� �C�h�a�n�g�e� �A�n�d� 

�T�h�e� �F�u�t�u�r�e� �o�f� �V�o�c�a�t�i�o�n�a�l� �E�d�u�c�a�t�i�o�n�,� �a�n�d� �s�u�b�m�i�t�t�e�d� �i�t� �t�o� �t�h�e� �W�a�s�h�i�n�g�t�o�n� �S�t�a�t�e� �V�o�c�a�t�i�o�n�a�l� �D�i�-� 

�r�e�c�t�o�r ��s� �C�o�u�n�c�i�l�.� �T�h�e� �p�r�i�n�c�i�p�l�e� �i�n�v�e�s�t�i�g�a�t�o�r�s�,� �W�i�l�s�o�n� �a�n�d� �W�o�l�f�e�,� �c�o�n�d�u�c�t�e�d� �t�h�e� �r�e�s�e�a�r�c�h� �o�n� 

�t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �e�m�p�l�o�y�m�e�n�t� �i�n� �o�c�c�u�p�a�t�i�o�n�s� �u�s�i�n�g� �a�d�v�a�n�c�e�d� �t�e�c�h�n�o�l�-� 

�o�g�y� �a�n�d� �e�x�p�l�o�r�e�d� �t�h�e� �f�u�t�u�r�e� �e�m�p�l�o�y�m�e�n�t� �o�p�p�o�r�t�u�n�i�t�i�e�s� �f�o�r� �g�r�a�d�u�a�t�e�s� �o�f� �v�o�c�a�t�i�o�n�a�l� �p�r�o�g�r�a�m�s� 

�i�n� �W�a�s�h�i�n�g�t�o�n� �S�t�a�t�e� �c�o�m�m�u�n�i�t�y� �c�o�l�l�e�g�e�s�.� 

�W�i�t�h�i�n� �t�h�e� �r�e�s�e�a�r�c�h� �s�t�u�d�y�,� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �w�a�s� �d�e�f�i�n�e�d� �a�s�  ��p�r�e�p�a�r�a�t�i�o�n� �w�i�t�h� �c�o�m�-� 

�m�u�n�i�c�a�t�i�o�n�,� �p�r�o�b�l�e�m� �s�o�l�v�i�n�g�,� �a�n�d� �q�u�a�n�t�i�t�a�t�i�v�e� �s�k�i�l�l�s� �n�e�c�e�s�s�a�r�y� �t�o� �c�a�r�r�y� �o�u�t� �j�o�b� �f�u�n�c�t�i�o�n�s� �i�n� 

�t�e�c�h�n�o�l�o�g�i�c�a�l�l�y� �a�d�v�a�n�c�e�d� �w�o�r�k� �e�n�v�i�r�o�n�m�e�n�t�s� �(�M�i�t�c�h�e�l�l� �e�t� �a�l�.�,� �1�9�8�6�)�. �� �T�h�e� �d�a�t�a� �s�h�o�w�e�d� �t�h�a�t� �t�h�e� 

�t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �s�k�i�l�l�s� �n�e�e�d�e�d� �f�o�r� �c�o�m�m�u�n�i�t�y� �c�o�l�l�e�g�e� �g�r�a�d�u�a�t�e�s� �w�e�r�e� �i�n�f�o�r�m�a�t�i�o�n�-�t�y�p�e� 

�s�k�i�l�l�s� �o�f� �s�y�n�t�h�e�s�i�z�i�n�g�,� �c�o�m�p�u�t�i�n�g�,� �a�n�d� �c�o�p�y�i�n�g�;� �p�e�o�p�l�e�-�o�r�i�e�n�t�e�d� �s�k�i�l�l�s� �o�r� �n�e�g�o�t�i�a�t�i�n�g�,� �i�n�s�t�r�u�c�t�-� 

�i�n�g�,� �s�u�p�e�r�v�i�s�i�n�g�,� �p�e�r�s�u�a�d�i�n�g�,� �i�n�i�t�i�a�t�i�n�g� �w�o�r�k�,� �w�r�i�t�i�n�g�,� �s�p�e�a�k�i�n�g�,� �l�i�s�t�e�n�i�n�g�,� �a�n�d� �p�a�r�t�i�c�i�p�a�t�i�n�g� �o�n� 

�a� �t�e�a�m�;� �a�n�d� �e�q�u�i�p�m�e�n�t�-�r�e�l�a�t�e�d� �s�k�i�l�l�s� �o�f� �a�n�a�l�y�z�i�n�g�/�i�d�e�n�t�i�f�y�i�n�g� �p�r�o�b�l�e�m�s�,� �c�r�e�a�t�i�n�g� �f�l�o�w� �c�h�a�r�t�s�,� 

�a�n�a�l�y�z�i�n�g�/�s�o�l�v�i�n�g� �p�r�o�b�l�e�m�s�,� �c�r�e�a�t�i�n�g� �p�r�o�g�r�a�m�s�,� �o�p�e�r�a�t�i�n�g� �e�q�u�i�p�m�e�n�t�,� �a�n�d� �m�a�i�n�t�a�i�n�i�n�g� 

�e�q�u�i�p�m�e�n�t�.� �K�e�y�b�o�a�r�d�i�n�g� �a�n�d� �d�a�t�a�-�e�n�t�r�y� �s�k�i�l�l�s� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �b�a�s�i�c� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �w�o�r�k�-� 

�i�n�g� �t�e�c�h�n�o�l�o�g�i�c�a�l�l�y� �a�d�v�a�n�c�e�d� �e�n�v�i�r�o�n�m�e�n�t�s�.� 

�M�i�t�c�h�e�l�l� �e�t� �a�l�.� �(�1�9�8�6�)� �s�u�m�m�a�r�i�z�e�d� �t�h�e�i�r� �f�i�n�d�i�n�g�s� �b�y� �s�t�a�t�i�n�g�:�  ��T�h�e� �n�e�e�d� �t�o� �s�t�a�y� �a�b�r�e�a�s�t� 

�o�f� �c�h�a�n�g�e�s� �i�n� �t�e�c�h�n�o�l�o�g�y� �i�s� �s�t�e�a�d�i�l�y� �b�e�c�o�m�i�n�g� �m�o�r�e� �u�r�g�e�n�t�.� �T�h�i�s� �n�e�e�d� �p�r�e�s�e�n�t�s� �e�v�e�n� �g�r�e�a�t�e�r� 

�c�h�a�l�l�e�n�g�e�s� �t�o� �e�d�u�c�a�t�i�o�n� �t�o� �d�e�l�i�v�e�r� �v�o�c�a�t�i�o�n�a�l� �t�r�a�i�n�i�n�g� �w�h�i�c�h� �e�n�a�b�l�e�s� �i�n�d�i�v�i�d�u�a�l�s� �t�o� �r�e�m�a�i�n� 

�c�o�m�p�e�t�e�n�t� �a�n�d� �p�r�o�d�u�c�t�i�v�e� �i�n� �t�h�e� �m�a�r�k�e�t�p�l�a�c�e �� �(�p�.� �1�0�5�)�.� �T�h�e� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �p�o�i�n�t�e�d� �o�u�t� 

�t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �s�h�o�u�l�d� �b�e� �m�a�d�e� �a� �b�a�s�i�c� �e�x�i�t� �r�e�q�u�i�r�e�m�e�n�t�.� �T�h�i�s� �s�t�u�d�y� �f�u�r�t�h�e�r� �s�h�o�w�e�d� �t�h�e� 

�i�n�t�e�r�e�s�t� �i�n� �t�h�e� �n�e�e�d� �f�o�r� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �i�s� �b�e�i�n�g� �a�d�d�r�e�s�s�e�d� �t�o� �m�e�e�t� �t�h�e� �c�u�r�r�e�n�t� �a�n�d� �f�u�-� 

�t�u�r�e� �n�e�e�d�s� �i�n� �e�d�u�c�a�t�i�o�n� �a�s� �w�e�i�l� �a�s� �t�h�e� �n�e�e�d� �t�o� �p�r�e�p�a�r�e� �p�e�o�p�l�e� �t�o� �e�n�t�e�r� �t�h�e� �w�o�r�k�p�l�a�c�e�.� 

�+� 
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�T�h�e� �D�e�l�p�h�i� �T�e�c�h�n�i�q�u�e� 

�S�i�n�c�e� �t�h�i�s� �s�t�u�d�y� �w�a�s� �d�e�s�i�g�n�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�e�t�h�e�r� �a� �c�o�n�s�e�n�s�u�s� �c�o�u�l�d� �b�e� �r�e�a�c�h�e�d� 

�a�m�o�n�g� �a� �p�a�n�e�i� �o�f� �e�x�p�e�r�t�s�,� �a� �r�e�s�e�a�r�c�h� �m�e�t�h�o�d�o�l�o�g�y� �h�a�d� �t�o� �b�e� �u�s�e�d� �w�h�i�c�h� �a�l�l�o�w�e�d� �f�o�r� �i�n�t�e�r�-� 

�a�c�t�i�o�n� �a�m�o�n�g� �t�h�e� �e�x�p�e�r�t�s�.� �O�n�e� �a�p�p�r�o�a�c�h� �w�o�u�l�d� �b�e� �t�o� �u�s�e� �a� �c�o�n�f�e�r�e�n�c�e� �c�o�m�m�i�t�t�e�e� �m�e�e�t�i�n�g� 

�w�h�e�r�e� �e�x�p�e�r�t�s� �c�o�u�l�d� �d�i�s�c�u�s�s� �a�n�d� �d�e�b�a�t�e� �t�h�e� �i�s�s�u�e�s�.� �B�e�c�a�u�s�e� �i�t� �w�a�s� �n�o�t� �p�o�s�s�i�b�l�e� �t�o� �u�s�e� �t�h�i�s� 

�a�p�p�r�o�a�c�h�,� �a�n� �a�l�t�e�r�n�a�t�i�v�e� �t�e�c�h�n�i�q�u�e� �w�a�s� �c�h�o�s�e�n� �t�h�a�t� �w�o�u�l�d� �s�e�r�v�e� �t�h�e� �s�a�m�e� �p�u�r�p�o�s�e�.� �T�h�e� �a�l�-� 

�t�e�r�n�a�t�i�v�e� �w�a�s� �t�h�e� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �w�i�t�h� �a� �Q�-�s�o�r�t�.� 

�T�h�e� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �i�s� �a� �p�r�o�c�e�s�s� �f�o�r� �g�a�t�h�e�r�i�n�g� �g�r�o�u�p� �o�p�i�n�i�o�n�s� �t�o� �f�o�r�m� �j�u�d�g�m�e�n�t�s� �o�n� 

�d�i�f�f�i�c�u�l�t� �t�o�p�i�c�s� �w�h�e�n� �s�p�e�c�i�f�i�c� �i�n�f�o�r�m�a�t�i�o�n� �m�a�y� �n�o�t� �b�e� �a�v�a�i�l�a�b�l�e�.� �T�h�e� �t�e�c�h�n�i�q�u�e� �a�l�l�o�w�s� �t�h�e� �r�e�-� 

�s�e�a�r�c�h�e�r� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �a� �t�o�p�i�c� �t�h�r�o�u�g�h� �a� �p�a�n�e�l� �o�f� �e�x�p�e�r�t�s� �f�r�o�m� �l�o�c�a�l� �a�n�d� �d�i�s�t�a�n�t� �l�o�c�a�t�i�o�n�s�.� 

�T�h�e� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �h�a�s� �b�e�e�n� �u�s�e�d� �b�y� �m�a�n�y� �r�e�s�e�a�r�c�h�e�r�s� �a�n�d� �i�s� �s�t�r�u�c�t�u�r�e�d� �d�i�f�f�e�r�e�n�t�l�y� �d�e�-� 

�p�e�n�d�i�n�g� �u�p�o�n� �t�h�e� �t�y�p�e� �o�f� �s�t�u�d�y�.� �T�u�r�o�f�f� �(�1�9�7�0�)� �d�e�f�i�n�e�d� �t�h�e� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �a�s� �f�o�l�l�o�w�s�:�  ��D�e�l�p�h�i� 

�m�a�y� �b�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �a�s� �a� �m�e�t�h�o�d� �f�o�r� �s�t�r�u�c�t�u�r�i�n�g� �a� �g�r�o�u�p� �c�o�m�m�u�n�i�c�a�t�i�o�n� �p�r�o�c�e�s�s� �s�o� �t�h�a�t� �t�h�e� 

�p�r�o�c�e�s�s� �i�s� �e�f�f�e�c�t�i�v�e� �i�n� �a�l�l�o�w�i�n�g� �a� �g�r�o�u�p� �o�f� �i�n�d�i�v�i�d�u�a�l�s�,� �a�s� �a� �w�h�o�l�e�,� �t�o� �d�e�a�l� �w�i�t�h� �a� �c�o�m�p�l�e�x� 

�p�r�o�b�l�e�m �� �(�p�.� �3�)�.� �T�h�e� �D�e�l�p�h�i� �c�a�n� �b�e� �u�s�e�d� �a�s� �a� �m�e�a�n�s� �t�o� �g�a�t�h�e�r� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �c�u�r�r�e�n�t� �t�o�p�i�c�s� 

�a�s� �w�e�l�l� �a�s� �u�s�e�d� �f�o�r� �f�u�t�u�r�e� �p�r�e�d�i�c�t�i�o�n�s�.� 

�T�h�e� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �i�s� �q�u�i�t�e� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �o�t�h�e�r� �d�e�c�i�s�i�o�n�-�m�a�k�i�n�g� �m�e�t�h�o�d�s� �b�y� �v�i�r�t�u�e� �o�f� 

�i�t�s� �f�o�r�m�a�t�.� �T�h�i�s� �f�o�r�m�a�t� �i�n�v�o�l�v�e�s� �a� �s�e�r�i�e�s� �o�f� �r�o�u�n�d�s� �w�h�e�r�e� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s�,� �w�h�o� �c�o�m�p�r�i�s�e� �a� 

�p�a�n�e�l�,� �a�r�e� �e�a�c�h� �a�s�k�e�d� �t�o� �s�u�b�m�i�t� �o�r� �r�e�a�c�t� �t�o� �a� �l�i�s�t� �o�f� �s�t�a�t�e�m�e�n�t�s� �a�b�o�u�t� �a� �p�a�r�t�i�c�u�l�a�r� �t�o�p�i�c�.� �A�f�t�e�r� 

�e�a�c�h� �r�o�u�n�d�,� �t�h�e� �r�e�s�p�o�n�s�e�s�/�i�n�f�o�r�m�a�t�i�o�n� �s�u�b�m�i�t�t�e�d� �b�y� �t�h�e� �e�a�c�h� �p�a�n�e�l� �m�e�m�b�e�r� �a�r�e� �s�y�n�t�h�e�s�i�z�e�d� 

�a�n�d� �s�u�m�m�a�r�i�z�e�d�.� �P�a�r�t�i�c�i�p�a�t�i�o�n� �i�n� �t�h�i�s� �p�r�o�c�e�s�s� �i�s� �s�t�r�i�c�t�l�y� �a�n�o�n�y�m�o�u�s�.� �A�f�t�e�r� �e�a�c�h� �r�o�u�n�d�,� �t�h�e� 

�p�a�r�t�i�c�i�p�a�n�t�s� �r�e�c�e�i�v�e� �f�e�e�d�b�a�c�k� �i�n� �t�h�e� �f�o�r�m� �o�f� �a� �s�y�n�t�h�e�s�i�s� �o�f� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �r�e�c�e�i�v�e�d� �f�r�o�m� �t�h�e� 

�p�a�n�e�l�.� �S�k�u�t�c�h� �a�n�d� �H�a�l�l� �(�1�9�7�3�)� �p�o�i�n�t�e�d� �o�u�t� �t�h�a�t� �t�h�e� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �h�a�s� �a�n� �a�d�v�a�n�t�a�g�e� �o�v�e�r� �t�h�e� 

�c�o�n�f�e�r�e�n�c�e� �b�e�c�a�u�s�e� �p�a�r�t�i�c�i�p�a�n�t�s� �i�n� �a� �D�e�l�p�h�i� �c�a�n� �r�e�s�p�o�n�d� �a�s� �i�n�d�i�v�i�d�u�a�l�s� �w�i�t�h�o�u�t� �b�e�i�n�g� �c�o�n�-� 

�t�r�o�l�l�e�d� �b�y� �o�t�h�e�r�s�.� �T�h�e� �c�o�n�f�e�r�e�n�c�e� �a�p�p�r�o�a�c�h� �a�l�l�o�w�s� �e�x�p�e�r�t�s� �t�o� �e�x�p�r�e�s�s� �o�p�i�n�i�o�n�s� �a�n�d� �m�a�k�e� 

�j�u�d�g�m�e�n�t�s�,� �b�u�t� �t�h�e�y� �a�r�e� �a�l�w�a�y�s� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �o�t�h�e�r�s� �w�h�o� �c�a�n� �d�o�m�i�n�a�t�e� �t�h�e� �m�e�e�t�i�n�g�.� �T�h�e� 
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�D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �a�l�l�o�w�s� �t�h�e� �e�x�p�e�r�t� �t�o� �r�e�s�p�o�n�d� �w�i�t�h�o�u�t� �i�n�t�e�r�f�e�r�e�n�c�e� �e�i�t�h�e�r� �w�h�e�n� �o�p�i�n�i�o�n�s� �a�r�e� 

�g�i�v�e�n� �o�r� �j�u�d�g�m�e�n�t�s� �a�r�e� �m�a�d�e�.� �S�k�u�t�c�h� �a�n�d� �H�a�i�l� �a�l�s�o� �i�n�d�i�c�a�t�e�d� �t�h�e� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �a�l�l�o�w�s� 

�e�x�p�e�r�t�s� �t�o� �e�x�c�h�a�n�g�e� �o�p�i�n�i�o�n�s� �a�n�d� �r�e�a�c�t� �t�o� �t�h�e� �i�s�s�u�e�s�.� �|� 

�H�e�l�m�e�r� �(�1�9�6�7�)� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �e�l�i�m�i�n�a�t�e�s� �t�h�e� �u�s�e� �o�f� �a� �c�o�m�m�i�t�t�e�e� �a�n�d� 

�t�h�e� �a�c�t�i�v�i�t�y� �t�h�a�t� �r�e�s�u�l�t�s� �f�r�o�m� �d�i�s�c�u�s�s�i�o�n�s� �w�i�t�h� �o�p�i�n�i�o�n�s� �a�n�d� �p�e�r�s�o�n�a�l� �b�i�a�s�.� �T�h�e� �p�r�o�c�e�s�s� �r�e�-� 

�p�l�a�c�e�s� �t�h�e� �c�o�m�m�i�t�t�e�e� �a�c�t�i�v�i�t�y� �w�i�t�h� �a�n� �i�n�d�i�v�i�d�u�a�l� �i�n�q�u�i�r�y� �a�n�d� �r�e�s�p�o�n�s�e�s� �t�o� �t�h�e� �i�s�s�u�e�s� �i�n� �t�h�e� 

�q�u�e�s�t�i�o�n�n�a�i�r�e�.� �T�h�e� �p�a�n�e�l� �r�e�s�p�o�n�d�e�n�t� �p�r�o�v�i�d�e�s� �i�n�p�u�t� �a�n�d� �i�n�t�e�r�a�c�t�s� �a�n�o�n�y�m�o�u�s�l�y� �w�i�t�h� �a� �g�r�o�u�p� 

�t�h�r�o�u�g�h� �f�e�e�d�b�a�c�k�.� 

�T�h�e� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �h�a�s� �b�e�e�n� �u�s�e�d� �i�n� �o�t�h�e�r� �t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n� �s�t�u�d�i�e�s�.� �B�a�r�n�e�s� 

�(�1�9�8�7�)� �u�s�e�d� �a� �t�h�r�e�e� �r�o�u�n�d� �D�e�l�p�h�i� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �k�e�y� �d�e�s�c�r�i�p�t�o�r�s� �o�f� �a� �d�e�f�i�n�i�t�i�o�n� �f�o�r� �t�e�c�h�n�o�l�o�g�y� 

�a�n�d� �t�h�e� �c�u�r�r�i�c�u�l�a�r� �o�r�g�a�n�i�z�e�r�s� �f�o�r� �a� �s�t�u�d�y� �o�f� �t�e�c�h�n�o�l�o�g�y�.� �U�s�i�n�g� �t�h�e� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e�,� �a� �p�a�n�e�l� 

�o�f� �e�x�p�e�r�t�s� �w�a�s� �a�s�k�e�d� �t�o� �s�u�b�m�i�t� �a� �l�i�s�t� �o�f� �w�o�r�d�s� �f�o�r� �t�h�e� �k�e�y� �d�e�s�c�r�i�p�t�o�r�s� �a�n�d� �t�h�e� �c�u�r�r�i�c�u�l�a�r� 

�o�r�g�a�n�i�z�e�r�s�.� �D�e�l�p�h�i� �I�l� �a�n�d� �D�e�l�p�h�i� �I�l�l� �c�o�n�s�i�s�t�e�d� �o�f� �a� �Q�-�s�o�r�t� �o�f� �t�h�e� �w�o�r�d�s� �a�n�d� �k�e�y� �d�e�s�c�r�i�p�t�o�r�s� �t�o� 

�o�b�t�a�i�n� �a� �c�o�n�s�e�n�s�u�s� �l�i�s�t� �o�f� �k�e�y� �d�e�s�c�r�i�p�t�o�r�s� �a�n�d� �w�o�r�d�s� �f�o�r� �t�h�e� �c�u�r�r�i�c�u�l�a�r� �o�r�g�a�n�i�z�e�r�s�.� 

�C�o�p�e�l�a�n�d� �(�1�9�7�7�)� �c�o�n�d�u�c�t�e�d� �a� �s�t�u�d�y� �u�s�i�n�g� �a� �t�h�r�e�e�-�r�o�u�n�d� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e�.� �A� �p�r�o�b�l�e�m� �i�n� 

�t�h�e� �s�t�u�d�y� �w�a�s� �t�h�a�t� �t�h�e�r�e� �w�a�s� �n�o�t� �a� �l�i�s�t� �o�f� �c�o�m�p�e�t�e�n�c�i�e�s� �s�p�e�c�i�f�i�c�a�l�l�y� �f�o�r� �i�n�d�u�s�t�r�i�a�l� �a�r�t�s� �e�d�u�c�a�-� 

�t�i�o�n� �(�t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n�)� �p�r�a�c�t�i�c�e� �t�e�a�c�h�e�r�s�.� �T�h�e� �f�i�r�s�t� �r�o�u�n�d� �s�o�l�i�c�i�t�e�d� �r�e�s�p�o�n�s�e�s� �f�r�o�m� �a� 

�p�a�n�e�l� �o�f� �e�x�p�e�r�t�s� �o�n� �w�h�a�t� �c�o�m�p�e�t�e�n�c�i�e�s� �w�e�r�e� �i�m�p�o�r�t�a�n�t� �f�o�r� �p�r�a�c�t�i�c�e� �t�e�a�c�h�e�r�s� �i�n� �t�e�c�h�n�o�l�o�g�y� 

�e�d�u�c�a�t�i�o�n�.� �I�n� �t�h�e� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �r�o�u�n�d�s�,� �t�h�e� �e�x�p�e�r�t�s� �w�e�r�e� �a�s�k�e�d� �t�o� �r�a�t�e� �t�h�e� �c�o�m�p�e�t�e�n�c�i�e�s� 

�o�n� �a� �f�i�v�e� �p�o�i�n�t� �L�i�k�e�r�t� �S�c�a�l�e�.� �A�f�t�e�r� �t�h�e� �t�h�i�r�d� �r�o�u�n�d�,� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �d�a�t�a� �a�n�a�l�y�s�i�s� �d�e�t�e�r�m�i�n�e�d� 

�t�h�e� �l�i�s�t� �o�f� �i�m�p�o�r�t�a�n�t� �c�o�m�p�e�t�e�n�c�i�e�s� �f�o�r� �t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n� �p�r�a�c�t�i�c�e� �t�e�a�c�h�e�r�s�.� 

�S�t�a�r�k�w�e�a�t�h�e�r� �(�1�9�7�5�)� �c�o�n�d�u�c�t�e�d� �a� �s�t�u�d�y� �u�s�i�n�g� �t�h�e� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� �f�u�t�u�r�e� 

�d�i�r�e�c�t�i�o�n�s� �f�o�r� �i�n�d�u�s�t�r�i�a�l� �a�r�t�s� �e�d�u�c�a�t�i�o�n� �(�t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n�)�.� �A� �t�h�r�e�e�-�r�o�u�n�d� �D�e�l�p�h�i� �t�e�c�h�-� 

�n�i�q�u�e� �w�a�s� �u�s�e�d� �t�o� �g�a�t�h�e�r� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �a� �p�a�n�e�l� �o�f� �e�x�p�e�r�t�s� �a�n�d� �a�s�k� �t�h�e�m� �t�o� �r�a�t�e� �i�t�e�m�s� �u�s�i�n�g� 

�a� �L�i�k�e�r�t� �S�c�a�l�e�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �D�e�l�p�h�i� �I�l�l� �i�n�d�i�c�a�t�e�d� �t�h�e� �f�u�t�u�r�e� �d�i�r�e�c�t�i�o�n� �f�o�r� �t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n�.� 

�T�h�e� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �h�a�s� �b�e�e�n� �u�s�e�d� �s�u�c�c�e�s�s�f�u�l�l�y� �b�y� �t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n� �r�e�s�e�a�r�c�h�e�r�s� 

�t�o� �i�n�v�e�s�t�i�g�a�t�e� �p�r�o�b�l�e�m�s� �i�n� �e�d�u�c�a�t�i�o�n�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �p�r�o�b�l�e�m� �i�n� �t�h�i�s� �s�t�u�d�y�,� �t�h�e� 

�D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �p�r�o�v�i�d�e�d� �t�h�e� �r�e�s�e�a�r�c�h�e�r� �w�i�t�h� �a� �r�e�s�e�a�r�c�h� �m�e�t�h�o�d�o�l�o�g�y� �t�o� �g�a�t�h�e�r� �t�h�e� �p�r�o�p�e�r� 
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�d�a�t�a�,� �c�o�n�d�u�c�t� �a�n� �a�n�a�l�y�s�i�s�,� �a�n�d� �p�r�o�v�i�d�e� �p�e�r�t�i�n�e�n�t� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �r�e�s�p�o�n�s�e� �t�o� �t�h�e� �r�e�s�e�a�r�c�h� 

�q�u�e�s�t�i�o�n�s�.� 

�S�u�m�m�a�r�y� 

�T�h�e� �r�e�v�i�e�w� �o�f� �l�i�t�e�r�a�t�u�r�e� �r�e�v�e�a�l�e�d� �t�h�a�t� �e�x�p�e�r�t�s� �d�i�s�a�g�r�e�e� �o�v�e�r� �a� �d�e�f�i�n�i�t�i�o�n� �o�f� �l�i�t�e�r�a�c�y�.� �A�t�-� 

�t�r�i�b�u�t�e�s� �a�n�d� �s�t�a�n�d�a�r�d�s� �a�r�e� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �c�o�n�t�e�x�t� �i�n� �w�h�i�c�h� �l�i�t�e�r�a�c�y� �i�s� �o�b�s�e�r�v�e�d�.� �I�t� �i�s� �n�o� �l�o�n�g�e�r� 

�a�p�p�r�o�p�r�i�a�t�e� �t�o� �d�e�f�i�n�e� �a�n� �e�d�u�c�a�t�e�d� �p�e�r�s�o�n� �b�a�s�e�d� �o�n� �k�n�o�w�l�e�d�g�e� �o�f� �a�n� �e�s�t�a�b�l�i�s�h�e�d� �l�i�s�t� �o�f� �f�a�c�t�s�.� 

�A� �t�e�c�h�n�o�l�o�g�i�c�a�l�l�y� �l�i�t�e�r�a�t�e� �p�e�r�s�o�n� �m�u�s�t� �a�l�s�o� �b�e� �c�o�m�p�e�t�e�n�t� �i�n� �u�t�i�l�i�z�i�n�g� �p�r�o�c�e�s�s�e�s� �s�u�c�h� �a�s� 

�p�r�o�b�l�e�m� �s�o�l�v�i�n�g�,� �v�a�l�u�e� �j�u�d�g�m�e�n�t�s�,� �a�n�d� �t�h�e� �a�b�i�l�i�t�y� �t�o� �p�r�o�j�e�c�t� �f�u�t�u�r�e� �i�m�p�a�c�t�s� �f�r�o�m� �t�e�c�h�n�o�l�o�g�y�.� 

�O�n�e� �d�e�f�i�n�i�t�i�o�n� �d�e�s�c�r�i�b�e�s� �l�i�t�e�r�a�c�y� �a�s� �a� �p�r�o�d�u�c�t� �o�f� �i�n�t�e�r�a�c�t�i�o�n�s� �a�m�o�n�g� �t�e�a�c�h�e�r�s�,� �s�t�u�d�e�n�t�s�,� 

�a�n�d� �m�a�t�e�r�i�a�l�s� �c�o�m�b�i�n�e�d� �w�i�t�h� �t�h�e� �e�f�f�e�c�t�s� �o�f� �s�o�c�i�e�t�y�.� �M�a�j�o�r� �d�e�v�e�l�o�p�m�e�n�t�s� �i�m�p�a�c�t�i�n�g� �s�o�c�i�e�t�y� 

�a�r�e� �t�e�c�h�n�o�l�o�g�i�c�a�l�,� �a�n�d� �i�n� �o�r�d�e�r� �t�o� �b�e� �t�e�c�h�n�o�l�o�g�i�c�a�l�l�y� �l�i�t�e�r�a�t�e� �a�n� �i�n�d�i�v�i�d�u�a�l� �m�u�s�t� �p�o�s�s�e�s�s� �t�h�e� 

�s�k�i�l�l�s�,� �k�n�o�w�l�e�d�g�e�,� �a�n�d� �a�b�i�l�i�t�i�e�s� �t�o� �f�u�n�c�t�i�o�n� �i�n� �a� �t�e�c�h�n�o�l�o�g�i�c�a�l� �s�o�c�i�e�t�y�.� 

�L�a�c�k�i�n�g� �a�n� �a�l�l�-�e�n�c�o�m�p�a�s�s�i�n�g� �d�e�f�i�n�i�t�i�o�n�,� �r�e�s�e�a�r�c�h�e�r�s� �s�u�g�g�e�s�t� �t�h�a�t� �f�o�r�m�u�l�a�t�i�n�g� �a� �l�i�s�t� �o�f� �t�h�e� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �w�o�u�l�d� �a�s�s�i�s�t� �e�d�u�c�a�t�i�o�n�a�l� �i�n�s�t�i�t�u�t�i�o�n�s� �i�n� �p�r�o�d�u�c�i�n�g� 

�t�e�c�h�n�o�l�o�g�i�c�a�l�l�y� �l�i�t�e�r�a�t�e� �h�i�g�h� �s�c�h�o�o�l� �g�r�a�d�u�a�t�e�s�.� �S�u�c�c�e�s�s� �i�n� �t�h�i�s� �e�n�d�e�a�v�o�r� �m�a�y� �b�e� �m�e�a�s�u�r�e�d� 

�t�h�r�o�u�g�h� �o�b�s�e�r�v�a�b�l�e� �b�e�h�a�v�i�o�r�s�,� �a�n� �i�n�v�e�n�t�o�r�y� �o�f� �k�n�o�w�l�e�d�g�e�,� �a�n�d� �a�c�q�u�i�s�i�t�i�o�n� �o�f� �b�a�s�i�c� �t�e�c�h�n�o�-� 

�l�o�g�i�c�a�l� �s�k�i�l�l�s� �u�s�e�d� �t�o� �s�o�l�v�e� �p�r�o�b�l�e�m�s� �w�i�t�h� �t�e�c�h�n�o�l�o�g�y�.� 

�T�o� �d�a�t�e�,� �h�o�w�e�v�e�r�,� �e�d�u�c�a�t�i�o�n�a�l� �o�u�t�c�o�m�e�s� �a�r�e� �n�o�t� �u�p� �t�o� �s�t�a�n�d�a�r�d�.� �T�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�v�e�l�-� 

�O�p�m�e�n�t�s� �a�r�e� �o�u�t�p�a�c�i�n�g� �t�h�e� �c�h�a�n�g�e�s� �b�e�i�n�g� �i�n�s�t�i�t�u�t�e�d� �i�n� �e�d�u�c�a�t�i�o�n� �a�n�d� �d�e�m�a�n�d�i�n�g� �t�h�a�t� �t�h�e� �a�p�-� 

�p�r�o�a�c�h� �t�o� �t�e�a�c�h�i�n�g� �e�n�c�o�m�p�a�s�s� �m�a�n�y� �a�r�e�a�s� �o�f� �t�h�e� �c�u�r�r�i�c�u�l�u�m� �a�n�d� �f�o�c�u�s� �o�n� �p�r�o�c�e�s�s� �s�k�i�l�l�s� 

�r�a�t�h�e�r� �t�h�a�n� �o�n� �c�o�n�t�e�n�t� �l�e�a�r�n�i�n�g�.� �B�y� �i�d�e�n�t�i�f�y�i�n�g� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�,� 

�t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n� �a�s� �a� �d�i�s�c�i�p�l�i�n�e� �m�i�g�h�t� �b�e� �l�i�n�k�e�d� �t�o� �o�t�h�e�r� �a�r�e�a�s� �o�f� �t�h�e� �c�u�r�r�i�c�u�l�u�m� �t�o� �p�r�o�-� 

�v�i�d�e� �a�c�c�e�s�s� �t�o� �n�e�c�e�s�s�a�r�y� �s�k�i�l�l�s�.� �D�e�s�p�i�t�e� �t�h�e� �s�c�a�r�c�i�t�y� �o�f� �r�e�s�e�a�r�c�h�,� �t�h�e�r�e� �a�p�p�e�a�r�s� �t�o� �b�e� �a�g�r�e�e�-� 

�m�e�n�t� �o�n� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �e�d�u�c�a�t�o�r�s� �p�r�e�p�a�r�i�n�g� �s�t�u�d�e�n�t�s� �f�o�r� �c�h�a�n�g�e�,� �t�h�e�r�e�b�y� �e�n�a�b�l�i�n�g� �t�h�e�m� 

�t�o� �r�e�s�p�o�n�d� �t�o� �t�h�e� �d�e�m�a�n�d�s� �o�f� �a�n� �a�d�v�a�n�c�e�d� �t�e�c�h�n�o�l�o�g�i�c�a�l� �f�u�t�u�r�e�.� 

�C�H�A�P�T�E�R� �I�l�.� �R�E�V�I�E�W� �O�F� �L�I�T�E�R�A�T�U�R�E� �3�2



�A�v�a�i�l�a�b�l�e� �r�e�s�e�a�r�c�h� �s�u�p�p�o�r�t�s� �t�h�e� �u�s�e� �o�f� �t�h�e� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �t�o� �e�x�a�m�i�n�e� �t�o�p�i�c�s� �i�n� �e�d�u�-� 

�c�a�t�i�o�n�.� �B�y� �u�s�i�n�g� �t�h�e� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �c�o�m�b�i�n�e�d� �w�i�t�h� �t�h�e� �T�h�u�r�s�t�o�n�e� �a�n�d� �C�h�a�v�e� �M�e�t�h�o�d� �o�f� 

�E�q�u�a�l� �A�p�p�e�a�r�i�n�g� �I�n�t�e�r�v�a�l�s�,� �s�u�c�c�e�s�s�i�v�e� �r�e�s�e�a�r�c�h� �i�n�s�t�r�u�m�e�n�t�s� �c�a�n� �b�e� �u�s�e�d� �t�o� �g�a�t�h�e�r� �i�n�f�o�r�m�a�t�i�o�n� 

�a�n�d� �a�c�c�e�s�s� �o�p�i�n�i�o�n�s� �f�r�o�m� �a� �p�a�n�e�l� �o�f� �e�x�p�e�r�t�s�.� 

�C�H�A�P�T�E�R� �I�l�.� �R�E�V�I�E�W� �O�F� �L�I�T�E�R�A�T�U�R�E� �3�3



�C�H�A�P�T�E�R� �I�l�l�.� �M�E�T�H�O�D�S� �A�N�D� �P�R�O�C�E�D�U�R�E�S� 

�T�h�e� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �w�a�s� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �t�o� �a�n�s�w�e�r� �t�w�o� �r�e�s�e�a�r�c�h� �q�u�e�s�t�i�o�n�s�:� 

�1�.� �C�a�n� �a� �c�o�n�s�e�n�s�u�s� �o�r� �n�e�a�r� �c�o�n�s�e�n�s�u�s� �b�e� �r�e�a�c�h�e�d� �b�y� �a� �p�a�n�e�l� �o�f� �e�x�p�e�r�t�s� �o�n� �t�h�e� �m�i�n�i�m�u�m� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �f�o�r� �h�i�g�h� �s�c�h�o�o�l� �g�r�a�d�u�a�t�e�s�?� 

�2�.� �I�f� �c�o�n�s�e�n�s�u�s� �i�s� �n�o�t� �r�e�a�c�h�e�d�,� �w�h�a�t� �a�r�e� �t�h�e� �n�a�t�u�r�e� �a�n�d� �e�x�t�e�n�t� �o�f� �d�i�v�e�r�s�i�t�y� �a�m�o�n�g� �t�h�e� �p�a�n�e�l� 

�o�f� �e�x�p�e�r�t�s�?� 

�T�h�e� �r�e�s�e�a�r�c�h� �m�e�t�h�o�d�o�l�o�g�y� �p�r�e�s�e�n�t�e�d� �h�e�r�e� �f�o�l�l�o�w�s� �t�h�e� �p�r�o�g�r�e�s�s�i�o�n� �u�t�i�l�i�z�e�d� �i�n� �t�h�e� �s�t�u�d�y�.� �T�h�e� 

�r�e�s�e�a�r�c�h� �m�e�t�h�o�d�o�l�o�g�y� �w�a�s� �i�d�e�n�t�i�f�i�e�d�,� �i�n�s�t�r�u�m�e�n�t�a�t�i�o�n� �w�a�s� �d�e�v�e�l�o�p�e�d�,� �a�n�d� �d�a�t�a� �w�e�r�e� �c�o�l�-� 

�l�e�c�t�e�d� �a�n�d� �a�n�a�l�y�z�e�d�.� 

�T�h�e� �R�e�s�e�a�r�c�h� �M�e�t�h�o�d�o�l�o�g�y� 

�T�h�e� �r�e�s�e�a�r�c�h� �p�r�o�c�e�d�u�r�e� �f�o�r� �t�h�i�s� �s�t�u�d�y� �c�o�n�s�i�s�t�e�d� �o�f� �a� �t�h�r�e�e�-�r�o�u�n�d� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e�.� �T�h�i�s� 

�m�e�t�h�o�d�o�l�o�g�y� �w�a�s� �c�h�o�s�e�n� �b�e�c�a�u�s�e� �i�t� �w�a�s� �b�e�s�t� �s�u�i�t�e�d� �t�o� �g�a�i�n�i�n�g� �a� �c�o�n�s�e�n�s�u�s� �o�n� �a� �t�o�p�i�c� �w�i�t�h�o�u�t� 

�c�o�n�d�u�c�t�i�n�g� �a� �f�a�c�e�-�t�o�-�f�a�c�e� �m�e�e�t�i�n�g�.� �W�h�i�l�e� �t�h�e� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �i�s� �o�f�t�e�n� �r�e�g�a�r�d�e�d� �a�s� �a� �m�e�t�h�o�d� 

�C�H�A�P�T�E�R� �I�l�l�.� �M�E�T�H�O�D�S� �A�N�D� �P�R�O�C�E�D�U�R�E�S� �3�4



�f�o�r� �p�r�o�j�e�c�t�i�n�g� �i�n�t�o� �t�h�e� �f�u�t�u�r�e�,� �i�t� �i�s� �a�l�s�o� �a�n� �a�c�c�e�p�t�e�d� �r�e�s�e�a�r�c�h� �t�e�c�h�n�i�q�u�e� �f�o�r� �g�a�i�n�i�n�g� �c�o�n�s�e�n�s�u�s� 

�o�n� �c�u�r�r�e�n�t� �t�o�p�i�c�s�.� 

�T�h�e� �t�h�r�e�e�-�r�o�u�n�d� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e� �w�a�s� �a�l�s�o� �c�h�o�s�e�n� �f�o�r� �i�t�s� �m�a�n�a�g�e�a�b�i�l�i�t�y� �a�n�d� �t�h�e� �s�u�p�p�o�r�t� 

�i�t� �w�a�s� �g�i�v�e�n� �b�y� �m�e�t�h�o�d�o�l�o�g�y� �r�e�s�e�a�r�c�h�e�r�s�:� �W�e�b�b� �(�1�9�5�1�)�,� �B�r�o�o�k�s� �(�1�9�7�0�)�,� �a�n�d� �P�f�i�e�f�f�e�r� �(�1�9�6�8�)�.� 

�T�h�e�i�r� �s�t�u�d�i�e�s� �c�o�n�f�i�r�m�e�d� �t�h�e� �e�f�f�i�c�a�c�y� �o�f� �t�h�e� �m�e�t�h�o�d�o�l�o�g�y�.� �T�h�r�e�e�-�r�o�u�n�d� �D�e�l�p�h�i� �t�e�c�h�n�i�q�u�e�s� �h�a�v�e� 

�a�l�s�o� �b�e�e�n� �u�s�e�d� �t�o� �c�o�n�d�u�c�t� �s�t�u�d�i�e�s� �i�n� �e�d�u�c�a�t�i�o�n� �(�H�a�l�f�i�n�,� �1�9�7�3�;� �R�i�c�h�t�e�r�,� �1�9�8�0�;� �B�a�r�n�e�s�,� �1�9�8�7�:� 

�C�o�p�e�l�a�n�d�,� �1�9�7�7�;� �C�o�r�b�i�n�,� �1�9�7�6�;� �G�o�m�e�z�,� �1�9�8�5�;� �C�o�m�b�s�,� �1�9�8�5�)�.� 

�I�d�e�n�t�i�f�y�i�n�g� �i�n�d�i�v�i�d�u�a�l�s� �c�o�n�s�i�d�e�r�e�d� �e�x�p�e�r�t�s� �o�n� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �c�o�m�p�r�i�s�e�d� �t�h�e� �i�n�i�t�i�a�l� 

�s�t�e�p� �i�n� �t�h�e� �p�r�o�c�e�s�s�.� �I�t� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �c�r�i�t�i�c�a�l� �t�o� �r�e�p�r�e�s�e�n�t� �g�r�o�u�p�s� �f�r�o�m� �a�l�l� �d�i�s�c�i�p�l�i�n�e�s� �i�n�v�o�l�v�e�d� 

�i�n� �d�e�f�i�n�i�n�g� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�.� �I�n� �c�o�n�s�u�l�t�a�t�i�o�n� �w�i�t�h� �d�o�c�t�o�r�a�l� �c�o�m�m�i�t�t�e�e� �m�e�m�b�e�r�s�,� �t�h�e� �f�o�l�-� 

�l�o�w�i�n�g� �s�e�v�e�n� �f�i�e�l�d�s� �w�e�r�e� �c�h�o�s�e�n� �b�y� �t�h�e� �r�e�s�e�a�r�c�h�e�r�:� �p�h�i�l�o�s�o�p�h�y� �o�f� �e�d�u�c�a�t�i�o�n�,� �t�e�c�h�n�o�l�o�g�y� �e�d�-� 

�u�c�a�t�i�o�n�,� �e�n�g�i�n�e�e�r�i�n�g� �e�d�u�c�a�t�i�o�n�,� �s�c�i�e�n�t�i�s�t�s�,� �s�c�i�e�n�c�e� �e�d�u�c�a�t�i�o�n�,� �b�u�s�i�n�e�s�s�/�e�d�u�c�a�t�i�o�n� �s�u�p�p�o�r�t�,� 

�a�n�d� �c�l�a�s�s�r�o�o�m� �t�e�a�c�h�e�r�s�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �c�r�i�t�e�r�i�a� �w�e�r�e� �u�s�e�d� �t�o� �i�d�e�n�t�i�f�y� �e�x�p�e�r�t�s� �i�n� �t�h�e� �d�i�s�c�i�p�l�i�n�e�s� 

�i�d�e�n�t�i�f�i�e�d� �f�o�r� �i�n�c�l�u�s�i�o�n� �i�n� �t�h�e� �s�t�u�d�y�:� 

�1�.� �I�n�d�i�v�i�d�u�a�l�s� �w�h�o� �h�a�d� �p�u�b�l�i�s�h�e�d� �a�r�t�i�c�l�e�s�/�a�u�t�h�o�r�e�d� �b�o�o�k�s� �o�n� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�,� 

�2�.� �P�e�r�s�o�n�s� �w�h�o� �h�a�d� �c�o�n�d�u�c�t�e�d� �r�e�s�e�a�r�c�h� �o�n� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�.� 

�3�.� �I�n�d�i�v�i�d�u�a�l�s� �w�h�o� �w�e�r�e� �q�u�o�t�e�d� �a�n�d� �r�e�n�o�w�n�e�d� �i�n� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�.� 

�A� �l�i�s�t� �o�f� �p�a�n�e�l� �m�e�m�b�e�r�s� �i�s� �s�h�o�w�n� �i�n� �A�p�p�e�n�d�i�x� �A�.� 

�T�h�e� �f�i�r�s�t�-�r�o�u�n�d� �D�e�l�p�h�i� �|� �r�e�s�e�a�r�c�h� �i�n�s�t�r�u�m�e�n�t� �(�s�e�e� �A�p�p�e�n�d�i�x� �B�)� �w�a�s� �d�e�v�e�l�o�p�e�d� �b�y� �t�h�e� 

�r�e�s�e�a�r�c�h�e�r� �a�n�d� �a�p�p�r�o�v�e�d� �b�y� �t�h�e� �r�e�s�e�a�r�c�h�e�r ��s� �d�o�c�t�o�r�a�l� �c�o�m�m�i�t�t�e�e�.� �T�h�e� �i�n�s�t�r�u�m�e�n�t� �w�a�s� �c�o�n�-� 

�s�t�r�u�c�t�e�d�,� �a�c�c�o�r�d�i�n�g� �t�o� �P�f�e�i�f�f�e�r� �(�1�9�6�8�)�,� �a�s� �a�n� �u�n�f�o�r�c�e�d� �t�e�c�h�n�i�q�u�e�.� �I�t� �d�i�d� �n�o�t� �s�p�e�c�i�f�y� �a� �m�i�n�i�m�u�m� 

�o�r� �m�a�x�i�m�u�m� �n�u�m�b�e�r� �o�f� �r�e�s�p�o�n�s�e�s�.� �T�h�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �s�t�u�d�y� �a�n�d� �a�n� �e�x�a�m�p�l�e� �o�f� �a� �r�e�-� 

�s�p�o�n�s�e� �w�e�r�e� �i�n�c�l�u�d�e�d� �w�i�t�h� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e� �w�a�s� �a�l�s�o� �u�s�e�d� �i�n� �a� �D�e�l�p�h�i� �s�t�u�d�y� 

�c�o�n�d�u�c�t�e�d� �b�y� �S�t�a�r�k�w�e�a�t�h�e�r� �(�1�9�7�5�)�.� �H�e� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �d�e�s�c�r�i�p�t�i�o�n� �n�e�e�d�e�d� �t�o� �b�e� �e�x�p�l�i�c�i�t�l�y� 

�a�n�d� �a�c�c�u�r�a�t�e�l�y� �s�t�a�t�e�d� �a�n�d� �c�a�u�t�i�o�n�e�d� �a�g�a�i�n�s�t� �p�r�o�v�i�d�i�n�g� �a� �s�a�m�p�l�e� �r�e�s�p�o�n�s�e� �w�h�i�c�h� �m�i�g�h�t� �b�i�a�s� 

�t�h�e� �p�r�o�c�e�d�u�r�e�.� 

�C�H�A�P�T�E�R� �I�l�l�.� �M�E�T�H�O�D�S� �A�N�D� �P�R�O�C�E�D�U�R�E�S� �3�5



�T�h�e� �u�n�f�o�r�c�e�d� �t�e�c�h�n�i�q�u�e� �i�n� �D�e�l�p�h�i� �s�t�u�d�i�e�s� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �a�l�l�o�w�i�n�g� �p�a�n�e�l� �m�e�m�b�e�r�s� 

�t�o� �r�e�s�p�o�n�d� �w�i�t�h�o�u�t� �r�e�s�t�r�i�c�t�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �r�e�s�p�o�n�s�e�s�.� �H�e�s�s� �a�n�d� �H�i�n�k� �(�1�9�5�9�)� �c�o�n�f�i�r�m�e�d� �t�h�e� 

�u�s�e� �o�f� �u�n�f�o�r�c�e�d� �t�e�c�h�n�i�q�u�e�s� �a�n�d� �i�n�d�i�c�a�t�e�d� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �g�e�n�e�r�a�t�e�s� �a� �r�e�l�a�t�i�v�e�l�y� �u�n�b�i�a�s�e�d� �r�e�-� 

�s�p�o�n�s�e�.� �O�l�s�o�n� �a�n�d� �G�a�v�i�t�t� �(�1�9�6�8�)� �f�a�v�o�r�e�d� �f�o�r�c�e�d� �t�e�c�h�n�i�q�u�e�s�;� �h�o�w�e�v�e�r�,� �t�h�e�i�r� �s�t�u�d�i�e�s� �d�i�d� �n�o�t� 

�c�o�n�f�i�r�m� �t�h�a�t� �f�o�r�c�e�d� �t�e�c�h�n�i�q�u�e�s� �w�o�u�l�d� �y�i�e�l�d� �m�o�r�e� �s�i�g�n�i�f�i�c�a�n�t� �r�e�s�u�l�t�s�.� 

�T�h�e� �i�n�s�t�r�u�m�e�n�t� �u�t�i�l�i�z�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �w�a�s� �c�r�i�t�i�q�u�e�d� �a�n�d� �p�i�l�o�t� �t�e�s�t�e�d� �w�i�t�h� �f�i�v�e� �f�a�c�u�l�t�y� 

�m�e�m�b�e�r�s� �a�t� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�.� �A�f�t�e�r� �r�e�c�e�i�v�i�n�g� �c�o�m�m�e�n�t�s� �a�n�d� 

�r�e�s�p�o�n�s�e�s� �t�o� �t�h�e� �r�e�s�e�a�r�c�h� �i�n�s�t�r�u�m�e�n�t�,� �i�t� �w�a�s� �e�d�i�t�e�d� �a�n�d� �a�p�p�r�o�v�e�d� �b�y� �t�h�e� �r�e�s�e�a�r�c�h�e�r ��s� �d�o�c�-� 

�t�o�r�a�l� �c�o�m�m�i�t�t�e�e� �a�d�v�i�s�o�r�.� 

�T�h�e� �D�e�l�p�h�i� �|� �p�a�c�k�e�t� �(�s�e�e� �A�p�p�e�n�d�i�x� �B�)� �w�a�s� �t�h�e�n� �d�e�v�e�l�o�p�e�d� �a�n�d� �m�a�i�l�e�d� �t�o� �t�h�e� �p�a�n�e�l� �o�f� 

�e�x�p�e�r�t�s� �w�h�o� �w�e�r�e� �a�s�k�e�d� �t�o� �r�e�s�p�o�n�d� �w�i�t�h� �a�n�y� �n�u�m�b�e�r� �o�f� �m�i�n�i�m�u�m� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�e�c�h�n�o�-� 

�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �f�o�r� �a� �h�i�g�h� �s�c�h�o�o�l� �g�r�a�d�u�a�t�e�.� �T�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�h�i�c�h� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �i�n� �D�e�l�p�h�i� 

�|� �w�e�r�e� �r�e�v�i�e�w�e�d� �a�n�d� �o�n�l�y� �u�n�i�q�u�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�e�r�e� �s�e�l�e�c�t�e�d� �b�y� �t�h�e� �r�e�s�e�a�r�c�h�e�r�.� �I�t� �w�a�s� �d�e�-� 

�c�i�d�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�r�i�t�e�r�a� �w�o�u�l�d� �b�e� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �u�n�i�q�u�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�:� �(�a�)� �i�d�e�n�t�i�f�y� 

�d�e�s�c�r�i�p�t�o�r�s� �u�s�e�d�;� �(�b�)� �d�e�t�e�r�m�i�n�e� �t�h�e� �c�o�n�c�e�p�t�;� �(�c�)� �c�o�n�f�i�r�m� �d�e�s�i�g�n�a�t�i�o�n� �f�o�r� �h�i�g�h� �s�c�h�o�o�l� �g�r�a�d�u�a�t�e�;� 

�a�n�d� �(�d�)� �e�x�a�m�i�n�e� �e�a�c�h� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �f�o�r� �t�h�e� �c�r�i�t�i�c�a�l� �e�l�e�m�e�n�t�s�,� �a�c�c�e�p�t�i�n�g� �o�n�l�y� �t�h�o�s�e� �t�h�a�t� �w�e�r�e� 

�u�n�i�q�u�e�.� �N�o� �l�i�m�i�t�s� �w�e�r�e� �s�e�t� �o�n� �t�h�e� �n�u�m�b�e�r� �o�f� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �t�h�a�t� �w�o�u�l�d� �b�e� �s�e�l�e�c�t�e�d�.� 

�A�l�l� �i�t�e�m�s� �w�h�i�c�h� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �i�n� �D�e�l�p�h�i� �|� �a�s� �h�a�v�i�n�g� �u�n�i�q�u�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�e�r�e� �u�s�e�d� 

�t�o� �c�o�n�s�t�r�u�c�t� �a� �Q�-�s�o�r�t� �f�o�r� �D�e�l�p�h�i� �I�]�.� �B�e�c�a�u�s�e� �a�n� �u�n�f�o�r�c�e�d� �t�e�c�h�n�i�q�u�e� �w�a�s� �u�s�e�d�,� �a� �c�o�n�s�i�d�e�r�a�b�l�e� 

�l�i�s�t� �w�a�s� �g�e�n�e�r�a�t�e�d�.� �E�s�t�i�m�a�t�e�s� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �v�a�r�y� �a�s� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �i�t�e�m�s� �t�h�a�t� �c�a�n� �b�e� 

�s�u�c�c�e�s�s�f�u�l�l�y� �u�s�e�d� �i�n� �a� �Q�-�s�o�r�t�.� �S�c�h�i�i�n�g�e�r� �(�1�9�5�9�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �Q�-�s�o�r�t�s� �s�h�o�u�l�d� �h�a�v�e� �e�n�o�u�g�h� 

�i�t�e�m�s� �t�o� �e�s�t�a�b�l�i�s�h� �s�t�a�b�i�l�i�t�y� �a�n�d� �s�t�a�t�i�s�t�i�c�a�l� �r�e�l�i�a�b�i�l�i�t�y� �b�u�t� �n�o�t� �s�o� �m�a�n�y� �i�t�e�m�s� �t�h�a�t� �t�h�e� �r�e�s�p�o�n�d�e�n�t�s� 

�a�r�e� �o�v�e�r�w�h�e�l�m�e�d�.� �H�e� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �5�5� �t�o� �7�5� �i�t�e�m�s� �w�o�u�l�d� �b�e� �i�d�e�a�l�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� 

�K�e�r�l�i�n�g�e�r� �(�1�9�7�3�)� �r�e�c�o�m�m�e�n�d�e�d� �b�e�t�w�e�e�n� �6�0� �a�n�d� �1�4�0� �i�t�e�m�s�.� 

�T�h�e� �Q�-�s�o�r�t� �r�e�s�e�a�r�c�h� �t�e�c�h�n�i�q�u�e� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �w�a�s� �s�t�r�u�c�t�u�r�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� 

�T�h�u�r�s�t�o�n�e� �a�n�d� �C�h�a�v�e� �(�1�9�2�8�)� �M�e�t�h�o�d� �o�f� �E�q�u�a�l� �A�p�p�e�a�r�i�n�g� �I�n�t�e�r�v�a�l�s�.� �E�l�e�v�e�n� �l�e�v�e�l�s� �(�i�n�t�e�r�v�a�l�s�)� 

�w�e�r�e� �d�e�v�e�l�o�p�e�d�,� �e�a�c�h� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �d�e�g�r�e�e� �t�o� �w�h�i�c�h� �a� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �w�a�s� �d�e�s�c�r�i�p�t�i�v�e� �o�f� 

�t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�.� �P�o�i�n�t� �v�a�l�u�e�s� �w�e�r�e� �a�s�s�i�g�n�e�d� �t�o� �e�a�c�h� �i�n�t�e�r�v�a�l�.� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�e�r�e� 

�C�H�A�P�T�E�R� �I�l�l�.� �M�E�T�H�O�D�S� �A�N�D� �P�R�O�C�E�D�U�R�E�S� �3�6



�t�y�p�e�d� �o�n� �3 ��x�5 �� �i�n�d�e�x� �c�a�r�d�s�,� �a�n�d� �p�a�n�e�l� �m�e�m�b�e�r�s� �w�e�r�e� �a�s�k�e�d� �t�o� �s�o�r�t� �t�h�e� �c�a�r�d�s� �i�n�t�o� �t�h�e� �e�l�e�v�e�n� 

�i�n�t�e�r�v�a�l�s�.� �B�e�c�a�u�s�e� �a�l�l� �i�t�e�m�s� �w�e�r�e� �d�e�e�m�e�d� �i�m�p�o�r�t�a�n�t� �t�o� �t�h�e� �s�t�u�d�y�,� �u�n�f�o�r�c�e�d� �s�o�r�t�i�n�g� �w�a�s� �u�s�e�d�.� 

�C�h�o�i�c�e�s� �w�e�r�e� �m�a�d�e�.� �w�i�t�h�o�u�t� �r�e�s�t�r�i�c�t�i�o�n�s� �b�a�s�e�d� �s�o�l�e�l�y� �o�n� �t�h�e� �e�x�p�e�r�t ��s� �j�u�d�g�m�e�n�t�.� �T�h�e� �d�a�t�a� �i�n� 

�t�h�e� �s�t�u�d�y� �w�e�r�e� �t�r�e�a�t�e�d� �a�s� �o�r�d�i�n�a�l� �d�a�t�a�.� �B�y� �n�o�t� �r�e�s�t�r�i�c�t�i�n�g� �t�h�e� �e�x�p�e�r�t� �i�n� �t�h�e� �Q�-�s�o�r�t� �e�a�c�h� �i�t�e�m� 

�w�a�s� �s�o�r�t�e�d� �i�n�t�o� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �i�n�t�e�r�v�a�l� �b�a�s�e�d� �o�n� �t�h�e� �j�u�d�g�m�e�n�t� �f�o�r� �t�h�a�t� �i�t�e�m�.� 

�T�h�e� �e�l�e�v�e�n� �i�n�t�e�r�v�a�l� �c�o�n�t�i�n�u�u�m� �d�e�s�c�r�i�b�e�d� �b�y� �T�h�u�r�s�t�o�n�e� �a�n�d� �C�h�a�v�e� �(�1�9�2�9�)� �i�s� �o�n�l�y� �o�n�e� �o�f� 

�t�h�e� �v�a�r�i�a�t�i�o�n�s� �u�s�e�d� �f�o�r� �Q�-�s�o�r�t�i�n�g�.� �B�a�l�l�i�n� �a�n�d� �F�a�r�n�s�w�o�r�t�h� �(�1�9�4�1�)� �i�n�t�r�o�d�u�c�e�d� �a� �p�r�o�c�e�d�u�r�e� 

�t�h�r�o�u�g�h� �t�h�e� �u�s�e� �o�f� �a� �g�r�a�p�h�i�c�-�r�a�t�i�n�g� �m�e�t�h�o�d�.� �I�n�s�t�e�a�d� �o�f� �s�o�r�t�i�n�g� �c�a�r�d�s� �i�n�t�o� �e�l�e�v�e�n� �c�a�t�e�g�o�r�i�e�s�,� 

�t�h�e�y� �r�e�c�o�m�m�e�n�d�e�d� �u�s�i�n�g� �a� �g�r�a�p�h�i�c�-�r�a�t�i�n�g� �s�c�a�l�e� �s�u�b�d�i�v�i�d�e�d� �i�n�t�o� �e�l�e�v�e�n�,� �t�e�n�,� �n�i�n�e�,� �o�r� �a�n�y� �o�t�h�e�r� 

�n�u�m�b�e�r� �o�f� �e�q�u�a�l� �i�n�t�e�r�v�a�l�s�.� �E�d�w�a�r�d�s� �a�n�d� �K�i�l�p�a�t�r�i�c�k� �(�1�9�4�8�)� �h�a�d� �s�u�b�j�e�c�t�s� �f�i�r�s�t� �s�o�r�t� �s�t�a�t�e�m�e�n�t�s� 

�r�e�l�a�t�i�n�g� �t�o� �a�t�t�i�t�u�d�e� �t�o�w�a�r�d� �s�c�i�e�n�c�e� �i�n�t�o� �t�h�r�e�e� �c�a�t�e�g�o�r�i�e�s�:� �f�a�v�o�r�a�b�l�e�,� �u�n�f�a�v�o�r�a�b�l�e�,� �a�n�d� �n�e�u�t�r�a�l�.� 

�T�h�e� �f�a�v�o�r�a�b�l�e� �s�t�a�t�e�m�e�n�t�s� �w�e�r�e� �t�h�e�n� �f�u�r�t�h�e�r� �d�i�v�i�d�e�d� �b�y� �t�h�e� �s�u�b�j�e�c�t�s� �i�n�t�o� �t�h�r�e�e� �c�a�t�e�g�o�r�i�e�s�:� �f�a�-� 

�v�o�r�a�b�l�e�,� �u�n�f�a�v�o�r�a�b�l�e�,� �a�n�d� �n�e�u�t�r�a�l�.� �T�h�e� �s�a�m�e� �p�r�o�c�e�d�u�r�e� �w�a�s� �u�s�e�d� �f�o�r� �t�h�e� �u�n�f�a�v�o�r�a�b�l�e� �s�t�a�t�e�-� 

�m�e�n�t�s� �f�r�o�m� �t�h�e� �f�i�r�s�t� �s�o�r�t�.� �W�e�b�b� �(�1�9�5�1�)� �h�a�d� �s�u�b�j�e�c�t�s� �j�u�d�g�e� �s�t�a�t�e�m�e�n�t�s� �r�e�l�a�t�i�n�g� �t�o� �a�t�t�i�t�u�d�e� 

�t�o�w�a�r�d� �s�c�i�e�n�c�e� �s�u�b�j�e�c�t�s�.� �T�h�e� �s�c�a�l�e� �w�a�s� �d�i�v�i�d�e�d� �i�n�t�o� �f�i�v�e� �i�n�t�e�r�v�a�l�s�.� �W�e�b�b� �f�o�u�n�d� �t�h�a�t� �t�h�e� �s�c�a�l�e� 

�v�a�l�u�e�s� �o�f� �7�8� �s�t�a�t�e�m�e�n�t�s� �j�u�d�g�e�d� �i�n� �t�e�r�m�s� �o�f� �h�i�s� �c�a�t�e�g�o�r�i�e�s� �c�o�r�r�e�l�a�t�e�d� �.�9�9� �w�i�t�h� �t�h�e� �s�c�a�l�e� �v�a�l�u�e�s� 

�o�b�t�a�i�n�e�d� �b�y� �R�e�m�m�e�r�s� �a�n�d� �S�i�l�a�n�c�e� �(�1�9�3�4�)�,� �w�h�o� �u�s�e�d� �a�n� �e�l�e�v�e�n�-�p�o�i�n�t� �s�c�a�l�e� �a�n�d� �t�h�e� �T�h�u�r�s�t�o�n�e� 

�a�n�d� �C�h�a�v�e� �s�o�r�t�i�n�g� �p�r�o�c�e�d�u�r�e�.� 

�T�h�e� �e�v�i�d�e�n�c�e� �p�r�e�s�e�n�t�e�d� �i�n� �p�r�e�v�i�o�u�s� �p�a�r�a�g�r�a�p�h�s� �d�i�d� �n�o�t� �i�n�d�i�c�a�t�e� �t�h�a�t� �a�n�y� �p�a�r�t�i�c�u�l�a�r� 

�m�e�t�h�o�d� �f�o�r� �e�q�u�a�l�-�a�p�p�e�a�r�i�n�g� �i�n�t�e�r�v�a�l�s� �w�a�s� �i�d�e�a�l�.� �T�h�e� �m�e�t�h�o�d� �i�s� �n�o�t� �a�n� �i�m�p�o�r�t�a�n�t� �v�a�r�i�a�b�l�e� �i�n� 

�d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �s�c�a�l�e� �v�a�l�u�e�s� �o�f� �s�t�a�t�e�m�e�n�t�s�.� �T�h�e� �r�e�l�a�t�i�v�e� �o�r�d�e�r�i�n�g� �o�f� �t�h�e� �s�t�a�t�e�m�e�n�t�s� �o�n� �t�h�e� 

�p�s�y�c�h�o�l�o�g�i�c�a�l� �c�o�n�t�i�n�u�u�m� �i�s� �m�u�c�h� �t�h�e� �s�a�m�e�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �w�h�i�c�h� �m�e�t�h�o�d� �i�s� �u�s�e�d� �i�n� �o�b�t�a�i�n�i�n�g� 

�j�u�d�g�m�e�n�t�s�.� �O�t�h�e�r� �f�a�c�t�o�r�s� �m�a�y� �b�e� �m�o�r�e� �c�r�i�t�i�c�a�l�,� �s�u�c�h� �a�s� �t�h�e� �s�i�z�e� �o�f� �t�h�e� �s�a�m�p�l�e� �(�N�)� �o�r� �t�h�e� 

�n�u�m�b�e�r� �o�f� �v�a�r�i�a�b�l�e�s� �i�n� �t�h�e� �Q�-�s�o�r�t�.� 

�T�h�e� �e�x�p�e�r�t�s� �i�s� �t�h�i�s� �s�t�u�d�y� �w�e�r�e� �p�r�o�v�i�d�e�d� �w�i�t�h� �i�n�s�t�r�u�c�t�i�o�n�s� �o�n� �h�o�w� �t�o� �s�o�r�t� �t�h�e� �s�t�a�t�e�m�e�n�t�s� 

�(�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�)�.� �T�h�e�y� �w�e�r�e� �i�n�s�t�r�u�c�t�e�d� �t�o� �u�s�e� �t�h�e� �e�l�e�v�e�n� �i�n�t�e�r�v�a�l� �c�a�r�d�s� �f�o�r� �t�h�e� �c�o�n�t�i�n�u�u�m� �a�n�d� 

�d�i�r�e�c�t�e�d� �t�o� �l�a�y� �t�h�e� �c�a�r�d�s� �o�n� �a� �t�a�b�l�e� �i�n� �c�o�n�s�e�c�u�t�i�v�e� �o�r�d�e�r�.� �T�h�r�e�e� �c�a�r�d�s�,� �o�n�e�,� �s�i�x�,� �a�n�d� �e�l�e�v�e�n�,� 

�c�o�n�t�a�i�n�e�d� �a� �l�a�b�e�l�.� �T�h�e� �n�u�m�b�e�r� �o�n�e� �c�a�r�d� �w�a�s� �l�a�b�e�l�e�d� �l�e�a�s�t� �d�e�s�c�r�i�p�t�i�v�e�,� �t�h�e� �n�u�m�b�e�r� �s�i�x� �c�a�r�d� 

�C�H�A�P�T�E�R� �I�l�l�.� �M�E�T�H�O�D�S� �A�N�D� �P�R�O�C�E�D�U�R�E�S� �3�7



�w�a�s� �l�a�b�e�l�e�d� �n�e�u�t�r�a�l�,� �a�n�d� �t�h�e� �n�u�m�b�e�r� �e�l�e�v�e�n� �c�a�r�d� �w�a�s� �l�a�b�e�l�e�d� �m�o�s�t� �d�e�s�c�r�i�p�t�i�v�e�.� �T�h�e� �u�n�-� 

�f�o�r�c�e�d�/�f�r�e�e�-�s�o�r�t�i�n�g� �r�u�l�e� �w�a�s� �u�s�e�d�.� �T�h�e� �e�x�p�e�r�t�s� �w�e�r�e� �i�n�s�t�r�u�c�t�e�d� �t�o� �s�o�r�t� �t�h�e� �c�a�r�d�s� �c�o�n�t�a�i�n�i�n�g� 

�t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�n�t�o� �a�n�y� �o�n�e� �o�f� �t�h�e� �e�l�e�v�e�n� �i�n�t�e�r�v�a�l�s� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e�i�r� �j�u�d�g�m�e�n�t�.� �A�f�t�e�r� 

�c�o�m�p�l�e�t�i�n�g� �t�h�e� �Q�-�s�o�r�t�,� �t�h�e�y� �w�e�r�e� �i�n�s�t�r�u�c�t�e�d� �t�o� �b�u�n�d�l�e� �e�a�c�h� �i�n�t�e�r�v�a�l� �w�i�t�h� �a� �r�u�b�b�e�r� �b�a�n�d� �a�n�d� 

�r�e�t�u�r�n� �t�h�e� �Q�-�s�o�r�t� �t�o� �t�h�e� �r�e�s�e�a�r�c�h�e�r� �f�o�r� �a�n�a�l�y�s�i�s�.� 

�O�n�e� �o�f� �t�h�e� �c�o�n�t�r�o�v�e�r�s�i�a�l� �i�s�s�u�e�s� �r�e�g�a�r�d�i�n�g� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �a� �Q�-�s�o�r�t� �c�o�n�c�e�r�n�s� �w�h�e�t�h�e�r� �t�o� 

�u�s�e� �a� �f�o�r�c�e�d� �o�r� �u�n�f�o�r�c�e�d� �s�o�r�t�i�n�g� �r�u�l�e�.� �B�r�o�o�k�s� �(�1�9�7�0�)�,� �w�h�o� �a�n�a�l�y�z�e�d� �a� �n�u�m�b�e�r� �o�f� �m�e�a�n� �s�c�o�r�e�s� 

�o�f� �u�n�f�o�r�c�e�d� �v�e�r�s�u�s� �f�o�r�c�e�d� �s�t�r�u�c�t�u�r�e�d� �Q�-�s�o�r�t�s�,� �f�o�u�n�d� �u�n�f�o�r�c�e�d� �s�o�r�t�i�n�g� �c�o�n�s�i�s�t�e�n�t�l�y� �g�e�n�e�r�a�t�e�d� 

�P�e�a�r�s�o�n� �c�o�r�r�e�l�a�t�i�o�n�s� �o�f� �.�9�0� �t�o� �.�9�4�.� �O�l�s�o�n� �a�n�d� �G�r�a�v�i�t�t� �(�1�9�6�8�)� �a�l�s�o� �l�o�o�k�e�d� �a�t� �f�o�r�c�e�d� �v�e�r�s�u�s� �u�n�-� 

�f�o�r�c�e�d� �s�o�r�t�i�n�g� �a�n�d� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �l�i�t�t�l�e� �i�n�f�o�r�m�a�t�i�o�n� �w�a�s� �l�o�s�t� �a�s� �a� �r�e�s�u�l�t� �o�f� �u�n�f�o�r�c�e�d� �s�o�r�t�i�n�g�.� 

�I�t� �w�a�s� �d�e�c�i�d�e�d� �t�o� �u�s�e� �t�h�e� �u�n�f�o�r�c�e�d� �t�e�c�h�n�i�q�u�e� �i�n� �t�h�i�s� �s�t�u�d�y� �d�u�e� �t�o� �t�h�e� �c�o�n�t�r�o�v�e�r�s�y� �o�v�e�r� �t�e�c�h�-� 

�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�.� �B�y� �u�s�i�n�g� �t�h�e� �u�n�f�o�r�c�e�d� �t�e�c�h�n�i�q�u�e�,� �i�t� �w�a�s� �f�e�l�t� �t�h�a�t� �t�h�e� �e�x�p�e�r�t�s� �w�o�u�l�d�  ��n�o�t� 

�s�e�n�s�e� �a�n�y� �b�i�a�s� �f�r�o�m� �t�h�e� �r�e�s�e�a�r�c�h�e�r�.� 

�T�h�e� �s�a�m�p�l�e� �s�i�z�e� �i�n� �a� �D�e�l�p�h�i� �s�t�u�d�y� �i�s� �u�s�u�a�l�l�y� �k�e�p�t� �s�m�a�l�l�,� �a�n�d� �r�e�s�e�a�r�c�h�e�r�s� �E�d�w�a�r�d�s� �(�1�9�5�7�)� 

�a�n�d� �T�h�u�r�s�t�o�n�e� �a�n�d� �C�h�a�v�e� �(�1�9�2�9�)� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �s�i�z�e� �c�a�n� �v�a�r�y�.� �H�o�w�e�v�e�r�,� �l�a�r�g�e� �N�s� �a�r�e� �n�o�t� 

�o�n�l�y� �u�n�m�a�n�a�g�e�a�b�l�e� �b�u�t� �a�l�s�o� �f�a�i�l� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �m�e�d�i�a�n� �(�s�c�a�l�e�)� �v�a�l�u�e�s�.� �D�e�l�p�h�i� 

�r�e�s�e�a�r�c�h�e�r�s� �p�r�e�f�e�r� �t�o� �w�o�r�k� �w�i�t�h� �s�m�a�l�l� �s�a�m�p�l�e�s�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �E�d�w�a�r�d�s� �(�1�9�5�7�)�,� �T�h�u�r�s�t�o�n�e� �a�n�d� �C�h�a�v�e� �u�s�e�d� �a� �l�a�r�g�e� �s�a�m�p�l�e� �(�3�0�0� �e�x�p�e�r�t�s�)� 

�t�o� �o�b�t�a�i�n� �v�a�l�u�e�s� �f�o�r� �1�3�0� �s�t�a�t�e�m�e�n�t�s�.� �S�o�m�e� �r�e�s�e�a�r�c�h� �w�a�s� �d�o�n�e� �o�n� �t�h�e� �e�f�f�e�c�t� �o�f� �s�a�m�p�l�e� �s�i�z�e�s� 

�b�y� �E�d�w�a�r�d�s� �a�n�d� �K�e�n�n�e�y� �(�c�i�t�e�d� �i�n� �E�d�w�a�r�d�s�,� �1�9�5�7�)�,� �w�h�o� �r�e�p�o�r�t�e�d� �f�i�n�d�i�n�g�s� �w�i�t�h� �c�o�r�r�e�l�a�t�i�o�n�s� �o�n� 

�s�i�z�e�s� �o�f� �g�r�o�u�p�s� �u�s�e�d� �f�o�r� �s�o�r�t�i�n�g�.� �T�h�e�y� �f�o�u�n�d� �a� �P�e�a�r�s�o�n� �c�o�r�r�e�l�a�t�i�o�n� �o�f� �.�9�5� �b�e�t�w�e�e�n� �t�h�e� �s�c�a�l�e� 

�v�a�l�u�e�s� �f�o�r� �1�2�9� �s�t�a�t�e�m�e�n�t�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �a� �g�r�o�u�p� �o�f� �7�2� �j�u�d�g�e�s� �w�i�t�h� �t�h�e� �s�c�a�l�e� �v�a�l�u�e�s� �f�o�r� �t�h�e� 

�s�a�m�e� �s�t�a�t�e�m�e�n�t�s� �b�a�s�e�d� �u�p�o�n� �t�h�e� �j�u�d�g�m�e�n�t�s� �o�f� �3�0�0� �j�u�d�g�e�s�.� �U�h�r�b�r�o�c�k� �(�i�n� �E�d�w�a�r�d�s�,� �1�9�5�7�)� �o�b�-� 

�t�a�i�n�e�d� �j�u�d�g�m�e�n�t�s� �o�n� �2�7�9� �s�t�a�t�e�m�e�n�t�s� �f�r�o�m� �t�w�o� �g�r�o�u�p�s� �o�f� �5�0� �j�u�d�g�e�s� �e�a�c�h�.� �T�h�e� �c�o�r�r�e�l�a�t�i�o�n� �b�e�-� 

�t�w�e�e�n� �t�h�e� �s�c�a�l�e� �v�a�l�u�e�s� �f�o�r� �t�h�e� �t�w�o� �g�r�o�u�p�s� �w�a�s� �.�9�9�.� �E�d�w�a�r�d�s� �i�n�d�i�c�a�t�e�d� �r�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� 

�c�l�a�i�m�e�d� �t�h�a�t� �r�e�l�i�a�b�l�e� �s�c�a�l�e� �v�a�l�u�e�s� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �w�i�t�h� �m�u�c�h� �s�m�a�l�l�e�r� �g�r�o�u�p�s� �o�f� �s�u�b�j�e�c�t�s�.� 

�S�c�a�l�e� �(�m�e�d�i�a�n�)� �s�c�o�r�e�s� �a�n�d� �Q�-�v�a�l�u�e�s� �w�e�r�e� �c�o�m�p�u�t�e�d� �f�o�r� �e�a�c�h� �i�t�e�m� �i�n� �t�h�e� �Q�-�s�o�r�t�.� �T�h�e�s�e� 

�s�c�o�r�e�s�/�v�a�l�u�e�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �u�s�i�n�g� �t�h�e� �n�u�m�b�e�r� �a�s�s�i�g�n�e�d� �t�o� �t�h�e� �i�n�t�e�r�v�a�l�.� �E�a�c�h� �i�n�t�e�r�v�a�l� 

�°� 
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�w�a�s� �n�u�m�b�e�r�e�d� �c�o�n�s�e�c�u�t�i�v�e�l�y� �b�e�g�i�n�n�i�n�g� �w�i�t�h� �n�u�m�b�e�r� �o�n�e�,� �t�h�e� �l�e�a�s�t� �d�e�s�c�r�i�p�t�i�v�e�,� �t�o� �n�u�m�b�e�r� �S�i�x�,� 

�n�e�u�t�r�a�l�,� �t�h�r�o�u�g�h� �n�u�m�b�e�r� �e�l�e�v�e�n�,� �m�o�s�t� �d�e�s�c�r�i�p�t�i�v�e�.� �F�o�r� �a�n�y� �i�t�e�m� �p�l�a�c�e�d� �i�n� �t�h�e� �t�e�n�t�h� �i�n�t�e�r�v�a�l�,� 

�t�h�e� �v�a�l�u�e� �t�e�n� �w�a�s� �e�n�t�e�r�e�d� �f�o�r� �t�h�e� �j�u�d�g�m�e�n�t� �m�a�d�e� �o�n� �t�h�a�t� �i�t�e�m�.� �T�h�e� �f�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� 

�a�l�l� �t�h�e� �v�a�l�u�e�s� �o�f� �t�h�e� �j�u�d�g�m�e�n�t�s� �o�n� �a�n� �i�t�e�m� �w�a�s� �u�s�e�d� �t�o� �c�o�m�p�u�t�e� �t�h�e� �m�e�d�i�a�n� �s�c�o�r�e�.� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �c�o�m�p�u�t�i�n�g� �t�h�e� �m�e�d�i�a�n� �s�c�o�r�e�s� �a�n�d� �Q�-�v�a�l�u�e�s� �f�o�r� �e�a�c�h� �Q�-�s�o�r�t� �i�t�e�m�,� �b�y� �g�r�o�u�p� 

�a�n�d� �f�o�r� �t�h�e� �p�a�n�e�l� �o�f� �e�x�p�e�r�t�s�,� �s�e�r�v�e�d� �a�s� �t�h�e� �m�e�a�n�s� �t�o� �d�e�t�e�r�m�i�n�e� �c�o�n�s�e�n�s�u�s�.� �Q�-�v�a�l�u�e�s� �i�n�d�i�-� 

�c�a�t�e�d� �t�h�e� �u�p�p�e�r� �a�n�d� �l�o�w�e�r� �v�a�l�u�e�s� �o�f� �t�h�e� �i�n�t�e�r�q�u�a�r�t�i�l�e� �r�a�n�g�e�.� �Q�-�v�a�l�u�e�s� �w�e�r�e� �u�s�e�d� �t�o� �i�n�d�i�c�a�t�e� 

�t�h�e� �l�e�v�e�l� �o�f� �a�g�r�e�e�m�e�n�t� �o�n� �a�n� �i�t�e�m�.� �A� �f�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n� �w�a�s� �c�o�n�s�t�r�u�c�t�e�d� �f�o�r� �a�l�l� �m�e�d�i�a�n� 

�s�c�o�r�e�s� �t�o� �l�o�c�a�t�e� �t�h�e� �8�0�t�h� �p�e�r�c�e�n�t�i�l�e�.� 

�T�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �c�o�n�s�e�n�s�u�s� �f�o�r� �t�h�i�s� �s�t�u�d�y� �w�a�s� �b�a�s�e�d� �o�n� �p�r�e�v�i�o�u�s� �r�e�s�e�a�r�c�h� �(�C�o�p�e�l�a�n�d�,� 

�1�8�7�7�;� �B�a�r�n�e�s�,� �1�9�8�7�;� �F�o�s�t�e�r� �a�n�d� �P�e�r�r�e�a�u�l�t�,� �1�9�8�6�)�.� �T�h�e� �8�0�t�h� �p�e�r�c�e�n�t�i�l�e�,� �a�p�p�l�i�e�d� �t�o� �t�h�e� �m�e�d�i�a�n� 

�s�c�o�r�e�s�,� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �a�s� �t�h�e� �c�u�t�-�o�f�f� �p�o�i�n�t� �f�o�r� �d�e�t�e�r�m�i�n�i�n�g� �g�r�o�u�p� �a�n�d� �p�a�n�e�l� �c�o�n�s�e�n�s�u�s� �o�n� 

�i�t�e�m�s�.� �I�n� �t�h�i�s� �s�t�u�d�y�,� �a�l�l� �s�c�o�r�e�s� �a�b�o�v�e� �t�h�e� �8�0�t�h� �p�e�r�c�e�n�t�i�l�e� �w�e�r�e� �d�e�c�l�a�r�e�d� �i�n� �c�o�n�s�e�n�s�u�s�.� �B�y� 

�u�s�i�n�g� �t�h�i�s� �r�u�l�e�,� �t�h�e� �r�e�s�e�a�r�c�h�e�r� �i�d�e�n�t�i�f�i�e�d� �t�h�e� �p�a�n�e�l ��s� �t�o�p� �2�0� �p�e�r�c�e�n�t� �o�f� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� 

�t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �c�o�n�t�a�i�n�e�d� �i�n� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �b�e�l�o�w� �t�h�e� 

�8�0�t�h� �p�e�r�c�e�n�t�i�l�e� �m�a�y� �b�e� �u�s�e�d� �t�o� �i�n�d�i�c�a�t�e� �w�h�a�t� �i�s� �f�a�v�o�r�a�b�l�e� �a�m�o�n�g� �s�o�m�e� �g�r�o�u�p�s�.� �A�n� �a�n�a�l�y�s�i�s� 

�c�o�u�l�d� �a�l�s�o� �b�e� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �m�o�s�t� �u�n�f�a�v�o�r�a�b�l�e� �i�t�e�m�s� �f�o�r� �t�h�e� �p�a�n�e�l� �a�n�d� �t�h�e� �g�r�o�u�p�.� 

�C�o�n�d�u�c�t�i�n�g� �t�h�e� �S�t�u�d�y� 

�A� �s�c�h�e�d�u�l�e� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �w�i�t�h� �t�i�m�e�l�i�n�e�s� �t�o� �c�o�n�d�u�c�t� �t�h�e� �s�t�u�d�y� �(�S�e�e� �T�a�b�l�e� �1�)�.� �T�h�e� 

�s�c�h�e�d�u�l�e� �i�n�c�l�u�d�e�d� �t�h�e� �d�a�t�e�s� �f�o�r� �m�a�i�l�i�n�g� �t�h�e� �r�e�s�e�a�r�c�h� �m�a�t�e�r�i�a�l�s�,� �p�a�n�e�l� �r�e�s�p�o�n�s�e�s�,� �a�n�d� �m�a�i�l�i�n�g� 

�r�e�m�i�n�d�e�r� �c�a�r�d�s� �t�o� �t�h�e� �p�a�n�e�l�.� 

�P�a�c�k�e�t�s� �w�e�r�e� �d�e�v�e�l�o�p�e�d� �f�o�r� �D�e�l�p�h�i� �|�,� �I�l�,� �a�n�d� �I�l�l�.� �T�h�e� �D�e�l�p�h�i� �|� �(�A�p�p�e�n�d�i�x� �B�)� �p�a�c�k�e�t� �i�n�-� 

�c�l�u�d�e�d� �t�h�e� �r�e�s�e�a�r�c�h� �i�n�s�t�r�u�m�e�n�t�,� �a� �p�e�r�s�o�n�a�l� �l�e�t�t�e�r� �e�m�p�h�a�s�i�z�i�n�g� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�e� �s�t�u�d�y�,� �a� 

�p�o�s�t�a�g�e�-�p�a�i�d� �r�e�t�u�r�n� �e�n�v�e�l�o�p�e�,� �a�n�d� �a� �n�o�n�-�p�a�r�t�i�c�i�p�a�t�i�o�n� �f�o�r�m�.� �T�h�e� �D�e�l�p�h�i� �I�I� �(�A�p�p�e�n�d�i�x� �C�)� �p�a�c�k�e�t� 

�i�n�c�l�u�d�e�d� �t�h�e� �r�e�s�e�a�r�c�h� �i�n�s�t�r�u�m�e�n�t�,� �a� �p�e�r�s�o�n�a�l� �l�e�t�t�e�r� �t�h�a�n�k�i�n�g� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t� �f�o�r� �c�o�m�p�l�e�t�i�n�g� 

�D�e�l�p�h�i� �|�,� �a�n�d� �t�w�o� �p�o�s�t�a�g�e�-�p�a�i�d� �e�n�v�e�l�o�p�e�s� �f�o�r� �r�e�t�u�r�n�i�n�g� �a� �r�e�s�u�m�e� �a�n�d� �t�h�e� �Q�-�s�o�r�t�.� �T�h�e� �D�e�l�p�h�i� 

�I�l�l� �(�A�p�p�e�n�d�i�x� �D�)� �p�a�c�k�e�t� �i�n�c�l�u�d�e�d� �t�h�e� �r�e�s�e�a�r�c�h� �i�n�s�t�r�u�m�e�n�t�,� �a� �p�e�r�s�o�n�a�l� �l�e�t�t�e�r� �t�h�a�n�k�i�n�g� �t�h�e�m� �f�o�r� 
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�T�a�b�l�e� �1� 

�T�i�m�e� �L�i�n�e�s� 

�A�p�r�i�l� �1�2�,� �1�9�8�8� �-� �J�u�l�y� �3�0�,� �1�9�8�8� 

� � 

�I�d�e�n�t�i�f�y� �a�n�d� �V�a�l�i�d�a�t�e� �P�a�n�e�l�i�s�t�s� 

�P�i�l�o�t� �D�e�l�p�h�i� �|� �I�n�s�t�r�u�m�e�n�t� 

�D�e�l�p�h�i� �|� �D�e�v�e�l�o�p�e�d� �a�n�d� �M�a�i�l�e�d� 

�D�e�l�p�h�i� �|� �R�e�m�i�n�d�e�r� �M�a�i�l�e�d� 

�D�e�i�p�h�i� �|� �R�e�c�e�i�v�e�d� 

�D�e�l�p�h�i� �|� �A�n�a�l�y�z�e�d� 

�D�e�l�p�h�i� �l�l� �P�r�e�p�a�r�e�d� 

�D�e�l�p�h�i� �I�l� �M�a�i�l�e�d� 

�D�e�l�p�h�i� �I�l� �R�e�m�i�n�d�e�r� �M�a�i�l�e�d� 

�D�e�l�p�h�i� �I�l� �R�e�c�e�i�v�e�d� 

�D�e�l�p�h�i� �I�l� �A�n�a�l�y�z�e�d� 

�D�e�l�p�h�i� �I�l�l� �M�a�i�l�e�d� 

�D�e�l�p�h�i� �I�l�l� �R�e�m�i�n�d�e�r� �M�a�i�l�e�d� 

�D�e�l�p�h�i� �I�l�l� �R�e�c�e�i�v�e�d� 

�D�e�l�p�h�i� �l�i�l� �A�n�a�l�y�z�e�d� 

�A�p�r�i�l� �1�2� �-� �2�0�,� �1�9�8�8� 

�A�p�r�i�l� �1�2� �-� �2�0�,� �1�9�8�8� 

�A�p�r�i�l� �1�2� �-� �2�8�,� �1�9�8�8� 

�M�a�y� �3�,� �1�9�8�8� 

�M�a�y� �1�1�,� �1�9�8�8� 

�M�a�y� �1�6� �-� �2�4�,� �1�9�8�8� 

�M�a�y� �2�4� �-� �2�7�,� �1�9�8�8� 

�M�a�y� �2�9�,� �1�9�8�8� 

�J�u�n�e� �3�,� �1�9�8�8� 

�J�u�n�e� �1�6�,� �1�9�8�8�:� 

�J�u�n�e� �1�6� �-� �2�2�,� �1�9�8�8� 

�J�u�n�e� �2�4�,� �1�9�8�8� 

�J�u�n�e� �2�8�,� �1�9�8�8� 

�J�u�l�y� �1�2�,� �1�9�8�8� 

�J�u�l�y� �1�2� �-� �3�0�,� �1�9�8�8� 

� � 
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�p�a�r�t�i�c�i�p�a�t�i�n�g� �i�n� �t�h�e� �s�t�u�d�y�,� �t�h�e� �r�e�p�o�r�t� �o�n� �a�l�l� �s�c�o�r�e�s� �f�o�r� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� �a�n�d� �a� �p�o�s�t�a�g�e� �p�a�i�d� 

�e�n�v�e�l�o�p�e�.� 

�T�h�e� �D�e�l�p�h�i� �!� �p�a�c�k�e�t� �w�a�s� �m�a�i�l�e�d� �o�n� �t�h�e� �d�a�t�e� �s�p�e�c�i�f�i�e�d� �i�n� �t�h�e� �s�c�h�e�d�u�l�e�.� �T�h�e� �r�e�s�e�a�r�c�h� �i�n�-� 

�s�t�r�u�m�e�n�t� �a�s�k�e�d� �t�h�e� �e�x�p�e�r�t� �t�o� �r�e�s�p�o�n�d� �t�o� �t�h�e� �f�o�l�l�o�w�i�n�g� �q�u�e�s�t�i�o�n� �b�y� �s�u�b�m�i�t�t�i�n�g� �a�n�y� �n�u�m�b�e�r� �o�f� 

�r�e�s�p�o�n�s�e�s�:�  ��W�h�a�t� �a�r�e� �t�h�e� �m�i�n�i�m�u�m� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �f�o�r� �a�l�l� �h�i�g�h� �s�c�h�o�o�l� 

�g�r�a�d�u�a�t�e�s�? �� �A� �r�e�m�i�n�d�e�r� �c�a�r�d� �w�a�s� �m�a�i�l�e�d� �t�o� �t�h�e� �p�a�n�e�l� �m�e�m�b�e�r�s� �e�n�c�o�u�r�a�g�i�n�g� �a� �p�r�o�m�p�t� �r�e�t�u�r�n� 

�o�f� �t�h�e�i�r� �r�e�s�p�o�n�s�e�s�.� �A�f�t�e�r� �t�h�e� �r�e�t�u�r�n� �d�e�a�d�l�i�n�e�,� �t�h�e� �r�e�s�e�a�r�c�h�e�r� �r�e�v�i�e�w�e�d� �t�h�e� �r�e�s�p�o�n�s�e�s�.� �U�s�i�n�g� 

�t�h�e� �c�r�i�t�e�r�i�a� �s�p�e�c�i�f�i�e�d�,� �t�h�e� �r�e�s�e�a�r�c�h�e�r� �i�d�e�n�t�i�f�i�e�d� �a� �l�i�s�t� �o�f� �u�n�i�q�u�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� 

�T�h�e� �Q�-�s�o�r�t� �w�a�s� �p�r�e�p�a�r�e�d� �u�s�i�n�g� �t�h�e� �l�i�s�t� �o�f� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �D�e�l�p�h�i� �|�.� �T�h�e� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�e�r�e� �t�y�p�e�d� �o�n� �b�u�f�f�-�c�o�l�o�r�e�d� �3 �� �x� �5 �� �i�n�d�e�x� �c�a�r�d�s�,� �a�n�d� �m�u�l�t�i�p�l�e� �s�e�t�s� �o�f� �c�a�r�d�s� �w�e�r�e� 

�p�r�o�d�u�c�e�d� �f�o�r� �t�h�e� �p�a�n�e�l�.� 

�D�e�l�p�h�i� �I�l� �p�a�c�k�e�t�s� �w�e�r�e� �m�a�i�l�e�d� �t�o� �t�h�e� �p�a�n�e�l� �m�e�m�b�e�r�s� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �s�c�h�e�d�u�l�e�.� �P�a�c�k�e�t�s� 

�w�e�r�e� �m�a�i�l�e�d� �o�n�l�y� �t�o� �e�x�p�e�r�t�s� �w�h�o� �c�o�m�p�l�e�t�e�d� �D�e�l�p�h�i� �|�.� �I�n� �t�h�e� �a�c�c�o�m�p�a�n�y�i�n�g� �l�e�t�t�e�r�,� �t�h�e� �r�e�-� 

�s�e�a�r�c�h�e�r� �r�e�q�u�e�s�t�e�d� �a� �p�r�o�f�e�s�s�i�o�n�a�l� �r�e�s�u�m�e�.� �T�h�e� �r�e�s�u�m�e� �w�a�s� �u�s�e�d� �t�o� �j�u�s�t�i�f�y� �t�h�e� �p�a�n�e�l� �m�e�m�-� 

�b�e�r ��s� �b�a�c�k�g�r�o�u�n�d� �a�n�d� �q�u�a�l�i�f�i�c�a�t�i�o�n�s� �a�s� �a�n� �e�x�p�e�r�t� �i�n� �t�h�i�s� �s�t�u�d�y�.� �I�n�s�t�r�u�c�t�i�o�n�s� �w�e�r�e� �i�n�c�l�u�d�e�d� 

�w�h�i�c�h� �e�x�p�l�a�i�n�e�d� �t�h�e� �Q�-�s�o�r�t� �p�r�o�c�e�d�u�r�e� �a�n�d� �h�o�w� �t�o� �u�s�e� �t�h�e� �e�l�e�v�e�n� �i�n�t�e�r�v�a�l� �l�e�a�d� �c�a�r�d�s�.� �T�h�e� 

�e�x�p�e�r�t�s� �w�e�r�e� �a�s�k�e�d� �t�o� �m�a�k�e� �j�u�d�g�m�e�n�t�s� �o�n� �e�a�c�h� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �a�n�d� �s�o�r�t� �t�h�e� �c�a�r�d�s� �i�n�t�o� �t�h�e� 

�a�p�p�r�o�p�r�i�a�t�e� �i�n�t�e�r�v�a�l�.� �T�h�e� �u�n�f�o�r�c�e�d� �(�B�r�o�o�k�s�,� �1�9�7�0�)� �p�r�o�c�e�d�u�r�e� �w�a�s� �o�u�t�l�i�n�e�d� �i�n� �t�h�e� �i�n�s�t�r�u�c�t�i�o�n�s�.� 

�A�f�t�e�r� �t�h�e� �r�e�t�u�r�n� �d�e�a�d�l�i�n�e� �d�a�t�e�,� �t�h�e� �r�e�s�e�a�r�c�h�e�r� �r�e�v�i�e�w�e�d� �e�a�c�h� �Q�-�s�o�r�t� �f�o�r� �a�c�c�u�r�a�c�y�.� �E�a�c�h� 

�Q�-�s�o�r�t� �w�a�s� �e�x�a�m�i�n�e�d� �t�o� �c�o�n�f�i�r�m� �t�h�a�t� �t�h�e� �e�x�p�e�r�t� �f�o�l�l�o�w�e�d� �a�l�l� �i�n�s�t�r�u�c�t�i�o�n�s� �a�n�d� �t�h�a�t� �t�h�e� �c�a�r�d�s� 

�w�e�r�e� �g�r�o�u�p�e�d� �a�n�d� �b�u�n�d�l�e�d� �w�i�t�h� �t�h�e� �i�n�t�e�r�v�a�l� �l�e�a�d� �c�a�r�d�s�.� �T�h�e� �r�e�s�e�a�r�c�h�e�r� �e�n�t�e�r�e�d� �t�h�e� �i�n�t�e�r�v�a�l� 

�v�a�l�u�e� �f�o�r� �e�a�c�h� �c�a�r�d� �i�n�t�o� �a� �S�A�S� �c�o�m�p�u�t�e�r� �f�i�l�e�.� �T�h�e� �c�a�r�d�s� �a�n�d� �i�n�t�e�r�v�a�l� �m�a�r�k�e�r�s� �f�o�r� �e�a�c�h� �r�e�-� 

�s�p�o�n�d�e�n�t� �w�e�r�e� �r�e�b�u�n�d�l�e�d� �a�n�d� �p�l�a�c�e�d� �i�n� �t�h�e� �r�e�s�p�o�n�d�e�n�t ��s� �D�e�i�p�h�i� �I�l�l� �p�a�c�k�e�t�.� �U�s�i�n�g� �t�h�e� �S�A�S� 

�c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�,� �a� �r�e�p�o�r�t� �s�h�e�e�t� �w�a�s� �d�e�v�e�l�o�p�e�d�,� �l�i�s�t�i�n�g� �t�h�e� �2�5�t�h�,� �5�0�t�h� �(�m�e�d�i�a�n�)�,� �a�n�d� �7�5�t�h� 

�p�e�r�c�e�n�t�i�l�e�s� �f�o�r� �e�a�c�h� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�.� 

�T�h�e� �D�e�l�p�h�i� �I�l�l� �p�a�c�k�e�t� �c�o�n�t�a�i�n�e�d� �a� �p�e�r�s�o�n�a�l� �l�e�t�t�e�r� �t�o� �t�h�e� �e�x�p�e�r�t�s� �e�m�p�h�a�s�i�z�i�n�g� �t�h�e� �i�m�p�o�r�-� 

�t�a�n�c�e� �o�f� �t�h�e� �s�t�u�d�y� �a�n�d� �t�h�a�n�k�i�n�g� �t�h�e�m� �f�o�r� �c�o�n�t�r�i�b�u�t�i�n�g� �t�o� �i�t�s� �s�u�c�c�e�s�s�.� �A� �f�o�r�m� �w�a�s� �i�n�c�l�u�d�e�d� �f�o�r� 

�t�h�e�m� �t�o� �r�e�q�u�e�s�t� �a� �f�i�n�a�l� �r�e�p�o�r�t� �o�f� �t�h�e� �r�e�s�u�l�t�s�.� �T�h�e� �r�e�p�o�r�t� �s�h�e�e�t� �w�i�t�h� �t�h�e� �2�5�t�h�,� �5�0�t�h�,� �a�n�d� �7�5�t�h� 
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�p�e�r�c�e�n�t�i�l�e� �f�o�r� �e�a�c�h� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �a� �h�i�g�h� �s�c�h�o�o�l� �g�r�a�d�u�a�t�e� �l�i�t�e�r�a�t�e� �i�n� �t�e�c�h�n�o�l�o�g�y� �w�a�s� �a�l�s�o� 

�i�n�c�l�u�d�e�d�.� �T�h�e� �e�x�p�e�r�t�s� �w�e�r�e� �a�s�k�e�d� �t�o� �r�e�v�i�e�w� �t�h�e� �s�c�o�r�e�s� �o�n� �t�h�e� �r�e�p�o�r�t� �s�h�e�e�t� �a�n�d� �r�e�c�o�n�s�i�d�e�r� 

�t�h�e�i�r� �j�u�d�g�m�e�n�t�s�,� �r�e�s�o�r�t�i�n�g� �i�t�e�m�s� �o�r� �l�e�a�v�i�n�g� �t�h�e� �Q�-�s�o�r�t� �i�n� �t�h�e� �o�r�i�g�i�n�a�l� �o�r�d�e�r�.� �F�i�n�a�l�l�y�,� �t�h�e� �e�x�p�e�r�t�s� 

�w�e�r�e� �i�n�s�t�r�u�c�t�e�d� �t�o� �b�u�n�d�l�e� �t�h�e� �c�a�r�d�s� �w�i�t�h� �t�h�e� �i�n�t�e�r�v�a�l� �m�a�r�k�e�r�s� �a�n�d� �r�e�t�u�r�n� �t�h�e� �Q�-�s�o�r�t� �i�n� �t�h�e� 

�p�o�s�t�a�g�e�-�p�a�i�d� �e�n�v�e�l�o�p�e�.� 

�A�f�t�e�r� �t�h�e� �r�e�t�u�r�n� �d�e�a�d�l�i�n�e�,� �t�h�e� �r�e�s�e�a�r�c�h�e�r� �r�e�v�i�e�w�e�d� �e�a�c�h� �Q�-�s�o�r�t� �f�o�r� �a�c�c�u�r�a�c�y�.� �E�a�c�h� �Q�-�s�o�r�t� 

�w�a�s� �e�x�a�m�i�n�e�d� �t�o� �c�o�n�f�i�r�m� �t�h�a�t� �a�l�l� �i�n�s�t�r�u�c�t�i�o�n�s� �h�a�d� �b�e�e�n� �f�o�l�l�o�w�e�d� �a�n�d� �t�h�a�t� �t�h�e� �s�o�r�t�e�d� �c�a�r�d�s� 

�w�e�r�e� �g�r�o�u�p�e�d�/�b�u�n�d�l�e�d� �w�i�t�h� �t�h�e� �i�n�t�e�r�v�a�l� �m�a�r�k�e�r�s�.� �T�h�e� �r�e�s�e�a�r�c�h�e�r� �t�h�e�n� �e�n�t�e�r�e�d� �t�h�e� �v�a�l�u�e� �f�o�r� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c� �i�n�t�o� �a� �S�A�S� �c�o�m�p�u�t�e�r� �f�i�l�e�.� 

�A�n�a�l�y�s�i�s� �o�f� �t�h�e� �D�a�t�a� 

�D�a�t�a� �f�r�o�m� �D�e�l�p�h�i� �I�!� �a�n�d� �D�e�l�p�h�i� �I�!�|� �w�e�r�e� �a�n�a�l�y�z�e�d� �w�i�t�h� �m�e�d�i�a�n� �s�c�o�r�e�s� �a�n�d� �Q�-�v�a�l�u�e�s�.� �T�h�e� 

�s�c�o�r�e�s� �a�n�d� �v�a�l�u�e�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �t�h�e� �S�A�S� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�.� �S�A�S� �p�r�o�c�e�d�u�r�e�s� �P�R�O�C� 

�F�R�E�Q� �a�n�d� �I�n�t�e�r�a�c�t�i�v�e� �M�a�t�r�i�x� �L�a�n�g�u�a�g�e� �w�e�r�e� �u�s�e�d� �t�o� �p�r�o�d�u�c�e� �f�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n� �t�a�b�l�e�s�,� 

�m�e�d�i�a�n� �s�c�o�r�e�s�,� �a�n�d� �Q�-�v�a�l�u�e�s�.� 

�T�h�e� �Q�-�v�a�l�u�e� �w�a�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �2�5�t�h� �a�n�d� �7�5�t�h� �p�e�r�c�e�n�t�i�l�e�s�.� �L�e�v�e�l� 

�o�f� �a�g�r�e�e�m�e�n�t� �a�m�o�n�g� �p�a�n�e�l� �m�e�m�b�e�r�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �w�i�t�h� �t�h�e� �Q�-�v�a�l�u�e�s�,� �w�h�i�c�h� �p�r�o�v�i�d�e�d� �a�n� 

�e�s�t�i�m�a�t�e� �o�f� �t�h�e� �d�i�s�p�e�r�s�i�o�n� �o�f� �j�u�d�g�m�e�n�t�s�.� �A�c�c�o�r�d�i�n�g� �t�o� �T�h�u�r�s�t�o�n�e� �a�n�d� �C�h�a�v�e� �(�1�9�2�9�)�,� �a� �Q�-�v�a�l�u�e� 

�l�a�r�g�e�r� �t�h�a�n� �f�o�u�r� �(�w�i�t�h� �e�l�e�v�e�n� �s�o�r�t�i�n�g� �c�a�t�e�g�o�r�i�e�s�)� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �a� �s�t�a�t�e�m�e�n�t� �i�s� �a�m�b�i�g�u�o�u�s� �o�r� 

�t�h�a�t� �t�h�e� �e�x�p�e�r�t�s� �h�a�v�e� �d�i�v�e�r�s�e� �o�p�i�n�i�o�n�s� �a�b�o�u�t� �i�t�.� �A� �Q�-�v�a�l�u�e� �l�o�w�e�r� �t�h�a�n� �f�o�u�r� �i�n�d�i�c�a�t�e�s� �s�t�r�o�n�g� 

�a�g�r�e�e�m�e�n�t�.� 

�M�e�d�i�a�n� �s�c�o�r�e�s� �a�n�d� �Q�-�v�a�l�u�e�s� �w�e�r�e� �r�e�p�o�r�t�e�d� �f�o�r� �e�a�c�h� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�,� �b�y� �g�r�o�u�p� �(�e�n�g�i�n�e�e�r�-� 

�i�n�g� �e�d�u�c�a�t�o�r�s�,� �p�h�i�l�o�s�o�p�h�e�r�s�,� �e�t�c�.�)� �a�n�d� �f�o�r� �t�h�e� �t�o�t�a�l� �p�a�n�e�l�,� �i�n� �D�e�l�p�h�i� �I�!� �(�A�p�p�e�n�d�i�x� �F�)� �a�n�d� �D�e�l�p�h�i� 

�I�l�]� �(�A�p�p�e�n�d�i�x� �G�)�.� �D�a�t�a� �f�r�o�m� �D�e�l�p�h�i� �I�l�l� �w�e�r�e� �a�n�a�l�y�z�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �l�e�v�e�l� �o�f� �c�o�n�s�e�n�s�u�s� �o�r� 

�a�r�e�a�s� �o�f� �d�i�v�e�r�s�i�t�y� �a�m�o�n�g� �t�h�e� �o�p�i�n�i�o�n�s� �o�f� �t�h�e� �p�a�n�e�l� �m�e�m�b�e�r�s�.� 
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�S�u�m�m�a�r�y� 

�C�h�a�p�t�e�r� �I�l�!� �o�u�t�l�i�n�e�d� �t�h�e� �r�e�s�e�a�r�c�h� �m�e�t�h�o�d�o�l�o�g�y� �f�o�r� �t�h�i�s� �s�t�u�d�y�,� �w�h�i�c�h� �w�a�s� �s�e�l�e�c�t�e�d� �b�a�s�e�d� 

�o�n� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �r�e�s�e�a�r�c�h� �p�r�o�b�l�e�m�.� �I�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �p�r�o�v�i�d�e�d� �t�h�e� �r�e�-� 

�s�e�a�r�c�h�e�r� �w�i�t�h� �t�h�e� �g�u�i�d�a�n�c�e� �n�e�e�d�e�d� �t�o� �c�o�n�s�t�r�u�c�t� �t�h�e� �s�t�u�d�y� �a�n�d� �t�o� �C�a�r�r�y� �o�u�t� �n�e�c�e�s�s�a�r�y� �r�e�s�e�a�r�c�h� 

�s�t�e�p�s�.� 

�A� �c�r�i�t�i�c�a�l� �s�t�e�p� �i�n� �t�h�i�s� �s�t�u�d�y� �w�a�s� �d�e�v�e�l�o�p�i�n�g� �t�h�e� �D�e�l�p�h�i� �!� �i�n�s�t�r�u�m�e�n�t�.� �T�h�e� �r�e�s�e�a�r�c�h�e�r� 

�w�o�r�k�e�d� �v�e�r�y� �c�l�o�s�e�l�y� �w�i�t�h� �t�h�e� �d�o�c�t�o�r�a�l� �c�o�m�m�i�t�t�e�e� �a�n�d� �o�b�t�a�i�n�e�d� �e�x�c�e�l�l�e�n�t� �i�n�p�u�t� �f�r�o�m� �p�i�l�o�t� �t�e�s�t� 

�e�x�p�e�r�t�s�.� �I�t� �w�a�s� �a�l�s�o� �c�r�i�t�i�c�a�l� �t�o� �d�e�v�e�l�o�p� �c�l�e�a�r� �a�n�d� �p�r�e�c�i�s�e� �w�r�i�t�t�e�n� �i�n�s�t�r�u�c�t�i�o�n�s� �o�n� �h�o�w� �e�a�c�h� 

�r�o�u�n�d� �o�f� �t�h�e� �D�e�l�p�h�i� �s�h�o�u�l�d� �b�e� �c�o�m�p�l�e�t�e�d�.� 

�A� �o�p�e�n�-�e�n�d�,� �u�n�f�o�r�c�e�d� �t�e�c�h�n�i�q�u�e� �w�a�s� �c�h�o�s�e�n�,� �a�l�l�o�w�i�n�g� �e�x�p�e�r�t�s� �t�o� �s�u�b�m�i�t� �a�n�y� �n�u�m�b�e�r� �o�f� 

�i�t�e�m�s� �i�n� �D�e�l�p�h�i� �|� �a�n�d� �s�o�r�t� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�i�t�h�o�u�t� �r�e�s�t�r�i�c�t�i�o�n�s� �i�n� �D�e�l�p�h�i� �!�]� �a�n�d� �D�e�l�p�h�i� �I�t�l�.� 

�T�h�e�s�e� �s�t�e�p�s� �w�e�r�e� �i�n�s�t�i�t�u�t�e�d� �t�o� �r�e�d�u�c�e� �b�i�a�s� �i�n� �t�h�e� �r�e�s�e�a�r�c�h� �m�e�t�h�o�d�o�l�o�g�y�.� 

�E�l�e�v�e�n� �i�n�t�e�r�v�a�l�s� �w�e�r�e� �u�s�e�d� �i�n� �t�h�e� �Q�-�s�o�r�t� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �T�h�u�r�s�t�o�n�e� �a�n�d� �C�h�a�v�e� �M�e�t�h�o�d� 

�o�f� �E�q�u�a�l� �A�p�p�e�a�r�i�n�g� �I�n�t�e�r�v�a�l�s�.� �R�e�s�e�a�r�c�h�e�r�s� �i�n�d�i�c�a�t�e�d� �a� �s�m�a�l�l�e�r� �n�u�m�b�e�r� �o�f� �i�n�t�e�r�v�a�l�s� �c�a�n� �b�e� 

�u�s�e�d� �t�o� �o�b�t�a�i�n� �t�h�e� �s�a�m�e� �r�e�s�u�l�t�s�.� �A� �v�a�l�u�e� �j�u�d�g�m�e�n�t� �f�r�o�m� �o�n�e� �t�o� �e�l�e�v�e�n� �c�o�u�l�d� �b�e� �m�a�d�e� �b�y� �e�x�-� 

�p�e�r�t�s� �o�n� �e�a�c�h� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�.� �J�u�d�g�m�e�n�t�s� �c�l�o�s�e� �t�o� �e�l�e�v�e�n� �i�n�d�i�c�a�t�e�d� �a� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �w�a�s� �m�o�s�t� 

�d�e�s�c�r�i�p�t�i�v�e� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�,� �a�n�d� �j�u�d�g�m�e�n�t�s� �c�l�o�s�e� �t�o� �o�n�e� �i�n�d�i�c�a�t�e�d� �a� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� 

�w�a�s� �l�e�a�s�t� �d�e�s�c�r�i�p�t�i�v�e�.� �I�n�s�t�r�u�c�t�i�o�n�s� �w�e�r�e� �p�r�o�v�i�d�e�d� �i�n� �D�e�l�p�h�i� �I�l� �a�n�d� �D�e�l�p�h�i� �I�I�I� �o�n� �h�o�w� �t�o� �s�o�r�t� �t�h�e� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�n�t�o� �t�h�e� �i�n�t�e�r�v�a�l�s�.� 

�B�a�s�e�d� �o�n� �p�r�e�v�i�o�u�s�l�y� �e�s�t�a�b�l�i�s�h�e�d� �c�r�i�t�e�r�i�a� �c�i�t�e�d� �i�n� �t�h�i�s� �c�h�a�p�t�e�r�,� �a�l�l� �i�t�e�m�s� �r�a�n�k�e�d� �a�b�o�v�e� �t�h�e� 

�8�0�t�h� �p�e�r�c�e�n�t�i�l�e� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �i�n� �c�o�n�s�e�n�s�u�s�.� �L�o�w�e�r�-�r�a�n�k�i�n�g� �i�t�e�m�s� �w�e�r�e� �a�l�s�o� �r�e�p�o�r�t�e�d� �t�o� 

�p�r�o�v�i�d�e� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �l�e�v�e�l� �o�f� �t�h�e�i�r� �p�e�r�c�e�i�v�e�d� �i�m�p�o�r�t�a�n�c�e�.� 

�T�h�e� �r�a�n�g�e� �w�h�i�c�h� �e�n�c�o�m�p�a�s�s�e�d� �t�h�e� �j�u�d�g�m�e�n�t�s� �o�f� �5�0� �p�e�r�c�e�n�t� �o�f� �t�h�e� �e�x�p�e�r�t�s� �i�n� �t�h�e� �s�t�u�d�y� 

�w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �u�s�i�n�g� �t�h�e� �Q�-�v�a�l�u�e� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �n�u�m�b�e�r� �o�f� �i�n�t�e�r�v�a�l�s� �a�b�o�v�e� �a�n�d� �b�e�l�o�w� 

�t�h�e� �m�e�d�i�a�n� �s�c�o�r�e�.� �U�s�i�n�g� �t�h�i�s� �m�e�t�h�o�d�,� �t�h�e� �s�t�r�e�n�g�t�h� �o�f� �a�g�r�e�e�m�e�n�t� �a�m�o�n�g� �p�a�n�e�l� �m�e�m�b�e�r�s� �w�a�s� 

�i�n�d�i�c�a�t�e�d�.� 
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�T�h�e� �r�e�s�u�l�t�s� �o�f� �D�e�l�p�h�i� �I�l�l� �i�n�d�i�c�a�t�e�d� �t�h�e� �l�i�s�t� �o�f� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�n� �c�o�n�s�e�n�s�u�s�,� �i�.�e�.�,� �t�h�o�s�e� �w�i�t�h� 

�m�e�d�i�a�n� �s�c�o�r�e�s� �a�b�o�v�e� �t�h�e� �8�0�t�h� �p�e�r�c�e�n�t�i�l�e�.� �I�n� �a�n�a�l�y�z�i�n�g� �t�h�e� �c�o�n�s�e�n�s�u�s� �l�i�s�t�,� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� 

�i�t�e�m�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �u�s�i�n�g� �Q�-�v�a�l�u�e�s� �f�o�r� �m�e�d�i�a�n� �s�c�o�r�e�s�.� 

�T�h�i�s� �c�h�a�p�t�e�r� �h�a�s� �o�u�t�l�i�n�e�d� �t�h�e� �s�t�e�p�s� �f�o�l�l�o�w�e�d� �t�o� �c�o�n�d�u�c�t� �t�h�e� �s�t�u�d�y�.� �I�n� �C�h�a�p�t�e�r� �I�V� �t�h�e� �d�a�t�a� 

�a�n�a�l�y�s�i�s� �w�i�l�l� �b�e� �p�r�e�s�e�n�t�e�d�,� �a�n�d� �t�h�e� �c�o�n�c�l�u�s�i�o�n�s� �a�n�d� �f�i�n�d�i�n�g�s� �a�r�e� �t�o� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �C�h�a�p�t�e�r� 

�V�.� 
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�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �O�F� �T�H�E� �S�T�U�D�Y� 

�I�n�t�r�o�d�u�c�t�i�o�n� 

�R�e�s�u�l�t�s� �o�f� �t�h�e� �d�a�t�a� �a�n�a�l�y�s�i�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�i�s� �c�h�a�p�t�e�r�.� �R�e�s�u�l�t�s� �a�r�e� �r�e�p�o�r�t�e�d� �f�o�r� 

�D�e�l�p�h�i� �|�,� �D�e�l�p�h�i� �I�!�,� �a�n�d� �D�e�l�p�h�i� �I�l�l�.� �T�h�e� �a�n�a�l�y�s�i�s� �r�e�p�o�r�t�e�d� �f�o�r� �D�e�l�p�h�i� �I�l�l� �a�d�d�r�e�s�s�e�d� �t�h�e� �r�e�s�e�a�r�c�h� 

�q�u�e�s�t�i�o�n�s� �e�s�t�a�b�l�i�s�h�e�d� �f�o�r� �t�h�i�s� �s�t�u�d�y�:� 

�1�.� �C�a�n� �a� �c�o�n�s�e�n�s�u�s� �b�e� �r�e�a�c�h�e�d� �b�y� �a� �p�a�n�e�l� �o�f� �e�x�p�e�r�t�s� �o�n� �t�h�e� �m�i�n�i�m�u�m� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� 

�t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �f�o�r� �h�i�g�h� �s�c�h�o�o�l� �g�r�a�d�u�a�t�e�s�?� 

�2�.� �I�f� �c�o�n�s�e�n�s�u�s� �i�s� �n�o�t� �r�e�a�c�h�e�d�,� �w�h�a�t� �a�r�e� �t�h�e� �n�a�t�u�r�e� �a�n�d� �e�x�t�e�n�t� �o�f� �d�i�v�e�r�s�i�t�y� �a�m�o�n�g� �t�h�e� �p�a�n�e�l� 

�o�f� �e�x�p�e�r�t�s�?� 

�T�h�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �d�a�t�a� �i�n� �D�e�l�p�h�i� �I�I�!� �r�e�s�u�l�t�e�d� �i�n� �c�o�n�s�e�n�s�u�s� �o�n� �a� �l�i�s�t� �o�f� �m�i�n�i�m�u�m� �c�h�a�r�-� 

�a�c�t�e�r�i�s�t�i�c�s� �f�o�r� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�.� �S�i�n�c�e� �c�o�n�s�e�n�s�u�s� �w�a�s� �r�e�a�c�h�e�d�,� �r�e�s�e�a�r�c�h� �q�u�e�s�t�i�o�n� �t�w�o� 

�w�a�s� �a� �m�o�o�t� �p�o�i�n�t�.� 
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�D�e�l�p�h�i� �|� 

�A� �s�c�h�e�d�u�l�e� �(�s�e�e� �T�a�b�l�e� �1�)� �e�s�t�a�b�l�i�s�h�i�n�g� �c�r�i�t�i�c�a�l� �d�a�t�e�s� �f�o�r� �d�e�v�e�l�o�p�i�n�g� �t�h�e� �r�e�s�e�a�r�c�h� �i�n�s�t�r�u�-� 

�m�e�n�t�,� �m�a�i�l�i�n�g� �t�h�e� �p�a�c�k�e�t�s�,� �a�n�d� �a�n�a�l�y�z�i�n�g� �t�h�e� �d�a�t�a� �w�a�s� �d�e�v�e�l�o�p�e�d� �f�o�r� �t�h�e� �s�t�u�d�y�.� �T�h�e� �D�e�l�p�h�i� �|� 

�i�n�s�t�r�u�m�e�n�t� �w�a�s� �p�i�l�o�t� �t�e�s�t�e�d� �b�e�t�w�e�e�n� �A�p�r�i�l� �1�2� �-� �2�0�,� �1�9�8�8�,� �b�y� �f�i�v�e� �f�a�c�u�l�t�y� �m�e�m�b�e�r�s� �f�r�o�m� �V�i�r�g�i�n�i�a� 

�P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� �w�h�o� �w�e�r�e� �r�e�c�o�m�m�e�n�d�e�d� �b�y� �t�h�e� �r�e�s�e�a�r�c�h�e�r ��s� �d�o�c�-� 

�t�o�r�a�l� �c�o�m�m�i�t�t�e�e�.� �T�h�e�y� �r�e�p�r�e�s�e�n�t�e�d� �s�c�i�e�n�c�e� �e�d�u�c�a�t�o�r�s�,� �e�n�g�i�n�e�e�r�i�n�g� �e�d�u�c�a�t�o�r�s�,� �p�h�i�l�o�s�o�p�h�e�r�s� 

�o�f� �e�d�u�c�a�t�i�o�n�,� �s�c�i�e�n�c�e� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �s�o�c�i�e�t�y� �e�d�u�c�a�t�o�r�s�,� �a�n�d� �m�a�t�h�e�m�a�t�i�c�s� �e�d�u�c�a�t�o�r�s�.� �T�e�s�t� 

�e�x�p�e�r�t�s� �w�e�r�e� �a�s�k�e�d� �t�o� �r�e�s�p�o�n�d� �t�o� �t�h�e� �r�e�s�e�a�r�c�h� �q�u�e�s�t�i�o�n� �a�n�d� �c�r�i�t�i�q�u�e� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.� �A�f�t�e�r� 

�r�e�c�e�i�v�i�n�g� �t�h�e�i�r� �i�n�p�u�t� �a�n�d� �c�o�m�m�e�n�t�s�,� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �w�a�s� �r�e�v�i�s�e�d� �a�n�d� �a�p�p�r�o�v�e�d� �b�y� �t�h�e� �d�o�c�t�o�r�a�l� 

�c�o�m�m�i�t�t�e�e� �m�e�m�b�e�r�s�.� 

�T�h�e� �D�e�l�p�h�i� �|� �i�n�s�t�r�u�m�e�n�t� �(�A�p�p�e�n�d�i�x� �B�)� �w�a�s� �m�a�i�l�e�d� �t�o� �1�1�3� �e�x�p�e�r�t�s� �o�n� �A�p�r�i�l� �1�2�,� �1�9�8�8�.� �B�e�f�o�r�e� 

�t�h�e� �d�e�a�d�l�i�n�e�,� �r�e�m�i�n�d�e�r� �c�a�r�d�s� �w�e�r�e� �m�a�i�l�e�d� �t�o� �a�l�l� �e�x�p�e�r�t�s� �p�r�o�m�p�t�i�n�g� �t�h�e� �r�e�t�u�r�n� �o�f� �D�e�l�p�h�i� �|�.� 

�S�i�x�t�y�-�t�w�o� �e�x�p�e�r�t�s� �(�T�a�b�l�e� �2�)� �r�e�t�u�r�n�e�d� �t�h�e� �D�e�l�p�h�i� �|� �p�r�i�o�r� �t�o� �t�h�e� �d�e�a�d�l�i�n�e�.� �T�h�i�r�t�y�-�o�n�e� �e�x�p�e�r�t�s� �d�i�d� 

�n�o�t� �r�e�s�p�o�n�d�,� �a�n�d� �f�o�u�r� �p�a�c�k�e�t�s� �r�e�t�u�r�n�e�d� �a�f�t�e�r� �t�h�e� �d�e�a�d�l�i�n�e� �w�e�r�e� �n�o�t� �i�n�c�l�u�d�e�d�.� �S�i�x�t�e�e�n� �e�x�p�e�r�t�s� 

�r�e�t�u�r�n�e�d� �t�h�e� �n�o�n�-�r�e�s�p�o�n�s�e� �f�o�r�m�.� �T�h�e� �s�i�x�t�y�-�t�w�o� �e�x�p�e�r�t�s� �w�h�o� �r�e�s�p�o�n�d�e�d� �p�r�i�o�r� �t�o� �t�h�e� �d�e�a�d�l�i�n�e� 

�c�o�m�p�r�i�s�e�d� �t�h�e� �o�r�i�g�i�n�a�l� �p�a�n�e�l�;� �h�o�w�e�v�e�r�,� �p�a�r�t�i�c�i�p�a�t�i�o�n� �i�n� �D�e�l�p�h�i� �I�l� �a�n�d� �I�l�!� �w�a�s� �r�e�q�u�i�r�e�d� �f�o�r� �c�o�n�-� 

�t�i�n�u�e�d� �i�n�c�l�u�s�i�o�n� �o�n� �t�h�e� �p�a�n�e�l�.� 

�I�n� �D�e�l�p�h�i� �|�,� �t�h�e� �p�a�n�e�l� �o�f� �e�x�p�e�r�t�s� �i�d�e�n�t�i�f�i�e�d� �3�0�7� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�.� 

�T�h�e�s�e� �r�e�s�p�o�n�s�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�r�i�t�e�r�i�a� �f�o�r� �s�e�l�e�c�t�i�n�g� �u�n�i�q�u�e� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�:� �(�a�)� �i�d�e�n�t�i�f�y� �d�e�s�c�r�i�p�t�o�r�s� �u�s�e�d�;� �(�b�)� �d�e�t�e�r�m�i�n�e� �t�h�e� �c�o�n�c�e�p�t�;� �(�c�)� �c�o�n�f�i�r�m� �d�e�s�i�g�-� 

�n�a�t�i�o�n� �f�o�r� �h�i�g�h� �s�c�h�o�o�l� �g�r�a�d�u�a�t�e�;� �a�n�d� �(�d�)� �e�x�a�m�i�n�e� �e�a�c�h� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �f�o�r� �t�h�e� �c�r�i�t�i�c�a�!� �e�l�e�m�e�n�t�s�,� 

�a�c�c�e�p�t�i�n�g� �o�n�l�y� �t�h�o�s�e� �t�h�a�t� �a�r�e� �u�n�i�q�u�e�.� �R�e�s�u�l�t�s� �o�f� �D�e�l�p�h�i� �I� 

�P�h�i�l�o�s�o�p�h�e�r�s� �o�f� �e�d�u�c�a�t�i�o�n� �i�d�e�n�t�i�f�i�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �t�h�a�t� �f�o�c�u�s�e�d� 

�o�n� �s�o�c�i�e�t�a�l�,� �c�u�l�t�u�r�a�l�,� �a�n�d� �b�a�s�i�c� �e�d�u�c�a�t�i�o�n� �s�k�i�l�l�s�.� �T�h�e�s�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �c�o�n�t�a�i�n�e�d� �g�e�n�e�r�a�l� 
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�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �O�F� �T�H�E� �S�T�U�D�Y



�c�o�n�c�e�p�t�s� �a�n�d� �d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �g�e�n�e�r�a�l� �e�d�u�c�a�t�i�o�n� �s�k�i�l�l�s�.� �A�l�s�o�,� �i�t� �w�a�s� �s�t�a�t�e�d� �t�h�a�t� �a� �t�e�c�h�n�o�l�o�g�-� 

�i�c�a�l�l�y� �l�i�t�e�r�a�t�e� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �u�n�d�e�r�s�t�a�n�d� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �m�a�y� �n�o�t� �a�n�s�w�e�r� �a�l�l� �q�u�e�s�t�i�o�n�s�.� �T�h�e� 

�f�o�l�l�o�w�i�n�g� �e�d�i�t�e�d� �s�t�a�t�e�m�e�n�t�s�,� �s�e�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�d�e�n�t�i�f�i�e�d� �b�y� �p�h�i�l�o�s�o�p�h�e�r�s� �o�f� 

�e�d�u�c�a�t�i�o�n�,� �c�o�n�t�a�i�n� �t�h�e� �d�e�s�c�r�i�p�t�i�o�n�s� �a�n�d� �c�o�n�c�e�p�t�s� �o�f� �w�h�a�t� �a� �t�e�c�h�n�o�l�o�g�i�c�a�l�l�y� �l�i�t�e�r�a�t�e� �s�t�u�d�e�n�t� 

�s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �d�o�/�k�n�o�w�:� �(�a�)� �u�n�d�e�r�s�t�a�n�d� �h�o�w� �t�e�c�h�n�o�l�o�g�y� �a�f�f�e�c�t�s� �s�o�c�i�e�t�y�,� �(�b�)� �a�t�t�a�i�n� �b�a�s�i�c� 

�a�c�a�d�e�m�i�c� �k�n�o�w�l�e�d�g�e� �a�n�d� �r�e�l�a�t�e�d� �s�k�i�l�l�s�,� �(�c�)� �c�o�n�d�u�c�t� �a� �t�e�c�h�n�o�l�o�g�y� �a�s�s�e�s�s�m�e�n�t�,� �{�d�)� �u�n�d�e�r�s�t�a�n�d� 

�t�h�e� �s�c�o�p�e� �o�f� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �b�e� �c�a�p�a�b�l�e� �o�f� �m�e�n�t�a�l�l�y� �p�l�a�c�i�n�g� �i�t� �i�n� �p�e�r�s�p�e�c�t�i�v�e�,� �(�e�)� �u�n�d�e�r�s�t�a�n�d� 

�h�o�w� �t�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�v�e�l�o�p�m�e�n�t�s� �h�a�v�e� �a�f�f�e�c�t�e�d� �h�i�s�t�o�r�y�,� �a�n�d� �(�f�)� �u�n�d�e�r�s�t�a�n�d� �h�o�w� �t�e�c�h�n�o�l�o�g�y� 

�a�f�f�e�c�t�s� �s�o�c�i�e�t�y� �a�n�d� �c�o�u�l�d� �i�m�p�a�c�t� �t�h�e� �f�u�t�u�r�e�.� 

�T�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�o�r�s� �i�d�e�n�t�i�f�i�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�t�e�n�t� �a�r�e�a�s� �i�n� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �a� 

�t�e�c�h�n�o�l�o�g�i�c�a�l�l�y� �l�i�t�e�r�a�t�e� �p�e�r�s�o�n�:� �s�o�c�i�e�t�a�l� �i�s�s�u�e�s�,� �c�u�l�t�u�r�a�l� �i�s�s�u�e�s�,� �i�m�p�a�c�t�s� �o�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�,� 

�a�n�d� �e�x�p�e�r�i�e�n�c�e�s� �i�n� �a�p�p�l�i�c�a�t�i�o�n�s� �a�n�d� �u�s�e�s� �o�f� �t�e�c�h�n�o�l�o�g�y�.� �T�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �f�o�r� �t�e�c�h�n�o�l�o�g�i�c�a�l� 

�l�i�t�e�r�a�c�y�,� �a�c�c�o�r�d�i�n�g� �t�o� �t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�o�r�s�,� �c�o�n�t�a�i�n�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�c�e�p�t�s� �a�n�d� �d�e�-� 

�s�c�r�i�p�t�i�o�n�s�:� �a� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �(�a�)� �f�o�r�e�c�a�s�t� �t�e�c�h�n�o�l�o�g�y� �i�m�p�a�c�t�s�;� �(�b�)� �u�n�d�e�r�s�t�a�n�d� �t�h�a�t� 

�t�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�v�e�l�o�p�m�e�n�t�s� �c�h�a�n�g�e� �s�o�c�i�e�t�y�;� �(�c�)� �u�n�d�e�r�s�t�a�n�d� �a�p�p�l�i�c�a�t�i�o�n�s� �a�n�d� �u�s�e�s� �o�f� �t�e�c�h�n�o�l�-� 

�o�g�y�;� �(�d�)� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �s�c�i�e�n�c�e� �a�n�d� �t�e�c�h�n�o�l�o�g�y�;� �(�e�)� �u�n�d�e�r�s�t�a�n�d� �p�r�o�b�l�e�m� 

�s�o�l�v�i�n�g� �a�n�d� �b�e� �a�b�l�e� �t�o� �a�p�p�l�y� �a� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g� �m�o�d�e�l� �t�o� �s�o�l�v�e� �t�e�c�h�n�o�l�o�g�y� �p�r�o�b�l�e�m�s�;� �(�f�)� �u�n�-� 

�d�e�r�s�t�a�n�d� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �i�m�p�a�c�t�s� �o�n� �s�o�c�i�e�t�y�;� �(�g�)� �u�n�d�e�r�s�t�a�n�d� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �e�f�f�e�c�t�s� �c�a�r�e�e�r�s�,� 

�s�o�m�e� �b�e�c�o�m�e� �o�b�s�o�l�e�t�e�,� �a�n�d� �n�e�w� �o�n�e�s� �e�m�e�r�g�e�;� �(�h�)� �u�n�d�e�r�s�t�a�n�d� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �a�f�f�e�c�t�s� �t�h�e� 

�e�n�v�i�r�o�n�m�e�n�t�;� �(�i�)� �u�s�e� �t�e�c�h�n�o�l�o�g�y� �t�o� �i�m�p�r�o�v�e� �o�n�e ��s� �h�u�m�a�n� �p�o�t�e�n�t�i�a�l� �t�o� �s�o�l�v�e� �p�r�o�b�l�e�m�s�;� �(�j�)� �u�n�-� 

�d�e�r�s�t�a�n�d� �t�h�e� �p�r�i�n�c�i�p�l�e�s� �a�n�d� �f�u�n�c�t�i�o�n�s� �o�f� �t�e�c�h�n�o�l�o�g�y� �s�y�s�t�e�m�s�;� �(�k�)� �u�n�d�e�r�s�t�a�n�d� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� 

�s�y�s�t�e�m�s� �c�a�n� �r�e�g�e�n�e�r�a�t�e� �r�e�s�o�u�r�c�e�s�;� �(�I�)� �c�o�n�d�u�c�t� �r�e�s�e�a�r�c�h�:� �a�n�d� �(�m�)� �u�n�d�e�r�s�t�a�n�d� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� 

�w�i�l�l� �r�e�q�u�i�r�e� �a� �c�o�n�t�i�n�u�a�t�i�o�n� �o�f� �o�n�e ��s� �e�d�u�c�a�t�i�o�n�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �e�n�g�i�n�e�e�r�i�n�g� �e�d�u�c�a�t�o�r�s�,� �a� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �h�a�v�e� �a� �k�n�o�w�l�e�d�g�e� �a�n�d� 

�u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�e�c�h�n�o�l�o�g�y�.� �I�t� �w�a�s� �d�e�e�m�e�d� �i�m�p�o�r�t�a�n�t� �f�o�r� �s�t�u�d�e�n�t�s� �t�o� �h�a�v�e� �a� �p�o�s�i�t�i�v�e� �a�t�t�i�t�u�d�e� 

�t�o�w�a�r�d�s� �t�e�c�h�n�o�l�o�g�y�.� �T�h�e� �g�r�o�u�p� �s�u�p�p�o�r�t�e�d� �t�h�e� �t�e�c�h�n�i�c�a�l� �s�k�i�l�l�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �p�r�o�b�l�e�m� �s�o�l�v�-� 

�i�n�g�.� �A�c�c�o�r�d�i�n�g� �t�o� �t�h�e�s�e� �e�x�p�e�r�t�s�,� �a� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �u�s�e� �a�n�a�l�y�t�i�c�a�l� �r�e�s�e�a�r�c�h� �s�k�i�l�l�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �m�a�t�h�e�m�a�t�i�c�a�l� �c�a�l�c�u�l�a�t�i�o�n�s� �a�n�d� �b�e� �a�b�l�e� �t�o� �c�o�n�s�t�r�u�c�t� �m�o�d�e�l�s� �o�f� �s�o�l�u�t�i�o�n�s� �t�o� 
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�t�e�c�h�n�o�l�o�g�y� �p�r�o�b�l�e�m�s�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�c�e�p�t�s� �a�n�d� �d�e�s�c�r�i�p�t�i�o�n�s� �a�r�e� �f�r�o�m� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�f�o�r� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �f�r�o�m� �t�h�e� �e�n�g�i�n�e�e�r�i�n�g� �e�d�u�c�a�t�o�r�s�:� �s�t�u�d�e�n�t�s� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �(�a�)� 

�c�o�n�d�u�c�t� �t�e�c�h�n�o�l�o�g�y� �a�s�s�e�s�s�m�e�n�t�s�,� �(�b�)� �i�d�e�n�t�i�f�y� �a�n�d� �d�i�s�c�u�s�s� �p�o�t�e�n�t�i�a�l� �i�m�p�a�c�t�s� �f�r�o�m� �t�e�c�h�n�o�l�o�g�y�,� 

�(�c�)� �r�e�l�a�t�e� �p�a�s�t� �d�e�v�e�l�o�p�m�e�n�t�s� �t�o� �p�r�o�g�r�e�s�s�,� �(�d�)� �a�n�a�l�y�z�e� �a�l�t�e�r�n�a�t�i�v�e�s�,� �(�e�)� �s�h�o�w� �a�n� �a�p�p�r�e�c�i�a�t�i�o�n� 

�f�o�r� �t�e�c�h�n�o�l�o�g�i�c�a�l� �s�y�s�t�e�m�s�,� �(�f�)� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �p�r�o�c�e�s�s� �o�f� �q�u�a�n�t�i�t�a�t�i�v�e� �m�o�d�e�l�i�n�g�,� �(�g�)� �d�e�s�i�g�n� 

�a�r�t�i�f�a�c�t�s�,� �(�h�)� �u�s�e� �a� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e�,� �{�i�)� �u�s�e� �m�a�t�h� �f�o�r� �c�o�m�p�u�t�i�n�g� �a�n�d� �u�n�d�e�r�-� 

�s�t�a�n�d� �t�h�e� �A�N�O�V�A� �s�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s� �p�r�o�c�e�d�u�r�e�,� �(�j�)� �u�n�d�e�r�s�t�a�n�d� �b�i�o�-�p�s�y�c�h�o�l�o�g�y�,� �(�k�)� �u�n�d�e�r�s�t�a�n�d� 

�b�a�s�i�c� �p�r�i�n�c�i�p�l�e�s� �o�f� �c�h�e�m�i�s�t�r�y�,� �(�1�)� �u�n�d�e�r�s�t�a�n�d� �a�n�d� �b�e� �a�b�l�e� �t�o� �u�s�e� �s�i�m�p�l�e� �m�a�c�h�i�n�e�s�,� �(�m�)� �r�e�a�d� 

�w�i�t�h� �s�o�m�e� �e�x�p�e�r�t�i�s�e�,� �(�n�)� �u�s�e� �a�l�g�e�b�r�a� �a�n�d� �u�n�d�e�r�s�t�a�n�d� �p�h�y�s�i�c�s�,� �(�0�)� �u�t�i�l�i�z�e� �k�n�o�w�l�e�d�g�e� �f�r�o�m� �c�a�s�e� 

�s�t�u�d�i�e�s� �o�f� �t�e�c�h�n�o�l�o�g�y� �s�y�s�t�e�m�s�,� �(�p�)� �a�p�p�r�e�c�i�a�t�e� �t�h�o�s�e� �w�h�o� �h�a�v�e� �a�c�a�d�e�m�i�c� �s�k�i�l�l�s�,� �(�q�)� �d�i�s�t�i�n�g�u�i�s�h� 

�t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �s�c�i�e�n�c�e� �a�n�d� �t�e�c�h�n�o�l�o�g�y�,� �(�r�)� �u�s�e� �f�u�n�d�a�m�e�n�t�a�l� �c�o�m�p�u�t�e�r� �s�k�i�l�l�s�,� �a�n�d� �(�s�)� 

�u�n�d�e�r�s�t�a�n�d� �h�o�w� �t�e�c�h�n�o�l�o�g�y� �c�a�n� �i�m�p�a�c�t� �o�n� �s�o�c�i�e�t�y� �a�n�d� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �g�r�o�u�p� �o�f� �s�c�i�e�n�t�i�s�t�s�,� �t�e�c�h�n�o�l�o�g�y� �h�a�s� �a�l�w�a�y�s� �b�e�e�n� �a� �m�a�j�o�r� �c�o�n�c�e�r�n� �i�n� 

�s�c�i�e�n�c�e�.� �I�n� �D�e�l�p�h�i� �|�,� �t�h�e� �g�r�o�u�p� �o�f� �s�c�i�e�n�t�i�s�t�s� �p�r�e�s�e�n�t�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�c�e�p�t�s�:� �a� �s�t�u�d�e�n�t� 

�s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �(�a�)� �e�v�a�l�u�a�t�e� �a�n�d� �c�r�i�t�i�c�i�z�e� �t�e�c�h�n�o�l�o�g�i�c�a�l� �i�n�n�o�v�a�t�i�o�n�s�,� �(�b�)� �p�r�o�p�o�s�e� �s�o�l�u�t�i�o�n�s� 

�f�r�o�m� �a�n� �a�n�a�l�y�s�i�s� �o�f� �t�e�c�h�n�o�l�o�g�y� �p�r�o�b�l�e�m�s�,� �(�c�)� �u�n�d�e�r�s�t�a�n�d� �t�e�c�h�n�o�l�o�g�y� �s�y�s�t�e�m�s�,� �(�d�)� �d�e�f�i�n�e� �t�e�c�h�-� 

�n�o�l�o�g�y� �a�n�d� �s�c�i�e�n�c�e�,� �(�e�)� �d�i�s�c�e�r�n� �p�o�s�i�t�i�v�e�/�n�e�g�a�t�i�v�e� �e�f�f�e�c�t�s� �o�f� �n�e�w� �t�e�c�h�n�o�l�o�g�y�,� �a�n�d� �(�f�)� �u�n�d�e�r�s�t�a�n�d� 

�t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �i�m�p�a�c�t�s� �o�n� �s�o�c�i�e�t�y�/�e�n�v�i�r�o�n�m�e�n�t�.� 

�S�c�i�e�n�c�e� �e�d�u�c�a�t�o�r�s� �i�d�e�n�t�i�f�i�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �f�o�r� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �w�i�t�h� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�c�o�n�c�e�p�t�s�:� �a� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �(�a�)� �a�r�t�i�c�u�l�a�t�e� �t�e�c�h�n�i�c�a�l� �t�e�r�m�s�:� �(�b�)� �u�n�d�e�r�s�t�a�n�d� �h�o�w� 

�s�i�m�p�l�e� �m�a�c�h�i�n�e�s� �w�o�r�k�;� �(�c�)� �d�e�f�i�n�e� �t�e�c�h�n�o�l�o�g�y�;� �(�d�)� �d�e�f�i�n�e� �h�o�w� �t�e�c�h�n�o�l�o�g�y� �i�s� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �s�c�i�-� 

�e�n�c�e�;� �(�e�)� �d�e�m�o�n�s�t�r�a�t�e� �a�n� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�e�c�h�n�o�l�o�g�y�;� �(�f�)� �c�o�m�p�r�e�h�e�n�d� �h�o�w� �t�e�c�h�n�o�l�o�g�y� �a�f�f�e�c�t�s� 

�t�h�e� �i�n�d�i�v�i�d�u�a�l�;� �(�g�)� �u�n�d�e�r�s�t�a�n�d� �h�o�w� �t�e�c�h�n�o�l�o�g�y� �a�f�f�e�c�t�s� �s�o�c�i�e�t�y� �a�n�d� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�;� �(�h�)� �d�e�m�-� 

�o�n�s�t�r�a�t�e� �a�n� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �g�l�o�b�a�l� �i�m�p�a�c�t� �o�f� �t�e�c�h�n�o�l�o�g�y�;� �(�i�)� �d�i�s�t�i�n�g�u�i�s�h� �b�e�t�w�e�e�n� �s�c�i�e�n�c�e�,� 

�t�e�c�h�n�o�l�o�g�y� �a�n�d� �e�n�g�i�n�e�e�r�i�n�g�;� �(�j�)� �u�n�d�e�r�s�t�a�n�d� �d�e�c�i�s�i�o�n� �m�a�k�i�n�g�;� �(�k�)� �a�p�p�r�e�c�i�a�t�e� �b�a�s�i�c� �p�r�i�n�c�i�p�l�e�s� 

�o�f� �s�t�r�u�c�t�u�r�a�l� �d�e�s�i�g�n�;� �a�n�d� �(�I�)� �c�o�n�d�u�c�t� �t�e�c�h�n�o�l�o�g�y� �a�s�s�e�s�s�m�e�n�t�s�.� 

�T�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �i�d�e�n�t�i�f�i�e�d� �b�y� �e�x�p�e�r�t� �c�l�a�s�s�r�o�o�m� �t�e�a�c�h�e�r�s� 

�m�a�i�n�l�y� �f�o�c�u�s�e�d� �o�n� �w�h�a�t� �i�s� �e�s�s�e�n�t�i�a�l� �f�o�r� �a� �s�t�u�d�e�n�t� �e�n�t�e�r�i�n�g� �a� �t�e�c�h�n�o�l�o�g�i�c�a�l� �s�o�c�i�e�t�y�.� �E�d�u�c�a�t�i�o�n� 
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�,� 

�s�h�o�u�l�d� �b�e� �v�e�r�y� �m�e�a�n�i�n�g�f�u�l� �a�n�d� �r�e�a�l�i�s�t�i�c� �c�o�m�p�a�r�e�d� �t�o� �w�h�a�t� �i�s� �e�x�p�e�c�t�e�d� �o�f� �s�t�u�d�e�n�t�s� �i�n� �l�i�f�e�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �c�l�a�s�s�r�o�o�m� �t�e�a�c�h�e�r�s�,� �a� �t�e�c�h�n�o�l�o�g�i�c�a�l�l�y� �l�i�t�e�r�a�t�e� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �b�e� �k�n�o�w�l�e�d�g�e�a�b�l�e� 

�a�n�d� �c�a�p�a�b�l�e� �o�f� �d�e�a�l�i�n�g� �w�i�t�h� �t�e�c�h�n�o�l�o�g�y�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �d�e�s�c�r�i�p�t�i�o�n�s� �a�n�d� �c�o�n�c�e�p�t�s� �w�e�r�e� �u�s�e�d� 

�b�y� �c�l�a�s�s�r�o�o�m� �t�e�a�c�h�e�r�s� �t�o� �d�e�f�i�n�e� �t�e�c�h�n�o�l�o�g�i�c�a�l�l�y� �l�i�t�e�r�a�t�e� �s�t�u�d�e�n�t�s�:� �t�h�e�y� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �(�a�)� 

�a�r�t�i�c�u�l�a�t�e� �t�e�c�h�n�i�c�a�l� �t�e�r�m�s�,� �(�b�)� �d�e�m�o�n�s�t�r�a�t�e� �a� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �h�i�s�t�o�r�y� �o�f� �t�e�c�h�n�o�l�o�g�y�,� �(�c�)� �a�p�p�l�y� 

�g�e�n�e�r�a�l� �e�d�u�c�a�t�i�o�n� �s�k�i�l�l�s�,� �(�d�)� �a�p�p�l�y� �t�e�c�h�n�o�l�o�g�i�c�a�l� �c�o�n�c�e�p�t�s�,� �(�e�)� �u�n�d�e�r�s�t�a�n�d� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �i�s� 

�t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �s�c�i�e�n�t�i�f�i�c� �p�h�e�n�o�m�e�n�a�,� �(�f�)� �a�p�p�l�y� �b�a�s�i�c� �c�o�n�c�e�p�t�s� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�v�e�l�o�p�-� 

�m�e�n�t�s� �i�n� �l�i�f�e�,� �(�g�)� �u�s�e� �t�h�e� �t�o�o�l�s� �o�f� �t�e�c�h�n�o�l�o�g�y�,� �(�h�)� �e�x�p�l�o�r�e� �a�r�e�a�s� �o�f� �i�n�t�e�r�e�s�t� �i�n� �t�e�c�h�n�o�l�o�g�y�,� �(�i�)� �u�s�e� 

�a� �s�y�s�t�e�m�a�t�i�c� �a�p�p�r�o�a�c�h� �t�o� �s�o�l�v�i�n�g� �p�r�o�b�l�e�m�s�,� �a�n�d� �(�j�)� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �f�r�e�e� �e�n�t�e�r�p�r�i�s�e� �s�y�s�t�e�m�.� 

�T�h�e� �b�u�s�i�n�e�s�s�/�e�d�u�c�a�t�i�o�n� �s�u�p�p�o�r�t� �e�x�p�e�r�t�s� �p�o�i�n�t�e�d� �o�u�t� �t�h�a�t� �t�e�c�h�n�o�l�o�g�i�c�a�l�l�y� �l�i�t�e�r�a�t�e� �h�i�g�h� 

�s�c�h�o�o�l� �g�r�a�d�u�a�t�e�s� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �a�p�p�l�y� �w�h�a�t� �t�h�e�y� �l�e�a�r�n� �f�r�o�m� �t�e�c�h�n�o�l�o�g�y�.� �T�h�e� �e�x�p�e�r�t�s� 

�i�d�e�n�t�i�f�i�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�c�e�p�t�s� �f�o�r� �t�e�c�h�n�o�l�o�g�i�c�a�l�l�y� �l�i�t�e�r�a�t�e� �h�i�g�h� �s�c�h�o�o�!� �g�r�a�d�u�a�t�e�s�:� �t�h�e�y� �s�h�o�u�l�d� 

�b�e� �a�b�l�e� �t�o� �(�a�)� �e�x�p�l�a�i�n� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �g�i�v�e� �e�x�a�m�p�l�e�s�,� �(�b�)� �r�e�c�o�g�n�i�z�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� 

�t�e�c�h�n�o�l�o�g�i�c�a�l� �p�r�o�g�r�e�s�s� �a�n�d� �e�c�o�n�o�m�i�c�s�,� �(�c�)� �u�s�e� �t�e�c�h�n�o�l�o�g�i�c�a�l� �j�a�r�g�o�n�,� �(�d�)� �u�n�d�e�r�s�t�a�n�d� �h�o�w� 

�t�e�c�h�n�o�l�o�g�i�c�a�l� �s�y�s�t�e�m�s� �w�o�r�k� �a�n�d� �h�o�w� �t�e�c�h�n�o�l�o�g�y� �i�s� �u�s�e�d�,� �(�e�)� �r�e�l�a�t�e� �e�x�p�e�r�i�e�n�c�e�s� �t�o� �t�h�e� �t�h�r�e�e� 

�d�o�m�a�i�n�s� �o�f� �l�e�a�r�n�i�n�g�,� �(�f�)� �u�s�e� �t�e�c�h�n�o�l�o�g�y�,� �(�g�)� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �s�o�c�i�a�l�-�c�u�l�t�u�r�a�l� �i�m�p�a�c�t�s�,� �(�h�)� �r�e�-� 

�S�e�a�r�c�h� �a� �p�r�o�b�l�e�m�,� �(�i�)� �d�e�v�e�l�o�p� �a�n�d� �d�o�c�u�m�e�n�t� �s�o�l�u�t�i�o�n�s� �t�o� �p�r�o�b�l�e�m�s�,� �(�j�)� �u�n�d�e�r�s�t�a�n�d� �h�o�w� �t�e�c�h�-� 

�n�o�l�o�g�y� �a�f�f�e�c�t�s� �t�h�e� �w�o�r�l�d�,� �(�k�)� �r�e�c�o�g�n�i�z�e� �t�h�a�t� �p�o�l�i�t�i�c�s� �a�f�f�e�c�t� �t�e�c�h�n�o�l�o�g�y�,� �(�I�)� �r�e�c�o�g�n�i�z�e� �t�h�a�t� 

�t�e�c�h�n�o�l�o�g�y� �h�a�s� �s�o�c�i�a�l� �c�o�n�s�t�r�u�c�t�i�o�n�,� �(�m�)� �t�h�i�n�k� �c�r�e�a�t�i�v�e�l�y� �a�n�d� �e�m�p�l�o�y� �h�i�g�h�e�r� �o�r�d�e�r� �t�h�i�n�k�i�n�g� 

�s�k�i�l�l�s�,� �(�n�)� �u�n�d�e�r�s�t�a�n�d� �m�e�c�h�a�n�i�c�a�l� �a�d�v�a�n�t�a�g�e�s�,� �(�0�)� �u�s�e� �m�o�d�e�r�n� �t�o�o�l�s� �o�f� �t�e�c�h�n�o�l�o�g�y�,� �a�n�d� �(�p�)� 

�e�m�p�l�o�y� �c�o�g�n�i�t�i�v�e� �a�b�i�l�i�t�i�e�s� �i�n� �a�c�a�d�e�m�i�c�s�.� 

�A�s� �s�t�a�t�e�d� �e�a�r�l�i�e�r�,� �t�h�e� �p�a�n�e�l� �o�f� �e�x�p�e�r�t�s� �s�u�b�m�i�t�t�e�d� �a� �l�i�s�t� �o�f� �3�0�7� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�h�i�c�h� �w�e�r�e� 

�c�o�n�s�i�d�e�r�e�d� �n�e�c�e�s�s�a�r�y� �a�s� �m�i�n�i�m�u�m� �q�u�a�l�i�f�i�c�a�t�i�o�n�s� �f�o�r� �p�r�o�d�u�c�i�n�g� �t�e�c�h�n�o�l�o�g�i�c�a�l�l�y� �l�i�t�e�r�a�t�e� �h�i�g�h� 

�s�c�h�o�o�l� �g�r�a�d�u�a�t�e�s�.� �A�n�a�l�y�s�i�s� �o�f� �t�h�e�s�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �r�e�s�u�l�t�e�d� �i�n� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �1�1�9� �u�n�i�q�u�e� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� �w�h�i�c�h� �w�e�r�e� �t�y�p�e�d� �o�n� �3 ��x�5 �� �i�n�d�e�x� �c�a�r�d�s� �f�o�r� �t�h�e� �Q�-�s�o�r�t� �i�n� �D�e�l�p�h�i� �I�l�.� 

�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �O�F� �T�H�E� �S�T�U�D�Y� �5�0



�D�e�l�p�h�i� �I�l� 

�T�h�e� �D�e�l�p�h�i� �I�l� �(�A�p�p�e�n�d�i�x� �C�)� �Q�-�s�o�r�t� �i�n�s�t�r�u�m�e�n�t� �c�o�n�s�i�s�t�i�n�g� �o�f� �t�h�e� �1�1�9� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�d�e�n�-� 

�t�i�f�i�e�d� �i�n� �D�e�l�p�h�i� �|� �w�a�s� �c�o�m�p�l�e�t�e�d� �b�e�t�w�e�e�n� �M�a�y� �2�4� �a�n�d� �M�a�y� �2�7�,� �1�9�8�8�,� �a�n�d� �w�a�s� �m�a�i�l�e�d� �t�o� �t�h�e� �6�2� 

�e�x�p�e�r�t�s� �w�h�o� �c�o�m�p�l�e�t�e�d� �D�e�l�p�h�i� �|�.� �T�h�e� �e�x�p�e�r�t�s� �w�e�r�e� �a�s�k�e�d� �t�o� �s�o�r�t� �t�h�e� �c�a�r�d�s� �(�c�o�n�t�a�i�n�i�n�g� �t�h�e� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �f�o�r� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�)� �a�c�r�o�s�s� �t�h�e� �c�o�n�t�i�n�u�u�m� �o�f� �i�n�t�e�r�v�a�l�s�,� �o�n�e� �t�h�r�o�u�g�h� 

�e�l�e�v�e�n�.� 

�I�n�s�t�r�u�c�t�i�o�n�s� �f�o�r� �t�h�e� �Q�-�s�o�r�t� �w�e�r�e� �d�e�v�e�l�o�p�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �T�h�u�r�s�t�o�n�e� �a�n�d� �C�h�a�v�e� �(�1�9�2�9�)� 

�E�q�u�a�l� �A�p�p�e�a�r�i�n�g� �I�n�t�e�r�v�a�l�s� �s�c�a�l�e�.� �A� �r�e�m�i�n�d�e�r� �c�a�r�d� �w�a�s� �m�a�i�l�e�d� �t�o� �a�l�l� �D�e�l�p�h�i� �I�l� �e�x�p�e�r�t�s� �o�n� �J�u�n�e� 

�3�,� �1�9�8�8�,� �e�n�c�o�u�r�a�g�i�n�g� �t�h�e� �r�e�t�u�r�n� �o�f� �t�h�e� �D�e�l�p�h�i� �I�!� �i�n�s�t�r�u�m�e�n�t� �b�y� �t�h�e� �d�e�a�d�l�i�n�e�.� �F�i�f�t�y�-�t�w�o� �e�x�p�e�r�t�s� 

�r�e�t�u�r�n�e�d� �t�h�e� �i�n�s�t�r�u�m�e�n�t�,� �o�n�e� �w�i�t�h�d�r�e�w� �f�r�o�m� �t�h�e� �s�t�u�d�y�,� �a�n�d� �n�i�n�e� �e�x�p�e�r�t�s� �d�i�d� �n�o�t� �r�e�s�p�o�n�d� �(�s�e�e� 

�T�a�b�l�e� �2�)�.� 

�T�h�e� �r�e�s�e�a�r�c�h�e�r� �r�e�v�i�e�w�e�d� �t�h�e� �D�e�l�p�h�i� �!�I�|� �Q�-�s�o�r�t�s� �o�n� �J�u�n�e� �2�1�,� �1�9�8�8�.� �E�a�c�h� �e�x�p�e�r�t ��s� �Q�-�s�o�r�t� 

�w�a�s� �a�n�a�l�y�z�e�d� �f�o�r� �t�h�e� �p�l�a�c�e�m�e�n�t� �o�f� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�n�t�o� �t�h�e� �i�n�t�e�r�v�a�l�s� �o�f� �t�h�e� �c�o�n�t�i�n�u�u�m�.� �E�a�c�h� �|� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c� �w�a�s� �a�s�s�i�g�n�e�d� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �i�n�t�e�r�v�a�l�.� �T�h�e� �v�a�l�u�e�s� �f�o�r� �e�a�c�h� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �w�e�r�e� 

�e�n�t�e�r�e�d� �i�n�t�o� �a� �S�A�S� �c�o�m�p�u�t�e�r� �f�i�l�e�.� �T�h�e� �d�a�t�a� �w�e�r�e� �a�n�a�l�y�z�e�d� �b�y� �g�r�o�u�p�s� �a�n�d� �f�o�r� �t�h�e� �p�a�n�e�l� �o�f� 

�e�x�p�e�r�t�s� �a�s� �a� �w�h�o�l�e� 

�M�e�d�i�a�n� �s�c�o�r�e�s� �a�n�d� �t�h�e� �2�5�t�h� �a�n�d� �7�5�t�h� �p�e�r�c�e�n�t�i�l�e�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �a�l�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�f�o�r� �t�h�e� �e�n�t�i�r�e� �p�a�n�e�l�.� �T�h�e� �s�c�o�r�e�s� �w�e�r�e� �r�e�p�o�r�t�e�d� �t�o� �t�h�e� �p�a�n�e�l� �o�f� �e�x�p�e�r�t�s� �i�n� �D�e�l�p�h�i� �I�l�l�.� �Q�-�v�a�l�u�e�s� 

�w�e�r�e� �a�l�s�o� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �a�l�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �b�y� �g�r�o�u�p� �a�n�d� �f�o�r� �t�h�e� �p�a�n�e�l�.� 

�T�h�e� �f�i�n�d�i�n�g�s� �o�f� �D�e�l�p�h�i� �I�l� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e�s� �3� �-� �1�1� �a�n�d� �i�n� �A�p�p�e�n�d�i�x� �F�.� �F�o�r� �e�a�c�h� 

�g�r�o�u�p� �t�h�e� �8�0�t�h� �p�e�r�c�e�n�t�i�l�e� �c�r�i�t�e�r�i�o�n� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �c�o�n�s�e�n�s�u�s�.� �A�l�l� �i�t�e�m�s� �a�b�o�v�e� �t�h�e� �8�0�t�h� 

�p�e�r�c�e�n�t�i�l�e� �a�r�e� �l�i�s�t�e�d� �i�n� �t�h�e� �t�a�b�l�e�s�.� �W�i�t�h�i�n� �e�a�c�h� �t�a�b�l�e�,� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�r�e� �l�i�s�t�e�d� �i�n� �r�a�n�k� 

�o�r�d�e�r� �f�r�o�m� �t�h�e� �h�i�g�h�e�s�t� �m�e�d�i�a�n� �s�c�o�r�e�.� �A� �t�o�t�a�l� �r�e�p�o�r�t� �o�n� �a�l�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�-� 

�b�l�e� �1�1� �a�n�d� �A�p�p�e�n�d�i�x� �F�.� 

�R�e�s�u�l�t�s� �o�f� �D�e�l�p�h�i� �I�I� 

�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �O�F� �T�H�E� �S�T�U�D�Y� �5�1



�R�e�s�u�l�t�s� �o�f� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �D�e�l�p�h�i� �I�!� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e�s� �3� �t�h�r�o�u�g�h� �1�0� �s�h�o�w� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�8�0�t�h� �p�e�r�c�e�n�t�i�l�e� �c�r�i�t�e�r�i�o�n� �v�a�l�u�e�s� �(�m�e�d�i�a�n� �s�c�o�r�e�s�)�:� �(�a�)� �p�h�i�l�o�s�o�p�h�e�r�s� �o�f� �e�d�u�c�a�t�i�o�n�-�-�7�.�8�3�0�,� �(�b�)� 

�t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�o�r�s�-�-�9�.�3�8�0�,� �(�c�)� �e�n�g�i�n�e�e�r�i�n�g� �e�d�u�c�a�t�o�r�s�-�-�8�.�4�5�0�,� �(�d�)� �s�c�i�e�n�t�i�s�t�s�-�-�8�.�6�7�0�,� �(�e�)� �s�c�i�e�n�c�e� 

�e�d�u�c�a�t�o�r�s�-�-�8�.�7�7�4�,� �(�f�)� �c�l�a�s�s�r�o�o�m� �t�e�a�c�h�e�r�s�-�-�9�.�4�8�8�,� �(�g�)� �b�u�s�i�n�e�s�s�/�e�d�u�c�a�t�i�o�n� �s�u�p�p�o�r�t�-�-�8�.�7�5�0�,� �a�n�d� �(�h�)� 

�t�o�t�a�l� �p�a�n�e�l�-�-�8�.�7�4�2�.� �D�i�s�t�r�i�b�u�t�i�o�n�s� �o�f� �Q�-�v�a�l�u�e�s� �w�e�r�e� �c�o�n�c�e�n�t�r�a�t�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �r�a�n�g�e�s� �f�o�r� 

�e�a�c�h� �g�r�o�u�p� �o�f� �e�x�p�e�r�t�s�:� �(�a�)� �p�h�i�l�o�s�o�p�h�e�r�s� �o�f� �e�d�u�c�a�t�i�o�n�-�-�1�.�6�0�0� �t�o� �4�.�5�0�0�,� �(�b�)� �t�e�c�h�n�o�l�o�g�y� 

�e�d�u�c�a�t�o�r�s�-�-�1�.�6�0�0� �t�o� �4�.�5�0�0�,� �(�c�)� �e�n�g�i�n�e�e�r�i�n�g� �e�d�u�c�a�t�o�r�s�-�-�1�.�6�0�0� �t�o� �4�.�5�0�0�,� �(�d�)� �s�c�i�e�n�t�i�s�t�s�-�-�0�.�5�0�0� �t�o� 

�4�.�5�0�0�,� �(�e�)� �s�c�i�e�n�c�e� �e�d�u�c�a�t�o�r�s�-�-�1�.�6�0�0� �t�o� �4�.�5�0�0�,� �(�f�)� �c�l�a�s�s�r�o�o�m� �t�e�a�c�h�e�r�s�-�-�1�.�6�0�0� �t�o� �4�.�5�0�0�,� �(�g�)� 

�b�u�s�i�n�e�s�s�/�e�d�u�c�a�t�i�o�n� �s�u�p�p�o�r�t�-�-�1�.�6�0�0� �t�o� �4�.�5�0�0�,� �a�n�d� �(�h�)� �t�o�t�a�l� �p�a�n�e�l�-�-�1�.�6�0�0� �t�o� �4�.�5�0�0�.� 

�D�a�t�a� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e�s� �3� �t�h�r�o�u�g�h� �1�0� �s�h�o�w� �t�h�e� �c�o�n�s�e�n�s�u�s� �f�o�r� �e�a�c�h� �g�r�o�u�p� �a�n�d� �t�h�e� �t�o�t�a�l� 

�p�a�n�e�l� �o�n� �t�h�e� �m�i�n�i�m�u�m� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �f�o�r� �h�i�g�h� �s�c�h�o�o�l� �g�r�a�d�u�a�t�e�s�.� �T�h�e� 

�f�o�l�l�o�w�i�n�g� �c�r�i�t�e�r�i�a� �w�e�r�e� �u�s�e�d� �t�o� �i�d�e�n�t�i�f�y� �k�e�y� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�:� �(�a�)� �t�h�e� �8�0�t�h� �p�e�r�c�e�n�t�i�l�e� �c�r�i�t�e�r�i�o�n�,� 

�(�b�)� �d�e�s�c�r�i�p�t�o�r�s� �a�n�d� �c�o�n�c�e�p�t�s� �o�f� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�n� �t�h�e� �c�o�n�s�e�n�s�u�s� �l�i�s�t�,� �a�n�d� �(�c�)� �c�r�i�t�e�r�i�o�n� �f�o�r� 

�a�g�r�e�e�m�e�n�t� �u�s�i�n�g� �Q�-�v�a�l�u�e�s�.� 

�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �O�F� �T�H�E� �S�T�U�D�Y� �5�2



�T�a�b�l�e� �3� 

�I�t�e�m�s� �R�e�a�c�h�i�n�g� �t�h�e� �C�o�n�s�e�n�s�u�s� �C�r�i�t�e�r�i�o�n� �i�n� �D�e�l�p�h�i� �I�I� �f�o�r� �I�n�c�l�u�s�i�o�n� 

�a�s� �M�i�n�i�m�u�m� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �T�e�c�h�n�o�l�o�g�i�c�a�l� �L�i�t�e�r�a�c�y� 

�f�o�r� �H�i�g�h� �S�c�h�o�o�l� �G�r�a�d�u�a�t�e�s�:� �P�h�i�l�o�s�o�p�h�e�r�s� �o�f� �E�d�u�c�a�t�i�o�n� 

�N�o�t�e�.� �C�o�n�s�e�n�s�u�s� �C�r�i�t�e�r�i�o�n�,� �8�0�t�h� �P�e�r�c�e�n�t�i�l�e� �=� �7�.�8�3�0�.� 

�N� �=� �9�.� 

� � 

�C�h�a�r�a�c�t�e�r�i�s�t�i�c� �M�e�d�i�a�n� �Q�-�V�a�l�u�e� 

� � 

�1�0�.� �A�b�i�l�i�t�y� �t�o� �r�e�a�d� �a�n�d� �w�r�i�t�e� �a�n�a�l�y�t�i�c�a�l�l�y�.� 

�5�0�.� �A�b�l�e� �t�o� �d�i�s�c�u�s�s� �t�h�e� �p�r�o�s� �a�n�d� �c�o�n�s� �o�f� 
�c�o�n�t�r�o�v�e�r�s�i�a�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�v�e�l�o�p�m�e�n�t�,� 
�e�.�g�.�,� �n�u�c�l�e�a�r� �p�o�w�e�r�,� �g�e�n�e�t�i�c� �e�n�g�i�n�e�e�r�i�n�g�,� 
�a�n�d� �t�h�e� �l�i�k�e�.� 

�1�1�3�.� �U�n�d�e�r�s�t�a�n�d�s� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y�,� �l�i�k�e� 
�s�c�i�e�n�c�e�,� �i�s� �p�r�o�b�l�e�m�-�c�r�e�a�t�i�n�g� �a�s� �w�e�l�l� 
�a�s� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g�.� 

�1�2�.� �K�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� 
�t�e�c�h�n�o�l�o�g�y� �i�n�c�l�u�d�i�n�g� �i�t�s� �d�e�v�e�l�o�p�m�e�n�t�,� 
�i�m�p�a�c�t�,� �a�n�d� �p�o�t�e�n�t�i�a�l� �f�o�r� �p�e�o�p�l�e�,� �t�h�e� 
�e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �s�o�c�i�e�t�y�.� 

�1�5�.� �A�b�i�l�i�t�y� �t�o� �r�e�a�d�,� �c�o�m�p�r�e�h�e�n�d�,� �a�n�d� 
�c�o�m�m�u�n�i�c�a�t�e� �a�b�o�u�t� �s�c�i�e�n�c�e�,� �a�n�d� 
�t�e�c�h�n�o�l�o�g�y� �i�s�s�u�e�s�.� 

�2�.� �A�n� �a�b�i�l�i�t�y� �t�o� �u�s�e� �m�a�t�h�e�m�a�t�i�c�s� �i�n� �s�i�m�p�l�e� 
�c�a�s�e�s� �t�o� �a�n�a�l�y�z�e� �e�n�e�r�g�y� �c�o�n�s�u�m�p�t�i�o�n�,� 
�s�i�z�e� �a�n�d� �w�e�i�g�h�t�s�,� �v�o�l�u�m�e�s� �a�n�d� �c�a�p�a�c�i�t�i�e�s�.� 

�3�3�.� �A�b�i�l�i�t�y� �t�o� �u�t�i�l�i�z�e� �t�h�e� �b�a�s�i�c� �a�r�i�t�h�m�e�t�i�c� 
�f�u�n�c�t�i�o�n�s�.� 

�4�2�.� �T�h�e� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �u�n�d�e�r�s�t�a�n�d� 
�t�h�e� �c�o�n�c�e�p�t�s� �t�h�a�t� �u�n�d�e�r�l�i�e� �i�m�p�o�r�t�a�n�t� 
�s�o�c�i�e�t�a�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �p�r�o�b�l�e�m�s� �s�u�c�h� 
�a�s� �a�c�i�d� �r�a�i�n� �a�n�d� �d�i�s�p�o�s�a�l� �o�f� �s�o�l�i�d� �w�a�s�t�e�.� 

�6�0�.� �U�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �g�l�o�b�a�l� �i�m�p�a�c�t� �o�f� 
�t�e�c�h�n�o�l�o�g�y�.� 

�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �O�F� �T�H�E� �S�T�U�D�Y� 

�1�0�.�0�0�0� 

�9�.�7�5�0� 

�9�.�6�6�7� 

�9�.�6�2�5� 

�9�.�3�3�3� 

�9�.�2�5�0� 

�9�.�0�0�0� 

�9�.�0�0�0� 

�9�.�0�0�0� 

�4�.�1�8�8� 

�4�.�6�2�5� 

�4�.�2�9�2� 

�1�.�5�6�3� 

�2�.�1�6�7� 

�2�.�8�1�3� 

�4�.�2�5�0� 

�2�.�5�0�0� 

�5�.�6�2�5� 

�5�3
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�C�h�a�r�a�c�t�e�r�i�s�t�i�c� �M�e�d�i�a�n� �Q�-�V�a�l�u�e� 

� � 

�1�1�1�.� 

�1�1�2�.� 

�3�6�.� 

�1�0�6�.� 

�2�8�.� 

�3�5�.� 

�3�7�.� 

�5�2�.� 

�5�3�.� 

�5�9�.� 

�1�0�3�.� 

�1�0�4�.� 

�1�0�8�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �i�s� �a� �s�o�c�i�a�l� 
�c�o�n�s�t�r�u�c�t�i�o�n� �w�i�t�h� �h�u�m�a�n� �c�o�n�s�e�q�u�e�n�c�e�s� 
�(�n�o�t� �a�l�l� �p�e�o�p�l�e� �a�r�e� �e�q�u�a�l�l�y� �a�t� �r�i�s�k� �t�o� �g�a�i�n� 
�o�r� �l�o�s�e� �f�r�o�m� �t�h�e� �l�o�c�a�t�i�o�n�,� �c�o�n�t�r�o�l�,� �o�r� 
�u�s�e� �o�f� �a� �t�e�c�h�n�o�l�o�g�y�)�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �h�a�s� 
�p�o�l�i�t�i�c�s� �f�r�o�m� �c�r�e�a�t�i�o�n� �t�o� �a�p�p�l�i�c�a�t�i�o�n�.� 

�A�b�l�e� �t�o� �e�v�a�l�u�a�t�e� �a�n�d� �c�r�i�t�i�c�i�z�e� �t�e�c�h�n�o�l�o�g�i�c�a�l� 
�i�n�n�o�v�a�t�i�o�n�s� �a�n�d� �p�r�o�p�o�s�e� �s�o�l�u�t�i�o�n�s� �t�o� �s�o�c�i�e�t�a�l� �p�r�o�b�l�e�m�s�.� 

�U�n�d�e�r�s�t�a�n�d�s� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� 
�t�e�c�h�n�o�l�o�g�y� �a�n�d� �t�h�e� �w�o�r�l�d� �w�e� �l�i�v�e� �i�n� �a�n�d� 
�t�h�e� �i�m�p�a�c�t� �o�f� �t�e�c�h�n�o�l�o�g�y� �o�n� �e�n�v�i�r�o�n�m�e�n�t�.� 

�T�h�e� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �k�n�o�w� �h�o�w� �t�o� �c�r�i�t�i�c�i�z�e� 
�t�h�e� �m�i�s�u�s�e� �o�f� �s�c�i�e�n�t�i�f�i�c� �r�e�a�s�o�n�i�n�g�.� 

�A�b�i�l�i�t�y� �t�o� �m�o�d�e�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �s�y�s�t�e�m�s� 
�u�s�i�n�g� �t�h�e� �u�n�i�v�e�r�s�a�l� �s�y�s�t�e�m� �m�o�d�e�l� 
�(�i�n�p�u�t�,� �p�r�o�c�e�s�s�,� �o�u�t�p�u�t�,� �f�e�e�d�b�a�c�k�,� �a�n�d� 
�c�o�m�p�a�r�i�s�o�n�)�.� 

�A�b�l�e� �t�o� �d�i�f�f�e�r�e�n�t�i�a�t�e� �d�a�t�a�,� �i�n�f�o�r�m�a�t�i�o�n�,� 
�a�n�d� �k�n�o�w�l�e�d�g�e�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�e� �r�o�l�e� �o�f� �t�h�e� �g�o�v�e�r�n�m�e�n�t� 
�a�n�d� �t�e�c�h�n�o�l�o�g�y�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� 
�b�e�t�w�e�e�n� �b�a�s�i�c� �s�c�i�e�n�c�e�,� �a�p�p�l�i�e�d� �s�c�i�e�n�c�e�,� �a�n�d� 
�t�e�c�h�n�o�l�o�g�y�.� 

�U�n�d�e�r�s�t�a�n�d�s� �s�c�i�e�n�t�i�f�i�c� �a�n�d� �t�e�c�h�n�i�c�a�l� 
�m�a�t�e�r�i�a�l� �a�s� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �N�e�w� �Y�o�r�k� 
�T�i�m�e�s� �a�n�d� �i�n� �S�c�i�e�n�t�i�f�i�c� �A�m�e�r�i�c�a�n�.� 

�D�i�s�t�i�n�g�u�i�s�h� �b�e�t�w�e�e�n� �s�c�i�e�n�c�e�,� �t�e�c�h�n�o�l�o�g�y�,� 
�a�n�d� �e�n�g�i�n�e�e�r�i�n�g�.� 

�T�h�e� �a�b�i�l�i�t�y� �t�o� �a�p�p�l�y� �e�x�i�s�t�i�n�g� �k�n�o�w�l�e�d�g�e� 
�f�r�o�m� �o�t�h�e�r� �s�c�h�o�o�l� �d�i�s�c�i�p�l�i�n�e�s� �t�o� �p�r�o�b�l�e�m�-� 
�s�o�l�v�i�n�g�:� �E�n�g�l�i�s�h�,� �w�r�i�t�i�n�g�,� �m�a�t�h�,� �s�c�i�e�n�c�e�,� 
�s�o�c�i�a�l� �s�t�u�d�i�e�s�.� 

�A� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �h�i�s�t�o�r�y� �o�f� �t�e�c�h�n�o�l�o�g�y�.� 

�A�b�i�l�i�t�y� �t�o� �d�e�v�e�l�o�p� �a�l�t�e�r�n�a�t�i�v�e� �s�o�l�u�t�i�o�n�s� 
�t�o� �a� �p�r�o�b�l�e�m�.� 

�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �O�F� �T�H�E� �S�T�U�D�Y� 

�9�.�0�0�0� 

�9�.�0�0�0� 

�8�.�6�6�7� 

�8�.�2�5�0� 

�8�.�0�0�0� 

�8�.�0�0�0� 

�8�.�0�0�0� 

�8�.�0�0�0� 

�8�.�0�0�0� 

�8�.�0�0�0� 

�8�.�0�0�0� 

�8�.�0�0�0� 

�8�.�0�0�0� 

�8�.�0�0�0� 

�2�.�0�0�0� 

�3�.�5�0�0� 

�1�.�7�9�2� 

�2�.�7�5�0� 

�3�.�0�0�0� 

�5�.�4�5�8� 

�3�.�1�2�5� 

�3�.�6�2�5� 

�5�.�3�1�3� 

�3�.�7�5�0� 

�9�.�1�2�5� 

�4�.�6�2�5� 

�2�.�4�5�8� 

�4�.�1�2�5� 

�5�4
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�1�0�9�.� �A�b�i�l�i�t�y� �t�o� �d�o�c�u�m�e�n�t� �t�h�e� �p�r�o�p�o�s�e�d� �s�o�l�u�t�i�o�n�s� �8�.�0�0�0� �7�.�5�0�0� 
�t�o� �a� �p�r�o�b�l�e�m�.� 

�1�1�0�.� �A�b�i�l�i�t�y� �t�o� �r�e�s�e�a�r�c�h� �a� �p�r�o�b�l�e�m� �i�n� �8�.�0�0�0� �6�.�1�2�5� 
�p�r�e�p�a�r�a�t�i�o�n� �t�o� �d�e�v�e�l�o�p�i�n�g� �s�o�l�u�t�i�o�n�s�.� 
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�T�a�b�l�e� �4� 

�i�t�e�m�s� �R�e�a�c�h�i�n�g� �t�h�e� �C�o�n�s�e�n�s�u�s� �C�r�i�t�e�r�i�o�n� �i�n� �D�e�l�p�h�i� �I�I� �f�o�r� �I�n�c�l�u�s�i�o�n� 

�a�s� �M�i�n�i�m�u�m� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �T�e�c�h�n�o�l�o�g�i�c�a�l� �L�i�t�e�r�a�c�y� 

�f�o�r� �H�i�g�h� �S�c�h�o�o�l� �G�r�a�d�u�a�t�e�s�:� �T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�o�r�s� 

�N�o�t�e�.� �C�o�n�s�e�n�s�u�s� �C�r�i�t�e�r�i�o�n�,� �8�0�t�h� �P�e�r�c�e�n�t�i�l�e� �=� �9�.�3�8�0�.� 

�N� �=� �1�1�.� 
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�7�8�.� �C�a�p�a�b�l�e� �o�f� �m�a�k�i�n�g� �d�e�c�i�s�i�o�n�s� �c�o�n�c�e�r�n�i�n�g� 
�t�h�e�i�r� �r�o�l�e� �a�s� �a� �c�i�t�i�z�e�n� �i�n� �a� �t�e�c�h�n�o�l�o�g�i�c�a�l�!� 
�c�u�l�t�u�r�e�.� 

�1�0�6�.� �U�n�d�e�r�s�t�a�n�d�s� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� 
�t�e�c�h�n�o�l�o�g�y� �a�n�d� �t�h�e� �w�o�r�l�d� �w�e� �l�i�v�e� �i�n� �a�n�d� 
�t�h�e� �i�m�p�a�c�t� �o�f� �t�e�c�h�n�o�l�o�g�y� �o�n� �e�n�v�i�r�o�n�m�e�n�t�.� 

�1�1�.� �A�b�i�l�i�t�y� �t�o� �p�e�r�f�o�r�m� �r�o�u�t�i�n�e� �s�k�i�l�l�s� �r�e�q�u�i�r�e�d� 
�t�o� �f�u�n�c�t�i�o�n� �e�f�f�e�c�t�i�v�e�l�y� �a�n�d� �c�o�p�e� �i�n� �a� 
�t�e�c�h�n�o�l�o�g�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t�.� 

�1�2�.� �K�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� 
�t�e�c�h�n�o�l�o�g�y�,� �i�n�c�l�u�d�i�n�g� �i�t�s� �d�e�v�e�l�o�p�m�e�n�t�,� 
�i�m�p�a�c�t�,� �a�n�d� �p�o�t�e�n�t�i�a�l� �f�o�r� �p�e�o�p�l�e�,� �t�h�e� 
�e�n�v�i�r�o�n�m�e�n�t�,� �a�n�d� �s�o�c�i�e�t�y�.� 

�1�3�.� �K�n�o�w�l�e�d�g�e� �t�e�c�h�n�o�l�o�g�y� �i�s� �t�h�e� �s�y�s�t�e�m�a�t�i�c� 
�s�t�u�d�y� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �k�n�o�w�l�e�d�g�e�,� 
�c�r�e�a�t�i�v�i�t�y�,� �a�n�d� �r�e�s�o�u�r�c�e�s� �t�o� �s�o�l�v�e� �p�r�o�b�l�e�m�s� 
�a�n�d� �e�x�t�e�n�d� �h�u�m�a�n� �p�o�t�e�n�t�i�a�l�.� 

�1�5�.� �A�b�i�l�i�t�y� �t�o� �r�e�a�d�,� �c�o�m�p�r�e�h�e�n�d�,� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� 
�a�b�o�u�t� �s�c�i�e�n�c�e� �a�n�d� �t�e�c�h�n�o�l�o�g�y� �i�s�s�u�e�s�.� 

�1�6�.� �A�b�i�l�i�t�y� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �b�a�s�i�c� �t�e�c�h�n�o�l�o�g�y� 
�s�y�s�t�e�m�s� �u�s�e�d� �t�o� �t�r�a�n�s�p�o�r�t� �p�e�o�p�l�e� �a�n�d� 
�g�o�o�d�s�;� �t�o� �p�r�o�d�u�c�e� �f�o�o�d�,� �p�r�o�d�u�c�t�s�,� �a�n�d� 
�s�t�r�u�c�t�u�r�e�s�;� �t�o� �c�o�n�v�e�r�t� �a�n�d� �u�t�i�l�i�z�e� �e�n�e�r�g�y�;� 
�t�o� �p�r�o�c�e�s�s� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� �i�n�f�o�r�m�a�t�i�o�n�:� 
�a�n�d� �t�o� �s�u�s�t�a�i�n� �h�e�a�l�t�h� �a�n�d� �t�r�e�a�t� �i�l�l�n�e�s�s�.� 

�1�7�.� �S�t�u�d�e�n�t�s� �s�h�o�u�l�d� �k�n�o�w� �a�b�o�u�t� �a�n�d� �b�e� 
�a�b�l�e� �t�o� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� 
�f�e�a�s�i�b�i�l�i�t�y� �o�f� �t�e�c�h�n�i�c�a�l� �m�e�a�n�s� �b�a�s�e�d� �o�n� 
�e�s�t�a�b�l�i�s�h�e�d� �c�r�i�t�e�r�i�a�.� 
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�4�3�.� 

�1�1�9�.� 

�9�8�.� 

�5�8�.� 

�8�1�.� 

�8�2�.� 

�2�2�.� 

�1�0�5�.� 

�3�6�.� 

�4�2�.� 

�5�0�.� 

�8�6�.� 

�1�1�0�.� 

�A�s� �v�o�t�i�n�g� �c�i�t�i�z�e�n�s�,� �s�t�u�d�e�n�t�s� �s�h�o�u�l�d� 
�u�n�d�e�r�s�t�a�n�d� �t�h�e� �c�o�n�c�e�p�t�s� �t�h�a�t� �u�n�d�e�r�l�i�e� 
�s�i�g�n�i�f�i�c�a�n�t� �s�o�c�i�o�-�t�e�c�h�n�o�l�o�g�i�c�a�l� �s�y�s�t�e�m�s� 
�s�u�c�h� �a�s� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �t�e�c�h�n�o�l�o�g�y� 
�a�n�d� �n�u�c�l�e�a�r� �p�o�w�e�r� �s�y�s�t�e�m�s�.� 

�A�b�i�l�i�t�y� �t�o� �t�h�i�n�k� �c�r�e�a�t�i�v�e�l�y�.� 

�A�b�i�l�i�t�y� �t�o� �d�i�s�c�e�r�n� �t�h�e� �g�o�o�d� �a�n�d� �b�a�d� 
�e�f�f�e�c�t�s� �o�f� �n�e�w� �t�e�c�h�n�o�l�o�g�y� �o�n� �s�o�c�i�e�t�y� 
�a�n�d� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� 

�D�e�v�e�l�o�p�e�d� �a�n� �a�p�p�r�e�c�i�a�t�i�o�n� �t�h�a�t� �t�e�c�h�n�o�-� 
�l�o�g�y� �e�x�t�e�n�d�s� �t�h�e� �h�u�m�a�n� �s�e�n�s�e�s� �a�n�d� 
�p�h�y�s�i�c�a�l� �c�a�p�a�c�i�t�i�e�s�.� 

�A�b�l�e� �t�o� �r�e�c�o�g�n�i�z�e� �a� �s�y�s�t�e�m� �o�f� �t�e�c�h�n�o�l�o�g�y�.� 

�A�b�l�e� �t�o� �a�p�p�l�y� �g�e�n�e�r�a�l� �e�d�u�c�a�t�i�o�n� �w�i�t�h�i�n� �a� 
�t�e�c�h�n�o�l�o�g�y�-�b�a�s�e�d� �f�r�a�m�e�w�o�r�k�.� 

�U�s�i�n�g� �f�u�t�u�r�i�n�g� �t�e�c�h�n�i�q�u�e�s�,� �t�h�e� �s�t�u�d�e�n�t� 
�s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �a�n�t�i�c�i�p�a�t�e� 
�c�o�n�s�e�q�u�e�n�c�e�s� �o�f� �a� �n�e�w� �t�e�c�h�n�o�l�o�g�y�.� 

�A�b�i�l�i�t�y� �t�o� �u�s�e� �t�h�e� �l�a�n�g�u�a�g�e� �o�f� �t�e�c�h�n�o�l�o�g�y� 
�p�e�r�t�a�i�n�i�n�g� �t�o� �t�e�r�m�s� �a�n�d� �c�u�r�r�e�n�t� �n�a�m�e�s� �o�f� 
�i�n�n�o�v�a�t�i�o�n�s�.� 

�A�b�l�e� �t�o� �e�v�a�l�u�a�t�e� �a�n�d� �c�r�i�t�i�c�i�z�e� �t�e�c�h�n�o�l�o�g�i�c�a�l� 
�i�n�n�o�v�a�t�i�o�n�s� �a�n�d� �p�r�o�p�o�s�e� �s�o�l�u�t�i�o�n�s� �t�o� �s�o�c�i�e�t�a�l� 
�p�r�o�b�l�e�m�s�.� 

�T�h�e� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �u�n�d�e�r�s�t�a�n�d� 
�t�h�e� �c�o�n�c�e�p�t�s� �t�h�a�t� �u�n�d�e�r�l�i�e� �i�m�p�o�r�t�a�n�t� 
�s�o�c�i�e�t�a�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �p�r�o�b�l�e�m�s� �s�u�c�h� 
�a�s� �a�c�i�d� �r�a�i�n� �a�n�d� �d�i�s�p�o�s�a�l� �o�f� �s�o�l�i�d� �w�a�s�t�e�.� 

�A�b�l�e� �t�o� �d�i�s�c�u�s�s� �t�h�e� �p�r�o�s� �a�n�d� �c�o�n�s� �o�f� 
�c�o�n�t�r�o�v�e�r�s�i�a�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�v�e�l�o�p�m�e�n�t�,� 
�e�.�g�.�,� �n�u�c�l�e�a�r� �p�o�w�e�r�,� �g�e�n�e�t�i�c� �e�n�g�i�n�e�e�r�i�n�g�,� �a�n�d� 
�t�h�e� �l�i�k�e�.� 

�A�w�a�r�e� �o�f� �t�h�e� �c�o�n�t�i�n�u�a�l� �e�d�u�c�a�t�i�o�n� 
�p�r�o�c�e�s�s� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �d�e�m�a�n�d�s�.� 

�A�b�i�l�i�t�y� �t�o� �r�e�s�e�a�r�c�h� �a� �p�r�o�b�l�e�m� �i�n� 
�p�r�e�p�a�r�a�t�i�o�n� �t�o� �d�e�v�e�l�o�p�i�n�g� �s�o�l�u�t�i�o�n�s�.� 
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�9�.�6�6�7� 
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�2�.�2�0�8� 

�2�.�1�0�0� 

�1�.�3�3�3� 

�4�.�5�6�3� 

�5�.�3�3�3� 

�1�.�6�4�6� 

�1�.�8�3�3� 

�2�.�7�0�8� 
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�1�0�0�.� �A�b�i�l�i�t�y� �t�o� �r�e�c�o�g�n�i�z�e� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �w�i�l�l� 
�c�r�e�a�t�e� �n�e�w� �p�o�s�s�i�b�i�l�i�t�i�e�s� �f�o�r� �s�o�c�i�e�t�y�.� 

�9�.�6�2�5� �2�.�0�6�3� 
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�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �O�F� �T�H�E� �S�T�U�D�Y� �5�8



�T�a�b�l�e� �5� 

�i�t�e�m�s� �R�e�a�c�h�i�n�g� �t�h�e� �C�o�n�s�e�n�s�u�s� �C�r�i�t�e�r�i�o�n� �i�n� �D�e�l�p�h�i� �I�I� �f�o�r� �I�n�c�l�u�s�i�o�n� 

�a�s� �M�i�n�i�m�u�m� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �T�e�c�h�n�o�l�o�g�i�c�a�l� �L�i�t�e�r�a�c�y� 

�f�o�r� �H�i�g�h� �S�c�h�o�o�l� �G�r�a�d�u�a�t�e�s�:� �E�n�g�i�n�e�e�r�i�n�g� �E�d�u�c�a�t�o�r�s� 

�N�o�t�e�.� �C�o�n�s�e�n�s�u�s� �C�r�i�t�e�r�i�o�n�,� �8�0�t�h� �P�e�r�c�e�n�t�i�l�e� �=� �8�.�4�5�0�.� 

�N� �=� �8�.� 
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�7�0�.� �D�e�s�c�r�i�b�e� �t�h�e� �u�s�e� �o�f� �t�h�e� �c�o�m�p�u�t�e�r� �i�n� 
�i�m�p�r�o�v�i�n�g� �o�f� �h�u�m�a�n� �d�e�c�i�s�i�o�n�-�m�a�k�i�n�g� 
�a�n�d� �i�n� �r�o�b�o�t�i�c�s� �i�n� �t�h�e� �w�o�r�k�p�l�a�c�e�.� 

�6�1�.� �A�b�l�e� �t�o� �d�e�f�i�n�e� �t�e�c�h�n�o�l�o�g�y� �a�s� �i�t� 
�d�i�f�f�e�r�e�n�t�i�a�t�e�s� �f�r�o�m� �s�c�i�e�n�c�e�.� 

�1�1�.� �A�b�i�l�i�t�y� �t�o� �p�e�r�f�o�r�m� �r�o�u�t�i�n�e� �s�k�i�l�l�s� �r�e�q�u�i�r�e�d� 
�t�o� �f�u�n�c�t�i�o�n� �e�f�f�e�c�t�i�v�e�l�y� �a�n�d� �c�o�p�e� �i�n� �a� 
�t�e�c�h�n�o�l�o�g�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t�.� 

�4�1�.� �A�s� �c�o�n�s�u�m�e�r�s� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �p�r�o�d�u�c�t�s�,� 
�s�t�u�d�e�n�t�s� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �m�a�k�e� �c�o�s�t�-� 
�e�f�f�e�c�t�i�v�e� �d�e�c�i�s�i�o�n�s� �a�b�o�u�t� �b�u�y�i�n�g� �n�e�w� 
�t�e�c�h�n�o�l�o�g�y� �f�o�r� �e�n�h�a�n�c�i�n�g� �a�n� �i�n�d�i�v�i�d�u�a�l� �l�i�f�e�s�t�y�l�e�.� 

�5�9�.� �D�i�s�t�i�n�g�u�i�s�h� �b�e�t�w�e�e�n� �s�c�i�e�n�c�e�,� �t�e�c�h�n�o�l�o�g�y�,� 
�a�n�d� �e�n�g�i�n�e�e�r�i�n�g�.� 

�7�8�.� �C�a�p�a�b�l�e� �o�f� �m�a�k�i�n�g� �d�e�c�i�s�i�o�n�s� �c�o�n�c�e�r�n�i�n�g� 
�t�h�e�i�r� �r�o�l�e� �a�s� �a� �c�i�t�i�z�e�n� �i�n� �a� �t�e�c�h�n�o�l�o�g�i�c�a�l� 
�c�u�l�t�u�r�e�.� 

�1�5�.� �A�b�i�l�i�t�y� �t�o� �r�e�a�d�,� �c�o�m�p�r�e�h�e�n�d�,� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� 
�a�b�o�u�t� �s�c�i�e�n�c�e� �a�n�d� �t�e�c�h�n�o�l�o�g�y� �i�s�s�u�e�s�.� 

�6�3�.� �A�b�l�e� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �n�e�e�d� �f�o�r� �i�n�c�r�e�a�s�i�n�g� 
�e�n�e�r�g�y� �r�e�s�o�u�r�c�e�s� �o�t�h�e�r� �t�h�a�n� �f�o�s�s�i�l� �f�u�e�l�s� 
�a�n�d� �i�s� �a�w�a�r�e� �o�f� �o�t�h�e�r� �a�l�t�e�r�n�a�t�i�v�e�s�.� 

�6�4�.� �D�i�s�c�u�s�s� �t�h�e� �c�h�a�n�g�e� �i�n� �h�e�a�l�t�h� �t�e�c�h�n�o�l�o�g�i�e�s� 
�f�r�o�m� �c�u�r�i�n�g�,� �t�h�e�n� �p�r�e�v�e�n�t�i�n�g� �d�i�s�e�a�s�e�,� 
�a�n�d� �n�o�w� �p�r�o�l�o�n�g�i�n�g� �l�i�f�e�,� �a�n�d� �n�a�m�i�n�g� �t�w�o� 
�e�t�h�i�c�a�l� �i�s�s�u�e�s� �r�a�i�s�e�d� �b�y� �t�h�e�s�e� �t�e�c�h�n�o�l�o�g�i�e�s�.� 

�2�8�.� �A�b�i�l�i�t�y� �t�o� �m�o�d�e�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �s�y�s�t�e�m�s� 
�u�s�i�n�g� �t�h�e� �u�n�i�v�e�r�s�a�l� �s�y�s�t�e�m� �m�o�d�e�l� 
�(�i�n�p�u�t�,� �p�r�o�c�e�s�s�,� �o�u�t�p�u�t�,� �f�e�e�d�b�a�c�k�,� �a�n�d� 
�c�o�m�p�a�r�i�s�o�n�)�.� 
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�4�3�.� 

�4�4�,� 

�5�1�,� 

�5�2�.� 

�6�2�.� 

�6�6�.� 

�8�1�.� 

�9�9�.� 

�1�1�3�.� 

�5�6�.� 

�1�6�.� 

�A�s� �v�o�t�i�n�g� �c�i�t�i�z�e�n�s�,� �s�t�u�d�e�n�t�s� �s�h�o�u�l�d� 
�u�n�d�e�r�s�t�a�n�d� �t�h�e� �c�o�n�c�e�p�t�s� �t�h�a�t� �u�n�d�e�r�l�i�e� 
�s�i�g�n�i�f�i�c�a�n�t� �s�o�c�i�o�-�t�e�c�h�n�o�l�o�g�i�c�a�l� �s�y�s�t�e�m�s� 
�s�u�c�h� �a�s� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �t�e�c�h�n�o�l�o�g�y� 
�a�n�d� �n�u�c�l�e�a�r� �p�o�w�e�r� �s�y�s�t�e�m�s�.� 

�G�i�v�e�n� �a� �t�e�c�h�n�o�l�o�g�y�,� �t�h�e� �s�t�u�d�e�n�t� �w�i�l�l� �b�e� 
�a�b�l�e� �t�o� �i�d�e�n�t�i�f�y� �a�t� �l�e�a�s�t� �o�n�e� �p�o�t�e�n�t�i�a�l� 
�u�s�e� �a�n�d� �a�p�p�l�i�c�a�t�i�o�n�.� 

�B�a�s�i�c� �u�n�d�e�r�s�t�a�n�d�i�n�g� �a�b�o�u�t� �t�e�c�h�n�o�l�o�g�y� �s�y�s�t�e�m�s�:� 
�t�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �c�o�m�m�u�n�i�c�a�t�i�o�n�,� �m�a�n�u�f�a�c�t�u�r�i�n�g�,� 
�c�o�n�s�t�r�u�c�t�i�o�n�,� �a�n�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �d�i�f�f�e�r�e�n�t� �e�n�e�r�g�i�e�s�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� 
�b�e�t�w�e�e�n� �b�a�s�i�c� �s�c�i�e�n�c�e�,� �a�p�p�l�i�e�d� �s�c�i�e�n�c�e�,� �a�n�d� 
�t�e�c�h�n�o�l�o�g�y�.� 

�K�n�o�w�s� �a�n�d� �u�n�d�e�r�s�t�a�n�d�s� �t�h�e� �f�o�u�r� 
�t�e�c�h�n�o�l�o�g�y� �r�e�v�o�l�u�t�i�o�n�s�,� �t�h�e�i�r� �s�o�u�r�c�e�,� 
�a�n�d� �i�m�p�a�c�t�s�.� 

�U�n�d�e�r�s�t�a�n�d� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �a�n�d� �i�m�p�a�c�t� 
�o�f� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �o�n� �t�h�e� �w�o�r�l�d�.� 

�A�b�l�e� �t�o� �r�e�c�o�g�n�i�z�e� �a� �s�y�s�t�e�m� �o�f� �t�e�c�h�n�o�l�o�g�y�.� 

�A�b�i�l�i�t�y� �t�o� �a�n�a�l�y�z�e� �t�h�e� �e�f�f�e�c�t� �o�f� �t�e�c�h�n�o�l�o�g�y� 
�a�d�v�a�n�c�e�m�e�n�t�s� �u�p�o�n� �c�a�r�e�e�r� �c�h�o�i�c�e�s� �a�n�d� 
�t�o� �a�p�p�r�e�c�i�a�t�e� �t�h�e� �n�e�e�d� �t�o� �l�e�a�r�n� �a�n�d� 
�r�e�l�e�a�r�n� �a�s� �t�e�c�h�n�o�l�o�g�y� �c�h�a�n�g�e�s�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y�,� �l�i�k�e� 
�s�c�i�e�n�c�e�,� �i�s� �p�r�o�b�l�e�m�-�c�r�e�a�t�i�n�g� �a�s� �w�e�l�l� 
�a�s� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g�.� 

�D�e�v�e�l�o�p�e�d� �a�n� �a�p�p�r�e�c�i�a�t�i�o�n� �f�o�r� �m�o�d�e�l�i�n�g� 
�a�n�d� �p�a�r�t�i�c�u�l�a�r�l�y� �o�f� �g�r�a�p�h�i�c�a�l� 
�r�e�p�r�e�s�e�n�t�a�t�i�o�n�.� 

�A�b�i�l�i�t�y� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �b�a�s�i�c� �t�e�c�h�n�o�l�o�g�y� 
�s�y�s�t�e�m�s� �u�s�e�d� �t�o� �t�r�a�n�s�p�o�r�t� �p�e�o�p�l�e� �a�n�d� 
�g�o�o�d�s�;� �t�o� �p�r�o�d�u�c�e� �f�o�o�d�,� �p�r�o�d�u�c�t�s�,� �a�n�d� 
�s�t�r�u�c�t�u�r�e�s�;� �t�o� �c�o�n�v�e�r�t� �a�n�d� �u�t�i�l�i�z�e� �e�n�e�r�g�y�;� 
�t�o� �p�r�o�c�e�s�s� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� �i�n�f�o�r�m�a�t�i�o�n�;� 
�a�n�d� �t�o� �s�u�s�t�a�i�n� �h�e�a�l�t�h� �a�n�d� �t�r�e�a�t� �i�l�l�n�e�s�s�.� 
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�1�0�6�.� �U�n�d�e�r�s�t�a�n�d�s� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �8�.�7�5�0� �5�.�2�5�0� 
�t�e�c�h�n�o�l�o�g�y� �a�n�d� �t�h�e� �w�o�r�l�d� �w�e� �l�i�v�e� �i�n� �a�n�d� 
�t�h�e� �i�m�p�a�c�t� �o�f� �t�e�c�h�n�o�l�o�g�y� �o�n� �e�n�v�i�r�o�n�m�e�n�t�.� 

�4�9�.� �H�a�s� �b�u�i�l�t� �s�o�m�e� �s�i�m�p�l�e� �t�e�c�h�n�o�l�o�g�y� �t�y�p�e� �8�.�6�6�7� �5�.�0�0�0� 
�m�o�d�e�l�.� 

�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �O�F� �T�H�E� �S�T�U�D�Y� �6�1



�T�a�b�l�e� �6� 

�i�t�e�m�s� �R�e�a�c�h�i�n�g� �t�h�e� �C�o�n�s�e�n�s�u�s� �C�r�i�t�e�r�i�o�n� �i�n� �D�e�l�p�h�i� �I�l� �f�o�r� �I�n�c�l�u�s�i�o�n� 

�a�s� �M�i�n�i�m�u�m� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �T�e�c�h�n�o�l�o�g�i�c�a�l� �L�i�t�e�r�a�c�y� 

�f�o�r� �H�i�g�h� �S�c�h�o�o�l� �G�r�a�d�u�a�t�e�s�:� �S�c�i�e�n�t�i�s�t�s� 

�C�o�n�s�e�n�s�u�s� �C�r�i�t�e�r�i�o�n�,� �8�0�t�h� �P�e�r�c�e�n�t�i�l�e� �=� �8�.�6�7�0�.� 

�N�=� �4�,� 
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� � 

�7�8�.� �C�a�p�a�b�l�e� �o�f� �m�a�k�i�n�g� �d�e�c�i�s�i�o�n�s� �c�o�n�c�e�r�n�i�n�g� 
�t�h�e�i�r� �r�o�l�e� �a�s� �a� �c�i�t�i�z�e�n� �i�n� �a� �t�e�c�h�n�o�l�o�g�i�c�a�l� 
�c�u�l�t�u�r�e�.� 

�1�5�.� �A�b�i�l�i�t�y� �t�o� �r�e�a�d�,� �c�o�m�p�r�e�h�e�n�d�,� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� 
�a�b�o�u�t� �s�c�i�e�n�c�e� �a�n�d� �t�e�c�h�n�o�l�o�g�y� �i�s�s�u�e�s�.� 

�4�8�.� �C�o�n�d�u�c�t�e�d� �l�i�b�r�a�r�y� �r�e�s�e�a�r�c�h� �a�n�d� �w�r�i�t�t�e�n� 
�a� �p�a�p�e�r� �o�n� �s�o�m�e� �c�u�r�r�e�n�t� �a�n�d� �c�o�n�t�r�o�-� 
�v�e�r�s�i�a�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �i�s�s�u�e�.� 

�4�9�.� �H�a�s� �b�u�i�l�t� �s�o�m�e� �s�i�m�p�l�e� �t�e�c�h�n�o�l�o�g�y�-�t�y�p�e� 
�m�o�d�e�l�.� 

�1�1�1�.� �U�n�d�e�r�s�t�a�n�d�s� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �i�s� �a� �s�o�c�i�a�l� 
�c�o�n�s�t�r�u�c�t�i�o�n� �w�i�t�h� �h�u�m�a�n� �c�o�n�s�e�q�u�e�n�c�e�s� 
�(�n�o�t� �a�l�l� �p�e�o�p�l�e� �a�r�e� �e�q�u�a�l�l�y� �a�t� �r�i�s�k� �t�o� �g�a�i�n� 
�o�r� �l�o�s�e� �f�r�o�m� �t�h�e� �l�o�c�a�t�i�o�n�,� �c�o�n�t�r�o�l�,� �o�r� 
�u�s�e� �o�f� �a� �t�e�c�h�n�o�l�o�g�y�)�.� 

�6�0�.�.� �U�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �g�l�o�b�a�l� �i�m�p�a�c�t� �o�f� 
�t�e�c�h�n�o�l�o�g�y�.� 

�5�0�.� �A�b�l�e� �t�o� �d�i�s�c�u�s�s� �t�h�e� �p�r�o�s� �a�n�d� �c�o�n�s� �o�f� 
�c�o�n�t�r�o�v�e�r�s�i�a�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�v�e�l�o�p�m�e�n�t�,� 
�e�.�g�.�,� �n�u�c�l�e�a�r� �p�o�w�e�r�,� �g�e�n�e�t�i�c� �e�n�g�i�n�e�e�r�i�n�g�,� �a�n�d� 
�t�h�e� �l�i�k�e�.� 

�1�2�.� �K�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� 
�t�e�c�h�n�o�l�o�g�y�,� �i�n�c�l�u�d�i�n�g� �i�t�s� �d�e�v�e�l�o�p�m�e�n�t�,� 
�i�m�p�a�c�t�,� �a�n�d� �p�o�t�e�n�t�i�a�l� �f�o�r� �p�e�o�p�l�e�,� �t�h�e� 
�e�n�v�i�r�o�n�m�e�n�t�,� �a�n�d� �s�o�c�i�e�t�y�.� 

�3�3�.� �A�b�l�e� �t�o� �u�t�i�l�i�z�e� �t�h�e� �b�a�s�i�c� �a�r�i�t�h�m�e�t�i�c� 
�f�u�n�c�t�i�o�n�s�.� 
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�4�3�.� 

�1�1�3�.� 

�1�1�8�.� 

�1�1�9�.� 

�1�0�.� 

�1�3�.� 

�4�2�.� 

�4�6�.� 

�5�3�.� 

�5�8�.� 

�1�1�.� 

�A�s� �v�o�t�i�n�g� �c�i�t�i�z�e�n�s�,� �s�t�u�d�e�n�t�s� �s�h�o�u�l�d� 
�u�n�d�e�r�s�t�a�n�d� �t�h�e� �c�o�n�c�e�p�t�s� �t�h�a�t� �u�n�d�e�r�l�i�e� 
�s�i�g�n�i�f�i�c�a�n�t� �s�o�c�i�o�-�t�e�c�h�n�o�l�o�g�i�c�a�l� �s�y�s�t�e�m�s� 
�s�u�c�h� �a�s� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �t�e�c�h�n�o�l�o�g�y� 
�a�n�d� �n�u�c�l�e�a�r� �p�o�w�e�r� �s�y�s�t�e�m�s�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y�,� �l�i�k�e� 
�s�c�i�e�n�c�e�,� �i�s� �p�r�o�b�l�e�m�-�c�r�e�a�t�i�n�g� �a�s� �w�e�l�l� 
�a�s� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g�.� 

�A�b�i�l�i�t�y� �t�o� �u�t�i�l�i�z�e� �h�i�g�h�e�r� �l�e�v�e�l�s� �o�f� �t�h�i�n�k�i�n�g�:� 
�a�n�a�l�y�s�i�s�,� �s�y�n�t�h�e�s�i�s�,� �e�v�a�l�u�a�t�i�o�n�.� 

�A�b�i�l�i�t�y� �t�o� �t�h�i�n�k� �c�r�e�a�t�i�v�e�l�y�.� 

�A�b�i�l�i�t�y� �t�o� �r�e�a�d� �a�n�d� �w�r�i�t�e� �a�n�a�l�y�t�i�c�a�l�l�y�.� 

�K�n�o�w�l�e�d�g�e� �t�e�c�h�n�o�l�o�g�y� �i�s� �t�h�e� �s�y�s�t�e�m�a�t�i�c� 
�s�t�u�d�y� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �k�n�o�w�l�e�d�g�e�,� 
�c�r�e�a�t�i�v�i�t�y�,� �a�n�d� �r�e�s�o�u�r�c�e�s� �t�o� �s�o�l�v�e� �p�r�o�b�l�e�m�s� 
�a�n�d� �e�x�t�e�n�d� �h�u�m�a�n� �p�o�t�e�n�t�i�a�l�.� 

�T�h�e� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �u�n�d�e�r�s�t�a�n�d� 
�t�h�e� �c�o�n�c�e�p�t�s� �t�h�a�t� �u�n�d�e�r�l�i�e� �i�m�p�o�r�t�a�n�t� 
�s�o�c�i�e�t�a�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �p�r�o�b�l�e�m�s� �s�u�c�h� 
�a�s� �a�c�i�d� �r�a�i�n� �a�n�d� �d�i�s�p�o�s�a�l� �o�f� �s�o�l�i�d� �w�a�s�t�e�.� 

�I�n�v�e�s�t�i�g�a�t�i�v�e� �a�b�i�l�i�t�y�,� �i�.�e�.�,� �c�a�s�e� �s�t�u�d�i�e�s� 
�i�n�v�o�l�v�i�n�g� �t�e�c�h�n�i�c�a�l�,� �e�c�o�n�o�m�i�c�,� �a�n�d� �s�o�c�i�a�l� 
�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �s�y�s�t�e�m�s� 
�-�-�n�u�c�l�e�a�r� �p�o�w�e�r� �p�l�a�n�t�s�,� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� 
�s�y�s�t�e�m�s�,� �c�o�m�m�u�n�i�c�a�t�i�o�n� �s�y�s�t�e�m�s�,� �m�i�l�i�t�a�r�y� 
�s�y�s�t�e�m�s�,� �e�t�c�.� 

�U�n�d�e�r�s�t�a�n�d�s� �s�c�i�e�n�t�i�f�i�c� �a�n�d� �t�e�c�h�n�i�c�a�l� 
�m�a�t�e�r�i�a�l� �a�s� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �N�e�w� �Y�o�r�k� 
�T�i�m�e�s� �a�n�d� �i�n� �S�c�i�e�n�t�i�f�i�c� �A�m�e�r�i�c�a�n�.� 

�D�e�v�e�l�o�p�e�d� �a�n� �a�p�p�r�e�c�i�a�t�i�o�n� �t�h�a�t� �t�e�c�h�n�o�-� 
�l�o�g�y� �e�x�t�e�n�d�s� �t�h�e� �h�u�m�a�n� �s�e�n�s�e�s� �a�n�d� 
�p�h�y�s�i�c�a�l� �c�a�p�a�c�i�t�i�e�s�.� 

�A�b�i�l�i�t�y� �t�o� �p�e�r�f�o�r�m� �r�o�u�t�i�n�e� �s�k�i�l�l�s� �r�e�q�u�i�r�e�d� 
�t�o� �f�u�n�c�t�i�o�n� �e�f�f�e�c�t�i�v�e�l�y� �a�n�d� �c�o�p�e� �i�n�a� 
�t�e�c�h�n�o�l�o�g�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t�.� 
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�1�6�.� 

�5�2�.� 

�9�5�.� 

�1�0�8�.� 

�1�0�9�.� 

�1�1�0�.� 

�A�b�i�l�i�t�y� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �b�a�s�i�c� �t�e�c�h�n�o�l�o�g�y� 
�s�y�s�t�e�m�s� �u�s�e�d� �t�o� �t�r�a�n�s�p�o�r�t� �p�e�o�p�l�e� �a�n�d� 
�g�o�o�d�s�;� �t�o� �p�r�o�d�u�c�e� �f�o�o�d�,� �p�r�o�d�u�c�t�s�,� �a�n�d� 
�s�t�r�u�c�t�u�r�e�s�;� �t�o� �c�o�n�v�e�r�t� �a�n�d� �u�t�i�l�i�z�e� �e�n�e�r�g�y�;� 
�t�o� �p�r�o�c�e�s�s� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� �i�n�f�o�r�m�a�t�i�o�n�;� 
�a�n�d� �t�o� �s�u�s�t�a�i�n� �h�e�a�l�t�h� �a�n�d� �t�r�e�a�t� �i�l�l�n�e�s�s�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e� 
�b�e�t�w�e�e�n� �b�a�s�i�c� �s�c�i�e�n�c�e�,� �a�p�p�l�i�e�d� �s�c�i�e�n�c�e�,� �a�n�d� 
�t�e�c�h�n�o�l�o�g�y�.� 

�K�n�o�w�l�e�d�g�e�/�u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� 
�i�n�t�e�g�r�a�t�i�o�n� �o�f� �v�a�r�i�o�u�s� �d�i�s�c�i�p�l�i�n�e�s� 
�a�f�f�e�c�t�i�n�g� �t�e�c�h�n�o�l�o�g�y� �d�e�v�e�l�o�p�m�e�n�t�.� 

�A�b�i�l�i�t�y� �t�o� �d�e�v�e�l�o�p� �a�l�t�e�r�n�a�t�i�v�e� �s�o�l�u�t�i�o�n�s� 
�t�o� �a� �p�r�o�b�l�e�m�.� 

�A�b�i�l�i�t�y� �t�o� �d�o�c�u�m�e�n�t� �t�h�e� �p�r�o�p�o�s�e�d� �s�o�l�u�t�i�o�n�s� 
�t�o� �a� �p�r�o�b�l�e�m�.� 

�A�b�i�l�i�t�y� �t�o� �r�e�s�e�a�r�c�h� �a� �p�r�o�b�l�e�m� �i�n� 
�p�r�e�p�a�r�a�t�i�o�n� �t�o� �d�e�v�e�l�o�p�i�n�g� �s�o�l�u�t�i�o�n�s�.� 
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�T�a�b�l�e� �7� 

�I�t�e�m�s� �R�e�a�c�h�i�n�g� �t�h�e� �C�o�n�s�e�n�s�u�s� �C�r�i�t�e�r�i�o�n� �i�n� �D�e�l�p�h�i� �I�l� �f�o�r� �I�n�c�l�u�s�i�o�n� 

�a�s� �M�i�n�i�m�u�m� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �T�e�c�h�n�o�l�o�g�i�c�a�l� �L�i�t�e�r�a�c�y� 

�f�o�r� �H�i�g�h� �S�c�h�o�o�l� �G�r�a�d�u�a�t�e�s�:� �S�c�i�e�n�c�e� �E�d�u�c�a�t�o�r�s� 

�C�o�n�s�e�n�s�u�s� �C�r�i�t�e�r�i�o�n�,� �8�0�t�h� �P�e�r�c�e�n�t�i�l�e� �=� �8�.�7�4�4�.� 

�N� �=� �5�.� 
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�1�5�.� �A�b�i�l�i�t�y� �t�o� �r�e�a�d�,� �c�o�m�p�r�e�h�e�n�d�,� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� 
�a�b�o�u�t� �s�c�i�e�n�c�e� �a�n�d� �t�e�c�h�n�o�l�o�g�y� �i�s�s�u�e�s�.� 

�1�1�.� �A�b�i�l�i�t�y� �t�o� �p�e�r�f�o�r�m� �r�o�u�t�i�n�e� �s�k�i�l�l�s� �r�e�q�u�i�r�e�d� 
�t�o� �f�u�n�c�t�i�o�n� �e�f�f�e�c�t�i�v�e�l�y� �a�n�d� �c�o�p�e� �i�n�a� 
�t�e�c�h�n�o�l�o�g�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t�.� 

�1�0�6�.� �U�n�d�e�r�s�t�a�n�d�s� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� 
�t�e�c�h�n�o�l�o�g�y� �a�n�d� �t�h�e� �w�o�r�l�d� �w�e� �l�i�v�e� �i�n� �a�n�d� 
�t�h�e� �i�m�p�a�c�t� �o�f� �t�e�c�h�n�o�l�o�g�y� �o�n� �e�n�v�i�r�o�n�m�e�n�t�.� 

�1�1�8�.� �A�b�i�l�i�t�y� �t�o� �u�t�i�l�i�z�e� �h�i�g�h�e�r� �l�e�v�e�l�s� �o�f� �t�h�i�n�k�i�n�g�:� 
�a�n�a�l�y�s�i�s�,� �s�y�n�t�h�e�s�i�s�,� �e�v�a�l�u�a�t�i�o�n�.� 

�1�2�.� �K�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� 
�t�e�c�h�n�o�l�o�g�y�,� �i�n�c�l�u�d�i�n�g� �i�t�s� �d�e�v�e�l�o�p�m�e�n�t�,� 
�i�m�p�a�c�t�,� �a�n�d� �p�o�t�e�n�t�i�a�l� �f�o�r� �p�e�o�p�l�e�,� �t�h�e� 
�e�n�v�i�r�o�n�m�e�n�t�,� �a�n�d� �s�o�c�i�e�t�y�.� 

�4�2�.� �T�h�e� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �u�n�d�e�r�s�t�a�n�d� 
�t�h�e� �c�o�n�c�e�p�t�s� �t�h�a�t� �u�n�d�e�r�l�i�e� �i�m�p�o�r�t�a�n�t� 
�s�o�c�i�e�t�a�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �p�r�o�b�l�e�m�s� �s�u�c�h� 
�a�s� �a�c�i�d� �r�a�i�n� �a�n�d� �d�i�s�p�o�s�a�l� �o�f� �s�o�l�i�d� �w�a�s�t�e�.� 

�6�0�.� �U�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �g�l�o�b�a�l� �i�m�p�a�c�t� �o�f� 
�t�e�c�h�n�o�l�o�g�y�.� 

�$�8�.� �A�b�i�l�i�t�y� �t�o� �d�i�s�c�e�r�n� �t�h�e� �g�o�o�d� �a�n�d� �b�a�d� 
�e�f�f�e�c�t�s� �o�f� �n�e�w� �t�e�c�h�n�o�l�o�g�y� �o�n� �s�o�c�i�e�t�y� 
�a�n�d� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� 

�1�6�.� �A�b�i�l�i�t�y� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �b�a�s�i�c� �t�e�c�h�n�o�l�o�g�y� 
�s�y�s�t�e�m�s� �u�s�e�d� �t�o� �t�r�a�n�s�p�o�r�t� �p�e�o�p�l�e� �a�n�d� 
�g�o�o�d�s�;� �t�o� �p�r�o�d�u�c�e� �f�o�o�d�,� �p�r�o�d�u�c�t�s�,� �a�n�d� 
�s�t�r�u�c�t�u�r�e�s�;� �t�o� �c�o�n�v�e�r�t� �a�n�d� �u�t�i�l�i�z�e� �e�n�e�r�g�y�;� 
�t�o� �p�r�o�c�e�s�s� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� �i�n�f�o�r�m�a�t�i�o�n�;� 
�a�n�d� �t�o� �s�u�s�t�a�i�n� �h�e�a�l�t�h� �a�n�d� �t�r�e�a�t� �i�l�l�n�e�s�s�.� 
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�3�3�.� 

�5�1�.� 

�6�3�.� 

�6�4�.� 

�7�8�.� 

�9�9�.� 

�1�0�0�.� 

�1�0�3�.� 

�1�1�1�.� 

�1�1�3�.� 

�4�3�.� 

�A�b�l�e� �t�o� �u�t�i�l�i�z�e� �t�h�e� �b�a�s�i�c� �a�r�i�t�h�m�e�t�i�c� 
�f�u�n�c�t�i�o�n�s�.� 

�B�a�s�i�c� �u�n�d�e�r�s�t�a�n�d�i�n�g� �a�b�o�u�t� �t�e�c�h�n�o�l�o�g�y� �s�y�s�t�e�m�s�:� 
�t�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �c�o�m�m�u�n�i�c�a�t�i�o�n�,� �m�a�n�u�f�a�c�t�u�r�i�n�g�,� 
�c�o�n�s�t�r�u�c�t�i�o�n�,� �a�n�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �d�i�f�f�e�r�e�n�t� �e�n�e�r�g�i�e�s�.� 

�A�b�l�e� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �n�e�e�d� �f�o�r� �i�n�c�r�e�a�s�i�n�g� 
�e�n�e�r�g�y� �r�e�s�o�u�r�c�e�s� �o�t�h�e�r� �t�h�a�n� �f�o�s�s�i�l� �f�u�e�l�s� 
�a�n�d� �i�s� �a�w�a�r�e� �o�f� �o�t�h�e�r� �a�l�t�e�r�n�a�t�i�v�e�s�.� 

�D�i�s�c�u�s�s� �t�h�e� �c�h�a�n�g�e� �i�n� �h�e�a�l�t�h� �t�e�c�h�n�o�l�o�g�i�e�s� 
�f�r�o�m� �c�u�r�i�n�g�,� �t�h�e�n� �p�r�e�v�e�n�t�i�n�g� �d�i�s�e�a�s�e� 
�a�n�d� �n�o�w� �p�r�o�l�o�n�g�i�n�g� �l�i�f�e�,� �a�n�d� �n�a�m�i�n�g� �t�w�o� 
�e�t�h�i�c�a�l� �i�s�s�u�e�s� �r�a�i�s�e�d� �b�y� �t�h�e�s�e� �t�e�c�h�n�o�l�o�g�i�e�s�.� 

�C�a�p�a�b�l�e� �o�f� �m�a�k�i�n�g� �d�e�c�i�s�i�o�n�s� �c�o�n�c�e�r�n�i�n�g� 
�t�h�e�i�r� �r�o�l�e� �a�s� �a� �c�i�t�i�z�e�n� �i�n� �a� �t�e�c�h�n�o�l�o�g�i�c�a�l� 
�c�u�l�t�u�r�e�.� 

�A�b�i�l�i�t�y� �t�o� �a�n�a�l�y�z�e� �t�h�e� �e�f�f�e�c�t� �o�f� �t�e�c�h�n�o�l�o�g�y� 
�a�d�v�a�n�c�e�m�e�n�t�s� �u�p�o�n� �c�a�r�e�e�r� �c�h�o�i�c�e�s� �a�n�d� 
�t�o� �a�p�p�r�e�c�i�a�t�e� �t�h�e� �n�e�e�d� �t�o� �l�e�a�r�n� �a�n�d� 
�r�e�l�e�a�r�n� �a�s� �t�e�c�h�n�o�l�o�g�y� �c�h�a�n�g�e�s�.� 

�A�b�i�l�i�t�y� �t�o� �r�e�c�o�g�n�i�z�e� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �w�i�l�l� 
�c�r�e�a�t�e� �n�e�w� �p�o�s�s�i�b�i�l�i�t�i�e�s� �f�o�r� �s�o�c�i�e�t�y�.� 

�T�h�e� �a�b�i�l�i�t�y� �t�o� �a�p�p�l�y� �e�x�i�s�t�i�n�g� �k�n�o�w�l�e�d�g�e� 
�f�r�o�m� �o�t�h�e�r� �s�c�h�o�o�l� �d�i�s�c�i�p�l�i�n�e�s� �t�o� �p�r�o�b�l�e�m�-� 
�s�o�l�v�i�n�g�:� �E�n�g�l�i�s�h�,� �w�r�i�t�i�n�g�,� �m�a�t�h�,� �s�c�i�e�n�c�e�,� 
�s�o�c�i�a�l� �s�t�u�d�i�e�s�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �i�s� �a� �s�o�c�i�a�l� 
�c�o�n�s�t�r�u�c�t�i�o�n� �w�i�t�h� �h�u�m�a�n� �c�o�n�s�e�q�u�e�n�c�e�s� 
�(�n�o�t� �a�l�l� �p�e�o�p�l�e� �a�r�e� �e�q�u�a�l�l�y� �a�t� �r�i�s�k� �t�o� �g�a�i�n� 
�o�r� �l�o�s�e� �f�r�o�m� �t�h�e� �l�o�c�a�t�i�o�n�,� �c�o�n�t�r�o�l�,� �o�r� 
�u�s�e� �o�f� �a� �t�e�c�h�n�o�l�o�g�y�)�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y�,� �l�i�k�e� 
�s�c�i�e�n�c�e�,� �i�s� �p�r�o�b�l�e�m�-�c�r�e�a�t�i�n�g� �a�s� �w�e�l�l� 
�a�s� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g�.� 

�A�s� �v�o�t�i�n�g� �c�i�t�i�z�e�n�s�,� �s�t�u�d�e�n�t�s� �s�h�o�u�l�d� 
�u�n�d�e�r�s�t�a�n�d� �t�h�e� �c�o�n�c�e�p�t�s� �t�h�a�t� �u�n�d�e�r�l�i�e� 
�s�i�g�n�i�f�i�c�a�n�t� �s�o�c�i�o�-�t�e�c�h�n�o�l�o�g�i�c�a�l� �s�y�s�t�e�m�s� 
�s�u�c�h� �a�s� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �t�e�c�h�n�o�l�o�g�y� 
�a�n�d� �n�u�c�l�e�a�r� �p�o�w�e�r� �s�y�s�t�e�m�s�.� 
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�9�.�5�0�0� 

�9�.�5�0�0� 

�9�.�5�0�0� 

�9�.�5�0�0� 

�9�.�5�0�0� 

�9�.�5�0�0� 

�9�.�5�0�0� 

�9�.�5�0�0� 

�9�.�5�0�0� 

�9�.�5�0�0� 

�9�.�0�0�0� 

�9�.�0�0�0� 

�4�.�0�0�0� 

�2�.�5�0�0� 

�1�.�5�0�0� 

�9�.�5�0�0� 

�2�.�0�0�0� 

�1�.�5�0�0� 

�9�.�0�0�0� 

�2�.�5�0�0� 

�3�.�5�0�0� 

�2�.�0�0�0� 
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�4�4�.� �G�i�v�e�n� �a� �t�e�c�h�n�o�l�o�g�y�,� �t�h�e� �s�t�u�d�e�n�t� �w�i�l�l� �b�e� 
�a�b�l�e� �t�o� �i�d�e�n�t�i�f�y� �a�t� �l�e�a�s�t�.�o�n�e� �p�o�t�e�n�t�i�a�l� 
�u�s�e� �a�n�d� �a�p�p�l�i�c�a�t�i�o�n�.� 

�8�.�8�3�3� �4�.�6�6�7� 

� � 

�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �O�F� �T�H�E� �S�T�U�D�Y� �6�7



�T�a�b�l�e� �8� 

�i�t�e�m�s� �R�e�a�c�h�i�n�g� �t�h�e� �C�o�n�s�e�n�s�u�s� �C�r�i�t�e�r�i�o�n� �i�n� �D�e�l�p�h�i� �l�l� �f�o�r� �I�n�c�l�u�s�i�o�n� 

�a�s� �M�i�n�i�m�u�m� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �T�e�c�h�n�o�l�o�g�i�c�a�l� �L�i�t�e�r�a�c�y� 

�f�o�r� �H�i�g�h� �S�c�h�o�o�l� �G�r�a�d�u�a�t�e�s�:� �C�l�a�s�s�r�o�o�m� �T�e�a�c�h�e�r�s� 

�N�o�t�e�.� �C�o�n�s�e�n�s�u�s� �C�r�i�t�e�r�i�o�n�,� �8�0�t�h� �P�e�r�c�e�n�t�i�l�e� �=� �9�.�4�8�8�.� 

�N� �=� �9�.� 
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� � 

�1�3�.� �K�n�o�w�l�e�d�g�e� �t�e�c�h�n�o�l�o�g�y� �i�s� �t�h�e� �s�y�s�t�e�m�a�t�i�c� 
�s�t�u�d�y� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �k�n�o�w�l�e�d�g�e�,� 
�c�r�e�a�t�i�v�i�t�y�,� �a�n�d� �r�e�s�o�u�r�c�e�s� �t�o� �s�o�l�v�e� �p�r�o�b�l�e�m�s� 
�a�n�d� �e�x�t�e�n�d� �h�u�m�a�n� �p�o�t�e�n�t�i�a�l�.� 

�1�0�8�.� �A�b�i�l�i�t�y� �t�o� �d�e�v�e�l�o�p� �a�l�t�e�r�n�a�t�i�v�e� �s�o�l�u�t�i�o�n�s� 
�t�o� �a� �p�r�o�b�l�e�m�.� 

�1�1�9�.� �A�b�i�l�i�t�y� �t�o� �t�h�i�n�k� �c�r�e�a�t�i�v�e�l�y�.� 

�1�2�.� �K�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� 
�t�e�c�h�n�o�l�o�g�y�,� �i�n�c�l�u�d�i�n�g� �i�t�s� �d�e�v�e�l�o�p�m�e�n�t�,� 
�i�m�p�a�c�t�,� �a�n�d� �p�o�t�e�n�t�i�a�l� �f�o�r� �p�e�o�p�l�e�,� �t�h�e� 
�e�n�v�i�r�o�n�m�e�n�t�,� �a�n�d� �s�o�c�i�e�t�y�.� 

�1�5�.� �A�b�i�l�i�t�y� �t�o� �r�e�a�d�,� �c�o�m�p�r�e�h�e�n�d�,� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� 
�a�b�o�u�t� �s�c�i�e�n�c�e� �a�n�d� �t�e�c�h�n�o�l�o�g�y� �i�s�s�u�e�s�.� 

�1�6�.� �A�b�i�l�i�t�y� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �b�a�s�i�c� �t�e�c�h�n�o�l�o�g�y� 
�s�y�s�t�e�m�s� �u�s�e�d� �t�o� �t�r�a�n�s�p�o�r�t� �p�e�o�p�l�e� �a�n�d� 
�g�o�o�d�s�;� �t�o� �p�r�o�d�u�c�e� �f�o�o�d�,� �p�r�o�d�u�c�t�s�,� �a�n�d� 
�s�t�r�u�c�t�u�r�e�s�;� �t�o� �c�o�n�v�e�r�t� �a�n�d� �u�t�i�l�i�z�e� �e�n�e�r�g�y�;� 
�t�o� �p�r�o�c�e�s�s� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� �i�n�f�o�r�m�a�t�i�o�n�;� 
�a�n�d� �t�o� �s�u�s�t�a�i�n� �h�e�a�l�t�h� �a�n�d� �t�r�e�a�t� �i�l�l�n�e�s�s�.� 

�5�1�.� �B�a�s�i�c� �u�n�d�e�r�s�t�a�n�d�i�n�g� �a�b�o�u�t� �t�e�c�h�n�o�l�o�g�y� �s�y�s�t�e�m�s�:� 
�t�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �c�o�m�m�u�n�i�c�a�t�i�o�n�,� �m�a�n�u�f�a�c�t�u�r�i�n�g�,� 
�c�o�n�s�t�r�u�c�t�i�o�n�,� �a�n�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �d�i�f�f�e�r�e�n�t� �e�n�e�r�g�i�e�s�.� 

�7�6�.� �A�b�l�e� �t�o� �d�e�m�o�n�s�t�r�a�t�e� �a�n� �a�w�a�r�e�n�e�s�s� �o�f� 
�s�a�f�e�t�y� �i�n� �t�o�d�a�y ��s� �t�e�c�h�n�o�l�o�g�i�c�a�l� �s�o�c�i�e�t�y�.� 

�1�1�0�.� �A�b�i�l�i�t�y� �t�o� �r�e�s�e�a�r�c�h� �a� �p�r�o�b�l�e�m� �i�n� 
�p�r�e�p�a�r�a�t�i�o�n� �t�o� �d�e�v�e�l�o�p�i�n�g� �s�o�l�u�t�i�o�n�s�.� 

�1�1�.� �A�b�i�l�i�t�y� �t�o� �p�e�r�f�o�r�m� �r�o�u�t�i�n�e� �s�k�i�l�l�s� �r�e�q�u�i�r�e�d� 
�t�o� �f�u�n�c�t�i�o�n� �e�f�f�e�c�t�i�v�e�l�y� �a�n�d� �c�o�p�e� �i�n� �a� 
�t�e�c�h�n�o�l�o�g�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t�.� 
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�1�0�.�7�0�0� 

�1�0�.�7�0�0� 

�1�0�.�7�0�0� 

�1�0�.�5�0�0� 

�1�0�.�5�0�0� 

�1�0�.�5�0�0� 

�1�0�.�5�0�0� 

�1�0�.�5�0�0� 

�1�0�.�2�5�0� 

�1�0�.�0�0�0� 

�1�.�2�5�0� 

�2�.�6�2�5� 

�0�.�9�5�8� 

�1�.�3�3�3� 

�2�.�5�0�0� 

�2�.�1�2�5� 

�1�.�3�3�3� 

�5�.�5�0�0� 

�1�.�6�2�5� 

�2�.�6�2�5� 

�6�8



� � 

�C�h�a�r�a�c�t�e�r�i�s�t�i�c� �M�e�d�i�a�n� �Q�-�V�a�l�u�e� 
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�3�0�.� 

�7�8�,� 

�8�2�.� 

�1�0�1�.� 

�1�0�3�.� 

�1�0�5�.� 

�1�1�8�.� 

�1�0�.� 

�1�1�3�.� 

�8�8�.� 

�9�1�,� 

�4�9�.� 

�A�b�l�e� �t�o� �d�i�s�c�u�s�s� �t�h�e� �p�r�o�s� �a�n�d� �c�o�n�s� �o�f� 
�c�o�n�t�r�o�v�e�r�s�i�a�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�v�e�l�o�p�m�e�n�t�,� 
 ¬�.�g�.�,� �n�u�c�l�e�a�r� �p�o�w�e�r�,� �g�e�n�e�t�i�c� �e�n�g�i�n�e�e�r�i�n�g�,� �a�n�d� 
�t�h�e� �l�i�k�e�.� 

�C�a�p�a�b�l�e� �o�f� �m�a�k�i�n�g� �d�e�c�i�s�i�o�n�s� �c�o�n�c�e�r�n�i�n�g� 
�t�h�e�i�r� �r�o�l�e� �a�s� �a� �c�i�t�i�z�e�n� �i�n� �a� �t�e�c�h�n�o�l�o�g�i�c�a�l� 
�c�u�l�t�u�r�e�.� 

�A�b�l�e� �t�o� �a�p�p�l�y� �g�e�n�e�r�a�l� �e�d�u�c�a�t�i�o�n� �w�i�t�h�i�n� �a� 
�t�e�c�h�n�o�l�o�g�y� �b�a�s�e�d� �f�r�a�m�e�w�o�r�k�.� 

�A�b�i�l�i�t�y� �t�o� �u�s�e�  ��t�o�o�l�s �� �o�f� �t�e�c�h�n�o�l�o�g�y� �t�o� 
�s�o�l�v�e� �r�e�a�l� �w�o�r�l�d� �p�r�o�b�l�e�m�s�,� �i�.�e�.�,� �c�o�m�p�u�t�e�r�s�,� 
�m�a�t�e�r�i�a�l�s�,� �b�a�s�i�c� �t�o�o�l�s�,� �a�n�d� �i�n�f�o�r�m�a�t�i�o�n� 
�r�e�s�o�u�r�c�e�s�.� 

�T�h�e� �a�b�i�l�i�t�y� �t�o� �a�p�p�l�y� �e�x�i�s�t�i�n�g� �k�n�o�w�l�e�d�g�e� 
�f�r�o�m� �o�t�h�e�r� �s�c�h�o�o�l� �d�i�s�c�i�p�l�i�n�e�s� �t�o� �p�r�o�b�l�e�m�-� 
�s�o�l�v�i�n�g�:� �E�n�g�l�i�s�h�,� �w�r�i�t�i�n�g�,� �m�a�t�h�,� �s�c�i�e�n�c�e�,� 
�s�o�c�i�a�l� �s�t�u�d�i�e�s�.� 

�A�b�i�l�i�t�y� �t�o� �u�s�e� �t�h�e� �l�a�n�g�u�a�g�e� �o�f� �t�e�c�h�n�o�l�o�g�y� 
�p�e�r�t�a�i�n�i�n�g� �t�o� �t�e�r�m�s� �a�n�d� �c�u�r�r�e�n�t� �n�a�m�e�s� �o�f� 
�i�n�n�o�v�a�t�i�o�n�s�.� 

�A�b�i�l�i�t�y� �t�o� �u�t�i�l�i�z�e� �h�i�g�h�e�r� �l�e�v�e�l�s� �o�f� �t�h�i�n�k�i�n�g�:� 
�a�n�a�l�y�s�i�s�,� �s�y�n�t�h�e�s�i�s�,� �e�v�a�l�u�a�t�i�o�n�.� 

�A�b�i�l�i�t�y� �t�o� �r�e�a�d� �a�n�d� �w�r�i�t�e� �a�n�a�l�y�t�i�c�a�l�l�y�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y�,� �l�i�k�e� 
�s�c�i�e�n�c�e�,� �i�s� �p�r�o�b�l�e�m�-�c�r�e�a�t�i�n�g� �a�s� �w�e�l�l� 
�a�s� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g�.� 

�C�o�r�r�e�l�a�t�e� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �o�f� �b�a�s�i�c� 
�a�c�a�d�e�m�i�c� �s�k�i�l�l�s� �t�o� �r�e�a�l�-�l�i�f�e� �a�p�p�l�i�c�a�t�i�o�n�s�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�e� �u�s�e� �o�f� �m�a�c�h�i�n�e�s� 
�s�u�c�h� �a�s� �l�a�t�h�e�s�,� �l�a�s�e�r�s�,� �c�h�i�p�s� �a�n�d� 
�t�r�a�n�s�i�s�t�o�r�s�,� �a�n�d� �s�p�e�c�i�a�l� �m�a�t�e�r�i�a�l�s� 
�a�n�d� �p�r�o�c�e�s�s�e�s�.� 

�S�t�u�d�e�n�t�s� �s�h�o�u�l�d� �h�a�v�e� �a� �b�a�s�i�c� �k�n�o�w�l�e�d�g�e� 
�o�f� �t�h�e� �b�a�s�i�c� �p�r�i�n�c�i�p�l�e�s� �o�f� �m�e�c�h�a�n�i�c�s�.� 

�H�a�s� �b�u�i�l�t� �s�o�m�e� �s�i�m�p�l�e� �t�e�c�h�n�o�l�o�g�y�-�t�y�p�e� 
�m�o�d�e�l�.� 
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�5�2�.� 

�5�4�,� 

�8�3�.� 

�8�6�.� 

�8�7�.� 

�1�0�6�.� 

�1�0�9�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� 
�b�e�t�w�e�e�n� �b�a�s�i�c� �s�c�i�e�n�c�e�,� �a�p�p�l�i�e�d� �s�c�i�e�n�c�e�,� �a�n�d� 
�t�e�c�h�n�o�l�o�g�y�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�e� �m�a�j�o�r� �p�r�i�n�c�i�p�l�e�s� �o�f� 
�s�c�i�e�n�c�e�.� 

�U�t�i�l�i�z�e� �t�h�e� �c�o�m�p�u�t�e�r� �a�n�d� �a�p�p�r�o�p�r�i�a�t�e� 
�s�o�f�t�w�a�r�e� �t�o� �e�x�t�e�n�d� �c�r�e�a�t�i�v�e� �t�h�i�n�k�i�n�g� 

�-� �a�n�d� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g�.� 

�A�w�a�r�e� �o�f� �t�h�e� �c�o�n�t�i�n�u�a�l� �e�d�u�c�a�t�i�o�n� 
�p�r�o�c�e�s�s� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �d�e�m�a�n�d�s�.� 

�D�e�v�e�l�o�p�e�d� �a� �b�r�o�a�d� �t�e�c�h�n�o�l�o�g�i�c�a�l� 
�b�a�c�k�g�r�o�u�n�d� �t�h�a�t� �w�i�l�l� �a�l�l�o�w� �f�o�r� �t�h�e� 
�g�r�e�a�t�e�s�t� �f�l�e�x�i�b�i�l�i�t�y� �w�h�e�n� �e�n�t�e�r�i�n�g� �t�h�e� 
�j�o�b� �m�a�r�k�e�t�.� 

�U�n�d�e�r�s�t�a�n�d�s� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� 
�t�e�c�h�n�o�l�o�g�y� �a�n�d� �t�h�e� �w�o�r�l�d� �w�e� �l�i�v�e� �i�n� �a�n�d� 
�t�h�e� �i�m�p�a�c�t� �o�f� �t�e�c�h�n�o�l�o�g�y� �o�n� �e�n�v�i�r�o�n�m�e�n�t�.� 

�A�b�i�l�i�t�y� �t�o� �d�o�c�u�m�e�n�t� �t�h�e� �p�r�o�p�o�s�e�d� �s�o�l�u�t�i�o�n�s� 
�t�o� �a� �p�r�o�b�l�e�m�.� 

�9�.�5�0�0� 
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�T�a�b�l�e� �9� 

�i�t�e�m�s� �R�e�a�c�h�i�n�g� �t�h�e� �C�o�n�s�e�n�s�u�s� �C�r�i�t�e�r�i�o�n� �i�n� �D�e�l�p�h�i� �I�I� �f�o�r� �I�n�c�l�u�s�i�o�n� 

�a�s� �M�i�n�i�m�u�m� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �T�e�c�h�n�o�l�o�g�i�c�a�l� �L�i�t�e�r�a�c�y� 

�f�o�r� �H�i�g�h� �S�c�h�o�o�l� �G�r�a�d�u�a�t�e�s�:� �B�u�s�i�n�e�s�s�/�E�d�u�c�a�t�i�o�n� �S�u�p�p�o�r�t� 

�N�o�t�e�.� �C�o�n�s�e�n�s�u�s� �C�r�i�t�e�r�i�o�n�,� �8�0�t�h� �P�e�r�c�e�n�t�i�l�e� �=� �8�.�7�5�0�.� 

�N� �=� �9�.� 
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�1�2�.� �K�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� 
�t�e�c�h�n�o�l�o�g�y�,� �i�n�c�l�u�d�i�n�g� �i�t�s� �d�e�v�e�l�o�p�m�e�n�t�,� 
�i�m�p�a�c�t�,� �a�n�d� �p�o�t�e�n�t�i�a�l� �f�o�r� �p�e�o�p�l�e�,� �t�h�e� 
�e�n�v�i�r�o�n�m�e�n�t�,� �a�n�d� �s�o�c�i�e�t�y�.� 

�5�1�.� �B�a�s�i�c� �u�n�d�e�r�s�t�a�n�d�i�n�g� �a�b�o�u�t� �t�e�c�h�n�o�l�o�g�y� �s�y�s�t�e�m�s�:� 
�t�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �c�o�m�m�u�n�i�c�a�t�i�o�n�,� �m�a�n�u�f�a�c�t�u�r�i�n�g�,� 
�c�o�n�s�t�r�u�c�t�i�o�n�,� �a�n�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �d�i�f�f�e�r�e�n�t� �e�n�e�r�g�i�e�s�.� 

�1�1�8�.� �A�b�i�l�i�t�y� �t�o� �u�t�i�l�i�z�e� �h�i�g�h�e�r� �l�e�v�e�l�s� �o�f� �t�h�i�n�k�i�n�g�:� 
�a�n�a�l�y�s�i�s�,� �s�y�n�t�h�e�s�i�s�,� �e�v�a�l�u�a�t�i�o�n�.� 

�1�1�9�.� �A�b�i�l�i�t�y� �t�o� �t�h�i�n�k� �c�r�e�a�t�i�v�e�l�y�.� 

�1�3�.� �K�n�o�w�l�e�d�g�e� �t�e�c�h�n�o�l�o�g�y� �i�s� �t�h�e� �s�y�s�t�e�m�a�t�i�c� 
�s�t�u�d�y� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �k�n�o�w�l�e�d�g�e�,� 
�c�r�e�a�t�i�v�i�t�y�,� �a�n�d� �r�e�s�o�u�r�c�e�s� �t�o� �s�o�l�v�e� �p�r�o�b�l�e�m�s� 
�a�n�d� �e�x�t�e�n�d� �h�u�m�a�n� �p�o�t�e�n�t�i�a�l�.� 

�7�8�.� �C�a�p�a�b�l�e� �o�f� �m�a�k�i�n�g� �d�e�c�i�s�i�o�n�s� �c�o�n�c�e�r�n�i�n�g� 
�t�h�e�i�r� �r�o�l�e� �a�s� �a� �c�i�t�i�z�e�n� �i�n� �a� �t�e�c�h�n�o�l�o�g�i�c�a�l� 
�c�u�l�t�u�r�e�.� 

�9�8�.� �A�b�i�l�i�t�y� �t�o� �a�n�a�l�y�z�e� �t�h�e� �e�f�f�e�c�t� �o�f� �t�e�c�h�n�o�l�o�g�y� 
�a�d�v�a�n�c�e�m�e�n�t�s� �u�p�o�n� �c�a�r�e�e�r� �c�h�o�i�c�e�s� �a�n�d� 
�t�o� �a�p�p�r�e�c�i�a�t�e� �t�h�e� �n�e�e�d� �t�o� �l�e�a�r�n� �a�n�d� 
�r�e�l�e�a�r�n� �a�s� �t�e�c�h�n�o�l�o�g�y� �c�h�a�n�g�e�s�.� 

�1�6�.� �A�b�i�l�i�t�y� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �b�a�s�i�c� �t�e�c�h�n�o�l�o�g�y� 
�s�y�s�t�e�m�s� �u�s�e�d� �t�o� �t�r�a�n�s�p�o�r�t� �p�e�o�p�l�e� �a�n�d� 
�g�o�o�d�s�;� �t�o� �p�r�o�d�u�c�e� �f�o�o�d�,� �p�r�o�d�u�c�t�s�,� �a�n�d� 
�s�t�r�u�c�t�u�r�e�s�;� �t�o� �c�o�n�v�e�r�t� �a�n�d� �u�t�i�l�i�z�e� �e�n�e�r�g�y�:� 
�t�o� �p�r�o�c�e�s�s� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� �i�n�f�o�r�m�a�t�i�o�n�:� 
�a�n�d� �t�o� �s�u�s�t�a�i�n� �h�e�a�l�t�h� �a�n�d� �t�r�e�a�t� �i�l�l�n�e�s�s�.� 

�8�1�.� �A�b�l�e� �t�o� �r�e�c�o�g�n�i�z�e� �a� �s�y�s�t�e�m� �o�f� �t�e�c�h�n�o�l�o�g�y�.� 
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�1�1�3�.� 

�1�1�.� 

�2�6�.� 

�5�2�.� 

�6�0�.� 

�1�0�0�.� 

�1�0�5�.� 

�1�0�8�.� 

�2�7�.� 

�1�0�6�.� 

�2�8�.� 

�8�0�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y�,� �l�i�k�e� 
�s�c�i�e�n�c�e�,� �i�s� �p�r�o�b�l�e�m�-�c�r�e�a�t�i�n�g� �a�s� �w�e�l�l� 
�a�s� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g�.� 

�A�b�i�l�i�t�y� �t�o� �p�e�r�f�o�r�m� �r�o�u�t�i�n�e� �s�k�i�l�l�s� �r�e�q�u�i�r�e�d� 
�t�o� �f�u�n�c�t�i�o�n� �e�f�f�e�c�t�i�v�e�l�y� �a�n�d� �c�o�p�e� �i�n�a� 
�t�e�c�h�n�o�l�o�g�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t�.� 

�I�d�e�n�t�i�f�y� �t�h�e� �s�e�v�e�n� �r�e�s�o�u�r�c�e�s� �(�p�e�o�p�l�e�,� 
�i�n�f�o�r�m�a�t�i�o�n�,� �m�a�t�e�r�i�a�l�s�,� �t�o�o�l�s�,� �e�n�e�r�g�y�,� 
�c�a�p�i�t�a�l�,� �t�i�m�e�)� �t�h�a�t� �a�r�e� �g�e�n�e�r�i�c� �t�o� �a�l�l� 
�t�e�c�h�n�o�l�o�g�i�e�s�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� 
�b�e�t�w�e�e�n� �b�a�s�i�c� �s�c�i�e�n�c�e�,� �a�p�p�l�i�e�d� �s�c�i�e�n�c�e�,� �a�n�d� 
�t�e�c�h�n�o�l�o�g�y�.� 

�U�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �g�l�o�b�a�l� �i�m�p�a�c�t� �o�f� 
�t�e�c�h�n�o�l�o�g�y�.� 

�A�b�i�l�i�t�y� �t�o� �r�e�c�o�g�n�i�z�e� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �w�i�l�l� 
�c�r�e�a�t�e� �n�e�w� �p�o�s�s�i�b�i�l�i�t�i�e�s� �f�o�r� �s�o�c�i�e�t�y�.� 

�A�b�i�l�i�t�y� �t�o� �u�s�e� �t�h�e� �l�a�n�g�u�a�g�e� �o�f� �t�e�c�h�n�o�l�o�g�y� 
�p�e�r�t�a�i�n�i�n�g� �t�o� �t�e�r�m�s� �a�n�d� �c�u�r�r�e�n�t� �n�a�m�e�s� �o�f� 
�i�n�n�o�v�a�t�i�o�n�s�.� 

�A�b�i�l�i�t�y� �t�o� �d�e�v�e�l�o�p� �a�l�t�e�r�n�a�t�i�v�e� �s�o�l�u�t�i�o�n�s� 
�t�o� �a� �p�r�o�b�l�e�m�.� 

�D�e�m�o�n�s�t�r�a�t�e� �h�o�w� �t�h�e� �e�v�o�l�u�t�i�o�n� �o�f� 
�t�e�c�h�n�o�l�o�g�y� �l�e�d� �t�o� �t�h�e� �s�h�i�f�t� �f�r�o�m� �a�n� 
�a�g�r�i�c�u�l�t�u�r�a�l�l�y� �b�a�s�e�d� �t�o� �a�n� �i�n�f�o�r�m�a�t�i�o�n�-� 
�b�a�s�e�d� �s�o�c�i�e�t�y�.� 

�U�n�d�e�r�s�t�a�n�d�s� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� 
�t�e�c�h�n�o�l�o�g�y� �a�n�d� �t�h�e� �w�o�r�l�d� �w�e� �l�i�v�e� �i�n� �a�n�d� 
�t�h�e� �i�m�p�a�c�t� �o�f� �t�e�c�h�n�o�l�o�g�y� �o�n� �e�n�v�i�r�o�n�m�e�n�t�.� 

�S�t�u�d�e�n�t�s� �s�h�o�u�l�d� �h�a�v�e� �a� �b�a�s�i�c� �k�n�o�w�l�e�d�g�e� 
�o�f� �t�h�e� �b�a�s�i�c� �p�r�i�n�c�i�p�l�e�s� �o�f� �m�e�c�h�a�n�i�c�s�.� 

�A�b�i�l�i�t�y� �t�o� �m�o�d�e�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �s�y�s�t�e�m�s� 
�u�s�i�n�g� �t�h�e� �u�n�i�v�e�r�s�a�l� �s�y�s�t�e�m� �m�o�d�e�l� 
�(�i�n�p�u�t�,� �p�r�o�c�e�s�s�,� �o�u�t�p�u�t�,� �f�e�e�d�b�a�c�k�,� �a�n�d� 
�c�o�m�p�a�r�i�s�o�n�)�.� 

�A�b�l�e� �t�o� �i�n�v�e�n�t� �a� �t�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�v�i�c�e�.� 
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�C�h�a�r�a�c�t�e�r�i�s�t�i�c� �M�e�d�i�a�n� �Q�-�V�a�l�u�e� 
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�8�6�.� 

�1�5�.� 

�3�6�.� 

�4�3�.� 
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�8�7�.� 

�9�1�.� 

�9�4�,� 

�1�0�1�.� 

�A�w�a�r�e� �o�f� �t�h�e� �c�o�n�t�i�n�u�a�l� �e�d�u�c�a�t�i�o�n� 
�p�r�o�c�e�s�s� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �d�e�m�a�n�d�s�.� 

�A�b�i�l�i�t�y� �t�o� �r�e�a�d�,� �c�o�m�p�r�e�h�e�n�d�,� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� 
�a�b�o�u�t� �s�c�i�e�n�c�e� �a�n�d� �t�e�c�h�n�o�l�o�g�y� �i�s�s�u�e�s�.� 

�A�b�l�e� �t�o� �e�v�a�l�u�a�t�e� �a�n�d� �c�r�i�t�i�c�i�z�e� �t�e�c�h�n�o�l�o�g�i�c�a�l� 
�i�n�n�o�v�a�t�i�o�n�s� �a�n�d� �p�r�o�p�o�s�e� �s�o�l�u�t�i�o�n�s� �t�o� �s�o�c�i�e�t�a�l� 
�p�r�o�b�l�e�m�s�.� 

�A�s� �v�o�t�i�n�g� �c�i�t�i�z�e�n�s�,� �s�t�u�d�e�n�t�s� �s�h�o�u�l�d� 
�u�n�d�e�r�s�t�a�n�d� �t�h�e� �c�o�n�c�e�p�t�s� �t�h�a�t� �u�n�d�e�r�l�i�e� 
�s�i�g�n�i�f�i�c�a�n�t� �s�o�c�i�o�-�t�e�c�h�n�o�l�o�g�i�c�a�l� �s�y�s�t�e�m�s� 
�s�u�c�h� �a�s� �c�o�m�m�u�n�i�c�a�t�i�o�n�s� �t�e�c�h�n�o�l�o�g�y� 
�a�n�d� �n�u�c�l�e�a�r� �p�o�w�e�r� �s�y�s�t�e�m�s�.� 

�D�e�v�e�l�o�p�e�d� �a�n� �a�p�p�r�e�c�i�a�t�i�o�n� �t�h�a�t� �t�e�c�h�n�o�-� 
�l�o�g�y� �e�x�t�e�n�d�s� �t�h�e� �h�u�m�a�n� �s�e�n�s�e�s� �a�n�d� 
�p�h�y�s�i�c�a�l� �c�a�p�a�c�i�t�i�e�s�.� 

�A�b�l�e� �t�o� �a�p�p�l�y� �g�e�n�e�r�a�l� �e�d�u�c�a�t�i�o�n� �w�i�t�h�i�n� �a� 
�t�e�c�h�n�o�l�o�g�y�-�b�a�s�e�d� �f�r�a�m�e�w�o�r�k�.� 

�D�e�v�e�l�o�p�e�d� �a� �b�r�o�a�d� �t�e�c�h�n�o�l�o�g�i�c�a�l� 
�b�a�c�k�g�r�o�u�n�d� �t�h�a�t� �w�i�l�l� �a�l�l�o�w� �f�o�r� �t�h�e� 
�g�r�e�a�t�e�s�t� �f�l�e�x�i�b�i�l�i�t�y� �w�h�e�n� �e�n�t�e�r�i�n�g� �t�h�e� 
�j�o�b� �m�a�r�k�e�t�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�e� �u�s�e� �o�f� �m�a�c�h�i�n�e�s� 
�s�u�c�h� �a�s� �l�a�t�h�e�s�,� �l�a�s�e�r�s�,� �c�h�i�p�s� �a�n�d� 
�t�r�a�n�s�i�s�t�o�r�s�,� �a�n�d� �s�p�e�c�i�a�l� �m�a�t�e�r�i�a�l�s� 
�a�n�d� �p�r�o�c�e�s�s�e�s�.� 

�A� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �b�e� �t�e�c�h�n�i�c�a�l�l�y� �l�i�t�e�r�a�t�e�.� 

�A�b�i�l�i�t�y� �t�o� �u�s�e�  ��t�o�o�l�s �� �o�f� �t�e�c�h�n�o�l�o�g�y� �t�o� 
�s�o�l�v�e� �r�e�a�l� �w�o�r�l�d� �p�r�o�b�l�e�m�s�,� �i�.�e�.�,� �c�o�m�p�u�t�e�r�s�,� 
�m�a�t�e�r�i�a�l�s�,� �b�a�s�i�c� �t�o�o�l�s�,� �a�n�d� �i�n�f�o�r�m�a�t�i�o�n� 
�r�e�s�o�u�r�c�e�s�.� 
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�T�a�b�l�e� �1�0� 

�i�t�e�m�s� �R�e�a�c�h�i�n�g� �t�h�e� �C�o�n�s�e�n�s�u�s� �C�r�i�t�e�r�i�o�n� �i�n� �D�e�l�p�h�i� �I�I� �f�o�r� �I�n�c�l�u�s�i�o�n� 

�a�s� �M�i�n�i�m�u�m� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �T�e�c�h�n�o�l�o�g�i�c�a�l� �L�i�t�e�r�a�c�y� 

�f�o�r� �H�i�g�h� �S�c�h�o�o�l� �G�r�a�d�u�a�t�e�s�:� �E�n�t�i�r�e� �P�a�n�e�l� 

�P�a�n�e�l� 
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�>
� �P�h�i�l�o�s�o�p�h�e�r� �o�f� �E�d�u�c�a�t�i�o�n� 

�T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�o�r� 
�E�n�g�i�n�e�e�r�i�n�g� �E�d�u�c�a�t�o�r� 
�S�c�i�e�n�t�i�s�t� 
�S�c�i�e�n�c�e� �E�d�u�c�a�t�o�r� 
�C�l�a�s�s�r�o�o�m� �T�e�a�c�h�e�r� 
�B�u�s�i�n�e�s�s�/�E�d�u�c�a�t�i�o�n� �S�u�p�p�o�r�t� 

�N�o�t�e�.� �C�o�n�s�e�n�s�u�s� �C�r�i�t�e�r�i�o�n�,� �8�0�t�h� �P�e�r�c�e�n�t�i�l�e� �=� �8�.�7�4�2�.� 

�N� �=� �5�2�.� 
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�C�h�a�r�a�c�t�e�r�i�s�t�i�c� �M�e�d�i�a�n� �Q�-�V�a�l�u�e� 

� � 

�7�8�.� 

�1�5�.� 

�1�2�.� 

�1�1�.� 

�1�0�6�.� 

�1�1�9�.� 

�1�3�.� 

�C�a�p�a�b�l�e� �o�f� �m�a�k�i�n�g� �d�e�c�i�s�i�o�n�s� �c�o�n�c�e�r�n�i�n�g� 
�t�h�e�i�r� �r�o�l�e� �a�s� �a� �c�i�t�i�z�e�n� �i�n� �a� �t�e�c�h�n�o�l�o�g�i�c�a�l� 
�c�u�l�t�u�r�e�.� 

�A�b�i�l�i�t�y� �t�o� �r�e�a�d�,� �c�o�m�p�r�e�h�e�n�d�,� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� 
�a�b�o�u�t� �s�c�i�e�n�c�e� �a�n�d� �t�e�c�h�n�o�l�o�g�y� �i�s�s�u�e�s�.� 

�K�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� 
�t�e�c�h�n�o�l�o�g�y�,� �i�n�c�l�u�d�i�n�g� �i�t�s� �d�e�v�e�l�o�p�m�e�n�t�,� 
�i�m�p�a�c�t�,� �a�n�d� �p�o�t�e�n�t�i�a�l� �f�o�r� �p�e�o�p�l�e�,� �t�h�e� 
�e�n�v�i�r�o�n�m�e�n�t�,� �a�n�d� �s�o�c�i�e�t�y�.� 

�A�b�i�l�i�t�y� �t�o� �p�e�r�f�o�r�m� �r�o�u�t�i�n�e� �s�k�i�l�l�s� �r�e�q�u�i�r�e�d� 
�t�o� �f�u�n�c�t�i�o�n� �e�f�f�e�c�t�i�v�e�l�y� �a�n�d� �c�o�p�e� �i�n� �a� 
�t�e�c�h�n�o�l�o�g�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t�.� 

�U�n�d�e�r�s�t�a�n�d�s� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� 
�t�e�c�h�n�o�l�o�g�y� �a�n�d� �t�h�e� �w�o�r�l�d� �w�e� �l�i�v�e� �i�n� �a�n�d� 
�t�h�e� �i�m�p�a�c�t� �o�f� �t�e�c�h�n�o�l�o�g�y� �o�n� �e�n�v�i�r�o�n�m�e�n�t�.� 

�A�b�i�l�i�t�y� �t�o� �t�h�i�n�k� �c�r�e�a�t�i�v�e�l�y�.� 

�K�n�o�w�l�e�d�g�e� �t�e�c�h�n�o�l�o�g�y� �i�s� �t�h�e� �s�y�s�t�e�m�a�t�i�c� 
�s�t�u�d�y� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �k�n�o�w�l�e�d�g�e�,� 
�c�r�e�a�t�i�v�i�t�y�,� �a�n�d� �r�e�s�o�u�r�c�e�s� �t�o� �s�o�l�v�e� �p�r�o�b�l�e�m�s� 
�a�n�d� �e�x�t�e�n�d� �h�u�m�a�n� �p�o�t�e�n�t�i�a�l�.� 

�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �O�F� �T�H�E� �S�T�U�D�Y� 
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�C�h�a�r�a�c�t�e�r�i�s�t�i�c� �M�e�d�i�a�n� �Q�-�V�a�l�u�e� 

� � 

�5�0�.� 

�1�1�3�.� 

�5�1�.� 

�1�1�8�.� 

�1�6�.� 

�6�0�.� 

�4�2�.� 

�1�0�8�.� 

�1�1�1�.� 

�5�2�.� 

�4�3�.� 

�A�b�l�e� �t�o� �d�i�s�c�u�s�s� �t�h�e� �p�r�o�s� �a�n�d� �c�o�n�s� �o�f� 
�c�o�n�t�r�o�v�e�r�s�i�a�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�v�e�l�o�p�m�e�n�t�,� 
�e�.�g�.�,� �n�u�c�l�e�a�r� �p�o�w�e�r�,� �g�e�n�e�t�i�c� �e�n�g�i�n�e�e�r�i�n�g�,� �a�n�d� 
�t�h�e� �l�i�k�e�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y�,� �l�i�k�e� 
�s�c�i�e�n�c�e�,� �i�s� �p�r�o�b�l�e�m�-�c�r�e�a�t�i�n�g� �a�s� �w�e�l�l� 
�a�s� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g�.� 

�B�a�s�i�c� �u�n�d�e�r�s�t�a�n�d�i�n�g� �a�b�o�u�t� �t�e�c�h�n�o�l�o�g�y� �s�y�s�t�e�m�s�:� 
�t�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �c�o�m�m�u�n�i�c�a�t�i�o�n�,� �m�a�n�u�f�a�c�t�u�r�i�n�g�,� 
�c�o�n�s�t�r�u�c�t�i�o�n�,� �a�n�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �d�i�f�f�e�r�e�n�t� �e�n�e�r�g�i�e�s�.� 

�A�b�i�l�i�t�y� �t�o� �u�t�i�l�i�z�e� �h�i�g�h�e�r� �l�e�v�e�l�s� �o�f� �t�h�i�n�k�i�n�g�:� 
�a�n�a�l�y�s�i�s�,� �s�y�n�t�h�e�s�i�s�,� �e�v�a�l�u�a�t�i�o�n�.� 

�A�b�i�l�i�t�y� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �b�a�s�i�c� �t�e�c�h�n�o�l�o�g�y� 
�s�y�s�t�e�m�s� �u�s�e�d� �t�o� �t�r�a�n�s�p�o�r�t� �p�e�o�p�l�e� �a�n�d� 
�g�o�o�d�s�;� �t�o� �p�r�o�d�u�c�e� �f�o�o�d�,� �p�r�o�d�u�c�t�s�,� �a�n�d� 
�s�t�r�u�c�t�u�r�e�s�;� �t�o� �c�o�n�v�e�r�t� �a�n�d� �u�t�i�l�i�z�e� �e�n�e�r�g�y�;� 
�t�o� �p�r�o�c�e�s�s� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� �i�n�f�o�r�m�a�t�i�o�n�;� 
�a�n�d� �t�o� �s�u�s�t�a�i�n� �h�e�a�l�t�h� �a�n�d� �t�r�e�a�t� �i�l�l�n�e�s�s�.� 

�U�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �g�l�o�b�a�l� �i�m�p�a�c�t� �o�f� 
�t�e�c�h�n�o�l�o�g�y�.� 

�T�h�e� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �u�n�d�e�r�s�t�a�n�d� 
�t�h�e� �c�o�n�c�e�p�t�s� �t�h�a�t� �u�n�d�e�r�l�i�e� �i�m�p�o�r�t�a�n�t� 
�s�o�c�i�e�t�a�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �p�r�o�b�l�e�m�s� �s�u�c�h� 
�a�s� �a�c�i�d� �r�a�i�n� �a�n�d� �d�i�s�p�o�s�a�l� �o�f� �s�o�l�i�d� �w�a�s�t�e�.� 

�A�b�i�l�i�t�y� �t�o� �d�e�v�e�l�o�p� �a�l�t�e�r�n�a�t�i�v�e� �s�o�l�u�t�i�o�n�s� 
�t�o� �a� �p�r�o�b�l�e�m�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �i�s� �a� �s�o�c�i�a�l� 
�c�o�n�s�t�r�u�c�t�i�o�n� �w�i�t�h� �h�u�m�a�n� �c�o�n�s�e�q�u�e�n�c�e�s� 
�(�n�o�t� �a�l�l� �p�e�o�p�l�e� �a�r�e� �e�q�u�a�l�l�y� �a�t� �r�i�s�k� �t�o� �g�a�i�n� 
�o�r� �l�o�s�e� �f�r�o�m� �t�h�e� �l�o�c�a�t�i�o�n�,� �c�o�n�t�r�o�l�,� �o�r� 
�u�s�e� �o�f� �a� �t�e�c�h�n�o�l�o�g�y�)�.� 

�U�n�d�e�r�s�t�a�n�d�s� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� 
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�8�9� 
�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �O�F� �T�H�E� �S�T�U�D�Y



�A�f�t�e�r� �r�e�v�i�e�w�i�n�g� �t�h�e� �l�i�s�t� �o�f� �i�t�e�m�s�,� �f�i�v�e� �c�a�t�e�g�o�r�i�e�s� �w�e�r�e� �e�s�t�a�b�l�i�s�h�e�d� �b�y� �t�h�e� �r�e�s�e�a�r�c�h�e�r� �t�o� 

�g�r�o�u�p� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�:� �(�a�)� �s�o�c�i�a�l�,� �c�u�l�t�u�r�a�l�,� �p�o�l�i�t�i�c�a�l�,� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� �i�s�s�u�e�s� �a�n�d� �i�m�p�a�c�t�s�;� 

�(�b�)� �a�p�p�l�i�c�a�t�i�o�n�s� �a�n�d� �u�s�e�s� �o�f� �t�e�c�h�n�o�l�o�g�y�;� �(�c�)� �p�e�r�s�o�n�a�l� �i�m�p�a�c�t�s� �o�n� �t�h�e� �c�o�n�s�u�m�e�r�,� �c�i�t�i�z�e�n�,� �a�n�d� 

�c�a�r�e�e�r�s�;� �(�d�)� �g�e�n�e�r�a�l�i�z�a�b�l�e� �s�k�i�l�l�s� �i�n� �m�a�t�h�e�m�a�t�i�c�s�,� �r�e�a�d�i�n�g�,� �w�r�i�t�i�n�g�,� �a�n�d� �s�c�i�e�n�c�e�;� �a�n�d� �(�e�)� �t�e�c�h�-� 

�n�o�l�o�g�y� �s�y�s�t�e�m�s� �a�n�d� �c�o�n�c�e�p�t�s�.� 

�T�h�e� �p�h�i�l�o�s�o�p�h�e�r�s� �o�f� �e�d�u�c�a�t�i�o�n� �(�T�a�b�l�e� �3�)� �r�a�t�e�d� �2�6� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�t� �o�r� �a�b�o�v�e� �t�h�e� �8�0�t�h� 

�p�e�r�c�e�n�t�i�l�e�.� �T�h�e� �Q�-�v�a�l�u�e� �d�i�s�t�r�i�b�u�t�i�o�n� �s�h�o�w�e�d� �a� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �v�a�l�u�e�s� �f�r�o�m� �1�.�6�0�0� �t�o� �4�.�5�0�0�.� �A� 

�s�m�a�l�l� �p�o�r�t�i�o�n� �o�f� �t�h�e� �v�a�l�u�e�s� �w�e�r�e� �o�u�t�s�i�d�e� �o�f� �t�h�i�s� �r�a�n�g�e�.� �T�h�i�s� �g�r�o�u�p� �d�i�d� �n�o�t� �s�u�p�p�o�r�t� �c�h�a�r�a�c�t�e�r�-� 

�i�s�t�i�c�s� �t�h�a�t� �d�e�s�c�r�i�b�e�d� �a�p�p�l�i�c�a�t�i�o�n�s� �a�n�d� �u�s�e�s� �o�f� �t�e�c�h�n�o�l�o�g�y� �o�r� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �c�o�n�c�e�p�t�s� �o�f� 

�t�e�c�h�n�o�l�o�g�i�c�a�l� �s�y�s�t�e�m�s�.� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�n� �w�h�i�c�h� �t�h�e� �p�a�n�e�l� �r�e�a�c�h�e�d� �c�o�n�s�e�n�s�u�s� �i�n�c�l�u�d�e�d� �s�o�c�i�a�l� 

�i�s�s�u�e�s�,� �e�f�f�e�c�t�s� �o�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�,� �a�n�d� �t�h�e� �n�e�e�d� �f�o�r� �b�a�s�i�c� �e�d�u�c�a�t�i�o�n� �s�k�i�l�l�s�.� �T�h�e� �s�i�x� �h�i�g�h�e�s�t�-� 

�r�a�n�k�i�n�g� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�n�d�i�c�a�t�e�d� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �a�p�p�l�y�i�n�g� �a�c�a�d�e�m�i�c� �s�k�i�l�l�s� �a�n�d� �u�n�d�e�r�s�t�a�n�d�-� 

�i�n�g� �t�h�e� �i�s�s�u�e�s� �s�u�r�r�o�u�n�d�i�n�g� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �i�t�s� �i�m�p�a�c�t�s� �o�n� �s�o�c�i�e�t�y� �a�n�d� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� 

�T�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�n� �t�h�e� �c�o�n�s�e�n�s�u�s� �l�i�s�t� �o�f� �t�h�e� �p�h�i�l�o�s�o�p�h�e�r�s� �o�f� �e�d�u�c�a�t�i�o�n� �c�o�n�t�a�i�n�e�d� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �c�o�n�c�e�p�t�s�:� �a� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �h�a�v�e� �t�h�e� �a�b�i�l�i�t�y� �t�o� �(�a�)� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� �t�e�c�h�-� 

�n�o�l�o�g�y�,� �(�b�)� �e�v�a�l�u�a�t�e� �a�n�d� �c�r�i�t�i�c�i�z�e� �t�e�c�h�n�o�l�o�g�i�c�a�l� �i�n�n�o�v�a�t�i�o�n�s�,� �(�c�)� �u�n�d�e�r�s�t�a�n�d� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �i�s� 

�a� �s�o�c�i�a�l� �c�o�n�s�t�r�u�c�t�i�o�n�,� �(�d�)� �r�e�a�d� �a�n�d� �c�o�m�p�r�e�h�e�n�d� �t�y�p�e�w�r�i�t�t�e�n� �t�e�c�h�n�o�l�o�g�y� �m�a�t�e�r�i�a�l�,� �(�e�)� �c�o�m�m�u�-� 

�n�i�c�a�t�e� �i�d�e�a�s� �a�n�d� �d�i�s�c�u�s�s� �t�o�p�i�c�s� �a�b�o�u�t� �t�e�c�h�n�o�l�o�g�y�,� �(�f�)� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �h�i�s�t�o�r�y� �o�f� �t�e�c�h�n�o�l�o�g�y�,� �(�g�)� 

�u�n�d�e�r�s�t�a�n�d� �t�h�e� �c�o�n�c�e�p�t�s� �t�h�a�t� �u�n�d�e�r�l�i�e� �i�m�p�o�r�t�a�n�t� �s�o�c�i�e�t�a�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �p�r�o�b�l�e�m�s�,� �(�h�)� �u�n�d�e�r�-� 

�s�t�a�n�d� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �t�h�e� �w�o�r�l�d�,� �(�i�)� �c�r�i�t�i�c�i�z�e� �t�h�e� �m�i�s�u�s�e� �o�f� �s�c�i�e�n�t�i�f�i�c� 

�r�e�a�s�o�n�i�n�g�,� �a�n�d� �(�j�)� �u�s�e� �m�a�t�h�e�m�a�t�i�c�s� �i�n� �s�i�m�p�l�e� �c�a�s�e�s� �t�o� �a�n�a�l�y�z�e� �b�a�s�i�c� �m�e�a�s�u�r�e�s� �(�s�e�e� �T�a�b�l�e� �3�)�.� 

�T�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�o�r�s� �(�T�a�b�l�e� �4�)� �r�e�a�c�h�e�d� �c�o�n�s�e�n�s�u�s� �o�n� �2�2� �i�t�e�m�s�,� �w�i�t�h� �a� �c�o�n�c�e�n�t�r�a�t�i�o�n� 

�o�f� �Q�-�v�a�l�u�e�s� �r�a�n�g�i�n�g� �f�r�o�m� �1�.�6�0�0� �t�o� �4�.�5�0�0�.� �T�h�e� �h�i�g�h�e�s�t� �r�a�n�k�i�n�g� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �(�c�h�a�r�a�c�t�e�r�i�s�t�i�c� �7�8�)�,� 

�w�i�t�h� �a� �Q�-�v�a�l�u�e� �o�f� �0�.�8�9�3�,� �s�t�a�t�e�d� �t�h�a�t� �a� �s�t�u�d�e�n�t�  ��s�h�o�u�l�d� �b�e� �c�a�p�a�b�l�e� �o�f� �m�a�k�i�n�g� �d�e�c�i�s�i�o�n�s� �c�o�n�-� 

�c�e�r�n�i�n�g� �t�h�e�i�r� �r�o�l�e� �a�s� �a� �c�i�t�i�z�e�n� �i�n� �a� �t�e�c�h�n�o�l�o�g�i�c�a�l� �c�u�l�t�u�r�e�. �� �T�h�e� �s�e�c�o�n�d�-�h�i�g�h�e�s�t� �r�a�n�k�i�n�g� �c�h�a�r�-� 

�a�c�t�e�r�i�s�t�i�c�,� �1�0�6�,� �h�a�d� �a� �m�e�d�i�a�n� �s�c�o�r�e� �o�f� �1�0�.�7�1�4� �a�n�d� �a� �Q�-�v�a�l�u�e� �o�f� �6�.�6�6�7�.� �A�l�t�h�o�u�g�h� �t�h�i�s� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�,� �1�0�6�,� �h�a�d� �a� �h�i�g�h� �m�e�d�i�a�n� �s�c�o�r�e�,� �t�h�e� �Q�-�v�a�l�u�e� �(�6�.�6�6�7�)� �i�n�d�i�c�a�t�e�d� �t�h�e�r�e� �w�a�s� �d�i�s�a�-� 

�g�r�e�e�m�e�n�t� �a�m�o�n�g� �t�h�e� �r�e�s�p�o�n�d�e�n�t�s�.� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �1�1�,� �1�2�,� �1�6�,� �4�3�,� �9�8�,� �2�2�,� �4�2�,� �a�n�d� �5�0� �w�e�r�e� �r�a�t�e�d� 

�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �O�F� �T�H�E� �S�T�U�D�Y� �9�0



�a�t� �o�r� �a�b�o�v�e� �t�h�e� �8�0�t�h� �p�e�r�c�e�n�t�i�l�e� �a�n�d� �h�a�d� �Q�-�v�a�l�u�e�s� �r�a�n�g�i�n�g� �f�r�o�m� �1�.�3�3�3� �t�o� �1�.�9�3�8�.� �T�h�e�s�e� �c�h�a�r�a�c�-� 

�t�e�r�i�s�t�i�c�s� �c�o�n�t�a�i�n�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�c�e�p�t�s�:� �a� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �(�a�)� �p�e�r�f�o�r�m� �r�o�u�t�i�n�e� 

�s�k�i�l�l�s� �r�e�q�u�i�r�e�d� �t�o� �f�u�n�c�t�i�o�n� �e�f�f�e�c�t�i�v�e�l�y�,� �(�b�)� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� �t�e�c�h�n�o�l�o�g�y�,� �(�c�)� �d�e�s�c�r�i�b�e� 

�t�e�c�h�n�o�l�o�g�y� �s�y�s�t�e�m�s�,� �(�d�)� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �c�o�n�c�e�p�t�s� �t�h�a�t� �u�n�d�e�r�l�i�e� �s�i�g�n�i�f�i�c�a�n�t� �s�o�c�i�o�-�t�e�c�h�n�o�l�o�g�i�c�a�l� 

�s�y�s�t�e�m�s�,� �(�e�)� �d�i�s�c�e�r�n� �t�h�e� �p�o�s�i�t�i�v�e� �a�n�d� �n�e�g�a�t�i�v�e� �e�f�f�e�c�t�s� �o�f� �n�e�w� �t�e�c�h�n�o�l�o�g�y�,� �(�f�)� �u�s�e� �f�u�t�u�r�i�n�g� 

�t�e�c�h�n�i�q�u�e�s� �a�n�d� �h�a�v�e� �t�h�e� �a�b�i�l�i�t�y� �t�o� �a�n�t�i�c�i�p�a�t�e� �c�o�n�s�e�q�u�e�n�c�e�s�,� �(�g�)� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �c�o�n�c�e�p�t�s� �t�h�a�t� 

�u�n�d�e�r�l�i�e� �i�m�p�o�r�t�a�n�t� �s�o�c�i�e�t�a�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �p�r�o�b�l�e�m�s�,� �a�n�d� �(�h�)� �d�i�s�c�u�s�s� �t�h�e� �p�r�o�s� �a�n�d� �c�o�n�s� �o�f� 

�c�o�n�t�r�o�v�e�r�s�i�a�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�v�e�l�o�p�m�e�n�t�.� 

�E�n�g�i�n�e�e�r�i�n�g� �e�d�u�c�a�t�o�r�s� �(�T�a�b�l�e� �5�)� �r�e�a�c�h�e�d� �c�o�n�s�e�n�s�u�s� �o�n� �2�3� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �T�h�i�s� �l�i�s�t� �o�f� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �c�o�n�t�a�i�n�e�d� �c�o�n�c�e�p�t�s� �a�b�o�u�t� �t�h�e� �e�f�f�e�c�t�s� �o�f� �t�e�c�h�n�o�l�o�g�y� �o�n� �s�o�c�i�e�t�y� �a�n�d� �t�h�e� �e�n�v�i�-� 

�r�o�n�m�e�n�t�.� �E�n�g�i�n�e�e�r�i�n�g� �e�d�u�c�a�t�o�r�s� �s�u�p�p�o�r�t�e�d� �c�o�n�c�e�p�t�s� �a�b�o�u�t� �g�e�n�e�r�a�l�i�z�a�b�l�e� �a�c�a�d�e�m�i�c� �s�k�i�l�l�s� �a�n�d� 

�a�p�p�l�i�e�d� �t�e�c�h�n�o�l�o�g�y� �t�h�r�o�u�g�h� �t�h�e� �u�s�e� �o�f� �c�o�m�p�u�t�e�r�s� �a�n�d� �t�h�e� �m�o�d�e�l�i�n�g� �t�e�c�h�n�i�q�u�e�.� �M�e�d�i�a�n� �s�c�o�r�e�s� 

�i�n� �t�h�e� �c�o�n�s�e�n�s�u�s� �l�i�s�t� �r�a�n�g�e�d� �f�r�o�m� �1�0�.�5�0�0� �t�o� �8�.�6�6�7�,� �a�n�d� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �Q�-�v�a�i�u�e�s� �r�a�n�g�e�d� 

�f�r�o�m� �1�.�6�0�0� �t�o� �4�.�5�0�0�.� �F�i�v�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �r�e�a�c�h�e�d� �t�h�e� �t�e�n�t�h� �i�n�t�e�r�v�a�l�.� �T�h�e� �h�i�g�h�e�s�t� �r�a�n�k�i�n�g� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�,� �7�0�,� �h�a�d� �a� �m�e�d�i�a�n� �s�c�o�r�e� �o�f� �1�0�.�5�0�0� �a�n�d� �a� �Q�-�v�a�l�u�e� �o�f� �2�.�0�0�0�.� �T�h�r�e�e� �o�t�h�e�r� �c�h�a�r�a�c�-� 

�t�e�r�i�s�t�i�c�s�,� �1�1�,� �4�1�,� �a�n�d� �5�9�,� �h�a�d� �m�e�d�i�a�n� �s�c�o�r�e�s� �o�f� �1�0�.�0�0�0� �a�n�d� �Q�-�v�a�l�u�e�s� �r�a�n�g�i�n�g� �f�r�o�m� �3�.�6�6�7� �t�o� �3�.�6�6�7�.� 

�I�t�e�m�s� �6�1� �h�a�d� �a� �m�e�d�i�a�n� �o�f� �1�0�.�2�5�0� �a�n�d� �a� �Q�-�v�a�l�u�e� �o�f� �1�.�6�6�7�.� �T�h�e�r�e� �w�a�s� �l�e�s�s� �a�g�r�e�e�m�e�n�t� �o�n� �c�h�a�r�-� 

�a�c�t�e�r�i�s�t�i�c� �4�1�;� �i�t� �h�a�d� �a� �Q�-�v�a�l�u�e� �o�f� �6�.�6�6�7�.� �j� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�c�e�p�t�s� �a�r�e� �a�m�o�n�g� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �s�e�l�e�c�t�e�d� �b�y� �t�h�e� �e�n�g�i�n�e�e�r�i�n�g� �e�d�u�-� 

�c�a�t�o�r�s�:� �A� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �(�a�)� �d�e�s�c�r�i�b�e� �t�h�e� �u�s�e� �o�f� �t�h�e� �c�o�m�p�u�t�e�r� �i�n� �i�m�p�r�o�v�i�n�g� �h�u�m�a�n� 

�d�e�c�i�s�i�o�n�-�m�a�k�i�n�g�,� �(�b�)� �d�e�v�e�l�o�p� �a�n� �a�p�p�r�e�c�i�a�t�i�o�n� �f�o�r� �m�o�d�e�l�i�n�g� �u�s�i�n�g� �g�r�a�p�h�i�c� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s�,� �(�c�)� 

�u�n�d�e�r�s�t�a�n�d� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �a�n�d� �i�m�p�a�c�t� �o�f� �c�o�m�m�u�n�i�c�a�t�i�o�n�s�,� �(�d�)� �d�e�f�i�n�e� �t�e�c�h�n�o�l�o�g�y� �a�s� �i�t� �d�i�f�f�e�r�-� 

�e�n�t�i�a�t�e�s� �f�r�o�m� �s�c�i�e�n�c�e�,� �a�n�d� �(�e�)� �d�i�s�c�u�s�s� �t�h�e� �c�h�a�n�g�e� �i�n� �h�e�a�l�t�h� �t�e�c�h�n�o�l�o�g�i�e�s�,� �i�n�c�l�u�d�i�n�g� �c�u�r�i�n�g� �a�n�d� 

�p�r�e�v�e�n�t�i�n�g� �d�i�s�e�a�s�e�s�.� 

�T�h�e� �s�c�i�e�n�t�i�s�t�s� �(�T�a�b�l�e� �6�)� �r�e�a�c�h�e�d� �c�o�n�s�e�n�s�u�s� �o�n� �2�6� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �T�h�e�s�e� �e�x�p�e�r�t�s� �s�u�p�-� 

�p�o�r�t�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �t�h�a�t� �c�o�n�t�a�i�n�e�d� �c�o�n�c�e�p�t�s� �o�n� �c�o�n�d�u�c�t�i�n�g� �s�c�i�e�n�t�i�f�i�c� �r�e�s�e�a�r�c�h� �a�s� �w�e�l�l� �a�s� 

�t�h�o�s�e� �t�h�a�t� �u�t�i�l�i�z�e�d� �t�e�c�h�n�o�l�o�g�y� �t�o� �e�x�p�l�a�i�n� �s�c�i�e�n�t�i�f�i�c� �d�e�v�e�l�o�p�m�e�n�t�s�.� �M�e�d�i�a�n� �s�c�o�r�e�s� �r�a�n�g�e�d� �f�r�o�m� 

�1�1�.�0�0�0� �t�o� �9�.�0�0�0�,� �a�n�d� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �Q�-�v�a�l�u�e�s� �r�a�n�g�e�d� �f�r�o�m� �0�.�5�0�0� �t�o� �4�.�5�0�0�.� �F�o�u�r� �c�h�a�r�a�c�-� 

�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �O�F� �T�H�E� �S�T�U�D�Y� �9�1



�t�e�r�i�s�t�i�c�s�,� �7�8�,� �5�0�,� �1�2� �a�n�d� �1�1�,� �h�a�d� �t�h�e� �m�o�s�t� �a�g�r�e�e�m�e�n�t�.� �T�h�e� �m�e�d�i�a�n� �s�c�o�r�e�s� �w�e�r�e� �1�1�.�0�0�0�,� �1�0�.�1�6�7�,� 

�1�0�.�0�0�0� �a�n�d� �9�.�1�6�7�,� �w�i�t�h� �Q�-�v�a�l�u�e�s� �o�f� �0�.�5�0�0�,� �0�.�6�6�7�,� �0�.�5�0�0� �a�n�d� �0�.�6�6�7�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �C�h�a�r�a�c�t�e�r�i�s�t�i�c� 

�7�8� �c�o�n�t�a�i�n�s� �c�o�n�c�e�p�t�s� �a�b�o�u�t� �m�a�k�i�n�g� �d�e�c�i�s�i�o�n�s� �i�n� �t�h�e� �r�o�l�e� �o�f� �a� �c�i�t�i�z�e�n� �i�n� �a� �t�e�c�h�n�o�l�o�g�i�c�a�l� �c�u�l�t�u�r�e�.� 

�C�h�a�r�a�c�t�e�r�i�s�t�i�c� �5�0� �s�u�p�p�o�r�t�s� �t�h�e� �a�b�i�l�i�t�y� �o�f� �s�t�u�d�e�n�t�s� �t�o� �d�i�s�c�u�s�s� �t�h�e� �p�r�o�s� �a�n�d� �c�o�n�s� �o�f� �c�o�n�t�r�o�v�e�r�s�i�a�l�.� 

�t�e�c�h�n�o�l�o�g�i�c�a�l� �d�e�v�e�l�o�p�m�e�n�t�,� �s�u�c�h� �a�s� �n�u�c�l�e�a�r� �p�o�w�e�r� �a�n�d� �g�e�n�e�t�i�c� �e�n�g�i�n�e�e�r�i�n�g�.� �C�h�a�r�a�c�t�e�r�i�s�t�i�c� 

�1�2� �c�o�n�t�a�i�n�s� �c�o�n�c�e�p�t�s� �a�b�o�u�t� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� �t�e�c�h�n�o�l�o�g�y�,� �i�n�c�l�u�d�i�n�g� �i�t�s� �d�e�v�e�l�o�p�-� 

�m�e�n�t�,� �i�m�p�a�c�t�,� �a�n�d� �p�o�t�e�n�t�i�a�l� �f�o�r� �p�e�o�p�l�e�,� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�,� �a�n�d� �s�o�c�i�e�t�y�.� �C�h�a�r�a�c�t�e�r�i�s�t�i�c� �1�1� �r�e�-� 

�c�o�g�n�i�z�e�s� �t�h�e� �c�o�n�c�e�p�t� �o�f� �b�e�i�n�g� �a�b�l�e� �t�o� �p�e�r�f�o�r�m� �r�o�u�t�i�n�e� �s�k�i�l�l�s� �r�e�q�u�i�r�e�d� �t�o� �f�u�n�c�t�i�o�n� �e�f�f�e�c�t�i�v�e�l�y� �a�n�d� 

�c�o�p�e� �i�n� �a� �t�e�c�h�n�o�l�o�g�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t�.� 

�S�c�i�e�n�t�i�s�t�s� �a�l�s�o� �r�e�a�c�h�e�d� �c�o�n�s�e�n�s�u�s� �o�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�:� �1�5�,� �4�8�,� �1�1�1�,� �6�0�,� �4�3�,� 

�1�1�3�,� �1�1�8�,� �1�1�9�,� �4�2�,� �5�3�,� �1�6�,� �5�2�,� �a�n�d� �1�1�0�.� �M�e�d�i�a�n� �s�c�o�r�e�s� �r�a�n�g�e�d� �f�r�o�m� �1�0�.�5�0�0� �t�o� �9�.�0�0�0�,� �a�n�d� �Q�-�v�a�l�u�e�s� 

�r�a�n�g�e�d� �f�r�o�m� �1�.�0�0�0� �t�o� �3�.�0�0�0�.� �T�h�e� �c�o�n�c�e�p�t�s� �i�n� �t�h�e�s�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �s�u�p�p�o�r�t�e�d� �g�e�n�e�r�a�l�i�z�a�b�l�e� 

�a�c�a�d�e�m�i�c� �s�k�i�l�l�s�,� �r�e�s�e�a�r�c�h� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t�,� �a�n�d� �t�e�c�h�n�o�l�o�g�i�c�a�l� �s�y�s�t�e�m�s�.� �S�c�i�e�n�t�i�s�t�s� �s�u�p�p�o�r�t�e�d� 

�t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�c�e�p�t�s� �i�n� �t�h�e� �c�o�n�s�e�n�s�u�s� �l�i�s�t� �o�f� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�:� �a� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �(�a�)� 

�r�e�a�d� �a�b�o�u�t� �a�n�d� �c�o�m�p�r�e�h�e�n�d� �s�c�i�e�n�c�e�;� �(�b�)� �p�e�r�f�o�r�m� �l�i�b�r�a�r�y� �r�e�s�e�a�r�c�h� �a�n�d� �w�r�i�t�e� �a� �p�a�p�e�r� �o�n� �a� 

�c�o�n�t�r�o�v�e�r�s�i�a�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �i�s�s�u�e�;� �(�c�)� �u�n�d�e�r�s�t�a�n�d� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �i�s� �a� �s�o�c�i�a�l� �c�o�n�s�t�r�u�c�t�i�o�n�;� �(�d�)� 

�u�n�d�e�r�s�t�a�n�d� �t�h�e� �g�l�o�b�a�l� �i�m�p�a�c�t�;� �(�e�)� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �c�o�n�c�e�p�t�s� �t�h�a�t� �u�n�d�e�r�l�i�e� �s�i�g�n�i�f�i�c�a�n�t� �s�o�c�i�o�-� 

�t�e�c�h�n�o�l�o�g�i�c�a�l� �s�y�s�t�e�m�s�;� �(�f�)� �u�n�d�e�r�s�t�a�n�d� �t�e�c�h�n�o�l�o�g�y� �i�s� �p�r�o�b�l�e�m�-�c�r�e�a�t�i�n�g� �a�n�d� �p�r�o�b�l�e�m�-� �s�o�l�v�i�n�g�;� 

�(�g�)� �t�h�i�n�k� �c�r�e�a�t�i�v�e�l�y� �a�n�d� �u�s�e� �h�i�g�h�e�r� �l�e�v�e�l�s� �o�f� �t�h�i�n�k�i�n�g�;� �(�h�)� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �c�o�n�c�e�p�t�s� �t�h�a�t� �u�n�d�e�r�l�i�e� 

�i�m�p�o�r�t�a�n�t� �s�o�c�i�e�t�a�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �p�r�o�b�l�e�m�s�;� �(�i�)� �i�n�v�e�s�t�i�g�a�t�i�v�e� �c�a�s�e� �s�t�u�d�i�e�s�;� �(�j�)� �u�n�d�e�r�s�t�a�n�d� �s�c�i�-� 

�e�n�t�i�f�i�c� �a�n�d� �t�e�c�h�n�i�c�a�l� �m�a�t�e�r�i�a�l�;� �(�k�)� �d�e�s�c�r�i�b�e� �t�e�c�h�n�o�l�o�g�y� �s�y�s�t�e�m�s�;� �(�I�)� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �d�i�f�f�e�r�e�n�c�e� 

�b�e�t�w�e�e�n� �b�a�s�i�c� �s�c�i�e�n�c�e�,� �a�p�p�l�i�e�d� �s�c�i�e�n�c�e�,� �a�n�d� �t�e�c�h�n�o�l�o�g�y�;� �a�n�d� �(�m�)� �r�e�s�e�a�r�c�h� �a� �p�r�o�b�l�e�m� �a�n�d� 

�d�e�v�e�l�o�p� �s�o�l�u�t�i�o�n�s�.� 

�S�c�i�e�n�c�e� �e�d�u�c�a�t�o�r�s� �(�T�a�b�l�e� �7�)� �r�e�a�c�h�e�d� �c�o�n�s�e�n�s�u�s� �o�n� �2�1� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �T�w�e�l�v�e� �c�h�a�r�a�c�-� 

�t�e�r�i�s�t�i�c�s� �h�a�d� �l�o�w� �Q�-�v�a�l�u�e�s�;� �t�h�e� �s�c�i�e�n�c�e� �e�d�u�c�a�t�o�r�s� �t�e�n�d�e�d� �t�o� �a�g�r�e�e� �o�n� �t�h�e�s�e� �i�t�e�m�s�.� �T�h�e�y� �s�u�p�-� 

�p�o�r�t�e�d� �s�t�u�d�e�n�t�s� �p�o�s�s�e�s�s�i�n�g� �g�e�n�e�r�a�l�i�z�a�b�l�e� �a�c�a�d�e�m�i�c� �s�k�i�l�l�s� �a�n�d� �k�n�o�w�i�n�g� �a� �d�e�f�i�n�i�t�i�o�n� �o�f� �s�c�i�e�n�c�e� 

�a�n�d� �t�e�c�h�n�o�l�o�g�y�,� �w�i�t�h� �a�n� �e�m�p�h�a�s�i�s� �o�n� �t�h�e� �p�o�t�e�n�t�i�a�l� �i�m�p�a�c�t�s� �o�n� �s�o�c�i�e�t�y� �a�n�d� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� 

�C�h�a�r�a�c�t�e�r�i�s�t�i�c� �1�5� �h�a�d� �t�h�e� �h�i�g�h�e�s�t� �m�e�d�i�a�n� �s�c�o�r�e�,� �1�0�.�8�3�3�,� �a�n�d� �a� �Q�-�v�a�l�u�e� �o�f� �0�.�6�6�7�.� �T�h�i�s� �c�h�a�r�a�c�-� 

�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �O�F� �T�H�E� �S�T�U�D�Y� �$�2



�t�e�r�i�s�t�i�c� �e�m�p�h�a�s�i�z�e�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �r�e�a�d�,� �c�o�m�p�r�e�h�e�n�d�,� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� �a�b�o�u�t� �s�c�i�e�n�c�e� �a�n�d� 

�t�e�c�h�n�o�l�o�g�y� �i�s�s�u�e�s�.� �E�l�e�v�e�n� �o�t�h�e�r� �i�m�p�o�r�t�a�n�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �h�a�d� �Q�-�v�a�l�u�e�s� �r�a�n�g�i�n�g� �f�r�o�m� �1�.�0�0�0� 

�t�o� �3�.�0�0�0�,� �w�i�t�h� �m�e�d�i�a�n� �s�c�o�r�e�s� �f�r�o�m� �9�.�0�0�0� �t�o� �1�0�.�5�0�0�.� �T�h�e�s�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�e�r�e� �1�1�,� �1�6�,� �4�2�,� �4�3�,� 

�6�3�,� �6�4�,� �9�8�,� �9�9�,� �1�0�0�,� �1�1�1�,� �a�n�d� �1�1�8�.� �T�h�e� �c�o�n�c�e�p�t�s� �o�f� �t�h�e�s�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�r�e� �t�h�e� �a�b�i�l�i�t�y� �t�o� �(�a�)� 

�p�e�r�f�o�r�m� �r�o�u�t�i�n�e� �s�k�i�l�l�s�;� �(�b�)� �u�t�i�l�i�z�e� �h�i�g�h�e�r� �l�e�v�e�l�s� �o�f� �t�h�i�n�k�i�n�g�;� �(�c�)� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �c�o�n�c�e�p�t�s� �t�h�a�t� 

�u�n�d�e�r�l�i�e� �i�m�p�o�r�t�a�n�t� �s�o�c�i�e�t�a�l� �t�e�c�h�n�o�l�o�g�i�c�a�l� �p�r�o�b�l�e�m�s�;� �(�d�)� �d�i�s�c�e�r�n� �t�h�e� �p�o�s�i�t�i�v�e� �a�n�d� �n�e�g�a�t�i�v�e� �e�f�-� 

�f�e�c�t�s� �o�f� �n�e�w� �t�e�c�h�n�o�l�o�g�y�;� �(�e�)� �d�e�s�c�r�i�b�e� �t�h�e� �n�e�e�d� �f�o�r� �i�n�c�r�e�a�s�i�n�g� �e�n�e�r�g�y� �r�e�s�o�u�r�c�e�s�;� �(�f�)� �d�i�s�c�u�s�s� �t�h�e� 

�c�h�a�n�g�e� �i�n� �h�e�a�l�t�h� �t�e�c�h�n�o�l�o�g�i�e�s�,� �i�n�c�l�u�d�i�n�g� �c�u�r�i�n�g� �a�n�d� �p�r�e�v�e�n�t�i�n�g� �d�i�s�e�a�s�e�s� �a�n�d� �p�r�o�l�o�n�g�i�n�g� �l�i�f�e�;� 

�(�g�)� �a�n�a�l�y�z�e� �t�h�e� �e�f�f�e�c�t� �o�f� �t�e�c�h�n�o�l�o�g�y� �a�d�v�a�n�c�e�m�e�n�t�s� �u�p�o�n� �c�a�r�e�e�r� �c�h�o�i�c�e�s�;� �(�h�)� �r�e�c�o�g�n�i�z�e� �t�h�a�t� 

�t�e�c�h�n�o�l�o�g�y� �w�i�l�l� �c�r�e�a�t�e� �n�e�w� �p�o�s�s�i�b�i�l�i�t�i�e�s�;� �(�i�)� �u�n�d�e�r�s�t�a�n�d� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �i�s� �a� �s�o�c�i�a�l� �c�o�n�s�t�r�u�c�t�i�o�n�;� 

�a�n�d� �(�j�)� �u�n�d�e�r�s�t�a�n�d� �a�s� �v�o�t�i�n�g� �c�i�t�i�z�e�n�s� �t�h�e� �c�o�n�c�e�p�t�s� �t�h�a�t� �u�n�d�e�r�l�i�e� �s�i�g�n�i�f�i�c�a�n�t� �s�o�c�i�o�-�t�e�c�h�n�o�l�o�g�i�c�a�l� 

�s�y�s�t�e�m�s�.� �A�s� �i�n� �o�t�h�e�r� �g�r�o�u�p�s�,� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �s�u�p�p�o�r�t�e�d� �b�y� �s�c�i�e�n�c�e� �e�d�u�c�a�t�o�r�s� �c�o�u�l�d� �b�e� 

�p�l�a�c�e�d� �i�n� �o�n�e� �o�f� �t�h�e� �f�i�v�e� �e�s�t�a�b�l�i�s�h�e�d� �c�a�t�e�g�o�r�i�e�s�,� �i�n�d�i�c�a�t�i�n�g� �a�g�r�e�e�m�e�n�t� �o�n� �a� �c�o�m�p�r�e�h�e�n�s�i�v�e� �l�i�s�t� 

�o�f� �i�t�e�m�s�.� 

�T�h�e� �c�l�a�s�s�r�o�o�m� �t�e�a�c�h�e�r�s� �(�T�a�b�l�e� �8�)� �r�e�a�c�h�e�d� �c�o�n�s�e�n�s�u�s� �o�n� �3�0� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �T�h�e� �c�o�n�-� 

�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �Q�-�v�a�l�u�e�s� �r�a�n�g�e�d� �f�r�o�m� �1�.�6�0�0� �t�o� �4�.�5�0�0�.� �C�l�a�s�s�r�o�o�m� �t�e�a�c�h�e�r�s� 

�s�u�p�p�o�r�t�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�i�t�h� �c�o�n�c�e�p�t�s� �i�n�v�o�l�v�i�n�g� �p�r�a�c�t�i�c�a�l� �a�p�p�l�i�c�a�t�i�o�n�s� �o�f� �t�e�c�h�n�o�l�o�g�y� �a�n�d� 

�g�e�n�e�r�a�l�i�z�a�b�l�e� �a�c�a�d�e�m�i�c� �s�k�i�l�l�s�.� �A�m�o�n�g� �t�h�e� �3�0� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�n� �w�h�i�c�h� �c�o�n�s�e�n�s�u�s� �w�a�s� 

�r�e�a�c�h�e�d�,� �t�h�e� �t�h�r�e�e� �h�i�g�h�e�s�t�-�r�a�n�k�i�n�g� �i�t�e�m�s�,� �1�3�,� �1�0�8�,� �a�n�d� �1�1�9�,� �h�a�d� �m�e�d�i�a�n� �s�c�o�r�e�s� �o�f� �1�0�.�7�0�0�,� �a�n�d� 

�t�h�e� �Q�-�v�a�l�u�e�s� �w�e�r�e� �1�.�2�5�0�,� �2�.�6�2�5�,� �a�n�d� �0�.�9�5�8�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�w�e�n�t�y�-�s�e�v�e�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �h�a�d� 

�m�e�d�i�a�n� �s�c�o�r�e�s� �f�r�o�m� �1�0�.�5�0�0� �t�o� �9�.�5�0�0�.� �T�h�e� �Q�-�v�a�l�u�e�s� �f�o�r� �t�h�e�s�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �r�a�n�g�e�d� �f�r�o�m� �1�.�2�5�0� 

�t�o� �5�.�5�0�0�.� �C�h�a�r�a�c�t�e�r�i�s�t�i�c� �1�1�9� �t�i�e�d� �w�i�t�h� �t�w�o� �o�t�h�e�r� �c�h�a�r�a�c�t�e�r�i�s�i�i�c�s� �f�o�r� �t�h�e� �h�i�g�h�e�s�t� �m�e�d�i�a�n� �s�c�o�r�e� 

�a�n�d� �i�t� �h�a�d� �t�h�e� �l�o�w�e�s�t� �Q�-�v�a�l�u�e�.� �C�h�a�r�a�c�t�e�r�i�s�t�i�c� �1�1�9� �s�t�a�t�e�s�:�  ��T�h�e� �a�b�i�l�i�t�y� �t�o� �t�h�i�n�k� �c�r�e�a�t�i�v�e�l�y�. �� �T�h�e� 

�c�o�n�c�e�p�t�s� �i�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �1�3� �a�n�d� �1�0�8� �w�e�r�e� �k�n�o�w�l�e�d�g�e� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �i�s� �t�h�e� �s�y�s�t�e�m�a�t�i�c� �s�t�u�d�y� 

�o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �k�n�o�w�l�e�d�g�e�,� �c�r�e�a�t�i�v�i�t�y�,� �a�n�d� �r�e�s�o�u�r�c�e�s� �t�o� �s�o�l�v�e� �p�r�o�b�l�e�m�s� �a�n�d� �e�x�t�e�n�d� �h�u�-� 

�m�a�n� �p�o�t�e�n�t�i�a�l� �(�1�3�)� �a�n�d�,� �t�h�e� �a�b�i�l�i�t�y� �t�o� �d�e�v�e�l�o�p� �a�l�t�e�r�n�a�t�i�v�e� �s�o�l�u�t�i�o�n�s� �t�o� �a� �p�r�o�b�l�e�m� �(�1�0�8�)�.� �T�h�e� 

�r�e�m�a�i�n�i�n�g� �2�7� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �c�o�n�t�a�i�n�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�c�e�p�t�s�:� �S�t�u�d�e�n�t�s� �w�h�o� �a�r�e� �t�e�c�h�n�o�l�o�g�-� 

�i�c�a�l�l�y� �l�i�t�e�r�a�t�e� �s�h�o�u�l�d� �h�a�v�e� �t�h�e� �a�b�i�l�i�t�y� �t�o� �(�a�)� �p�e�r�f�o�r�m� �r�o�u�t�i�n�e� �l�i�f�e� �s�k�i�l�l�s�,� �(�b�)� �c�o�m�p�r�e�h�e�n�d� �a�n�d� 

�+� 

�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �O�F� �T�H�E� �S�T�U�D�Y� �9�3



�c�o�m�m�u�n�i�c�a�t�e� �a�b�o�u�t� �s�c�i�e�n�c�e� �a�n�d� �t�e�c�h�n�o�l�o�g�y�,� �(�c�)� �d�e�s�c�r�i�b�e� �b�a�s�i�c� �t�e�c�h�n�o�l�o�g�y� �s�y�s�t�e�m�s�,� �(�d�)� �d�e�-� 

�v�e�l�o�p� �a� �b�a�s�i�c� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�e�c�h�n�o�l�o�g�y� �s�y�s�t�e�m�s�,� �(�e�)� �d�o�c�u�m�e�n�t� �p�r�o�p�o�s�e�d� �s�o�l�u�t�i�o�n�s�,� �(�f�)� �u�n�-� 

�d�e�r�s�t�a�n�d� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� �t�e�c�h�n�o�l�o�g�y�,� �(�g�)� �m�a�k�e� �d�e�c�i�s�i�o�n�s� �a�s� �a� �c�i�t�i�z�e�n� �c�o�n�c�e�r�n�i�n�g� �t�e�c�h�n�o�l�o�g�y�,� 

�(�h�)� �a�p�p�l�y� �g�e�n�e�r�a�l� �e�d�u�c�a�t�i�o�n� �i�n� �t�h�e� �s�t�u�d�y� �o�f� �t�e�c�h�n�o�l�o�g�y�,� �(�i�)� �a�p�p�l�y� �e�x�i�s�t�i�n�g� �k�n�o�w�l�e�d�g�e� �f�r�o�m� �o�t�h�e�r� 

�d�i�s�c�i�p�l�i�n�e�s�,� �(�j�)� �u�t�i�l�i�z�e� �h�i�g�h�e�r� �l�e�v�e�l�s� �o�f� �t�h�i�n�k�i�n�g�,� �(�k�)� �r�e�a�d� �a�n�d� �w�r�i�t�e� �a�n�a�l�y�t�i�c�a�l�l�y�,� �(�I�)� �u�n�d�e�r�s�t�a�n�d� 

�t�e�c�h�n�o�l�o�g�y� �i�s� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g� �a�n�d� �p�r�o�b�l�e�m�-�c�r�e�a�t�i�n�g�,� �(�m�)� �c�o�r�r�e�l�a�t�e� �b�a�s�i�c� �a�c�a�d�e�m�i�c� �s�k�i�l�l�s� �t�o� �l�i�f�e� 

�a�p�p�l�i�c�a�t�i�o�n�s�,� �a�n�d� �(�n�)� �b�u�i�l�d� �a� �s�i�m�p�l�e� �t�e�c�h�n�o�l�o�g�y�-�t�y�p�e� �m�o�d�e�l�.� 

�T�h�e� �b�u�s�i�n�e�s�s�/�e�d�u�c�a�t�i�o�n� �s�u�p�p�o�r�t� �g�r�o�u�p� �(�T�a�b�l�e� �9�)� �r�e�a�c�h�e�d� �c�o�n�s�e�n�s�u�s� �o�n� �3�2� �c�h�a�r�a�c�t�e�r�-� 

�i�s�t�i�c�s�.� �T�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �c�a�n� �b�e� �g�r�o�u�p�e�d� �i�n� �t�h�e� �f�i�v�e� �c�a�t�e�g�o�r�i�e�s� �c�r�e�a�t�e�d� �f�o�r� �t�h�i�s� �s�t�u�d�y�.� �T�h�e� 

�m�e�d�i�a�n� �s�c�o�r�e�s� �r�a�n�g�e�d� �f�r�o�m� �1�0�.�6�6�7� �t�o� �9�.�0�0�0�.� �T�h�e� �Q�-�v�a�l�u�e�s� �w�e�r�e� �c�o�n�c�e�n�t�r�a�t�e�d� �b�e�t�w�e�e�n� �1�.�6�0�0� 

�t�o� �4�.�5�0�0�.� �F�o�u�r� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� �1�2�,� �5�1�,� �1�1�8�,� �a�n�d� �1�1�9�,� �h�a�d� �t�h�e� �h�i�g�h�e�s�t� �m�e�d�i�a�n� �s�c�o�r�e�,� �1�0�.�6�6�7�.� �F�i�v�e� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� �1�3�,� �7�8�,� �9�9�,� �1�6�,� �a�n�d� �8�1�,� �h�a�d� �m�e�d�i�a�n� �s�c�o�r�e�s� �f�r�o�m� �1�0�.�2�5�0� �t�o� �1�0�.�0�0�0�.� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �a�r�e� �t�h�e� �c�o�n�c�e�p�t�s� �f�r�o�m� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �1�2�,� �5�1�,� �1�1�8�,� �a�n�d� �1�1�9� �i�n� �t�h�e� 

�b�u�s�i�n�e�s�s�/�e�d�u�c�a�t�i�o�n� �s�u�p�p�o�r�t� �e�x�p�e�r�t�s �� �c�o�n�s�e�n�s�u�s� �l�i�s�t�:� �A� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �(�a�)� �u�n�d�e�r�-� 

�s�t�a�n�d� �t�h�e� �d�y�n�a�m�i�c�s� �o�f� �t�e�c�h�n�o�l�o�g�y�;� �(�b�)� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �p�r�i�n�c�i�p�l�e�s� �o�f� �t�e�c�h�n�o�l�o�g�y� �s�y�s�t�e�m�s�;� �(�c�)� 

�u�t�i�l�i�z�e� �h�i�g�h�e�r� �l�e�v�e�l�s� �o�f� �t�h�i�n�k�i�n�g�:� �a�n�a�l�y�s�i�s�,� �s�y�n�t�h�e�s�i�s�,� �e�v�a�l�u�a�t�i�o�n�;� �a�n�d� �(�d�)� �t�h�i�n�k� �c�r�e�a�t�i�v�e�l�y�.� �I�t�e�m�s� 

�1�3�,� �7�8�,� �1�6�,� �1�0�8�,� �1�5�,� �a�n�d� �1�0�1� �h�a�d� �l�o�w� �Q�-�v�a�l�u�e�s�:� �A� �s�t�u�d�e�n�t� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �(�a�)� �u�n�d�e�r�s�t�a�n�d� �t�h�a�t� 

�t�e�c�h�n�o�l�o�g�y� �i�s� �t�h�e� �s�y�s�t�e�m�a�t�i�c� �s�t�u�d�y� �o�f� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �k�n�o�w�l�e�d�g�e�,� �c�r�e�a�t�i�v�i�t�y�,� �a�n�d� �r�e�s�o�u�r�c�e�s�;� 

�(�b�)� �m�a�k�e� �d�e�c�i�s�i�o�n�s� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �r�o�l�e� �a�s� �a� �c�i�t�i�z�e�n�;� �(�c�)� �d�e�s�c�r�i�b�e� �t�h�e� �b�a�s�i�c� �t�e�c�h�n�o�l�o�g�y� �s�y�s�t�e�m�s�;� 

�(�d�)� �d�e�v�e�l�o�p� �a�l�t�e�r�n�a�t�i�v�e� �s�o�l�u�t�i�o�n�s� �t�o� �a� �p�r�o�b�l�e�m�;� �(�e�)� �r�e�a�d�,� �c�o�m�p�r�e�h�e�n�d�,� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� �a�b�o�u�t� 

�s�c�i�e�n�c�e� �a�n�d� �t�e�c�h�n�o�l�o�g�y�;� �a�n�d� �(�f�)� �u�s�e� �t�o�o�l�s� �o�f� �t�e�c�h�n�o�l�o�g�y�,� �n�o�t� �l�i�m�i�t�e�d� �t�o� �c�o�m�p�u�t�e�r�s�.� 

�D�e�l�p�h�i� �|�]� �C�o�n�s�e�n�s�u�s� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �D�e�l�p�h�i� �I�]� �(�T�a�b�l�e�s� �1�0� �a�n�d� �1�1�,� �A�p�p�e�n�d�i�x� �F�)� �s�h�o�w�e�d� �2�1� �c�h�a�r�-� 

�a�c�t�e�r�i�s�t�i�c�s� �a�b�o�v�e� �t�h�e� �8�0�t�h� �p�e�r�c�e�n�t�i�l�e�.� �I�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �n�o�t�e� �t�h�a�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �1�5� �-�-� �t�h�e� �a�b�i�l�i�t�y� 

�t�o� �r�e�a�d�,� �c�o�m�p�r�e�h�e�n�d�,� �a�n�d� �c�o�m�m�u�n�i�c�a�t�e� �a�b�o�u�t� �s�c�i�e�n�c�e� �a�n�d� �t�e�c�h�n�o�l�o�g�y� �-� �i�s� �i�n�c�l�u�d�e�d� �i�n� �e�a�c�h� 

�g�r�o�u�p ��s� �l�i�s�t� �o�f� �i�t�e�m�s� �m�e�e�t�i�n�g� �t�h�e� �c�r�i�t�e�r�i�o�n�.� �I�t�e�m�s� �1�1�,� �1�2�,� �1�6�,� �7�8�,� �1�0�6�,� �1�1�3�,� �m�e�t� �t�h�e� �c�r�i�t�e�r�i�o�n� �i�n� 

�s�i�x� �g�r�o�u�p�s�;� �i�t�e�m�s� �4�3� �a�n�d� �5�2� �m�e�t� �t�h�e� �c�r�i�t�e�r�i�o�n� �f�o�r� �f�i�v�e� �g�r�o�u�p�s�;� �a�n�d� �i�t�e�m�s� �1�3�,� �4�2�,� �5�0�,� �5�1�,� �6�0�,� �1�0�8�,� 

�1�1�8�,� �a�n�d� �1�1�9� �m�e�t� �t�h�e� �c�r�i�t�e�r�i�o�n� �f�o�r� �f�o�u�r� �g�r�o�u�p�s�.� 

�C�H�A�P�T�E�R� �I�V�.� �R�E�S�U�L�T�S� �O�F� �T�H�E� �S�T�U�D�Y� �9�4


