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(ABSTRACT) 

The purpose of this study was to adapt and validate the 

Technology Attitude Scale (TAS) for use by American teachers at the 

middle school level. The study provided an instrument for American 

middie school teachers to determine students’ attitudes toward 

technology and concepts of technology. 

The Technology Attitude Scale (TAS), an adaptation of a Dutch 

instrument consisting of three sections, was used to collect 

descriptive information. The first section of the instrument obtained 

demographic information about the respondents including: (1) age 

(2) grade level (3) gender (4) school location (rural, urban) 

(5) respondents involvement with technology education. 

The second section obtained information about students’ 

attitudes toward technology. There were 26 items divided over 6 

subscales, (interest, role pattern, consequences, difficulty, 

curriculum, and career). Students responded by using a five choice 

Likert-type scale with 3 to 5 items per subscale. 

The third section obtained information about the students’



concept of technology, measuring cognitive or knowledge aspects 

based on 5 generally accepted characteristics of the concept 

technology. There were 28 items divided over 4 subscales, 

(technology and society, technology and science, technology ‘and 

skills, and technology and pillars). 

Content validity was determined through a Panel of Experts 

consisting of five individuals with expertise in middle school 

education. 

The study population included five middle schools in Virginia. It 

consisted of a Pilot Study (N = 48) and a Large Group Administration 

(N =185). Statistical analysis included reliability measures using 

Cronbach's homogeneity coefficient alpha (Attitude Scales) and Kuder- 

Richardson 20 (Concept Scales) with attention to demographic 

information. Both the Attitude Scales (overall correlation .81) and 

the Concept Scales (overall correlation .83) met the minimum 

criterion (.60). 

The Technology Attitude Scale (TAS) has been adapted and 

validated for use by American teachers at the middle school level.
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CHAPTER I. INTRODUCTION 

Throughout the history of civilization, the social fabric of 

humans and their enterprises has been interwoven with the 

thread of technology. Accordingly, young adults need to be 

familiar with technology and its dynamics, pervasiveness, and 

relationships to the society in which they will live and work. 

(Johnson, 1989, p. 1) 

The importance of understanding technology by the citizens of 

the U.S.A. has been recognized by business, government and education 

leaders. Major reports espousing solutions to problems facing public 

schools during the eighties mention the importance of studying and 

understanding technology. Boyer (1983) in High School includes the 
  

study of technology as a part of the core curriculum for students. "We 

recommend that all students study technology: the history of man's 

use of tools, how science and technology have been joined, and the 

ethical and social issues technology has raised” (p. 110). Ina 

document published by the International Technology Education 

Association Boyer (1985) states, "The issue . . . is the changing of 

our society, driven by a technology revolution that is as fully 

important as the industrial revolution over 100 years ago" (p. 6). 

The Education Commission of the States published a report in 

June of 1983, Action for Excellence, which stated that schools must 

upgrade the definition of basic skills, and recognize the importance of 

technology (p. 9). In the report Educating Americans for the 21st



Century, The National Science Board on Precollege Education in 

Mathematics, Science and Technology (1983) lists as a priority not 

only reading, writing, and arithmetic, but also communication and 

higher problem-solving skills and scientific and technological 

literacy (p. 45). The message of each report varies, but a singular 

theme, the importance of technology, manifests itself often enough to 

focus attention on this important aspect of society. These references 

to the importance of technology by leaders in this country and the 

prevalence of a multitude of technological influences on the lives of 

our citizens leaves little doubt that the study of technology in our 

schools should be given consideration. 

The study of technology is not exclusively an American 

phenomenon. Leaders in several countries are investigating means to 

include the subject of technology in their schools. in England, Design 

and Technology is mandated as part of the national curriculum and 

according to Atkinson (1990) technology is one of the 10 subjects all 

children must study at school (p. 11). Nigeria is making gradual but 

steady progress toward integrating technology education in the 

schools (Akubue, 1992). interest is growing and programs are 

developing in India, Australia, Canada, African countries, and in 

Eastern and Western Europe (Raat, 1991, p. 20). Because technology 

has become so wide-ranging and acquired such an important position 

in the cultures of most countries in the world, it is essential that the 

study of technology be undertaken with international cooperation. _ It 

can be most useful for the development of the subject world-wide 

that experiences and results of research and curriculum development



are exchanged. 

During the mid-1980's, researchers in the Netherlands 

introduced efforts to include the study of technology in the 

curriculum of the schools. A large-scale research project was put 

forth to determine what pupils’ beliefs were about technology. The 

result was an instrument known as the Pupils’ Attitude Toward 

Technology (PATT), the use of which soon spread to other countries 

(Raat, de Klerk Wolters, and de Vries, 1987, p. 14). Another 

instrument, the Technology Attitude Scale (TAS), was generated in 

1987 and was evaluated and revised by R. Coenen-van den Bergh in 

1988 and 1989 (de Klerk Wolters, 1989a, p. 9). The TAS instrument, 

like the PATT instrument, is a questionnaire that provides 

information on what pupils think of technology. The TAS is 

specifically designed for use by the classroom teacher to determine 

Student attitudes toward technology and concepts of technology (de 

Klerk Wolters, 1989a, p. 102). 

This study examined the validity of the TAS instrument with 

selected middie school students in the State of Virginia. 

Need for the Study 

Technology as a school subject in general education teaches 

students to better understand the technological world around them 

and contributes to the development of a more positive attitude 

towards technology (de Klerk Wolters, 1989a, p. 3). The fact that 

pupils have different opinions of technology has already become



evident from various research studies including Shrigley & Koballa 

(1984), Koballa & Crawley (1985), Todd (1986), Raat, de Klerk Wolters 

& de Vries (1987), de Vries (1987b), de Klerk Wolters (1989a), Bame 

& Dugger (1989), and Dunlap (1990). For a teacher it is important to 

know if the pupils in class have ideas of technology that are different 

from the perceptions of the teacher. The teacher may assume that 

students understand that the term technology encompasses many 

aspects of the technical world, when in actuality students associate 

the term with machines, computers or even the equipment used to 

present lessons to a class. The term technology is used in a myriad of 

ways. It is advantageous for instructional purposes that before 

teaching about technology, the teacher understand the students’ 

understanding and perceptions of technology. Incorrect beliefs can be 

corrected, correct knowledge and understanding can be reinforced. 

Curriculum preparation is based on student needs instead of some 

notion the teacher has of what is correct or needed. When student 

attitudes toward technology and concepts of technology are known, a 

teacher can better plan and adapt lessons that address this subject. 

Statement of the Problem 

The purpose of this study was to adapt and validate the 

Technology Attitude Scale, originally developed in the Netherlands, 

for use by American teachers at the middle school level.



Significance of the Study 

This study was significant because it provided an instrument 

for American middie school teachers to determine students’ attitudes 

toward technology and concepts of technology. No instrument for 

determining attitudes towards and concepts of technology at the 

middie school existed. A research instrument must be developed with 

the intention of adhering to the highest possible accepted research 

standards to ensure that the best available data for the study may be 

obtained by the user. 

Teachers should be able to ascertain what students think about 

technology, which enables adjustments in curriculum to reflect 

differences in perception between student and teacher. Because 

curriculum so obviously involves both students and teachers, it should 

be built collaboratively between them. 

Another important aspect of the study was the autonomy it 

provides for the teacher in the use of the Technology Attitude Scale. 

The TAS is administered, scored and interpreted by the teacher, 

eliminating reliance upon out of school expertise for these services, 

thus directing valuable time to the task at hand, teaching. The 

teacher will be better able to plan curriculum and put into action a 

system of beliefs that highlight both action and reflection in learning 

and teaching.



Limitations of the Study 

The following limitations were identified in this study: 

1. The sample was selected from 5 middle schools and 231 

students. 

Of the 231 students, 136 were administered the Technology 

Attitude Scale by technology teachers who volunteered to do 

so. 

Of the 231 students, 95 were administered the Technology 

Attitude Scale by selected teachers from subject areas other 

than technology chosen by the technology teachers. 

This study included only seventh, eight and ninth grade 

students. 

The instrument used in this study was intended for use with 

groups of students rather than with individual students. 

Individual scores were not calculated. 

Only information regarding students’ attitudes toward and 

concepts of technology was obtained as part of this study. 

Delimitations of the Study 

The study was delimited to five middle schools and 10 

teachers in the Commonwealth of Virginia. 

The study was delimited to experts selected from the field of 

education for the purpose of reviewing the instrument for 

appropriate language, clarity, and brevity.



Assumption of the Study 

One assumption was formulated for the study. It was assumed 

that the translation of the original TAS from Dutch to English was 

done in such a manner that the meaning of the instrument is the same 

in English as in the original Dutch language. 

Definition of Terms 

The following definitions were used for this study: 

Attitudes - "a mental and neutral state of readiness, organized 

through experience, exerting a directive or dynamic influence 

upon the individual's response to all objects and situations to 

which it is related" (Allport, 1936, cited in Greenwald, Brock & 

Ostrom, 1968, p. 362). 

Concept - "an idea of something formed by mentally combining 

all its characteristics or particulars; a construct" (Webster's 

Encyclopedic Unabridged Dictionary of the English Language, 

1989, p. 304). 

PATT - Pupils' Attitude Towards Technology 

a) an instrument which investigates what pupils think of 

technology and uses the results for the development of 

the subject of technology in primary and secondary



education. 

b) PATT Foundation - a formal international organization 

founded in 1990 to enable a more flexible and efficient 

organization for the study of technology. 

c) PATT Conferences - a series of international conferences 

which began in March, 1986 with the aim of bringing 

people together to offer opportunities for exchange of 

ideas and information (Raat, 1991, p. 21). 

TAS - Technology Attitude Scale: an instrument derived from 

the large scale PATT study for use by individual classroom 

teachers to ascertain student attitudes and concepts towards 

technology. 

Technology - ". . . is a body of knowledge and actions, used by 

people, to apply resources in designing, producing, and using 

products, structures and systems to extend the human 

potential for controlling and modifying the natural and human 

-made (modified) environment” (Wright & Lauda, 1993, p. 3). 

Technology Education - the school discipline for the study of 

"... @ body of knowledge and actions, used by people, to apply 

resources in designing, producing, and using products, 

structures and systems to extend the human potential for 

controlling and modifying the natural and human-made 

(modified) environment” (Wright & Lauda, 1993, p. 3).



Summary 

The importance of the study of technology has been recognized 

not only in the USA but world-wide as well. Researchers in the 

Netherlands initiated in the mid-1980s a large-scale study to 

determine what pupils’ attitudes and concepts were regarding 

technology. The Pupils’ Attitude Towards Technology (PATT) 

instrument was a result of this research effort that soon spread to 

several other countries. Another instrument, the Technology Attitude 

Scale (TAS), was developed in 1987 from the large-scale PATT 

research. It was designed specifically for use by classroom teachers 

so that they might independently determine student attitudes towards 

technology and concepts of technology. 

When student attitudes towards technology and concepts of 

technology are known, the teacher can better plan and adapt 

curriculum to the teaching task. The purpose of this study was to 

adapt and validate the Technology Attitude Scale, originally developed 

in the Netherlands, for use by American teachers at the middle school 

level.



CHAPTER II. REVIEW OF LITERATURE 

Introduction 

As a means of contemplating the essence of the study of 

childrens' thoughts towards technology, a review of literature 

relative to the aspects concerned with adapting and validating an 

existing attitude instrument designed to obtain information about 

Students’ attitudes towards and concept of technology was carried 

out. de Klerk Wolters (1989a) indicates that "education in technology 

can contribute to the development of a more positive attitude 

towards technology” (p. 3). Several countries have introduced the 

study of technology as a school subject, and although there is no 

tradition to guide its development, the demand continues for 

inclusion in both primary and secondary education. 

The review of literature includes a look at technology and 

technological literacy, both of which are interrelated and difficult to 

precisely define. Technology education in the middle school is 

reviewed with a look at developmental periods, characteristics of 

growth and development between childhood and adolescence, and 

national reports that support a vigorous middie school movement. 

The development, definition and the tripartite view of attitudes 

are reviewed followed by an examination of concepts. The attitude 

and concept constructs are the foundation and introduction to a 

review of Pupils' Attitude Towards Technology (PATT) research and 

Organization. An analysis of attitude and concept measurement as 

10



components of statistical methodology complete the final section of 

the review of literature. 

What is Technology? 

The story of technology is a story of man's attempts to control 

his environment - in terms of materials, from stone to bronze, 

from bronze to iron, and iron to steel; in terms of energy, from 

human muscle power to animal, to wind and water, to steam and 

oil, to rockets and nuclear power; and in terms of machines, 

from hand tools, to mass production lines, to computer - 

controlled factories (Kranzberg, 1977, p. 4). 

The significance and function of technology lies in its use by 

human beings and what it does. People have always attempted to 

adapt materials, energy and machines to solve the problems of the 

environment in which they live. From the furs of animals to 

sophisticated synthetic fabrics, from stone clubs to alloyed steel 

hammers, humans have endeavored to adapt materials in order to live 

more comfortably in their environment. From the wood of the 

forests to the complex products of petroleum, from water powered 

mills to the electrically driven motors of industry, humankind has 

strived to harness the forces of natural energy for beneficial 

purposes. Human powered machines were replaced by animal driven 

machines which were later replaced by fossil fueled machines in an 

attempt to accomplish tasks more efficiently. The technology has 

always been the result of humans attempting to solve problems that 

11



deal with their environment, frequently through social endeavors. 

Technology is a common thread of our social structure. It is 

present in all aspects of society. 

Technology and society work a complex weave of effects on 

each other. Man's scientific knowledge and technological 

capabilities have expanded like a giant fabric woven by a 

million hands working without design (Pascarella, 1979, p. 3). 

Technology is often thought of as something mechanical, yet all 

technical processes and products are the result of the human creative 

imagination and human skills. Technology is of humanistic interest, 

not only because it is a product of the human mind, but also because 

it affects the course of human and societal development. 

Technological development is a complex human activity integrating 

many factors which may interact at the same time. Historian Lewis 

Mumford insisted “technology is both a shaper of, and is shaped by 

values" (Blake, 1983, p. 126). Most studies involving technology 

recognize a close tie with society, although disagreements may arise 

over which influences the other. Some would argue that technology 

drives society while others insist society dictates the development 

of technology. In many instances a blend of both arguments is 

probably closer to reality, but most agree that technology is closely 

allied to the culture in which it exists. 

The term technology has been defined in many ways, from the 

most simple to rather complex statements. The context of the 

definition and who offers it may influence the meaning. Application 

of knowledge is a theme frequently used in the definition of 

12



technology. Dr. Lewis M. Branscomb, Vice President and Chief 

Scientist of IBM Corporation, stated: "Technology is what people do 

with what they know" (Pascarella, 1979, p. 5). Popenoe described 

technology as "a special kind of knowledge which is directed toward 

practical application in the physical and social world" (Pytlik, Lauda 

& Johnson, 1978, p. 5). 

Technology is defined using the theme of application as well: "A 

process undertaken in all cultures (a universal) which involves the 

systematic application of organized knowledge (synthesis) and 

tangibles (tools and materials) for the extension of human faculties 

that are restricted as a result of the evolutionary process" (Pytlik, et 

al. 1978, p. 6); “Technology is a body of knowledge and the systematic 

application of resources to produce outcomes in response to human 

needs and wants” (Savage & Sterry, 1990, p. 7); "Technology. . . the 

use of our knowledge, tools, and skills to solve practical problems and 

extend human capabilities" (Todd, McCrory & Todd, 1985, p. 3). 

An additional theme encompasses the concepts of controlling 

and changing our environment or the world around us. Spier, Hughes, 

Lenski, and Lenski include in their definitions of technology the 

concepts of control and change: "Technology embraces the means by 

which man controls or modifies his natural environment" (Spier, 

1968, p. 131). “Technology is the effort to organize the world for 

problem solving so that goods and services can be invented, developed, 

produced, and used” (Hughes, 1989, p. 6). Lenski and Lenski (1974) 

defined technology as "the information, techniques, and tools with 

which people utilize the material resources of their environment to 

13



satisfy their various needs and desires" (p. 498). Later (1982) Lenski 

and Lenski's definition was modified to “cultural information about 

the utilization of the material resources of the environment to 

satisfy human needs and desires” (p. 448). James Young, General 

Electric Company's Vice President of Technical Resources, followed 

the theme of control and change as well, stating: "Technology is all 

the techniques, knowledge, lore, methods, and tools that have helped 

society survive and improve its life" (Pascarella, 1979, p. 5). 

Wright and Lauda's recent definition (1993) of technology 

synthesizes and extends both of the themes application of knowledge 

and controlling and changing the environment. 

. . . technology is a body of knowledge and actions, used by 

people, to apply resources in designing, producing, and using 

products, structures and systems to extend the human potential 

for controlling and modifying the natural and human-made 

(modified) environment. (p. 3) 

While these definitions illustrate variations in defining 

technology, they do contain elements which appear to be universal 

with the term. One of these elements is expressed as "knowing," 

“information,” and "knowledge," which, as Pytlik's definition 

mentions, refers to synthesis. In a sense, we are speaking of "basics" 

in education, and are identifying the knowledge and understanding of 

technology as basic (National Science Board Commission, 1983, p. 73). 

The number of definitions for technology are extensive. One 

researcher, Mark de Vries (1987a), foregoes an attempt to define the 

term, opting instead to formulate five characteristics on the basis of 

14



literature studies and consultation of experts. 

1. technology is a feature of human activities and three 

consequences of this are: 

a. there is a relation between a person's view of humankind 

and the world, and this person's view of technology, 

dD. technology belongs to both males and females, and 

Cc. technology, like other aspects of humankind, passes 

through a historical development; 

matter, energy, and information are the basis or foundation of 

technology. de Vries refers to matter, energy and information 

as the "pillars" of technology; 

there is a mutual influence between technology and science 

which concerns both the methodology of technology 

and science and technological and scientific knowledge; 

the three most important skills in technology are designing, 

making, and using; and 

there is continuous interaction between technology and 

society. 

These characteristics include most of the themes included in 

many of the definitions of technology. The use of characteristics as a 

means to describe technology provides a flexibility that allows for 

acceptance of components of technology rather than parameters that 

might limit them. The term technology is an elusive concept defined 

in many ways. It is essentially a result of human creativity and skills 

based on a synthesis of knowledge. 

A sociocultural understanding of the applications and 

15



limitations of technology is perhaps at least as important as an 

understanding of its technical Structure and operation. . . . How 

technology is applied depends on what society thinks it is, what 

its limitations are perceived to be, what is its role in society, 

and how that role is assessed. These then should become issues 

addressed in a program which attempts to educate to 

technological literacy. (Gilberti, 1986, p. 22). 

Technological Literacy 

The term technology can be elusive when attempts are made to 

define it. Likewise, a definition of technological literacy can be 

elusive. Croft (1989) noted, "Experts cannot agree on a single 

definition of literacy because the attributes and standards are 

relative to the context in which literacy is observed" (p. 10). 

Educators in the discipline of technology education have literacy as a 

valued goal of their teaching. The International Technology Education 

Association (ITEA) has identified technological literacy as a major 

goal in the discipline of technology education (Loepp, 1986, p. 37). 

This goal was reinforced by the ITEA when attention was focused on a 

professional improvement plan that targeted technological literacy 

through leadership, professional development and services (Lauda, 

1990, p. 3). Legislation titled "The Technology Literacy Act of 1985” 

was introduced with the purpose of preparing "future generations for 

the world that will confront them. ... Unless we begin to prepare our 

children, the next generation of Americans will be technologically 

illiterate and will lose their competitive edge in the international 

16



marketplace” (p. 2). 

Webster's Encyclopedic Unabridged Dictionary of the English 

Language defines literacy as: "the quality or state of being literate, 

esp. the ability to read and write" (1989, p. 836). Dyrenfurth (1991) 

offers an additional perspective about what it means to be literate: 

Literacy . . . means the ability to read and write, that is, to do 

something with a language, not merely to recognize that 

language is composed of words, to identify a letter of the 

alphabet, or to be aware of the pervasive role of language in 

  

society. (p. 139) 

The skills of recognition and awareness can be enhanced and enriched 

by development of skills such as comprehension, application, 

experimentation and assessment which extend the concept of literacy 

in any discipline. 

A theme of technological literacy is that of action. In the 

discipline of technology education which has technological literacy as 

a valued goal, there is a theme of ‘doing’ technology through such 

Skills as comprehension, application, experimentation, and 

assessment. In an effort to foster technological literacy, decision 

making and problem solving skills must be an integral component of 

technology education. Waks (1991) Supports the notion of ‘higher’ 

level skills; "New basic skills for productive employment would 

necessarily include evaluation and synthesis Skills, critical thinking, 

problem solving . . . synthesis, application, creativity, and decision- 

making given incomplete information" (p. 240). 

Hersh (1983) points out that "technological literacy is much 

17



more than knowing how to operate high-tech devices” (p. 27). He 

Suggests that abilities to comprehend, sort, analyze and synthesize 

require one to be a good reader and writer with solid language arts 

instruction. The meaning of literacy in the context of technology is 

rooted in the language arts namely, reading and writing with an 

important extension that includes a functional dimension. Rosenberg 

and Birdzell (1990) support the action theme of what it means to be 

technologically literate: "Whatever the origins of a technology, the 

people and institutions using it must be able to understand it, 

experiment with it and evaluate the economic repercussions of its 

use" (p. 48). Fleming (1989) extends this theme by noting, "A 

technologically literate person has the power and the freedom to use 

that power to examine and question the issues of importance in 

sociotechnology" (p.393). 

An additional theme of technological literacy is that of 

knowledge. Fleming (1989) proposes that "technological knowledge 

is a unique form of cognition" (p. 395). One of its unique features is 

that it is in a constant state of flux. Technological knowledge and the 

concepts of technology must be recognized by educators as ever- 

changing. "The educational experience must insure that tomorrow's 

leaders understand the tentative nature of knowledge” (Ost, 1985, 

p. 695). 

Although the nature of knowledge is tentative, the 

technologically literate individual must have knowledge of the 

discipline. Householder (1988) challenges educators of the subject: 

". . . technological concepts must be identified and a taxonomy of 
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concepts must be developed (p. 33). This notion is supported by 

Waetjen (1992): "If technology education is a discipline . . . it must 

have ways of creating knowledge" (p. 26). The National Science Board 

Commission on Precollege Education in Mathematics, Science and 

Technology (1983) recognizes that "technological literacy needs to be 

a part of general literacy and 'numeracy'. In a sense we are speaking 

of ‘basics’ in education, and we are identifying the knowledge and 

understanding of technology as basic" (p. 73). Hayden (1991) mentions 

that because technology is such a force in our lives, it is only logical 

that we should be knowledgeable about it. He further states that "this 

knowledge of technology has been labeled - technological literacy 

(TL)" (p. 30). 

The third theme of technological literacy is that of attitude. 

The technologically literate individual will approach learning as a life 

long endeavor. Hersh (1983) supports this theme when stating that 

"technological literacy is . . . a matter of attitude . . .the technological 

generation must be able to adapt to constant change. Students must 

possess the disposition for life-long learning" (p. 27). Ost (1985) 

notes this importance, stating ". . . an important characteristic of 

technologic literacy is a positive attitude towards the necessity of 

continuing education” (p. 691). 

Life-long learning as a characteristic of the technologically 

literate will foster greater involvement in numerous aspects of 

society. 

Technological literacy will encourage greater participation by 

individuals in shaping public policy, which often involves the 
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�u�s�e� �o�f� �s�o�p�h�i�s�t�i�c�a�t�e�d� �t�e�c�h�n�o�l�o�g�y�.� �I�t� �w�i�l�l� �t�e�n�d� �t�o� �e�n�c�o�u�r�a�g�e� �c�i�v�i�c� 

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

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

�S�c�i�e�n�c�e� �B�o�a�r�d� �C�o�m�m�i�s�s�i�o�n�,� �1�9�8�3�,� �p�.� �7�4�)� 

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

�m�a�k�e� �j�u�d�g�m�e�n�t�s� �r�e�l�a�t�i�v�e� �t�o� �e�v�e�r�y�d�a�y� �l�i�f�e�"� �(�p�.� �1�6�)�.� �S�c�a�r�b�o�r�o�u�g�h� �(�1�9�9�1�)� 

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

�U�.�S�.�,� �e�d�u�c�a�t�o�r�s� �a�r�e� �n�o�t� �o�n�l�y� �c�o�n�c�e�r�n�e�d� �a�b�o�u�t� �t�h�e� �k�n�o�w�l�e�d�g�e� �a�n�d� 

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

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

�a�t�t�i�t�u�d�e�s�"� �(�p�.� �7�8�)�.� 

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

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

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

�l�i�f�e�-�l�o�n�g� �l�e�a�r�n�i�n�g�.� �A�s� �D�u�g�g�e�r� �(�1�9�8�8�)� �e�n�c�o�u�r�a�g�e�s�,� 

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

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

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

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

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

�b�e�c�o�m�e� �t�h�e� �l�e�a�d�e�r�s� �f�o�r� �t�o�m�o�r�r�o�w�.� �(�p�.� �6�)� 
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�T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n� �a�t� �t�h�e� �M�i�d�d�l�e� �S�c�h�o�o�l� 

�T�h�e� �f�i�r�s�t� �k�n�o�w�n� �m�i�d�d�l�e�-�l�e�v�e�l�-�t�y�p�e� �s�c�h�o�o�l� �a�p�p�e�a�r�e�d� �i�n� �t�h�e� 
�1�8�8�0�'�s�,� �b�u�t� �w�h�a�t� �m�i�g�h�t� �b�e� �k�n�o�w�n� �a�s� �t�h�e� �j�u�n�i�o�r� �h�i�g�h� �s�c�h�o�o�l� �m�o�v�e�m�e�n�t� 
�r�e�a�l�l�y� �b�e�g�a�n� �a�r�o�u�n�d� �1�9�1�0�.� �(�G�e�o�r�g�e�,� �S�t�e�v�e�n�s�o�n�,� �T�h�o�m�a�s�o�n� �&� �B�e�a�n�e�,� 
�1�9�9�2�,� �p�.� �8�4�)�.� �S�e�v�e�r�a�l� �f�a�c�t�o�r�s� �a�r�e� �r�e�c�o�g�n�i�z�e�d� �f�o�r� �s�e�p�a�r�a�t�i�n�g� �o�u�t� �g�r�a�d�e�s� 
�7�-�9� �f�r�o�m� �t�h�e� �p�o�p�u�l�a�r� �K�-�8� �/� �9�-�1�2� �a�r�r�a�n�g�e�m�e�n�t�s� �o�f� �t�h�a�t� �t�i�m�e�.� 

�A� �s�u�b�s�t�a�n�t�i�a�l� �n�u�m�b�e�r� �o�f� �s�t�u�d�e�n�t�s� �l�e�f�t� �s�c�h�o�o�l� �b�e�t�w�e�e�n� �g�r�a�d�e�s� �6� 
�a�n�d� �8�.� �I�t� �w�a�s� �p�r�o�p�o�s�e�d� �t�h�a�t� �a�n� �e�a�r�l�i�e�r� �e�x�p�o�s�u�r�e� �t�o� �a� �h�i�g�h� �s�c�h�o�o�l�-�t�y�p�e� 
�C�u�r�r�i�c�u�l�u�m� �w�o�u�l�d� �p�r�o�v�i�d�e� �s�o�m�e� �i�n�t�e�r�a�c�t�i�o�n� �w�i�t�h� �c�l�a�s�s�i�c�a�l� �s�u�b�j�e�c�t�s� 
�f�o�r� �s�t�u�d�e�n�t�s� �w�h�o� �d�r�o�p�p�e�d� �o�u�t� �o�f� �s�c�h�o�o�l�.� �T�h�e�r�e� �w�a�s� �a� �b�e�l�i�e�f� �w�i�t�h� 
�i�n�c�r�e�a�s�i�n�g� �s�u�p�p�o�r�t� �t�h�a�t� �t�h�e� �8�t�h� �g�r�a�d�e� �w�a�s� �t�o�o� �f�a�r� �t�o� �e�x�t�e�n�d� 
�e�l�e�m�e�n�t�a�r�y� �e�d�u�c�a�t�i�o�n�.� �T�h�e� �e�f�f�i�c�i�e�n�c�y� �m�o�v�e�m�e�n�t� �a�s� �p�a�r�t� �o�f� �t�h�e� �l�a�r�g�e�r� 
�s�o�c�i�a�l� �e�n�v�i�r�o�n�m�e�n�t� �i�n�f�l�u�e�n�c�e�d� �m�a�n�y� �e�d�u�c�a�t�o�r�s� �t�h�a�t� �t�h�e� �j�u�n�i�o�r� �h�i�g�h� 
�s�c�h�o�o�l� �w�o�u�l�d� �p�r�o�v�i�d�e� �a� �b�e�t�t�e�r� �O�p�p�o�r�t�u�n�i�t�y� �t�o� �d�i�s�t�r�i�b�u�t�e� �s�t�u�d�e�n�t�s� �f�o�r� 

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

�d�e�v�e�l�o�p�m�e�n�t�a�l� �d�i�f�f�e�r�e�n�c�e�s�.� �(�G�e�o�r�g�e�,� �e�t� �a�l�.�,� �1�9�9�2�,� �p�.� �8�4�)�.� �F�i�n�a�l�l�y�,� �t�h�e� 
�p�o�s�s�i�b�i�l�i�t�y� �f�o�r� �a� �s�e�p�a�r�a�t�e� �j�u�n�i�o�r� �h�i�g�h� �s�c�h�o�o�l� �a�s� �a� �r�e�s�u�l�t� �o�f� �g�r�o�w�i�n�g� 
�n�e�e�d�s� �t�o� �r�e�l�i�e�v�e� �c�l�a�s�s�r�o�o�m� �s�p�a�c�e� �S�h�o�r�t�a�g�e� �a�t� �t�h�e� �s�e�c�o�n�d�a�r�y� �s�c�h�o�o�l� 
�l�e�v�e�l� �w�a�s� �a� �m�a�j�o�r� �c�o�n�c�e�r�n�.� �T�o�e�p�f�e�r� �(�1�9�9�2�)� �n�o�t�e�s� �t�h�a�t� �H�a�r�t�w�e�l�l� �w�a�s� 
�o�n�e� �o�f� �t�h�e� �f�i�r�s�t� �t�o� �f�o�c�u�s� �o�n� �t�h�i�s� �i�s�s�u�e� �i�n� �1�9�0�5�.� 

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

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

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

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

�t�a�k�e�n� �w�i�t�h� �t�h�e� �l�a�s�t� �t�w�o� �y�e�a�r�s� �o�f� �t�h�e� �g�r�a�m�m�a�r� �s�c�h�o�o�l�.� �(�p�.� �2�1�0�)� 

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

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

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

�j�u�n�i�o�r� �v�e�r�s�i�o�n� �o�f� �t�h�e� �h�i�g�h� �s�c�h�o�o�l� �(�G�e�o�r�g�e�,� �e�t� �a�l�.� �1�9�9�2�,� �p�.� �8�4�)�.� 

�T�o�e�p�h�e�r� �(�1�9�9�2�)� �n�o�t�e�s� �t�h�a�t� �d�u�r�i�n�g� �t�h�e� �e�a�r�l�y� �1�9�6�0�'�s� �a�n�o�t�h�e�r� �s�h�i�f�t� 

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

�G�a�t�e�w�o�o�d� �(�1�9�8�2�)� �c�o�n�c�u�r�s�:� 

�.� �.� �.� �t�h�e� �t�e�r�m� �"�m�i�d�d�l�e� �s�c�h�o�o�l�"� �-� �l�o�n�g� �u�s�e�d� �i�n� �E�u�r�o�p�e� �a�n�d� �i�n� �s�o�m�e� 

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

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

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

�(�p�.�3�)� 
�G�a�t�e�w�o�o�d� �a�l�s�o� �c�r�e�d�i�t�s� �A�l�e�x�a�n�d�e�r� �w�i�t�h� �"�.� �.� �.� �t�h�e� �m�o�s�t� �w�i�d�e�l�y�-� 

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

�s�c�h�o�o�l� �.�.�.�.�"� �(�p�.� �5�)�.� �A�l�e�x�a�n�d�e�r� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �a�n� �e�d�u�c�a�t�i�o�n�a�l� 

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

�b�e�t�w�e�e�n� �c�h�i�l�d�h�o�o�d� �a�n�d� �a�d�o�l�e�s�c�e�n�c�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y�:� 

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

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

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

�o�p�p�o�r�t�u�n�i�t�i�e�s�;� 

�2�2



�2�.� �a� �p�r�o�g�r�a�m� �o�f� �l�e�a�r�n�i�n�g� �o�p�p�o�r�t�u�n�i�t�i�e�s� �O�f�f�e�r�i�n�g� �b�a�l�a�n�c�e�d� 
�a�t�t�e�n�t�i�o�n� �t�o� �t�h�r�e�e� �m�a�j�o�r� �g�o�a�l�s� �o�f� �t�h�e� �m�i�d�d�l�e� �s�c�h�o�o�l�:� �(�a�)� �p�e�r�s�o�n�a�l� 
�d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �b�e�t�w�e�e�n�-�a�g�e�r�,� �(�b�)� �s�k�i�l�l�s� �f�o�r� �c�o�n�t�i�n�u�e�d� �l�e�a�r�n�i�n�g�,� 
�a�n�d� �(�c�)� �e�f�f�e�c�t�i�v�e� �u�s�e� �o�f� �a�p�p�r�o�p�r�i�a�t�e� �k�n�o�w�l�e�d�g�e�;� 

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

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

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

�T�h�e� �C�a�r�n�e�g�i�e� �C�o�u�n�c�i�l� �o�n� �A�d�o�l�e�s�c�e�n�t� �D�e�v�e�l�o�p�m�e�n�t� �(�1�9�8�9�)� 
�r�e�i�n�f�o�r�c�e�s� �t�h�e�s�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�n�d� �o�f�f�e�r�s� �s�p�e�c�i�f�i�c� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 
�p�e�r�t�a�i�n�i�n�g� �t�o� �t�h�e� �r�e�s�t�r�u�c�t�u�r�i�n�g� �o�f� �e�d�u�c�a�t�i�o�n� �i�n� �t�h�e� �m�i�d�d�l�e� �s�c�h�o�o�l� �i�n� �a� 
�d�o�c�u�m�e�n�t� �e�n�t�i�t�l�e�d�,� �T�u�r�n�i�n�g� �P�o�i�n�t�s�:� �P�r�e�p�a�r�i�n�a� �A�m�e�r�i�c�a�n� �Y�o�u�t�h� �f�o�r� �t�h�e� 
�2�i�s�t� �C�e�n�t�u�r�y�.� �W�h�a�t� �S�i�g�n�i�f�i�c�a�n�c�e� �d�o�e�s� �t�h�i�s� �r�e�p�o�r�t� �h�a�v�e� �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� �w�o�r�l�d� �i�s� �b�e�i�n�g� �r�a�p�i�d�l�y� �t�r�a�n�s�f�o�r�m�e�d� �b�y� �s�c�i�e�n�c�e� �a�n�d� 
�t�e�c�h�n�o�l�o�g�y� �.� �.� �.�[�a�n�d�]� �w�o�r�k� �w�i�l�l� �r�e�q�u�i�r�e� �m�u�c�h� �t�e�c�h�n�i�c�a�l� �c�o�m�p�e�t�e�n�c�e� �a�n�d� 
�a� �g�r�e�a�t� �d�e�a�l� �o�f� �f�l�e�x�i�b�i�l�i�t�y�"� �(�p�.� �1�2�)�.� �T�h�e� �S�u�b�j�e�c�t� �o�f� �t�e�c�h�n�o�l�o�g�y� 
�e�d�u�c�a�t�i�o�n�,� �a�l�t�h�o�u�g�h� �n�o�t� �r�e�f�e�r�r�e�d� �t�o� �d�i�r�e�c�t�l�y� �i�n� �t�h�e� �r�e�p�o�r�t�,� �m�o�s�t� 
�c�e�r�t�a�i�n�l�y� �p�r�o�v�i�d�e�s� �i�m�p�o�r�t�a�n�t� �p�r�i�n�c�i�p�l�e�s� �a�n�d� �c�o�n�c�e�p�t�s� �i�n� �t�h�e� 
�C�u�r�r�i�c�u�l�u�m� �o�f� �t�h�e� �m�i�d�d�l�e� �s�c�h�o�o�l�.� �T�h�e� �T�a�s�k� �F�o�r�c�e� �h�a�s� �s�p�e�c�i�f�i�c� 
�r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �p�e�r�t�a�i�n�i�n�g� �t�o� �t�h�e� �r�e�s�t�r�u�c�t�u�r�i�n�g� �o�f� �e�d�u�c�a�t�i�o�n� �i�n� �t�h�e� 
�m�i�d�d�i�e� �s�c�h�o�o�l�.� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �a�n�d� �t�h�e�i�r� �r�e�l�e�v�a�n�c�e� �t�o� �t�e�c�h�n�o�l�o�g�y� 
�e�d�u�c�a�t�i�o�n� �i�n�c�l�u�d�e� �t�h�e� �f�o�l�l�o�w�i�n�g�:� 

�2�3



�*� �C�r�e�a�t�i�n�g� �a� �c�o�m�m�u�n�i�t�y� �f�o�r� �l�e�a�r�n�i�n�g� 

�S�i�z�e� �a�n�d� �a�n�o�n�y�m�i�t�y� �i�n� �m�a�n�y� �g�r�a�d�e� �s�c�h�o�o�l�s� �c�r�e�a�t�e�s� �i�s�o�l�a�t�i�o�n�.� �I�t� 
�i�s� �r�e�c�o�m�m�e�n�d�e�d� �i�n� �t�h�e� �r�e�p�o�r�t� �t�h�a�t� �l�a�r�g�e� �s�c�h�o�o�l�s� �b�e� �d�i�v�i�d�e�d� �i�n�t�o� 
�S�m�a�l�l�e�r� �c�o�m�m�u�n�i�t�i�e�s� �w�i�t�h� �t�e�a�c�h�e�r�s� �a�n�d� �S�t�u�d�e�n�t�s� �d�i�v�i�d�e�d� �i�n�t�o� �t�e�a�m�s� 
�t�o� �f�o�s�t�e�r� �c�l�o�s�e�r� �a�s�s�o�c�i�a�t�i�o�n�s�.� �E�a�c�h� �s�t�u�d�e�n�t� �w�o�u�l�d� �b�e� �a�s�s�i�g�n�e�d� �a�n� 
�a�d�u�l�t� �a�d�v�i�s�o�r� �t�h�a�t� �w�o�u�l�d� �"�e�n�s�u�r�e� �t�h�a�t� �e�v�e�r�y� �s�t�u�d�e�n�t� �i�s� �k�n�o�w�n� �w�e�l�l� �b�y� 
�a�t� �l�e�a�s�t� �o�n�e� �a�d�u�l�t�"� �(�C�a�r�n�e�g�i�e� �C�o�u�n�c�i�l�,� �p�.� �9�)�.� �T�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n�'�s� 
�O�r�g�a�n�i�z�a�t�i�o�n�a�l� �s�t�r�u�c�t�u�r�e� �P�r�o�m�o�t�e�s� �t�e�a�m� �a�p�p�r�o�a�c�h�e�s� �t�o� �i�n�s�t�r�u�c�t�i�o�n� 
�w�h�i�c�h� �e�n�h�a�n�c�e� �c�l�o�s�e�r� �a�s�s�o�c�i�a�t�i�o�n� �a�m�o�n�g� �s�t�u�d�e�n�t�s� �a�n�d� �t�e�a�c�h�e�r�s�.� 

�*� �T�e�a�c�h�i�n�g� �a� �c�o�r�e� �o�f� �c�o�m�m�o�n� �k�n�o�w�l�e�d�g�e� 

�P�r�o�d�u�c�t�i�v�e� �c�o�m�p�e�t�e�n�t� �c�i�t�i�z�e�n�s� �c�a�n� �b�e� �t�h�e� �r�e�s�u�l�t� �o�f� �c�h�i�l�d� 
�d�e�v�e�l�o�p�m�e�n�t� �i�f� �i�n�s�t�r�u�c�t�i�o�n�a�l� �P�r�o�g�r�a�m�s� �t�e�a�c�h� �y�o�u�n�g� �a�d�o�l�e�s�c�e�n�t�s� �t�o� 
�t�h�i�n�k� �c�r�i�t�i�c�a�l�l�y�,� �d�e�v�e�l�o�p� �h�e�a�l�t�h�f�u�l� �l�i�f�e�s�t�y�l�e�s�,� �b�e�c�o�m�e� �a�c�t�i�v�e� �c�i�t�i�z�e�n�s� 
�a�n�d� �i�n�t�e�g�r�a�t�e� �s�u�b�j�e�c�t� �m�a�t�t�e�r� �a�c�r�o�s�s� �d�i�s�c�i�p�l�i�n�e�s�.� �T�e�c�h�n�o�l�o�g�y� 
�e�d�u�c�a�t�i�o�n� �e�m�p�h�a�s�i�z�e�s� �p�r�o�b�l�e�m� �s�o�l�v�i�n�g� �a�s� �a� �m�e�a�n�s� �o�f� �d�e�v�e�l�o�p�i�n�g� 
�C�r�i�t�i�c�a�l� �t�h�i�n�k�i�n�g�.� �T�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n� �a�c�t�i�v�i�t�i�e�s� �r�e�a�d�i�l�y� �f�o�r�m� �a� 
�c�o�n�t�i�n�u�u�m� �w�i�t�h� �o�t�h�e�r� �S�u�b�j�e�c�t� �a�r�e�a�s�.� 

�*� �E�n�s�u�r�i�n�g� �s�u�c�c�e�s�s� �f�o�r� �a�l�l� �s�t�u�d�e�n�t�s� 

�T�r�a�c�k�i�n�g� �s�t�u�d�e�n�t�s� �b�y� �a�c�h�i�e�v�e�m�e�n�t� �l�e�v�e�l� �w�a�s� �s�c�r�u�t�i�n�i�z�e�d� 
�t�h�r�o�u�g�h�l�y� �i�n� �t�h�e� �r�e�p�o�r�t�.� �"�W�h�i�l�e� �t�r�a�c�k�i�n�g� �i�s� �p�o�t�e�n�t�i�a�l�l�y� �h�a�r�m�f�u�l� �t�o� 
�v�i�r�t�u�a�l�l�y� �a�l�l� �y�o�u�n�g� �p�e�o�p�l�e�,� �i�t� �i�s� �p�a�r�t�i�c�u�l�a�r�l�y� �d�a�m�a�g�i�n�g� �i�f� �a� �s�t�u�d�e�n�t� �i�s� 
�p�l�a�c�e�d� �i�n� �a� �l�o�w�e�r� �t�r�a�c�k� �o�n� �a�l�l� �S�u�b�j�e�c�t�s� �b�a�s�e�d� �o�n� �a�b�i�l�i�t�y� �i�n� �o�n�e� �m�a�j�o�r� 
�a�c�a�d�e�m�i�c� �a�r�e�a�"� �(�C�a�r�n�e�g�i�e� �C�o�u�n�c�i�l�,� �p�.� �5�0�)�.� �T�u�r�n�i�n�g� �P�o�i�n�t�s� �S�u�g�g�e�s�t�s� 
�t�w�o� �t�i�m�e� �p�r�o�v�e�n� �a�p�p�r�o�a�c�h�e�s� �t�h�a�t� �S�u�c�c�e�s�s�f�u�l�l�y� �t�e�a�c�h� �s�t�u�d�e�n�t�s� �o�f� 
�d�i�f�f�e�r�i�n�g� �a�b�i�l�i�t�i�e�s� �a�n�d� �r�a�t�e�s� �o�f� �l�e�a�r�n�i�n�g�:� �c�o�o�p�e�r�a�t�i�v�e� �l�e�a�r�n�i�n�g� �a�n�d� 
�c�r�o�s�s�-�a�g�e� �t�u�t�o�r�i�n�g�.� �T�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n� �u�n�i�q�u�e�l�y� �c�o�n�t�r�i�b�u�t�e�s� �t�o� �t�h�e� 
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�s�u�c�c�e�s�s� �f�o�r� �a�l�l� �s�t�u�d�e�n�t�s� �b�y� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �i�n� �s�m�a�l�l� �p�r�o�b�l�e�m� �s�o�l�v�i�n�g� 

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

�a�c�t�i�v�i�t�i�e�s�.� 

�¢� �E�m�p�o�w�e�r�i�n�g� �t�e�a�c�h�e�r�s� �a�n�d� �a�d�m�i�n�i�s�t�r�a�t�o�r�s� 

�T�h�e� �r�e�p�o�r�t� �e�m�p�h�a�s�i�z�e�s� �t�h�e� �n�e�e�d� �f�o�r� �t�e�a�c�h�e�r�s� �t�o� �h�a�v�e� �"�g�r�e�a�t�e�r� 

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

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

�o�f� �t�h�e�i�r� �s�t�u�d�e�n�t�s �� �(�C�a�r�n�e�g�i�e� �C�o�u�n�c�i�l�,� �p�.� �5�4�)�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�e�a�c�h�e�r�s� �o�n� 

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

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

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

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

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

�w�i�d�e� �o�b�j�e�c�t�i�v�e�s�"� �(�C�a�r�n�e�g�i�e� �C�o�u�n�c�i�l�,� �p�.� �5�5�)�.� �T�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n�'�s� 

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

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

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

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

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

�f�i�t�n�e�s�s�.� 

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

�a�d�o�l�e�s�c�e�n�t�s� �a�n�d� �t�h�e�i�r� �s�u�c�c�e�s�s� �i�n� �s�c�h�o�o�l�,� �t�h�e� �T�a�s�k� �F�o�r�c�e� 

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

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

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

�a�n�d� �t�h�a�t� �s�c�h�o�o�l�s� �b�e�c�o�m�e� �h�e�a�l�t�h�-�p�r�o�m�o�t�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�s�.� 
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�(�C�a�r�n�e�g�i�e� �C�o�u�n�c�i�l�,� �p�.� �6�1�)� 

�T�h�e� �I�n�t�e�r�n�a�t�i�o�n�a�l� �T�e�c�h�n�o�l�o�g�y� �A�s�s�o�c�i�a�t�i�o�n� �e�n�c�o�u�r�a�g�e�s� �t�e�c�h�n�o�l�o�g�y� 

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

�i�n�v�o�l�v�e� �s�e�l�f�-�e�v�a�l�u�a�t�i�o�n� �o�f� �a�t�t�i�t�u�d�e�s� �t�o�w�a�r�d�s� �c�o�n�s�t�r�u�c�t�i�v�e� �w�o�r�k� �a�n�d� 

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

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

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

�s�c�h�o�o�l�s� �c�a�n� �r�e�e�n�g�a�g�e� �f�a�m�i�l�i�e�s�,� �s�u�c�h� �a�s�:� �"�.� �.� �.� �o�f�f�e�r�i�n�g� �p�a�r�e�n�t�s� 

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

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

�h�o�m�e� �a�n�d� �a�t� �s�c�h�o�o�l�"� �(�C�a�r�n�e�g�i�e� �C�o�u�n�c�i�l�,� �p�.� �6�7�)�.� �T�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�o�r�s� 

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

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

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

�¢� �C�o�n�n�e�c�t�i�n�g� �s�c�h�o�o�l�s� �w�i�t�h� �c�o�m�m�u�n�i�t�i�e�s�.� 

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

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

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

�i�t�s� �s�c�h�o�o�l�s�"� �(�C�a�r�n�e�g�i�e� �C�o�u�n�c�i�l�,� �p�.� �7�0�)�.� �C�o�m�m�u�n�i�t�i�e�s� �a�r�e� �f�o�r�m�i�n�g� 

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

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

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

�m�i�d�d�i�e� �g�r�a�d�e� �e�d�u�c�a�t�i�o�n� �p�r�o�g�r�a�m� �a�n�d� �e�x�p�a�n�d�i�n�g� �c�a�r�e�e�r� �g�u�i�d�a�n�c�e� �f�o�r� 

�s�t�u�d�e�n�t�s �� �(�C�a�r�n�e�g�i�e� �C�o�u�n�c�i�l�,� �p�.� �7�0�)�.� �T�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n� �p�r�o�v�i�d�e�s� 

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

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

�T�h�e� �C�a�r�n�e�g�i�e� �C�o�u�n�c�i�l� �r�e�p�o�r�t�,� �T�u�r�n�i�n�g� �P�o�i�n�t�s�,� �r�e�i�n�f�o�r�c�e�s� �a�n� 

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

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

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

�i�n�s�t�i�t�u�t�i�o�n�s�.� �T�h�e� �T�a�s�k� �F�o�r�c�e�'�s� �s�p�e�c�i�f�i�c� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �p�e�r�t�a�i�n�i�n�g� 

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

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

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

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

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

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

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

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

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

�t�r�a�n�s�p�o�r�t�a�t�i�o�n�.� �P�r�o�b�l�e�m� �s�o�l�v�i�n�g� �a�n�d� �l�e�a�r�n�i�n�g� �f�o�r� �t�o�m�o�r�r�o�w�'�s� �a�d�a�p�t�i�v�e� 

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

�a�t� �t�h�i�s� �l�e�v�e�l�.� 

�d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �(�1�9�8�9�a�)� �s�u�g�g�e�s�t�s� �t�h�a�t� �"�I�t� �m�a�y� �b�e� �u�s�e�f�u�l� �f�o�r� 

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

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

�(�p�.� �1�3�4�)�.� �T�h�e� �T�e�c�h�n�o�l�o�g�y� �A�t�t�i�t�u�d�e� �S�c�a�l�e� �(�T�A�S�)� �i�s� �d�e�s�i�g�n�e�d� �t�o� �g�a�t�h�e�r� 

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

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

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

�s�t�u�d�e�n�t�s� �a�b�o�u�t� �t�e�c�h�n�o�l�o�g�y�.� �K�r�a�m�e�r� �(�1�9�9�2�)� �s�t�a�t�e�s�,� �"�T�e�a�c�h�e�r�s� �w�h�o� 
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�w�o�r�k� �w�i�t�h� �y�o�u�n�g� �a�d�o�l�e�s�c�e�n�t�s� �a�r�e� �n�o�t� �s�u�r�p�r�i�s�e�d� �b�y� �s�t�u�d�i�e�s� �s�u�g�g�e�s�t�i�n�g� 

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

�w�i�t�h� �w�h�a�t� �t�h�e� �t�e�a�c�h�e�r� �b�e�l�i�e�v�e�s� �s�t�u�d�e�n�t�s� �a�r�e� �l�e�a�r�n�i�n�g� �.� �.� �.�"� �(�p�.� �3�6�)�.� 

�T�h�e� �T�A�S� �i�s� �a� �m�e�a�n�s� �t�o� �a�s�c�e�r�t�a�i�n� �t�h�e� �p�e�r�c�e�p�t�i�o�n�s� �s�t�u�d�e�n�t�s� �h�a�v�e� �o�f� 

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

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

�t�e�a�c�h�e�r�.� 

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

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

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

�w�h�a�t� �t�e�c�h�n�o�l�o�g�y� �i�s�,� �h�o�w� �i�t� �w�o�r�k�s�,� �a�n�d� �h�o�w� �i�t� �a�f�f�e�c�t�s� �p�e�o�p�l�e�'�s� �l�i�v�e�s�.� 

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

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

�s�i�g�n�i�f�i�c�a�n�t� �s�o�c�i�a�l� �a�n�d� �c�u�l�t�u�r�a�l� �a�s�p�e�c�t�s� �(�M�c�C�r�o�r�y� �&� �B�a�m�e�,� �1�9�8�6�,� �p�.� �1�)�.� 

�S�e�v�e�r�a�l� �s�t�a�t�e�m�e�n�t�s� �i�n� �t�h�e� �t�e�c�h�n�o�l�o�g�y� �a�t�t�i�t�u�d�e� �s�c�a�l�e� �(�T�A�S�)� �e�l�i�c�i�t� 

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

�T�h�e� �T�A�S� �w�a�s� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �t�h�e� �P�u�p�i�l�s�'� �A�t�t�i�t�u�d�e�s� �T�o�w�a�r�d�s� 

�T�e�c�h�n�o�l�o�g�y� �(�P�A�T�T�)� �r�e�s�e�a�r�c�h� �o�r�i�g�i�n�a�l�l�y� �c�o�n�d�u�c�t�e�d� �b�y� �s�c�i�e�n�c�e� 

�p�r�o�f�e�s�s�o�r�s� �i�n� �t�h�e� �N�e�t�h�e�r�l�a�n�d�s�.� �I�t� �i�s� �i�n�t�e�r�e�s�t�i�n�g� �t�h�a�t� �t�e�a�c�h�e�r�s� �o�f� 

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

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

�R�e�l�a�t�i�o�n�s�h�i�p� �t�o� �t�h�e� �T�e�c�h�n�o�l�o�g�y� �A�t�t�i�t�u�d�e� �S�c�a�l�e� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�e� �o�r�i�g�i�n�a�l� �P�A�T�T� �r�e�s�e�a�r�c�h� �w�a�s� �t�o� �g�a�t�h�e�r� 

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

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

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

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

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

�s�t�a�t�e�m�e�n�t�s� �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� �r�e�l�a�t�i�o�n�s�h�i�p�s�)� �a�s� �a� �b�a�s�i�s� �o�f� 

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

�t�e�a�c�h�i�n�g� �a�b�o�u�t� �t�e�c�h�n�o�l�o�g�y�.� �W�r�i�g�h�t� �(�1�9�9�3�)� �s�t�a�t�e�s�,� �"�T�h�e� �c�h�a�l�l�e�n�g�e� �f�o�r� 

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

�t�e�c�h�n�o�l�o�g�y� �r�e�a�l�i�s�t�i�c�a�l�l�y� �a�n�d� �c�o�n�s�i�s�t�e�n�t�l�y �� �(�p�.� �2�)�.� 

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

�c�a�l�l� �f�o�r� �s�t�u�d�e�n�t�s� �t�o� �r�e�s�p�o�n�d� �t�o� �k�n�o�w�l�e�d�g�e� �o�f� �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�.� �S�t�u�d�e�n�t�s� �r�e�s�p�o�n�d� �t�o� �s�t�a�t�e�m�e�n�t�s� �s�u�c�h� �a�s�:� �|� 

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

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

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

�t�e�c�h�n�o�l�o�g�y� �i�s� �o�f�t�e�n� �u�s�e�d� �i�n� �s�c�i�e�n�c�e�;� �B�i�o�l�o�g�y� �a�n�d� �t�e�c�h�n�o�l�o�g�y� �h�a�v�e� 

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

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

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

�d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �(�1�9�8�9�b�)�,� �a� �m�a�j�o�r� �c�o�n�t�r�i�b�u�t�o�r� �t�o� �P�A�T�T� �r�e�s�e�a�r�c�h�,� 

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

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

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

�(�p�.� �2�9�4�)�.� �T�h�e� �m�e�t�h�o�d�s� �o�f� �t�e�c�h�n�o�l�o�g�y� �h�a�v�e� �o�f�t�e�n� �i�n�c�l�u�d�e�d� �t�r�i�a�l� �a�n�d� 

�e�r�r�o�r� �a�t�t�e�m�p�t�s� �t�o� �s�o�l�v�e� �p�r�o�b�l�e�m�s�.� �M�o�r�e� �o�f�t�e�n� �t�h�a�n� �n�o�t�,� �t�h�e� �m�e�t�h�o�d�s� �o�f� 

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

�m�a�t�e�r�i�a�l�s�.� �V�o�l�t�i� �(�1�9�9�2�)� �a�d�d�s�,� �"�T�h�e� �b�a�s�i�c� �c�o�m�p�o�n�e�n�t�s� �o�f� �a� 

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

�o�r�g�a�n�i�z�a�t�i�o�n�a�l� �p�a�t�t�e�r�n�s�,� �a�n�d� �a�t�t�i�t�u�d�e�s� �a�r�e� �o�f� �e�q�u�a�l� �i�m�p�o�r�t�a�n�c�e� �(�p�.� �5�)�.� 

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

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

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

�l�o�g�i�c� �u�s�e�d�,� �a�n�d� �m�u�c�h� �m�o�r�e� �(�A�m�e�r�i�c�a�n� �A�s�s�o�c�i�a�t�i�o�n� �f�o�r� �t�h�e� 

�A�d�v�a�n�c�e�m�e�n�t� �o�f� �S�c�i�e�n�c�e�,� �1�9�8�9�,� �p�.� �2�9�)�.� �I�n� �t�h�e� �a�r�t�i�c�l�e� �A�m�e�r�i�c�a� �i�s� �i�n� 

�D�a�n�g�e�r� �o�f� �g�e�t�t�i�n�g� �a�n� �F� �f�o�r� �S�c�i�e�n�c�e� �(�1�9�9�3�)�,� �C�a�r�l�i� �S�a�g�a�n� �s�t�a�t�e�s�,� �"�S�c�i�e�n�c�e� 

�i�s� �n�o�t� �j�u�s�t� �a� �b�o�d�y� �o�f� �k�n�o�w�l�e�d�g�e�,� �b�u�t� �a� �w�a�y� �o�f� �t�h�i�n�k�i�n�g �� �(�p�.� �5�)�.� 

�A�l�t�h�o�u�g�h� �t�h�e� �"�s�c�i�e�n�t�i�f�i�c� �m�e�t�h�o�d�"� �i�s� �w�e�l�l� �k�n�o�w�n� �t�o� �s�c�i�e�n�t�i�s�t�s� �t�h�e�r�e� �i�s� 

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

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

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

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

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

�u�t�i�l�i�z�e� �t�h�e�m� �a�b�o�u�t� �m�a�t�t�e�r�s� �o�f� �i�n�t�e�r�e�s�t� �i�n� �e�v�e�r�y�d�a�y� �l�i�f�e� �(�A�A�A�S�,� �p�.� �2�6�)�.� 
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�L�a�y�t�o�n� �(�1�9�7�1�)� �c�l�a�i�m�s� �t�h�a�t� �A�m�e�r�i�c�a�n� �t�e�c�h�n�o�l�o�g�y� �a�s�s�i�m�i�l�a�t�e�d� 

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

�s�c�i�e�n�t�i�f�i�c� �r�e�v�o�l�u�t�i�o�n� �i�n� �t�e�c�h�n�o�l�o�g�y�"� �(�p�.� �5�6�2�)�.� �D�u�r�i�n�g� �t�h�e� �e�a�r�l�y� �p�a�r�t� �o�f� 

�t�h�e� �1�9�t�h� �c�e�n�t�u�r�y�,� �c�r�a�f�t�s�m�a�n�,� �i�n� �s�o�m�e� �c�a�s�e�s�,� �d�e�p�a�r�t�e�d� �f�r�o�m� �t�h�e� 

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

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

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

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

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

�a�p�p�a�r�e�n�t� �i�n� �t�h�e� �c�o�l�l�e�g�e�s� �o�f� �m�e�c�h�a�n�i�c�a�l� �e�n�g�i�n�e�e�r�i�n�g� �(�A�n�d�e�r�s�o�n�,� �1�9�2�6�,� 

�p�.� �1�5�6�)�.� �A� �s�i�m�i�l�a�r� �d�i�f�f�i�c�u�l�t�y� �i�n� �t�h�e� �t�e�a�c�h�i�n�g� �o�f� �t�h�e� �s�c�i�e�n�c�e�s� �h�a�d� �b�e�e�n� 

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

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

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

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

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

�s�c�i�e�n�c�e�.� 

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

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �s�c�i�e�n�c�e� �i�s� �p�r�o�v�i�d�e�d� �b�y� �L�a�y�t�o�n� �(�1�9�7�1�)� �w�h�i�c�h� 

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

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

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

�s�c�i�e�n�c�e� �(�p�.� �5�6�2�)�.� �I�n� �s�o�m�e� �i�n�s�t�a�n�c�e�s� �e�v�e�n� �i�n�v�e�n�t�o�r�s� �a�t�t�e�m�p�t�e�d� �t�o� �a�p�p�l�y� 

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

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

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

�e�x�p�e�r�i�m�e�n�t� �(�p�.� �5�6�6�)�.� �A�l�t�h�o�u�g�h� �a�t�t�e�m�p�t�s� �w�e�r�e� �m�a�d�e� �b�y� �t�e�c�h�n�o�l�o�g�i�s�t�s� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�(�V�o�l�t�i�,� �1�9�9�2�,� �p�.� �5�7�)�.� 

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

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

�(�1�9�8�6�)� �u�s�e�s� �t�e�c�h�n�o�s�c�i�e�n�c�e� �t�o� �d�e�s�c�r�i�b�e� �t�e�c�h�n�o�l�o�g�i�c�a�l� �r�e�a�s�o�n�i�n�g� �a�n�d� 

�s�c�i�e�n�t�i�f�i�c� �p�u�r�p�o�s�e�.� �I�n� �h�e�r� �c�r�i�t�i�q�u�e� �o�f� �R�o�n�a�l�d� �R�e�a�g�a�n�'�s�  ��S�t�a�r� �W�a�r�s�"� 

�t�e�l�e�v�i�s�e�d� �a�d�d�r�e�s�s� �o�f� �M�a�r�c�h� �1�9�8�3� �s�h�e� �s�t�a�t�e�s�,� 

�.� �.� �.� �|� �c�o�n�t�e�n�d� �t�h�a�t� �'�S�t�a�r� �W�a�r�s �� �e�n�c�a�p�s�u�l�a�t�e�s� �t�e�c�h�n�i�c�a�l� �r�e�a�s�o�n�i�n�g� 

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

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

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

�t�e�c�h�n�o�s�c�i�e�n�c�e� �[�i�t�a�l�i�c�s� �a�d�d�e�d�]� �t�o� �r�e�s�c�r�i�p�t� �h�i�s�t�o�r�y�.� �.� �.� �.� �T�h�i�s� �l�e�a�v�e�s� 

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

�p�r�o�g�r�e�s�s�.� �(�p�.�4�1�6�)� 

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

�t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �s�c�i�e�n�c�e� �a�r�e� �s�o�m�e�h�o�w� �o�n�e� �a�n�d� �t�h�e� �s�a�m�e�.� �L�a�y�t�o�n�'�s� 

�t�e�r�m�s� �s�c�i�e�n�t�i�s�t�-�e�n�g�i�n�e�e�r� �a�n�d� �e�n�g�i�n�e�e�r�-�s�c�i�e�n�t�i�s�t� �s�e�e�m� �m�o�r�e� 

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

�T�h�e� �_� �H�i�s�t�o�r�y� �o�f� �i�e�n�c�e� �a�n�d� �T�e�c�h�n�o�l�o� 

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

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

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

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

�t�h�r�o�u�g�h�o�u�t� �t�h�e�i�r� �h�i�s�t�o�r�i�e�s�.� 

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

�a�s� �m�a�n�k�i�n�d� �(�M�a�y�r�,� �1�9�7�6�,� �p�.� �6�6�8�)�.� �R�o�y� �(�1�9�8�9�)� �s�t�r�o�n�g�l�y� �a�g�r�e�e�s� �a�n�d� 

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

�(�b�y� �a�b�o�u�t� �1�0�,�0�0�0� �y�e�a�r�s�)� �a�n�d� �i�t� �i�s� �a�d�v�a�n�c�e�s� �i�n� �t�e�c�h�n�o�l�o�g�y� �w�h�i�c�h� �l�e�a�d� �t�o� 

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

�h�a�v�e� �b�e�e�n� �t�a�u�g�h�t� �t�o� �b�e�l�i�e�v�e� �t�h�e� �o�p�p�o�s�i�t�e �� �(�p�.� �1�4� �)�.� �L�a�P�o�r�t�e� �a�n�d� �S�a�n�d�e�r�s� 

�(�1�9�9�3�)� �c�o�n�t�e�m�p�o�r�a�r�y� �t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�o�r�s�,� �r�e�m�a�r�k�,� �"�T�e�c�h�n�o�l�o�g�i�c�a�l� 

�k�n�o�w�l�e�d�g�e� �h�a�s� �e�x�i�s�t�e�d� �f�a�r� �l�o�n�g�e�r� �t�h�a�n� �s�c�i�e�n�t�i�f�i�c� �k�n�o�w�l�e�d�g�e �� �(�p�.� �1�7�)�.� 
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�I�n� �a�n�c�i�e�n�t� �t�i�m�e�s� �i�n� �t�h�e� �W�e�s�t� �a�n�d� �i�n� �C�h�i�n�a� �t�h�e� �m�a�n� �o�f� �"�s�c�i�e�n�c�e�"� 

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

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

�a�n�d� �h�o�w� �t�o� �o�r�d�e�r� �s�o�c�i�e�t�y�.� �C�a�r�d�w�e�l�l� �(�1�9�7�2�)� �i�n�t�e�r�j�e�c�t�s� �a� �d�i�f�f�e�r�e�n�c�e� �i�n� 

�o�p�i�n�i�o�n� �w�h�e�n� �h�e� �m�e�n�t�i�o�n�s�,� �"�T�h�e�r�e� �w�e�r�e� �n�o� �s�c�i�e�n�t�i�s�t�s� �i�n� �t�h�e� �a�n�c�i�e�n�t� 

�w�o�r�l�d�,� �f�o�r� �s�c�i�e�n�c�e� �a�s� �a� �s�o�c�i�a�l� �i�n�s�t�i�t�u�t�i�o�n� �d�i�d� �n�o�t� �e�x�i�s�t� �a�n�d� �i�n�d�e�e�d� �d�i�d� 

�n�o�t� �b�e�g�i�n� �t�o� �b�e� �s�i�g�n�i�f�i�c�a�n�t� �u�n�t�i�l� �t�h�e� �s�e�v�e�n�t�e�e�n�t�h� �c�e�n�t�u�r�y�"� �(�p�.� �3�)�.� 

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

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

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

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

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

�i�n�n�o�v�a�t�i�o�n�s� �i�n� �t�e�x�t�i�l�e�s�,� �s�t�e�a�m� �e�n�g�i�n�e�s� �a�n�d� �m�e�t�a�l�s� �c�a�m�e� �a�b�o�u�t� 

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

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

�s�c�i�e�n�t�i�f�i�c� �k�n�o�w�l�e�d�g�e� �(�C�h�a�n�t�,� �1�9�8�9�,� �p�.� �4�0�)�.� 

�T�h�e� �E�u�r�o�p�e�a�n� �M�i�d�d�i�e� �A�g�e�s� �w�e�r�e� �a� �t�i�m�e� �o�f� �r�a�p�i�d�,� �s�i�g�n�i�f�i�c�a�n�t� 

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

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

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

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

�w�e�r�e� �b�u�i�l�t� �i�n� �E�u�r�o�p�e� �w�i�t�h� �l�i�t�t�l�e� �r�e�l�i�a�n�c�e� �o�r� �c�o�n�n�e�c�t�i�o�n�s� �t�o� �t�h�e� 

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

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

�t�a�b�l�e�s� �(�V�o�l�t�i�,� �1�9�9�2�,� �p�.� �5�6�)�.� 

�S�c�i�e�n�t�i�f�i�c� �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� �c�o�n�t�i�n�u�e�d� �t�o� �e�v�o�l�v�e� �i�n� 
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�s�e�p�a�r�a�t�e� �w�a�y�s� �d�u�r�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�e�n�t�u�r�i�e�s�.� �K�u�h�n� �(�1�9�6�9�)�,� �a�n� 

�h�i�s�t�o�r�i�a�n� �o�f� �s�c�i�e�n�c�e� �,� �s�t�a�t�e�s�,� �"�T�h�e� �s�i�x�t�e�e�n�t�h� �a�n�d� �s�e�v�e�n�t�e�e�n�t�h� 

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

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

�p�r�e�c�e�d�i�n�g� �c�e�n�t�u�r�i�e�s� �w�h�e�n� �s�c�i�e�n�c�e� �h�a�d� �b�e�e�n� �l�a�r�g�e�l�y� �s�t�a�g�n�a�n�t �� �(�p�.� �4�2�7�)�.� 

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

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

�u�n�d�e�v�e�l�o�p�e�d�,� �a�n�d� �v�i�c�e�-�v�e�r�s�a�"� �(�p�.� �4�2�8�)�.� �I�t� �m�a�y� �b�e� �p�o�s�s�i�b�l�e� �i�n� �o�u�r� �e�r�a� 

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

�g�r�o�w�t�h� �a�t� �t�h�e� �s�a�m�e� �t�i�m�e� �(�V�o�l�t�i�,� �1�9�9�2�,� �p�.� �5�6�)�.� 

�T�h�e� �N�a�t�u�r�e� �o�f� �S�c�i�e�n�c�e� �a�n�d� �T�e�c�h�n�o�l�o�g�y� 

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

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

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

�d�i�s�c�o�v�e�r�s�,� �t�e�c�h�n�o�l�o�g�y� �a�p�p�l�i�e�s �� �(�J�e�v�o�n�s�,� �1�9�7�6�,� �p�.� �7�3�7�)�.� �M�i�t�c�h�a�m� �(�1�9�8�0�)� 

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

�h�e� �s�t�a�t�e�s�:� 

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

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

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

�t�e�c�h�n�o�l�o�g�y�,� �o�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �i�s� �t�h�e� �e�x�p�l�o�i�t�a�t�i�o�n� �o�f� �t�h�e� �w�o�r�l�d�'�s� 

�n�a�t�u�r�a�l� �r�e�s�o�u�r�c�e�s� �i�n� �t�h�e� �i�n�t�e�r�e�s�t�s� �o�f� �t�h�e� �h�u�m�a�n� �r�a�c�e�,� �o�r� �s�o�m�e� 

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

�a�r�t�i�f�a�c�t�s �� �(�p�.� �2�8�5�)�.� 

�3�5



�C�h�a�n�t� �(�1�9�8�9�)� �s�u�m�m�a�r�i�z�e�s� �t�h�i�s� �d�i�s�c�o�u�r�s�e� �o�n� �s�c�i�e�n�c�e� �a�n�d� �t�e�c�h�n�o�l�o�g�y� 

�w�h�e�n� �h�e� �s�t�a�t�e�s�:� �"�S�c�i�e�n�c�e�,� �h�o�w�e�v�e�r� �p�r�a�c�t�i�c�a�l� �i�t�s� �m�e�t�h�o�d�s� �a�n�d� 

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

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

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

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

�(�p�.� �4�2�)�.� 

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

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

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

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

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

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

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

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

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

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

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

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

�w�h�o� �a�c�t�u�a�l�l�y� �b�u�i�l�t� �t�h�e� �k�e�g�s �� �(�V�o�l�t�i�,� �1�9�9�2�,� �p�.� �5�8�)�.� 

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

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

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

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

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

�3�6



�i�n�j�e�c�t�o�r� �p�r�o�v�i�d�e�d� �p�r�a�c�t�i�c�a�l� �k�n�o�w�l�e�d�g�e� �t�h�a�t� �t�h�e� �c�a�l�o�r�i�c� �t�h�e�o�r�y� �o�f� �h�e�a�t� 

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

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

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

�t�h�e�o�r�i�e�s�"� �(�V�o�l�t�i�,� �1�9�9�2�,� �p�.� �5�9�)�.� 

�A� �t�h�i�r�d� �e�x�a�m�p�l�e� �o�f� �t�h�e� �n�o�t�i�o�n� �t�h�a�t� �t�e�c�h�n�o�l�o�g�i�c�a�l� �a�p�p�l�i�c�a�t�i�o�n� 

�p�r�e�c�e�d�e�s� �s�c�i�e�n�t�i�f�i�c� �k�n�o�w�l�e�d�g�e� �i�s� �o�f�f�e�r�e�d� �i�n� �P�r�o�j�e�c�t� �H�i�n�d�s�i�g�h�t�,� �a� 

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

�m�i�d�-�1�9�6�0�s�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�e� �s�t�u�d�y� �w�a�s� �"�.� �.� �.� �t�o� �a�s�s�e�s�s� �t�h�e� 

�i�m�p�o�r�t�a�n�c�e� �o�f� �b�a�s�i�c� �r�e�s�e�a�r�c�h� �f�o�r� �2�0� �o�f� �t�h�e� �n�a�t�i�o�n ��s� �m�o�s�t� �i�m�p�o�r�t�a�n�t� 

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

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

�s�c�i�e�n�c�e�"� �(�S�t�a�u�d�e�n�m�a�i�e�r�,� �1�9�8�9�,� �p�.� �9�5�)�.� 

�I�n� �r�e�a�c�t�i�o�n� �t�o� �P�r�o�j�e�c�t� �H�i�n�d�s�i�g�h�t�,� �a�n�o�t�h�e�r� �s�t�u�d�y� �o�f� �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�t�i�f�i�c� �r�e�s�e�a�r�c�h� �a�n�d� �t�e�c�h�n�o�l�o�g�i�c�a�l� 

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

�E�v�e�n�t�s� �i�n� �S�c�i�e�n�c�e� �(�T�R�A�C�E�S�)� �c�o�n�t�r�a�d�i�c�t�e�d� �t�h�e� �p�r�e�v�i�o�u�s�l�y� �c�i�t�e�d� �s�t�u�d�y� �b�y� 

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

�s�c�i�e�n�t�i�f�i�c� �r�e�s�e�a�r�c�h� �(�P�a�r�k�e�r�,� �1�9�7�8�,� �p�.� �3�0�)�.� �T�h�i�s� �s�t�u�d�y� �t�o�o�k� �a� �m�u�c�h� 

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

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

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

�a�c�h�i�e�v�e�d� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �t�w�o�-�w�a�y� �i�n�f�l�u�e�n�c�e� �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 �� �(�L�a�y�t�o�n�,� �1�9�7�1�,� �p�.� �5�6�4�)�.� 

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

�3�7



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

�c�o�m�m�o�n� �b�e�l�i�e�f� �t�h�a�t� �t�e�c�h�n�o�l�o�g�y� �i�s� �s�i�m�p�l�y� �a�p�p�l�i�e�d� �s�c�i�e�n�c�e�.� �"�B�y� �1�9�7�2� 

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

�t�e�c�h�n�o�l�o�g�y� �i�s� �k�n�o�w�l�e�d�g�e�,� �n�o�t� �m�e�r�e�l�y� �a�p�p�l�i�e�d� �s�c�i�e�n�c�e�"� �(�W�i�s�e�,� �1�9�8�5�,� 

�p�.� �2�3�6�)�.� 

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

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

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

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

�c�o�n�c�e�r�n� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �t�h�e� �s�c�i�e�n�c�e�-�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�;� 

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

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

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

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

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

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

�(�p�.� �1�2�5�)�.� �L�a�y�t�o�n� �(�1�9�7�6�)� �s�u�p�p�o�r�t�s� �t�h�e� �s�e�p�a�r�a�t�e� �c�o�m�m�u�n�i�t�y� �s�t�a�t�e�m�e�n�t� 

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

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

�m�e�m�b�e�r�s�h�i�p� �a�n�d� �v�a�l�u�e�s�,� �i�t�s� �o�w�n� �r�i�t�u�a�l�s� �a�n�d� �b�e�l�i�e�f�s�"� �(�p�.� �6�8�8�)�.� 

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

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

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

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

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

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

�i�n�t�e�r�a�c�t�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p�.� �.� �.�"� �(�C�h�a�n�t�,� �1�9�8�9�,� �p�.� �4�7�)�.� 

�T�h�e� �e�f�f�o�r�t�s� �p�u�t� �f�o�r�t�h� �i�n� �P�A�T�T� �r�e�s�e�a�r�c�h� �e�m�p�h�a�s�i�z�e� �t�h�e� 

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

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

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

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

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

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

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

�A�t�t�i�t�u�d�e� 

�H�i�s�t�o�r�i�c�a�l� �a�n�d� �M�o�d�e�r�n� �C�o�n�c�e�p�t�s� 

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

�u�s�e�d� �e�x�c�l�u�s�i�v�e�l�y� �w�i�t�h� �r�e�f�e�r�e�n�c�e� �t�o� �a� �p�e�r�s�o�n�'�s� �p�o�s�t�u�r�e�.� �T�o� 

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

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

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

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

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

�s�t�a�n�c�e�.� �(�J�o�h�o�d�a� �&� �W�a�r�r�e�n�,� �1�9�6�8�,� �p�.� �7�)� 
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�T�h�e� �s�h�i�f�t� �f�r�o�m� �t�h�e� �p�h�y�s�i�c�a�l� �a�s�p�e�c�t�s� �o�f� �a�t�t�i�t�u�d�e� �t�o� �t�h�e� �e�m�o�t�i�o�n�a�l� 

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

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

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

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

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

�(�S�h�r�i�g�l�e�y�,� �1�9�8�3�,� �p�.� �4�2�6�)�.� �S�h�e�r�r�i�n�g�t�o�n�,� �a� �B�r�i�t�i�s�h� �p�h�y�s�i�o�l�o�g�i�s�t�,� �u�s�e�d� �t�h�e� 

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

�p�h�y�s�i�c�a�l� �c�o�n�n�o�t�a�t�i�o�n� �r�e�i�g�n�e�d� �(�S�h�r�i�g�l�e�y� �&� �K�o�b�a�l�l�a�,� �1�9�8�4�,� �p�.� �1�1�2�)�.� 

�A�u�t�h�o�r�s� �p�o�i�n�t� �t�o� �1�9�1�8� �a�s� �t�h�e� �o�r�i�g�i�n� �o�f� �a�t�t�i�t�u�d�e� �a�s� �a� �m�o�d�e�r�n� 

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

�t�h�a�n� �p�s�y�c�h�o�l�o�g�i�c�a�l�.� �T�h�o�m�a�s� �a�n�d� �Z�n�a�n�i�e�c�k�i�'�s� �w�o�r�k�,� �T�h�e� �P�o�l�i�s�h� �P�e�a�s�a�n�t� 

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

�w�o�r�t�h�y� �o�f� �s�t�u�d�y� �(�S�h�r�i�g�l�e�y�,� �K�o�b�a�l�l�a� �&� �S�i�m�p�s�o�n�,� �1�9�8�8�)�.� �T�h�e� �1�9�1�8� 

�T�h�o�m�a�s� �a�n�d� �Z�n�a�n�i�e�c�k�i� �s�t�u�d�y� �o�f� �a�c�c�u�l�t�u�r�a�t�i�o�n� �o�f� �P�o�l�i�s�h� �f�a�r�m�e�r�s� �i�n� �o�u�r� 

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

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

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

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

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

�a�t�t�r�i�b�u�t�e�s� �t�h�a�t� �r�e�m�a�i�n� �c�e�n�t�r�a�l� �t�o� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �s�i�x� �d�e�c�a�d�e�s� �l�a�t�e�r�"� 

�(�S�h�r�i�g�l�e�y�,� �e�t� �a�l�.�,� �1�9�8�8�,� �p�.� �6�6�2�)�.� 

�A�l�l�p�o�r�t�,� �w�r�i�t�i�n�g� �i�n� �t�h�e� �H�a�n�d�b�o�o�k� �o�f� �S�o�c�i�a�l� �P�s�y�c�h�o�l�o�g�y� �(�1�9�6�8�)�,� 

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

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

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

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

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

�a� �m�o�d�e�r�n� �c�o�n�c�e�p�t�.� 

�A�t�t�i�t�u�d�e� �D�e�f�i�n�i�t�i�o�n� 

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

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

�t�e�r�m� �o�f�t�e�n� �d�o�n�'�t� �c�o�i�n�c�i�d�e�.� �A�t�t�i�t�u�d�e� �h�a�s� �b�e�e�n� �d�e�f�i�n�e�d� �i�n� �s�e�v�e�r�a�l� �w�a�y�s� 

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

�r�e�s�e�a�r�c�h�.� �D�e�f�i�n�i�t�i�o�n�s� �o�f� �a�t�t�i�t�u�d�e� �a�r�e� �p�l�e�n�t�i�f�u�l� �(�K�r�e�c�h�,� �C�r�u�t�c�h�f�i�e�l�d�,� 

�a�n�d� �B�a�l�l�a�c�h�e�y�,� �1�9�6�2�;� �S�m�i�t�h�,� �B�r�u�n�e�r�,� �&� �W�h�i�t�e�,� �1�9�6�7�;� �F�i�s�h�b�e�i�n� �a�n�d� 

�A�j�z�e�n�,� �1�9�7�5�;� �K�e�r�l�i�n�g�e�r�,�1�9�8�4�)� �e�s�s�e�n�t�i�a�l�l�y� �a�l�l� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �a�t�t�i�t�u�d�e�s� 

�h�a�v�e� �t�h�r�e�e� �m�a�j�o�r� �f�e�a�t�u�r�e�s�:� �1�)� �A�n� �a�t�t�i�t�u�d�e� �d�e�v�e�l�o�p�s� �t�h�r�o�u�g�h� 

�e�x�p�e�r�i�e�n�c�e� �w�i�t�h� �a�n� �o�b�j�e�c�t�.� �2�)� �I�t� �p�r�e�d�i�s�p�o�s�e�s� �o�n�e� �t�o� �a�c�t� �i�n� �a� 

�p�r�e�d�i�c�t�a�b�l�e� �m�a�n�n�e�r� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �a�n� �o�b�j�e�c�t�.� �3�)� �A�n� �a�t�t�i�t�u�d�e� �c�o�n�s�i�s�t�s� 

�o�f� �p�o�s�i�t�i�v�e� �o�r� �n�e�g�a�t�i�v�e� �e�v�a�l�u�a�t�i�o�n�s� �(�P�a�l�m�e�r�i�n�o�,� �L�a�n�g�e�r� �&� �M�c�G�i�l�l�i�s�,� 

�1�9�8�4�,� �p�.� �1�7�9�)�.� �F�i�s�h�b�e�i�n� �a�n�d� �A�j�z�e�n� �(�1�9�7�5�)� �s�t�a�t�e�,� �"�.� �.� �.� �m�o�s�t� 

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

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

�u�n�f�a�v�o�r�a�b�l�e� �m�a�n�n�e�r� �t�o�w�a�r�d� �a�n� �a�t�t�i�t�u�d�e� �o�b�j�e�c�t�"� �(�p�.� �6�)�.� 

�i�n� �1�9�2�8� �L�o�u�i�s� �T�h�u�r�s�t�o�n�e�,� �a� �n�o�t�e�d� �s�o�c�i�a�l� �p�s�y�c�h�o�l�o�g�i�s�t� �i�n� �t�h�e� 

�s�t�u�d�y� �o�f� �a�t�t�i�t�u�d�e�,� �d�e�f�i�n�e�d� �a�t�t�i�t�u�d�e� �a�s� �"�t�h�e� �s�u�m� �t�o�t�a�l� �o�f� �a� �m�a�n�'�s� 

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

�i�d�e�a�s�,� �f�e�a�r�s�,� �t�h�r�e�a�t�s�,� �a�n�d� �c�o�n�v�i�c�t�i�o�n�s� �a�b�o�u�t� �a�n�y� �s�p�e�c�i�f�i�e�d� �t�o�p�i�c �� 
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�(�M�u�e�l�l�e�r�,� �1�9�8�6�,� �p�.� �3�)�.� �T�h�r�e�e� �y�e�a�r�s� �l�a�t�e�r� �h�e� �s�t�a�t�e�d� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �a�s� 

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

�(�M�u�e�l�l�e�r�,� �p�.� �3�)�.� �T�h�u�r�s�t�o�n�e�'�s� �d�e�f�i�n�i�t�i�o�n� �o�f�f�e�r�s� �a� �f�l�e�x�i�b�l�e� �a�p�p�r�o�a�c�h� �a�n�d� 

�M�u�e�l�l�e�r� �(�1�9�8�6�)�,� �i�n� �a�d�o�p�t�i�n�g� �T�h�u�r�s�t�o�n�e�'�s� �d�e�f�i�n�i�t�i�o�n�,� �r�e�s�t�a�t�e�d� �i�t� �a�s� 

�f�o�l�l�o�w�s�:� �"�A�t�t�i�t�u�d�e� �i�s� �(�1�)� �a�f�f�e�c�t� �f�o�r� �o�r� �a�g�a�i�n�s�t�,� �(�2�)� �e�v�a�l�u�a�t�i�o�n� �o�f�,� �(�3�)� 

�l�i�k�e� �o�r� �d�i�s�l�i�k�e� �o�f�,� �o�r� �(�4�)� �p�o�s�i�t�i�v�e�n�e�s�s� �o�r� �n�e�g�a�t�i�v�e�n�e�s�s� �t�o�w�a�r�d� �a� 

�p�s�y�c�h�o�l�o�g�i�c�a�l� �o�b�j�e�c�t �� �(�p�.� �3�)�.� �F�i�s�h�b�e�i�n� �a�n�d� �A�j�z�e�n� �(�1�9�7�5�)� �s�u�p�p�o�r�t� �t�h�e�s�e� 

�n�o�t�i�o�n�s� �w�h�e�n� �t�h�e�y� �s�t�a�t�e�,� �"�.� �.� �.� �t�h�e� �m�a�j�o�r� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �t�h�a�t� 

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

�a�f�f�e�c�t�i�v�e� �n�a�t�u�r�e �� �(�p�.� �1�1�)�.� �M�a�n�y� �r�e�s�e�a�r�c�h�e�r�s� �f�e�e�l� �t�h�e� �e�v�a�l�u�a�t�i�v�e� 

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

�c�o�n�s�t�r�u�c�t�.� 

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

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

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

�o�p�i�n�i�o�n�s�,� �b�e�l�i�e�f�s�,� �a�n�d� �v�a�l�u�e�s�.� 

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

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

�c�o�g�n�i�t�i�v�e� �r�a�t�h�e�r� �t�h�a�n� �e�m�o�t�i�o�n�-�l�a�d�e�n�,� �o�r� �a�s� �S�h�e�r�i�f� �(�1�9�6�5�)� �s�t�a�t�e�d�,� 

�"�V�e�r�b�a�l� �o�p�i�n�i�o�n�s� �.� �.� �.�m�a�y� �o�r� �m�a�y� �n�o�t� �r�e�f�l�e�c�t� �a�n� �a�t�t�i�t�u�d�e�"� �(�p�.� �2�0�)�.� 

�C�o�o�p�e�r� �a�n�d� �M�c�G�a�u�g�h� �(�1�9�6�8�)� �n�o�t�e�d� �t�h�a�t� �o�p�i�n�i�o�n�s� �p�l�a�y� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� 

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

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

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

�i�n�d�i�v�i�d�u�a�l� �m�a�y� �a�p�p�r�a�i�s�e� �i�t�.� �T�h�e� �e�x�t�e�n�t� �t�h�a�t� �"�.� �.� �.� �t�h�e� �a�p�p�r�a�i�s�a�l� �i�s� 

�t�e�n�t�a�t�i�v�e�,� �n�o�n�f�i�x�e�d�,� �i�t� �i�s� �a�n� �o�p�i�n�i�o�n �� �(�p�.� �2�9�)�.� 
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�T�h�e� �t�e�r�m� �"�b�e�l�i�e�f�"� �e�m�p�h�a�s�i�z�e�s� �s�o�m�e� �l�e�v�e�l� �o�f� �a�c�c�e�p�t�a�n�c�e� �o�f� �a� 

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

�a�n�d� �A�j�z�e�n� �(�1�9�7�5�)� �s�u�g�g�e�s�t� �t�h�a�t� �b�e�l�i�e�f�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �a� 

�p�e�r�s�o�n� �h�a�s� �a�b�o�u�t� �t�h�e� �o�b�j�e�c�t� �(�p�.� �1�2�)�.� �T�h�e� �o�b�j�e�c�t� �o�f� �a� �b�e�l�i�e�f� �m�a�y� �b�e� �a� 

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

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

�q�u�a�l�i�t�y�,� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�,� �o�u�t�c�o�m�e�,� �o�r� �e�v�e�n�t�.� �S�h�a�w� �a�n�d� �W�r�i�g�h�t� �(�1�9�6�7�)� 

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

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

�r�e�f�l�e�c�t�s� �a�n� �e�v�a�l�u�a�t�i�o�n� �(�p�.� �4�)�.� 

�L�i�k�e� �a�t�t�i�t�u�d�e�s�,� �v�a�l�u�e�s� �i�n�v�o�l�v�e� �e�v�a�l�u�a�t�i�n�g�.� �I�t� �i�s� �g�e�n�e�r�a�l�l�y� �a�g�r�e�e�d� 

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

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

�V�a�l�u�e�s� �a�r�e� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �a�n�d� �c�e�n�t�r�a�l� �e�l�e�m�e�n�t�s� �i�n� �a� �p�e�r�s�o�n�'�s� 

�s�y�s�t�e�m� �o�f� �a�t�t�i�t�u�d�e�s� �a�n�d� �b�e�l�i�e�f�s�.� �R�o�k�e�a�c�h� �(�1�9�6�8�)� �c�l�a�i�m�s� �t�h�a�t� �a�n� �a�d�u�l�t� 

�p�r�o�b�a�b�l�y� �h�a�s� �h�u�n�d�r�e�d�s� �o�f� �a�t�t�i�t�u�d�e�s�,� �b�u�t� �o�n�l�y� �d�o�z�e�n�s� �o�f� �v�a�l�u�e�s� �(�p�.� �1�6�2�)�.� 

�O�s�c�a�m�p� �(�1�9�7�7�)� �d�e�s�c�r�i�b�e�s� �v�a�l�u�e�s� �a�s� �e�n�d�s� �r�a�t�h�e�r� �t�h�a�n� �m�e�a�n�s�;� �t�h�e�y� �a�r�e� 

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

�a�t�t�i�t�u�d�e�s� �a�n�d� �b�e�l�i�e�f�s� �(�p�.� �1�3�)�.� 

�T�r�i�p�a�r�t�i�t�e� �V�i�e�w� �o�f� �A�t�t�i�t�u�d�e� 

�I�n� �s�t�u�d�y�i�n�g� �a�t�t�i�t�u�d�e� �i�t� �h�e�l�p�s� �t�o� �c�o�n�c�e�p�t�u�a�l�i�z�e� �a�t�t�i�t�u�d�e�s� �a�s� 

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

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

�c�o�m�p�o�n�e�n�t�s� �a�s�:� �c�o�g�n�i�t�i�v�e�,� �a�f�f�e�c�t�i�v�e� �a�n�d� �b�e�h�a�v�i�o�r�a�l� �(� �K�r�e�c�h� �e�t� �a�l�.�,� 
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�1�9�6�2�,� �S�e�c�o�r�d� �a�n�d� �B�a�c�k�m�a�n�,� �1�9�6�4�)�.� 

�T�h�e� �c�o�g�n�i�t�i�v�e� �c�o�m�p�o�n�e�n�t� �c�o�n�s�i�s�t�s� �o�f� �t�h�e� �b�e�l�i�e�f�s�,� �o�p�i�n�i�o�n�s�,� 

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

�o�b�j�e�c�t�.� �T�h�i�s� �c�o�m�p�o�n�e�n�t� �c�a�n� �b�e� �c�o�n�c�e�p�t�u�a�l�i�z�e�d� �a�s� �a� �p�e�r�s�o�n�'�s� �b�e�l�i�e�f�s� 

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

�T�h�e� �a�f�f�e�c�t�i�v�e� �c�o�m�p�o�n�e�n�t� �c�o�n�s�i�s�t�s� �o�f� �a� �p�e�r�s�o�n�'�s� �e�v�a�l�u�a�t�i�o�n� �o�f�,� 

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

�a�f�f�e�c�t�i�v�e� �o�r� �e�m�o�t�i�o�n�a�l� �c�o�m�p�o�n�e�n�t� �r�e�f�e�r�s� �t�o� �a�n� �i�n�d�i�v�i�d�u�a�l�'�s� �f�e�e�l�i�n�g�s� �o�r� 

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

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

�a�t�t�i�t�u�d�e� �o�b�j�e�c�t�.� 

�T�h�e� �b�e�h�a�v�i�o�r�a�l� �c�o�m�p�o�n�e�n�t� �i�n�v�o�l�v�e�s� �t�h�e� �p�e�r�s�o�n�'�s� �o�v�e�r�t� �b�e�h�a�v�i�o�r� 

�d�i�r�e�c�t�e�d� �t�o�w�a�r�d� �t�h�e� �o�b�j�e�c�t� �o�r� �p�e�r�s�o�n� �(�Z�i�m�b�a�r�d�o� �&� �E�b�b�e�s�o�n�,� �1�9�7�0�,� 

�p�.� �2�0�)�.� �d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �(�1�9�8�9�a�)� �r�e�f�e�r�s� �t�o� �t�h�i�s� �w�a�y� �o�f� �c�o�n�c�e�p�t�u�a�l�i�z�i�n�g� 

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

�a�t�t�i�t�u�d�e� �i�s� �o�u�r� �l�i�k�e� �o�r� �d�i�s�l�i�k�e�:� �t�h�e� �e�v�a�l�u�a�t�i�v�e� �q�u�a�l�i�t�y� �(�p�.� �1�4�)�.� �T�h�e� 

�b�e�h�a�v�i�o�r�a�l� �c�o�m�p�o�n�e�n�t� �c�o�n�s�i�s�t�s� �o�f� �a� �p�e�r�s�o�n�'�s� �a�c�t�i�o�n� �t�e�n�d�e�n�c�i�e�s� 

�(�b�e�h�a�v�i�o�r�a�l� �i�n�t�e�n�t�i�o�n�s�)� �t�o�w�a�r�d� �a�n� �a�t�t�i�t�u�d�e� �o�b�j�e�c�t�.� 

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

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

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

�t�o�w�a�r�d� �t�e�c�h�n�o�l�o�g�y�:� �1�)� �t�e�c�h�n�o�l�o�g�y� �i�s� �a�n� �e�s�s�e�n�t�i�a�l� �f�e�a�t�u�r�e� �o�f� �m�a�n�k�i�n�d�,� 

�t�h�r�e�e� �c�o�n�s�e�q�u�e�n�c�e�s� �o�f� �t�h�i�s� �a�r�e�;� �a�)� �t�h�e�r�e� �i�s� �a� �r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �o�n�e�'�s� 

�v�i�e�w� �o�f� �m�a�n�k�i�n�d� �a�n�d� �o�n�e�'�s� �v�i�e�w� �o�f� �t�e�c�h�n�o�l�o�g�y�,� �b�)� �t�e�c�h�n�o�l�o�g�y� �g�o�e�s� �w�i�t�h� 

�b�o�t�h� �m�e�n�/�b�o�y�s� �a�n�d� �w�o�m�e�n�/�g�i�r�l�s�,� �a�n�d� �c�)� �t�e�c�h�n�o�l�o�g�y�,� �a�s� �d�o�e�s� �m�a�n�k�i�n�d�,� 
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�u�n�d�e�r�g�o�e�s� �a� �h�i�s�t�o�r�i�c�a�l� �d�e�v�e�l�o�p�m�e�n�t�;� �2�)� �m�a�t�t�e�r�,� �e�n�e�r�g�y� �a�n�d� 

�i�n�f�o�r�m�a�t�i�o�n� �a�r�e� �t�h�e�  ��p�i�l�l�a�r�s �� �o�r� �b�a�s�e� �m�a�t�e�r�i�a�l�s� �o�f� �t�e�c�h�n�o�l�o�g�y�;� �3�)� �t�h�e�r�e� 

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

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

�s�c�i�e�n�c�e�s� �a�n�d� �a�l�s�o� �t�h�e� �t�e�c�h�n�i�c�a�l� �a�n�d� �s�c�i�e�n�t�i�f�i�c� �k�n�o�w�l�e�d�g�e�;� �4�)� �t�h�e� �t�h�r�e�e� 

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

�a�n�d� �c�)� �u�s�i�n�g� �t�e�c�h�n�i�c�a�l� �p�r�o�d�u�c�t�s�;� �5�)� �t�h�e�r�e� �i�s� �a� �m�u�t�u�a�l� �i�n�f�l�u�e�n�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� �(�p�.� �4�3�7�)�.� 

�C�o�n�c�e�p�t� �D�e�v�e�l�o�p�m�e�n�t� 

�A�n� �i�n�d�i�v�i�d�u�a�l�'�s� �c�o�n�c�e�p�t� �o�f� �a�n�y�t�h�i�n�g� �i�s� �a� �p�r�o�d�u�c�t� �o�f� �t�h�o�u�g�h�t�,� �i�t� 

�i�s� �a� �c�o�n�s�t�r�u�c�t�,� �u�n�i�q�u�e� �t�o� �e�a�c�h� �i�n�d�i�v�i�d�u�a�l� �(�K�l�a�u�s�m�e�i�e�r� �&� �G�o�o�d�w�i�n�,� 

�1�9�6�6�,� �p�.� �2�7�5�)�.� �M�u�c�h� �o�f� �a� �p�e�r�s�o�n�'�s� �e�x�p�e�r�i�e�n�c�e� �i�s� �i�n�c�l�u�d�e�d� �i�n� �c�o�n�c�e�p�t�s�,� 

�w�h�i�c�h� �a�r�e� �e�x�p�r�e�s�s�e�d� �i�n� �w�o�r�d�s�.� �A�n� �i�n�d�i�v�i�d�u�a�l�'�s� �c�o�n�c�e�p�t� �o�f� �a�n�y�t�h�i�n�g� �i�s� 

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

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

�o�r� �e�v�e�n�t�s� �a�s� �b�e�l�o�n�g�i�n�g� �t�o� �t�h�e� �s�a�m�e� �c�l�a�s�s� �(�p�.� �2�5�0�)�.� �B�o�l�t�o�n� �(�1�9�7�7�)� 

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

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

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

�(�p�.� �2�3�)�.� 

�T�h�e� �c�o�n�c�e�p�t� �o�f� �t�e�c�h�n�o�l�o�g�y� �i�s� �b�a�s�e�d� �o�n� �a�c�c�e�p�t�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�y�.� �d�e� �V�r�i�e�s� �(�1�9�8�7�a�)� �d�e�s�c�r�i�b�e�s� �t�h�e� �c�o�n�c�e�p�t� �t�e�c�h�n�o�l�o�g�y� 

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

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

�i�n�c�r�e�a�s�i�n�g� �k�n�o�w�l�e�d�g�e� �a�n�d� �c�o�n�c�e�p�t�u�a�l� �s�o�p�h�i�s�t�i�c�a�t�i�o�n �� �(�K�e�i�l�,� �1�9�8�9�,� 

�p�.� �6�0�)�.� �U�p�o�n� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �i�t� �i�s� �a�p�p�a�r�e�n�t� �t�h�a�t� �t�h�e� 

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

�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� �o�f� �t�h�e� �c�o�n�c�e�p�t� �o�f� �t�e�c�h�n�o�l�o�g�y� �w�e�r�e� 

�r�e�c�o�g�n�i�z�e�d� �b�y� �d�e� �V�r�i�e�s� �(�1�9�8�7�a�)�,� 

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

�2�)� �t�h�e� �t�h�r�e�e� �d�i�m�e�n�s�i�o�n�s� �o�f� �t�e�c�h�n�o�l�o�g�y�:� �m�a�t�t�e�r�,� �e�n�e�r�g�y�,� �a�n�d� 

�i�n�f�o�r�m�a�t�i�o�n�,� 

�3�)� �t�h�e� �r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �s�c�i�e�n�c�e�,� 

�4�)� �t�h�e� �t�e�c�h�n�i�c�a�l� �s�k�i�l�l�s�:� �d�e�s�i�g�n�i�n�g�,� �m�a�k�i�n�g� �t�h�i�n�g�s�,� �a�n�d� �u�s�i�n�g� 

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

�5�)� �t�h�e� �r�e�l�a�t�i�o�n� �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� �(�p�.� �1�0�)�.� 

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

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

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

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

�c�o�n�t�a�i�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �f�e�a�t�u�r�e�s�"� �(�K�e�i�l�,� �1�9�8�9�,� �p�.� �6�1�)�.� 

�P�u�p�i�l�s�'� �A�t�t�i�t�u�d�e�s� �T�o�w�a�r�d� �T�e�c�h�n�o�l�o�g�y� �(�P�A�T�T�)� 

�H�i�s�t�o�r�y� �o�f� �P�A�T�T� 

�P�u�p�i�l�s �� �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� �(�P�A�T�T�)� �i�s� �t�h�e� �n�a�m�e� �o�f� �a�n� 

�i�n�t�e�r�n�a�t�i�o�n�a�l� �r�e�s�e�a�r�c�h� �p�r�o�j�e�c�t�.� �T�h�i�s� �p�r�o�j�e�c�t� �i�s� �l�o�c�a�t�e�d� �a�t� �t�h�e� 

�U�n�i�v�e�r�s�i�t�y� �o�f� �E�i�n�d�h�o�v�e�n� �a�n�d� �t�h�e� �P�e�d�a�g�o�c�i�c�a�l� �T�e�c�h�n�o�l�o�g�i�c�a�l� �C�o�l�l�e�g�e� �i�n� 

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

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

�e�d�u�c�a�t�i�o�n� �(�d�e� �K�l�e�r�k� �W�o�l�t�e�r�s�,� �1�9�8�9�b�,� �p�.� �2�9�1�)�.� 

�T�h�e� �P�A�T�T� �r�e�s�e�a�r�c�h� �o�r�i�g�i�n�a�t�e�d� �f�r�o�m� �t�h�e� �p�r�o�j�e�c�t� �P�h�y�s�i�c�s� �a�n�d� 

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

�T�e�c�h�n�i�c�a�l� �P�h�y�s�i�c�s�,� �E�i�n�d�h�o�v�e�n� �U�n�i�v�e�r�s�i�t�y� �o�f� �T�e�c�h�n�o�l�o�g�y�.� �D�e�v�e�l�o�p�m�e�n�t� 

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

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

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

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

�d�o�n�e� �i�n� �t�h�i�s� �a�r�e�a� �o�f� �r�e�s�e�a�r�c�h� �b�y� �W�e�l�t�n�e�r�,� �L�i�e�b�i�g�,� �H�a�l�b�o�w�,� �M�a�i�c�h�l�e�,� 

�R�e�i�t�z� �a�n�d� �S�c�h�o�e�n�f�e�l�d� �i�n� �1�9�8�0�,� �a�n�d� �N�a�s�h�,� �A�l�l�s�o�p� �a�n�d� �W�o�o�l�n�o�u�g�h� �i�n� �1�9�8�4� 

�(�d�e� �V�r�i�e�s�,� �1�9�8�7�b�,� �p�.� �4�3�4�,� �4�4�3�-�4�4�4�)�.� �I�n� �a� �p�e�r�s�o�n�a�l� �c�o�n�v�e�r�s�a�t�i�o�n� �w�i�t�h� 

�F�a�l�c�o� �d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �i�n� �1�9�9�2�,� �h�e� �p�o�i�n�t�e�d� �o�u�t� �t�h�a�t� �i�n�d�e�e�d� �t�h�e�s�e� �s�a�m�e� 

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

�P�h�y�s�i�c�s� �a�n�d� �T�e�c�h�n�o�l�o�g�y� �(�d�e� �K�l�e�r�k� �W�o�l�t�e�r�s�,� �1�9�9�2�)�.� �D�y�r�e�n�f�u�r�t�h� �(�1�9�8�8�)� 

�e�x�p�r�e�s�s�e�s� �a�p�p�r�e�c�i�a�t�i�o�n� �f�o�r� �t�h�e� �e�f�f�o�r�t�s� �o�f� �R�a�a�t�,� �d�e� �V�r�i�e�s� �a�n�d� �o�t�h�e�r�s� 

�w�h�e�n� �h�e� �s�t�a�t�e�s�,� �"�.� �.� �.� �i�t� �i�s� �t�o� �t�h�e� �c�r�e�d�i�t� �o�f� �J�a�n� �R�a�a�t� �a�n�d� �M�a�r�c� �d�e� �V�r�i�e�s�'� 

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

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

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

�h�a�v�e� �i�n� �t�h�e�i�r� �m�i�n�d�s �� �(�p�.� �2�0�7�)�.� �S�i�m�i�l�a�r�l�y� �B�e�n�s�e�n� �(�1�9�9�1�)� �c�o�m�m�e�n�t�s� 

�f�a�v�o�r�a�b�l�y� �a�b�o�u�t� �t�h�e� �D�u�t�c�h� �r�e�s�e�a�r�c�h�e�r�s�,� �"�.� �.� �.� �t�h�e� �P�u�p�i�l�s �� �A�t�t�i�t�u�d�e� 

�T�o�w�a�r�d� �T�e�c�h�n�o�l�o�g�y� �(�P�A�T�T�)� �C�o�n�f�e�r�e�n�c�e� �h�o�l�d�s� �p�r�o�m�i�s�e� �a�s� �o�n�e� �o�f� �t�h�e� 

�p�r�e�m�i�e�r� �i�n�t�e�r�n�a�t�i�o�n�a�l� �l�e�a�d�e�r�s�h�i�p� �v�e�n�t�u�r�e�s� �o�f� �t�h�e� �p�r�o�f�e�s�s�i�o�n �� �(�p�.� �1�3�5�)�.� 

�I�n� �1�9�8�4�/�8�5�,� �r�e�s�e�a�r�c�h� �w�a�s� �c�o�n�d�u�c�t�e�d� �b�y� �J�a�n� �R�a�a�t� �a�n�d� �M�a�r�c� �d�e� 
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�V�r�i�e�s� �w�i�t�h� �s�t�u�d�e�n�t�s� �1�3� �-� �1�4� �y�e�a�r�s� �o�l�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e�i�r� �a�t�t�i�t�u�d�e� 

�t�o�w�a�r�d� �t�e�c�h�n�o�l�o�g�y� �(�R�a�i�t�t�,� �C�o�e�n�e�n�-�v�a�n� �d�e�n� �B�e�r�g�h�,� �d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �&� �d�e� 

�V�r�i�e�s�,� �1�9�8�8�,� �p�.� �i�i�)�.� �T�h�e� �s�t�u�d�y� �s�e�e�m�e�d� �t�o� �h�a�v�e� �a� �p�o�t�e�n�t�i�a�l� �c�o�m�m�o�n� 

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

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

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

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

�m�a�d�e� �a�t� �t�h�e� �G�A�S�A�T� �c�o�n�f�e�r�e�n�c�e� �(�G�e�n�d�e�r� �a�n�d� �S�c�i�e�n�c�e� �a�n�d� �T�e�c�h�n�o�l�o�g�y�)� �i�n� 

�L�o�n�d�o�n�,� �U�K� �i�n� �1�9�8�5�,� �a�n�d� �t�h�e� �U�N�E�S�C�O� �c�o�n�f�e�r�e�n�c�e� �(�U�n�i�t�e�d� �N�a�t�i�o�n�s� 

�E�d�u�c�a�t�i�o�n�a�l�,� �S�c�i�e�n�t�i�f�i�c� �a�n�d� �C�u�l�t�u�r�a�l� �O�r�g�a�n�i�z�a�t�i�o�n�)� �i�n� �B�a�n�g�a�l�o�r�e�,� �I�n�d�i�a� 

�a�l�s�o� �i�n� �1�9�8�5�.� �I�n�v�e�s�t�i�g�a�t�o�r�s� �i�n� �t�e�n� �c�o�u�n�t�r�i�e�s� �j�o�i�n�e�d� �t�h�e� �r�e�s�e�a�r�c�h�.� 

�T�h�e�s�e� �c�o�u�n�t�r�i�e�s� �w�e�r�e� �A�u�s�t�r�a�l�i�a�,� �B�e�l�g�i�u�m�,� �C�a�n�a�d�a�,� �H�u�n�g�a�r�y�,� �K�e�n�y�a�,� 

�N�i�g�e�r�i�a�,� �P�o�l�a�n�d�,� �S�w�e�d�e�n�,� �t�h�e� �U�K� �a�n�d� �t�h�e� �U�S�A�.� �T�h�e� �r�e�s�e�a�r�c�h� �i�n� �t�h�e�s�e� 

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

�i�n�s�t�r�u�m�e�n�t�s� �a�s� �a� �b�a�s�i�s� �(�R�a�a�t� �e�t� �a�l�.�,� �1�9�8�8�,� �p�.� �2�)�.� 

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

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

�s�t�u�d�i�e�s� �w�a�s� �n�o�t� �t�o� �m�a�k�e� �c�o�m�p�a�r�i�s�o�n�s� �o�f� �c�o�n�t�e�n�t� �b�e�t�w�e�e�n� �c�o�u�n�t�r�i�e�s�,� 

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

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

�m�a�n�n�e�r�.� �(�R�a�a�t�,� �d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �&� �d�e� �V�r�i�e�s�,� �1�9�8�7�,� �p�.� �1�6�)�.� 

�D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �i�t�e�m�s� �o�n� �t�h�e� �a�t�t�i�t�u�d�e� �q�u�e�s�t�i�o�n�a�i�r�e� �w�a�s� 

�u�n�d�e�r�t�a�k�e�n� �t�h�r�o�u�g�h� �i�n�t�e�r�v�i�e�w�s� �a�n�d� �o�p�e�n�-�e�n�d�e�d� �q�u�e�s�t�i�o�n�s� �w�i�t�h� 

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

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

�a�s�:� �1�)� �g�e�n�e�r�a�l�i�t�y� �o�f� �t�h�e� �c�o�n�c�e�p�t� �o�f� �t�e�c�h�n�o�l�o�g�y�,� �2�)� �i�n�t�e�r�e�s�t� �i�n� 
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�t�e�c�h�n�o�l�o�g�y�,� �3�)� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�e�c�h�n�o�l�o�g�y�,� �4�)� �d�i�f�f�i�c�u�l�t�y� �o�f� �t�e�c�h�n�o�l�o�g�y�,� 

�5�)� �r�o�l�e�-�c�a�s�t� �i�n� �t�e�c�h�n�o�l�o�g�y�,� �6�)� �c�o�n�s�e�q�u�e�n�c�e�s� �o�f� �t�e�c�h�n�o�l�o�g�y�,� �7�)� 

�c�r�e�a�t�i�v�i�t�y� �i�n� �t�e�c�h�n�o�l�o�g�y�,� �a�n�d� �8�)� �t�e�c�h�n�i�c�a�l� �p�r�o�f�e�s�s�i�o�n�s� �a�n�d� �c�a�r�e�e�r� 

�(�R�a�t�t� �e�t� �a�l�.�,� �1�9�8�7�,� �p�.� �1�7�)�.� 

�T�h�e� �I�n�t�e�r�n�a�t�i�o�n�a�l� �P�u�p�i�l�s �� �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� �r�e�s�e�a�r�c�h� 

�(�P�A�T�T� �r�e�s�e�a�r�c�h�)� �h�a�s� �a�s� �i�t�s� �m�a�i�n� �a�i�m� �t�o� �d�o� �r�e�s�e�a�r�c�h� �i�n�t�o� �p�u�p�i�l�s �� 

�c�o�n�c�e�p�t� �o�f� �a�n�d� �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� �(�R�a�a�t� �e�t� �a�l�.�,� �1�9�8�8�,� �p�.� �1�)�.� 

�T�h�e� �m�a�i�n� �a�r�g�u�m�e�n�t�s� �t�h�a�t� �s�u�p�p�o�r�t� �P�A�T�T� �r�e�s�e�a�r�c�h� �i�n� �s�e�v�e�r�a�l� �c�o�u�n�t�r�i�e�s� 

�a�r�e�:� �i�t� �p�e�r�m�i�t�s� �p�u�p�i�l�s �� �t�o� �c�o�n�f�r�o�n�t� �t�h�e�i�r� �v�i�e�w�s� �w�i�t�h� �v�i�e�w�s� �o�f� �o�t�h�e�r�s�;� �i�t� 

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

�s�t�u�d�e�n�t�s �� �n�e�e�d�s� �a�n�d� �s�t�u�d�e�n�t�s �� �i�n�t�e�r�e�s�t�s�;� �i�t� �p�e�r�m�i�t�s� �c�u�r�r�i�c�u�l�u�m� 

�d�e�v�e�l�o�p�m�e�n�t� �t�h�a�t� �i�s� �m�o�r�e� �s�t�u�d�e�n�t�-�c�e�n�t�e�r�e�d� �t�h�a�n� �s�u�b�j�e�c�t�-�c�e�n�t�e�r�e�d� �(�d�e� 

�K�l�e�r�k� �W�o�l�t�e�r�s�,� �1�9�8�9�b�,� �p�.� �2�9�1�)�.� 

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

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

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

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

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

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

�w�h�i�c�h�,� �t�o�g�e�t�h�e�r�,� �f�o�r�m� �a� �f�a�c�t�o�r� �(�d�i�m�e�n�s�i�o�n�)�.� �B�e�s�i�d�e�s�,� �i�t� �i�s� �t�h�e�n� 

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

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

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

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

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

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

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

�r�e�l�i�a�b�i�l�i�t�y� �w�a�s� �c�h�e�c�k�e�d� �b�y� �m�e�a�n�s� �o�f�  ��C�r�o�n�b�a�c�h�'�s� �a�l�p�h�a ��,� �a� �w�i�d�e�l�y� 

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

�f�i�g�u�r�e�.� �(�R�a�a�t� �e�t� �a�l�.�,� �1�9�8�7�,� �p�.� �1�8�)� 

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

�l�a�r�g�e� �p�a�r�t� �o�f� �t�h�e� �v�a�r�i�a�n�c�e�.� �T�h�e�s�e� �f�a�c�t�o�r�s� �a�r�e�:� �1�)� �i�n�t�e�r�e�s�t� �i�n� 

�t�e�c�h�n�o�l�o�g�y�,� �2�)� �c�o�n�s�e�q�u�e�n�c�e�s� �o�f� �t�e�c�h�n�o�l�o�g�y�,� �3�)� �g�e�n�d�e�r�,� �a�n�d� �4�)� 

�d�i�f�f�i�c�u�l�t�y� �o�f� �t�e�c�h�n�o�l�o�g�y�.� 

�P�A�T�I� �C�o�n�f�e�r�e�n�c�e�s� 

�R�a�a�t� �(�1�9�9�1�)� �o�f�f�e�r�s� �a� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �P�a�t�t�-�1� �t�h�r�o�u�g�h� �t�h�e� �P�A�T�T� 

�5� �c�o�n�f�e�r�e�n�c�e�s�.� �I�n� �M�a�r�c�h� �1�9�8�6� �t�h�e� �f�i�r�s�t� �i�n�t�e�r�n�a�t�i�o�n�a�l� �c�o�n�f�e�r�e�n�c�e�,� 

�P�A�T�T�-�1� �w�a�s� �h�e�l�d� �i�n� �E�i�n�d�h�o�v�e�n�,� �T�h�e� �N�e�t�h�e�r�l�a�n�d�s�.� �T�h�e�r�e� �w�e�r�e� �2�5� 

�p�a�r�t�i�c�i�p�a�n�t�s� �f�r�o�m� �1�1� �c�o�u�n�t�r�i�e�s�.� �T�h�e� �c�o�n�t�e�n�t� �o�f� �t�h�e� �c�o�n�f�e�r�e�n�c�e� �d�e�a�l�t� 

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

�s�t�u�d�i�e�s� �a�n�d� �m�o�d�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �P�A�T�T�-�i�n�s�t�r�u�m�e�n�t� �(�p�p�.� �1�6�-�2�0�)�.� 

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

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

�a�n�o�t�h�e�r� �p�a�r�t� �a�b�o�u�t� �t�h�e�i�r� �c�o�n�c�e�p�t� �o�f� �t�e�c�h�n�o�l�o�g�y� �(�R�a�t�t� �e�t� �a�l�.�,� �1�9�8�8�,� 

�p�.� �i�i�)�.� 

�T�h�e� �i�n�t�e�r�n�a�t�i�o�n�a�l� �c�o�n�f�e�r�e�n�c�e� �P�A�T�T�-�2� �w�a�s� �h�e�l�d� �i�n� �E�i�n�d�h�o�v�e�n� �i�n� 

�1�9�8�7�.� �T�h�e�r�e� �w�e�r�e� �4�0� �p�a�r�t�i�c�i�p�a�n�t�s� �f�r�o�m� �2�3� �c�o�u�n�t�r�i�e�s�.� �T�h�e� �m�a�i�n� 

�e�m�p�h�a�s�i�s� �o�f� �t�h�e� �p�r�o�g�r�a�m� �w�a�s� �p�r�e�s�e�n�t�a�t�i�o�n�s� �o�f� �P�A�T�T� �r�e�s�e�a�r�c�h� �a�n�d� 

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

�5�0



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

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

�t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n� �(�R�a�a�t� �e�t� �a�l�.�,� �1�9�8�8�,� �p�.� �i�i�)�.� 

�P�A�T�T�-�3� �w�a�s� �h�e�l�d� �i�n� �1�9�8�8� �o�n�c�e� �a�g�a�i�n� �i�n� �E�i�n�d�h�o�v�e�n�.� �T�h�e�r�e� �w�e�r�e� 

�5�0� �p�a�r�t�i�c�i�p�a�n�t�s� �f�r�o�m� �2�0� �c�o�u�n�t�r�i�e�s� �w�h�i�c�h� �a�d�d�r�e�s�s�e�d� �t�h�e� �t�h�e�m�e� �"�B�a�s�i�c� 

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

�F�r�a�m�e�w�o�r�k�s� �f�o�r� �T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n�;� �P�A�T�T� �R�e�s�e�a�r�c�h�,� �R�e�l�a�t�e�d� 

�R�e�s�e�a�r�c�h� �a�n�d� �i�t�s� �R�e�l�e�v�a�n�c�e�;� �H�o�w� �t�o� �M�a�k�e� �E�d�u�c�a�t�i�o�n� �A�t�t�r�a�c�t�i�v�e� �t�o� 

�G�i�r�l�s�;� �a�n�d� �T�h�e� �E�d�u�c�a�t�i�o�n� �o�f� �T�e�a�c�h�e�r�s� �f�o�r� �T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n�.� 

�P�A�T�T�-�4� �(�1�9�8�9�)� �w�a�s� �a�g�a�i�n� �h�e�l�d� �i�n� �E�i�n�d�h�o�v�e�n� �w�i�t�h� �4�5� �p�a�r�t�i�c�i�p�a�n�t�s� 

�f�r�o�m� �1�4� �c�o�u�n�t�r�i�e�s� �(�d�e� �K�l�e�r�k� �W�o�l�t�e�r�s�,� �M�o�t�t�i�e�r�,� �R�a�a�t�,� �&� �d�e� �V�r�i�e�s�,� �1�9�8�9�,� 

�p�p�.� �4�8�5�-�4�9�1�)�.� �T�h�e� �t�h�e�m�e� �w�a�s� �"�T�e�a�c�h�e�r� �E�d�u�c�a�t�i�o�n� �f�o�r� �S�c�h�o�o�l� 

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

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

�a�l�l�o�w�e�d� �t�o� �h�a�v�e� �P�A�T�T� �c�o�n�f�e�r�e�n�c�e�s� �w�i�t�h� �a� �m�o�r�e� �n�a�t�i�o�n�a�l� �a�n�d�/�o�r� 

�r�e�g�i�o�n�a�l� �c�h�a�r�a�c�t�e�r� �i�n� �t�h�e� �y�e�a�r�s� �i�n� �b�e�t�w�e�e�n� �t�w�o� �_� �i�n�t�e�r�n�a�t�i�o�n�a�l� 

�(�E�i�n�d�h�o�v�e�n�)� �P�A�T�T� �c�o�n�f�e�r�e�n�c�e�s �� �(�R�a�a�t�,� �1�9�9�1�,� �p�.� �1�9�)�.� 

�I�n� �1�9�9�0� �t�w�o� �s�u�c�h� �c�o�n�f�e�r�e�n�c�e�s� �w�e�r�e� �h�e�l�d�,� �o�n�e� �i�n� �N�a�i�r�o�b�i�,� �K�e�n�y�a� 

�w�i�t�h� �t�h�e� �t�h�e�m�e� �"�C�u�r�r�i�c�u�l�u�m� �a�n�d� �S�o�c�i�o�-�C�u�l�t�u�r�a�l� �I�s�s�u�e�s� �i�n� �A�p�p�r�o�p�r�i�a�t�e� 

�T�e�c�h�n�o�l�o�g�y �� �a�n�d� �a�n�o�t�h�e�r� �i�n� �L�a�g�o�w�,� �P�o�l�a�n�d� �w�i�t�h� �t�h�e� �t�h�e�m�e� �"�T�e�c�h�n�o�l�o�g�y� 

�a�n�d� �S�c�h�o�o�l�. �� 

�A� �f�o�r�m�a�l� �P�A�T�T� �f�o�u�n�d�a�t�i�o�n� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �b�y� �t�h�e� �e�n�d� �o�f� �1�9�9�0� �i�n� 

�a�n� �e�f�f�o�r�t� �t�o� �e�n�a�b�l�e� �a� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �a�n�d� �f�l�e�x�i�b�l�e� �o�r�g�a�n�i�z�a�t�i�o�n�.� �T�h�e� 

�c�h�a�i�r�m�a�n� �o�f� �t�h�e� �b�o�a�r�d� �i�s� �J�a�n� �R�a�a�t�,� �t�h�e� �t�r�e�a�s�u�r�e�r� �i�s� �I�l�j�a� �M�o�t�t�i�e�r�,� �a�n�d� 

�M�a�r�c� �d�e� �V�r�i�e�s� �i�s� �t�h�e� �s�e�c�r�e�t�a�r�y� �(�R�a�a�t�,� �1�9�9�1�,� �p�.� �2�0�)�.� 

�P�A�T�T�-�5� �(�E�i�n�d�h�o�v�e�n�,� �1�9�9�1�)� �h�a�d� �a�s� �t�h�e� �m�a�i�n� �t�h�e�m�e� �"�T�e�c�h�n�o�l�o�g�y� 

�5�1



�E�d�u�c�a�t�i�o�n� �a�n�d� �I�n�d�u�s�t�r�y�.�" ��.� �T�h�e�r�e� �w�e�r�e� �4�9� �p�a�r�t�i�c�i�p�a�n�t�s� �r�e�p�r�e�s�e�n�t�i�n�g� �1�8� 

�c�o�u�n�t�r�i�e�s� �i�n� �a�t�t�e�n�d�a�n�c�e� �(�M�o�t�t�i�e�r�,� �R�a�a�t�,� �&� �d�e� �V�r�i�e�s�,� �1�9�9�1�,� �p�p�.�4�2�7�-�4�3�4�)�.� 

�A�n� �I�T�E�A� �(�I�n�t�e�r�n�a�t�i�o�n�a�l� �T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n� �A�s�s�o�c�i�a�t�i�o�n�)� �-� 

�P�A�T�T� �C�o�n�f�e�r�e�n�c�e� �w�a�s� �h�e�l�d� �i�n� �R�e�s�t�o�n�,� �V�i�r�g�i�n�i�a�,� �O�c�t�o�b�e�r� �1�5�-�1�8�,� �1�9�9�2�.� 

�T�h�e� �t�h�e�m�e� �w�a�s� �"�T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n� �-� �A� �G�l�o�b�a�l� �P�e�r�s�p�e�c�t�i�v�e�. �� �T�h�e�r�e� 

�w�e�r�e� �3�6� �p�a�r�t�i�c�i�p�a�n�t�s� �f�r�o�m� �1�0� �c�o�u�n�t�r�i�e�s� �i�n� �a�t�t�e�n�d�a�n�c�e� �(�B�a�m�e� �&� 

�D�u�g�g�e�r�,� �1�9�9�2�,� �p�p�.� �3�5�3�-�3�5�9�)�.� 

�P�A�T�T�-�6� �e�s�t�a�b�l�i�s�h�e�d� �"�T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n� �a�n�d� �t�h�e� �E�n�v�i�r�o�n�m�e�n�t�-� 

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

�t�h�e�m�e�.� �I�t� �w�a�s� �h�e�l�d� �M�a�r�c�h� �2�5�-�3�0�,� �1�9�9�3� �i�n� �B�r�e�u�k�e�l�e�n�,� �t�h�e� �N�e�t�h�e�r�l�a�n�d�s� 

�(�R�a�a�t�,� �1�9�9�1�,� �p�.� �2�0�)�.� �T�h�e�r�e� �w�e�r�e� �5�2� �p�a�r�t�i�c�i�p�a�n�t�s� �f�r�o�m� �1�5� �c�o�u�n�t�r�i�e�s� �i�n� 

�a�t�t�e�n�d�a�n�c�e� �(�M�o�t�t�i�e�r�,� �R�a�a�t�,� �&� �d�e� �V�r�i�e�s�,� �1�9�9�3�,� �p�p�.� �4�4�1�-�4�4�7�)�.� 

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

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

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

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

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

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

�P�A�T�T�,� �t�h�i�s� �i�n�t�e�r�n�a�t�i�o�n�a�l� �o�r�g�a�n�i�z�a�t�i�o�n� �h�a�s� �b�e�c�o�m�e� �a� �c�a�t�a�l�y�s�t� �f�o�r� �t�h�e� 

�b�l�e�n�d�i�n�g� �o�f� �w�o�r�l�d�-�w�i�d�e� �o�r�g�a�n�i�z�a�t�i�o�n�s�.� �T�h�e� �I�I�E�T� �(�I�n�s�t�i�t�u�t�e� 

�I�n�t�e�r�n�a�t�i�o�n�a�l� �P�o�u�r �� �E�d�u�c�a�t�i�o�n� �T�e�c�h�n�o�l�o�g�i�q�u�e�)�,� �I�V�E�T�A� �(�i�n�t�e�r�n�a�t�i�o�n�a�l� 

�V�o�c�a�t�i�o�n�a�l� �E�d�u�c�a�t�i�o�n� �a�n�d� �T�r�a�i�n�i�n�g� �A�s�s�o�c�i�a�t�i�o�n�,� �I�T�E�A� �(�I�n�t�e�r�n�a�t�i�o�n�a�l� 

�T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n� �A�s�s�o�c�i�a�t�i�o�n�)�,� �G�S�A�T� �(�G�i�r�l�s� �a�n�d� �S�c�i�e�n�c�e� �a�n�d� 

�T�e�c�h�n�o�l�o�g�y�)�,� �U�N�E�S�C�O� �(�U�n�i�t�e�d� �N�a�t�i�o�n�s� �E�d�u�c�a�t�i�o�n�a�l�,� �S�c�i�e�n�t�i�f�i�c� �a�n�d� 

�C�u�l�t�u�r�a�l� �O�r�g�a�n�i�z�a�t�i�o�n�)� �a�r�e� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �P�A�T�T� �c�o�n�f�e�r�e�n�c�e�s�.� 

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

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

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

�R�a�t�t� �(�1�9�9�1�)�,� �o�n�e� �o�f� �t�h�e� �f�o�u�n�d�e�r�s�,� �r�e�f�e�r�s� �t�o� �a�n� �a�i�m� �o�f� �P�A�T�T� �a�s� �b�r�i�n�g�i�n�g� 

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

�i�n�f�o�r�m�a�t�i�o�n� �(� �p�.� �2�1�)�.� 

�T�e�c�h�n�o�l�o�g�y� �A�t�t�i�t�u�d�e� �S�c�a�l�e� �(�T�A�S�)� 

�d�e� �K�i�e�r�k� �W�o�l�t�e�r�s� �(�1�9�8�9�b�,� �p�.� �2�9�2�)� �d�e�s�c�r�i�b�e�s� �f�i�v�e� �i�n�s�t�r�u�m�e�n�t�s� 

�u�s�e�d� �i�n� �P�A�T�T� �r�e�s�e�a�r�c�h�.� �O�n�e� �i�n�s�t�r�u�m�e�n�t� �i�s� �a�n� �a�t�t�i�t�u�d�e� �q�u�e�s�t�i�o�n�a�i�r�e� 

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

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

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

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

�e�n�d�e�d� �q�u�e�s�t�i�o�n�a�i�r�e�s�.� �T�h�e� �T�e�c�h�n�o�l�o�g�y� �A�t�t�i�t�u�d�e� �S�c�a�l�e� �(�T�A�S�)� �i�s� �a� �s�h�o�r�t� 

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

�a�t�t�i�t�u�d�e� �q�u�e�s�t�i�o�n�a�i�r�e� �i�s� �u�s�e�d� �t�o� �a�s�s�e�s�s� �t�e�a�c�h�e�r�s� �a�t�t�i�t�u�d�e�s� �t�o�w�a�r�d�s� 

�t�e�c�h�n�o�l�o�g�y�.� 

�T�h�e� �T�e�c�h�n�o�l�o�g�y� �A�t�t�i�t�u�d�e� �S�c�a�l�e� �(�T�A�S�)�,� �d�e�s�i�g�n�e�d� �b�y� �F�a�l�c�o� �d�e� �K�l�e�r�k� 

�W�o�l�t�e�r�s� �(�D�e�i�j�s�s�e�l�b�e�r�g�,� �1�9�8�8�,� �p�.� �5�0�6�)�,� �s�e�r�v�e�d� �a�s� �a� �m�o�d�e�l� �f�o�r� �t�h�i�s� �s�t�u�d�y�.� 

�D�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �T�A�S� �w�a�s� �g�e�n�e�r�a�t�e�d� �b�y� �a�n� �n�e�e�d� �e�x�p�r�e�s�s�e�d� �b�y� 

�c�l�a�s�s�r�o�o�m� �t�e�a�c�h�e�r�s� �w�h�o� �a�s�k�e�d� �t�h�i�s� �q�u�e�s�t�i�o�n�:� �"�C�a�n� �w�e� �m�e�a�s�u�r�e�.�.�.� �t�h�e� 

�a�t�t�i�t�u�d�e� �t�o�w�a�r�d� �t�e�c�h�n�o�l�o�g�y� �o�f� �o�u�r� �p�u�p�i�l�s�? �� �(�d�e� �K�l�e�r�k� �W�o�l�t�e�r�s�,� �1�9�8�9�a�.� 

�p�.� �1�0�2�)�.� �T�h�e� �t�e�a�c�h�e�r�s� �w�e�r�e� �i�n�t�e�r�e�s�t�e�d� �i�n� �k�n�o�w�i�n�g� �"�.� �.� �.�t�h�e�i�r� �p�u�p�i�l�s �� 

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

�m�e�t�h�o�d� �o�r� �d�i�d�a�c�t�i�c� �a�p�p�r�o�a�c�h� �o�n� �t�h�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� �a�n�d� 

�t�h�e� �c�o�n�c�e�p�t� �o�f� �t�e�c�h�n�o�l�o�g�y� �(�=�e�v�a�l�u�a�t�i�o�n�)�"� �(�p�.� �1�0�2�)�.� 

�d�e� �K�l�e�r�k� �W�o�l�t�e�r�'�s� �g�o�a�l� �w�a�s� �t�o� �d�e�v�e�l�o�p� �a�n� �i�n�s�t�r�u�m�e�n�t� �f�o�r� 

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

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

�g�r�o�u�p� �o�f� �s�t�u�d�e�n�t�s�.� �I�t� �"�.� �.� �.�i�s� �n�o�t� �s�u�i�t�a�b�l�e� �f�o�r� �u�s�e� �a�t� �a�n� �i�n�d�i�v�i�d�u�a�l� �l�e�v�e�l� 

�a�n�d� �c�e�r�t�a�i�n�l�y� �n�o�t� �f�o�r� �t�h�e� �a�s�s�e�s�s�m�e�n�t� �o�f� �i�n�d�i�v�i�d�u�a�l� �p�u�p�i�l�s�"� �(�d�e� �K�l�e�r�k� 

�W�o�l�t�e�r�s�,� �1�9�8�8�b�,� �p�.� �5�1�1�)�.� 

�A� �s�h�o�r�t� �q�u�e�s�t�i�o�n�a�i�r�e�,� �w�i�t�h� �r�e�d�u�c�e�d� �a�f�f�e�c�t�i�v�e� �a�t�t�i�t�u�d�e� �s�c�a�l�e�s� 

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

�i�n�s�t�r�u�m�e�n�t�.� �A�n�a�l�y�s�i�s� �o�f� �d�a�t�a� �f�r�o�m� �t�h�e� �N�e�t�h�e�r�l�a�n�d�s� �a�s� �w�e�l�l� �a�s� �f�r�o�m� 

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

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

�o�f� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.� �T�h�e� �E�n�g�l�i�s�h� �t�r�a�n�s�l�a�t�i�o�n� �o�f� �t�h�e� �T�A�S� �i�n�s�t�r�u�m�e�n�t� �u�s�e�d� 

�i�n� �t�h�i�s� �s�t�u�d�y� �(�A�p�p�e�n�d�i�x� �A�)� �a�p�p�e�a�r�e�d� �i�n� �t�h�e� �R�e�p�o�r�t� �P�A�T�T�-�3� �C�o�n�f�e�r�e�n�c�e� 

�(�d�e� �K�l�e�r�k� �W�o�l�t�e�r�s�,� �1�9�8�8�b�,� �p�p�.� �5�3�3�-�5�3�5�)�.� 

�A�m�e�r�i�c�a�n� �R�e�s�e�a�r�c�h� 

�M�u�c�h� �r�e�s�e�a�r�c�h� �h�a�s� �b�e�e�n� �d�o�n�e� �a�b�o�u�t� �a�t�t�i�t�u�d�e�s� �t�o�w�a�r�d�s� �s�c�i�e�n�c�e� 

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

�t�e�c�h�n�o�l�o�g�y�.� �I�n� �t�h�i�s� �c�o�u�n�t�r�y� �B�a�m�e� �a�n�d� �D�u�g�g�e�r� �(�1�9�8�9�)� �D�u�n�l�a�p� �(�1�9�9�0�)� �a�n�d� 

�H�o�u�s�e�h�o�l�d�e�r� �a�n�d� �B�o�l�i�n� �(�1�9�9�2�)� �h�a�v�e� �c�o�n�d�u�c�t�e�d� �r�e�s�e�a�r�c�h� �a�s�s�o�c�i�a�t�e�d� 

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

�r�e�s�e�a�r�c�h�.� 
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�B�a�m�e� �a�n�d� �D�u�g�g�e�r� �(�1�9�8�9�)� �c�o�n�d�u�c�t�e�d� �a� �l�a�r�g�e� �s�c�a�l�e� �r�e�s�e�a�r�c�h� �s�t�u�d�y� 

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

�U�S�A� �r�e�p�o�r�t�e�d� �o�v�e�r� �t�e�n� �t�h�o�u�s�a�n�d� �r�e�s�p�o�n�s�e�s� �f�r�o�m� �s�e�v�e�n� �s�t�a�t�e�s�.� �T�h�e� 

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

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

�i�n�s�t�r�u�m�e�n�t� �u�s�e�d� �t�o� �m�e�a�s�u�r�e� �"�P�u�p�i�l�s�'� �A�t�t�i�t�u�d�e�s� �T�o�w�a�r�d�s� �T�e�c�h�n�o�l�o�g�y�"� 

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

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

�a�d�m�i�n�i�s�t�e�r�e�d� �i�n� �t�h�e� �N�e�t�h�e�r�l�a�n�d�s�,� �a� �l�a�n�g�u�a�g�e� �t�r�a�n�s�l�a�t�i�o�n� �(�D�u�t�c�h� �t�o� 

�E�n�g�l�i�s�h�)� �w�a�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �t�h�e� �P�A�T�T�-�U�S�A� �i�n�s�t�r�u�m�e�n�t�.� 

�M�a�r�c� �d�e� �V�r�i�e�s� �f�r�o�m� �t�h�e� �E�i�n�d�h�o�v�e�n� �U�n�i�v�e�r�s�i�t�y� �o�f� �T�e�c�h�n�o�l�o�g�y� �s�p�e�n�t� 

�p�a�r�t� �o�f� �1�9�8�8� �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� 

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

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

�r�e�s�e�a�r�c�h� �i�n� �A�m�e�r�i�c�a� �u�s�i�n�g� �t�h�e� �o�r�i�g�i�n�a�l� �P�A�T�T� �i�n�s�t�r�u�m�e�n�t�:� 

�1�.� �T�h�e� �l�a�n�g�u�a�g�e� �o�f� �t�h�e� �E�n�g�l�i�s�h� �t�r�a�n�s�l�a�t�i�o�n� �o�f� �t�h�e� �P�A�T�T� 

�L�i�k�e�r�t� �q�u�e�s�t�i�o�n�n�a�i�r�e� �w�a�s� �c�h�e�c�k�e�d� �f�o�r� �n�o�n�-�A�m�e�r�i�c�a�n� 

�e�x�p�r�e�s�s�i�o�n�s� �a�n�d� �w�o�r�d�s�.� �A� �f�e�w� �m�i�n�o�r� �c�h�a�n�g�e�s� �w�e�r�e� �m�a�d�e�.� 

�2�.� �T�h�e� �L�i�k�e�r�t� �q�u�e�s�t�i�o�n�a�i�r�e� �w�a�s� �f�i�e�l�d�-�t�e�s�t�e�d� �w�i�t�h� �a� �s�a�m�p�l�e� 

�o�f� �2�0�0� �p�u�p�i�l�s� �i�n� �g�r�a�d�e� �s�i�x� �a�n�d� �s�e�v�e�n� �o�f� �f�i�v�e� �j�u�n�i�o�r� �h�i�g�h� 

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

�a�d�d�i�t�i�o�n� �t�o� �t�h�i�s� �1�0�0� �o�t�h�e�r� �s�t�u�d�e�n�t�s� �o�f� �t�h�e� �s�a�m�e� �s�c�h�o�o�l�s� 

�w�r�o�t�e� �a�n� �e�s�s�a�y� �o�n� �"�W�h�a�t� �|� �T�h�i�n�k� �o�f� �T�e�c�h�n�o�l�o�g�y ��;� �t�o� �s�e�e� 

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

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

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

�a�f�t�e�r�w�a�r�d�s� �a�n�d� �s�e�n�t� �b�a�c�k� �t�o� �V�i�r�g�i�n�i�a� �T�e�c�h�,� �a�n�d� 

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

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

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

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

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

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

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

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

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

�g�i�v�e�n� �b�y� �t�h�e� �s�t�u�d�e�n�t�s� �i�n� �t�h�e� �q�u�e�s�t�i�o�n�a�i�r�e� �(�D�u�n�l�a�p�,� �1�9�9�0�,� 

�p�p�.� �3�8�-�9�)�.� 

�I�n� �t�h�e� �B�a�m�e� �a�n�d� �D�u�g�g�e�r� �r�e�s�e�a�r�c�h� �a� �d�e�t�e�r�m�i�n�e�d� �e�f�f�o�r�t� �w�a�s� �m�a�d�e� 

�t�o� �f�o�l�l�o�w� �t�h�e� �o�r�i�g�i�n�a�l� �P�A�T�T� �o�b�j�e�c�t�i�v�e�s� �a�s� �e�v�i�d�e�n�c�e�d� �b�y� �t�h�e� �a�s�s�i�s�t�a�n�c�e� 

�o�f� �D�r�.� �M�a�r�c� �d�e� �V�r�i�e�s� �t�h�r�o�u�g�h� �a� �c�o�o�p�e�r�a�t�i�v�e� �e�x�c�h�a�n�g�e� �e�f�f�o�r�t� �b�e�t�w�e�e�n� 

�E�i�n�d�h�o�v�e�n� �U�n�i�v�e�r�s�i�t�y� �o�f� �T�e�c�h�n�o�l�o�g�y�,� �t�h�e� �N�e�t�h�e�r�l�a�n�d�s� �a�n�d� �V�i�r�g�i�n�i�a� 

�T�e�c�h�.� �F�i�n�d�i�n�g�s� �o�f� �t�h�e�i�r� �r�e�s�e�a�r�c�h� �(�B�a�m�e� �&� �D�u�g�g�e�r�,� �1�9�9�2� �p�.� �6�1�-�6�3�)� �a�r�e�:� 

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

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

�d�i�d� �t�h�e� �g�i�r�l�s�.� �I�t� �i�s� �i�n�t�e�r�e�s�t�i�n�g� �t�o� �n�o�t�e� �t�h�a�t� �e�v�e�n� �t�h�o�u�g�h� �t�h�e� 

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

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

�b�e�i�n�g� �m�o�r�e� �d�i�f�f�i�c�u�l�t�.� 

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

�b�o�y�s� �a�n�d� �g�i�r�l�s� �t�o� �a� �g�r�e�a�t�e�r� �e�x�t�e�n�t� �t�h�a�n� �d�o� �t�h�e� �b�o�y�s�.� 
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�1�0�.� 

�1�1�.� 

�1�2�.� 

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

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

�m�o�r�e� �k�n�o�w�l�e�d�g�e�a�b�l�e�)�.� 

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

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

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

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

�T�h�e� �e�x�t�e�n�t� �t�h�a�t� �a� �s�t�u�d�e�n�t�'�s� �f�a�t�h�e�r� �w�a�s� �r�e�p�o�r�t�e�d� �a�s� �h�a�v�i�n�g� 

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

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

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

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

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

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

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

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

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

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

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

�w�i�t�h� �t�e�c�h�n�o�l�o�g�y�.� 

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

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

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

�t�e�c�h�n�o�l�o�g�y�.� 

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

�n�o�n�l�i�n�e�a�r� �e�f�f�e�c�t� �o�n� �c�h�i�l�d�r�e�n�'�s� �k�n�o�w�l�e�d�g�e� �a�b�o�u�t� �t�e�c�h�n�o�l�o�g�y�.� 
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�1�3�.� 

�1�4�.� 

�1�5�.� 

�1�6�.� 

�1�7�.� 

�1�8�.� 

�1�9�.� 

�2�0�.� 

�T�h�e� �e�x�i�s�t�e�n�c�e� �o�f� �t�e�c�h�n�i�c�a�l� �t�o�y�s� �i�n� �t�h�e� �h�o�m�e� �h�a�d� �a� 

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

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

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

�H�a�v�i�n�g� �a� �t�e�c�h�n�i�c�a�l� �w�o�r�k�s�h�o�p� �i�n� �t�h�e� �h�o�m�e� �d�o�e�s� �n�o�t� �a�p�p�e�a�r� 

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

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

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

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

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

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

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

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

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

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

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

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

�p�r�o�f�e�s�s�i�o�n�.� 

�T�a�k�i�n�g� �o�r� �h�a�v�i�n�g� �t�a�k�e�n� �T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n�/�I�n�d�u�s�t�r�i�a�l� 

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

�a�s� �w�e�l�l� �a�s� �t�h�e� �c�o�n�c�e�p�t� �s�c�a�l�e�.� 

�S�t�u�d�e�n�t�s� �w�h�o� �t�o�o�k� �T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n�/�I�n�d�u�s�t�r�i�a�l� �A�r�t�s� 

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

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

�D�u�n�l�a�p� �(�1�9�9�0�)� �c�o�n�d�u�c�t�e�d� �r�e�s�e�a�r�c�h� �c�o�m�p�a�r�i�n�g� �a�t�t�i�t�u�d�e�s� �t�o�w�a�r�d� 
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�t�e�c�h�n�o�l�o�g�y� �o�f� �e�l�e�m�e�n�t�a�r�y� �g�r�a�d�e� �s�t�u�d�e�n�t�s� �i�n� �V�i�r�g�i�n�i�a� �r�e�l�a�t�i�v�e� �t�o� �t�h�e�i�r� 

�e�x�p�o�s�u�r�e� �t�o� �t�e�c�h�n�o�l�o�g�y�.� �-�D�u�n�l�a�p�'�s� �s�t�u�d�y� �i�s� �t�h�e� �f�i�r�s�t� �r�e�s�e�a�r�c�h� �i�n� �t�h�e� 

�U�S�A� �t�o� �m�e�a�s�u�r�e� �s�t�u�d�e�n�t� �a�t�t�i�t�u�d�e�s� �b�e�f�o�r�e� �o�r� �a�f�t�e�r� �e�x�p�e�r�i�e�n�c�i�n�g� 

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

�e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �M�i�s�s�i�o�n� �2�1� �i�n� �p�r�o�v�i�d�i�n�g� �s�t�u�d�e�n�t�s� �w�i�t�h� �a� �m�o�r�e� 

�p�o�s�i�t�i�v�e� �a�t�t�i�t�u�d�e� �t�o�w�a�r�d� �t�e�c�h�n�o�l�o�g�y�.� �A�c�c�o�r�d�i�n�g� �t�o� �D�u�n�l�a�p�,� �"�M�i�s�s�i�o�n� �2�1� 

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

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

�2�9�)�.� 

�T�h�e� �i�n�s�t�r�u�m�e�n�t� �u�s�e�d� �i�n� �D�u�n�l�a�p�' ��s� �s�t�u�d�y� �w�a�s� �a� �m�o�d�i�f�i�e�d� �v�e�r�s�i�o�n� �o�f� 

�t�h�e� �P�A�T�T�-�U�S�A� �s�c�a�l�e�.� �T�h�e� �m�o�d�i�f�i�e�d� �i�n�s�t�r�u�m�e�n�t� �w�a�s� �t�i�t�l�e�d� �"�S�t�u�d�e�n�t� 

�A�t�t�i�t�u�d�e�s� �T�o�w�a�r�d� �T�e�c�h�n�o�l�o�g�y�"� �(�S�A�T�T�)�.� �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� 

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

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

�f�o�u�r�t�h� �g�r�a�d�e� �M�i�s�s�i�o�n� �2�1� �p�r�o�j�e�c�t� �d�i�d�,� �i�n� �f�a�c�t�,� �h�a�v�e� �a� �s�u�b�s�t�a�n�t�i�a�l�l�y� �m�o�r�e� 

�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�a�n� �t�h�o�s�e� �s�t�u�d�e�n�t�s� �w�h�o� �d�i�d� �n�o�t� 

�(�p�.� �8�7�)�.� 

�H�o�u�s�e�h�o�l�d�e�r� �a�n�d� �B�o�l�i�n� �(�1�9�9�2�)� �h�a�v�e� �d�e�v�e�l�o�p�e�d� �a�n� �i�n�s�t�r�u�m�e�n�t� �f�o�r� 

�a�s�s�e�s�s�i�n�g� �S�e�c�o�n�d�a�r�y� �S�t�u�d�e�n�t�s �� �A�t�t�i�t�u�d�e�s� �T�o�w�a�r�d� �T�e�c�h�n�o�l�o�g�y� �(�S�S�A�T�T�)�.� 

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

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

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

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

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

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

�a�c�t�i�v�i�t�i�e�s� �c�o�n�d�u�c�t�e�d� �b�y� �t�h�e� �T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n� �C�u�r�r�i�c�u�l�u�m� 
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�L�a�b�o�r�a�t�o�r�y� �(�T�E�C�-�L�A�B�)� �p�r�o�j�e�c�t�"� �(�p�.� �1�7�7�)�.� 

�H�o�u�s�e�h�o�l�d�e�r� �a�n�d� �B�o�l�i�n� �c�o�n�d�u�c�t�e�d� �a�n� �a�n�a�l�y�s�i�s� �o�f� �i�n�s�t�r�u�m�e�n�t�s� 

�d�e�v�e�l�o�p�e�d� �b�y� �R�a�a�t� �a�n�d� �d�e� �V�r�i�e�s� �i�n� �1�9�8�5�,� �B�a�m�e� �a�n�d� �D�u�g�g�e�r� �i�n� �1�9�9�0�,� �a�n�d� 

�F�i�f�e�-�S�c�h�o�w�,� �B�r�e�a�k�w�e�l�l�,� �L�e�e� �a�n�d� �S�p�e�n�c�e�r� �i�n�1�9�8�7�,� �a�n�d� �c�o�n�c�l�u�d�e�d� �t�h�a�t� 

�n�o�n�e� �o�f� �t�h�e�s�e� �i�n�s�t�r�u�m�e�n�t�s� �w�o�u�l�d� �m�e�e�t� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �t�h�e� �T�E�C�-� 

�L�A�B� �p�r�o�j�e�c�t�.� �I�t� �w�a�s� �d�e�c�i�d�e�d� �t�o� �c�r�e�a�t�e� �a�n� �i�n�s�t�r�u�m�e�n�t� �b�y� �a�d�a�p�t�i�n�g� �s�o�m�e� 

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

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

�p�r�e�v�i�o�u�s� �r�e�s�e�a�r�c�h�e�r�s�.� 

�T�h�e� �r�e�s�u�l�t�i�n�g� �S�S�A�T�T� �i�n�s�t�r�u�m�e�n�t� �c�o�n�s�i�s�t�e�d� �o�f� �6�5� �i�t�e�m�s� �t�h�a�t� 

�c�o�u�l�d� �b�e� �r�a�n�k�e�d� �b�y� �t�h�e� �s�t�u�d�e�n�t�s� �o�n� �a� �s�c�a�l�e� �o�f� �1� �t�o� �1�0�.� �T�h�i�s� �i�n�s�t�r�u�m�e�n�t� 

�w�a�s� �a�d�m�i�n�i�s�t�e�r�e�d� �t�o� �s�t�u�d�e�n�t�s� �(�N�=�2�0�6�)� �p�a�r�t�i�c�i�p�a�t�i�n�g� �i�n� �t�h�e� �T�E�C�-�L�A�B� 

�p�r�o�j�e�c�t� �t�h�r�e�e� �t�i�m�e�s� �f�r�o�m� �S�e�p�t�e�m�b�e�r�,� �1�9�9�1� �t�h�r�o�u�g�h� �M�a�y�,� �1�9�9�2�.� �A�f�t�e�r� 

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

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

�o�f� �t�h�e� �e�n�t�i�r�e� �g�r�o�u�p� �o�f� �s�t�u�d�e�n�t�s� �w�h�o� �h�a�d� �p�a�r�t�i�c�i�p�a�t�e�d� �i�n� �t�h�e� �T�E�C�-�L�A�B� 

�p�r�o�j�e�c�t� �o�r� �i�n� �t�h�e� �c�o�m�p�a�r�i�s�o�n� �c�l�a�s�s�e�s�.� �F�i�e�l�d� �t�e�s�t�i�n�g� �o�f� �t�h�e� �S�S�A�T�T� 

�c�o�n�t�i�n�u�e�d� �t�h�r�o�u�g�h� �t�h�e� �f�a�l�l� �o�f� �1�9�9�2� �t�o� �a� �m�u�c�h� �l�a�r�g�e�r� �s�a�m�p�l�e� �o�f� �h�i�g�h� 

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

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

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

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

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

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

�(�p�.� �1�8�8�)�.� 
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�S�t�a�t�i�s�t�i�c�a�l� �M�e�t�h�o�d�o�l�o�g�y�:� 

�A�t�t�i�t�u�d�e� �M�e�a�s�u�r�e�m�e�n�t� 

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

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

�m�e�a�s�u�r�e�m�e�n�t� �(�G�r�e�e�n�w�a�l�d�,� �B�r�o�c�k� �&� �O�s�t�r�o�m�,� �1�9�6�8�,� �p�.� �6�)�.� �P�r�i�o�r� �t�o� �h�i�s� 

�c�o�n�t�r�i�b�u�t�i�o�n� �i�n� �1�9�2�9�,� �a�t�t�i�t�u�d�e�s� �w�e�r�e� �n�o�t� �a�n� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r� �i�n� 

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

�t�h�e�m�.� �" ��T�h�u�r�s�t�o�n�e�'�s� �m�e�a�s�u�r�e�m�e�n�t� �d�e�s�i�g�n�,� �a� �n�e�u�t�r�a�l� �p�o�i�n�t� �w�i�t�h� �f�i�v�e� 

�s�t�e�p�s� �t�o� �e�i�t�h�e�r� �s�i�d�e�,� �m�i�r�r�o�r�e�d� �t�h�e� �l�i�k�e�-�d�i�s�l�i�k�e� �f�o�r�m�a�t� �o�f� �e�v�a�l�u�a�t�i�v�e� 

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

�e�t� �a�l�.�,� �1�9�8�8�,� �p�.� �6�6�3�)�.� �S�h�o�r�t�l�y� �a�f�t�e�r� �T�h�u�r�s�t�o�n�e�'�s� �w�o�r�k�,� �i�n� �1�9�3�2� �L�i�k�e�r�t� 

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

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

�T�h�u�r�s�t�o�n�e� �s�c�a�l�e�s� �(�O�s�k�a�m�p�,� �1�9�7�7�,� �p�.� �2�9�)�.� �S�h�r�i�g�l�e�y� �(�1�9�8�3�)� �s�t�a�t�e�d�,� 

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

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

�m�e�a�s�u�r�e�s� �o�f� �v�a�l�i�d�a�t�i�o�n �� �(�p�.� �4�2�6�)�.� �O�t�h�e�r� �a�t�t�i�t�u�d�e� �m�e�a�s�u�r�e�m�e�n�t� �s�c�a�l�e�s� 

�f�o�l�l�o�w�e�d�,� �n�a�m�e�l�y� �G�u�t�t�m�a�n� �a�n�d� �t�h�e� �S�e�m�a�n�t�i�c� �D�i�f�f�e�r�e�n�t�i�a�l� �s�c�a�l�e�s�.� 

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

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

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

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

�I�n� �d�i�s�c�u�s�s�i�n�g� �t�h�e� �m�e�a�s�u�r�i�n�g� �o�f� �a�t�t�i�t�u�d�e�s�,� �M�u�r�p�h�y� �(�1�9�7�2�)� �s�t�a�t�e�d�,� 

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

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

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

�(�p�.� �1�1�)� 

�M�u�r�p�h�y�'�s� �s�t�a�t�e�m�e�n�t�s� �i�m�p�l�y� �t�h�a�t� �t�h�e� �u�s�e� �o�f� �a�t�t�i�t�u�d�e� �s�c�a�l�e�s� �a�r�e� 

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

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

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

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

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

�L�i�k�e�r�t�'�s� �s�u�m�m�a�t�e�d� �r�a�t�i�n�g� �s�c�a�l�e� �o�r� �a�n�y� �s�c�a�l�e� �d�e�s�i�g�n�e�d� �t�o� �m�e�a�s�u�r�e� �a�n� 

�a�t�t�i�t�u�d�e�.� �B�e�c�a�u�s�e� �a� �L�i�k�e�r�t� �s�u�m�m�a�t�e�d� �r�a�t�e�d� �s�c�a�l�e� �w�a�s� �u�s�e�d� �i�n� �t�h�e� �T�A�S�,� 

�i�t� �w�i�l�l� �b�e� �e�x�a�m�i�n�e�d� �i�n� �m�o�r�e� �d�e�t�a�i�l�.� 

�T�h�e� �L�i�k�e�r�t� �t�e�c�h�n�i�q�u�e� �w�h�i�c�h� �u�s�e�s� �a� �c�o�n�t�i�n�u�u�m� �f�o�r� �s�c�a�l�i�n�g� �t�h�e� 

�a�t�t�i�t�u�d�e�s� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �w�a�s� �d�e�v�e�l�o�p�e�d� �b�y� �R�e�n�s�i�s� �L�i�k�e�r�t� �w�i�t�h� �t�h�e� �h�e�l�p� 

�o�f� �h�i�s� �a�s�s�o�c�i�a�t�e�,� �G�a�r�d�n�e�r� �M�u�r�p�h�y�.� �T�h�e� �u�s�e� �o�f� �t�h�e� �L�i�k�e�r�t� �t�e�c�h�n�i�q�u�e� �h�a�s� 

�b�e�e�n� �d�i�s�c�u�s�s�e�d� �w�i�d�e�l�y�.� �K�e�r�l�i�n�g�e�r� �(�1�9�7�3�)� �s�t�a�t�e�d�,� 

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

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

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

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

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

�m�a�n�y� �n�e�e�d�s� �o�f� �b�e�h�a�v�i�o�r�a�l� �r�e�s�e�a�r�c�h�e�r�s�.� �(�p�.� �4�9�)� 

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

�L�i�k�e�r�t� �t�e�c�h�n�i�q�u�e� �p�r�o�v�i�d�e�s� �p�r�e�c�i�s�e� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e� �r�e�s�p�o�n�d�e�n�t�'�s� 

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

�e�x�a�m�i�n�e�r�.� �|� 

�S�t�a�t�i�s�t�i�c�a�l� �M�e�t�h�o�d�o�l�o�g�y�:� 

�C�o�n�c�e�p�t� �M�e�a�s�u�r�e�m�e�n�t� 

�T�h�e� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �t�h�e� �c�o�n�c�e�p�t�  ��t�e�c�h�n�o�l�o�g�y �� �f�o�r� �t�h�e� �T�A�S� 

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

�d�e�s�c�r�i�b�e�d� �b�y� �d�e� �V�r�i�e�s� �(�1�9�8�7�a�)� �p�r�e�v�i�o�u�s�l�y� �l�i�s�t�e�d� �o�n� �p�a�g�e� �1�5� �i�n� �t�h�i�s� 

�s�t�u�d�y�.� 

�d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �(�1�9�8�9�a�)� �m�a�k�e�s� �a� �d�i�s�t�i�n�c�t�i�o�n� �b�e�t�w�e�e�n� �a�c�t�i�v�e� 

�a�n�d� �p�a�s�s�i�v�e� �k�n�o�w�l�e�d�g�e� �i�n� �t�h�e� �a�r�e�a� �o�f� �c�o�n�c�e�p�t� �m�e�a�s�u�r�e�m�e�n�t� �(�p�.� �5�8�)�.� �I�n� 

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

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

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

�r�e�l�a�t�e�d� �t�o� �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�y� �w�e�r�e� �e�v�a�l�u�a�t�e�d�.� �C�o�n�c�r�e�t�e� 

�i�n�f�o�r�m�a�t�i�o�n� �(�a�c�t�i�v�e� �k�n�o�w�l�e�d�g�e�)� �o�f� �a� �c�o�n�c�e�p�t� �w�a�s� �n�o�t� �a�s�k�e�d� �i�n� �a� 

�q�u�e�s�t�i�o�n�,� �b�u�t� �r�e�s�p�o�n�d�e�n�t�s� �w�e�r�e� �a�s�k�e�d� �w�h�e�t�h�e�r� �t�h�e�y� �w�e�r�e� �a�w�a�r�e� �o�f� �a� 

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

�T�h�e� �G�u�t�t�m�a�n� �s�c�a�l�e� �h�a�s� �b�e�e�n� �u�s�e�d� �i�n� �p�r�e�v�i�o�u�s� �P�A�T�T� �r�e�s�e�a�r�c�h� �a�s� �a� 

�m�e�t�h�o�d� �o�f� �c�o�n�c�e�p�t� �m�e�a�s�u�r�e�m�e�n�t�.� �T�h�e� �G�u�t�t�m�a�n� �t�e�c�h�n�i�q�u�e� �p�r�e�s�e�n�t�s� �a� 

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

�r�e�s�p�o�n�s�e�s� �t�o� �e�a�c�h� �i�t�e�m� �o�r� �s�t�a�t�e�m�e�n�t� �c�a�n� �b�e� �r�e�p�r�o�d�u�c�e�d�.� �T�h�e� �t�e�c�h�n�i�q�u�e� 

�a�s�s�u�m�e�s� �t�h�a�t� �p�o�s�i�t�i�o�n� �o�n� �a�n� �i�s�s�u�e� �i�s� �c�u�m�u�l�a�t�i�v�e� �i�n� �t�h�e� �s�e�n�s�e� �t�h�a�t� �t�h�e� 

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

�e�x�t�r�e�m�e� �p�o�s�i�t�i�o�n�s� �o�n� �t�h�e� �t�o�p�i�c�.� 
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�S�u�m�m�a�r�y� 

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

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

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

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

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

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

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

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

�U�.�S�.�A�.� 
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�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� �b�a�c�k�g�r�o�u�n�d� �a�n�d� �n�e�e�d� �f�o�r� �t�h�e� �s�t�u�d�y� �w�e�r�e� �d�i�s�c�u�s�s�e�d� �i�n� �C�h�a�p�t�e�r� 

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

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

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

�(�T�A�S�)�,� �t�h�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �d�a�t�a� �a�n�d� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �d�a�t�a�.� 

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

�T�e�c�h�n�o�l�o�g�y� �A�t�t�i�t�u�d�e� �S�c�a�l�e� �(�T�A�S�)�,� �o�r�i�g�i�n�a�l�l�y� �d�e�v�e�l�o�p�e�d� �i�n� �t�h�e� 

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

�T�h�e� �p�r�o�c�e�d�u�r�e�s� �f�o�r� �v�a�l�i�d�a�t�i�o�n� �o�f� �t�h�e� �T�A�S� �i�n� �t�h�e� �U�S�A� �r�e�p�l�i�c�a�t�e�d� �t�h�o�s�e� 

�o�f� �F�a�l�c�o� �d�e� �K�l�e�r�k� �W�o�l�t�e�r�s�,� �t�h�e� �p�r�i�m�a�r�y� �r�e�s�e�a�r�c�h�e�r� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� 

�d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �T�A�S� �i�n�s�t�r�u�m�e�n�t� �i�n� �t�h�e� �N�e�t�h�e�r�l�a�n�d�s�.� 

�R�e�s�e�a�r�c�h� �Q�u�e�s�t�i�o�n� 

�H�o�w� �c�a�n� �t�h�e� �T�e�c�h�n�o�l�o�g�y� �A�t�t�i�t�u�d�e� �S�c�a�l�e� �(�T�A�S�)�,� �d�e�v�e�l�o�p�e�d� �i�n� �t�h�e� 

�N�e�t�h�e�r�l�a�n�d�s�,� �b�e� �a�d�a�p�t�e�d� �a�n�d� �v�a�l�i�d�a�t�e�d� �f�o�r� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �i�n� �t�h�e� �U�.�S�.�A�.� 

�b�y� �A�m�e�r�i�c�a�n� �t�e�a�c�h�e�r�s� �a�t� �t�h�e� �m�i�d�d�l�e� �s�c�h�o�o�l� �l�e�v�e�l�?� 

�A�d�a�p�t�a�t�i�o�n� �o�f� �t�h�e� �I�n�s�t�r�u�m�e�n�t� 

�T�h�e� �T�e�c�h�n�o�l�o�g�y� �A�t�t�i�t�u�d�e� �S�c�a�l�e� �(�T�A�S�)�,� �c�o�n�s�i�s�t�i�n�g� �o�f� �t�h�r�e�e� 

�s�e�c�t�i�o�n�s�,� �w�a�s� �u�s�e�d� �t�o� �c�o�l�l�e�c�t� �i�n�f�o�r�m�a�t�i�o�n� �(�A�p�p�e�n�d�i�x� �D�)�.� �T�h�e� �f�i�r�s�t� 

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

�i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e� �r�e�s�p�o�n�d�e�n�t�s� �i�n�c�l�u�d�i�n�g�:� �(�1�)� �a�g�e�,� �(�2�)� �g�r�a�d�e� �l�e�v�e�l�,� 
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�(�3�)� �g�e�n�d�e�r�,� �(�4�)� �s�c�h�o�o�l� �l�o�c�a�t�i�o�n� �(�r�u�r�a�l� �o�r� �u�r�b�a�n�)�,� �a�n�d� �(�5�)� �r�e�s�p�o�n�d�e�n�t�s� 

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

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

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

�d�e�s�i�g�n�e�d� �t�o� �o�b�t�a�i�n� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �s�t�u�d�e�n�t�s �� �a�t�t�i�t�u�d�e�s� �t�o�w�a�r�d� 

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

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

�m�e�a�s�u�r�e�d� �b�y� �m�e�a�n�s� �o�f� �t�h�e� �6� �s�u�b�s�c�a�l�e�s� �c�o�n�s�i�s�t�i�n�g� �o�f� �3� �t�o� �5� �i�t�e�m�s�.� 

�R�a�a�t� �e�t� �a�l�.� �(�1�9�8�7�a�)� �s�t�a�t�e�,� �"�I�t� �h�a�s� �b�e�e�n� �c�o�n�c�l�u�d�e�d�,� �t�h�o�u�g�h�,� �t�h�a�t� 

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

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

�k�n�o�w�l�e�d�g�e� �(�p�.� �2�9�)�.� �d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �(�1�9�8�8�b�)� �f�u�r�t�h�e�r� �c�l�a�r�i�f�i�e�s� �t�h�e� 

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

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

�a�s�p�e�c�t�s� �i�n� �t�h�a�t� �t�h�e�y� �r�e�f�e�r� �t�o� �t�h�e� �a�f�f�e�c�t�i�v�e� �p�a�r�t� �o�f� �t�h�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 �� �(�p�.� �5�1�2�)�.� 

�d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �(�1�9�8�8�b�)� �d�e�s�c�r�i�b�e�d� �t�h�e� �s�u�b�s�c�a�l�e�s� �o�f� �t�h�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� �s�e�c�t�i�o�n� �o�f� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �a�s� �_� �f�o�l�l�o�w�s�:� 

�(�1�)� �I�n�t�e�r�e�s�t� �(�5� �s�t�a�t�e�m�e�n�t�s�)� 

�T�h�i�s� �s�c�a�l�e� �i�n�d�i�c�a�t�e�s� �t�h�e� �e�x�t�e�n�t� �t�o� �w�h�i�c�h� �s�t�u�d�e�n�t�s� �a�r�e� 

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

�(�2�)� �R�o�l�e� �P�a�t�t�e�r�n� �(�4� �s�t�a�t�e�m�e�n�t�s�)� 

�I�n� �t�h�i�s� �s�c�a�l�e� �s�t�u�d�e�n�t�s� �i�n�d�i�c�a�t�e� �t�o� �w�h�a�t� �e�x�t�e�n�t� �t�h�e�y� �t�h�i�n�k� 

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

�(�3�)� �C�o�n�s�e�q�u�e�n�c�e�s� �(�5� �s�t�a�t�e�m�e�n�t�s�)� 

�T�h�e� �c�o�n�s�e�q�u�e�n�c�e�s� �s�c�a�l�e� �i�n�d�i�c�a�t�e�s� �h�o�w� �i�m�p�o�r�t�a�n�t� 
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�(�4�)� 

�(�5�)� 

�(�6�)� 

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

�(�w�h�e�t�h�e�r� �t�e�c�h�n�o�l�o�g�y� �m�e�a�n�s� �p�r�o�g�r�e�s�s�)�.� 

�D�i�f�f�i�c�u�l�t�y� �(�3� �s�t�a�t�e�m�e�n�t�s�)� 

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

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

�e�x�p�e�r�i�e�n�c�e�d�.� 

�C�u�r�r�i�c�u�l�u�m� �(�4� �s�t�a�t�e�m�e�n�t�s�)� 

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

�t�e�c�h�n�o�l�o�g�y� �a�t� �s�c�h�o�o�l�.� 

�C�a�r�e�e�r� �(�5� �s�t�a�t�e�m�e�n�t�s�)� 

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

�t�o� �h�a�v�e� �j�o�b� �r�e�l�a�t�e�d� �t�o� �t�e�c�h�n�o�l�o�g�y� �(�p�p�.� �5�1�2�-�5�1�3�)�.� 

�R�e�s�p�o�n�d�e�n�t�s� �c�o�m�p�l�e�t�e�d� �t�h�e� �A�t�t�i�t�u�d�e� �S�c�a�l�e�s� �b�y� �s�p�e�c�i�f�y�i�n�g� �t�o� 

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

�L�i�k�e�r�t� �s�c�a�l�e�:� 

�(�1�)� 

�(�2�)� 

�(�3�)� 

�(�4�)� 

�(�5�)� 

�S�t�r�o�n�g�l�y� �A�g�r�e�e� 

�A�g�r�e�e� 

�D�o�n�'�t� �A�g�r�e�e�,� �D�o�n�'�t� �D�i�s�a�g�r�e�e� 

�D�i�s�a�g�r�e�e� 

�S�t�r�o�n�g�l�y� �D�i�s�a�g�r�e�e� 

�T�h�e� �t�h�i�r�d� �s�e�c�t�i�o�n� �o�f� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �(�C�o�n�c�e�p�t� �S�c�a�l�e�s�)� �w�a�s� 

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

�t�e�c�h�n�o�l�o�g�y�.� �T�h�e�r�e� �w�e�r�e� �2�8� �i�t�e�m�s� �d�i�v�i�d�e�d� �o�v�e�r� �4� �s�u�b�s�c�a�l�e�s�.� �T�h�e� 

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

�b�a�s�e�d� �o�n� �5� �g�e�n�e�r�a�l�l�y� �a�c�c�e�p�t�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �(�d�e� �V�r�i�e�s�,� �1�9�8�7�a�)� �o�f� �t�h�e� 

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

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

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

�1�9�8�8�b�)� �c�a�n� �b�e� �d�e�s�c�r�i�b�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�(�1�)� 

�(�2�)� 

�(�3�)� 

�T�e�c�h�n�o�l�o�g�y� �a�n�d� �S�o�c�i�e�t�y� �(�1�0� �s�t�a�t�e�m�e�n�t�s�)� 

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

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

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

�a�g�r�e�e�m�e�n�t� �w�i�t�h� �t�h�i�s� �n�o�t�i�o�n�,� �w�h�e�r�e�a�s� �a� �l�o�w� �s�c�o�r�e� 

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

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

�i�n�d�e�p�e�n�d�e�n�t�l�y� �o�f� �s�o�c�i�e�t�y�.� 

�T�e�c�h�n�o�l�o�g�y� �a�n�d� �S�c�i�e�n�c�e� �(�6� �s�t�a�t�e�m�e�n�t�s�)� 

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

�i�n� �p�a�r�t�i�c�u�l�a�r�,� �t�h�e�r�e� �i�s� �a� �m�u�t�u�a�l� �r�e�l�a�t�i�o�n�s�h�i�p�.� �N�a�t�u�r�a�l� 

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

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

�m�e�a�s�u�r�e�d� �t�h�e� �e�x�t�e�n�t� �r�e�s�p�o�n�d�e�n�t�s� �u�n�d�e�r�s�t�a�n�d� �t�h�i�s� �m�u�t�u�a�l� 

�r�e�l�a�t�i�o�n�s�h�i�p�.� 

�T�e�c�h�n�o�l�o� �n�d�_� �S�k�i�l�l�s� �(�7� �s�t�a�t�e�m�e�n�t�s�)� 

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

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

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

�o�p�e�r�a�t�e� �e�q�u�i�p�m�e�n�t� �a�r�e� �t�e�c�h�n�i�c�a�l� �s�k�i�l�l�s�.� �T�h�i�s� �s�c�a�l�e� 

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

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

�(�4�)� �T�e�c�h�n�o�l�o�g�y� �a�n�d� �P�i�l�l�a�r�s� �(�5� �s�t�a�t�e�m�e�n�t�s�)� 

�T�h�i�s� �s�c�a�l�e� �u�s�e�s� �t�h�e� �w�o�r�d� �'�p�i�l�l�a�r�s�'� �t�o� �d�e�s�i�g�n�a�t�e� �t�h�e� 

 ��f�o�u�n�d�a�t�i�o�n �� �o�r�  ��b�a�s�i�s�'� �o�f� �t�e�c�h�n�o�l�o�g�y�.� �I�n�f�o�r�m�a�t�i�o�n�,� �m�a�t�t�e�r� 

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

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

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

�s�c�o�r�e� �h�i�g�h� �o�n� �t�h�i�s� �s�c�a�l�e� �(�p�.� �5�1�4�)�.� 

�T�h�e� �C�o�n�c�e�p�t� �S�c�a�l�e�s� �m�e�a�s�u�r�e� �t�h�e� �k�n�o�w�l�e�d�g�e� �a�n�d� �c�o�n�c�e�p�t� �o�f� 

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

�a�r�e� �n�o�t� �a�s�k�e�d� �f�o�r�,� �a�n�d� �r�i�g�h�t� �a�n�d� �w�r�o�n�g� �o�r� �d�o�n�'�t� �k�n�o�w� �a�n�s�w�e�r�s� �a�r�e� 

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

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

�r�e�s�p�o�n�d�e�d� �t�o� �t�h�e� �C�o�n�c�e�p�t� �S�c�a�l�e�s� �b�y� �i�n�d�i�c�a�t�i�n�g�:� 

�(�1�)� �A�g�r�e�e� 

�(�2�)� �D�i�s�a�g�r�e�e� 

�(�3�)� �D�o�n�'�t� �K�n�o�w� 

�P�o�p�u�l�a�t�i�o�n� �a�n�d� �S�a�m�p�l�e� 

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

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

�d�e�s�c�r�i�b�e� �n�o�n�r�a�n�d�o�m� �s�a�m�p�l�e�s� �i�s� �"�c�o�n�v�e�n�i�e�n�c�e� �s�a�m�p�l�e�s�. �� �A� �c�o�n�v�e�n�i�e�n�c�e� 

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

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

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

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

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

�f�o�r�m� �t�h�e� �s�a�m�p�l�e�.� 

�3�.� �S�t�u�d�e�n�t�s� �w�h�o�s�e� �s�c�h�e�d�u�l�e�s� �p�e�r�m�i�t� �t�h�e�m� �t�o� �b�e� �i�n�c�l�u�d�e�d� 

�i�n� �t�h�e� �s�t�u�d�y� �a�r�e� �i�d�e�n�t�i�f�i�e�d� �a�s� �t�h�e� �s�a�m�p�l�e� �(�p�.� �1�0�4�)�.� 

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

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

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

�I�f� �a� �n�o�n�r�a�n�d�o�m� �s�a�m�p�l�e� �i�s� �u�s�e�d�,� �i�t� �i�s� �e�s�s�e�n�t�i�a�l� �t�o� �d�e�t�e�r�m�i�n�e� 

�w�h�e�t�h�e�r� �t�h�e� �s�a�m�p�l�e� �a�c�c�u�r�a�t�e�l�y� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �p�o�p�u�l�a�t�i�o�n�.� �A�s� �F�r�a�a�s� 

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

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

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

�(�p�.� �1�0�4�)�.� �T�h�e� �p�r�o�c�e�d�u�r�e� �r�e�q�u�i�r�e�s� �t�h�a�t� �a�n� �e�v�a�l�u�a�t�o�r� �c�o�m�p�a�r�e� �r�e�l�e�v�a�n�t� 

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

�t�h�e� �p�o�p�u�l�a�t�i�o�n�.� 

�I�n� �t�h�e� �v�a�l�i�d�a�t�i�o�n� �p�r�o�c�e�s�s� �o�f� �t�h�e� �T�A�S� �t�h�e� �s�a�m�p�l�e� �r�e�s�u�l�t�e�d� �f�r�o�m� 

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

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

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

�F�r�a�a�s� �(�1�9�8�3�)� �s�t�a�t�e�s�,� �"�T�h�e� �m�o�r�e� �t�h�e�s�e� �s�t�u�d�e�n�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�r�e� 

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

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

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

�V�i�r�g�i�n�i�a�.� �A�c�c�o�r�d�i�n�g� �t�o� �F�r�a�a�s� �(�1�9�8�3�)�,� �"�.� �.� �.� �t�h�e� �t�a�r�g�e�t� �p�o�p�u�l�a�t�i�o�n� �i�s� �t�h�e� 

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

�(�p�.� �1�0�2�)�.� �T�h�e� �T�A�S�-�U�S�A� �i�s� �i�n�t�e�n�d�e�d� �f�o�r� �u�s�e� �b�y� �m�i�d�d�l�e� �s�c�h�o�o�l� �s�t�u�d�e�n�t�s� 

�a�g�e�s� �1�2�-�1�4� �i�n� �b�o�t�h� �u�r�b�a�n� �a�n�d� �r�u�r�a�l� �a�r�e�a�s�.� 

�A�r�y�,� �J�a�c�o�b�s�,� �a�n�d� �R�a�z�a�v�i�e�h� �(�1�9�8�5�)� �d�e�s�c�r�i�b�e�d� �a� �f�o�r�m� �o�f� �s�a�m�p�l�i�n�g� 

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

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

�c�h�a�r�a�c�t�e�r�i�s�t�i�c� �b�e�i�n�g� �s�t�u�d�i�e�d� �(�p�.� �1�4�2�)�.� �A�r�y� �e�t� �a�l�.� �a�l�s�o� �s�u�g�g�e�s�t�e�d� �t�h�a�t�,� 

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

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

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

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

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

�p�o�p�u�l�a�t�i�o�n�.� �(�p�.� �1�4�3�)� 

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

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

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

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

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

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

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

�p�a�r�t�i�c�i�p�a�t�i�o�n� �i�n� �t�h�e� �s�t�u�d�y� �(�A�p�p�e�n�d�i�x� �E�)�.� �T�h�e�y� �w�e�r�e� �a�l�s�o� �r�e�q�u�e�s�t�e�d� �t�o� 

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

�e�n�l�i�s�t�e�d� �t�h�e� �a�s�s�i�s�t�a�n�c�e� �o�f� �a�n�o�t�h�e�r� �s�u�b�j�e�c�t� �a�r�e�a� �t�e�a�c�h�e�r� �(�o�n�e� �E�n�g�l�i�s�h� 

�t�e�a�c�h�e�r� �a�n�d� �f�o�u�r� �s�c�i�e�n�c�e� �t�e�a�c�h�e�r�s�)� �i�n� �a�d�m�i�n�i�s�t�e�r�i�n�g� �t�h�e� �T�A�S� �t�o� �m�i�d�d�l�e� 

�s�c�h�o�o�l� �b�o�y�s� �a�n�d� �g�i�r�l�s�.� 

�T�h�e� �s�a�m�p�l�e� �f�o�r� �t�h�i�s� �s�t�u�d�y� �w�a�s� �2�3�1� �m�i�d�d�i�e� �s�c�h�o�o�l� �s�t�u�d�e�n�t�s� �f�r�o�m� 

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

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

�A�p�p�e�n�d�i�x� �|� �r�e�p�r�e�s�e�n�t�s� �a� �g�r�a�p�h�i�c� �o�v�e�r�v�i�e�w� �o�f� �t�h�e� �r�e�s�e�a�r�c�h� �s�e�q�u�e�n�c�e�.� 

�P�a�n�e�l� �o�f� �E�x�p�e�r�t�s� 

�T�h�e� �l�a�n�g�u�a�g�e� �o�f� �t�h�e� �E�n�g�l�i�s�h� �t�r�a�n�s�l�a�t�i�o�n� �o�f� �t�h�e� �T�A�S� �q�u�e�s�t�i�o�n�n�a�i�r�e� 

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

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

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

�t�o� �s�e�r�v�e� �o�n� �t�h�e� �P�a�n�e�l� �o�f� �E�x�p�e�r�t�s� �(�A�p�p�e�n�d�i�x� �B�)�.� 

�A� �m�i�d�d�i�e� �s�c�h�o�o�l� �E�n�g�l�i�s�h�/�s�o�c�i�a�l� �s�t�u�d�i�e�s� �t�e�a�c�h�e�r� �w�a�s� �s�e�l�e�c�t�e�d� 

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

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

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

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

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

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

�P�a�n�e�l� �m�e�m�b�e�r�s� �e�x�a�m�i�n�e�d� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �f�o�r� �a�p�p�r�o�p�r�i�a�t�e� 

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

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

�o�r�i�g�i�n�a�l� �i�n�s�t�r�u�m�e�n�t� �(�A�p�p�e�n�d�i�x� �C�)�.� �T�h�e� �W�e�b�s�t�e�r�'�s� �D�i�c�t�i�o�n�a�r�y� �o�f� 

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

�T�A�S� �P�i�l�o�t� �S�t�u�d�y�:� �S�t�u�d�e�n�t� �R�e�v�i�e�w� 

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

�T�e�c�h�n�o�l�o�g�y� �A�t�t�i�t�u�d�e� �S�c�a�l�e� �w�a�s� �a�d�m�i�n�i�s�t�e�r�e�d� �t�o� �4�8� �m�i�d�d�l�e� �s�c�h�o�o�l� 

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

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

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

�s�a�m�p�l�e�.� �T�h�e� �s�t�u�d�e�n�t�s� �w�e�r�e� �a�s�k�e�d� �t�o� �c�i�r�c�l�e� �a�n�y� �w�o�r�d�s� �t�h�e�y� �d�i�d�n�'�t� 

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

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

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

�q�u�e�s�t�i�o�n�n�a�i�r�e�.� 

�I�m�m�e�d�i�a�t�e�l�y� �a�f�t�e�r� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �t�h�e� �T�A�S� �P�i�l�o�t� �t�o� �t�h�e� �4�8� 

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

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

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

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

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

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

�a�n�d� �t�h�e� �f�i�n�a�l� �f�o�r�m� �o�f� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �w�a�s� �a�d�m�i�n�i�s�t�e�r�e�d� �t�o� �2�3�1� 

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

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

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

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

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

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

�(�1�)� �e�x�a�m�i�n�e� �a�l�l� �s�t�a�t�e�m�e�n�t�s� �f�o�r� �a�p�p�r�o�p�r�i�a�t�e� �l�a�n�g�u�a�g�e� �a�n�d� 

�w�o�r�d� �u�s�a�g�e�,� �a�n�d� 

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

�e�n�h�a�n�c�e� �c�l�a�r�i�t�y� �a�n�d� �b�r�e�v�i�t�y�.� 

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

�c�o�n�t�e�n�t� �v�a�l�i�d�i�t�y� �a�t�t�a�i�n�m�e�n�t�,� �"�I�n� �o�r�d�e�r� �t�o� �o�b�t�a�i�n� �a�n� �e�x�t�e�r�n�a�l� 

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

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

�a�n�d� �e�v�a�l�u�a�t�e� �i�t�s� �r�e�l�e�v�a�n�c�y� �t�o� �t�h�e� �s�p�e�c�i�f�i�e�d� �u�n�i�v�e�r�s�e �� �(�p�.� �2�1�5�)�.� 

�I�n�s�t�r�u�m�e�n�t� �R�e�l�i�a�b�i�l�i�t�y� 

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

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

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

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

�c�o�n�s�i�s�t�e�n�c�y� �o�f� �t�h�e� �a�t�t�i�t�u�d�e� �m�e�a�s�u�r�e�m�e�n�t� �s�e�c�t�i�o�n� �o�f� �t�h�e� �T�A�S�.� �T�h�e� 

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

�h�a�v�e� �m�u�l�t�i�p�l�e� �s�c�o�r�e�d� �i�t�e�m�s�,� �s�u�c�h� �a�s� �a�t�t�i�t�u�d�e� �s�c�a�l�e�s� �o�r� �e�s�s�a�y� �t�e�s�t�s �� 
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�(�p�.� �2�3�5�)�.� �M�u�e�l�l�e�r� �(�1�9�8�6�)� �m�e�n�t�i�o�n�s� �t�h�a�t� �"�.� �.� �.� �t�e�s�t�s� �w�i�t�h� �i�t�e�m�s� �s�c�o�r�e�d� 

�a�l�o�n�g� �a� �c�o�n�t�i�n�u�u�m�,� �s�u�c�h� �a�s� �L�i�k�e�r�t� �s�c�a�l�e� �a�t�t�i�t�u�d�e� �i�t�e�m�s� �(�s�c�o�r�e�d� �1� 

�t�h�r�o�u�g�h� �5�)�,� �r�e�q�u�i�r�e� �t�h�e� �u�s�e� �o�f� �a�l�p�h�a �� �(�p�.� �6�1�)�.� �M�u�e�l�l�e�r� �f�u�r�t�h�e�r� �s�t�a�t�e�s�,� 

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

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

�(�s�u�c�h� �a�s�,� �a�t�t�i�t�u�d�e�s�,� �v�a�l�u�e�s� �a�n�d� �p�e�r�s�o�n�a�l�i�t�y� �t�r�a�i�t�s�)�"� �(�p�.� �6�2�)�.� 

�v�a�n� �d�e�n� �B�e�r�g�h� �(�1�9�8�7�)� �s�u�g�g�e�s�t�s� �t�h�a�t� �a�n� �"�A�l�p�h�a�-�v�a�l�u�e� �a�t� �l�e�a�s�t� 

�m�o�r�e� �t�h�a�n� �.�6�0�"� �(�p�.� �4�3�)� �i�n�d�i�c�a�t�e�s� �a� �s�c�a�l�e� �h�a�s� �g�o�o�d� �r�e�l�i�a�b�i�l�i�t�y�.� �A�n� �A�l�p�h�a� 

�-�v�a�l�u�e� �o�f� �a�t� �l�e�a�s�t� �.�6�0� �o�r� �h�i�g�h�e�r� �i�s� �t�h�e� �t�a�r�g�e�t� �n�u�m�b�e�r� �s�e�t� �a�s� �a� �g�o�a�l� �f�o�r� 

�t�h�e� �a�c�c�e�p�t�a�n�c�e� �o�f� �t�h�e� �T�A�S� �f�o�r� �u�s�e� �i�n� �V�i�r�g�i�n�i�a�.� 

�T�h�e� �K�u�d�e�r�-�R�i�c�h�a�r�d�s�o�n� �f�o�r�m�u�l�a� �2�0� �(�K�R� �2�0�)� �p�r�o�c�e�d�u�r�e� �w�a�s� �u�s�e�d� �t�o� 

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

�c�o�n�c�e�p�t� �m�e�a�s�u�r�e�m�e�n�t� �s�e�c�t�i�o�n� �o�f� �t�h�e� �T�A�S�.� �T�h�e� �K�u�d�e�r�-�R�i�c�h�a�r�d�s�o�n� 

�f�o�r�m�u�l�a� �2�0� �i�s� �"�.� �.� �.� �p�r�o�b�a�b�l�y� �t�h�e� �b�e�s�t� �k�n�o�w�n� �i�n�d�e�x� �o�f� �h�o�m�o�g�e�n�e�i�t�y� �.�.� �.� 

�a�n�d� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �c�o�r�r�e�c�t� �a�n�d� �i�n�c�o�r�r�e�c�t� �r�e�s�p�o�n�s�e�s� �t�o� 

�e�a�c�h� �o�f� �t�h�e� �i�t�e�m�s� �o�n� �a� �t�e�s�t�"� �(�A�r�y� �e�t� �a�l�.�,� �1�9�8�5�,� �p�.� �2�3�3�)�.� �T�h�e� �c�o�n�c�e�p�t� 

�m�e�a�s�u�r�e�m�e�n�t� �s�e�c�t�i�o�n� �o�f� �t�h�e� �T�A�S� �w�a�s� �s�c�o�r�e�d� �i�n� �a� �d�i�c�h�o�t�o�m�o�u�s� 

�p�r�o�c�e�d�u�r�e� �(�C�o�r�r�e�c�t�=�1�;� �N�o�t� �C�o�r�r�e�c�t� �o�r� �D�o�n�'�t� �K�n�o�w�=� �0�)�.� 

�C�o�l�l�e�c�t�i�o�n� �o�f� �D�a�t�a� 

�T�h�e� �i�n�s�t�r�u�m�e�n�t�s� �f�o�r� �t�h�e� �v�a�l�i�d�a�t�i�o�n� �o�f� �t�h�e� �T�A�S� �w�e�r�e� �h�a�n�d� 

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

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

�t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n� �t�e�a�c�h�e�r�s�,� �o�t�h�e�r� �s�u�b�j�e�c�t� �a�r�e�a� �t�e�a�c�h�e�r�s� �(�A�p�p�e�n�d�i�x� 

�G�)�,� �a�n�d� �s�t�u�d�e�n�t�s� �p�a�r�t�i�c�i�p�a�t�e�d� �o�n� �a� �v�o�l�u�n�t�a�r�y� �b�a�s�i�s� �w�i�t�h� �a�s�s�u�r�a�n�c�e� �o�f� 
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�a�n�o�n�y�m�i�t�y�.� �T�h�e� �t�i�m�e� �t�o� �c�o�m�p�l�e�t�e� �t�h�e� �T�A�S� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0� 

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

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

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

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

�M�e�a�s�u�r�e�m�e�n�t� �a�n�d� �R�e�s�e�a�r�c�h� �S�e�r�v�i�c�e�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�n�a�l�y�s�i�s� �o�f� �D�a�t�a� 

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

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

�t�h�e� �i�n�s�t�r�u�m�e�n�t�.� �C�r�o�n�b�a�c�h�'�s� �h�o�m�o�g�e�n�e�i�t�y� �c�o�e�f�f�i�c�i�e�n�t� �a�l�p�h�a� �w�a�s� 

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

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

�i�n� �t�h�i�s� �s�t�u�d�y�.� �K�u�d�e�r�-�R�i�c�h�a�r�d�s�o�n� �f�o�r�m�u�l�a� �2�0� �w�a�s� �e�m�p�l�o�y�e�d� �t�o� 

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

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

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

�i�n� �s�e�c�t�i�o�n� �t�w�o� �o�f� �t�h�e� �T�A�S� �(�a�t�t�i�t�u�d�e� �i�t�e�m�s�)� �a�n�d� �s�e�c�t�i�o�n� �t�h�r�e�e� �(�c�o�n�c�e�p�t� 

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

�o�f� �f�o�r�m�u�l�a�t�i�o�n� �o�f� �c�o�n�t�e�n�t� �v�a�l�i�d�i�t�y�.� 
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�S�u�m�m�a�r�y� 

�C�h�a�p�t�e�r� �T�h�r�e�e� �p�r�e�s�e�n�t�e�d� �a� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �r�e�s�e�a�r�c�h� �q�u�e�s�t�i�o�n� 

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

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

�w�i�t�h� �a�t�t�e�n�t�i�o�n� �t�o� �t�h�e� �d�u�t�i�e�s� �o�f� �t�h�e� �P�a�n�e�l� �o�f� �E�x�p�e�r�t�s�,� �t�h�e� 

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

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

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

�v�a�l�i�d�i�t�y�,� �i�n�s�t�r�u�m�e�n�t� �r�e�l�i�a�b�i�l�i�t�y�,� �a�n�d� �a�n�a�l�y�s�i�s� �o�f� �d�a�t�a�.� 
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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� 

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

�T�e�c�h�n�o�l�o�g�y� �A�t�t�i�t�u�d�e� �S�c�a�l�e� �(�T�A�S�)�,� �o�r�i�g�i�n�a�l�l�y� �d�e�v�e�l�o�p�e�d� �i�n� �t�h�e� 

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

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

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

�t�h�e� �P�a�n�e�l� �o�f� �E�x�p�e�r�t�s�.� �S�e�c�o�n�d�,� �a� �P�i�l�o�t� �S�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �i�n� �o�r�d�e�r� �t�o� 

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

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

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

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

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

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

�g�e�n�d�e�r�,� �a�g�e�,� �g�r�a�d�e� �l�e�v�e�l� �a�n�d� �i�n�v�o�l�v�e�m�e�n�t� �w�i�t�h� �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�.� �T�h�e� �P�i�l�o�t� �S�t�u�d�y� �(�N�=�4�8�)� �w�a�s� �c�o�n�d�u�c�t�e�d� �w�i�t�h� �s�t�u�d�e�n�t�s� �i�n� �o�n�e� 

�m�i�d�d�i�e� �s�c�h�o�o�l�.� �T�h�e� �L�a�r�g�e� �G�r�o�u�p� �A�d�m�i�n�i�s�t�r�a�t�i�o�n� �(�N� �=�1�8�3�)� �w�a�s� 

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

�R�e�l�i�a�b�i�l�i�t�y� �o�f� �t�h�e� �T�A�S� �i�n�s�t�r�u�m�e�n�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�h�r�o�u�g�h� 

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

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

�c�o�m�p�l�e�t�e�d� �t�h�r�o�u�g�h� �T�h�e� �O�f�f�i�c�e� �o�f� �M�e�a�s�u�r�e�m�e�n�t� �a�n�d� �R�e�s�e�a�r�c�h� �S�e�r�v�i�c�e�s�,� 

�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�.� �R�e�l�i�a�b�i�l�i�t�y� �o�f� �t�h�e� 

�A�t�t�i�t�u�d�e� �S�c�a�l�e�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �u�s�i�n�g� �C�r�o�n�b�a�c�h�'�s� �h�o�m�o�g�e�n�e�i�t�y� 

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

�S�c�a�l�e�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �u�s�i�n�g� �K�u�d�e�r�-�R�i�c�h�a�r�d�s�o�n� �f�o�r�m�u�l�a� �2�0� �(�K�R�-�2�0�)�.� 

�v�a�n� �d�e�n� �B�e�r�g�h� �(�1�9�8�7�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �a�n� �a�l�p�h�a�-�v�a�l�u�e� �o�f� �.�6�0� �o�r� �m�o�r�e� 
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�i�n�d�i�c�a�t�e�s� �t�h�a�t� �a� �s�c�a�l�e� �h�a�s� �g�o�o�d� �r�e�l�i�a�b�i�l�i�t�y� �(�p�.� �4�3�)�.� �A�n� �a�l�p�h�a�-�v�a�l�u�e� �o�f� 

�a�t� �l�e�a�s�t� �.�6�0� �w�a�s� �t�h�e� �c�r�i�t�e�r�i�o�n� �v�a�l�u�e� �s�e�t� �a�s� �a� �g�o�a�l� �f�o�r� �t�h�i�s� �s�t�u�d�y�.� 

�F�i�n�d�i�n�g�s� �o�f� �t�h�e� �P�a�n�e�l� �o�f� �E�x�p�e�r�t�s� 

�A� �P�a�n�e�l� �o�f� �E�x�p�e�r�t�s� �c�a�n� �f�a�c�i�l�i�t�a�t�e� �t�h�e� �p�r�o�c�e�s�s� �o�f� �d�e�t�e�r�m�i�n�i�n�g� 

�c�o�n�t�e�n�t� �v�a�l�i�d�i�t�y�.� �A�c�c�o�r�d�i�n�g� �t�o� �A�r�y� �e�t� �a�l�.�,� �(�1�9�8�5�)�,� 

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

�i�n�d�e�x�.� �C�o�n�t�e�n�t� �v�a�l�i�d�a�t�i�o�n� �i�s� �e�s�s�e�n�t�i�a�l�l�y� �a�n�d� �o�f� �n�e�c�e�s�s�i�t�y� �b�a�s�e�d� 

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

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

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

�e�x�p�e�r�t�s� �o�r� �o�t�h�e�r� �t�e�a�c�h�e�r�s� �t�o� �e�x�a�m�i�n�e� �t�h�e� �t�e�s�t� �c�o�n�t�e�n�t� 

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

�u�n�i�v�e�r�s�e�.� �(�p�.� �2�1�5�)� 

�T�h�e� �f�i�v�e� �m�e�m�b�e�r�s� �o�f� �t�h�e� �P�a�n�e�l� �o�f� �E�x�p�e�r�t�s� �i�n�c�l�u�d�e�d� �a� �m�i�d�d�l�e� �s�c�h�o�o�l� 

�s�c�i�e�n�c�e� �t�e�a�c�h�e�r�,� �a� �m�i�d�d�l�e� �s�c�h�o�o�l� �E�n�g�l�i�s�h� �t�e�a�c�h�e�r�,� �a� �m�i�d�d�l�e� �s�c�h�o�o�l� 

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

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

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

�t�h�e� �m�e�m�b�e�r�s� �w�e�r�e�,�  ��P�l�e�a�s�e� �r�e�v�i�e�w� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�t�a�t�e�m�e�n�t�s� �w�i�t�h� �t�h�e� 

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

�C�e�r�t�a�i�n� �w�o�r�d�s�,� �p�h�r�a�s�e�s� �a�n�d� �s�e�n�t�e�n�c�e�s� �m�a�y� �s�e�e�m� �a� �b�i�t� �a�w�k�w�a�r�d�.� 

�P�l�e�a�s�e� �c�i�r�c�l�e� �w�o�r�d�s�,� �p�h�r�a�s�e�s� �o�r� �s�e�n�t�e�n�c�e�s� �t�h�a�t� �y�o�u� �t�h�i�n�k� �m�a�y� �c�a�u�s�e� �a� 

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

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

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

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

�i�n�s�t�r�u�m�e�n�t�.� 

�S�e�v�e�r�a�l� �s�u�g�g�e�s�t�i�o�n�s� �f�r�o�m� �t�h�e� �P�a�n�e�l� �o�f� �E�x�p�e�r�t�s� �w�e�r�e� 

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

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

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

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

�a�n�d�  ��h�a�n�d�l�e� �t�o�o�l�s�"� �w�a�s� �c�h�a�n�g�e�d� �t�o�  ��w�o�r�k� �w�i�t�h� �t�o�o�l�s�.�"�.� �I�n� �s�o�m�e� �c�a�s�e�s� 

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

�w�i�t�h� �t�e�c�h�n�o�l�o�g�y�,�"� �w�a�s� �c�h�a�n�g�e�d� �t�o�,� �"�I�n� �m�y� �e�v�e�r�y�d�a�y� �l�i�f�e�,� �|� �w�o�r�k� �w�i�t�h� 

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

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

�c�o�u�r�s�e�, �� �w�a�s� �c�h�a�n�g�e�d� �t�o�,� �"�T�o� �u�n�d�e�r�s�t�a�n�d� �t�e�c�h�n�o�l�o�g�y� �y�o�u� �h�a�v�e� �t�o� �s�t�u�d�y� 

�d�i�f�f�i�c�u�l�t� �t�r�a�i�n�i�n�g� �c�o�u�r�s�e�s�.�"� �E�a�c�h� �c�h�a�n�g�e� �i�n� �t�h�e� �T�A�S� �w�a�s� �d�o�n�e� �w�i�t�h� �t�h�e� 

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

�o�r�i�g�i�n�a�l� �m�e�a�n�i�n�g� �a�s� �p�o�s�s�i�b�l�e�.� 

�O�n�e� �e�x�c�e�p�t�i�o�n� �s�h�o�u�l�d� �b�e� �n�o�t�e�d�.� �S�t�a�t�e�m�e�n�t� �n�u�m�b�e�r� �7� �i�n� �t�h�e� 

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

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

�I�t�e�m� �7� �w�a�s� �o�r�i�g�i�n�a�l�l�y� �t�r�a�n�s�l�a�t�e�d� �a�s� �f�o�l�l�o�w�s�,� �"�T�h�e� �w�o�r�l�d� �w�o�u�l�d� �b�e� �a� 

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

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

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

�F�i�n�a�l� �V�e�r�s�i�o�n� �o�f� �t�h�e� �T�e�c�h�n�o�l�o�g�y� �A�t�t�i�t�u�d�e� �S�c�a�l�e� 

�(�T�A�S�-�U�S�A�)� 

�T�h�e� �f�i�n�a�l� �v�e�r�s�i�o�n� �o�f� �t�h�e� �T�A�S� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �f�o�l�l�o�w�e�d� �t�h�e� 

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

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

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

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

�T�h�e� �T�e�c�h�n�o�l�o�g�y� �A�t�t�i�t�u�d�e� �S�c�a�l�e� �(�T�A�S�)�,� �c�o�n�s�i�s�t�i�n�g� �o�f� �t�h�r�e�e� 

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

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

�d�e�m�o�g�r�a�p�h�i�c� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e� �r�e�s�p�o�n�d�e�n�t�s� �i�n�c�l�u�d�i�n�g�:� �(�1�)� �a�g�e�,� 

�(�2�)� �g�r�a�d�e� �l�e�v�e�l�,� �(�3�)� �g�e�n�d�e�r�,� �(�4�)� �s�c�h�o�o�l� �l�o�c�a�t�i�o�n� �(�r�u�r�a�l� �o�r� �u�r�b�a�n�)�,� �a�n�d� 

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

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

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

�d�e�s�i�g�n�e�d� �t�o� �o�b�t�a�i�n� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �s�t�u�d�e�n�t�s �� �a�t�t�i�t�u�d�e�s� �t�o�w�a�r�d� 

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

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

�m�e�a�s�u�r�e�d� �b�y� �m�e�a�n�s� �o�f� �t�h�e� �6� �s�u�b�s�c�a�l�e�s� �c�o�n�s�i�s�t�i�n�g� �o�f� �3� �t�o� �5� �i�t�e�m�s�.� 

�T�h�e� �f�i�n�a�l� �v�e�r�s�i�o�n� �o�f� �t�h�e� �T�A�S�-�U�S�A� �a�t�t�i�t�u�d�e� �s�e�c�t�i�o�n� �s�u�b�s�c�a�l�e�s� �a�r�e� 

�t�h�e� �s�a�m�e� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �(�1�9�8�8�b�)�.� 

�(�1�)� �I�n�t�e�r�e�s�t� �(�5� �s�t�a�t�e�m�e�n�t�s�)� 

�T�h�i�s� �s�c�a�l�e� �i�n�d�i�c�a�t�e�s� �t�h�e� �e�x�t�e�n�t� �t�o� �w�h�i�c�h� �s�t�u�d�e�n�t�s� �a�r�e� 
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�(�2�)� 

�(�3�)� 

�(�4�)� 

�(�S�)� 

�(�6�)� 

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

�R�o�l�e� �P�a�t�t�e�r�n� �(�4� �s�t�a�t�e�m�e�n�t�s�)� 

�I�n� �t�h�i�s� �s�c�a�l�e� �s�t�u�d�e�n�t�s� �i�n�d�i�c�a�t�e� �t�o� �w�h�a�t� �e�x�t�e�n�t� �t�h�e�y� �t�h�i�n�k� 

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

�C�o�n�s�e�q�u�e�n�c�e�s� �(�5� �s�t�a�t�e�m�e�n�t�s�)� 

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

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

�(�w�h�e�t�h�e�r� �t�e�c�h�n�o�l�o�g�y� �m�e�a�n�s� �p�r�o�g�r�e�s�s�)�.� 

�D�i�f�f�i�c�u�l�t�y� �(�3� �s�t�a�t�e�m�e�n�t�s�)� 

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

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

�e�x�p�e�r�i�e�n�c�e�d�.� 

�C�u�r�r�i�c�u�l�u�m� �(�4� �s�t�a�t�e�m�e�n�t�s�)� 

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

�t�e�c�h�n�o�l�o�g�y� �a�t� �s�c�h�o�o�l�.� 

�C�a�r�e�e�r� �(�5� �s�t�a�t�e�m�e�n�t�s�)� 

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

�t�o� �h�a�v�e� �j�o�b� �r�e�l�a�t�e�d� �t�o� �t�e�c�h�n�o�l�o�g�y� �(�p�p�.� �5�1�2�-�5�1�3�)�.� 

�R�e�s�p�o�n�d�e�n�t�s� �c�o�m�p�l�e�t�e�d� �t�h�e� �A�t�t�i�t�u�d�e� �S�c�a�l�e�s� �b�y� �s�p�e�c�i�f�y�i�n�g� �t�o� 

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

�L�i�k�e�r�t� �s�c�a�l�e�:� 

�(�1�)� 

�(�2�)� 

�(�3�)� 

�(�4�)� 

�(�5�)� 

�S�t�r�o�n�g�l�y� �A�g�r�e�e� 

�A�g�r�e�e� 

�D�o�n�'�t� �A�g�r�e�e�,� �D�o�n�'�t� �D�i�s�a�g�r�e�e� 

�D�i�s�a�g�r�e�e� 

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

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

�t�e�c�h�n�o�l�o�g�y�.� �T�h�e�r�e� �w�e�r�e� �2�8� �i�t�e�m�s� �d�i�v�i�d�e�d� �o�v�e�r� �4� �s�u�b�s�c�a�l�e�s�.� �T�h�e� 

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

�b�a�s�e�d� �o�n� �5� �g�e�n�e�r�a�l�l�y� �a�c�c�e�p�t�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �(�d�e� �V�r�i�e�s�,� �1�9�8�7�a�)� �o�f� �t�h�e� 

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

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

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

�T�h�e� �f�i�n�a�l� �v�e�r�s�i�o�n� �o�f� �t�h�e� �T�A�S�-�U�S�A� �c�o�n�c�e�p�t� �s�e�c�t�i�o�n� �s�u�b�s�c�a�l�e�s� �a�r�e� 

�t�h�e� �s�a�m�e� �a�s� �d�e�s�c�r�i�b�e�d� �b�y� �(�d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �(�1�9�8�8�b�)�.� 

�(�1�)� �T�e�c�h�n�o�l�o�g�y� �a�n�d� �S�o�c�i�e�t�y� �(�1�0� �s�t�a�t�e�m�e�n�t�s�)� 

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

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

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

�a�g�r�e�e�m�e�n�t� �w�i�t�h� �t�h�i�s� �n�o�t�i�o�n�,� �w�h�e�r�e�a�s� �a� �l�o�w� �s�c�o�r�e� 

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

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

�i�n�d�e�p�e�n�d�e�n�t�l�y� �o�f� �s�o�c�i�e�t�y�.� 

�(�2�)� �T�e�c�h�n�o�l�o�g�y� �a�n�d� �S�c�i�e�n�c� �(�6� �s�t�a�t�e�m�e�n�t�s�)� 

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

�i�n� �p�a�r�t�i�c�u�l�a�r�,� �t�h�e�r�e� �i�s� �a� �m�u�t�u�a�l� �r�e�l�a�t�i�o�n�s�h�i�p�.� �N�a�t�u�r�a�l� 

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

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

�m�e�a�s�u�r�e�d� �t�h�e� �e�x�t�e�n�t� �r�e�s�p�o�n�d�e�n�t�s� �u�n�d�e�r�s�t�a�n�d� �t�h�i�s� �m�u�t�u�a�l� 

�r�e�l�a�t�i�o�n�s�h�i�p�.� 
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�(�3�)� �T�e�c�h�n�o�l�o�g�y� �a�n�d�_� �S�k�i�l�l�s� �(�7� �s�t�a�t�e�m�e�n�t�s�)� 

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

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

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

�o�p�e�r�a�t�e� �e�q�u�i�p�m�e�n�t� �a�r�e� �t�e�c�h�n�i�c�a�l� �s�k�i�l�l�s�.� �T�h�i�s� �s�c�a�l�e� 

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

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

�(�4�)� �T�e�c�h�n�o�l�o�g�y� �a�n�d� �P�i�l�l�a�r�s� �(�5� �s�t�a�t�e�m�e�n�t�s�)� 

�T�h�i�s� �s�c�a�l�e� �u�s�e�s� �t�h�e� �w�o�r�d� �' ��p�i�l�l�a�r�s�'� �t�o� �d�e�s�i�g�n�a�t�e� �t�h�e� 

 ��f�o�u�n�d�a�t�i�o�n �� �o�r�  ��b�a�s�i�s�'� �o�f� �t�e�c�h�n�o�l�o�g�y�.� �I�n�f�o�r�m�a�t�i�o�n�,� �m�a�t�t�e�r� 

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

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

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

�s�c�o�r�e� �h�i�g�h� �o�n� �t�h�i�s� �s�c�a�l�e� �(�p�.� �5�1�4�)�.� 

�T�h�e� �C�o�n�c�e�p�t� �S�c�a�l�e�s� �m�e�a�s�u�r�e� �t�h�e� �k�n�o�w�l�e�d�g�e� �a�n�d� �c�o�n�c�e�p�t� �o�f� 

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

�a�r�e� �n�o�t� �a�s�k�e�d� �f�o�r�,� �a�n�d� �r�i�g�h�t� �a�n�d� �w�r�o�n�g� �o�r� �d�o�n�'�t� �k�n�o�w� �a�n�s�w�e�r�s� �a�r�e� 

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

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

�r�e�s�p�o�n�d�e�d� �t�o� �t�h�e� �C�o�n�c�e�p�t� �S�c�a�l�e�s� �b�y� �i�n�d�i�c�a�t�i�n�g�:� 

�(�1�)� �A�g�r�e�e� 

�(�2�)� �D�i�s�a�g�r�e�e� 

�(�3�)� �D�o�n�'�t� �K�n�o�w� 
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�F�i�n�d�i�n�g�s� �o�f� �t�h�e� �P�i�l�o�t� �S�t�u�d�y� 

�T�h�e� �P�i�l�o�t� �S�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �a�t� �A�n�d�r�e�w� �L�e�w�i�s� �M�i�d�d�l�e� �S�c�h�o�o�l� �i�n� 

�S�a�l�e�m�,� �V�i�r�g�i�n�i�a�,� �a�n� �u�r�b�a�n� �c�o�m�m�u�n�i�t�y�.� �T�h�e� �4�8� �p�a�r�t�i�c�i�p�a�n�t�s� �i�n�c�l�u�d�e�d� �3�2� 

�b�o�y�s� �a�n�d� �1�6� �g�i�r�l�s� �r�a�n�g�i�n�g� �i�n� �a�g�e� �f�r�o�m� �1�3�-�1�5� �y�e�a�r�s�.� �A�l�l� �p�a�r�t�i�c�i�p�a�n�t�s� 

�w�e�r�e� �i�n� �t�h�e� �e�i�g�h�t� �g�r�a�d�e�,� �w�i�t�h� �o�n�l�y� �3� �s�t�u�d�e�n�t�s� �n�o�t� �i�n�v�o�l�v�e�d� �i�n� �a� 

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

�A�t�t�i�t�u� �a�l� 

�T�h�e� �c�o�e�f�f�i�c�i�e�n�t� �a�l�p�h�a� �v�a�l�u�e�s� �f�o�r� �t�h�e� �P�i�l�o�t� �S�t�u�d�y� �A�t�t�i�t�u�d�e� �S�c�a�l�e�s� 

�a�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �1�.� 

�T�a�b�l�e� �1� 
�A�l�p�h�a� �V�a�l�u�e�s� �o�f� �P�i�l�o�t� �S�t�u�d�y� �A�t�t�i�t�u�d�e� �S�c�a�l�e�s� 

�C�o�r�r�e�l�a�t�i�o�n� �t�o� �O�t�h�e�r� �S�c�a�l�e�s� 

�S�c�a�l�e� �1� �I�n�t�e�r�e�s�t� �.�7�9� 

�S�c�a�l�e� �2� �R�o�l�e� �P�a�t�t�e�r�n� �.�6�3� 

�S�c�a�l�e� �3� �C�o�n�s�e�q�u�e�n�c�e�s� �.�3�0� 

�S�c�a�l�e� �4� �D�i�f�f�i�c�u�l�t�y� �.�3�5� 

�S�c�a�l�e� �5� �C�u�r�r�i�c�u�l�u�m� �.�6�3� 

�S�c�a�l�e� �6� �C�a�r�e�e�r� �.�8�3� 

�F�o�u�r� �o�f� �t�h�e� �s�i�x� �A�t�t�i�t�u�d�e� �S�c�a�l�e�s� �m�e�t� �t�h�e� �m�i�n�i�m�u�m� �.�6�0� �a�l�p�h�a� �v�a�l�u�e� 

�c�r�i�t�e�r�i�o�n�.� 
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�C�o�n�c�e�p�t� �S�c�a�l�e�s� 

�T�h�e� �r�e�l�i�a�b�i�l�i�t�y� �e�s�t�i�m�a�t�e�s� �f�o�r� �t�h�e� �P�i�l�o�t� �S�t�u�d�y� �C�o�n�c�e�p�t� �S�c�a�l�e�s� �a�r�e� 

�s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �I�l�.� 

� � 

�T�a�b�l�e� �I�l� 

�R�e�l�i�a�b�i�l�i�t�y� �E�s�t�i�m�a�t�e�s� �o�f� �P�i�l�o�t� �S�t�u�d�y� �C�o�n�c�e�p�t� �S�c�a�l�e�s� 

�C�o�r�r�e�l�a�t�i�o�n� �t�o� 
�O�t�h�e�r� �S�c�a�l�e�s� 

�T�e�c�h�n�o�l�o�g�y� �a�n�d� �S�o�c�i�e�t�y� �7�3� 

�T�e�c�h�n�o�l�o�g�y� �a�n�d� �S�c�i�e�n�c�e� �.�6�5� 

�T�e�c�h�n�o�l�o�g�y� �a�n�d� �S�k�i�l�l�s� �.�2�0� 

�T�e�c�h�n�o�l�o�g�y� �a�n�d� �P�i�l�l�a�r�s� �.�5�9� 

�O�v�e�r�a�l�l� �.�8�4� 

�T�w�o� �o�f� �f�o�u�r� �C�o�n�c�e�p�t� �S�c�a�l�e�s� �h�a�d� �c�o�r�r�e�l�a�t�i�o�n�s� �o�v�e�r� �.�6�0�.� �T�h�e� 

�o�v�e�r�a�l�l� �c�o�r�r�e�l�a�t�i�o�n� �(�.�8�4�)� �w�a�s� �a�n� �a�c�c�e�p�t�a�b�l�e� �r�e�l�i�a�b�i�l�i�t�y� �e�s�t�i�m�a�t�e� �v�a�l�u�e�.� 

�E�x�a�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �P�i�l�o�t� �S�t�u�d�y� �d�a�t�a� �a�n�a�l�y�s�i�s� �r�e�v�e�a�l�e�d� �t�h�a�t� �t�h�e� 

�c�o�r�r�e�l�a�t�i�o�n� �o�f� �s�t�a�t�e�m�e�n�t� �7�,� �w�h�i�c�h� �w�a�s� �m�o�d�i�f�i�e�d� �f�o�r� �t�h�e� �P�i�l�o�t� �S�t�u�d�y�,� 

�f�e�l�l� �w�e�l�l� �b�e�l�o�w� �t�h�e� �.�2�5� �m�i�n�i�m�u�m� �a�c�c�e�p�t�a�n�c�e� �v�a�l�u�e�.� �F�u�r�t�h�e�r� 

�i�n�v�e�s�t�i�g�a�t�i�o�n� �b�r�o�u�g�h�t� �f�o�r�t�h� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� �r�e�v�i�s�i�o�n� �o�f� �s�t�a�t�e�m�e�n�t� �7� 

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

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

�b�a�s�e�d� �o�n� �t�h�e� �i�n�t�e�n�t� �o�f� �k�e�e�p�i�n�g� �t�h�e� �T�A�S� �a�s� �c�l�o�s�e� �t�o� �t�h�e� �o�r�i�g�i�n�a�l� 

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

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

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

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

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

�c�o�m�m�i�t�t�e�e� �m�e�m�b�e�r�s� �t�o� �p�r�o�c�e�e�d� �w�i�t�h� �t�h�e� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �t�h�e� �T�A�S� �t�o� 

�a� �l�a�r�g�e�r� �s�a�m�p�l�e�.� 

�F�i�n�d�i�n�g�s� �o�f� �t�h�e� �L�a�r�g�e� �G�r�o�u�p� �A�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �T�A�S� 

�T�h�e� �L�a�r�g�e� �G�r�o�u�p� �A�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �t�h�e� �T�A�S� �w�a�s� �c�o�m�p�l�e�t�e�d� �b�y� 

�1�1�6� �b�o�y�s� �a�n�d� �6�7� �g�i�r�l�s� �a�t� �f�o�u�r� �m�i�d�d�l�e� �s�c�h�o�o�l�s� �i�n� �V�i�r�g�i�n�i�a�.� �T�h�e� �s�c�h�o�o�l�s� 

�w�e�r�e�:� 

�H�i�d�d�e�n� �V�a�l�l�e�y� �M�i�d�d�l�e� �S�c�h�o�o�l� �(�N�=�4�6�)� �R�o�a�n�o�k�e� �u�r�b�a�n� 

�C�a�v�e� �S�p�r�i�n�g� �M�i�d�d�i�e� �S�c�h�o�o�l� �(�N�=�5�0�)� �R�o�a�n�o�k�e� �u�r�b�a�n� 

�K�a�t�e� �C�o�l�l�i�n�s� �M�i�d�d�l�e� �S�c�h�o�o�l� �(�N�=�4�0�)� �W�a�y�n�e�s�b�o�r�o� �r�u�r�a�l� 

�S�h�e�l�b�u�r�n�e� �M�i�d�d�l�e� �S�c�h�o�o�l� �(�N�=�4�7�)� �S�t�a�u�n�t�o�n� �r�u�r�a�l� 

�T�h�e� �a�g�e�s� �o�f� �t�h�e� �s�t�u�d�e�n�t�s� �r�a�n�g�e�d� �f�r�o�m� �1�2� �t�o� �1�5� �y�e�a�r�s� �i�n� �g�r�a�d�e�s� �7�,� �8�,� 

�a�n�d� �9�.� �O�f� �1�8�3� �s�t�u�d�e�n�t�s� �c�o�m�p�l�e�t�i�n�g� �t�h�e� �T�A�S�,� �1�3�5� �h�a�v�e� �h�a�d� �o�r� �w�e�r�e� �i�n� 

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

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

�A�p�p�e�n�d�i�x� �H�.� 
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�A�t�t�i�t�u�d� �S�c�a�l�e� 

�T�h�e� �L�a�r�g�e� �G�r�o�u�p� �A�d�m�i�n�i�s�t�r�a�t�i�o�n� �A�t�t�i�t�u�d�e� �S�c�a�l�e�s� �c�o�e�f�f�i�c�i�e�n�t� 

�a�l�p�h�a� �v�a�l�u�e�s� �a�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �I�l�l�.� 

�T�a�b�l�e� �I�l�l� 

�A�l�p�h�a� �V�a�l�u�e�s� �o�f� �t�h�e� �L�a�r�g�e� �G�r�o�u�p� �A�d�m�i�n�i�s�t�r�a�t�i�o�n� �A�t�t�i�t�u�d�e� �S�c�a�l�e�s� 

�C�o�r�r�e�l�a�t�i�o�n� �t�o� 

�O�t�h�e�r� �S�c�a�l�e�s� 

�S�c�a�l�e� �1� �i�n�t�e�r�e�s�t� �7�3� 

�S�c�a�l�e� �2� �R�o�l�e� �P�a�t�t�e�r�n� �7�1� 

�S�c�a�l�e� �3� �C�o�n�s�e�q�u�e�n�c�e�s� �.�2�5� 

�S�c�a�l�e� �4� �D�i�f�f�i�c�u�l�t�y� �.�2�2� 

�S�c�a�l�e� �5� �C�u�r�r�i�c�u�l�u�m� �.�7�4� 

�S�c�a�l�e� �6� �C�a�r�e�e�r� �.�8�0� 

�O�v�e�r�a�l�l� �.�8�1� 

�F�o�u�r� �o�f� �t�h�e� �s�i�x� �A�t�t�i�t�u�d�e� �S�c�a�l�e�s� �m�e�t� �t�h�e� �m�i�n�i�m�u�m� �.�6�0� �a�l�p�h�a� �v�a�l�u�e� 

�c�r�i�t�e�r�i�o�n�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �o�v�e�r�a�l�l� �c�o�r�r�e�l�a�t�i�o�n� �f�o�r� �a�l�l� �s�c�a�l�e�s� �(�.�8�1�)� �m�e�t� 

�t�h�e� �m�i�n�i�m�u�m� �.�6�0� �v�a�l�u�e� �i�n�d�i�c�a�t�o�r�.� 

�A�n� �i�t�e�m� �a�n�a�l�y�s�i�s� �w�a�s� �d�o�n�e� �t�o� �d�e�t�e�r�m�i�n�e� �i�n�t�e�r�-�i�t�e�m� �c�o�r�r�e�l�a�t�i�o�n�s�.� 

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

�s�c�o�r�e�s� �w�i�t�h� �t�o�t�a�l� �s�c�a�l�e� �s�c�o�r�e�s�.� �A�c�c�o�r�d�i�n�g� �t�o� �A�r�y� �(�1�9�8�5�)�,� �"�E�a�c�h� �i�t�e�m� 

�s�h�o�u�l�d� �c�o�r�r�e�l�a�t�e� �a�t� �l�e�a�s�t� �.�2�5� �w�i�t�h� �t�h�e� �t�o�t�a�l� �s�c�o�r�e �� �(�p�.� �1�9�7�)�.� �A�p�p�e�n�d�i�x� 
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�J� �l�i�s�t�s� �c�o�r�r�e�l�a�t�i�o�n�s� �o�f� �a�l�l� �i�t�e�m�s� �i�n� �t�h�e� �A�t�t�i�t�u�d�e� �S�e�c�t�i�o�n� �f�o�r� �e�a�c�h� �o�f� 

�t�h�e� �s�i�x� �s�c�a�l�e�s� �a�n�d� �i�n�d�i�c�a�t�e�s� �s�u�m�m�a�t�e�d� �s�c�a�l�e� �c�o�r�r�e�l�a�t�i�o�n�s�.� �A�p�p�e�n�d�i�x� �K� 

�l�i�s�t�s� �c�o�r�r�e�l�a�t�i�o�n�s� �o�f� �a�l�l� �i�t�e�m�s� �i�n� �t�h�e� �C�o�n�c�e�p�t� �S�e�c�t�i�o�n� �f�o�r� �e�a�c�h� �o�f� �t�h�e� 

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

�C�o�n�c�e�p�t� �S�c�a�l�e�s� 

�T�h�e� �r�e�l�i�a�b�i�l�i�t�y� �e�s�t�i�m�a�t�e�s� �f�o�r� �t�h�e� �L�a�r�g�e� �G�r�o�u�p� �A�d�m�i�n�i�s�t�r�a�t�i�o�n� 

�C�o�n�c�e�p�t� �S�c�a�l�e�s� �a�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �I�V�.� 

�T�a�b�l�e� �I�V� 

�R�e�l�i�a�b�i�l�i�t�y� �E�s�t�i�m�a�t�e�s� �o�f� �t�h�e� �L�a�r�g�e� �G�r�o�u�p� �A�d�m�i�n�i�s�t�r�a�t�i�o�n� �C�o�n�c�e�p�t� 
�S�c�a�l�e�s� 

�C�o�r�r�e�l�a�t�i�o�n� �t�o� 

�O�t�h�e�r� �S�c�a�l�e�s� 

�T�e�c�h�n�o�l�o�g�y� �a�n�d� �S�o�c�i�e�t�y� �.�7�2� 
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