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COMPARING ATTITUDES TOWARD TECHNOLOGY OF THIRD AND FOURTH 

GRADE STUDENTS IN VIRGINIA 

RELATIVE TO THEIR EXPOSURE TO TECHNOLOGY 

By 

Duane D. Dunlap 

William E. Dugger, Jr., Technology Education 

(ABSTRACT) 

The purpose of this study was to compare student 

attitudes toward technology of third and fourth grade 

students in Virginia relative to their exposure Lo 

technology education. The instrument used to measure 

student attitudes towards technology was a modified version 

of the Pupil's Attitudes Toward Technology - USA instrument 

developed at Virginia Polytechnic Institute and State 

University. 

The researc: design was a quasi-experimental, non- 

equivalent groups posttest only design. The research 

methodology utilized was factorial analysis of variance. 

The four independent variables were Gender, Grade Level, 

Treatment/Control Group, and Geographic Area. The dependent 

variable was student attitudes toward technology. All 

hypotheses were tested at the .05 alpha level of 

significance. 

The NASA funded project, Mission 21, was used as tne 

treatment on 459 third and fourth graders in Virginia over



the period of five months. Students in the same schools and 

grade levels as Mission 21 students, but who were not 

exposed to Mission 21, served as the control group. The 

control group contained 399 students. 

The study reported a significant difference between 

boys and girls attitudes towards technology. There was a 

Significant difference in student attitudes toward 

technology between the Mission 21 students and the control 

group. There was no difference found in student attitudes 

towards technology by grade level. There was a Significant 

difference of student attitudes towards technology between 

geographic areas (urban, suburban, and rural areas). 

The most common definition of technology from the 

Mission 21 students (treatment group) was "technology solves 

problems". The most common definition cf technology from 

the control group was "I don't know". 

The results of the study provided evidence that both 

boys and giris who participated in the third and fourth 

grade Mission 21 project, did in fact, have a substantially 

more positive attitude towards technology than those 

students who did not.
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CHAPTER ONE 

Comparing Attitudes Toward Technology Of Third and Fourth 

Grade Students In Virginia Relative To 

Their Exposure To Technology 

Introduction 

Technology plays an active role in the society in which 

we live. Postman (1939) pointed out, "technology now 

controls everything from our jobs to our religion to our 

social and family values" (p. 9). Not one day passes 

without any one of us coming in contact with some facet of 

technology. The elementary school setting is an intact 

place where students can experience, first hand, the role of 

technology in our society and begin making judgments about 

it. According to de Vries (1988), "...pupils do not enter 

technology education without any ideas about technology. By 

watching TV, by listening to the radio, by reading varicus 

kinds of magazines they get ideas about what technology is 

and what it means to them" (p. 4). 

The need for integrated technology education in 

elementary curriculum development is critical. Technology 

is continually evolving and expanding. According to Dr. 

Paul DeVore (1980), "...life depends on technology that most 

people de not understand" (p. 6). During the 1984 

Technology Education Symposium VI, Peterson stated, "...the 

1
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place to begin to develop an understanding of the 

technological systems we depend upon is the elementary 

school" (p. 23). However, throughout many school systems in 

America, elementary school students do not have the 

opportunity to become involved in structured technology 

education activities. 

The opportunities offered students by technology 

education at the elementary school level investigated by 

Kieft (1988) incorporate, "helping children develop and 

improve their problem-solving skills, personal/social growth 

characteristics, develop career and consumer awareness and 

reinforcing basic skills from other subject areas" (p. 29). 

Students often become inquisitive about technology, wanting 

answers to "how", "why", and "what if" questions. Research 

conducted by Peterson showed, "there is significant 

potential for the discovery of technology in the elementary 

school" (1986, p. 16). 

Many national educational reports suggesting reform 

have led to the rethinking of curriculum in the elementary 

classroom. United States Representative Frederick C. 

Boucher remarked, "we need to develop technological skills 

among our youth" (1988, p. 4). 

The Technology Education Advisory Council of the 

International Technology Education Associaticn issued a 

report titled, Technology: A National Imperative, that
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provided justification for organizing educational goals for 

promoting technological literacy of Americans: 

Because the American culture is distinctly 

characterized as technological, it becomes the 

function of our educational system to provide 

every student an insight and understanding of the 

technological nature of the culture. All persons 

must be knowledgeable of their technological 

environment so they can make rational decisions 

about their own lives on a day-to-day basis and 

participate in controlling their own destiny. As 

technological development continues at an 

accelerated rate, it will become increasingly more 

difficult for people to understand these changes. 

Extreme action must be taken to prevent us from 

becoming a technologically illiterate nation. 

(1988, p. 2). 

In the report, Educating Americans for the 2lst Century 

(1983), the National Science Foundation declared the study 

of technology should be considered as essential as reading 

and writing in the classroom. The report further mentioned 

where the emphasis on technology education at the elementary 

school should be by stating, "stress should be placed on the 

importance of modern technology through relevant examples 

and hands-on technological activities" (NSF p. 70).
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Beginning in the fall of 1985, the National Aeronautics 

and Space Administration (NASA) joined with the Technology 

Education Program at Virginia Polytechnic Institute and 

State University (VPI&SU) with a goal to expand technology 

education at the elementary school level. NASA awarded a 

Graduate Student Researchers Program Grant to VPI&SU to 

develop a technology education elementary school program, 

initially for fifth and sixth grades, titled MISSION 21. 

The purpose of Mission 21 was to provide technology 

education materials for the elementary school curriculum. 

Mission 21 materials were infused through flexible problem-~ 

solving activities. Mission 21 activities, called "design 

briefs", were integrated with science, mathematics, social 

studies, language arts, health, and fine arts. Field 

centers were set up in the Commonwealth of Virginia to test 

the materials developed through the project. Since 1985, 

Mission 21 has involved 30 teachers and over 3,000 students 

in 15 schools throughout Virginia. 

Mission 21 has developed into a first through sixth 

grade technology education project. Mission 21 is an 

interdisciplinary approach to teaching technology.
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Statement of the Problem 

The purpose of this study is to compare third and 

fourth grade student attitudes towards technology relative 

to their exposure to Mission 21 (treatment and control) in 

selected schools in Virginia. 

Research Questions 

The research questions for this study at the elementary 

school level (third and fourth grade) are: 

1. How do beys and girls differ in their attitudes 

toward technology? 

to
 

Is there a difference in the attitudes toward 

technology of the treatment and control group? 

to
 Is there a difference between third and fourth grade 

student attitudes toward technology? 

4. Is there a difference between student attitudes toward 

technology in urban, suburban, and rural schools? 

5. Is there an interaction among the study variables 

(gender, treatment, grade level, and geographic area) 

on attitudes toward technology? 

6. How do students who have had Mission 21 (treatment 

group) differ in their definitions of technology from 

those who were in the control group?
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Purpose and Significance of the Study 

Evaluation of the Mission 21 project has been primarily 

subjective feedback from classroom teachers and Mission 21 

research associates. Professors, administrators, and 

classroom teachers have also reviewed Mission 21 resource 

materials for appropriateness and accuracy. Previous 

efforts of integrating technology in the elementary school 

have not measured student attitudes before or after 

experiencing technology education based activities. There 

has been no statistical data collected up to this point 

because the program has been in the developmental stage. 

Developing curriculum materials should involve the 

collection and interpretation of data. By analyzing the 

data, decisions can be made to improve curriculum materials. 

This study is significant because it was the first to 

compare attitudes of third and fourth grade students 

experiencing formal technology education instruction. The 

study also assessed the effectiveness of Mission 2l 

(treatment group) in providing students with a more positive 

attitude toward technology. One of the goals of this 

project was to help students become technologically aware of 

their world. The instrument was administered to a control 

group of third and fourth grade students. These students 

were at the same grade level within the same school(s). The 

purpose was to compare their responses with the responses of
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students experiencing Mission 21. 

Limitations of the Study 

The following limitations were identified in this 

study: 

1. Students in the treatment groups were exposed to as few 

as five Mission 21 activities. 

bo
 The sample was selected from pre-existing field test 

sites of the Mission 21 program. 

3. Teachers were allowed to choose the themes and design 

briefs in which students participated. 

4, This study included only third and fourth grade 

students. 

5. The quasi-experimental, posttest only design with 

nonequivalent groups was used in this study. 

Delimitations of the Study 

1. The study was delimited to six elementary schools and 

18 teachers in the Commonwealth of Virginia. 

NO
 The use of the term "technology" in this study includes 

the uses of technology in society, the effects of 

technology on individuals and society, and the use of 

technological processes and products by people.
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Definition of Terms 

The following definitions were used for this study: 

Mission 21 - NASA funded research project for 

developing technology education materials at the 

elementary school level. 

Technology - "is the application of math and science 

for specific purposes... to make our lives better, more 

productive or more enjoyable" (Technology Education 

Advisory Council, 1988, Foreword). 

Technology Education - "the school discipline for the 

study of the application of knowledge, creativity, and 

resources to solve problems, and extend human 

potential" (Technology Education Advisory Council, 

1988, p. 16). 

Technological Literacy - "A perception cf how 

technology can impact society and the environment. The 

technologically literate person can distinguish between 

technology and science" (Croft, 1990, p.155). 

Quasi-Experimentation - "experiments that have 

treatments, outcome measures, and experimental units, 

but do not use random sample assignment to create the 

comparisons from which treatment-caused change is 

inferred" (Cook & Campbell, 1979, p. &). 

Attitudes - "a mental and neutral state of readiness, 

organized through experience, exerting a directive or



9 

dynamic influence upon the individual's response to all 

objects and situations to which it is related" 

(Allport, 1935, p. 14). 

Summary 

This study provided attitudinal and definitions of 

technology data from third and fourth grade students. The 

information gained about the preference students have in 

their perception of technology helps technology education 

professionals develop appropriate curriculum resource 

materials and programs. 

The attitudes of elementary school students toward 

technology is an important topic for research. Research 

cenducted by Raat, de Vries, and de Klerk Wolters (1989) 

recommend that for technology education curriculum to be 

complete, student attitudes toward technology must be taken 

into consideration. Technology plays an important role in 

our culture. The Mational Aeronautics and Space 

Administration provided resource reports concerned with 

providing experiences that increase the technological 

literacy of our youth. 

Attitudes toward technology can range from tools, 

machines, and computers to perceptions, impacts on society, 

and the environmental concerns involved in everyday life. 

If technology education materials developed by the Mission
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21 staff for the elementary student are to be effective, 

then research concerning student attitudes about technology 

must be conducted.



CHAPTER TWO 

Review of Related Research and Literature 

Introduction 

This study proposed that Mission 21, integrated into 

the elementary school curriculum, improves student attitudes 

toward technology. Documented as early as 1965, elementary 

schools that unite technology education with the existing 

curriculum, "the intergrated [sic] approach has been the 

most common pattern in grades one through four" (Champion, 

p. 17). If technology education can be shown to enhance the 

learning of other subjects and increase student 

comprehension of technology in their world, a much more 

willing endorsement may be envisioned. Further, de Klerk 

Wolters (1989a) states that "education in technology can 

also contribute to the development of a more positive 

attitude towards technology" (p. 3). 

In investigating educational literature involved with 

methods or procedures used to measure student attitudes 

toward technology at the elementary school level, one is 

concerned with the relatively small amount of research or 

data related to the measurement of attitudes. Little, if 

any attempt has been made to study third or fourth grade 

student attitudes toward technology. 

The move to incorporate the study of technology into 

the existing elementary school curriculum has been a slow 

11
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process. George Champion (1965) concluded, "industrial arts 

can be implemented in the elementary school curriculum 

through the integration with other subjects by providing an 

effective means for demonstrating the value of other 

subjects while stimulating an interest in learning" (p. 

113). Because technology education at the elementary school 

has no long standing tradition, research and curriculum 

development are important. Research is needed to make 

effective curriculum decisions when developing technology 

education curriculum for the elementary school level. "To 

develop the education in technology, in such a way that it 

gives pupils a fairly balanced concept of technology, it is 

necessary to determine students' attitudes about technology" 

(de Klerk Wolters, 1989a, p. 3). Once this bench-mark has 

been established, technology education curriculum developers 

will have information to produce effective materials for the 

third and fourth grade. 

The need for determining attitudes about technology 

from elementary school children is critical for developing 

technology education program materials such as Mission 21. 

Downs (1974), makes the case that "research should continue 

on developing instruments for use in measuring both student 

and teacher attitudes toward curricular content presented by 

an elementary school industrial arts approach" (p. 207).
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What Is Technology? 

Technology has given many people in our world a life 

never before experienced. Virtually all segments of human 

life are touched by technological growth. Some of us have 

become so accustomed to advanced technology in our lives 

that it becomes functionally invisible to us. We take it 

for granted until it fails, then we blame technology, 

unaware that it has greater reliability than previous 

alternative technologies. According to Johnson, Lauda, and 

Pytlik (1985), "Whether we view technology negatively, 

positively, or passively, we find ourselves making value 

judgements about it" (p. 291). 

To determine a foundation for the term technology, it 

is meaningful to cite the dictionary definition. Webster's 

Ninth New Collegiate Dictionary (1988) defines technology as 
  

"(1): technical language, (2) a: applied science b: a 

scientific method of achieving a practical purpose, (3) the 

totality of the means employed to provide objects necessary 

for human sustenance and comfort" (p. 1211). 

The word "technology" has assumed many meanings 

throughout history. In 1980, Lauda traced the usage of the 

word "technology" to the year 1615 and reported that a 

prescribed definition materialized in 1676. Lauda and 

McCrory (1986) explain the word technology by splitting Lt 

into two components. They are "(1) technic which refers to
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the principle or method in making things, and (2) logos 

which refers to the study of those principles or methods" 

(p. 21). Further, they state technology "is the study of 

the technical means the human has initiated and utilized for 

survival" (p. 21). 

The use and application of technology has been 

documented throughout history. Bender (1988) contended that 

historically, "technology is the application of theoretical 

knowledge to specific social and economic tasks, has been 

supported by science, the pursuit of knowledge and the 

understanding of the physical and human environment" (p. 

174). Bender went on to quote Hannay and McGinn, (1980} who 

stated, "Thus, technology, the instrumental mode of 

rationale action, is created by human beings to expand the 

realm of practical possibility" (p. 181). 

Technology is not to be confused with science. [In 

simple terms, science involves an emphasis on theory, 

focusing on "why", and attempts to explore and explain. 

Technology emphasizes practice, focuses on the "how", and 

attempts to evaluate and apply. A report issued in 1983 by 

the National Science Board (NSB) Commission on Precollege 

Education in Mathematics, Science, and Technology, stated: 

Alarming numbers of young Americans are ill-equipped to 

work in, contribute to, profit from and enjoy our 

increasingly technological society. Far too many
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young Americans have emerged from the nation's 

elementary and secondary schools with an 

inadequate grounding in mathematics, science, and 

technology...at a time when America's national 

security, economic well-being, and world 

leadership increasingly depend on mathematics, 

science, and technology, the nation faces serious 

declines in skill and understanding in these areas 

among all our youth. (p. 9). 

Lux (1983) contrasted the difference between science 

and technology relative to its connection to industrial 

technology education. He stated that "As a school subject, 

science offers a systematic study of knowledge about nature, 

while technology is a systematic study of how people alter 

nature to make it of more use or value" (pp. 9-19). 

Johnson, Lauda, and Pytlik (1985) point o:.c that 

"Technology changes society, it provides people with new 

capabilities and new opportunities; it makes obsolete some 

ways of life and some values" (p. 9). Technological growth 

results in changing the world; it spotlights human beings 

struggling with environments of their own making. Anything 

enhanced or developed by technological means should be done 

so for mankind. Todd, McCrory, and Todd, (1985, p. 3) 

defined technology as "the use of our knowledge, tools, and 

skills to solve practical problems and to extend human
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capabilities". 

The Virginia Technology Education Service (1988) stated 

that technology is the "study of the application of 

knowledge, creativity and resources to solve problems and 

extend human potential" (p. 8). The Virginia Technology 

Education Service document (The Virginia Technology 

Education Curriculum, K-12) was recognized from the review 

of literature to be one of the most contemporary approaches 

to technology education and to serve as an approach to 

support a definition of technology. 

"Technology, like science, is boundary free and can 

help cement national friendships, which are sorely needed" 

(Hellman, 1976, p. 66). America is the heartland for 

developing many new technologies. However, few countries 

around the globe want our spiritual or ideological 

aspirations. But, foreign countries are very interested in 

our computers, weapons, airplanes, agricultural products, 

and industrial automation capabilities. Technology affects 

all raw and processed goods that people use. 

Technology reaches people through the use of tools, 

machines, devices, and systems that help us live and work 

every day. According to Schrage (1990), "one of the most 

powerful themes driving technological development is the 

belief that everything can be engineered. Changing 

technology isn't in the technologies themselves, but in how



17 

people will approach and finally use them". Many technology 

educators across the country have awakened to the fact that 

in some form, they must keep abreast with changing 

technology. 

John Naisbitt (1982) writes in his book Megatrends, 

that there are three stages of technology. These stages 

include "First, the new technology or innovation follows the 

line of least resistance; second, the technology is used to 

improve previous technologies (this stage can take a long 

time); and third, new directions or uses are discovered that 

grow out of the technology itself" (p. 27). * 

Dr. Donald Maley (1983) Professor Emeritus and former 

department chairman at the University of Maryland points out 

that "technology with respect to the development of the 

human component must deal with the processes of learner 

development in systematic inquiring, problem solving, 

analyzing, synthesizing, and generalizing" (bp. 7). 

Importance of Technological Literacy 

In today's society, we live in a time of unprecedented 

change, a change brought about by technology. 

"Technological advance is a dynamic rather than a static 

process" (Uhlig, 1983, p. 2). Methods and learning 

activities created by curriculum developers in technology 

education must also be unremitting. A need for the growth
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of a technologically literate citizenry is an understanding 

that technology as a whole is more than computers or 

electronics. Technology must be comprehended as a system 

that extends human capability and potential. Part of being 

technologically literate implies having the ability to enter 

into complex thinking and feel comfortable in problem- 

solving situations. Technological problems or situations 

have no single right or wrong answers. Only the "best 

solutions based on available information to solve problems 

can be employed" (Ost, 1985, p. 691). Ost points out, "an 

important characteristic of technologic literacy is a 

positive attitude" (1985, p. 691). 

Characteristics of being technologically literate 

include the ability to predict the potential impact of an 

innovation, understand technology systems, and possess the 

ability to investigate a problem and propose a solution. 

Shamos (1984) believed that "most students, and the public, 

generally, relate more easily to technology than to science 

because they have daily contact with products of technology" 

(p. 3). Technological literacy is not only regarded as a 

learning outcome suited for general education, but also 

needed in the workplace. The Northwest Regional Educational 

Laboratory (1984) study determined, "technological literacy 

igs a combination of skills and attitudes--some very general 

and others very specific".
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Waetjen (1987a), Chairman of the ITEA Technology 

Education Advisory Council, wrote that technological 

literacy implies "that a student must understand basic 

scientific concepts; know societal needs and moral 

constraints; be cognizant of the application of scientific 

principles to tools and materials; and, to a certain extent, 

be able to utilize these tools and materials" (p. 10). 

Sinn and Savage (1987) contend on the other hand, that 

"Perhaps we will become more technologically literate by 

combining more courses with an increase in the length of the 

school day by thirty minutes as is recommended by some of 

the more recent education studies" (p. 27). 

The National Science Board in 1983 issued a report 

defining technology literacy. In the report, "The 

technologically literate person should have a sense of what 

technology can or cannot do. He or she should not believe 

that technology can solve all ills, nor that it is 

responsible for most problems" (p. 74). 

Buchen (1980) in his explanation on a curriculum for 

the year 2000, wrote: 

_..What is clearly needed is the creation of a new 

category of technological literacy as minimum 

knowledge required to be a reasonable educated or 

civilized human being. In fact, never before has 

the knowledge of machines been such an important
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condition for the knowledge of being human. 

(p. 394). 

The term technological literacy has numerous 

interpretations and uses. However, Todd (1986) reports the 

capacity of technological literacy in a much larger 

framework. His taxonomy incorporates five levels of 

technological literacy that include "awareness, literacy, 

capability, creativity and criticism" (p. 63). 

Business and industry spend millions of dollars each 

year to provide employees problem-solving skills and 

training to function effectively in the world of work. 

America's national economy is at stake. The Exxon 

Educational Foundation (1984) during a symposium on 

education decided, "there is a growing feeling that the 

scientific and technological dimensions of our society, 

government, and economy are now fully sufficiently extensive 

that virtually all citizens must become scientifically and 

technologically literate" (p. 3). It is in part because of 

these conditions, that research about student attitudes 

toward technology at the third and fourth grade level is 

sought. 

Technology Education In America's Public School System 

Historically, technology education, formerly industrial 

arts, has focused curriculum development at the high school
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�e�l�e�m�e�n�t�a�r�y� �s�c�h�o�o�l� �i�n�d�u�s�t�r�i�a�l� �a�r�t�s�.� �T�h�e� �t�i�t�l�e� �o�f� �h�e�r� 

�d�i�s�s�e�r�t�a�t�i�o�n� �w�a�s�,� �T�h�e� �M�a�n�i�p�u�l�a�t�i�v�e� �P�a�r�t�i�c�i�p�a�t�i�o�n� �i�n� �t�h�e� 

�S�t�u�d�y� �o�f� �E�l�e�m�e�n�t�a�r�y� �I�n�d�u�s�t�r�i�a�l� �A�r�t�s�.� �G�u�n�t�h�e�r� �c�o�n�d�u�c�t�e�d� 

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

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

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

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

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

�s�e�l�e�c�t�e�d� �f�r�o�m� �g�r�a�d�e�s� �t�h�r�e�e� �t�o� �s�i�x�"� �(�D�o�w�n�s�,� �1�9�7�4�,� �p�.� �2�5�2�)�.� 

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

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

�R�e�f�l�e�c�t� �T�e�c�h�n�o�l�o�g�y� �i�n� �1�9�4�7�.� �T�h�i�s� �s�t�u�d�y� �g�e�n�e�r�a�t�e�d� �a�n� 
� � 

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

�W�a�r�n�e�r� �(�1�9�5�2�)� �d�e�f�i�n�e�d� �i�n�d�u�s�t�r�i�a�l� �a�r�t�s� �a�s� �"�a� �g�e�n�e�r�a�l� �a�n�d� 

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

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

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

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

�c�o�u�n�t�l�e�s�s� �r�e�c�r�e�a�t�i�o�n�a�l� �o�p�p�o�r�t�u�n�i�t�i�e�s� �f�o�r� �a�l�l�"� �(�p�.� �5�)�.� 

�D�e�v�o�r�e� �(�1�9�6�6�)� �v�i�e�w�e�d� �t�e�c�h�n�o�l�o�g�y� �a�s� �a� �d�i�s�c�i�p�l�i�n�e
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�c�e�n�t�e�r�i�n�g� �o�n� �m�a�n�'�s� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �h�i�s� �t�e�c�h�n�o�l�o�g�y� �b�e�i�n�g� 

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

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

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

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

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

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

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

�t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �m�a�t�t�e�r� �a�n�d� �e�n�e�r�g�y�"� �(�p�.� �1�1�)�.� 

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

�a�r�t�s� �c�u�r�r�i�c�u�l�u�m� �i�n� �t�h�e� �1�9�6�0�'�s� �w�a�s� �t�h�e� �p�u�b�l�i�c�a�t�i�o�n� �o�f� �D�e�l�m�a�r� 

�O�l�s�e�n�'�s� �d�i�s�s�e�r�t�a�t�i�o�n�,� �"�T�e�c�h�n�o�l�o�g�y� �a�n�d� �I�n�d�u�s�t�r�i�a�l� �A�r�t�s�.�"� 

�O�l�s�e�n� �(�1�9�6�3�)� �c�o�n�t�e�n�d�e�d� �t�h�a�t� �t�h�e� �f�o�c�u�s� �f�o�r� �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� �b�e� �o�n� �t�h�e� �u�n�i�q�u�e�n�e�s�s� �o�f� �m�a�n� �a�n�d� �m�a�n�'�s� 

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

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

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

�b�e�l�i�e�v�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�c�l�u�d�e� �t�h�e� 

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

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

�m�a�n�a�g�e�m�e�n�t�"� �(�L�u�e�t�k�e�m�e�y�e�r�/�M�a�r�t�i�n�,� �1�9�7�9�,� �D�P�.� �3�7�)�.� 

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

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

�e�v�o�l�v�e�d� �"�d�u�e� �t�o� �t�h�e� �t�r�e�m�e�n�d�o�u�s� �a�m�o�u�n�t� �o�f� �c�u�r�r�i�c�u�l�u�m
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�d�e�v�e�l�o�p�m�e�n�t�,� �c�o�m�p�l�e�t�e�d� �i�n� �t�h�e� �1�9�6�0�'�S�,� �a� �d�e�c�a�d�e� �o�f� �a�c�t�i�v�i�t�y� 

�a�n�d� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n�"� �(�S�t�a�r�k�w�e�a�t�h�e�r�,� �1�9�8�6�,� �p�.� �3�)�.� 

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

�p�r�o�f�e�s�s�i�o�n�.� �I�n� �1�9�8�5� �t�h�e� �p�r�o�f�e�s�s�i�o�n�a�l� �o�r�g�a�n�i�z�a�t�i�o�n� �f�o�r� 

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

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

�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� �n�a�m�e� �o�f� �t�h�e� �a�s�s�o�c�i�a�t�i�o�n� �t�o� �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� �E�d�u�c�a�t�i�o�n� �A�s�s�o�c�i�a�t�i�o�n�.� �H�o�w�e�v�e�r�,� 

�t�h�e�r�e� �w�a�s� �m�o�r�e� �a�t� �s�t�a�k�e� �t�h�a�n� �j�u�s�t� �a� �n�a�m�e� �c�h�a�n�g�e�.� 

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

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

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

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

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

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

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

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

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

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

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

�t�e�c�h�n�o�l�o�g�y�.� �A� �b�o�o�k� �t�i�t�l�e�d�,� �T�e�a�c�h�i�n�g� �C�h�i�l�d�r�e�n� �a�b�o�u�t� 

�T�e�c�h�n�o�l�o�g�y� �b�y� �M�a�r�y�-�M�a�r�g�a�r�e�t� �S�c�o�b�e�y� �(�1�9�6�8�)� �p�o�i�n�t�s� �o�u�t�,� �"�t�h�e� 

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

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

�c�u�l�t�u�r�e�"� �(�p�.� �7�)�.� �F�u�r�t�h�e�r�,� �S�c�o�b�e�y� �a�n�d� �G�r�a�h�a�m� �e�l�a�b�o�r�a�t�e�s� �t�h�a�t
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�"�i�n�d�u�s�t�r�i�a�l� �a�r�t�s� �c�a�n� �r�e�i�n�f�o�r�c�e� �a�l�m�o�s�t� �a�l�l� �s�u�b�j�e�c�t� �m�a�t�t�e�r� 

�a�r�e�a�s� �o�f� �t�h�e� �c�u�r�r�i�c�u�l�u�m�"� �(�1�9�7�4�,� �p�.� �7�)�.� 

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

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

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

�p�o�t�e�n�t�i�a�l�"� �(�T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n� �A�d�v�i�s�o�r�y� �C�o�u�n�c�i�l�,� �1�9�8�8�,� �p�.� 

�1�6�)�.� 

�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� �E�d�u�c�a�t�i�o�n� �A�s�s�o�c�i�a�t�i�o�n� 

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

�I�m�p�l�e�m�e�n�t�a�t�i�o�n� �(�1�9�8�5�)�,� �d�i�s�t�i�n�g�u�i�s�h�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �g�o�a�l�s�,� 
� � 

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

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

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

�G
�y

� 

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

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

�5�.� �a�p�p�l�y� �o�t�h�e�r� �s�c�h�o�o�l� �s�u�b�j�e�c�t�s� 

�6�.� �a�p�p�l�y� �c�r�e�a�t�i�v�e� �a�b�i�l�i�t�i�e�s� 

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

�8�.� �a�d�j�u�s�t� �t�o� �t�h�e� �c�h�a�n�g�i�n�g� �e�n�v�i�r�o�n�m�e�n�t� 

�9�.� �b�e�c�o�m�e� �a� �w�i�s�e�r� �c�o�n�s�u�m�e�r� 

�1�0�.� �m�a�k�e� �i�n�f�o�r�m�e�d� �c�a�r�e�e�r� �c�h�o�i�c�e�s� �(�p�.� �2�5�)�.� 

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

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

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



�2�5� 

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

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

�s�o�c�i�e�t�y� �h�a�v�e� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �b�y� �t�h�e� �I�T�E�A� �T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n� 

�A�d�v�i�s�o�r�y� �C�o�u�n�c�i�l� �(�1�9�8�8�)�.� 

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

�s�o�c�i�e�t�y�.� 

�o�O� �C�o�m�p�l�e�x� �s�o�c�i�e�t�a�l� �i�s�s�u�e�s� �h�a�v�e� �e�v�o�l�v�e�d� �f�r�o�m� 

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

�o�O� �C�i�t�i�z�e�n�s� �m�u�s�t� �b�e� �p�r�e�p�a�r�e�d� �t�o� �u�n�d�e�r�s�t�a�n�d� 

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

�o�n� �t�h�e� �q�u�a�l�i�t�y� �o�f� �l�i�f�e�,� �a�n�d� �t�h�e� �n�e�e�d� �f�o�r� �c�r�i�t�i�c�a�l� 

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

�t�e�c�h�n�o�l�o�g�i�c�a�l� �a�d�v�a�n�c�e�s�.� �(�P�p�.� �1�6�)�.� 

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

�n�u�m�e�r�o�u�s� �c�o�n�t�r�i�b�u�t�i�o�n�s� �t�o� �t�h�e� �e�x�i�s�t�i�n�g� �c�u�r�r�i�c�u�l�u�m�.� �F�u�r�t�h�e�r� 

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

�e�l�e�m�e�n�t�a�r�y� �s�c�h�o�o�l� �i�s� �o�f�f�e�r�e�d� �b�y� �P�e�t�e�r�s�o�n� �(�1�9�8�6�)�.� �H�e� �s�t�a�t�e�s�,� 

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

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

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

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

�s�u�r�v�i�v�a�l�"� �(�p�.� �4�7�)�.� �T�o� �f�u�r�t�h�e�r� �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� �i�n� �t�h�e� �e�l�e�m�e�n�t�a�r�y� �s�c�h�o�o�l� �c�u�r�r�i�c�u�l�u�m�,� �S�m�a�l�l�e�y� 

�(�1�9�8�6�)�,� �r�e�p�o�r�t�e�d� �"�T�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n� �s�h�o�u�l�d� �e�x�t�e�n�d� �i�n�t�o� 

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

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



�2�6� 

�i�t� �r�e�l�a�t�e�s� �t�o� �t�h�e� �m�a�n�-�m�a�d�e� �w�o�r�l�d�"� �(�p�.� �1�8�8�)�.� 

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

�p�u�b�l�i�s�h�e�d� �b�y� �F�r�e�d�e�r�i�c�k� �B�o�n�s�e�r� �i�n� �1�9�2�3�.� �B�o�n�s�e�r� �n�o�t�e�d� �t�h�a�t� 

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

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

�e�x�p�r�e�s�s�i�v�e� �a�c�t�i�v�i�t�i�e�s�,� �a�t�t�i�t�u�d�e�s�,� �a�n�d� �h�a�b�i�t�s�"� �(�1�9�3�0�,� �P�p�.� �3�0�)�.� 

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

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

�c�u�l�t�i�v�a�t�i�n�g� �d�e�s�i�r�a�b�l�e� �a�t�t�i�t�u�d�e�s�"� �a�b�o�u�t� �t�h�e� �w�o�r�l�d� �(�1�9�2�3�,� �P�p�.� 

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

�e�l�e�m�e�n�t�a�r�y� �s�c�h�o�o�l� �i�n�d�u�s�t�r�i�a�l� �a�r�t�s� �b�e�g�a�n� �i�n� �1�9�3�0� �(�D�o�w�n�s�,� 

�1�9�7�4�,� �p�.� �2�3�9�)�.� 

�D�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �q�u�a�r�t�e�r� �o�f� �t�h�e� �T�w�e�n�t�i�e�t�h� �C�e�n�t�u�r�y�,� 

�B�o�n�s�e�r� �a�n�d� �M�o�s�s�m�a�n� �s�t�o�o�d� �o�u�t� �a�s� �l�e�a�d�e�r�s� �i�n� �t�h�e� �a�t�t�e�m�p�t� �t�o� 

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

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

�t�e�t�t�e�r� �m
�M

� 

�b�o�o�k�,� �I�n�d�u�s�t�r�i�a�l� �A�r�t�s� �f�o�r� �t�h�e� �E�l�e�m�e�n�t�a�r�y� �S�c�h�o�o�l�.� �H�o� 

�(�1�9�7�4�)�,� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�h�e�i�r� �b�o�o�k� �"�s�u�g�g�e�s�t�e�d� �t�h�a�t� �m�u�c�h� 

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

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

�r�e�c�o�r�d�s�"� �(�p�.� �2�1�8�)�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �k�e�y� �e�l�e�m�e�n�t�s� �o�f� �B�o�n�s�e�r�'�s� 

�i�d�e�o�l�o�g�y� �a�r�e� �a�c�c�o�u�n�t�e�d� �b�y� �H�o�o�t�s� �(�1�9�7�4�)�.



�2�7� 

�1�.� �I�n�d�u�s�t�r�i�a�l� �a�r�t�s� �i�s� �a� �s�u�b�j�e�c�t� �m�a�t�t�e�r� �d�i�s�c�i�p�l�i�n�e� �a�n�d� 

�h�a�s� �i�t�s� �o�w�n� �u�n�i�q�u�e� �b�o�d�y� �o�f� �c�o�n�t�e�n�t�.� 

�>�.� �I�n�d�u�s�t�r�i�a�l� �a�r�t�s� �d�e�r�i�v�e�s� �i�t�s� �c�o�n�t�e�n�t� �f�r�o�m� �i�n�d�u�s�t�r�y�,� 

�w�i�t�h� �e�m�p�h�a�s�i�s� �o�n� �m�a�n�'�s� �c�h�a�n�g�i�n�g� �o�f� �r�a�w� �m�a�t�e�r�i�a�l�s� 

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

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

�p�r�o�d�u�c�t�s�.� 

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

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

�s�u�b�j�e�c�t�s� �w�i�t�h�i�n� �t�h�e� �c�u�r�r�i�c�u�l�u�m�.� 

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

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

�l�e�v�e�l�.� �(�p�.� �2�2�2�)� 

�D�u�r�i�n�g� �t�h�e� �l�a�t�e� �1�9�6�0�'�s� �a�n�d� �e�a�r�l�y� �1�9�7�0�'�s�,� �n�u�m�e�r�o�u�s� 

�r�e�p�o�r�t�s� �a�n�d� �a�r�t�i�c�l�e�s� �i�n� �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�f�e�s�s�i�o�n� �:� 

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

�s�c�h�o�o�l�.� �I�n� �1�9�7�1�,� �a� �N�a�t�i�o�n�a�l� �C�o�n�f�e�r�e�n�c�e� �f�o�r� �E�l�e�m�e�n�t�a�r�y� 

�S�c�h�o�o�l� �I�n�d�u�s�t�r�i�a�l� �A�r�t�s� �w�a�s� �h�e�l�d� �i�n� �G�r�e�e�n�v�i�l�l�e�,� �N�o�r�t�h� 

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

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

�c�o�n�f�e�r�e�n�c�e� �w�a�s� �s�p�o�n�s�o�r�e�d� �b�y� �t�h�e� �U�.�S�.� �O�f�f�i�c�e� �o�f� �E�d�u�c�a�t�i�o�n�.� 

�A�t� �t�h�a�t� �c�o�n�f�e�r�e�n�c�e�,� �H�o�o�t�s� �(�1�9�7�1�)� �m�a�d�e� �t�h�e� �f�o�l�l�o�w�i�n�g� 

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

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

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

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

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

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



�2�8� 

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

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

�I�t� �i�n�c�l�u�d�e�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� �a�n�d� �i�t�s� 

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

�i�n�c�l�u�d�e�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� �a�n�d� �i�t�s� 

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

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

�t�e�c�h�n�o�l�o�g�y� �i�n�f�l�u�e�n�c�e�s� �s�o�c�i�e�t�y�.� �(�p�.� �3�)� 

�B�e�g�i�n�n�i�n�g� �i�n� �1�9�2�3� �(�B�o�n�s�e�r�)�,� �t�h�e� �s�t�u�d�y� �o�f� �t�e�c�h�n�o�l�o�g�y� �o�r� 

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

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

�S�c�o�b�e�y� �a�n�d� �G�r�a�h�a�m� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �"�I�t�s� �c�o�n�t�e�n�t�,� �a�t�t�i�t�u�d�e�s� �a�n�d� 

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

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

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

�i�n�d�e�p�e�n�d�e�n�t�"� �(�1�9�7�4�,� �p�.� �3�1�)�.� 

�T�h�e� �M�I�S�S�I�O�N� �2�1� �P�r�o�j�e�c�t� 

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

�(�N�A�S�A�)� �r�e�a�l�i�z�e�s� �t�h�e� �n�e�e�d� �t�o� �t�a�k�e� �a� �d�e�t�e�r�m�i�n�e�d� �p�o�s�i�t�i�o�n� �i�n� 

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

�s�c�h�o�o�l�s�.� �B�e�g�i�n�n�i�n�g� �w�i�t�h� �O�p�e�r�a�t�i�o�n� �L�i�f�t�o�f�f�,� �N�A�S�A� �m�a�d�e� �a� 

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

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

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



�2�9� 

�i�n�s�p�i�r�e� �s�t�u�d�e�n�t�'�s� �i�n�q�u�i�s�i�t�i�v�e�n�e�s�s� �i�n� �t�h�e� �s�t�u�d�y� �o�f� 

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

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

�s�o�c�i�e�t�y�.� 

�A�s� �p�a�r�t� �o�f� �t�h�i�s� �i�n�i�t�i�a�t�i�v�e�,� �N�A�S�A� �a�w�a�r�d�e�d� �a� �t�r�a�i�n�i�n�g� 

�g�r�a�n�t� �t�o� �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�r�e�a� �i�n� �t�h�e� 

�C�o�l�l�e�g�e� �o�f� �E�d�u�c�a�t�i�o�n� �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�)� �i�n� �J�u�n�e� �1�9�8�5�.� �T�h�i�s� �g�r�a�n�t� 

�e�n�a�b�l�e�d� �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�r�e�a� �a�t� �V�i�r�g�i�n�i�a� 

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

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

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

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

�a� �t�e�a�c�h�e�r�'�s� �t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n� �r�e�s�o�u�r�c�e� �g�u�i�d�e� �i�n�c�l�u�d�i�n�g� 

�7� 

�s�t�u�d�e�n�t� �a�c�t�i�v�i�t�i�e�s�.� �T�h�e� �p�r�o�g�r�a�m�,� �t�i�t�l�e�d� �M�i�s�s�i�o�n� �<�1�,� �a�a�s� �t�h�e� 

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

�c�e�n�t�u�r�y�.� 

�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�.� �M�i�s�s�i�o�n� �2�1� �w�a�s� �d�e�v�e�l�o�p�e�d� 

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

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

�2�1� �w�a�s� �t�o� �s�t�r�u�c�t�u�r�e� �a�n� �"�.�.�.� �i�n�n�o�v�a�t�i�v�e� �p�r�o�g�r�a�m� �t�o� �p�r�o�m�o�t�e� 

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

�p�r�o�b�l�e�m�-�s�o�l�v�i�n�g� �a�p�p�r�o�a�c�h�"� �(�V�i�r�g�i�n�i�a� �T�e�c�h�,� �1�9�8�9�,� �p�.� �5�)�.
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�S�p�e�c�i�f�i�c� �c�o�n�t�r�i�b�u�t�i�o�n�s� �a�r�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �b�a�s�i�c� 

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

�V�i�r�g�i�n�i�a� �P�u�b�l�i�c� �S�c�h�o�o�l�s� �(�1�9�8�9�)�.� �M�i�s�s�i�o�n� �2�1� �i�s� �a� �f�i�r�s�t� 

�t�h�r�o�u�g�h� �s�i�x�t�h� �g�r�a�d�e� �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�y� �p�r�o�g�r�a�m�.� 

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

�g�r�a�d�e� �s�e�g�m�e�n�t� �o�f� �t�h�e� �o�v�e�r�a�l�l� �M�i�s�s�i�o�n� �2�1� �p�r�o�j�e�c�t�.� 

�M�i�s�s�i�o�n� �2�1� �b�e�g�a�n� �i�n� �J�u�n�e� �o�f� �1�9�8�5�,� �f�o�c�u�s�i�n�g� �o�n� 

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

�g�r�a�d�e� �s�t�u�d�e�n�t� �p�o�p�u�l�a�t�i�o�n�.� �N�o�t� �u�n�t�i�l� �A�u�g�u�s�t� �o�f� �1�9�8�7�,� �w�a�s� 

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

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

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

�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� �r�e�s�o�u�r�c�e� �g�u�i�d�e� 

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

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

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

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

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

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

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

�f�a�i�l�u�r�e�s� �i�n� �o�r�d�e�r� �t�o� �m�a�k�e� �a�n�y� �s�u�b�s�t�a�n�t�i�a�l� �p�r�o�g�r�e�s�s�"� �(�1�9�8�7�,� 

�p�.� �1�1�8�)�.� �T�h�e� �M�i�s�s�i�o�n� �2�1� �p�r�o�j�e�c�t� �h�a�s� �a�l�s�o� �b�e�e�n� �a� �d�y�n�a�m�i�c� 

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

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



�3�1� 

�F�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g�,� �M�i�s�s�i�o�n� �2�1�,� �w�a�s� �d�e�v�e�l�o�p�e�d� �a�s� �a� 

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

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

�e�f�f�e�c�t�i�v�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� �f�o�r� �t�h�e� �e�l�e�m�e�n�t�a�r�y� 

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

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

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

�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� �i�s� 

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

�D�i�s�c�o�v�e�r�y�,� �(�c�)� �C�o�m�m�u�n�i�t�y�,� �a�n�d� �(�q�d�)� �C�o�n�n�e�c�t�i�o�n�s�.� �T�h�e� �M�a�c�h�i�n�e�s� 

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

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

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

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

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

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

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

�f�u
� 

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

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

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

�t�h�e�m�e�-�i�s� �t�i�t�l�e�d� �C�o�n�n�e�c�t�i�o�n�s�.� �A�c�t�i�v�i�t�i�e�s� �i�n� �t�h�e� �C�o�n�n�e�c�t�i�o�n�s� 

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

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

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

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



�3�2� 

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

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

�H�o�o�t�s� �(�1�9�7�1�)� �w�h�o� �s�t�a�t�e�d� �t�h�a�t� �"�c�h�i�l�d�r�e�n� �m�u�s�t� �l�e�a�r�n� �a�b�o�u�t� �t�h�e� 

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

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

�1�)�.� 

�S�t�u�d�e�n�t� �a�c�t�i�v�i�t�i�e�s� �f�o�u�n�d� �i�n� �t�h�e� �M�i�s�s�i�o�n� �2�1� �t�e�a�c�h�e�r� 

�r�e�s�o�u�r�c�e� �g�u�i�d�e� �a�r�e� �c�a�l�l�e�d� �"�D�e�s�i�g�n� �B�r�i�e�f�s�"�.� �A�c�c�o�r�d�i�n�g� �t�o� 

�P�i�n�d�e�r� �(�1�9�9�0�)� �D�e�s�i�g�n� �B�r�i�e�f�s� �o�r�i�g�i�n�a�t�e�d� �i�n� �t�h�e� �U�n�i�t�e�d� �K�i�n�g�d�o�m� 

�a�s� �"�W�h�i�t�e� �P�a�p�e�r�s�"�.� �W�h�i�t�e� �P�a�p�e�r�s� �s�u�g�g�e�s�t�e�d� �t�h�e� �u�s�e� �o�f� �l�e�g�a�l� 

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

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

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

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

�w�h�i�l�e� �u�s�i�n�g� �t�h�e� �p�r�o�b�l�e�m�-�s�o�l�v�i�n�g� �p�r�o�c�e�s�s� �t�o� �e�x�p�l�o�r�e� 

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

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

�a�n�d� �a�d�a�p�t� �t�e�c�h�n�o�l�o�g�y� �t�o� �m�e�e�t� �t�h�e�i�r� �n�e�e�d�s� �d�u�r�i�n�g� �a� �M�i�s�s�i�o�n� �2�1� 

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

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

�(�p�.� �8�)�.� 

�R�e�s�e�a�r�c�h� �R�e�l�a�t�i�n�g� �D�i�r�e�c�t�l�y� �T�o� �T�h�e� �P�r�o�b�l�e�m� �S�t�a�t�e�m�e�n�t� 

�C�o�n�t�r�i�b�u�t�i�o�n�s� �t�o� �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�i�c�a�l� 

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



�3�3� 

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

�s�c�h�o�o�l� �s�t�u�d�e�n�t�s�.� �G�o�l�d�m�a�n� �a�n�d� �K�a�p�l�a�n� �(�1�9�7�6�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� 

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

�c�h�a�n�g�e�,� �i�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �m�e�a�s�u�r�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�"� �(�p�.� �1�)�.� 

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

�d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �(�1�9�8�9�c�)� �f�o�u�n�d� �t�h�a�t� �"�F�o�r� �e�d�u�c�a�t�i�o�n� �i�t� �y�i�e�l�d�s� 

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

�c�u�r�r�i�c�u�l�u�m� �d�e�v�e�l�o�p�m�e�n�t�"� �(�p�.� �1�3�)�.� �T�h�e� �w�o�r�k� �c�o�n�d�u�c�t�e�d� �b�y� �d�e� 

�K�l�e�r�k� �W�o�l�t�e�r�s� �a�g�r�e�e�s� �w�i�t�h� �t�h�a�t� �o�f� �K�o�b�a�l�l�a� �a�n�d� �C�r�a�w�l�e�y� 

�(�1�9�8�5�)�.� �T�h�e�y� �s�t�a�t�e�d� �t�h�a�t� �"�a�t�t�i�t�u�d�e�s� �a�r�e� �l�e�a�r�n�e�d� 

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

�b�e�i�n�g� �i�n�h�e�r�i�t�e�d� �t�r�a�i�t�s�"� �(�p�.� �5�9�5�)�.� �T�o� �d�e�v�e�l�o�p� �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� �m�a�t�e�r�i�a�l�s� �f�o�r� �t�h�e� �e�l�e�m�e�n�t�a�r�y� �s�c�h�o�o�l�,� �i�t� 

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

�A�c�c�o�r�d�i�n�g� �t�o� �d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �r�e�s�e�a�r�c�h� �o�n� �a�t�t�i�t�u�d�e�s� �o�f� 

�p�u�p�i�l�s� �t�o�w�a�r�d� �t�e�c�h�n�o�l�o�g�y� �(�1�9�8�9�a�)�,� �"�l�i�t�t�l�e� �r�e�s�e�a�r�c�h� �h�a�s� �b�e�e�n� 

�d�o�n�e� �i�n� �t�h�i�s� �f�i�e�l�d�"� �(�p�.� �3�)�.� �T�h�i�s� �s�t�u�d�y� �w�i�l�l� �a�d�d� �r�e�s�e�a�r�c�h� 

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

�d�e�v�e�l�o�p�i�n�g� �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� �c�u�r�r�i�c�u�l�u�m�.� 

�P�A�T�T� �R�e�s�e�a�r�c�h� 
� � 

�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� �h�a�s� �b�e�e�n� �t�h�e� �f�o�c�u�s� 

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

�i�n� �A�m�e�r�i�c�a�.� �B�e�g�i�n�n�i�n�g� �i�n� �1�9�8�5�,� �a� �p�r�o�j�e�c�t� �t�i�t�l�e�d� �P�u�p�i�l�s�'



�3�4� 

�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�)� �e�m�e�r�g�e�d� �f�r�o�m� �t�h�e� 

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

�R�a�a�t� �a�n�d� �d�e� �V�r�i�e�s�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�e� �P�A�T�T� �p�r�o�j�e�c�t� 

�a�c�c�o�r�d�i�n�g� �t�o� �d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �(�1�9�8�9�b�)�,� �"�i�s� �t�o� �i�n�v�e�s�t�i�g�a�t�e� 

�w�h�a�t� �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� �t�o� �u�s�e� �t�h�e� �r�e�s�u�l�t�s� �o�f� 

�t�h�i�s� �r�e�s�e�a�r�c�h� �f�o�r� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �n�e�w� �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�"� �(�p�.� �2�9�1�)�.� 

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

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

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

�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� �m�a�t�e�r�i�a�l�s�.� 

�I�n� �M�a�r�c�h� �o�f� �1�9�8�6�,� �t�h�e� �f�i�r�s�t� �o�f� �a�n� �a�n�n�u�a�l� �s�e�r�i�e�s� �o�f� 

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

�E�i�n�d�h�o�v�e�n�,� �N�e�t�h�e�r�l�a�n�d�s�.� �S�i�n�c�e� �1�9�8�6�,� �t�h�i�s� �y�e�a�r�l�y� �c�o�n�f�e�r�e�n�c�e� 

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

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

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

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

�r�e�f�l�e�c�t�e�d� �i�n�t�o� �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� �e�d�u�c�a�t�i�o�n� 

�c�u�r�r�i�c�u�l�a�.� �I�n� �1�9�8�9�,� �B�a�m�e� �a�n�d� �D�u�g�g�e�r� �r�e�p�o�r�t�e�d� �t�h�a�t� �"�m�o�r�e� 

�t�h�a�n� �t�w�e�n�t�y� �c�o�u�n�t�r�i�e�s� �w�e�r�e� �i�n�v�o�l�v�e�d� �w�i�t�h� �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�)� �r�e�s�e�a�r�c�h�"� �(�p�.� �1�)�.



�3�5� 

�D�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �P�A�T�T� �c�o�n�f�e�r�e�n�c�e�,� �R�a�a�t� �a�n�d� �d�e� �V�r�i�e�s� 

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

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

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

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

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

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

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

�t�h�e�i�r� �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� �i�s� �c�o�n�c�e�r�n�e�d�"� �(�R�a�a�t� �&� �d�e� 

�v�r�i�e�s�,� �1�9�8�6�,� �p�.� �1�3�)�.� �B�y� �t�h�e� �f�o�u�r�t�h� �P�A�T�T� �c�o�n�f�e�r�e�n�c�e� �h�e�l�d� �i�n� 

�A�p�r�i�l� �o�f� �1�9�8�9�,� �o�v�e�r� �t�h�i�r�t�e�e�n� �c�o�u�n�t�r�i�e�s� �i�n�c�l�u�d�i�n�g� �t�h�e� �U�S�A� �h�a�d �� 

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

�o�f� �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�.� �A�l�l� �p�a�r�t�i�c�i�p�a�t�i�n�g� 

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

�c�o�n�v�e�r�s�i�o�n�.� 

�F�r�o�m� �t�h�e� �P�A�T�T� �l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w�e�d�,� �i�t� �w�a�s� �r�e�m�a�r�k�a�b�l�e� 

�t�h�a�t� �P�A�T�T� �f�i�n�d�i�n�g�s� �a�n�d� �r�e�s�u�l�t�s� �o�f� �p�u�p�i�l�s�'� �a�t�t�i�t�u�d�e�s� �t�o� �a�n�d� 

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

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

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

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

�d�e�m�o�n�s�t�r�a�t�i�n�g� �t�h�e� �v�a�l�i�d�i�t�y� �o�f� �P�A�T�T� �s�t�u�d�i�e�s�"� �(�p�.� �3�0�3�)�.� �P�A�T�T� 

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

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

�a�b�o�u�t� �t�e�c�h�n�o�l�o�g�y� �a�n�d� �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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�P�A�T�T� �r�e�s�e�a�r�c�h� �d�i�r�e�c�t�e�d� �b�y� �B�a�m�e� �a�n�d� �D�u�g�g�e�r� �(�1�9�8�9�)� �i�n� 

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

�e�n�r�o�l�l�e�d� �i�n� �e�x�i�s�t�i�n�g� �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� 

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

�e�x�p�o�s�u�r�e� �t�o� �f�o�r�m�a�l� �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� 

�p�r�o�g�r�a�m�s� �w�a�s� �n�o�t�.� �T�h�e� �P�A�T�T� �i�n�s�t�r�u�m�e�n�t� �h�a�s� �n�e�v�e�r� �b�e�e�n� 

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

�i�n� �i�t�s� �o�r�i�g�i�n�a�l� �f�o�r�m� �f�o�r� �t�h�i�s� �s�t�u�d�y�.� �T�h�e� �P�A�T�T�-�U�S�A� 

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

�i�n�s�t�r�u�m�e�n�t� �(�1�0�0� �i�t�e�m�s�)� �a�n�d� �t�h�e� �r�e�a�d�i�n�g� �l�e�v�e�l�.� 

�D�a�t�a� �g�a�i�n�e�d� �f�r�o�m� �P�A�T�T� �r�e�s�e�a�r�c�h� �c�a�n� �b�e� �b�r�o�k�e�n� �u�p� �i�n�t�o� 

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

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

�e�d�u�c�a�t�o�r�s�,� �(�3�)� �e�v�a�l�u�a�t�i�o�n� �o�f� �t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n� �p�r�o�g�r�a�m�s�,� 

�a�n�d� �(�4�)� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �t�e�a�c�h�e�r� �e�d�u�c�a�t�i�o�n�.� �H�o�w�e�v�e�r�,� �f�o�r� �t�h�e� 

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

�u�s�e�d� �f�o�r� �p�o�s�t� �e�v�a�l�u�a�t�i�o�n� �o�f� �M�i�s�s�i�o�n� �2�1� �c�u�r�r�i�c�u�l�u�m�.� �T�h�i�s� 

�r�e�s�e�a�r�c�h� �m�a�y� �d�e�t�e�r�m�i�n�e�:� �(�a�)� �a�r�e� �t�h�e�r�e� �g�e�n�d�e�r� �d�i�f�f�e�r�e�n�c�e�s�?�,� 

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

�g�r�o�u�p� �r�e�f�l�e�c�t� �M�i�s�s�i�o�n� �2�1� �a�c�t�i�v�i�t�i�e�s�?�,� �(�c�)� �i�s� �t�h�e�r�e� �a� 

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

�t�r�e�a�t�m�e�n�t� �g�r�o�u�p� �a�n�d� �t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p�?�,� �(�d�)� �d�o�e�s� 

�p�a�r�t�i�c�i�p�a�t�i�o�n� �i�n� �t�h�e� �M�i�s�s�i�o�n� �2�1� �p�r�o�g�r�a�m� �a�f�f�e�c�t� �t�h�i�r�d� �a�n�d
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�f�o�u�r�t�h� �g�r�a�d�e� �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�?�,� �a�n�d� �(�@�)� 

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

�T�h�e� �c�o�n�f�e�r�e�n�c�e� �p�r�o�c�e�e�d�i�n�g�s� �f�r�o�m� �t�h�e� �1�9�8�9� �P�A�T�T�-�4� 

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

�a�r�g�u�m�e�n�t�s� �t�h�a�t� �j�u�s�t�i�f�i�e�s� �P�A�T�T� �r�e�s�e�a�r�c�h�:� 

�-� �i�t� �p�e�r�m�i�t�s� �t�o� �c�o�n�f�r�o�n�t� �p�u�p�i�l�s�'� �v�i�e�w�s� �w�i�t�h� �v�i�e�w�s� �o�f� 
�o�t�h�e�r�s�,� �e�.�g�.� �e�x�p�e�r�t�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�,� 

�-� �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�.� �(�p�.� �2�9�1�)� 

�T�h�e� �o�u�t�c�o�m�e�s� �o�f� �r�e�s�e�a�r�c�h� �o�b�t�a�i�n�e�d� �f�r�o�m� �P�A�T�T� �(�d�e� �K�l�e�r�k� 

�W�o�l�t�e�r�s�,� �1�9�8�9�a�)� �s�t�a�t�e�d� �t�h�a�t� �"�t�h�e� �d�e�s�i�g�n� �a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �o�f� 

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

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

�t�a�k�e�n� �i�n�t�o� �a�c�c�o�u�n�t� �m�o�r�e� �e�x�p�l�i�c�i�t�l�y� �t�h�a�n� �b�e�f�o�r�e�"� �(�p�.� �1�2�6�)�.� 

�R�e�s�e�a�r�c�h� �c�o�n�d�u�c�t�e�d� �b�y� �d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �(�1�9�8�9�c�)� �r�e�p�o�r�t�e�d� 

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

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

�g�r�o�u�p�s�,� �1�0�-�1�2� �y�e�a�r�-�o�l�d�s� �h�a�d� �a� �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�.� �H�o�w�e�v�e�r�,� �b�o�y�s� �s�c�o�r�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �o�n� 

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

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

�t�e�c�h�n�o�l�o�g�y� �a�n�d� �c�o�n�s�i�d�e�r�e�d� �t�e�c�h�n�o�l�o�g�y� �t�o� �b�e� �m�o�r�e� �i�m�p�o�r�t�a�n�t
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�t�h�a�n� �g�i�r�l�s� �d�i�d�"� �(�p�.� �2�7�)�.� 

�R�e�s�e�a�r�c�h� �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� �h�a�s� 

�b�e�e�n� �c�o�n�d�u�c�t�e�d� �b�y� �B�a�m�e� �a�n�d� �D�u�g�g�e�r� �(�1�9�8�9�)�.� �T�h�e� �P�A�T�T�-�U�S�A� 

�r�e�p�o�r�t� �c�o�m�p�i�l�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� �a� �t�o�t�a�l� �o�f� 

�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�i�x�t�h� �a�n�d� 

�s�e�v�e�n�t�h� �g�r�a�d�e� �s�t�u�d�e�n�t�s� �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� �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�.� 

�S�i�n�c�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�,� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �w�a�s� �w�r�i�t�t�e�n� 

�i�n� �D�u�t�c�h�.� �F�o�r� �t�h�i�s� �i�n�s�t�r�u�m�e�n�t� �t�o� �b�e� �a�d�m�i�n�i�s�t�e�r�e�d� �i�n� 

�A�m�e�r�i�c�a�,� �a�n� �o�b�v�i�o�u�s� �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�)� 

�h�a�d� �t�o� �t�a�k�e� �p�l�a�c�e�.� 

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

�1�9�8�8� �m�a�k�i�n�g� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �c�h�a�n�g�e�s�.� �d�e� �V�r�i�e�s� �(�1�9�8�8�)� 

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

�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�;� 

�h�w� �t�h�e� �L�i�k�e�r�t� �q�u�e�s�t�i�o�n�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



�3�9� 

�j�u�n�i�o�r� �h�i�g�h� �a�n�d� �m�i�d�d�l�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� �I� �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� �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�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� �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�.� 

�3�2�.� �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�n�a�i�r�e�.� �(�p�.� �6�)� 

�I�n� �r�e�p�o�r�t�i�n�g� �d�e� �V�r�i�e�s�'�s� �(�1�9�8�8�)� �V�i�r�g�i�n�i�a� �f�i�e�l�d�-�t�e�s�t� �w�o�r�k� 

�o�n� �t�h�e� �e�s�s�a�y� �c�a�t�e�g�o�r�i�e�s� �c�e�n�t�e�r�i�n�g� �o�n� �"�W�h�a�t� �I� �t�h�i�n�k� 

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



�4�0� 

�C�o�n�c�e�p�t� 

�1�.� �I�n�f�l�u�e�n�c�e� �o�n� �l�i�f�e�/�s�o�c�i�e�t�y� 
�2�.� �H�i�s�t�o�r�i�c�a�l� �d�i�m�e�n�s�i�o�n�s� 
�3�.� �O�n�l�y� �o�f� �t�o�d�a�y� �a�n�d� �f�u�t�u�r�e� 
�4�.� �T�e�c�h�n�o�l�o�g�y� �=� �m�a�c�h�i�n�e�s�/�t�o�o�l�s� 
�5�.� �T�e�c�h�n�o�l�o�g�y� �=� �h�u�m�a�n�s�/�p�e�o�p�l�e� 
�6�.� �T�e�c�h�n�o�l�o�g�y� �i�n�v�o�l�v�e�s� �m�a�t�e�r�i�a�l�s� 
�7�.� �T�e�c�h�n�o�l�o�g�y� �=� �k�n�o�w�l�e�d�g�e� 
�8�.� �S�c�i�e�n�c�e� 
�9�.� �I�n�v�e�n�t�i�o�n�s�/�d�i�s�c�o�v�e�r�i�e�s�/�p�r�o�g�r�e�s�s� 

�1�0�.� �M�a�k�i�n�g� �t�h�i�n�g�s� 
�1�1�.� �U�s�i�n�g� �t�o�o�l�s�/�m�a�c�h�i�n�e�s� 
�1�2�.� �S�a�f�e�t�y� 
�1�3�.� �C�o�m�p�u�t�e�r�s� 
�1�4�.� �W�o�o�d�(�w�o�r�k�)� 
�1�5�.� �i ��a�t�a�l�s� 
�1�6�.� �E�l�e�c�t�r�i�c�a�l� �a�p�p�l�i�a�n�c�e�s� 
�1�7�.� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �m�e�a�n�s� 
�1�8�.� �I�n�d�u�s�t�r�y�/�(�m�a�s�s�)� �p�r�o�d�u�c�t�i�o�n� 
�1�9�.� �J�o�b�s� 

�A�t�t�i�t�u�d�e� 

�2�0�.� �F�u�n�/�i�n�t�e�r�e�s�t�i�n�g� 
�2�1�.� �P�e�s�i�t�i�v�e� �c�o�n�s�e�q�u�e�n�c�e�s� 
�2�2�.� �N�e�g�a�t�i�v�e� �c�o�n�s�e�q�u�e�n�c�e�s� 
�2�3�.� �I�m�p�o�r�t�a�n�t� �a�s� �s�c�h�o�o�l� �s�u�b�j�e�c�t� 

�(�p�.� �3�3�)�.� 

�O�u�t�c�o�m�e�s� �r�e�p�o�r�t�e�d� �b�y� �B�a�m�e� �a�n�d� �D�u�g�g�e�r� 

�b�o�y�s� 
�(�N�=�6�4�)� 

�2�5� 
�5� 

�1�0� 
�5� 
�7� 
�3� 

�1�5� 
�9� 

�2�4� 
�1�9� 
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�6� 
�1�9� 

�9� 
�4� 

�1�3� 
�1�4� 
�1�3� 

�8� 

�1�0� 
�1�7� 

�(�1�9�8�9�)� 

�g�i�r�l�s� 
�(�N�=�2�1�)� 
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�t�o�t�a�l� 
�(�N�=�8�5�)� 

�3�2� 
�5� 

�1�2� 
�8� 
�8� 
�5� 

�2�2� 
�1�0� 
�2�5� 
�2�9� 
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�w�e�r�e� �v�e�r�y� 

�s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �r�e�p�o�r�t�e�d� �b�y� �d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �a�n�d� �d�e� �V�r�i�e�s�.� 

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

�1�5�)� �h�a�d� �a� �p�o�s�i�t�i�v�e� �a�t�t�i�t�u�d�e� �t�o�w�a�r�d�s� �t�e�c�h�n�o�l�o�g�y�.� �t�s� �B�o�y�s� 

�(�a�g�e�s� �1�2�-� 

�i�n�d�i�c�a�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� 

�g�i�r�l�s� �(�p� �<� �0�.�0�1�)� �b�u�t� �p�e�r�c�e�i�v�e�d� �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�"� �(�p�.� �4�3�)�.� �F�u�r�t�h�e�r�,� �"�b�o�y�s� �a�p�p�e�a�r�e�d� �t�o� �b�e� �m�o�r�e� 

�k�n�o�w�l�e�d�g�e�a�b�l�e� �a�b�o�u�t� �t�e�c�h�n�o�l�o�g�y� �t�h�a�n� �g�i�r�l�s�"� �4�4�)�.� 

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



�4�1� 

�f�r�o�m� �t�h�e�i�r� �P�A�T�T�-�U�S�A� �r�e�s�e�a�r�c�h�:� 

�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�.� 

�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� �m�o�r�e� �c�o�n�s�e�q�u�e�n�c�e� 

�t�h�a�n� �d�i�d� �g�i�r�l�s�.� 

�T�h�e� �g�i�r�l�s� �v�i�e�w�e�d� �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�.� 

�T�h�e�r�e� �w�a�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�.� 

�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�.� 

�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



�4�2� 

�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�.� �(�p�p�.� �3�-�4�)� 

�B�a�m�e� �(�1�9�9�0�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �a�f�t�e�r� �r�e�a�d�i�n�g� �o�v�e�r� �t�h�o�u�s�a�n�d� 

�s�t�a�t�e�m�e�n�t�s� �f�r�o�m� �t�h�e� �s�t�a�t�e�s� �o�f� �V�i�r�g�i�n�i�a� �a�n�d� �N�e�w� �J�e�r�s�e�y� �o�n� 

�"�W�h�a�t� �d�o� �y�o�u� �t�h�i�n�k� �t�e�c�h�n�o�l�o�g�y� �i�s�"�,� �t�h�e� �s�t�a�t�e�m�e�n�t�s� �m�a�i�n�l�y� 

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

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

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

�t�h�e� �s�h�o�p�"�.� 

�O�t�h�e�r� �R�e�s�e�a�r�c�h� �O�n� �S�t�u�d�e�n�t� �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� 

�S�c�i�e�n�c�e� 

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

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

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

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

�c�u�r�r�i�c�u�l�u�m�"� �(�S�c�h�i�b�e�c�i�,� �1�9�8�4�,� �p�.� �5�)�.� �F�u�r�t�h�e�r�,� �O�r�m�e�r�o�d� �a�n�d� 

�D�u�c�k�w�o�r�t�h� �(�1�9�7�7�)� �s�t�a�t�e�d� �t�h�a�t�,� �"�t�h�e�r�e� �h�a�s� �b�e�e�n� �s�u�f�f�i�c�i�e�n�t� 

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

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

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

�f�
o�

 

�c�u�r�r�i�c�u�l�a� �w�h�i�c�h� �w�o�u�l�d� �i�m�p�r�o�v�e� �t�h�o�s�e� �a�t�t�i�t�u�d�e�s�"� �(�p�.� �)�.� 

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

�a�t� �s�t�u�d�e�n�t� �a�t�t�i�t�u�d�e�s� �t�o�w�a�r�d� �s�c�i�e�n�c�e�,� �w�h�e�n� �d�e�v�e�l�o�p�i�n�g
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�c�u�r�r�i�c�u�l�u�m�.� �I�n� �1�9�7�7�,� �O�r�m�e�r�o�d� �a�n�d� �D�u�c�k�w�o�r�t�h� �f�o�u�n�d� �t�h�a�t�,� 

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

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

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

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

�p�u�p�i�l�s� �i�n� �t�h�e�i�r� �s�c�h�o�o�l� �s�c�i�e�n�c�e� �s�u�b�j�e�c�t�s�"� �(�p�.� �2�)�.� 

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

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

�N�a�n�n�a�y� �(�1�9�8�9�)�.� �H�e� �s�t�a�t�e�d�,� �"�F�o�r�e�m�o�s�t� �i�s� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� 

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

�s�o�c�i�e�t�y�"� �(�p�.� �5�)�.� �T�h�r�o�u�g�h�o�u�t� �a�l�l� �l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w�e�d� �f�o�r� 

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

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

�A�t�t�i�t�u�d�e� �M�e�a�s�u�r�e�m�e�n�t� 

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

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

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

�y�e�a�r� �1�9�1�8�,� �a�t�t�i�t�u�d�e� �d�e�v�e�l�o�p�e�d� �a�s� �a� �m�o�d�e�r�n� �c�o�n�c�e�p�t�.� �H�o�w�e�v�e�r�,� 

�n�o�t� �u�n�t�i�l� �1�9�2�9� �d�i�d� �T�h�u�r�s�t�o�n�e� �g�e�n�e�r�a�t�e� �a� �m�e�t�h�o�d� �t�o� �m�e�a�s�u�r�e� 

�a�t�t�i�t�u�d�e�s� �b�y� �a� �m�e�a�n�s� �o�f� �s�c�a�l�e�s�.� �F�u�r�t�h�e�r�,� �i�n� �1�9�3�2�,� �L�i�k�e�r�t� 

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

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

�m�e�n�t�i�o�n�e�d� �t�h�a�t� �b�e�s�i�d�e�s� �t�h�e� �T�h�u�r�s�t�o�n�e� �a�n�d� �L�i�k�e�r�t� �m�e�a�s�u�r�e�m�e�n�t� 

�s�c�a�l�e�s�,� �t�h�e� �G�u�t�t�m�a�n� �a�n�d� �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� �a�r�e
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�u�s�e�d� �a�s� �w�e�l�l�.� �d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �r�e�p�o�r�t�e�d� �t�h�a�t�,� �"�L�i�k�e�r�t� 

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

�(�1�9�8�9�a�,� �p�.� �2�1�)�.� �T�h�e� �i�n�s�t�r�u�m�e�n�t� �d�e�v�e�l�o�p�e�d� �f�o�r� �t�h�i�s� �s�t�u�d�y� 

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

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

�"�L�i�k�e�r�t� �s�c�a�l�e�s� �y�i�e�l�d� �h�i�g�h�e�r� �r�e�l�i�a�b�i�l�i�t�i�e�s� �w�i�t�h� �f�e�w�e�r� �i�t�e�m�s� 

�t�h�a�n� �T�h�u�r�s�t�o�n�e� �s�c�a�l�e�s�"� �(�G�e�r�m�a�n�,� �1�9�8�8�,� �p�.� �7�0�2�)�.� 

�R�a�a�t� �a�n�d� �d�e� �V�r�i�e�s� �(�1�9�8�5�)� �d�e�s�i�g�n�e�d� �a�n� �i�n�s�t�r�u�m�e�n�t� �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� �T�e�c�h�n�o�l�o�g�y� �f�o�r� �p�u�p�i�l�s� �i�n� 

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

�(�1�9�8�5�)� �f�o�u�n�d� �t�h�e�i�r� �i�n�s�t�r�u�m�e�n�t� �t�o� �b�e� �v�a�l�i�d� �a�n�d� �a� �r�e�l�i�a�b�l�e� 

�(�r�=�.�6�7�)� �m�e�a�n�s� �o�f� �m�e�a�s�u�r�i�n�g� �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� �a�s� �d�i�d� �B�a�m�e� �a�n�d� �D�u�g�g�e�r� �(�1�9�8�9�)� �i�n� �m�e�a�s�u�r�i�n�g� 

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

�A�t�t�i�t�u�d�e� �h�a�s� �b�e�e�n� �d�e�f�i�n�e�d� �b�y� �W�e�b�s�t�e�r�'�s� �N�i�n�t�h� �N�e�w� 
� � 

�C�o�l�l�e�g�i�a�t�e� �D�i�c�t�i�o�n�a�r�y� �(�1�9�8�8�)� �a�s� �"�a� �m�e�n�t�a�l� �p�o�s�i�t�i�o�n� �w�i�t�h� 
� � 

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

�f�a�c�t� �o�r� �s�t�a�t�e �� �(�p�.� �1�1�4�)�.� �F�o�r� �m�e�a�s�u�r�e�m�e�n�t� �p�u�r�p�o�s�e�s�,� 

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

�e�l�e�m�e�n�t�s�.� �A�c�c�o�r�d�i�n�g� �t�o� �d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �(�1�9�8�9�a�)� �t�h�e�s�e� 

�i�n�c�l�u�d�e�,� �"�a�f�f�e�c�t�i�o�n� �(�f�e�e�l�i�n�g�)�,� �c�o�g�n�i�t�i�o�n� �(�K�n�o�w�l�e�d�g�e�)�,� �a�n�d� 

�c�o�n�a�t�i�o�n�,� �(�b�e�h�a�v�i�o�r�)�"� �p�.� �4�)�.� �F�o�r� �p�u�r�p�o�s�e�s� �o�f� �t�h�i�s� �s�t�u�d�y�,� 

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

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

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

�g�r�a�d�e� �l�e�v�e�l�.� 

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

�e�d�u�c�a�t�i�o�n� �i�s� �i�m�p�o�r�t�a�n�t� �b�e�c�a�u�s�e�:� �"�1�.� �a�f�f�e�c�t�i�v�e� �o�b�j�e�c�t�i�v�e�s� 

�d�e�t�e�r�m�i�n�e� �(�t�o�g�e�t�h�e�r� �w�i�t�h� �t�h�e� �c�o�g�n�i�t�i�v�e� �o�b�j�e�c�t�i�v�e�s�)� �t�h�e� 

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

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

�h�a�v�e� �a� �p�o�s�i�t�i�v�e� �a�t�t�i�t�u�d�e� �t�o�w�a�r�d�s� �t�h�e� �s�u�b�j�e�c�t� �i�n� �q�u�e�s�t�i�o�n�"� 

�(�d�e� �K�l�e�r�k� �W�o�l�t�e�r�s�,� �1�9�8�9�a�,� �p�.� �6�)�.� 

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

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

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

�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� �j�u�s�t�i�f�i�c�a�t�i�o�n� �f�o�r� 

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

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

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

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

�M�i�s�s�i�o�n� �2�1� �c�o�n�t�e�n�t� �a�n�d� �i�n�t�e�g�r�a�t�i�v�e� �p�r�a�c�t�i�c�e�s� �i�n� �e�x�i�s�t�i�n�g� 

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

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

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

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



�4�6� 

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

�i�n�n�o�v�a�t�i�v�e� �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� �c�u�r�r�i�c�u�l�u�m� 

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

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

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

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

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

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



�"� �C�H�A�P�T�E�R� �T�H�R�E�E� 

�T�h�e� �D�e�s�i�g�n� �a�n�d� �M�e�t�h�o�d�s� �o�f� �t�h�e� �S�t�u�d�y� 

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

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

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

�d�a�t�a�.� 

�T�h�e� �S�a�m�p�l�e� 

�T�h�e� �s�a�m�p�l�e� �o�f� �t�h�i�s� �s�t�u�d�y� �c�o�n�s�i�s�t�e�d� �o�f� �8�5�8� �t�h�i�r�d� �a�n�d� 

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

�a�n�d� �r�u�r�a�l� �e�l�e�m�e�n�t�a�r�y� �s�c�h�o�o�l�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�.� �O�f� �t�h�e� �8�5�8� �t�h�i�r�d� �a�n�d� �f�o�u�r�t�h� �g�r�a�d�e� �s�t�u�d�e�n�t�s� �u�s�e�d� 

�i�n� �t�h�i�s� �s�t�u�d�y�,� �4�5�9� �s�t�u�d�e�n�t�s� �w�e�r�e� �i�n� �t�h�e� �t�r�e�a�t�m�e�n�t� �g�r�o�u�p� �a�n�d� 

�3�9�9� �s�t�u�d�e�n�t�s� �w�e�r�e� �i�n� �t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p�.� �T�h�e�s�e� �p�u�b�l�i�c� 

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

�N�e�w�p�o�r�t� �N�e�w�s�,� �N�o�r�f�o�l�k�,� �a�n�d� �P�e�m�b�r�o�k�e�,� �V�i�r�g�i�n�i�a�.� �T�h�i�r�d� �a�n�d� 

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

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

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

�a�d�m�i�n�i�s�t�r�a�t�i�o�n� �p�e�r�s�o�n�n�e�l� �a�t� �D�r�a�n�e�s�v�i�l�l�e� �a�n�d� �C�l�e�a�r�v�i�e�w� 

�E�l�e�m�e�n�t�a�r�y� �S�c�h�o�o�l�s� �i�n� �H�e�r�n�d�o�n�,� �V�i�r�g�i�n�i�a�,� �H�i�l�l�s�v�i�l�l�e� 

�E�l�e�m�e�n�t�a�r�y� �S�c�h�o�o�l� �i�n� �H�i�l�l�s�v�i�l�l�e�,� �V�i�r�g�i�n�i�a�,� �C�a�r�v�e�r� �E�l�e�m�e�n�t�a�r�y� 

�S�c�h�o�o�l� �i�n� �N�e�w�p�o�r�t� �N�e�w�s�,� �V�i�r�g�i�n�i�a�,� �W�i�l�l�a�r�d� �M�o�d�e�l� �S�c�h�o�o�l� �i�n� 

�N�o�r�f�o�l�k�,� �V�i�r�g�i�n�i�a�,� �a�n�d� �E�a�s�t�e�r�n� �E�l�e�m�e�n�t�a�r�y� �S�c�h�o�o�l� �i�n� 

�4�7



�4�8� 

�P�e�m�b�r�o�k�e�,� �V�i�r�g�i�n�i�a� �(�S�e�e� �A�p�p�e�n�d�i�x� �1� �f�o�r� �l�e�t�t�e�r� �o�f� 

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

�s�c�h�o�o�l� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �1�.� �T�e�a�c�h�e�r� �a�n�d� �p�r�i�n�c�i�p�a�l� 

�o�b�s�e�r�v�a�t�i�o�n�s� �r�e�p�o�r�t�e�d� �t�h�a�t� �s�t�u�d�e�n�t�s� �i�n�v�o�l�v�e�d� �w�i�t�h� �M�i�s�s�i�o�n� �2�1� 

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

�a�c�a�d�e�m�i�c� �a�b�i�l�i�t�i�e�s�,� �a�n�d� �a�g�e�s�.� 

�T�h�e� �D�e�s�i�g�n� �o�f� �T�h�e� �S�t�u�d�y� 

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

�s�c�h�o�o�l�s� �w�e�r�e� �e�x�p�o�s�e�d� �t�o� �b�e�t�w�e�e�n� �f�i�v�e� �a�n�d� �f�i�f�t�e�e�n� �M�i�s�s�i�o�n� �2�1� 

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

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

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

�r�a�n�d�o�m�l�y� �c�h�o�s�e�n�.� 

�T�h�e� �M�i�s�s�i�o�n� �2�1� �d�e�s�i�g�n� �b�r�i�e�f� �a�c�t�i�v�i�t�i�e�s� �t�h�a�t� �s�t�u�c�e�n�t�s� 

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

�c�l�a�s�s�r�o�o�m� �t�e�a�c�h�e�r�s� �i�n�t�e�g�r�a�t�i�n�g� �M�i�s�s�i�o�n� �2�1� �i�n�t�o� �t�h�e�i�r� 

�e�x�i�s�t�i�n�g� �e�l�e�m�e�n�t�a�r�y� �c�l�a�s�s�r�o�o�m� �c�u�r�r�i�c�u�l�u�m�.� �C�l�a�s�s�r�o�o�m� 

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

�a�n�y� �o�f� �t�h�e� �f�o�u�r� �t�h�e�m�e�s� �f�o�u�n�d� �i�n� �t�h�e� �M�i�s�s�i�o�n� �2�1� �T�e�a�c�h�e�r� 

�R�e�s�o�u�r�c�e� �G�u�i�d�e�.� �S�t�u�d�e�n�t�s� �t�e�s�t�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �w�e�r�e� �n�o�t� 

�e�x�p�o�s�e�d� �t�o� �t�h�i�r�d� �g�r�a�d�e� �M�i�s�s�i�o�n� �2�1� �a�c�t�i�v�i�t�i�e�s� �i�n� �t�h�e� �1�9�8�9�-�9�0� 

�s�c�h�o�o�l� �y�e�a�r�.� �A�p�p�e�n�d�i�x� �2� �l�i�s�t�s� �a�l�l� �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� �t�h�e�m�e�s� �a�n�d� �d�e�s�i�g�n� �b�r�i�e�f�s�.� �T�e�a�c�h�e�r�s� �i�n�v�o�l�v�e�d� �w�i�t�h



�T�a�b�l�e� �1� 

�4�9� 

�N�u�m�b�e�r� �a�n�d� �G�r�a�d�e� �L�e�v�e�l� �o�f� �S�t�u�d�e�n�t�s� �F�r�o�m� �E�a�c�h� �M�i�s�s�i�o�n� �2�1� 
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�5�0� 

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

�o�n� �h�o�w� �t�o� �i�n�t�e�g�r�a�t�e� �M�i�s�s�i�o�n� �2�1� �i�n�t�o� �t�h�e�i�r� �e�l�e�m�e�n�t�a�r�y� 

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

�p�r�o�v�i�d�e�d� �t�h�e� �h�i�s�t�o�r�y� �a�n�d� �g�o�a�l�s� �o�f� �M�i�s�s�i�o�n� �2�1�,� �t�h�e� �r�o�l�e� �o�f� 

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

�M�i�s�s�i�o�n� �2�1� �i�n�t�o� �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�,� �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� �a�c�t�u�a�l�,� 

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

�b�r�i�e�f�.� �A�l�l� �M�i�s�s�i�o�n� �2�1� �t�e�a�c�h�e�r�s� �w�e�r�e� �a�l�l�o�w�e�d� �t�o� �c�h�o�o�s�e� �w�h�i�c�h� 

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

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

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

�t�h�e�i�r� �o�w�n� �c�l�a�s�s�r�o�o�m� �c�u�r�r�i�c�u�l�u�m� �s�o� �n�o� �o�v�e�r�l�a�p� �o�f� �M�i�s�s�i�o�n� �2�1� 

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

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

�s�t�u�d�e�n�t�s� �n�o�t� �e�x�p�o�s�e�d� �t�o� �M�i�s�s�i�o�n� �2�1� �d�e�s�i�c�n� �b�r�i�e�f� �a�c�t�i�v�i�t�i�e�s�.� 

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

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

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

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

�B�e�f�o�r�e� �a�d�m�i�n�i�s�t�e�r�i�n�g� �t�h�e� �"�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�"� �I�n�s�t�r�u�m�e�n�t� �(�S�A�T�T�)�,� �s�i�x� �c�l�a�s�s�e�s� �i�n� �t�h�r�e�e� 

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

�M�i�s�s�i�o�n� �2�1� �m�a�t�e�r�i�a�l�s� �w�e�r�e� �s�e�l�e�c�t�e�d� �t�o� �f�i�e�l�d�-�t�e�s�t� �a�n�d� 

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



�5�1� 

�i�n� �F�a�i�r�f�a�x� �C�o�u�n�t�y�,� �V�i�r�g�i�n�i�a�,� �N�e�w�p�o�r�t� �N�e�w�s�,� �V�i�r�g�i�n�i�a�,� �a�n�d� 

�P�e�a�r�i�s�b�u�r�g�,� �V�i�r�g�i�n�i�a�.� �A�l�l� �t�h�r�e�e� �s�c�h�o�o�l�s� �u�s�e�d� �t�o� �v�a�l�i�d�a�t�e� 

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

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

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

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

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

�a�n�d� �t�e�a�c�h�e�r� �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� �t�h�e� �m�a�j�o�r� �s�t�u�d�y�,� �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� 

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

�a�n�d� �f�i�f�t�e�e�n� �M�i�s�s�i�o�n� �2�1� �d�e�s�i�g�n� �b�r�i�e�f� �a�c�t�i�v�i�t�i�e�s� �o�v�e�r� �t�h�e� 

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

�w�e�r�e� �a�l�s�o� �m�e�a�s�u�r�e�d� �a�m�o�n�g� �s�t�u�d�e�n�t�s� �n�o�t� �e�x�p�o�s�e�d� �t�o� �M�i�s�s�i�o�n� �2�1� 

�a�c�t�i�v�i�t�i�e�s�.� 

�T�h�e� �c�i�r�c�u�m�s�t�a�n�c�e�s� �d�i�c�t�a�t�e�d� �a�t� �w�h�i�c�h� �s�c�h�o�o�l�s� �M�i�s�s�i�o�n� �2�1� 

�w�a�s� �c�o�n�d�u�c�t�e�d�.� �F�o�r� �e�x�a�m�p�l�e�,� �p�r�e�v�i�o�u�s� �M�i�s�s�i�o�n� �2�1� �s�c�h�o�o�l�s� 

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

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

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

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

�s�c�h�o�o�l�s� �w�e�r�e� �a�l�r�e�a�d�y� �f�a�m�i�l�i�a�r� �w�i�t�h� �t�h�e� �M�i�s�s�i�o�n� �2�1� �p�r�o�j�e�c�t�,� 

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

�p�r�e�s�e�n�t� �a� �p�r�o�b�l�e�m�.



�H�y�p�o�t�h�e�s�e�s� 

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

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

�c�a�m�e� �o�u�t� �o�f� �t�h�e� �r�e�s�e�a�r�c�h�e�r�'�s� �b�a�c�k�g�r�o�u�n�d� �a�n�d� �e�x�p�e�r�i�e�n�c�e� �w�h�i�l�e� 

�w�o�r�k�i�n�g� �w�i�t�h� �t�h�i�s� �n�e�w� �i�n�n�o�v�a�t�i�v�e� �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� �c�u�r�r�i�c�u�l�u�m� �p�r�o�j�e�c�t�,� �t�i�t�l�e�d� �M�i�s�s�i�o�n� �2�1�.� �T�h�e� 

�r�e�m�a�i�n�i�n�g� �q�u�e�s�t�i�o�n�s� �w�e�r�e� �t�h�o�s�e� �p�o�s�e�d� �b�y� �p�r�e�v�i�o�u�s� �P�A�T�T� 

�r�e�s�e�a�r�c�h� �(�R�a�a�t�,� �d�e� �V�r�i�e�s�,� �d�e� �K�l�e�r�k� �W�o�l�t�e�r�s�,� �B�a�m�e�,� �a�n�d� 

�D�u�g�g�e�r�)�.� 

�S�i�n�c�e� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �M�i�s�s�i�o�n� �2�1� �p�r�o�j�e�c�t� �i�n� �1�9�8�6�5�,� 

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

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

�M�i�s�s�i�o�n� �2�1� �a�c�t�i�v�i�t�i�e�s�.� �W�i�t�h� �t�h�i�s� �q�u�e�s�t�i�o�n� �i�n� �m�i�n�d�,� �t�h�e� 

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

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

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

�r�e�s�e�a�r�c�h� �q�u�e�s�t�i�o�n�s� �p�r�e�s�e�n�t�e�d� �i�n� �C�h�a�p�t�e�r� �1�.� 

�H�y�p�o�t�h�e�s�i�s� �1�.� �T�h�e�r�e� �i�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �a�t�t�i�t�u�d�e�s� 
� � 

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

�H�y�p�o�t�h�e�s�i�s� �2�.� �T�h�e�r�e� �i�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� 
� � 

�t�r�e�a�t�m�e�n�t� �o�r� �c�o�n�t�r�o�l� �g�r�o�u�p� �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�.� 

�H�y�p�o�t�h�e�s�i�s� �3�.� �T�h�e�r�e� �i�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�i�r�d� �a�n�d� 
� � 

�f�o�u�r�t�h� �g�r�a�d�e� �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�.



�5�3� 

�H�y�p�o�t�h�e�s�i�s� �4�.� �T�h�e�r�e� �i�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �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� �i�n� �u�r�b�a�n�,� �s�u�b�u�r�b�a�n�,� �a�n�d� �r�u�r�a�l� 

�s�c�h�o�o�l�s�.� 

�H�y�p�o�t�h�e�s�i�s� �5�.� �T�h�e�r�e� �i�s� �n�o� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �g�e�n�d�e�r� �a�n�d� 
� � 

�t�r�e�a�t�m�e�n�t� �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�.� 

�H�y�p�o�t�h�e�s�i�s� �6�.� �T�h�e�r�e� �i�s� �n�o� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �g�e�n�d�e�r� 
� � 

�a�n�d� �g�r�a�d�e� �l�e�v�e�l� �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�.� 

�H�y�p�o�t�h�e�s�i�s� �7�.� �T�h�e�r�e� �i�s� �n�o� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �g�r�a�d�e� 
� � 

�l�e�v�e�l�s� �a�n�d� �t�r�e�a�t�m�e�n�t� �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�.� 

�H�y�p�o�t�h�e�s�i�s� �8�.� �T�h�e�r�e� �i�s� �n�o� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �g�e�n�d�e�r� 
� � 

�a�n�d� �g�e�o�g�r�a�p�h�i�c� �a�r�e�a� �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�.� 

�H�y�p�o�t�h�e�s�i�s� �9�.� �T�h�e�r�e� �i�s� �n�o� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �g�r�a�d�e� 
� � 

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

�H�y�p�o�t�h�e�s�i�s� �1�0�.� �T�h�e�r�e� �i�s� �n�o� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� 
� � 

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

�R�e�s�e�a�r�c�h� �Q�u�e�s�t�i�o�n� �1�.� �H�o�w� �d�o� �t�h�e� �s�t�u�d�e�n�t�s� �w�h�o� �h�a�v�e� �h�a�d� 
� � 

�M�i�s�s�i�o�n� �2�1� �d�i�f�f�e�r� �i�n� �t�h�e�i�r� �d�e�f�i�n�i�t�i�o�n�s� �o�f� �t�e�c�h�n�o�l�o�g�y� �f�r�o�m� 

�t�h�o�s�e� �w�h�o� �w�e�r�e� �i�n� �t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p�?� 

�R�e�s�e�a�r�c�h� �D�e�s�i�g�n� 

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

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

�F�i�g�u�r�e� �1� �s�h�o�w�s� �t�h�e� �d�i�a�g�r�a�m� �f�o�r� �t�h�i�s� �d�e�s�i�g�n�.� �T�h�e� �d�i�a�g�r�a�m� 

�s�h�o�w�s� �t�h�a�t� �(�1�)� �t�w�o� �g�r�o�u�p�s� �(�t�r�e�a�t�m�e�n�t� �a�n�d� �c�o�n�t�r�o�l�)� �a�r�e� �u�s�e�d



�5�4� 

�F�i�g�u�r�e� �1�.� �D�i�a�g�r�a�m� �o�f� �t�h�e� �p�o�s�t�t�e�s�t�-�o�n�l�y� �n�o�n�e�q�u�i�v�a�l�e�n�t� 

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



�5�5� 

�(�t�w�o� �r�o�w�s� �i�n� �t�h�e� �f�i�g�u�r�e�)�;� �(�2�)� �(�X�)� �i�s� �t�h�e� �M�i�s�s�i�o�n� �2�1� �d�e�s�i�g�n� 

�b�r�i�e�f�s� �g�i�v�e�n� �t�o� �t�h�e� �t�r�e�a�t�m�e�n�t� �g�r�o�u�p�;� �(�3�)� �b�o�t�h� �g�r�o�u�p�s� �a�r�e� 

�m�e�a�s�u�r�e�d� �(�Q�O�)� �a�t� �t�h�e� �s�a�m�e� �t�i�m�e� �a�f�t�e�r� �t�h�e� �M�i�s�s�i�o�n� �2�1� �d�e�s�i�g�n� 

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

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

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

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

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

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

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

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

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

�r�e�s�e�a�r�c�h� �w�h�e�r�e� �t�h�e�r�e� �a�r�e� �n�o� �p�r�e�t�e�s�t� �o�b�s�e�r�v�a�t�i�o�n�s� 

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

�p�o�s�t�t�e�s�t� �o�b�s�e�r�v�a�t�i�o�n�s� �a�r�e� �a�v�a�i�l�a�b�l�e� �{�p�.� �9�8�)�.� 

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

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

�a�r�e�.� �F�u�r�t�h�e�r�,� �C�o�o�k� �a�n�d� �C�a�m�p�b�e�l�l� �(�1�9�7�9�)� �s�t�a�t�e�d� �t�h�a�t� 

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

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

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

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

�a�n�d� �t�i�m�e�s�"� �(�p�.� �3�7�)�.� �H�u�c�k�,� �C�o�r�m�i�e�r�,� �a�n�d� �B�o�u�n�d�s� �(�1�9�7�4�)� �p�o�i�n�t� 

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

�c�o�n�t�r�o�l� �o�v�e�r� �e�x�t�e�r�n�a�l� �t�h�r�e�a�t�s� �t�o� �v�a�l�i�d�i�t�y�.� �F�o�r� �e�x�a�m�p�l�e�,



�5�6� 

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

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

�s�u�b�j�e�c�t� �r�e�a�c�t�i�v�i�t�y�"� �(�p�.� �3�0�2�)�.� �B�o�t�h� �t�h�e� �c�o�n�t�r�o�l� �a�n�d� 

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

�t�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �s�t�u�d�y�,� �t�h�e� �0�.�0�5� �l�e�v�e�l� �o�f� �s�i�g�n�i�f�i�c�a�n�c�e� 

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

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

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

�s�t�u�d�y�.� �C�o�o�k� �a�n�d� �C�a�m�p�b�e�l�l� �(�1�9�7�9�)� �d�e�f�i�n�e� �i�n�t�e�r�n�a�l� �v�a�l�i�d�i�t�y� �a�s� 

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

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

�a�b�s�e�n�c�e� �o�f� �a� �r�e�l�a�t�i�o�n�s�h�i�p� �i�m�p�l�i�e�s� �t�h�e� �a�b�s�e�n�c�e� �o�f� �c�a�u�s�e�"� �(�p�.� 

�3�7�)�.� �F�o�r� �t�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �s�t�u�d�y�,� �i�n�t�e�r�n�a�l� �v�a�l�i�d�i�t�y� 

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

�r�e�l�a�t�i�o�n�s�h�i�p� �f�r�o�m� �o�n�e� �v�a�r�i�a�b�l�e� �t�o� �a�n�o�t�h�e�r�.� �P�e�r�t�i�n�e�n�t� �t�o� �t�h�e� 

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

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

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

�C�a�m�p�b�e�l�l� �(�1�9�7�9�)� �r�e�p�o�r�t� �t�h�e�y� �r�e�p�r�e�s�e�n�t� �t�h�e� �e�f�f�e�c�t�s� �o�f�  ��(�1�)� 

�H�i�s�t�o�r�y�,� �(�2�)� �M�a�t�u�r�a�t�i�o�n�,� �(�3�)� �T�e�s�t�i�n�g�,� �(�4�)� �I�n�s�t�r�u�m�e�n�t�a�t�i�o�n�,� 

�(�5�)� �S�t�a�t�i�s�t�i�c�a�l� �R�e�g�r�e�s�s�i�o�n�,� �(�6�)� �S�e�l�e�c�t�i�o�n�,� �a�n�d� �(�7�)� 

�M�o�r�t�a�l�i�t�y�.� 

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

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

�p�o�s�t�t�e�s�t�"� �(�C�o�o�k� �a�n�d� �C�a�m�p�b�e�l�l�,� �1�9�7�9�,� �p�.� �5�1�)�.� �H�i�s�t�o�r�y� �w�a�s� �n�o�t



�5�7� 

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

�a�d�m�i�n�i�s�t�e�r�e�d�.� 

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

�b�e� �d�u�e� �t�o� �t�h�e� �r�e�s�p�o�n�d�e�n�t�'�s� �g�r�o�w�i�n�g� �o�l�d�e�r�,� �w�i�s�e�r�,� �s�t�r�o�n�g�e�r�,� 

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

�(�C�o�o�k� �a�n�d� �C�a�m�p�b�e�l�l�,� �1�9�7�9�,� �p�.� �5�2�)�.� �M�a�t�u�r�a�t�i�o�n� �d�i�d� �n�o�t� �e�f�f�e�c�t� 

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

�a�d�m�i�n�i�s�t�e�r�e�d�.� 

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

�4
� �t�n�e� �n�u�m�b�e�r� �o�f� �t�i�m�e�s� �p�a�r�t�i�c�u�l�a�r� �r�e�s�p�o�n�s�e�s� �a�r�e� �m�e�a�s�u�r�e�d�.� �M�T�:� 

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

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

�l�i�k�e�l�y� �t�o� �b�e� �r�e�m�e�m�b�e�r�e�d� �a�t� �l�a�t�e�r� �t�e�s�t�i�n�g� �s�e�s�s�i�o�n�s �� �(�C�o�o�k� �a�n�d� 

�C�a�m�p�b�e�l�l�,� �1�9�7�9�,� �p�.� �5�2�)�.� �S�i�n�c�e� �t�h�e� �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� �I�n�s�t�r�u�m�e�n�t� �w�a�s� �o�n�l�y� �a�d�m�i�n�i�s�t�e�r�e�d� �o�n�c�e� �t�o� �b�e�t�h� 

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

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

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

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

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

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

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

�e�a�c�h� �t�i�m�e� �i�n�t�e�r�v�a�l�"� �(�C�o�o�k� �a�n�d� �C�a�m�p�b�e�l�l�,� �1�9�7�9�,� �p�.� �5�2�)�.� 

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

�o�n�e� �p�o�s�t�t�e�s�t� �m�e�a�s�u�r�e� �w�a�s� �u�s�e�d�.



�5�8� 

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

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

�g�r�o�u�p�'�s� �p�r�e�t�e�s�t� �s�c�o�r�e�s� �a�r�e� �m�o�r�e� �l�i�k�e�l�y� �t�o� �h�a�v�e� �b�e�e�n� 

�d�e�p�r�e�s�s�e�d� �b�y� �e�r�r�o�r�"� �(�C�o�o�k� �a�n�d� �C�a�m�p�b�e�l�l�,� �1�9�7�9�,� �p�.� �5�2�)�.� 

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

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

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

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

�e�x�p�e�r�i�m�e�n�t�a�l� �g�r�o�u�p� �a�s� �o�p�p�o�s�e�d� �t�o� �a�n�o�t�h�e�r�"� �(�C�o�o�k� �a�n�d� 

�C�a�m�p�b�e�l�l�,� �1�9�7�9�,� �p�.� �5�3�)�.� �T�h�e� �r�e�s�e�a�r�c�h�e�r� �a�t�t�e�m�p�t�e�d� �t�o� �c�o�n�t�r�o�l� 

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

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

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

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

�t�r�e�a�t�m�e�n�t� �g�r�o�u�p� �d�u�r�i�n�g� �t�h�e� �c�o�u�r�s�e� �o�f� �a�n� �e�x�p�e�r�i�m�e�n�t�"� �(�C�o�c�k� 

�a�n�d� �C�a�m�p�b�e�l�l�,� �1�9�7�9�,� �p�.� �5�3�)�.� �S�i�n�c�e� �o�n�l�y� �a� �p�o�s�t�t�e�s�t� �m�e�a�s�u�r�e� 

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

�o�f� �t�h�e� �s�t�u�d�y�.� 

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

�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� �m�a�i�n� �e�f�f�e�c�t�s� �a�n�d� 

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

�I�n�s�t�r�u�m�e�n�t�a�t�i�o�n� 

�T�h�e� �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� �w�a�s� �a� �m�o�d�i�f�i�e�d� 

�v�e�r�s�i�o�n� �o�f� �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� �-� �U�S�A� �s�c�a�l�e�.



�5�9� 

�T�h�e� �P�A�T�T�-�U�S�A� �i�n�s�t�r�u�m�e�n�t� �w�a�s� �d�e�v�e�l�o�p�e�d� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� 

�t�h�e� �T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�.�2�a� �P�r�o�g�r�a�m� �A�r�e�a� �a�t� �V�i�r�g�i�n�i�a� �T�e�c�h� �a�n�d� 

�t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� �P�h�y�s�i�c�s� �E�d�u�c�a�t�i�o�n� �a�t� �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� �i�n� �E�i�n�d�h�o�v�e�n�,� �N�e�t�h�e�r�l�a�n�d�s�.� �T�h�e� �i�n�s�t�r�u�m�e�n�t�'�s� 

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

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

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

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

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

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

�h�a�d� �n�o�t� �b�e�e�n� �e�x�p�o�s�e�d� �t�o� �M�i�s�s�i�o�n� �2�1� �a�c�t�i�v�i�t�i�e�s�.� 

�S�e�v�e�n�t�e�e�n� �s�t�a�t�e�m�e�n�t�s� �w�h�e�r�e� �u�s�e�d� �f�r�o�m� �t�h�e� �o�r�i�g�i�n�a�l� �P�A�T�T�-� 

�U�S�A� �i�n�s�t�r�u�m�e�n�t�.� �T�h�e� �r�e�m�a�i�n�i�n�g� �t�h�r�e�e� �q�u�e�s�t�i�o�n�s� �p�e�r�t�a�i�n�e�d� 

�d�i�r�e�c�t�l�y� �t�o� �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� �s�t�u�d�e�n�t�s� �(�g�e�n�d�e�r�,� 

�g�r�a�d�e� �l�e�v�e�l�,� �a�n�d� �a�g�e�)�.� �T�h�e� �1�7� �s�t�a�t�e�m�e�n�t�s� �c�h�o�s�e�n� �f�r�o�m� �t�h�a� 

�o�r�i�g�i�n�a�l� �P�A�T�T�-�U�S�A� �i�n�s�t�r�u�m�e�n�t� �w�e�r�e� �p�i�c�k�e�d� �b�y� �c�h�o�o�s�i�n�g� �t�h�o�s�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� �s�t�a�t�e�m�e�n�t�s� �t�h�a�t� �c�o�r�r�e�l�a�t�e�d� 

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

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

�t�r�e�a�t�m�e�n�t�/�c�o�n�t�r�o�l�)�.� 

�T�h�e� �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�s� �w�e�l�l� �a�s� �t�h�e� 

�o�r�i�g�i�n�a�l� �P�A�T�T�-�U�S�A� �i�n�s�t�r�u�m�e�n�t� �i�s� �a� �p�a�p�e�r� �a�n�d� �p�e�n�c�i�l� 

�i�n�s�t�r�u�m�e�n�t�.� �S�t�u�d�e�n�t�s� �c�i�r�c�l�e�d� �e�i�t�h�e�r� �"�y�e�s�"� �o�r� �"�n�o�"� �t�o� �1�9� �o�f� 

�t�h�e� �2�0� �q�u�e�s�t�i�o�n�s�.� �S�t�u�d�e�n�t�s� �h�a�d� �t�o� �w�r�i�t�e� �i�n� �t�h�e�i�r� �a�g�e� �f�o�r� 

�t�h�e� �o�t�h�e�r� �q�u�e�s�t�i�o�n�.� �B�e�f�o�r�e� �s�t�u�d�e�n�t�s� �w�e�r�e� �e�x�p�o�s�e�d� �t�o� �t�h�e� �2�0
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�q�u�e�s�t�i�o�n�s�,� �t�h�e�y� �w�e�r�e� �a�s�k�e�d� �t�o� �g�i�v�e� �a� �s�h�o�r�t� �d�e�s�c�r�i�p�t�i�o�n� �o�f� 

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

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

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

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

�s�t�u�d�y�.� 

�S�t�u�d�e�n�t�s� �a�n�s�w�e�r�e�d� �1�7� �a�t�t�i�t�u�d�e� �s�t�a�t�e�m�e�n�t�s� �a�b�o�u�t� 

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

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

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

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

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

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

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

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

�i�n�d�i�c�a�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�.� 

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

�t�h�e� �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�,� �r�e�p�e�a�t�e�d�l�y� �i�n�d�i�c�a�t�e�d� �t�h�a�t� 

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

�A�s� �a� �r�e�s�u�l�t�,� �t�h�e� �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� 

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

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

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

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

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

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

�M�i�s�s�i�o�n� �2�1� �f�i�e�l�d�-�t�e�s�t� �s�i�t�e� �s�c�h�o�o�l�s�.� �A�l�l� �t�h�r�e�e� �o�f� �t�h�e�s�e� 

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

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

�2�1� �f�i�e�l�d�-�t�e�s�t� �s�i�t�e�s�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� �f�i�e�l�d�-�t�e�s�t�i�n�g� �t�h�i�s� 

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

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

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

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

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

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

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

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

�R�i�g�h�t�w�W�r�i�t�e�r� �s�o�f�t�w�a�r�e�.� �A� �1�8�.�6�0� �F�O�G� �i�n�d�e�x� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �b�y� 

�R�i�g�h�t�w�W�r�i�t�e�r� �o�n� �t�h�e� �S�A�T�T� �i�n�s�t�r�u�m�e�n�t�.� �T�h�i�r�d� �a�n�d� �f�o�u�r�t�h� �g�r�a�d�e� 

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

�M�i�s�s�i�o�n� �2�1� �m�a�t�e�r�i�a�l�s�,� �M�i�s�s�i�o�n� �2�1� �p�r�o�j�e�c�t� �s�t�a�f�f� �m�e�m�b�e�r�s�,� �a�n�d� 

�a�d�m�i�n�i�s�t�r�a�t�o�r�s� �a�l�s�o� �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� 

�r�e�a�d�a�b�i�l�i�t�y� �a�n�d� �u�n�d�e�r�s�t�a�n�d�i�n�g�.� 

�T�h�e� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �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� 

�r�e�p�o�r�t�e�d� �b�y� �d�e� �K�l�e�r�k� �W�o�l�t�e�r�s� �(�1�9�8�9�)� �w�a�s� �g�r�e�a�t�e�r� �t�h�a�n� �.�7�0� �f�o�r� 

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

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

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

�i�n�d�i�v�i�d�u�a�l�s� �(�H�e�n�e�r�s�o�n�,� �1�9�7�8�)�.� �K�e�r�l�i�n�g�e�r� �(�1�9�8�6�)� �p�o�i�n�t�s� �o�u�t� 

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

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

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

�4�1�7�)�.� �T�h�e� �v�a�l�i�d�i�t�y� �o�f� �t�h�e� �P�A�T�T� �i�n�s�t�r�u�m�e�n�t� �r�e�p�o�r�t�e�d� �b�y� �d�e� 

�K�l�e�r�k� �W�o�l�t�e�r�s� �(�1�9�8�9�)� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �c�o�n�t�e�n�t�,� �c�o�n�c�u�r�r�e�n�t�,� 

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

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

�n�u�m�b�e�r� �o�f� �q�u�e�s�t�i�o�n�s� �u�s�e�d� �i�n� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.� 

�T�h�r�e�a�t�s� �t�o� �b�o�t�h� �i�n�t�e�r�n�a�l� �a�n�d� �e�x�t�e�r�n�a�l� �v�a�l�i�d�i�t�y� �w�e�r�e� �a� 

�m�a�j�o�r� �c�o�n�c�e�r�n� �f�o�r� �t�h�i�s� �s�t�u�d�y�.� �A�s�c�h�e� �(�1�9�8�3�)� �l�i�s�t�s� �s�e�v�e�n� 

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

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

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

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

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

�h�e�t�e�r�o�g�e�n�e�i�t�y� �o�f� �r�e�s�p�o�n�d�e�n�t�s�"� �(�p�.� �1�5�)�.� �O�f� �t�h�e� �l�i�s�t�e�d� 

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

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

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

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

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

�m�a�d�e� �c�o�m�m�e�n�t�s�.� �T�h�i�s� �p�a�n�e�l� �c�o�n�s�i�s�t�e�d� �o�f� �M�i�s�s�i�o�n� �2�1� 

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

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

�M�i�s�s�i�o�n� �2�1�,� �s�c�h�o�o�l� �s�y�s�t�e�m� �a�n�d� �N�A�S�A� �a�d�m�i�n�i�s�t�r�a�t�o�r�s�.� �T�h�i�s� �w�a�s� 

�p�r�o�v�i�d�e�d� �t�o� �r�e�d�u�c�e� �t�e�s�t�-�t�a�k�i�n�g� �v�a�r�i�a�t�i�o�n� �a�n�d� �t�o� �s�t�a�n�d�a�r�d�i�z�e� 

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

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

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

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

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

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

�s�a�m�p�l�i�n�g� �f�o�r� �h�e�t�e�r�o�g�e�n�e�i�t�y�"� �(�p�.� �3�7�)�.� 

�G�e�n�e�r�a�l� �P�r�o�c�e�d�u�r�e�s� 

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

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

�f�i�e�l�d�c�-�t�e�s�t�i�n�g� �o�f� �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� 

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

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

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

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

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

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

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

�C�o�l�l�e�c�t�i�o�n� �o�f� �D�a�t�a� 

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

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

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

�t�e�a�c�h�e�r�s�,� �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� �a�n�d� 

�a�n�o�n�y�m�i�t�y� �w�a�s� �g�u�a�r�a�n�t�e�e�d�.� �S�t�u�d�e�n�t�s� �t�o�o�k� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�5� 

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

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

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

�i�n�t�o� �a�n� �I�B�M� �M�o�d�e�l� �5�0� �m�i�c�r�o�c�o�m�p�u�t�e�r�.� �S�t�u�d�e�n�t� �r�e�s�p�o�n�s�e�s� 

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

�w�e�r�e� �e�n�t�e�r�e�d� �i�n�t�o� �T�h�e� �E�t�h�n�o�g�r�a�p�h� �P�r�o�g�r�a�m�,� �v�e�r�s�i�o�n� �3�.�9�,� �t�o� 
� � 

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

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

�C�r�u�n�c�h�e�r� �S�t�a�t�i�s�t�i�c�a�l� �S�y�s�t�e�m�,� �v�e�r�s�i�o�n� �5�.�x�,� �f�o�r� �s�t�a�t�i�s�t�i�c�a�l� 
� � 

�p�r�o�c�e�s�s�i�n�g�.� 

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

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

�t�h�e� �0�.�0�5� �a�l�p�h�a� �l�e�v�e�l�.� �T�h�e� �N�u�m�b�e�r� �C�r�u�n�c�h�e�r� �S�t�a�t�i�s�t�i�c�a�l� 

�S�y�s�t�e�m� �(�H�i�n�t�z�e�,� �1�9�8�9�)� �w�a�s� �u�s�e�d� �t�o� �c�o�n�d�u�c�t� �t�h�e� �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�.� �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� �S�t�u�d�e�n�t�'�s� �I�d�e�a�s� �o�f� �T�e�c�h�n�o�l�o�g�y� �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�.� 

�T�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �f�r�e�q�u�e�n�c�y� �o�f� �"�w�h�a�t� �d�o� �y�o�u� �t�h�i�n�k� 

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

�K�j�o�l�s�e�t�h�.�,� �a�n�d� �S�e�y�m�o�u�r�,� �1�9�8�8�)�,� �v�e�r�s�i�o�n� �3�.�0�,� �w�a�s� �u�t�i�l�i�z�e�d�.� 

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

�b�o�t�h� �M�i�s�s�i�o�n� �2�1� �s�t�u�d�e�n�t�s� �(�t�r�e�a�t�m�e�n�t� �g�r�o�u�p�)� �a�n�d� �s�t�u�d�e�n�t�s� �n�o�t� 

�e�x�p�o�s�e�d� �t�o� �M�i�s�s�i�o�n� �2�1� �(�c�o�n�t�r�o�l� �g�r�o�u�p�)�.� 

�S�u�m�m�a�r�y� 

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

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

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

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

�d�a�t�a�.� 

�T�h�i�s� �s�t�u�d�y� �u�s�e�d� �a� �p�o�p�u�l�a�t�i�o�n� �o�f� �8�5�8� �t�h�i�r�d� �a�n�d� �f�o�u�r�t�h� 

�g�r�a�d�e� �s�t�u�d�e�n�t�s� �a�t�t�e�n�d�i�n�g� �s�u�b�u�r�b�a�n�,� �r�u�r�a�l�,� �a�n�d� �u�r�b�a�n� 

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

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

�s�t�u�d�y� �w�a�s� �t�e�s�t�e�d� �u�s�i�n�g� �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�.� 

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

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

�w�e�r�e� �m�e�a�s�u�r�e�d� �f�r�o�m� �s�t�u�d�e�n�t�s� �e�x�p�o�s�e�d� �t�o� �M�i�s�s�i�o�n� �2�1� �a�c�t�i�v�i�t�i�e�s� 

�a�n�d� �s�t�u�d�e�n�t�s� �n�o�t� �e�x�p�o�s�e�d� �t�o� �M�i�s�s�i�o�n� �2�1� �a�c�t�i�v�i�t�i�e�s�.� �T�h�e�s�e� 

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

�t�e�a�c�h�e�r�s�.



�C�H�A�P�T�E�R� �F�O�U�R� 

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

�t�e�c�h�n�o�l�o�g�y� �o�f� �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� �s�t�u�d�e�n�t�s� �t�o� 

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

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

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

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

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

�T�h�e� �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� �b�y� 

�u�s�i�n�g� �a�n� �I�B�M� �M�o�d�e�l� �5�0� �m�i�c�r�o�c�o�m�p�u�t�e�r�.� �T�h�e� �N�u�m�b�e�r� �C�r�u�n�c�h�e�r� 

�S�t�a�t�i�s�t�i�c�a�l� �S�y�s�t�e�m� �(�N�C�S�S�)� �p�r�o�g�r�a�m� �w�a�s� �s�e�l�e�c�t�e�d� �a�n�d� �t�h�e� 
� � 

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

�"�D�e�s�c�r�i�p�t�i�v�e� �S�t�a�t�i�s�t�i�c�s�"�,� �a�n�d� �"�G�L�M�-�A�N�O�V�A�"� �(�H�i�n�t�z�e�,� �1�9�8�9�)�.� 

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

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

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

�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� �a�s� �m�e�a�s�u�r�e�d� �b�y� �t�h�e� �G�L�M�-� 

�A�N�O�V�A� �p�r�o�g�r�a�m� �t�o� �s�t�u�d�y� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �o�f� �t�h�e� �i�n�d�e�p�e�n�d�e�n�t� 

�v�a�r�i�a�b�l�e�s�.� �H�y�p�o�t�h�e�s�e�s� �w�e�r�e� �t�e�s�t�e�d� �a�t� �t�h�e� �.�0�5� �a�l�p�h�a� �l�e�v�e�l�.� 

�D�a�t�a� �a�b�o�u�t� �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� �w�e�r�e� 

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

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

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

�c�o�l�l�e�c�t�e�d� �i�n� �o�r�d�e�r� �t�o� �c�o�m�p�a�r�e� �M�i�s�s�i�o�n� �2�1� �s�t�u�d�e�n�t�s� �t�o� �t�h�e� 

�c�o�n�t�r�o�l� �g�r�o�u�p�.� �S�t�u�d�e�n�t�s� �p�a�r�t�i�c�i�p�a�t�i�n�g� �i�n� �t�h�e� �M�i�s�s�i�o�n� �2�1� 

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

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

�s�c�h�o�o�l� �a�s� �M�i�s�s�i�o�n� �2�1� �s�t�u�d�e�n�t�s�,� �b�u�t� �n�o�t� �e�x�p�o�s�e�d� �t�o� �t�h�e� 

�M�i�s�s�i�o�n� �2�1� �p�r�o�j�e�c�t�.� 

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

�i�n� �t�h�i�s� �s�t�u�d�y�.� �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� 

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

�r�=�.�4�2�.� �P�o�s�t� �h�o�c� �h�o�w�e�v�e�r�,� �t�w�o� �o�f� �t�h�e� �i�t�e�m�s� �h�a�d� �a�n� �e�x�t�r�e�m�e�l�y� 

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

�r�e�l�i�a�b�i�l�i�t�y�.� 

�T�h�e�r�e� �w�e�r�e� �4�5�9� �s�t�u�d�e�n�t�s� �i�n� �t�h�e� �t�r�e�a�t�m�e�n�t� �g�r�o�u�p� �a�n�d� �3�9�9� 

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

�i�n� �t�h�e� �t�r�e�a�t�m�e�n�t� �g�r�o�u�p� �w�a�s� �1�9�.�3�8� �(�S�s� �=� �2�.�5�4�)�.� �T�h�e� �m�e�a�n� �s�c�o�r�e� 

�.�3�1�)�.� �F�o�r� �a�l�l� �m�e�a�n�s� �C
�v

� 

�f�o�r� �t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p� �w�a�s� �2�2�.�2�8� �(�s� �=� 

�r�e�p�o�r�t�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�,� �t�h�e� �l�o�w�e�r� �t�h�e� �m�e�a�n� �s�c�o�r�e�,� �t�h�e� �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�e� �b�r�e�a�k�d�o�w�n� �o�f� �s�u�b�j�e�c�t�s� �b�y� �g�e�n�d�e�r� �w�a�s� �4�1�2� �b�o�y�s� �a�n�d� 

�4�4�6� �g�i�r�l�s�.� �T�h�e�r�e� �w�e�r�e� �2�0�5� �b�o�y�s� �a�n�d� �2�5�4� �g�i�r�l�s� �i�n� �t�h�e� 

�t�r�e�a�t�m�e�n�t� �g�r�o�u�p�.� �T�h�e�r�e� �w�e�r�e� �2�0�7� �b�o�y�s� �a�n�d� �1�9�2� �g�i�r�l�s� �i�n� �t�h�e
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�c�o�n�t�r�o�l� �g�r�o�u�p�.� �T�h�e� �m�e�a�n� �s�c�o�r�e� �o�n� �t�h�e� �S�A�T�T� �i�n�s�t�r�u�m�e�n�t� �f�o�r� 

�b�o�y�s� �i�n� �t�h�e� �t�r�e�a�t�m�e�n�t� �g�r�o�u�p� �w�a�s� �1�9�.�7�8� �(�s� �=� �2�.�7�8�)�.� �T�h�e� �m�e�a�n� 

�s�c�o�r�e� �f�o�r� �g�i�r�l�s� �i�n� �t�h�e� �t�r�e�a�t�m�e�n�t� �g�r�o�u�p� �w�a�s� �1�8�.�9�9� �(�S� �=� �2�.�2�7�)�.� 

�T�h�e� �m�e�a�n� �s�c�o�r�e� �f�o�r� �b�o�y�s� �i�n� �t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p� �w�a�s� �2�3�.�1�2� �(�S� �=� 

�3�.�5�0�)�.� �T�h�e� �m�e�a�n� �s�c�o�r�e� �f�o�r� �g�i�r�l�s� �i�n� �t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p� �w�a�s� 

�2�1�.�4�5� �(�S�s� �=� �2�.�8�7�)�.� 

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

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

�c�o�n�t�r�o�l�.� �T�a�b�l�e� �2� �r�e�p�o�r�t�s� �t�h�e� �m�e�a�n�s� �a�n�d� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s� 

�f�o�r� �t�h�e� �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�c�o�r�e�s� �f�o�r� 

�t�r�e�a�t�m�e�n�t�/�c�o�n�t�r�o�l�,� �g�e�n�d�e�r�,� �g�e�n�d�e�r� �b�y� �t�r�e�a�t�m�e�n�t�/�c�o�n�t�r�o�l�,� 

�g�r�a�d�e� �l�e�v�e�l�,� �g�r�a�d�e� �l�e�v�e�l� �b�y� �t�r�e�a�t�m�e�n�t� �c�o�n�t�r�o�l�,� �a�n�d� 

�g�e�o�g�r�a�p�h�i�c� �a�r�e�a�.� 

�T�h�e� �t�r�e�a�t�m�e�n�t� �g�r�o�u�p� �c�o�n�s�i�s�t�e�d� �o�f� �1�4�5� �t�h�i�r�d� �g�r�a�d�e� 

�s�t�u�d�e�n�t�s� �a�n�d� �3�1�4� �f�o�u�r�t�h� �g�r�a�d�e� �s�t�u�d�e�n�t�s�.� �T�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p� 

�c�o�n�s�i�s�t�e�d� �o�f� �2�3�1� �t�h�i�r�d� �g�r�a�d�e� �s�t�u�d�e�n�t�s� �a�n�d� �1�5�8� �f�o�u�r�t�h� �g�r�a�d�e� 

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

�g�r�a�d�e� �t�r�e�a�t�m�e�n�t� �g�r�o�u�p� �w�a�s� �1�9�.�0�0� �(�s� �2�.�4�3�)� �a�n�d� �t�h�e� �m�e�a�n� �f�o�r� 

�t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p� �w�a�s� �2�2�.�5�2� �(�s� �=� �3�.�3�4�)�.� �T�h�e� �m�e�a�n� �s�c�o�r�e� �o�n� 

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

�1�9�.�7�6� �(�s� �2�.�5�9�)� �a�n�d� �t�h�e� �m�e�a�n� �f�o�r� �t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p� �w�a�s� 

�d
�y

� 

�2�2�.�0�5� �(�S�s� �=� �3�.�2�7�)�.� 

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

�e�i�t�h�e�r� �u�r�b�a�n�,� �s�u�b�u�r�b�a�n�,� �o�r� �r�u�r�a�l� �a�r�e�a�s�.� �F�o�r� �t�h�i�s� �s�t�u�d�y�,� 

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



�7�0� 

�T�a�b�l�e� �2� 

�M�e�a�n�s� �a�n�d� �S�t�a�n�d�a�r�d� �D�e�v�i�a�t�i�o�n�s� �f�o�r� �T�h�e� �D�e�p�e�n�d�e�n�t� 
�V�a�r�i�a�b�l�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� 
� � 
� � 

� � 

�G�r�o�u�p� �N�u�m�b�e�r� �M�e�a�n� �S�t�d�.� �D�e�v�i�a�t�i�o�n� 

�T�r�e�a�t�m�e�n�t� �G�r�o�u�p� �4�5�9� �1�9�.�3�8� �2�.�5�4� 
�C�o�n�t�r�o�l� �G�r�o�u�p� �3�9�9� �2�2�.�2�8� �3�.�3�1� 

�B�o�y�s� �4�1�2� �2�1�.�4�5� �3�.�4�7� 
�G�i�r�l�s� �4�4�6� �2�0�.�2�2� �2�.�7�5� 

�B�o�y�s�,� �T�r�e�a�t�m�e�n�t� �G�r�o�u�p� �2�0�5� �1�9�.�7�8� �2�.�7�8� 
�G�i�r�l�s�,� �T�r�e�a�t�m�e�n�t� �G�r�o�u�p� �2�5�4� �1�8�.�9�9� �2�.�2�7� 
�B�o�y�s�,� �C�o�n�t�r�o�l� �G�r�o�u�p� �2�0�7� �2�3�.�1�2� �3�.�5�0� 
�G�i�r�l�s�,� �C�o�n�t�r�o�l� �G�r�o�u�p� �1�9�2� �2�1�.�4�5� �2�.�8�7� 

�T�h�i�r�d� �G�r�a�d�e� �3�7�6� �2�0�.�7�6� �3�.�3�4� 
�F�o�u�r�t�h� �G�r�a�d�e� �4�8�2� �2�0�.�9�0� �3�.�0�4� 

�3�r�d� �G�r�a�d�e�,� �T�r�t�.� �G�r�o�u�p� �1�4�5� �1�9�.�0�0� �2�.�4�3� 
�4�t�h� �G�r�a�d�e�,� �T�r�t�.� �G�r�o�u�p� �3�1�4� �1�9�.�7�6� �2�.�5�9� 
�3�r�d� �G�r�a�d�e�,� �C�t�r�l�.� �G�r�o�u�p� �2�3�1� �2�2�.�5�2� �3�.�3�4� 
�4�t�h� �G�r�a�d�e�,� �C�t�r�l�.� �G�r�o�u�p� �1�6�8� �2�2�.�0�5� �3�.�2�7� 

�U�r�b�a�n� �A�r�e�a� �2�2�1� �2�0�.�5�7� �2�.�8�6� 
�S�u�b�u�r�b�a�n� �A�r�e�a� �3�8�5� �2�1�.�5�8� �3�.�1�2� 
�R�u�r�a�l� �A�r�e�a� �2�5�2� �2�0�.�3�5� �2�.�5�7� 

� � 

�N�o�t�e�:� �T�h�e� �l�o�w�e�r� �t�h�e� �m�e�a�n� �s�c�o�r�e�,� �t�h�e� �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�.



�7�1� 

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

�a�r�e�a� �w�a�s� �2�0�.�5�7� �(�s� �=� �2�.�8�6�)�.� �T�h�e� �o�v�e�r�a�l�l� �m�e�a�n� �s�c�o�r�e� �f�o�r� �t�h�e� 

�s�u�b�u�r�b�a�n� �a�r�e�a� �w�a�s� �2�1�.�5�8� �(�s� �=� �3�.�1�2�)�.� �T�h�e� �o�v�e�r�a�l�l� �m�e�a�n� �s�c�o�r�e� 

�f�o�r� �t�h�e� �r�u�r�a�l� �a�r�e�a� �w�a�s� �2�0�.�3�5� �(�s� �=� �2�.�5�7�)�.� 

�F�i�n�d�i�n�g�s� 

�H�y�p�o�t�h�e�s�e�s� �1� �t�h�r�o�u�g�h� �4� �w�e�r�e� �t�e�s�t�e�d� �f�o�r� �m�a�i�n� �e�f�f�e�c�t�s�.� 

�T�h�e� �m�a�i�n� �e�f�f�e�c�t�s� �t�e�s�t�e�d� �w�e�r�e� �g�e�n�d�e�r� �(�h�y�p�o�t�h�e�s�i�s� �1�)�,� �g�r�a�d�e� 

�l�e�v�e�l� �(�h�y�p�o�t�h�e�s�i�s� �2�)�,� �t�r�e�a�t�m�e�n�t� �o�r� �c�o�n�t�r�o�l� �(�h�y�p�o�t�h�e�s�i�s� �3�)�,� 

�a�n�d� �g�e�o�g�r�a�p�h�i�c� �a�r�e�a� �(�h�y�p�o�t�h�e�s�i�s� �4�)�.� 

�H�y�p�o�t�h�e�s�e�s� �5� �t�h�r�o�u�g�h� �1�0� �w�e�r�e� �t�e�s�t�e�d� �f�o�r� �t�w�o�-�w�a�y� 

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

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

�(�h�y�p�o�t�h�e�s�i�s� �5�)�,� �g�e�n�d�e�r� �b�y� �g�r�a�d�e� �l�e�v�e�l� �(�h�y�p�o�t�h�e�s�i�s� �$�)�,� �g�r�a�d�e� 

�l�e�v�e�l� �b�y� �t�r�e�a�t�m�e�n�t� �o�r� �c�o�n�t�r�o�l� �(�h�y�p�o�t�h�e�s�i�s� �7�)�,� �g�e�n�d�e�r� �b�y� 

�g�e�o�g�r�a�p�h�i�c� �l�e�v�e�l� �(�h�y�p�o�t�h�e�s�i�s� �8�)�,� �g�r�a�d�e� �l�e�v�e�l� �b�y� �g�e�o�g�r�a�p�h�i�c� 

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

�a�r�e�a� �(�h�y�p�o�t�h�e�s�i�s� �1�0�)�.� �T�a�b�l�e� �3� �r�e�p�o�r�t�s� �t�h�e� �A�N�O�V�A� �r�e�s�u�l�t�s� �f�o�r� 

�t�h�e� �m�a�i�n� �e�f�f�e�c�t�s� �a�n�d� �2�-�w�a�y� �i�n�t�e�r�a�c�t�i�o�n�s�.� �T�h�e� �v�a�r�i�a�n�c�e� 

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

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

�n�o�t� �t�e�s�t�e�d�.



�7�2� 

�T�a�b�l�e� �3� 
�A�n�a�l�y�s�i�s� �o�f� �V�a�r�i�a�n�c�e� �R�e�p�o�r�t� 

�A�N�O�V�A� �T�a�b�l�e� �f�o�r� �R�e�s�p�o�n�s�e� �V�a�r�i�a�b�l�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� 
� � 

�S�o�u�r�c�e� �o�f� �D�F� �M�e�a�n� �F�-�R�a�t�i�o� �P�r�o�b�>�F� �E�f�f�e�c�t� 
�V�a�r�i�a�t�i�o�n� �S�q�u�a�r�e� �S�i�z�e� 
� � 

�M�a�i�n� �E�f�f�e�c�t� 
�G�E�N�D�E�R� �1� �3�5�2�.�2�7�8� �4�4�.�1�2� �0�.�0�0�0�0�*� �4�.�0�3�%� 
�T�R�E�A�T�M�E�N�T�/�C�O�N�T�R�O�L� �1� �1�2�5�2�.�6�5�7� �1�5�6�.�9�0� �0�.�0�0�0�0�*� �1�4�.�3�3�%� 
�G�R�A�D�E� �L�E�V�E�L� �1� �2�.�7�1�5� �.�3�4� �0�.�5�5�9�7� 
�G�E�O�G�R�A�P�H�I�C� �A�R�E�A� �2� �9�2�.�1�6�1� �1�1�.�5�4� �0�.�0�0�0�0�*� �2�.�1�1�%� 

�2�-�W�a�y� �I�n�t�e�r�a�c�t�i�o�n�s� 
�G�E�N�D�E�R� �b�y� �T�R�T�/�C�T�R�L� �1� �1�4�.�6�3�7� �1�.�8�3� �0�.�1�7�5�7� 
�G�E�N�D�E�R� �b�y� �G�R�A�D�E� �1� �2�1�.�2�0�7� �2�.�6�6� �0�.�1�0�3�1� 
�G�R�A�D�E� �b�y� �T�R�T�/�C�T�R�L� �1� �5�1�.�9�3�5� �6�.�5�1� �0�.�0�1�0�8�*� �.�6�0�%� 
�G�E�N�D�E�R� �b�y� �G�E�C�A�R�E�A� �2� �.�9�2�2� �0�.�1�2� �0�.�8�9�0�9� 
�G�R�A�D�E� �b�y� �G�E�O�A�R�E�A� �2� �1�7�.�7�4�7� �2�.�2�2� �0�.�1�0�8�9� 
�T�R�T�/�C�T�R�L� �b�y� �G�E�O�A�R�E�A� �2� �1�5�.�1�2�5� �1�.�8�9� �0�.�1�5�1�0� 

�E�R�R�O�R� �8�4�3� �6�7�3�0�.�2�2�5� �7�.�9�8� 

�T�O�T�A�L� �(�A�d�j�)� �8�5�7� �8�7�4�0�.�9�2�3� 
� � 

�G�R�A�D�E� �=� �G�r�a�d�e� �L�e�v�e�l� 
�T�R�T�/�C�T�R�L� �=� �T�r�e�a�t�m�e�n�t�/�C�o�n�t�r�o�l� 
�G�E�C�A�R�E�A� �=� �G�e�o�g�r�a�p�h�i�c� �A�r�e�a� 

�¥�p�<� �.�0�5



�7�3� 

�H�y�p�o�t�h�e�s�i�s� �1�:� �T�h�e�r�e� �i�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �a�t�t�i�t�u�d�e�s� 

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

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

�h�y�p�o�t�h�e�s�i�s� �m�e�a�s�u�r�e�d� �0�.�0�0�0�0� �b�y� �t�h�e� �N�u�m�b�e�r� �C�r�u�n�c�h�e�r� 

�S�t�a�t�i�s�t�i�c�a�l� �S�y�s�t�e�m� �(�N�C�S�S�)�,� �l�e�s�s� �t�h�a�n� �t�h�e� �0�.�0�5� �a�l�p�h�a� �l�e�v�e�l�.� 
� � 

�T�h�e� �N�C�S�S� �s�o�f�t�w�a�r�e� �o�n�l�y� �c�a�r�r�i�e�s� �n�u�m�e�r�i�c�a�l� �v�a�l�u�e�s� �o�u�t� �t�o� �f�o�u�r� 

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

�r�e�j�e�c�t�e�d�.� �O�v�e�r�a�l�l�,� �g�i�r�l�s� �h�a�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�s� �t�e�c�h�n�o�l�o�g�y� �t�h�a�n� �b�o�y�s�.� �T�h�e� �o�v�e�r�a�l�l� �e�f�f�e�c�t� �s�i�z�e� �f�o�r� 

�t�h�e� �v�a�r�i�a�b�l�e� �g�e�n�d�e�r� �w�a�s� �4�.�0�3�%�.� 

�H�y�p�o�t�h�e�s�i�s� �2�:� �T�h�e�r�e� �i�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� 

�t�r�e�a�t�m�e�n�t� �o�r� �c�o�n�t�r�o�l� �g�r�o�u�p� �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�.� 

�R�e�j�e�c�t�e�d�.� 

�T�h�e� �A�N�O�V�A� �t�e�s�t� �f�o�r� �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� �t�h�e� 

�t�r�e�a�t�m�e�n�t� �g�r�o�u�p� �a�n�d� �t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p� �m�e�a�s�u�r�e�d� �0�.�0�0�0�0�,� �l�e�s�s� 

�c
�t�

 
�t�h�a�n� �t�h�e� �a� �p�r�i�o�r�i� �.�0�5� �l�e�v�e�l�.� �T�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �r�e�l�a�t�e�d� 

�t�r�e�a�t�m�e�n�t�/�c�o�n�t�r�o�l� �w�a�s� �t�h�e�r�e�f�o�r�e� �r�e�j�e�c�t�e�d�.� �T�h�e� �e�f�f�e�c�t� �s�i�z�e� 

�f�o�r� �t�h�e� �v�a�r�i�a�b�l�e� �t�r�e�a�t�m�e�n�t�/�c�o�n�t�r�o�l� �w�a�s� �1�4�.�3�3�%�.� �T�h�i�s� �e�f�f�e�c�t� 

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

�t�e�s�t�e�d�.� �O�v�e�r�a�l�l�,� �M�i�s�s�i�o�n� �2�1� �s�t�u�d�e�n�t�s� �(�t�r�e�a�t�m�e�n�t�)� �h�a�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�s� �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� �i�n� 

�t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p�.� 

�H�y�p�o�t�h�e�s�i�s� �3�:� �T�h�e�r�e� �i�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�i�r�d� �a�n�d� 

�f�o�u�r�t�h� �g�r�a�d�e� �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�.� �F�a�i�l�e�d� �t�o� 

�R�e�j�e�c�t�.



�7�4� 

�G�r�a�d�e� �l�e�v�e�l� �w�a�s� �a�n�a�l�y�z�e�d� �a�s� �a� �m�a�i�n� �e�f�f�e�c�t� �b�y� �t�h�e� �G�L�M�-� 

�A�N�O�V�A� �p�r�o�g�r�a�m�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� �n�o�n�-�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� 

�(�F�=�.�5�5�9�7�,� �p�=�.�0�5�)� �b�e�t�w�e�e�n� �g�r�a�d�e� �l�e�v�e�l�s�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �n�u�l�l� 

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

�d�i�f�f�e�r�e�n�c�e� �i�n� �s�t�u�d�e�n�t� �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� �b�e�t�w�e�e�n� 

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

�H�y�p�o�t�h�e�s�i�s� �4�:� �T�h�e�r�e� �i�s� �n�o� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �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� �i�n� �u�r�b�a�n�,� �s�u�b�u�r�b�a�n�,� �a�n�d� �r�u�r�a�l� 

�s�c�h�o�o�l�s�.� �R�e�j�e�c�t�e�d�.� 

�T�h�e� �A�N�O�V�A� �s�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s� �d�e�t�e�c�t�e�d� �a� �s�i�g�n�i�f�i�c�a�n�t� 

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

�r�u�r�a�l� �a�r�e�a�s� �(�F�=�0�.�0�0�0�0�,� �p�=�0�.�0�5�)�.� �T�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �w�a�s� 

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

�g�e�o�g�r�a�p�h�i�c� �a�r�e�a� �w�a�s� �2�.�1�1�%�.� �T�h�e�r�e� �w�a�s� �a� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� 

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

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

�w�h�e�r�e� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �m�e�a�n�s� �o�c�c�u�r�r�e�d� �a�t� �t�h�e� �0�.�0�5� 

�a�l�p�h�a� �l�e�v�e�l�.� 

�H�y�p�o�t�h�e�s�i�s� �5�:� �T�h�e�r�e� �i�s� �n�o� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �g�e�n�d�e�r� �a�n�d� 

�t�r�e�a�t�m�e�n�t� �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�.� �F�a�i�l�e�d� �t�o� �R�e�j�e�c�t�.� 

�T�h�e� �c�a�l�c�u�l�a�t�e�d� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �t�h�e� �F� �v�a�l�u�e� �f�o�r� �t�h�e� �f�i�f�t�h� 

�h�y�p�o�t�h�e�s�i�s� �w�a�s� �.�1�7�5�7�.� �T�h�e�r�e�f�o�r�e� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �f�a�i�l�e�d� 

�t�o� �b�e� �r�e�j�e�c�t�e�d�.� �T�h�e�r�e� �w�a�s� �n�o�t� �a� �s�i�g�n�i�f�i�c�a�n�t� �i�n�t�e�r�a�c�t�i�o�n� 

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



�7�5� 

�H�y�p�o�t�h�e�s�i�s� �6�:� �T�h�e�r�e� �i�s� �n�o� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �g�e�n�d�e�r� 

�a�n�d� �g�r�a�d�e� �l�e�v�e�l� �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�.� 

�F�a�i�l�e�d� �t�o� �R�e�j�e�c�t�.� 

�T�h�e� �c�a�l�c�u�l�a�t�e�d� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �t�h�e� �F� �v�a�l�u�e� �f�o�r� �t�h�e� 

�s�i�x�t�h� �h�y�p�o�t�h�e�s�i�s� �w�a�s� �.�1�0�3�1�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� 

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

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

�H�y�p�o�t�h�e�s�i�s� �7�:� �T�h�e�r�e� �i�s� �n�o� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �g�r�a�d�e� 

�l�e�v�e�l�s� �a�n�d� �t�r�e�a�t�m�e�n�t� �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�.� 

�R�e�j�e�c�t�e�d�.� 

�T�h�e� �A�N�O�V�A� �t�e�s�t� �f�o�r� �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� �g�r�a�d�e� 

�l�e�v�e�l�s� �a�n�d� �t�r�e�a�t�m�e�n�t�/�c�o�n�t�r�o�l� �g�r�o�u�p�s� �m�e�a�s�u�r�e�d� �0�.�0�1�0�8� �u�s�i�n�g� 

�N�C�S�S� �s�o�f�t�w�a�r�e�,� �l�e�s�s� �t�h�a�n� �t�h�e� �9�.�0�5� �a�l�p�h�a� �l�e�v�e�l�.� �T�h�e�r�e� �w�a�s� �a� 

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

�c�o�n�t�r�o�l� �g�r�o�u�p�s� �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�.� �T�h�e�r�e�f�o�r�e�,� 

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

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

�t�r�e�a�t�m�e�n�t�/�c�o�n�t�r�o�l� �w�a�s� �.�6�0�%�.� 

�T�h�e� �2�-�w�a�y� �i�n�t�e�r�a�c�t�i�o�n� �g�r�a�p�h� �i�n� �T�a�b�l�e� �4� �d�i�s�p�l�a�y�s� �a� 

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

�t�r�e�a�t�m�e�n�t�/�c�o�n�t�r�o�l� �g�r�o�u�p�s�.� �T�h�e� �t�r�e�a�t�m�e�n�t� �(�M�i�s�s�i�o�n� �2�1�)� �h�a�d� 

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

�g�r�a�d�e� �s�t�u�d�e�n�t�s�.� �T�h�u�s�,� �t�h�i�r�d� �g�r�a�d�e� �s�t�u�d�e�n�t�s� �i�n� �t�h�e� �t�r�e�a�t�m�e�n�t� 

�g�r�o�u�p� �h�a�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
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�7�7� 

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

�H�y�p�o�t�h�e�s�i�s� �8�:� �T�h�e�r�e� �i�s� �n�o� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �g�e�n�d�e�r� 

�a�n�d� �g�e�o�g�r�a�p�h�i�c� �a�r�e�a� �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�.� 

�F�a�i�l�e�d� �t�o� �R�e�j�e�c�t�.� 

�T�h�e� �c�a�l�c�u�l�a�t�e�d� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �t�h�e� �F� �v�a�l�u�e� �b�y� �t�h�e� �N�C�S�S� 

�s�o�f�t�w�a�r�e� �p�r�o�g�r�a�m� �f�o�r� �t�h�e� �e�i�g�h�t�h� �h�y�p�o�t�h�e�s�i�s� �w�a�s� �.�8�9�0�9�.� 

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

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

�g�e�o�g�r�a�p�h�i�c� �a�r�e�a�s� �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�.� 

�H�y�p�o�t�h�e�s�i�s� �9�:� �T�h�e�r�e� �i�s� �n�o� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �g�r�a�d�e� 

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

�F�a�i�l�e�d� �t�o� �R�e�j�e�c�t�.� 

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

�h�y�p�o�t�h�e�s�i�s� �w�a�s� �.�1�0�8�9�.� �T�h�e�r�e�f�o�r�e� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �f�a�i�l�e�d� 

�t�o� �b�e� �r�e�j�e�c�t�e�d� �b�e�c�a�u�s�e� �t�h�e� �F� �v�a�l�u�e� �w�a�s� �h�i�g�h�e�r� �t�h�a�n� �t�h�e� �©�.�¢�5� 

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

�d�i�f�f�e�r�e�n�c�e� �i�n� �s�t�u�d�e�n�t� �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� �b�e�t�w�e�e�n� 

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

�s�c�h�o�o�l�s�.� 

�H�y�p�o�t�h�e�s�i�s� �1�0�:� �T�h�e�r�e� �i�s� �n�o� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� 

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

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

�h�y�p�o�t�h�e�s�i�s� �t�e�s�t�e�d� �w�a�s� �.�1�5�1�0�.� �T�h�e�r�e�f�o�r�e� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� 

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



�7�8� 

�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�e�s�t�e�d� �a�t� �t�h�e� �0�.�0�5� �a�l�p�h�a� 

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

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

�s�c�h�o�o�l�s�.� 

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

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

�R�e�s�e�a�r�c�h� �Q�u�e�s�t�i�o�n� �1� �(�S�e�e� �A�p�p�e�n�d�i�x� �3�)�.� 

�R�e�s�e�a�r�c�h� �Q�u�e�s�t�i�o�n� �1�:� �H�o�w� �d�o� �s�t�u�d�e�n�t�s� �w�h�o� �h�a�v�e� 

�e�x�p�e�r�i�e�n�c�e�d� �M�i�s�s�i�o�n� �2�1� �d�i�f�f�e�r� �i�n� �t�h�e�i�r� �d�e�f�i�n�i�t�i�o�n�s� �o�f� 

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

�T�h�e� �E�t�h�n�o�g�r�a�p�h� �P�r�o�g�r�a�m� �(�S�e�i�d�e�l�,� �K�j�o�l�s�e�t�h�,� �&� �S�e�y�m�o�u�r�,� 
� � 

�1�9�8�8�)� �v�e�r�s�i�o�n� �3�.�0� �w�a�s� �u�t�i�l�i�z�e�d� �t�o� �c�a�t�e�g�o�r�i�z�e� �s�t�u�d�e�n�t� 

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

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

�d�i�n� �T�a�b�l�e� �5�.� �(�D
� 

�t�e�c�h�n�o�l�o�g�y� �f�r�o�m� �M�i�s�s�i�o�n� �2�1� �s�t�u�d�e�n�t�s� �a�r�e� �r�e�p�o�r�t� 

�D�e�f�i�n�i�t�i�o�n�s� �o�f� �t�e�c�h�n�o�l�o�g�y� �f�r�o�m� �M�i�s�s�i�o�n� �2�1� �s�t�u�d�e�n�t�s� �i�n� �T�a�b�l�e� 

�5� �a�r�e� �r�a�n�k�e�d� �f�r�o�m� �1� �t�o� �2�4�,� �i�n�c�l�u�d�i�n�g� �t�h�e� �f�r�e�q�u�e�n�c�y� �a�n�d� 

�p�e�r�c�e�n�t�a�g�e� �o�f� �e�a�c�h�.� �A� �t�o�t�a�l� �o�f� �4�7�1� �d�e�f�i�n�i�t�i�o�n�s� �o�f� 

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

�M�i�s�s�i�o�n� �2�1�.� 

�T�h�e� �m�o�s�t� �f�r�e�q�u�e�n�t� �r�e�s�p�o�n�s�e� �r�e�p�o�r�t�e�d� �f�r�o�m� �M�i�s�s�i�o�n� �2�1� 

�s�t�u�d�e�n�t�s� �w�a�s� �"�t�e�c�h�n�o�l�o�g�y� �s�o�l�v�e�s� �p�r�o�b�l�e�m�s�"� �(�7�5�)�.� �T�h�e� 

�r�e�m�a�i�n�i�n�g� �t�o�p� �t�e�n� �r�e�s�p�o�n�s�e�s� �f�r�o�m� �M�i�s�s�i�o�n� �2�1� �s�t�u�d�e�n�t�s� 

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

�(�5�4�)�,� �"�h�e�l�p�s� �t�h�e� �w�o�r�l�d� �t�o� �b�e� �a� �b�e�t�t�e�r� �a� �p�l�a�c�e�,� �c�l�e�a�n�s� �u�p



�7�9� 

�T�a�b�l�e� �5� 

�S�t�u�d�e�n�t� �D�e�f�i�n�i�t�i�o�n�s� �o�f� �T�e�c�h�n�o�l�o�g�y� �F�r�o�m� �M�i�s�s�i�o�n� �2�1� �S�t�u�d�e�n�t�s� 
� � 

� � 

� � 

�D�e�f�i�n�i�t�i�o�n�s� �o�f� �T�e�c�h�n�o�l�o�g�y� �F�r�e�q�u�e�n�c�y� �P�e�r�c�e�n�t� 

�1�.� �S�o�l�v�e�s� �P�r�o�b�l�e�m�s�.� �7�5� �1�5�.�9�3� 
�2�.� �H�o�w� �t�h�i�n�g�s� �a�r�e� �m�a�d�e�,� �f�o�r�m�e�d�,� �o�r� 

�i�m�p�r�o�v�e�d�.� �5�4� �1�1�.�4�6� 
�3�.� �H�e�l�p�s� �t�h�e� �w�o�r�l�d� �t�o� �b�e� �a� �b�e�t�t�e�r� �p�l�a�c�e�,� 

�c�l�e�a�n�s� �u�p� �p�o�l�l�u�t�i�o�n�,� �s�a�v�e�s� �n�a�t�u�r�e�.� �4�3� �9�.�1�4� 
�4�.� �L�e�a�r�n� �h�o�w� �t�o� �i�n�v�e�n�t� �t�h�i�n�g�s�.� �3�9� �8�.�2�8� 
�5�.� �M�a�c�h�i�n�e�s�.� �3�3� �7�.�0�0� 
�6�.� �A�p�p�l�i�c�a�t�i�o�n� �o�f� �S�c�i�e�n�c�e�.� �3�3� �7�.�0�0� 
�7�.� �S�o�m�e�t�h�i�n�g� �y�o�u� �l�e�a�r�n� �o�r� �g�o�o�d� �t�o� �l�e�a�r�n� 

�a�b�o�u�t�.� �2�8� �5�.�9�4� 
�8�.� �A� �l�o�t� �o�f� �a�c�t�i�v�i�t�i�e�s� �a�n�d� �f�u�n�.� �2�5� �5�.�3�2� 
�9�.� �D�i�s�c�o�v�e�r� �n�e�w� �t�h�i�n�g�s�.� �2�5� �5�.�3�2� 

�1�0�.� �H�e�l�p�i�n�g� �p�e�o�p�l�e�.� �1�7� �3�.�6� 
�1�1�.� �U�s�e� �y�o�u�r� �i�m�a�g�i�n�a�t�i�o�n� �t�o� �b�r�a�i�n�s�t�o�r�m�.� �1�5� �3�.�1�8� 
�1�2�.� �P�u�t�t�i�n�g� �a�n� �i�d�e�a� �t�o� �w�o�r�k�.� �1�2� �2�.�5�5� 
�1�3�.� �H�e�l�p�s� �m�e� �d�o� �t�h�i�n�g�s� �e�a�s�i�e�r� �o�r� �b�e�t�t�e�r�.� �1�2� �2�.�5�5� 
�1�4�.� �A�d�v�e�n�t�u�r�e� �a�n�d� �k�n�o�w�l�e�d�g�e�.� �9� �1�.�9�0� 
�1�5�.� �L�e�a�r�n�i�n�g� �a�b�o�u�t� �c�o�m�p�u�t�e�r�s�.� �9� �1�.�9�9� 
�1�6�.� �I� �d�o�n�'�t� �k�n�o�w�.� �7� �1�.�4�9� 
�1�7�.� �U�s�i�n�g� �e�l�e�c�t�r�i�c�i�t�y� �o�r� �e�l�e�c�t�r�o�n�i�c�s�.� �6� �1�.�2� 
�1�8�.� �T�o�o�l�s� �o�r� �u�s�i�n�g� �t�o�o�l�s�.� �5� �1�.�0� 
�1�9�.� �G�e�t�t�i�n�g� �t�h�e� �m�o�s�t� �o�u�t� �o�f� �e�n�e�r�g�y�.� �5� �1�.�9�5� 
�2�0�.� �T�o� �b�e� �a�n� �i�n�n�o�v�a�t�o�r�.� �4� �.�8�5� 
�2�1�.� �R�e�l�a�t�e�d� �t�o� �s�c�i�e�n�c�e�.� �3� �.�6�4� 
�2�2�.� �G�r�o�u�p� �o�f� �s�y�s�t�e�m�s�.� �2� �~�4�2� 
�2�3�.� �C�o�m�m�u�n�i�c�a�t�i�o�n� �d�e�v�i�c�e�s�.� �2� �.�4�2� 
�2�4�.� �O�t�h�e�r�.� �8� �1�.�7�0� 

�T�o�t�a�l�s� �N�=�4�7�1� �1�0�0�.�0�0�%� 

�N�o�t�e�:� �O�t�h�e�r� �d�e�f�i�n�i�t�i�o�n�s� �o�f� �t�e�c�h�n�o�l�o�g�y� �h�a�d� �a� �f�r�e�q�u�e�n�c�y� �o�f� �1� 
�a�n�d� �a�r�e� �l�i�s�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �4�.



�8�0� 

�p�o�l�l�u�t�i�o�n�,� �s�a�v�e�s� �n�a�t�u�r�e�"� �(�4�3�)�,� �"�l�e�a�r�n� �h�o�w� �t�o� �i�n�v�e�n�t� �t�h�i�n�g�s�"� 

�(�3�9�)�,� �"�m�a�c�h�i�n�e�s�"� �(�3�3�)�,� �"�a�p�p�l�i�c�a�t�i�o�n� �:�£� �s�c�i�e�n�c�e�"� �(�3�3�)�,� 

�"�s�o�m�e�t�h�i�n�g� �y�o�u� �l�e�a�r�n� �o�r� �g�o�o�d� �t�o� �l�e�a�r�n� �a�b�o�u�t�"� �(�2�8�)�,� �"�a� �l�o�t� �o�f� 

�a�c�t�i�v�i�t�i�e�s� �a�n�d� �f�u�n�"� �(�2�5�)�,� �a�n�d� �"�d�i�s�c�o�v�e�r� �n�e�w� �t�h�i�n�g�s�"� �(�2�5�)�.� 

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

�i�n� �T�a�b�l�e� �5� �a�r�e� �l�i�s�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �4�.� �T�h�e�s�e� �"�o�t�h�e�r�"� 

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

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

�M�i�s�s�i�o�n� �2�1� �(�c�o�n�t�r�o�l� �g�r�o�u�p�)� �a�r�e� �r�e�p�o�r�t�e�d� �i�n� �T�a�b�l�e� �6�.� �A� �t�o�t�a�l� 

�o�f� �3�8�3� �d�e�f�i�n�i�t�i�o�n�s� �o�f� �t�e�c�h�n�o�l�o�g�y� �w�e�r�e� �c�o�l�l�e�c�t�e�d�.� �S�t�u�d�e�n�t� 

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

�r�e�p�o�r�t�e�d� �i�n� �T�a�b�l�e� �6� �a�n�d� �a�r�e� �r�a�n�k�e�d� �f�r�o�m� �1� �t�o� �2�9�,� �i�n�c�l�u�d�i�n�g� 

�t�h�e� �f�r�e�q�u�e�n�c�y�,� �a�n�d� �p�e�r�c�e�n�t�a�g�e� �o�f� �e�a�c�h�.� 

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

�"�T� �d�o�n�'�t� �k�n�o�w�"� �(�1�1�7�)�.� �T�h�e� �r�e�m�a�i�n�i�n�g� �t�o�p� �t�e�n� �r�e�s�p�o�n�s�e�s� 

�r�e�p�o�r�t�e�d� �f�r�o�m� �t�h�e� �c�o�n�t�r�o�l� �w�e�r�e� �"�i�t�'�s� �s�c�i�e�n�c�e�"� �(�3�3�)�,� �"�r�e�l�a�t�e�d� 

�t�o� �c�o�m�p�u�t�e�r�s�"� �(�2�8�)�,� �"�e�l�e�c�t�r�i�c�i�t�y�/�e�l�e�c�t�r�o�n�i�c�s�"� �(�1�8�)�,� 

�"�m�a�c�h�i�n�e�s�"� �(�1�7�)�,� �"�s�o�m�e�t�h�i�n�g� �y�o�u� �l�e�a�r�n� �i�n� �c�o�l�l�e�g�e�"� �(�1�5�)�,� 

�"�y�o�u�r� �j�o�b� �o�r� �c�a�r�e�e�r�"� �(�1�3�)�,� �"�a� �s�m�a�r�t� �p�e�r�s�o�n� �o�r� �b�e�i�n�g� �s�m�a�r�t�"� 

�(�1�3�)�,�  ��w�h�a�t� �y�o�u� �t�h�i�n�k� �i�n� �y�o�u�r� �b�r�a�i�n�"� �(�1�2�)�,� �a�n�d� �"�t�h�i�n�g�s� �a�b�o�u�t� 

�s�p�a�c�e�,� �r�o�c�k�e�t�s�,� �o�r� �m�o�o�n�"� �(�9�)�.� 

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

�r�e�p�o�r�t�e�d� �i�n� �T�a�b�l�e� �6� �a�r�e� �l�i�s�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �5�.� �T�h�e�s�e� �"�o�t�h�e�r�"� 

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



�8�1� 

�T�a�b�l�e� �6� 

�S�t�u�d�e�n�t� �D�e�f�i�n�i�t�i�o�n�s� �o�f� �T�e�c�h�n�o�l�o�g�y� �N�o�t� �E�x�p�o�s�e�d� �t�o� �M�i�s�s�i�o�n� �2�1� 
� � 

� � 

� � 

�D�e�f�i�n�i�t�i�o�n�s� �o�f� �T�e�c�h�n�o�l�o�g�y� �F�r�e�q�u�e�n�c�y� �P�e�r�c�e�n�t� 

�1�.� �I� �d�o�n�'�t� �k�n�o�w�.� �1�1�7� �3�0�.�5�5� 
�2�.� �I�t�s� �s�c�i�e�n�c�e�.� �3�3� �8�.�6�2� 

�3�.� �R�e�l�a�t�e�d� �t�o� �c�o�m�p�u�t�e�r�s�.� �2�8� �7�.�3�1� 

�4�.� �E�l�e�c�t�r�i�c�i�t�y�/�E�l�e�c�t�r�o�n�i�c�s�.� �1�8� �4�.�7�9� 
�5�.� �M�a�c�h�i�n�e�s�.� �1�7� �4�.�4�4� 

�6�.� �S�o�m�e�t�h�i�n�g� �y�o�u� �l�e�a�r�n� �i�n� �c�o�l�l�e�g�e�.� �1�5� �3�.�9�2� 
�7�.� �Y�o�u�r� �j�o�b� �o�r� �c�a�r�e�e�r�.� �1�3� �3�.�3�9� 
�8�.� �A� �s�m�a�r�t� �p�e�r�s�o�n� �o�r� �b�e�i�n�g� �s�m�a�r�t�.� �.� �1�3� �3�.�3�9� 
�9�.� �W�h�a�t� �y�o�u� �t�h�i�n�k� �i�n� �y�o�u�r� �b�r�a�i�n�.� �1�2� �3�.�1�3� 

�1�0�.� �T�h�i�n�g�s� �a�b�o�u�t� �s�p�a�c�e�,� �r�o�c�k�e�t�s�,� �o�r� �m�o�o�n�.� �9� �2�.�3�5� 
�1�1�.� �S�o�m�e�t�h�i�n�g� �t�h�a�t� �m�a�k�e�s� �t�h�i�n�g�s� �e�a�s�i�e�r� 

�o�r� �b�e�t�t�e�r�.� �7�.� �1�.�8�4� 
�1�2�.� �S�o�m�e�t�h�i�n�g� �v�e�r�y� �h�a�r�d� �t�o� �l�e�a�r�n�.� �7� �1�.�8�4� 

�3�.� �W�h�e�n� �y�o�u� �m�a�k�e� �o�r� �f�i�x� �t�h�i�n�g�s�.� �6� �1�.�5�7� 
�1�4�.� �S�o�m�e� �s�u�b�j�e�c�t� �l�i�k�e� �m�a�t�h�.� �6� �1�.�5�7� 
�1�5�.� �M�a�k�i�n�g� �t�h�i�n�g�s� �w�o�r�k� �o�r� �m�o�v�e�.� �5� �1�.�3�1� 
�1�6�.� �T�o� �r�e�a�d�,� �w�r�i�t�e�,� �o�r� �s�p�e�l�l� �c�o�r�r�e�c�t�l�y�.� �4� �1�.�0�4� 
�1�7�.� �A� �b�e�t�t�e�r� �f�u�t�u�r�e�.� �4� �1�.�0�4� 
�1�8�.� �W�h�e�n� �y�o�u� �l�e�a�r�n� �a�b�o�u�t� �t�h�i�n�g�s�.� �3� �.�7�8� 

�1�9�.� �A� �b�e�t�t�e�r� �t�e�a�c�h�e�r�,� �s�o�m�e�o�n�e� �w�h�o� �t�e�a�c�h�e�s�.� �3� �.�7�8� 
�2� �K�n�o�w�l�e�d�g�e� �o�r� �w�i�s�d�o�m�.� �2� �.�5�2� 
�2�1�.� �P�o�w�e�r�.� �2� �.�5�2� 
�2�2�.� �I�n�t�e�r�e�s�t�i�n�g�.� �2� �.�5�2� 
�2�3�.� �S�o�m�e�t�h�i�n�g� �w�e� �s�h�o�u�l�d� �a�l�l� �l�e�a�r�n� �a�b�o�u�t�.� �2� �.�5�2� 
�2�4�.� �T�h�e� �w�o�r�l�d�.� �2� �.�5�2� 
�2�5�.� �I�n�t�e�r�e�s�t� �i�d�e�a� �o�r� �n�e�w� �i�d�e�a�.� �2� �.�5�2� 
�2�6�.� �F�u�n�.� �2� �.�5�2� 
�2�7�.� �I�m�p�o�r�t�a�n�t� �i�n� �l�i�f�e�.� �2� �.�5�2� 
�2�8�.� �G�o�o�d� �f�o�r� �p�e�o�p�l�e� �2� �.�5�2� 
�2�9�.� �O�t�h�e�r�.� �4�5� �1�1�.�7�5� 

�T�o�t�a�l�s� �N�=�3�8�3� �1�0�0�.�0�0�%� 

�N�o�t�e�:� �O�t�h�e�r� �d�e�f�i�n�i�t�i�o�n�s� �o�f� �t�e�c�h�n�o�l�o�g�y� �h�a�d� �a� �f�r�e�q�u�e�n�c�y� �o�f� �1� 
�a�n�d� �a�r�e� �l�i�s�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �5�.



�8�2� 

�S�u�m�m�a�r�y� 

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

�s�t�u�d�e�n�t�s� �p�a�r�t�i�c�i�p�a�t�i�n�g� �i�n� �t�h�i�s� �s�t�u�d�y�.� �A� �t�o�t�a�l� �o�f� �8�5�8� 

�S�t�u�d�e�i�u�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� �i�n�s�t�r�u�m�e�n�t�s� �w�e�r�e� 

�c�o�l�l�e�c�t�e�d� �a�n�d� �a�n�a�l�y�z�e�d�.� �A� �t�o�t�a�l� �o�f� �8�5�4� �s�t�u�d�e�n�t� �d�e�f�i�n�i�t�i�o�n�s� 

�o�f� �t�e�c�h�n�o�l�o�g�y� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�n�d� �a�n�a�l�y�z�e�d�.� 

�M�i�s�s�i�o�n� �2�1� �s�t�u�d�e�n�t�s� �d�i�d� �h�a�v�e� �a� �m�o�r�e� �p�o�s�i�t�i�v�e� �a�t�t�i�t�u�d�s� 

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

�(�A�l�p�h�a�,� �0�.�0�5�)�.� �O�v�e�r�a�l�l�,� �t�h�e�r�e� �w�a�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� �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�.� �G�i�r�l�s� 

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

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

�t�r�e�a�t�m�e�n�t�/�c�o�n�t�r�o�l� �g�r�o�u�p�s� �(�p�<�.�0�5�)�.� �O�v�e�r�a�l�l�,� �t�h�e�r�e� �w�a�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� �g�e�o�g�r�a�p�h�i�c� �a�r�e�a�s�.� 

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

 ��M�i�s�s�i�o�n� �2�1� �s�t�u�d�e�n�t�s� �f�o�u�n�d� �t�h�a�t� �"�t�e�c�h�n�o�l�o�g�y� �s�c�l�v�2�s� �p�r�o�b�l�e�m�s�"�,� 

�w�a�s� �t�h�e� �m�o�s�t� �f�r�e�q�u�e�n�t� �r�e�s�p�o�n�s�e� �1�5�.�9�3�%� �(�7�5�)�.� �A� �t�o�t�a�l� �o�f� �4�7�1� 

�d�e�f�i�n�i�t�i�o�n�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�r�e�m� �M�i�s�s�i�o�n� �2�1� �s�t�u�d�e�n�t�s�.� 

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

�g�r�o�u�p� �f�o�u�n�d� �t�h�a�t� �"�I� �d�o�n�'�t� �k�n�o�w�"� �w�a�s� �t�h�e� �m�o�s�t� �f�r�e�q�u�e�n�t� 

�r�e�s�p�o�n�s�e� �3�0�.�5�5�%� �(�1�1�7�)�.� �A� �t�o�t�a�l� �o�f� �3�8�3� �d�e�f�i�n�i�t�i�o�n�s� �o�f� 

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



�C�H�A�P�T�E�R� �F�I�V�E� 

�S�u�m�m�a�r�y�,� �C�o�n�c�l�u�s�i�o�n�s�,� �D�i�s�c�u�s�s�i�o�n� �a�n�d� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 
� � 

�C�h�a�p�t�e�r� �5� �i�s� �d�i�v�i�d�e�d� �i�n�t�o� �f�o�u�r� �s�e�c�t�i�o�n�s�.� �T�h�e� �f�i�r�s�t� 

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

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

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

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

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

�R�e�v�i�e�w� �o�f� �t�h�e� �P�r�o�b�l�e�m�,� �R�e�s�e�a�r�c�h� �M�e�t�h�o�d�s�,� 
� � 

�D�a�t�a� �A�n�a�l�y�s�i�s�,� �a�n�d� �F�i�n�d�i�n�g�s�.� 
� � 

�P�r�o�b�l�e�m�.� �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� �c�o�m�p�a�r�e� 

�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� �a�n�d� �s�t�u�d�e�n�t� �d�e�f�i�n�i�t�i�o�n�s� 

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

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

�P�o�p�u�l�a�t�i�o�n�.� �T�h�e� �s�t�u�d�y� �s�a�m�p�l�e� �c�o�n�s�i�s�t�e�d� �o�f� �4�5�9� �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� �s�t�u�d�e�n�t�s� �a�n�d� �3�9�9� �t�h�i�r�d� �a�n�d� 

�f�o�u�r�t�h� �g�r�a�d�e� �c�o�n�t�r�o�l� �s�t�u�d�e�n�t�s�.� �S�i�x� �d�i�f�f�e�r�e�n�t� �V�i�r�g�i�n�i�a� 

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

�a�r�e�a�s� �(�u�r�b�a�n�,� �s�u�b�u�r�b�a�n�,� �a�n�d� �r�u�r�a�l�)� �w�e�r�e� �a�n�a�l�y�z�e�d� �i�n� �t�h�i�s� 

�s�t�u�d�y�.� �T�h�e�r�e� �w�e�r�e� �4�1�2� �b�o�y�s� �a�n�d� �4�4�6� �g�i�r�l�s� �i�n� �t�h�e� �s�a�m�p�l�e�.
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�R�e�s�e�a�r�c�h� �d�e�s�i�g�n� �a�n�d� �h�y�p�o�t�h�e�s�e�s�.� �T�h�e� �r�e�s�e�a�r�c�h� �d�e�s�i�g�n� 
� � 

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

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

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

�o�n�e� �r�e�s�e�a�r�c�h� �q�u�e�s�t�i�o�n�.� �H�y�p�o�t�h�e�s�e�s� �1� �t�h�r�o�u�g�h� �4� �a�s�s�e�s�s�e�d� �t�h�e� 

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

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

�H�y�p�o�t�h�e�s�e�s� �5� �t�h�r�o�u�g�h� �1�0� �t�e�s�t�e�d� �f�o�r� �t�w�o�-�w�a�y� �i�n�t�e�r�a�c�t�i�o�n�s� �o�f� 

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

�g�e�n�d�e�r� �b�y� �g�r�a�d�e� �l�e�v�e�l�,� �g�r�a�d�e� �l�e�v�e�l� �b�y� �t�r�e�a�t�m�e�n�t�/�c�o�n�t�r�o�l�,� 

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

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

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

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

�n�o�t� �t�e�s�t�e�d�.� 

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

�t�e�c�h�n�o�l�o�g�y� �f�r�o�m� �s�t�u�d�e�n�t�s� �i�n� �t�h�2� �M�i�s�s�i�o�n� �2�1� �g�r�o�u�p� �(�t�r�e�a�t�m�e�n�t�)� 

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

�G�e�n�e�r�a�l� �p�r�o�c�e�d�u�r�e�s�.� �A�p�p�r�o�v�a�l� �t�o� �c�o�n�d�u�c�t� �t�h�e� �r�e�s�e�a�r�c�h� 
� � 

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

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

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

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



�8�5� 

�t�h�e� �l�a�t�t�e�r� �p�a�r�t� �o�f� �M�a�y� �a�n�d� �e�a�r�l�y� �p�a�r�t� �o�f� �J�u�n�e� �1�9�9�0�.� 

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

�m�o�d�i�f�i�e�d� �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� �i�n�s�t�r�u�m�e�n�t� 

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

�t�e�c�h�n�o�l�o�g�y� �a�n�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� �a�n�s�w�e�r�s�.� 

�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� �s�t�a�t�i�s�t�i�c�s� �t�o� �s�u�m�m�a�r�i�z�e� 

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

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

�t�h�e� �.�0�5� �a�l�p�h�a� �l�e�v�e�l�.� �T�h�e� �N�u�m�b�e�r� �C�r�u�n�c�h�e�r� �S�t�a�t�i�s�t�i�c�a�l� �S�y�s�t�e�m� 

�(�N�C�S�S�,� �H�i�n�t�z�e�,� �1�9�8�9�)� �p�r�o�g�r�a�m� �w�a�s� �u�s�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� 

�f�a�c�t�o�r�i�a�l� �A�N�O�V�A� �w�i�t�h� �u�n�e�q�u�a�l� �c�e�l�l� �s�i�z�e�.� �T�h�e� �E�t�h�n�o�g�r�a�p�h� 
� � 

�P�r�o�g�r�a�m� �(�S�e�i�d�e�l�,� �K�j�o�l�s�e�t�h�,� �&� �S�e�y�m�o�u�r�,� �1�9�8�8�)�,� �w�a�s� �u�t�i�l�i�z�e�d� �t�c� 

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

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

�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� �u�s�e�d� �t�o� 

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

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

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

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

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

�e�f�f�e�c�t� �t�r�e�a�t�m�e�n�t�/�c�o�n�t�r�o�l�.� �M�i�s�s�i�o�n� �2�1� �s�t�u�d�e�n�t�s� �h�a�d� �a� 

�s�i�g�n�i�f�i�c�a�n�t�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� 

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

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

�a�r�e�a�.� 

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

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

�b�e�t�w�e�e�n� �t�h�i�r�d� �a�n�d� �f�o�u�r�t�h� �g�r�a�d�e� �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� �m�e�a�s�u�r�e�d� �a�t� �t�h�e� �0�.�9�5� �a�l�p�h�a� �l�e�v�e�l�.� 

�5�.� �T�h�e�r�e� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �2�-�w�a�y� 

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

�i�n�t�e�r�a�c�t�i�o�n� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �t�r�e�a�t�m�e�n�t� �(�M�i�s�s�i�o�n� �2�1�)�,� �h�a�d� �4� 

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

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

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

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

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

�t�h�e� �0�.�0�5� �a�l�p�h�a� �l�e�v�e�l�.
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�7�.� �T�h�e� �m�o�s�t� �f�r�e�q�u�e�n�t� �r�e�s�p�o�n�s�e� �r�e�p�o�r�t�e�d� �f�r�o�m� �M�i�s�s�i�o�n� �2�1� 

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

�s�o�l�v�e�s� �p�r�o�b�l�e�m�s�"�.� �T�h�e� �n�e�x�t� �t�o�p� �t�h�r�e�e� �r�e�s�p�o�n�s�e�s� �f�r�o�m� �M�i�s�s�i�o�n� 

�2�1� �s�t�u�d�e�n�t�s� �w�e�r�e�,� �(�2�)� �H�o�w� �t�h�i�n�g�s� �a�r�e� �m�a�d�e�,� �f�o�r�m�e�d�,� �o�r� 

�i�m�p�r�o�v�e�d�,� �(�3�)� �H�e�l�p�s� �t�h�e� �w�o�r�l�d� �t�o� �b�e� �a� �b�e�t�t�e�r� �p�l�a�c�e�,� �c�l�e�a�n�s� 

�u�p� �p�o�l�l�u�t�i�o�n�,� �s�a�v�e�s� �n�a�t�u�r�e�,� �a�n�d� �(�4�)� �L�e�a�r�n� �h�o�w� �t�o� �i�n�v�e�n�t� 

�t�h�i�n�g�s�.� 

�8�.� �T�h�e� �m�o�s�t� �f�r�e�q�u�e�n�t� �r�e�s�p�o�n�s�e� �f�r�o�m� �t�h�e� �c�o�n�t�r�o�l� �g�r�o�u�p� 

�t�o� �w�h�a�t� �t�e�c�h�n�o�l�o�g�y� �m�e�a�n�s� �t�o� �m�e� �w�a�s�,� �"�I� �d�o�n�'�t� �k�n�o�w�"�.� �T�h�e� 

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

�w�e�r�e�,� �(�2�)� �I�t�'�s� �s�c�i�e�n�c�e�,� �(�3�)� �R�e�l�a�t�e�d� �t�o� �c�o�m�p�u�t�e�r�s�,� �a�n�d� �(�4�)� 

�E�l�e�c�t�r�i�c�i�t�y�/�E�l�e�c�t�r�o�n�i�c�s�.� 

�C�o�n�c�l�u�s�i�o�n�s� 

�B�a�s�e�d� �u�p�o�n� �t�h�e� �f�i�n�d�i�n�g�s� �i�n� �C�h�a�p�t�e�r� �4�,� �t�h�e� �m�a�j�o�r� 

�c�o�n�c�l�u�s�i�o�n� �o�f� �t�h�i�s� �s�t�u�d�y� �i�s� �t�h�a�t� �M�i�s�s�i�o�n� �2�1� �d�o�e�s� �i�n� �f�a�c�t�,� 

�i�m�p�r�o�v�e� �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�.� �T�h�e�r�e�f�o�r�e�,� 

�M�i�s�s�i�o�n� �2�1� �i�s� �a� �v�e�r�y� �p�r�o�m�i�s�i�n�g� �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� �s�c�h�o�o�l� �p�r�o�g�r�a�m� �t�h�a�t� �s�h�o�u�l�d� �b�e� �c�o�n�s�i�d�e�r�e�d� �w�h�e�n� 

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

�c�u�r�r�i�c�u�l�u�m�.� 

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

�a�n�a�l�y�s�i�s� �i�n� �C�h�a�p�t�e�r� �4� �i�s� �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� 

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

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

�c�o�n�t�r�o�l� �g�r�o�u�p�s�.� �I�t�'�s� �i�m�p�o�s�s�i�b�l�e� �t�o� �d�e�t�e�r�m�i�n�e� �w�i�y� �g�i�r�l�s� �i�n� 

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

�t�h�a�n� �b�o�y�s�.� 

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

�a�n�a�l�y�s�i�s� �i�n� �C�h�a�p�t�e�r� �4� �i�s� �t�h�e� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�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� �b�e�t�w�e�e�n� �g�e�o�g�r�a�p�h�i�c� �a�r�e�a�s�.� �O�n�e� 

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

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

�a�n�a�l�y�s�i�s� �i�n� �C�h�a�p�t�e�r� �4� �i�s� �t�h�a�t� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�n� 

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

 ��e�e�n�t�r�o�l� �g�r�o�u�p�s�.� �T�h�i�r�d� �g�r�a�c�e� �M�i�s�s�i�c�n� �2�1� �s�t�u�d�e�n�t�s� 

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

�f�o�u�r�t�h� �g�r�a�d�e� �M�i�s�s�i�o�n� �2�1� �s�t�u�d�e�n�t�s�.� �C�n�e� �c�a�n� �c�o�n�c�i�u�d�e� �t�i�n�a�l� �3� 

�i�k�@� �M�i�s�s�i�o�n� �2�1�,� �d�e�e�s� �h�a�v�e� �a� �g�r�e�a�t�e�r� �i�m�p�a�c�t� �o�n� 

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

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

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

�a�n�a�l�y�s�i�s� �i�n� �C�h�a�p�t�e�r� �4� �i�s� �t�h�a�t� �s�t�u�d�e�n�t�s�,� �o�v�e�r�a�l�l�,� �i�n� �e�i�t�h�e�r� 

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

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

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

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



�8�9� 

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

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

�a�n�a�l�y�s�i�s� �i�n� �C�h�a�p�t�e�r� �4� �i�s� �t�h�a�t� �2�-�w�a�y� �i�n�t�e�r�a�c�t�i�o�n�s� �c�o�n�s�i�s�t�i�n�g� 

�o�f� �g�e�n�d�e�r� �b�y� �t�r�e�a�t�m�e�n�t� �o�r� �c�o�n�t�r�o�l� �g�r�o�u�p� �(�h�y�p�o�t�h�e�s�i�s� �5�)�,� 

�g�e�n�d�e�r� �b�y� �g�r�a�d�e� �l�e�v�e�l� �(�h�y�p�o�t�h�e�s�i�s� �6�)�,� �g�e�n�d�e�r� �b�y� �g�e�o�g�r�a�p�h�i�c� 

�l�e�v�e�l� �(�h�y�p�o�t�h�e�s�i�s� �8�)�,� �g�r�a�d�e� �l�e�v�e�l� �b�y� �g�e�o�g�r�a�p�h�i�c� �a�r�e�a� 

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

�(�h�y�p�o�t�h�e�s�i�s� �1�0�)� �p�r�o�d�u�c�e� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�n� �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�.� �O�n�e� �c�a�n� �c�o�n�c�l�u�d�e� �t�h�a�t� �t�h�e�s�e� 

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

�t�h�e� �v�a�r�i�a�n�c�e� �a�t� �t�h�e� �0�.�0�5� �a�l�p�h�a� �l�e�v�e�l�.� 

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

�a�n�a�l�y�s�i�s� �i�n� �C�h�a�p�t�e�r� �4� �i�s� �t�h�e� �q�u�a�l�i�t�a�t�i�v�e� �d�i�f�f�e�r�e�n�c�e� �o�f� 

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

�(�M�i�s�s�i�o�n� �2�1�)� �a�n�d� �c�o�n�t�r�o�l� �g�r�o�u�p�s�.� �T�h�e� �t�o�p� �t�h�r�e�e� �d�e�f�i�n�i�t�i�o�n�s� 

�o�f� �t�e�c�h�n�o�l�o�g�y� �f�r�o�m� �M�i�s�s�i�o�n� �2�1� �s�t�u�d�e�n�t�s� �w�e�r�e�:� �(�1�)� �T�e�c�h�n�o�l�o�g�y� 

�s�o�l�v�e�s� �p�r�o�b�l�e�m�s�;� �(�2�)� �H�o�w� �t�h�i�n�g�s� �a�r�e� �m�a�d�e�,� �f�o�r�m�e�d�,� �o�r� 

�i�m�p�r�e�v�e�d�;� �a�n�d� �(�3�)� �H�e�l�p�s� �t�h�e� �w�o�r�l�d� �t�o� �b�e� �a� �b�e�t�t�e�r� �p�l�a�c�e�,� 

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

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

�w�e�r�e�:� �(�1�)� �I� �d�o�n�'�t� �k�n�o�w�;� �(�2�)� �I�t�s� �s�c�i�e�n�c�e�;� �a�n�d� �(�3�)� �R�e�l�a�t�e�d� �t�o� 

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

�b�e�t�w�e�e�n� �M�i�s�s�i�o�n� �2�1� �s�t�u�d�e�n�t�s� �d�e�f�i�n�i�t�i�o�n�s� �o�f� �t�e�c�h�n�o�l�o�g�y� �w�h�e�n� 

�c�o�m�p�a�r�e�d� �t�o� �s�t�u�d�e�n�t�s� �n�o�t� �e�x�p�o�s�e�d� �t�o� �M�i�s�s�i�o�n� �2�1�.� �O�n�e� �c�a�n� 

�c�o�n�c�l�u�d�e� �t�h�a�t� �M�i�s�s�i�o�n� �2�1� �s�t�u�d�e�n�t�s� �h�a�d� �a� �m�o�r�e� �c�o�m�p�r�e�h�e�n�s�i�v�e�,
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�i�n�s�i�g�h�t�f�u�l�,� �a�n�d� �a� �b�e�t�t�e�r� �q�u�a�l�i�t�y� �i�m�p�r�e�s�s�i�o�n� �o�f� �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� �n�o�t� �e�x�p�o�s�e�d� �t�o� �M�i�s�s�i�o�n� �2�1�.� 

�D�i�s�c�u�s�s�i�o�n� 

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

�M�i�s�s�i�o�n� �2�1� �c�l�a�s�s�r�o�o�m�s� �o�n� �a� �m�o�n�t�h�l�y� �b�a�s�i�s� �(�J�a�n�u�a�r�y� �t�o� �J�u�n�e�,� 

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

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

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

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

�t�h�e�i�r� �w�o�r�l�d�.� 

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

�o�f� �s�t�u�d�e�n�t� �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� �w�i�t�h�i�n� �t�h�e� �t�r�e�a�t�m�e�n�t� 

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

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

�i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �r�e�s�e�a�r�c�h� �c�o�n�d�u�c�t�e�d� �b�y� �d�e� �V�r�i�e�s�,� �D�u�g�g�e�r�,� 

�B�a�m�e�,� �a�n�d� �K�l�e�r�k� �d�a� �W�o�l�t�e�r�s�.� �W�h�a�t� �i�s� �n�o�t� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� 

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

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

�d�e� �V�r�i�e�s�'�s� �(�1�9�8�8�)� �V�i�r�g�i�n�i�a� �f�i�e�l�d�-�t�e�s�t� �w�o�r�k� �o�n� �t�h�e� �e�s�s�a�y� 

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

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

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

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

�t�h�i�r�d� �a�n�d� �f�o�u�r�t�h� �g�r�a�d�e�r�s� �e�x�p�o�s�e�d� �t�o� �M�i�s�s�i�o�n� �2�1�.� �T�h�e� �m�o�s�t� 

�f�r�e�q�u�e�n�t� �r�e�s�p�o�n�s�e� �f�r�o�m� �s�t�u�d�e�n�t�s� �e�x�p�o�s�e�d� �t�o� �M�i�s�s�i�o�n� �2�1� �i�n� 

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

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

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

�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� �r�e�s�e�a�r�c�h�.� �T�h�e� 

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

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

�A�l�s�o�,� �t�h�e� �n�u�m�b�e�r� �o�f� �i�t�e�m�s� �w�a�s� �r�e�d�u�c�e�d� �f�r�o�m� �1�0�0� �t�o� �2�9�,� �d�u�e� �t�o� 

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

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

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

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

�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�)� �I�n�s�t�r�u�m�e�n�t� �a�s� 

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

�I�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �n�o�t�a� �t�h�a�t� �M�i�s�s�i�o�n� �2�1� �s�t�u�d�e�n�t� 

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

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

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

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

�M�i�s�s�i�o�n� �2�1� �(�t�r�e�a�t�m�e�n�t�)� �a�n�d� �c�o�n�t�r�o�l� �g�r�o�u�p�.� �T�h�e� �E�t�h�n�o�g�r�a�p�h� 
� � 

�P�r�o�g�r�a�m� �a�l�s�o� �a�l�l�o�w�e�d� �q�u�a�n�t�i�t�a�t�i�v�e� �m�e�a�s�u�r�e�m�e�n�t� �t�o� �d�e�t�e�r�m�i�n�e� 

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



�9�2� 

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

�2�1� �s�t�u�d�e�n�t�s� �(�r�a�n�k�e�d� �i�n� �o�r�d�e�r�)� �w�e�r�e�:� �(�1�)� �S�o�l�v�e�s� �p�r�o�b�l�e�m�s�,� �(�2�)� 

�H�o�w� �t�h�i�n�g�s� �a�r�e� �m�a�d�e�,� �f�o�r�m�e�d�,� �o�r� �i�m�p�r�o�v�e�d�,� �(�3�)� �H�e�l�p�s� �t�h�e� 

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

�n�a�t�u�r�e�,� �a�n�d� �(�4�)� �L�e�a�r�n� �h�o�w� �t�o� �i�n�v�e�n�t� �t�h�i�n�g�s�.� �T�h�e� �t�o�p� �f�o�u�r� 

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

�(�r�a�n�k�e�d� �i�n� �o�r�d�e�r�)� �w�e�r�e�:� �(�1�)� �I� �d�o�n�'�t� �k�n�o�w�,� �(�2�)� �I�t�s� �s�c�i�e�n�c�e�,� 

�(�3�)� �R�e�l�a�t�e�d� �t�o� �c�o�m�p�u�t�e�r�s�,� �a�n�d� �(�4�)� �E�l�e�c�t�r�i�c�i�t�y�/�E�l�e�c�t�r�o�n�i�c�s�.� 

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

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

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

�R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 
� � 

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

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

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

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

�r�e�s�e�a�r�c�h�,� �b�o�t�h� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d�,� �a�n�d� �f�i�f�t�h� �a�n�d� �s�i�x�t�h� �g�r�a�d�e� 

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

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

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

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

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

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

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

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

�3�.� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �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� �h�a�v�e� �b�e�e�n� �a�t�t�r�i�b�u�t�e�d� �t�o� �g�e�n�d�e�r� �d�i�f�f�e�r�e�n�c�e�.� �T�h�e� 

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

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

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

�g�r�a�d�e�s� �b�e� �i�d�e�n�t�i�f�i�e�d� �t�o� �s�e�e� �w�h�a�t� �e�f�f�e�c�t� �M�i�s�s�i�o�n� �2�1� �h�a�s� �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� �b�e�t�w�e�e�n� �g�e�n�d�e�r�s�.� 

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

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

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

�o�f� �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� �b�e� �c�c�n�d�u�c�t�e�d�.� 

�5�.� �S�i�n�c�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �g�e�o�g�r�a�p�h�i�c� �a�r�e�a�s� �w�e�r�e� 

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

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

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

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

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

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

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

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

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

�p�r�o�d�u�c�e�.� 

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

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

�e�x�i�s�t� �o�v�e�r� �t�i�m�e� �i�n� �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� 

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

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

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



�R�e�f�e�r�e�n�c�e� �L�i�s�t� 

�A�l�l�p�o�r�t�,� �G�.� �W�.� �(�1�9�3�5�)�.� �A�t�t�i�t�u�d�e�s�.� �I�n� �C�.� �M�u�r�c�h�i�s�o�n� �(�E�d�.�)�,� 

�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�.� �W�o�r�c�e�s�t�e�r�:� �C�l�a�r�k� 
�U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s�,� �(�p�p�.� �7�9�8�-�8�4�4�)�.� 
� � 

�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�r�o�j�e�c�t� �2�0�6�1�:� �S�c�i�e�n�c�e� �f�o�r� �a�l�l� �A�m�e�r�i�c�a�n�s�.� �W�a�s�h�i�n�g�t�o�n�,� 

�D�C�:� �A�u�t�h�o�r�.� 
� � 

�A�s�c�h�e�,� �F�.� �M�.� �(�1�9�8�3�)�.� �A�s�s�e�s�s�m�e�n�t� �o�f� �i�n�t�e�r�n�a�l� �v�a�l�i�d�i�t�y� �o�f� 

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

�E�d�u�c�a�t�i�o�n�,� �2�0�(�3�)�,� �1�2�-�2�4�.� 
� � 

�B�a�m�e�,� �E�.� �A�.� �(�1�9�9�0�)�.� �(�p�e�r�s�o�n�a�l� �i�n�t�e�r�v�i�e�w�,� �M�a�r�c�h� �2�3�,� �1�9�9�0�)�.� 

�B�a�m�e�,� �E�.� �A�.�,� �&� �D�u�g�g�e�r�,� �W�.� �E�.� �(�1�9�8�9�)�.� �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�-�U�S�A�.� �B�l�a�c�k�s�b�u�r�g�,� �V�A�:� �V�i�r�g�i�n�i�a� 

�T�e�c�h�,� �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�r�e�a�.� 

� � 

� � 

�B�a�m�e�,� �E�.� �A�.�,� �&� �D�u�g�g�e�r�,� �W�.� �E�.� �(�1�9�9�0�,� �A�p�r�i�l�)�.� �E�x�e�c�u�t�i�v�e� 

�S�u�m�m�a�r�y� �o�f� �P�A�T�T�-�U�S�A� �F�i�n�d�i�n�g�s�.� �P�a�p�e�r� �p�r�e�s�e�n�t�e�d� �a�t� �t�h�s� 

�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� �C�o�n�f�e�r�e�n�c�e�,� 
�I�n�d�i�a�n�a�p�o�l�i�s�,� �I�n�d�i�a�n�a�.� 

� � 

�B�e�n�d�e�r�,� �M�.� �(�1�9�8�8�)�.� �T�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n�:� �I�t�s� �r�e�s�p�o�n�s�e� �t�o� 

�c�h�a�n�g�e� �a�n�d� �t�o� �s�o�c�i�e�t�a�l� �n�e�e�d�s�.� �I�n� �D�.� �L�.� �H�o�u�s�e�h�o�l�d�e�r� 

�(�E�d�.�)�.� �I�n�d�u�s�t�r�i�a�l� �T�e�a�c�h�e�r� �E�d�u�c�a�t�i�o�n� �I�n� �T�r�a�n�s�i�t�i�o�n� �-� 
�7�5�t�h� �M�i�s�s�i�s�s�i�p�p�i� �V�a�l�l�e�y� �I�n�d�u�s�t�r�i�a�l� �T�e�a�c�h�e�r� �E�d�u�c�a�t�i�o�n� 

�C�o�n�f�e�r�e�n�c�e� �(�p�p�s�.� �1�7�4� �&� �1�8�1�)�.� �T�e�c�h�n�i�c�a�l� �F�o�u�n�d�a�t�i�o�n� �o�f� 
�A�m�e�r�i�c�a�.� 

� � 

� � 

�B�o�n�s�e�r�,� �F�.� �G�.�,� �&� �M�o�s�s�m�a�n�,� �L�.� �C�.� �(�1�9�3�0�)�.� �I�n�d�u�s�t�r�i�a�l� �a�r�t�s� �f�o�r� 

�e�l�e�m�e�n�t�a�r�y� �s�c�h�o�o�l�s�.� �N�e�w� �Y�o�r�k�:� �M�a�c�m�i�l�l�a�n�.� 
� � 

� � 

� � 

�B�o�u�c�h�e�r�,� �F�.� �C�c�.� �(�1�9�8�8�)�.� �I�n�c�r�e�a�s�i�n�g� �A�m�e�r�i�c�a�'�s� �c�o�m�p�e�t�i�t�i�v�e�n�e�s�s� 

�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�.� �T�h�e� �T�e�c�h�n�o�l�o�g�y� �T�e�a�c�h�e�r�,� 
�4�7�(�8�)�,� �3�-�5�.� 

�B�u�c�h�e�n�,� �I�.� �H�.� �(�1�9�8�0�,� �J�a�n�u�a�r�y�)�.� �C�u�r�r�i�c�u�l�u�m� �2�0�0�0�:� �F�u�t�u�r�e� 

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

�i�n� �t�h�e� �1�9�8�0�'�s�.� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.�:� �N�i�n�e�t�y�-�s�i�x�t�h� �C�o�n�g�r�e�s�s�,� 

�S�e�c�o�n�d� �S�e�s�s�i�o�n�,� �3�7�7�-�3�9�9�.� 

�C�h�a�m�p�i�o�n�,� �G�.� �(�1�9�6�5�)�.� �T�h�e� �i�n�t�e�r�r�e�l�a�t�i�o�n�s�h�i�p� �o�f� �i�n�d�u�s�t�r�i�a�l� 

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

�d�o�c�t�o�r�a�l� �d�i�s�s�e�r�t�a�t�i�o�n�,� �U�n�i�v�e�r�s�i�t�y� �o�f� �M�a�r�y�l�a�n�d�,� �C�o�l�l�e�g�e� 

�P�a�r�k�.� 

� � 

� � 
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�C�o�o�k�,� �T�.� �D�.�,� �&� �C�a�m�p�b�e�l�l�,� �D�.� �T�.� �(�1�9�7�9�)�.� �Q�u�a�s�i�-� 

�e�x�p�e�r�i�m�e�n�t�a�t�i�o�n�:� �D�e�s�i�g�n� �&� �a�n�a�l�y�s�i�s� �i�s�s�u�e�s� �f�o�r� �f�i�e�l�d� 
�s�t�u�d�i�e�s�.� �B�o�s�t�o�n�:� �H�o�u�g�h�t�o�n� �M�i�f�f�l�i�n�.� 

�C�r�o�f�t�,� �V�.� �E�.� �(�1�9�8�9�)�.� �N�a�t�i�o�n�a�l� �s�t�u�d�y� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

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

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

�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�,� 
�B�l�a�c�k�s�b�u�r�g�,� �V�A�.� 

� � 

�D�e�v�o�r�e�,� �P�.� �W�.� �(�1�9�6�6�)�.� �S�t�r�u�c�t�u�r�e� �a�n�d� �C�o�n�t�e�n�t� �F�o�u�n�d�a�t�i�o�n�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�.� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.�:� �A�m�e�r�i�c�a�n� 

�I�n�d�u�s�t�r�i�a�l� �A�r�t�s� �A�s�s�o�c�i�a�t�i�o�n�.� 
� � 

�D�e�V�o�r�e�,� �P�.� �W�.� �(�1�9�8�0�)�.� �T�e�c�h�n�o�l�o�g�y�:� �A�n� �i�n�t�r�o�d�u�c�t�i�o�n�.� 
�W�o�r�c�e�s�t�e�r�,� �M�A�:� �D�a�v�i�s�.� 

� � 

�D�e�w�e�y�,� �J�.� �(�1�8�9�9�)�.� �T�h�e� �s�c�h�o�o�l� �a�n�d� �s�o�c�i�e�t�y�.� �C�h�i�c�a�g�o�:� 

�U�n�i�v�e�r�s�i�t�y� �o�f� �C�h�i�c�a�g�o� �P�r�e�s�s�.� 
� � 

�D�o�w�n�s�,� �W�.� �A�.� �(�1�9�7�4�)�.� �R�e�s�e�a�r�c�h�.� �I�n� �R�.� �G�.� �T�h�r�o�w�e�r� �&� �R�.� �D�.� 

�W�e�b�e�r� �(�E�d�s�.�)�,� �I�n�d�u�s�t�r�i�a�l� �A�r�t�s� �F�o�r� �T�h�e� �E�l�e�m�e�n�t�a�r�y� �S�c�h�o�o�l� 

�(�p�p�.� �2�3�7�-�3�0�8�)�.� �B�l�o�o�m�i�n�g�t�o�n�,� �I�L�:� �M�c�K�n�i�g�h�t�.� 

�E�x�x�o�n� �E�d�u�c�a�t�i�o�n� �F�o�u�n�d�a�t�i�o�n�.� �(�1�9�8�4�)�.� �S�y�m�p�o�s�i�u�m� �o�n� �e�d�u�c�a�t�i�o�n�.� 

�H�o�u�s�t�o�n�:� �E�x�x�o�n� �O�i�l�.� 

�G�e�r�m�a�n�,� �P�.� �J�.� �(�1�9�8�8�)�.� �D�a�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �a�t�t�i�t�u�d�e� �t�o�w�a�r�d�s� 

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

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

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

�i�n� �s�c�i�e�n�c�e� �t�e�a�c�h�i�n�g�,� �2�5�/�8�)�,� �6�8�9�-�7�0�3�.� 
� � 

� � 

�G�o�l�d�m�a�n�,� �R�.� �D�.�,� �&� �K�a�p�l�a�n�,� �R�.� �M�.� �(�1�9�7�6�)�.� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �a� 

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

�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�i�v�e�r�s�i�d�e�,� �C�A�:� �U�n�i�v�e�r�s�i�t�y� 

�o�f� �C�a�l�i�f�o�r�n�i�a�.� �(�E�R�I�C� �D�o�c�u�m�e�n�t� �R�e�p�r�o�d�u�c�t�i�o�n� �S�e�r�v�i�c�e� �N�o�.� 
�E�D� �0�6�9� �6�7�6�)�.� 

� � 

� � 

�G�u�n�t�h�e�r�,� �T�.� �C�.� �(�1�9�3�1�)�.� �M�a�n�i�p�u�l�a�t�i�v�e� �p�a�r�t�i�c�i�p�a�t�i�o�n� �i�n� �t�h�e� 

�s�t�u�d�y� �o�f� �e�l�e�m�e�n�t�a�r�y� �i�n�d�u�s�t�r�i�a�l� �a�r�t�s�.� �(�C�o�n�t�r�i�b�u�t�i�o�n�s� �t�o� 

�E�d�u�c�a�t�i�o�n�,� �N�o�.� �4�9�0�)�.� �N�e�w� �Y�o�r�k�:� �T�e�a�c�h�e�r�s� �C�o�l�l�e�g�e�,� 
�C�o�l�u�m�b�i�a� �U�n�i�v�e�r�s�i�t�y�.� 

�H�e�l�l�m�a�n�,� �H�.� �(�1�9�7�6�)�.� �T�e�c�h�n�o�p�h�o�b�i�a�,� �G�e�t�t�i�n�g� �o�u�t� �o�f� �t�h�e� 

�t�e�c�h�n�o�l�o�g�y� �t�r�a�p�.� �N�e�w� �Y�o�r�k�:� �M�.� �E�v�a�n�s� �a�n�d� �C�o�m�p�a�n�y�.� 
� � 

�H�e�n�e�r�s�o�n�,� �M�.� �E�.�,� �M�o�r�r�i�s�,� �L�.� �L�.�,� �&� �F�i�t�z�-�G�i�b�b�o�n�,� �C�c�.� �T�.� �(�1�9�7�8�)�.� 

�H�o�w� �t�o� �m�e�a�s�u�r�e� �a�t�t�i�t�u�d�e�s�.� �B�e�v�e�r�l�y� �H�i�l�l�s�,� �C�A�:� �S�a�g�e�.� 
� 
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�H�i�n�t�z�e�,� �J�.� �L�.� �(�1�9�8�9�)�.� �N�u�m�b�e�r� �c�r�u�n�c�h�e�r� �s�t�a�t�i�s�t�i�c�a�l� �s�y�s�t�e�m�.� 
�K�a�y�s�v�i�l�l�e�,� �U�t�a�h�.� 

�H�o�o�t�s�,� �R�.� �W�.� �(�1�9�7�1�)�.� �I�n�d�u�s�t�r�i�a�l� �a�r�t�s� �i�n� �t�h�e� �e�l�e�m�e�n�t�a�r�y� 

�s�c�h�o�o�l�:� �E�d�u�c�a�t�i�o�n� �f�o�r� �a� �c�h�a�n�g�i�n�g� �s�o�c�i�e�t�y�.� �M�o�n�o�g�r�a�p�h� �o�f� 
�t�h�e� �N�a�t�i�o�n�a�l� �C�o�n�f�e�r�e�n�c�e� �o�n� �E�l�e�m�e�n�t�a�r�y� �S�c�h�o�o�l� �I�n�d�u�s�t�r�i�a�l� 
� � 

� � 

� � 

� � 

� � 

� � 

�A�r�t�s�.� �8�.� 

�H�o�o�t�s�,� �R�.� �W�.� �(�1�9�7�4�)�.� �P�h�i�l�o�s�o�p�h�i�c�a�l� �p�o�s�i�t�i�o�n�s�.� �I�n� �R�.� �G�.� 

�T�h�r�o�w�e�r� �&� �R�.� �D�.� �W�e�b�e�r� �(�E�d�s�.�)�,� �I�n�d�u�s�t�r�i�a�l� �A�r�t�s� �F�o�r� �T�h�e� 
�E�l�e�m�e�n�t�a�r�y� �S�c�h�o�o�l� �(�p�p�.� �2�2�1�-�2�3�6�)�.� �B�l�o�o�m�i�n�g�t�o�n�,� �I�L�:� 
�M�c�K�n�i�g�h�t�.� 

�H�o�s�t�e�t�t�l�e�r�,� �R�.� �G�.� �(�1�9�7�4�)�.� �H�i�s�t�o�r�i�c�a�l� �R�e�f�l�e�c�t�i�o�n�s�.� �I�n� �R�.� �G�.� 
�T�h�r�o�w�e�r� �&� �R�.� �D�.� �W�e�b�e�r� �(�E�d�s�.�)�,� �I�n�d�u�s�t�r�i�a�l� �A�r�t�s� �F�o�r� �T�h�e� 
�E�l�e�m�e�n�t�a�r�y� �S�c�h�o�o�l� �(�p�p�.� �2�3�7�-�3�0�8�)�.� �B�l�o�o�m�i�n�g�t�o�n�,� �I�L�:� 
�M�c�K�n�i�g�h�t�.� 

�H�u�c�k�,� �S�.� �W�.�,� �C�o�r�m�i�e�r�,� �W�.� �H�.�,� �&� �B�o�u�n�d�s�,� �W�.� �G�.� �(�1�9�7�4�)�.� �R�e�a�d�i�n�g� 

�s�t�a�t�i�s�t�i�c�s� �a�n�d� �r�e�s�e�a�r�c�h�.� �N�e�w� �Y�o�r�k�:� �H�a�r�p�e�r� �&� �R�o�w�.� 

�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�.� �(�1�9�8�5�)�.� 
�T�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n�:� �P�e�r�s�p�e�c�t�i�v�e� �o�n� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�.� 
�R�e�s�t�o�n�,� �V�A�:� �A�u�t�h�o�r�.� 

� � 

�J�o�h�n�s�o�n�,� �D�.� �L�.�,� �L�a�u�d�a�,� �D�.� �P�.�,� �&� �P�y�t�l�i�k�,� �E�.� �C�c�.� �(�1�9�8�5�)�.� 
�T�e�c�h�n�o�l�o�g�y�,� �c�h�a�n�g�e� �a�n�d� �s�o�c�i�e�t�y�.� �W�o�r�c�e�s�t�e�r�:� �D�a�v�i�s� 
�P�u�b�l�i�c�a�t�i�o�n�s�.� 

�K�e�r�l�i�n�g�e�r�,� �F�.� �N�.� �(�1�9�8�6�)�.� �F�o�u�n�d�a�t�i�o�n�s� �o�f� �b�e�h�a�v�i�o�r�a�l� �r�e�s�e�a�r�c�h�.� 
� � 

�N�e�w� �Y�o�r�k�:� �H�o�l�t�,� �R�i�n�e�h�a�r�t� �a�n�d� �W�i�n�s�t�o�n�,� �I�n�c�.� 

�K�i�e�f�t�,� �L�.� �D�.� �(�1�9�8�8�)�.� �Y�o�u�r� �h�e�l�p� �i�s� �n�e�e�d�e�d� �i�n� �e�l�e�m�e�n�t�a�r�y� 
�s�c�h�o�o�l�s�.� �T�h�e� �T�e�c�h�n�o�l�o�g�y� �T�e�a�c�h�e�r�,� �4�8�(�2�)�,� �2�7�-�3�1�.� 

�K�l�e�r�k� �W�o�l�t�e�r�s�,� �F�.� �d�e�,� �(�1�9�8�9�a�)�.� �T�h�e� �a�t�t�i�t�u�d�e� �o�f� �p�u�p�i�l�s� 
�t�o�w�a�r�d�s� �t�e�c�h�n�o�l�o�g�y�.� �E�i�n�d�h�o�v�e�n�,� �N�e�t�h�e�r�l�a�n�d�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�.� 
� � 

�K�l�e�r�k� �W�o�l�t�e�r�s�,� �F�.� �d�e�,� �(�1�9�8�9�b�)�.� �T�h�e� �P�A�T�T�-�p�r�o�j�e�c�t�,� �a�n� �o�v�e�r�v�i�e�w� 

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

�-� �P�A�T�T�-�4� �c�o�n�f�e�r�e�n�c�e�.� �4�,� �2�9�0�-�3�0�8�.� 
� � 

�K�l�e�r�k� �W�o�l�t�e�r�s�,� �F�.� �d�e�,� �(�1�9�8�9�¢�c�)�.� �A� �P�A�T�T� �s�t�u�d�y� �a�m�o�n�g� �i�0� �t�o� �1�2�-� 
�y�e�a�r�-�o�l�d� �s�t�u�d�e�n�t�s� �i�n� �t�h�e� �n�e�t�h�e�r�l�a�n�d�s�.� �J�o�u�r�n�a�l� �o�f� 
�T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n�,� �1�(�1�)�,� �2�2�-�3�3�.� �B�l�a�c�k�s�b�u�r�g�:� 
�V�i�r�g�i�n�i�a� �T�e�c�h�.� �7� 
� 
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�K�l�e�r�k� �W�o�l�t�e�r�s�,� �F�.� �d�e�,� �M�o�t�t�i�e�r�,� �R�a�a�t�,� �V�r�i�e�s�,� �M�.� �d�e�,� �(�E�d�s�)�.� 
�(�1�9�8�9�)�.� �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�.� �R�e�p�o�r�t� 
�-�P�A�T�T�-�4� �c�o�n�f�e�r�e�n�c�e�.� �4�.� 
� � 

�K�o�b�a�l�l�a�,� �T�.� �R�.�,� �&� �C�r�a�w�l�e�y�,� �F�.� �E�.� �(�1�9�8�5�)�.� �T�h�e� �i�n�f�l�u�e�n�c�e� �o�f� 
�a�t�t�i�t�u�d�e� �o�n� �s�c�i�e�n�c�e� �t�e�a�c�h�i�n�g� �a�n�d� �l�e�a�r�n�i�n�g�.� �S�c�h�o�o�l� 
�S�c�i�e�n�c�e� �a�n�d� �M�a�t�h�e�m�a�t�i�c�s�,� �8�5�(�3�)�,� �2�2�2�-�2�3�2�.� 

�L�a�u�d�a�,� �D�B�D�.� �P�.�,� �&� �M�c�C�r�o�r�y�,� �D�.� �L�.� �(�1�9�8�6�)�.� �A� �r�a�t�i�o�n�a�l�e� �f�o�r� 
�t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n�.� �I�n� �R�.�E�.� �J�o�n�e�s� �a�n�d� �J�.�R�.� �W�r�i�g�h�t� 
�(�E�d�s�.�)�,� �I�m�p�l�e�m�e�n�t�i�n�g� �T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n� �(�p�.� �2�1�)�.� 
�E�n�c�i�n�o�,� �C�A�:� �G�l�e�n�c�o�e�.� 

�L�u�e�t�k�e�m�e�y�e�r�,� �J�.� �F�.�,� �&� �M�a�r�t�i�n�,� �G�.� �E�.� �(�1�9�7�9�)�.� �T�h�e� �m�o�v�e�m�e�n�t�s� 
�t�h�a�t� �l�e�d� �t�o� �c�o�n�t�e�m�p�o�r�a�r�y� �i�n�d�u�s�t�r�i�a�l� �a�r�t�s� �e�d�u�c�a�t�i�o�n�.� �I�n� 
�E�.� �G�.� �M�a�r�t�i�n� �(�E�d�.�)�,� �I�n�d�u�s�t�r�i�a�l� �a�r�t�s� �e�d�u�c�a�t�i�o�n�:� 
�R�e�t�r�o�s�p�e�c�t�,� � �2�r�o�s�p�e�c�t� �(�p�p�.� �1�8�-�4�2�)�.� �B�l�o�o�m�i�n�g�t�o�n�,� �I�L�:� 
�M�c�K�n�i�g�h�t� �P�u�b�l�i�s�h�i�n�g�.� 
� � 

�L�u�x�,� �D�.� �G�.� �(�1�9�8�3�,� �A�p�r�i�l�)�.� �S�c�i�e�n�c�e� �&� �t�e�c�h�n�o�l�o�g�y�:� �A� �n�e�w� 
�a�l�l�i�a�n�c�e�.� �P�a�p�e�r� �p�r�e�s�e�n�t�e�d� �a�t� �t�h�e� �A�m�e�r�i�c�a�n� �C�o�u�n�c�i�l� �o�n� 
�I�n�d�u�s�t�r�i�a�l� �A�r�t�s� �T�e�a�c�h�e�r� �E�d�u�c�a�t�i�o�n� �P�r�o�g�r�a�m� �a�t� �t�h�e� 
�A�m�e�r�i�c�a�n� �I�n�d�u�s�t�r�i�a�l� �A�r�t�s� �A�s�s�o�c�i�a�t�i�o�n� �C�o�n�f�e�r�e�n�c�e�,� 
�M�i�l�w�a�u�k�e�e�,� �W�I�.� 

�M�a�l�e�y�,� �D�.� �(�1�9�8�3�)�.� �T�e�a�c�h�i�n�g� �t�h�e� �h�e�r�i�t�a�g�e� �o�f� �t�e�c�h�n�o�l�o�g�y�:� �P�a�s�t� 
�p�r�e�s�e�n�t�,� �a�n�d� �f�u�t�u�r�e�.� �T�h�e� �T�e�c�h�n�o�l�o�g�y� �T�e�a�c�h�e�r�,� �4�2�3�(�2�)�,� �7�?� 

�M�i�n�t�e�n�,� �G�.� �B�D�,� �&� �M�i�n�t�o�n�,� �B�.� �K�.� �(�1�9�8�7�)�.� �T�e�a�c�h�i�n�g� �t�e�c�h�n�o�l�o�g�y� �Z�c� 

�c�h�i�l�d�r�e�n�.� �W�e�r�c�e�s�t�a�r�,� �M�A�:� �D�a�v�i�s� �P�u�b�l�i�c�a�t�i�o�n�s�.� 

�M�o�j�y�k�o�w�s�k�i�,� �C�.� �(�1�9�8�7�)�.� �T�e�c�h�n�o�l�o�g�y� �a�n�d� �c�u�r�r�i�c�u�l�u�m�:� �W�i�l�l� �t�h�e� 
�p�r�o�m�i�s�e�d� �r�e�v�o�l�u�t�i�o�n� �t�a�k�e� �p�l�a�c�e�?� �N�A�S�S�P� �B�u�l�l�e�t�i�n�,� 
�7�1�(�4�9�6�)�,� �1�1�3�-�1�1�9�.� 

�N�a�i�s�b�i�t�t�,� �J�.� �(�1�9�8�2�)�.� �M�e�g�a�t�r�e�n�d�s�.� �N�e�w� �Y�o�r�k�:� �W�a�r�n�e�r�.� 

�N�a�n�n�a�y�,� �R�.� �W�.� �(�1�9�8�9�)�.� �A� �r�a�t�i�o�n�a�l�e� �f�o�r� �s�t�u�d�y�i�n�g� �t�e�c�h�n�o�l�o�g�y� 
�e�d�u�c�a�t�i�o�n� �i�n� �t�h�e� �K�-�6� �c�u�r�r�i�c�u�l�u�m�.� �M�o�n�o�g�r�a�p�h� �1�5�,� 
�T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n� �F�o�r� �T�h�e� �E�l�e�m�e�n�t�a�r�y� �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� �C�o�u�n�c�i�l� �F�o�r� �C�h�i�l�d�r�e�n�-�I�T�E�A�.� 

�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� �o�n� �P�r�e�C�o�l�l�e�g�e� �E�d�u�c�a�t�i�o�n� �i�n� 
�M�a�t�h�e�m�a�t�i�c�s�,� �S�c�i�e�n�c�e� �a�n�d� �T�e�c�h�n�o�l�o�g�y�.� �(�1�9�8�3�)�.� �E�d�u�c�a�t�i�n�g� 
�A�m�e�r�i�c�a�n�s� �f�o�r� �t�h�e� �2�1�s�t� �C�e�n�t�u�r�y� �(�s�o�u�r�c�e� �m�a�t�e�r�i�a�l�s�)�.� 
�W�a�s�h�i�n�g�t�o�n�,� �D�C�:� �A�u�t�h�o�r�.
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�N�o�r�t�h�w�e�s�t� �R�e�g�i�o�n�a�l� �E�d�u�c�a�t�i�o�n�a�l� �L�a�b�o�r�a�t�o�r�y�.� �(�1�9�8�4�)�.� 
�T�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y� �s�k�i�l�l�s� �e�v�e�r�y�b�o�d�y� �s�h�o�u�l�d� �l�e�a�r�n�.� 
�I�d�e�a�s� �f�o�r� �A�c�t�i�o�n� �t�o� �E�d�u�c�a�t�i�o�n� �a�n�d� �W�o�r�k�,� �N�o�r�t�h�w�e�s�t� 
�R�e�g�i�o�n�a�l� �E�d�u�c�a�t�i�o�n�a�l� �L�a�b�o�r�a�t�o�r�y�,� �P�o�r�t�l�a�n�d�,� �O�R�,� 
�E�d�u�c�a�t�i�o�n� �a�n�d� �W�o�r�k� �P�r�o�g�r�a�m�,� �N�a�t�i�o�n�a�l� �I�n�s�t�i�t�u�t�e� �o�f� 
�E�d�u�c�a�t�i�o�n�.� �E�R�I�C� �D�o�c�u�m�e�n�t�s� �E�D�2�5�5�7�2�9�,� �p�p�.� �2�-�1�2�.� 

�O�l�s�e�n�,� �D�.� �W�.� �(�1�9�6�3�)�.� �I�n�d�u�s�t�r�i�a�l� �a�r�t�s� �a�n�d� �t�e�c�h�n�o�l�o�g�y�.� 
�E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� �N�J�:� �P�r�e�n�t�i�c�e� �H�a�l�l�.� 

�O�'�R�e�i�l�l�y�,� �P�.� �A�.� �(�1�9�8�3�)�.� �A�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e� �e�x�t�e�r�n�a�l� �v�a�l�i�d�i�t�y� 
�o�f� �r�e�c�e�n�t�l�y� �p�u�b�l�i�s�h�e�d� �v�o�c�a�t�i�o�n�a�l� �e�d�u�c�a�t�i�o�n�a�l� �r�e�s�e�a�r�c�h�.� 
�J�o�u�r�n�a�l� �o�f� �I�n�d�u�s�t�r�i�a�l� �T�e�a�c�h�e�r� �E�d�u�c�a�t�i�o�n�,� �2�0�(�3�)�,� �2�5�-�3�8�.� 

�O�r�m�e�r�o�d�,� �M�.� �B�.�,� �&� �D�u�c�k�w�o�r�t�h�,� �D�.� �(�1�9�7�7�)�.� �P�u�p�i�l�s�'� �a�t�t�i�t�u�d�e�s� �t�o� 

�s�c�i�e�n�c�e�.� �M�o�n�o�g�r�a�p�h�,� �A� �R�e�v�i�e�w� �o�f� �R�e�s�e�a�r�c�h�.� �A�t�l�a�n�t�i�c� 
�H�i�g�h�l�a�n�d�s�,� �N�J�:� �H�u�m�a�n�i�t�i�e�s� �P�r�e�s�s� �I�n�c�.� 

� � 

�O�s�t�,� �D�.� �H�.� �(�1�9�8�5�)�.� �T�h�e� �n�a�t�u�r�e� �o�f� �t�e�c�h�n�o�l�o�g�i�c� �l�i�t�e�r�a�c�y�.� 
�S�c�h�o�o�l� �S�c�i�e�n�c�e� �a�n�d� �M�a�t�h�e�m�a�t�i�c�s�,� �8�5�(�8�)�,� �6�8�9�-�6�9�5�.� 
� � 

�P�e�t�e�r�s�o�n�,� �R�.� �E�.� �(�1�9�8�4�)�.� �E�l�e�m�e�n�t�a�r�y� �s�c�h�o�o�l� �t�e�c�h�n�o�l�o�g�y�-�b�a�s�e�a� 

�p�r�o�g�r�a�m�s�.� �T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n� �S�y�m�p�o�s�i�u�m� �V�I� 
�P�r�o�c�e�e�d�i�n�g�s�.� �(�p�p�.� �2�2�-�3�4�)�.� 

�P�e�t�e�r�s�o�n�,� �R�.� �E�.� �(�1�9�8�6�)�.� �E�l�e�m�e�n�t�a�r�y� �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�.� �I�m�p�l�e�m�e�n�t�i�n�g� �T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n�.� 
�E�n�c�i�n�o�,� �C�A�:� �G�l�e�n�c�o�e�.� 

�P�i�n�d�e�r�,� �C�.� �(�1�9�9�0�)�.� �(�p�e�r�s�o�n�a�l� �i�n�t�e�r�v�i�e�w�,� �M�a�r�c�h� �1�6�,� �1�9�3�0�}�.� 

�P�o�s�t�m�a�n�,� �N�.� �(�1�9�8�9�,� �J�u�l�y� �1�5�)�.� �T�h�e� �t�e�r�r�i�b�l�e� �t�r�u�t�h�s� �a�b�o�u�t� �o�u�r� 

�p�e�r�s�o�n�a�l� �w�a�r� �w�i�t�h� �t�e�c�h�n�o�l�o�g�y�.� �B�o�t�t�o�m� �L�i�n�e�,� �p�.� �9�.� 

�R�a�a�t�,� �J�.� �H�.�,� �&� �V�r�i�e�s�,� �M�.� �d�e�,� �(�E�d�s�.�)�.� �(�1�9�8�6�)�.� �W�h�a�t� �d�o� �g�i�r�l�s� 

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

�N�e�t�h�e�r�l�a�n�d�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�,� �i�.� 

�R�a�y�,� �W�.� �(�1�9�7�4�)�.� �F�o�r�e�w�o�r�d�.� �I�n� �R�.�G�.� �T�h�r�o�w�e�r� �a�n�d� �R�.�D�.� �W�e�b�e�r� 

�(�E�d�s�.�)�,� �I�n�d�u�s�t�r�i�a�l� �A�r�t�s� �F�o�r� �T�h�e� �E�l�e�m�e�n�t�a�r�y� �S�c�h�o�o�l� �(�p�p�.� 
�8�8�-�1�5�4�)�.� �B�l�o�o�m�i�n�g�t�o�n�,� �I�L�:� �M�c�K�n�i�g�h�t�.� 

�R�e�n�n�i�e�,� �L�.� �J�.� �(�1�9�8�7�)�.� �T�e�a�c�h�e�r�s�'� �a�n�d� �p�u�p�i�l�s�'� �p�e�r�c�e�p�t�i�o�n�s� �o�f� 

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

�S�c�i�e�n�c�e� �a�n�d� �T�e�c�h�n�o�l�o�g�i�c�a�l� �E�d�u�c�a�t�i�o�n�,� �5�(�2�)�,� �1�2�1�-�1�3�5�.� 

�S�c�h�i�b�e�c�i�,� �R�.� �A�.� �(�1�9�8�4�)�.� �A�t�t�i�t�u�d�e�s� �t�o� �s�c�i�e�n�c�e�:� �A�n� �u�p�d�a�t�e�.� 

�S�t�u�d�i�e�s� �i�n� �S�c�i�e�n�c�e� �E�d�u�c�a�t�i�o�n�,� �1�1�,� �2�6�-�5�9�.� 
� 
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�S�c�h�r�a�g�e�,� �M�.� �(�1�9�9�0�,� �J�a�n�u�a�r�y� �1�4�)�.� �C�a�n� �t�e�c�h�n�o�l�o�g�y� �g�r�a�n�t� �a�l�l� 
�w�i�s�h�e�s�?� �T�h�e� �W�a�s�h�i�n�g�t�o�n� �P�o�s�t�.� �p�p�.� �H�l�,� �H�3�.� 
� � 

�S�c�o�b�e�y�,� �M�.� �M�.� �(�1�9�6�8�)�.� �T�e�a�c�h�i�n�g� �c�h�i�l�d�r�e�n� �a�b�o�u�t� �t�e�c�h�n�o�l�o�g�y�.� 
�B�l�o�o�m�i�n�g�t�o�n�,� �I�L�:� �M�c�K�n�i�g�h�t�.� 

�S�c�o�b�e�y�,� �M�.� �M�.�,� �&� �G�r�a�h�a�m�.� �G�.� �(�1�9�7�4�)�.� �I�n�d�u�s�t�r�i�a�l� �a�r�t�s� �i�n� �t�h�e� 
�e�l�e�m�e�n�t�a�r�y� �s�c�h�o�o�l�.� �I�n� �R�.�G�.� �T�h�r�o�w�e�r� �a�n�d� �R�.�D�.� �W�e�b�e�r� 
�(�E�d�s�.�)�,� �I�n�d�u�s�t�r�:�.�1� �A�r�t�s� �F�o�r� �T�h�e� �E�l�e�m�e�n�t�a�r�y� �S�c�h�o�o�l� �(�p�.� 
�3�1�)�.� �B�l�o�o�m�i�n�g�t�o�n�,� �I�L�:� �M�c�K�n�i�g�h�t�.� 

�S�e�i�d�e�l�,� �J�.� �V�.�,� �K�j�o�l�s�e�t�h�,� �R�.�,� �&� �S�e�y�m�o�u�r�,� �E�.� �(�1�9�8�8�)�.� �T�h�e� 
�e�t�h�n�o�g�r�a�p�h� �p�r�o�g�r�a�m�.� �L�i�t�t�l�e�t�o�n�,� �C�O�:� �Q�u�a�l�i�s� �R�e�s�e�a�r�c�h� 
�A�s�s�o�c�i�a�t�e�s�.� 
� � 

�S�h�a�m�o�s�,� �M�.� �H�.� �(�1�9�8�4�,� �A�p�r�i�l�)�.� �S�c�i�e�n�t�i�f�i�c� �l�i�t�e�r�a�c�y�:� �R�e�a�l�i�t�y� �o�r� 
�i�l�l�u�s�i�o�n�?� �P�a�p�e�r� �p�r�e�s�e�n�t�e�d� �a�t� �t�h�e� �A�n�n�u�a�l� �M�e�e�t�i�n�g� �o�f� �t�h�e� 
�A�m�e�r�i�c�a�n� �E�d�u�c�a�t�i�o�n�a�l� �R�e�s�e�a�r�c�h� �A�s�s�o�c�i�a�t�i�o�n�,� �N�e�w� �O�r�l�e�a�n�s�,� 
�L�A�.� 

�S�h�e�p�a�r�d�,� �T�.� �(�1�9�8�9�)�.� �W�h�a�t� �i�s� �t�e�c�h�n�o�l�o�g�y�.� �T�h�e� �B�i�g� �P�a�p�e�r�.� 
�A�u�t�u�m�n�,� �(�7�)�,� �8�.� 

� � 

�S�i�n�n�,� �J�.� �V�.�,� �&� �S�a�v�a�g�e�,� �E�.� �N�.� �(�1�9�8�7�)�.� �L�i�f�e� �i�n� �t�h�e� �f�a�s�t� �l�a�n�e�:� 
�I�m�p�l�i�c�a�t�i�o�n� �f�o�r� �e�d�u�c�a�t�i�o�n� �r�e�g�a�r�d�i�n�g� �t�e�c�h�n�o�l�o�g�y�.� �T�h�e� 
�T�e�c�h�n�o�l�o�g�y� �T�e�a�c�h�e�r�,� �4�6�(�8�)�,� �2�3�-�2�9�.� 
� � 

� � 

�S�m�a�l�l�e�y�,� �L�.� �(�1�9�8�6�)�.� �T�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n�:� �F�r�o�m� �w�h�e�r�e� �t�o� 
�w�h�a�t�?� �B�u�l�l�e�t�i�n� �O�f� �S�c�i�e�n�c�e�,� �T�e�c�h�n�o�l�o�g�y� �&� �S�o�c�i�e�t�y�,� �6�,� 
�1�8�8�-�1�9�4�.� 

�S�t�a�r�k�w�e�a�t�h�e�r�,� �K�.� �M�.� �(�1�9�8�6�)�.� �T�h�e� �t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n� �t�h�r�u�s�t�.� 
�T�h�e� �T�e�c�h�n�o�l�o�g�y� �T�e�a�c�h�e�r�.� �4�6�(�1�)�,� �3�.� 
� � 

�T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n� �A�d�v�i�s�o�r�y� �C�o�u�n�c�i�l�.� �(�1�9�8�8�)�.� �T�e�c�h�n�o�l�o�g�y�:� �A� 
�N�a�t�i�o�n�a�l� �I�m�p�e�r�a�t�i�v�e�.� �R�e�s�t�o�n�,� �V�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�.� �2�.� 
� � 

�T�o�d�d�,� �R�.� �D�.� �(�1�9�8�6�)�.� �T�e�c�h�n�o�l�o�g�i�c�a�l� �l�i�t�e�r�a�c�y�:� �A�n� �i�n�t�e�r�n�a�t�i�o�n�a�l� 
�p�e�r�s�p�e�c�t�i�v�e�.� �T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n� �S�y�m�p�o�s�i�u�m� 
�P�r�o�c�e�e�d�i�n�g�s�.� �R�o�a�n�o�k�e�:� �V�i�r�g�i�n�i�a� �T�e�c�h�.� 

�T�o�d�d�,� �R�.�,� �M�c�C�r�o�r�y�,� �D�.�,� �&� �T�o�d�d�,� �K�.� �(�1�9�8�5�)�.� �U�n�d�e�r�s�t�a�n�d�i�n�g� �a�n�d� 
�u�s�i�n�g� �t�e�c�h�n�o�l�o�g�y�.� �I�n� �P�.� �W�.� �D�e�V�o�r�e� �(�E�d�.�)�.� �W�o�r�c�e�s�t�e�r�,� �M�A�:� 
�D�a�v�i�s�.� 
� � 

�U�h�l�i�g�,� �G�.� �(�1�9�8�3�)�.� �D�i�m�e�n�s�i�o�n�s� �o�f� �T�e�c�h�n�o�l�o�g�y� �l�i�t�e�r�a�c�y� �i�n� 
�t�e�a�c�h�e�r� �e�d�u�c�a�t�i�o�n�.� �J�o�u�r�n�a�l� �o�f� �T�e�a�c�h�e�r� �E�d�u�c�a�t�i�o�n�.� �3�4�(�5�)�,� 
�2�-�5�.



�1�0�1� 

�V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� �E�d�u�c�a�t�i�o�n�.� �(�1�9�8�9�)�.� �S�t�a�n�d�a�r�d�s� �o�f� 
�L�e�a�r�n�i�n�g� �O�b�j�e�c�t�i�v�e�s� �f�o�r� �V�i�r�g�i�n�i�a� �P�u�b�l�i�c� �S�c�h�o�o�l�s�.� 
�R�i�c�h�m�o�n�d�,� �V�A�:� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� �E�d�u�c�a�t�i�o�n�.� 

�V�i�r�g�i�n�i�a� �T�e�c�h�,� �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�r�e�a�.� �(�1�9�8�9�)�.� 
�M�i�s�s�i�o�n� �2�1�,� �A�n� �o�v�e�r�v�i�e�w�.� �B�l�a�c�k�s�b�u�r�g�,� �V�A�:� �V�P�I� �a�n�d� �S�U�.� 
� � 

�V�i�r�g�i�n�i�a� �T�e�c�h�n�o�l�o�g�y� �E�d�u�c�a�t�i�o�n� �S�e�r�v�i�c�e�.� �(�1�9�8�8�)�.� �T�h�e� 
�t�e�c�h�n�o�l�o�g�y� �c�u�r�r�i�c�u�l�u�m� �K�-�1�2�.� �R�i�c�h�m�o�n�d�:� �V�i�r�g�i�n�i�a� 
�D�e�p�a�r�t�m�e�n�t� �o�f� �E�d�u�c�a�t�i�o�n�.� 
� � 

�V�r�i�e�s�,� �M�.� �d�e�,� �(�1�9�8�8�)�.� �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�p�o�r�t� �e�x�p�l�o�r�a�t�o�r�y� �r�e�s�e�a�r�c�h� �i�n� �V�i�r�g�i�n�i�a�.� �E�i�n�d�h�o�v�e�n�,� 
�N�e�t�h�e�r�l�a�n�d�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�.� �p�p�s�.� 
�4�-�7�,� 

� � 

�W�a�e�t�j�e�n�,� �W�.� �B�.� �(�1�9�8�7�a�)�.� �T�h�e� �a�u�t�o�n�o�m�y� �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� �T�e�a�c�h�e�r�.� �4�6�(�6�)�,� �7�-�1�1�.� 
� � 

�W�a�e�t�j�e�n�,� �W�.� �B�.� �(�1�9�8�7�)�.� �T�h�e� �a�u�t�o�n�o�m�y� �o�f� �t�e�c�h�n�o�l�o�g�y� �a�s� �a� 
�c�h�a�l�l�e�n�g�e� �t�o� �e�d�u�c�a�t�i�o�n�.� �B�u�l�l�e�t�i�n� �o�f� �S�c�i�e�n�c�e�,� �T�e�c�h�n�o�l�o�g�y� 
�&� �S�o�c�i�e�t�y�,�7�,� �2�8�-�3�5�.� 

�W�a�r�n�e�r�,� �W�.� �(�1�9�5�2�)�.� �T�h�e� �C�u�r�r�i�c�u�l�u�m� �t�o� �R�e�f�l�e�c�t� �T�e�c�h�n�o�l�o�g�y�.� 
�C�o�l�u�m�b�u�s�:� �O�h�i�o� �S�t�a�t�e�.� 

�W�e�b�s�t�e�r�'�s� �n�i�n�t�h� �n�e�w� �c�o�l�l�e�g�i�a�t�e� �d�i�c�t�i�o�n�a�r�y�.� �(�1�9�3�8�)�.� 
�S�p�r�i�n�g�f�i�e�l�d�,� �M�A�:� �M�e�r�r�i�a�m�-�W�e�b�s�t�e�r� �I�n�c�.



�A�p�p�e�n�d�i�x� �1� 

�L�e�t�t�e�r� �o�f� �P�e�r�m�i�s�s�i�o�n� 

�A�p�r�i�l� �3�0�,� �1�9�9�0� 

�P�r�i�n�c�i�p�a�l� 
�E�l�e�m�e�n�t�a�r�y� �S�c�h�o�o�l� 
�S�t�r�e�e�t� 
�C�i�t�y�,� �S�t�a�t�e� �Z�i�p� �C�o�d�e� 

�D�e�a�r� �P�r�i�n�c�i�p�a�l�:� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �l�e�t�t�e�r� �i�s� �t�o� �r�e�q�u�e�s�t� �y�o�u�r� �p�e�r�m�i�s�s�i�o�n� �t�o� 

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

�I�n�s�t�r�u�m�e�n�t�.� �W�o�u�l�d� �i�t� �b�e� �p�o�s�s�i�b�l�e� �o�n� �t�h�e� �m�o�r�n�i�n�g� �o�f� 

�W�e�d�n�e�s�d�a�y�,� �M�a�y� �9�,� �1�9�9�0� �t�o� �a�d�m�i�n�i�s�t�e�r� �t�h�i�s� �i�n�s�t�r�u�m�e�n�t� �w�i�t�h� 

�M�i�s�s�i�o�n� �2�1� �s�t�u�d�e�n�t�s� �a�n�d� �o�t�h�e�r� �t�h�i�r�d� �a�n�d� �f�o�u�r�t�h� �g�r�a�d�e� 
�s�t�u�d�e�n�t�s� �n�o�t� �e�x�p�o�s�e�d� �t�o� �M�i�s�s�i�o�n� �2�1� �a�t� �y�o�u�r� �s�c�h�o�o�l�?� �T�h�e� 
�i�n�s�t�r�u�m�e�n�t� �w�o�u�l�d� �t�a�k�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�5� �m�i�n�u�t�e�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� �w�o�u�l�d� �n�o�t� �b�e� �a� �w�a�s�t�e� �o�f� �y�o�u�r� 
�s�t�u�d�e�n�t�s� �v�a�l�u�a�b�l�e� �l�e�a�r�n�i�n�g� �t�i�m�e�.� �T�h�e�y� �w�o�u�l�d� �b�e� �p�r�a�c�t�i�c�i�n�g� 

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

�e�n�h�a�n�c�i�n�g� �t�h�e�i�r� �t�e�s�t� �t�a�k�i�n�g� �a�b�i�l�i�t�y�.� 

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

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

�D�a�t�a� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �a�l�l� �s�c�h�o�o�l�s� �w�i�l�l� �b�e� �c�l�a�s�s�i�f�i�e�d� �b�u�y�:� �(�1�)� 

�U�r�b�a�n�,� �S�u�b�u�r�b�a�n�,� �o�r� �R�u�r�a�l� �s�c�h�o�o�l� �s�e�t�t�i�n�g�,� �(�2�)� �T�h�i�r�d� �o�r� 

�F�o�u�r�t�h� �g�r�a�d�e�,� �(�3�)� �S�t�u�d�e�n�t�s� �e�x�p�o�s�e�d� �t�o� �M�i�s�s�i�o�n� �2�1� �o�r� �n�o�t�,� �a�n�d� 

�(�4�)� �G�e�n�d�e�r� �o�n�l�y�.� 

�T�h�i�s� �i�n�s�t�r�u�m�e�n�t� �w�i�l�l� �b�e� �g�i�v�e�n� �t�o� �o�v�e�r� �8�0�0� �t�h�i�r�d� �a�n�d� �f�o�u�r�t�h� 

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

�h�a�v�e� �b�e�e�n� �e�x�p�o�s�e�d� �t�o� �t�e�c�h�n�o�l�o�g�y� �e�d�u�c�a�t�i�o�n� �t�h�r�o�u�g�h� �t�h�e� 
�M�i�s�s�i�o�n� �2�1� �p�r�o�j�e�c�t�.� �T�h�e� �r�e�m�a�i�n�i�n�g� �s�t�u�d�e�n�t�s� �w�i�l�l� �b�e� �s�t�u�d�e�n�t�s� 

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

�e�x�p�o�s�e�d� �t�o� �M�i�s�s�i�o�n� �2�1�.� 

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

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

�(�4�/�3�0�/�9�0�)� �t�o� �d�i�s�c�u�s�s� �t�h�e� �a�d�m�i�n�i�s�t�e�r�i�n�g� �o�f� �t�h�e� �i�n�s�t�r�u�m�e�n�t� 
�w�i�t�h� �y�o�u�r� �t�e�a�c�h�e�r�s�.� 

�S�i�n�c�e�r�e�s�t� �R�e�g�a�r�d�s�,� 

�D�u�a�n�e� �D�.� �D�u�n�l�a�p� 
�N�A�S�A�/�V�i�r�g�i�n�i�a� �T�e�c�h� �R�e�s�e�a�r�c�h� �A�s�s�o�c�i�a�t�e� 

�1�0�2


