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ABSTRACT

The purpose of the study is to identify the essential benchmarks of technological
literacy to be required of 9th graders in Taiwan, and to determine assessment methods for
these benchmarks. Its results, the clarification of the benchmarks of technological literacy
as well as the appropriate assessment tasks, provide a foundation for what technological
literacy means to technology teachers and students in Taiwan, and offer assistance to their
instruction and assessment, professional development, and program evaluation.

The Delphi technique was employed in the study that consists of one initial survey
and three reiterative questionnaires. Twenty-four panelists, all technology education
professionals with extensive teaching and research experience in Taiwan, participated in
the study.

The initial survey, Delphi probe, was designed to collect a provisional list of
benchmarks and assessment tasks for measuring technological literacy. A list of 105
benchmarks and five assessment tasks was compiled from the responses to the initial
survey.

In the first round of the study, participants responded to rate the importance of each
benchmark using a four-point Likert scale. The importance and level of agreement of
each of the 105 benchmarks was then examined by calculating the arithmetic mean, mode,
standard deviation, range, and data distribution. The criteria for lack of consensus include:
a standard deviation of .780 or higher and an agreement level of 60% or lower. These

were maintained into the next questionnaire. Thirty-five benchmarks that were commonly
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rated as very important were accepted and nine benchmarks that were commonly rated
non-important were eliminated. The remaining sixty-one benchmarks that did not reach
consensus were maintained into the next questionnaire for further inquiry.

In the second-round questionnaire, participants were shown the mean score of each
benchmark with his or her rating from the previous round. With this information, they
could reconsider their rating when filling out the second questionnaire. Based on the
responses toward the 61 benchmarks, seventeen benchmarks that were commonly rated
as very important were accepted, seven benchmarks that were commonly rated
non-important were eliminated, the remaining thirty-seven benchmarks that did not reach
consensus were maintained into the next questionnaire for further inquiry.

In the third round, participants received information about both the mean scores and
her/his rating of each benchmark from the previous round. The result of this round of
inquiry shows that only eight out the remaining thirty-seven benchmarks were
determined important with a satisfactory level of agreement and accepted the rest were
eliminated.

Through the three rounds of Delphi studies, 60 out of 105 benchmarks were
identified as important benchmarks. Their level of importance was analyzed and thematic
connections between the benchmarks were explored. Furthermore, they were presented in
five categories: Understanding of Technology, Inquiry and Analytical Skills,
Communication Skills, Design and Build Skills, and Application and Problem Solving

Skills.
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CHAPTER 1

INTRODUCTION

Background of the study

In the past few decades, the people of the Republic of China (ROC, the official
name of Taiwan) have experienced tremendous economic and social changes (Accenture,
2002) in a highly technological world. Meanwhile, under the thrust of economic
prosperity, the education system in Taiwan has flourished, and it has been urged to
undertake reform. To meet this need, the ROC Ministry of Education promulgated new
National Curriculum Guidelines on September 30, 2000.

One reason behind this focus on education is that natural resources are scarce in
Taiwan. The only plentiful resource in Taiwan is its population that was over 22,554,000
in June 2003 (Department of Statistics, 2003). Because Taiwan is one of the most densely
populated areas on earth, human resources are Taiwan’s treasure, but also a heavy burden.
Taiwan relies much on education to support its survival, to sustain its economic
development, and to keep its competitive role in international society.

Traditionally, the principal goal of K-12 education in Taiwan is to reach a balance
among five major categories of education: moral/ethic education, intellectual/academic

education, physical education, social/interpersonal education, and esthetic/fine arts



education. Education in Taiwan is based on a mixture of Western educational
philosophies and theories of Confucius and other Chinese philosophers. For example,
theories of technology education also existed in ancient China. According to Kan (2000),

the principal goals of education in the Zhou Dynasty (1027-221 B. C.) were the "six most
important arts (£ Y= )", which include rites, music, archery, riding, reading and writing,

and mathematics, (ﬁ%%‘é%‘jﬁﬂ%%ﬁ) Currently, even though the school system,
curricula, learning theories, and other educational practices are copies of Western style,
the in-depth ethical and value judgments are still Chinese in character.

Technology education has made a great contribution to the people of Taiwan,
enabling them to understand and use technology during times of rapid technological
change. The learning outcomes of technology education are referred to as “technological
literacy,” which can be defined as the knowledge, skills and attitudes required to design,
modify, use, and apply technology. Technological literacy is also defined as the ability to
solve technological problems, to make informed choices and decisions about technology,
and to advocate for responsible technological behavior (HCPS, 2001).

In recent years, technology education in Taiwan has gradually gained an
important role among the courses of general education. Not only has it been assigned as a
required course but it has also been extended from secondary to primary schools.

The course title of technology education has been changing from industrial arts,
industrial technology, and Living Technology. After the new national curriculum was
promulgated in 2001, technology education was assigned a portion of the course “Natural

Science and Living Technology” and was called “Living Technology.”
2



To meet the demand for technology teachers from schools, undergraduate and
graduate programs of technology education in universities in Taiwan were established
during the last half-century. Precisely, the undergraduate programs, master degree
programs, and doctoral degree programs of technology education were initiated in 1953,
1976, and 1998 respectively (NTNUITE, 2002).

However, there is a common problem in the assessment of technological literacy
in Western and Eastern countries. Boser, Palmer, and Daugherty (1998) asserted that
there is an insufficiency of accepted or standardized measures of technological literacy,
so that it is difficult to assess and compare various forms of instruction in technology
education. Additionally, these pressures are forcing technology education professionals to
recognize the need for assessment of technological literacy.

Technology teachers in Taiwan require clearly defined assessment tasks and
scoring methods (Chiang, 2000) to answer questions like: “What are realistic
expectations for students?” or “How will I know if my students, and I, are succeeding?”
The need is even more acutely felt because a totally new technology curriculum, as
demanded by the ROC 2000 National Curriculum Guidelines, was implemented in 2001.

There is little research on the assessment of technological literacy in Taiwan. A
searching of the “Database of Research Papers in Education” (NIOERAR, 2003) of
Taiwan on July 12, 2003 revealed: although 1,472 and 288 articles were found by using
the keywords “Assessment” and “Living Technology OR Technological Literacy”
respectively, there were only 19 articles contain both of the above two keywords.

Furthermore, none of the 19 articles discussed the assessment of technological literacy.



A search of the “Thesis and Dissertation Database” (DATAS, 2003) of Taiwan on
the same day with the criteria “Assessment AND Technological Literacy” yielded 39
theses. Among them, only two master’s theses can be regarded as pertinent to the
function of evaluation/assessment of technological literacy. Furthermore, the instruments
with which the two studies used to measure the technological literacy were developed in
1994, which posit different perspectives from that of today. The need of instruction and

assessment revealed above creates the necessity of this study.

Statement of the problem

A well-developed curriculum standard can be used in selecting and developing
curricular materials and pedagogy. However there is an insufficiency in the ROC 2000
National Curriculum Guidelines in terms of the specific performance criteria for
technological literacy for both instruction and assessment. Specifically, the existing
learning objectives recommended in the National Curriculum Guidelines for
technological literacy do not satisfactorily meet the needs of teachers and students in the
teaching and learning of technology, professional development, and program evaluation.

In addition, the prevailing assessment methods in the course of technology
education rely heavily on paper-and-pencil tests and quantitative grading (Chiang, 2000).
Therefore, the problem statement is as follows: educational research about performance
assessments in the field of technology education is inadequate. In addition, the brief
description of learning objectives published in the ROC 2000 National Curriculum

Guidelines is insufficient for guiding the instruction and assessment of “Living



Technology.” Consequently, technology teachers in Taiwan are facing a shortage of
objective assessment criteria and adequate assessment tools in their instructional practices
(Shi, 2002). In fact, many of them do not know how to do performance assessments (Ni,
1995; Peang, 1998; Chiang, 2000). Specific benchmarks of technological literacy need to
be determined, adequate alternative assessment tasks and effective assessment rubrics for
them need to be created, and an implementation plan needs to be developed to modernize
the assessment of “Living Technology” which currently relies solely on traditional

paper-and-pencil tests.

Purposes of the study

With the intention to implement the ROC 2000 National Curriculum Guidelines
effectively, the important benchmarks and assessment methods for technological literacy
for ninth graders of junior high schools in Taiwan were identified based on the
perceptions and consensus of experts in Taiwan.

Specifically, the purposes of this study were to: (a) determine the important
benchmarks that are required of the ninth graders in Taiwan, in three categories of
technological literacy -- “Development of Technology,” “Design and Make,” and
“Thinking Skills,” and (b) determine appropriate assessment tasks for each categories of
technological literacy.

The clarification of important benchmarks and appropriate assessment methods
developed in this study can guide classroom instruction and assessment of “Living

Technology.” With the information, technology teachers in Taiwan can answer questions



such as “Do junior high school graduates (ninth graders) meet the requirements of the
ROC 2000 National Curriculum in the domain of “Living Technology?” or “Do students
have the ability to apply the technology they have learned to the challenges of life beyond
school?”

The findings of this study should promote better recognition of the benchmarks
and better understanding of assessment tasks among technology professional in Taiwan.
Therefore, technology teachers’ abilities to teach, assess, mentor their students, and to
implement the ROC 2000 National Curriculum will be enhanced.

Research questions

Based on the above purposes, the following research questions were used to guide

this study:

1. What are the appropriate benchmarks to assess technological literacy in the
area of “Development of Technology” a portion of the Natural Science and
Living Technology curriculum as required by the ROC 2000 National
Curriculum Guidelines in Taiwan?

2. What are the appropriate benchmarks to assess technological literacy in the
area of “Design and Make” a portion of the Natural Science and Living
Technology curriculum as required by the ROC 2000 National Curriculum
Guidelines in Taiwan?

3.  What are the appropriate benchmarks to assess technological literacy in the
area of “Thinking Skills” a portion of the Natural Science and Living

Technology curriculum as required by the ROC 2000 National Curriculum



Guidelines in Taiwan?
4.  What are the appropriate assessment tasks to assess the “Technological
Literacy” a portion of the Natural Science and Living Technology curriculum

as required by the ROC 2000 National Curriculum Guidelines in Taiwan?

Significance of the study

Technological literacy is the ability to address complex issues or to understand
how to use evolving technologies. People need technological literacy to access resources
effectively, to use technological products, equipment, or systems, and to manage, interact
with, or change the outside world. The most efficient way for people to improve their
technological literacy is to go to school to obtain technology education. Thus, the
ultimate goal of technology education is to equip students with technological literacy. In
other words, the content of technological literacy can be interpreted as the learning
targets of technology education.

Because technological literacy involves complex performance more than simple
understanding and application, the instruction and assessment of technological literacy
are not simple tasks, compared to the teaching and assessing the factual knowledge.

Further, the achievement of technological literacy cannot be easily determined
without clearly defined benchmarks and assessment methods for technological literacy.
Similarly, lacking clearly defined benchmarks and assessment methods, teachers will be
unable to focus instruction and reliably track student progress, and students will be

unable to perform self-assessment and self-correction accurately.



In contrast, the identification of the benchmarks and assessment methods in this
study establish a common set of expectations for what teachers should teach and what
students should learn in the course of “Living Technology” in Taiwan. In addition, the
research findings provide a basis for developing meaningful “Living Technology”
curriculum that is coordinated with other disciplines and is articulated among different
educational levels.

With the research findings, not only can all junior high school students learn more
efficiently and effectively, but also all technology educators, teachers, and practitioners
will function more realistically in achieving their educational mission and goals.

In other words, the results of this study provide direction for ROC Ministry of
Education decision makers, junior and senior high schools in Taiwan to improve teachers’
recognition of the benchmarks of technological literacy, promote teachers' understanding
of assessment tasks, and enhance teachers’ abilities to apply authentic assessment and to
implement the ROC 2000 National Curriculum.

The familiarization of most technology teachers in Taiwan with authentic
assessment procedures will have a great impact on the national standardized test -- “the
Basic Competency Test” -- in Taiwan because it still relies on traditional paper-and-pencil
tests. This impact may force the national competency test to apply some form of
authentic assessment in the near future. Furthermore, the results of the study can also be
exported across the Taiwan Straits to Mainland China because both share the same
culture and have similar education systems.

In conclusion, the study is significant for a number of reasons. First, through the



identification of benchmarks of technological literacy required for junior high school
students, this study suggests explicit learning targets suitable for the instruction of the
“Living Technology” domain of the course “Natural Science and Living Technology” in
Taiwan. Second, the assessment methods determined in this study explicitly inform
teachers in the appropriate ways to do classroom instruction and assessment. Technology
teachers can use these assessment tools for summative assessment directly, or they can
develop their own assessment tools for formative assessment by referencing the research
findings. Thus, the benchmarks and performance assessment methods developed in this
study provide technology teachers with more objective assessment tools for evaluating
students’ technological literacy both holistically and analytically. Furthermore, the
identification of benchmarks and assessment tasks for evaluating technological literacy
can be used as well by technology teachers and students in courses, and can be used as
well by schools and district administration to evaluate technology programs. Finally, it
creates the possibility that the ROC National Basic Competency Test will lead the way in

using authentic assessment.

Assumptions

The following assumptions are inherent in the pursuit of this study:

1. All participants in the investigation and experts involved in the study responded
cooperatively and bestowed their real perspectives with sincerity and honesty.

2. Even though the questionnaire was printed in English with Chinese translation, it is

assumed that the Chinese translation of questions is consistent with the original



(English) version, and is able to express what the questions want to ask in a different
cultural context. In other words, it is assumed that all participants and experts
involved in the study in Taiwan could understand the meaning of the questions
correctly, and that their perspectives and ideas were interpreted into English
accurately.

All selected experts in this study had equal or better professional capability than their
peers in the comprehension of technological literacy and in the experiences of
assessing technological literacy of their students. Moreover, they are concerned with
the assessment of technological literacy and came to agreement through the research
processes.

All participants objectively made professional judgments on the assessment of
technological literacy. They were not influenced by political considerations and treat
the existing benchmarks in the national curriculum as irrefutable.

All participants agree to a criterion-referenced performance assessment and agree to

use percentage-based grading.

Delimitation and limitations

The study was limited to a small number of experts from among technology

teachers and technology teacher educators in Taiwan, and the study was restricted to the

expertise of those individuals. Additionally, the scarcity and accessibility of relevant

literature limited the resources for benchmarks of technological literacy required of

Taiwanese students. To assure exact agreement in understanding of terms among the

10



experts, the definitions of terms as well as six rubrics for selected assessment tasks of
technological literacy were sent to all experts with the questionnaires.

The results of this study—appropriate benchmarks and assessment tasks for
assessing technological literacy -- pertain only to technological literacy of ninth graders
junior high school students in Taiwan. No attempt was made to make it utilizable for
other grade levels, disciplines, or areas.

Although strict criteria for the identification and selection of experts were
established, some of the criteria, such as publication, excluded some specialists of
technology education from the panel of experts in this study. That was because many
teachers or educators in Taiwan have not published because it was not a professional

requirement.

Definition of terms

The following terms are used throughout this study. Conceptual definitions are

provided here for clarity of understanding.

= Assessment Tasks: products of learning such as on-demand tasks, extended tasks,
demonstrations, and portfolios used as objects for assessment (Khatrri, Reeve, &
Kane, 1998).

= Assessment: an educational process to evaluate student performance and, for the
purpose of improving teaching and learning, to find the discrepancy between
educational objectives and what students have really learned.

=  Authentic assessment: helping students become engaged with real or plausible
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problems, issues, or tasks which enable students to make sense of what they have
learned in school and to make a connection to the world in which they live
(Martin-Kniep, 2000, p.26).

Benchmark: a point of reference by which something can be measured (TechTarget,
2001). Benchmarks are subjective descriptions of what students must know and be
able to do at a particular age, grade or after a particular unit of instruction.

Criteria - guidelines, rules, or principles by which student responses, products, or
performances are judged (MAC, 2000).

Delphi Probe: method for investigating alternative ideas with open questions about
the topics to be examined in the Delphi study from possible panel members.

Delphi Technique: method for generating alternative ideas without gathering people
together into a single location. Ideas were collected and organized, then distributed to
the experts, and they are asked to indicate whether they agree or disagree with the
results. After this process is repeated a few times, consensus is reached (Dominick,
2001).

Performance Assessment - measurement approaches by which learners display
behaviors or prepare products and assessors judge, according to pre-specified
standards or scoring rubrics (EVALCTR, 2000). It comprises assessment tasks and
scoring methods (Khatrri, Reeve, & Kane, 1998)

Performance Criteria: guidelines, rules, or principles which can be used to judge
the quality of responses, products, or performances (Arter, 2001).

Performance Indicator: detailed metrics (measures) that address learning targets
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and indicate whether a specific outcome has been achieved (Calstatela, 1999).
Performance Standards: a compilation of performance indicators for a specific
course, subject, or curriculum.

Performance: A general description of the degree of competency that reflects a
particular standard (Tanner, 2001, p.66).

Performance-based Assessments: “A set of strategies for the...application of
knowledge, skills, and work habits through the performance of tasks that are
meaningful and engaging to students” (Hibbard et al., 1996, p. 5). The
performance-based assessment can measure students’ higher-order thinking skills
(Husted, 1999).

ROC 2000 National Curriculum Guidelines: the new curriculum standards
promulgated by The Ministry of Education of the Republic of China on September
30, 2000. The Republic of China (ROC) is commonly designated as Taiwan.
Rubrics: assessment devices that use clearly specified evaluation criteria and
proficiency levels to measure student achievement. (Montgomery, 2001, p.4).
Technological Literacy: skills or competencies necessary to understand, access, use,
and manage technology (ITEA, 2000).

Technology: a creative process for solving problem (Mallet, 1997).

Test: a sample of behavior taken under standard condition (Trice, 2000).
Traditional Assessment: Testing methods that include short-answer
paper-and-pencil problems, multiple-choice questions, lab notebooks, and computer

simulations.
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Summary

This chapter describes the background, problem, purposes, research questions,
and significance of the study. The problem evolved from the need to identify important
benchmarks and assessment methods for technological literacy. The essential benchmarks
for ninth graders of junior high schools in Taiwan, as required by ROC 2000 National
Curriculum Guidelines, were identified based on the perceptions and consensus of
experts. The result of the study can be used to measure effectively technological literacy
of ninth graders of junior high schools in Taiwan with the intent to meet the requirements
of the ROC 2000 National Curriculum Guidelines.

This chapter also described the assumption, delimitations, limitations, and
definition of terms. These explanations are helpful to clearly elucidate the standpoint of
the researcher and the characteristics of this study. The findings of this study will provide
direction for educational decision makers in Taiwan to improve teachers’ recognition of
the benchmarks of technological literacy, promote teachers' understanding of assessment
tasks, and enhance teachers’ abilities to apply authentic assessment and to implement the
ROC 2000 National Curriculum.

The next chapter provides the review of literature, giving further information

about the background, purpose, and rationale of this study.
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CHAPTER 2

REVIEW OF LITERATURE

Literacy makes contributions to the economy in the form of higher worker
productivity, income and government revenues, to a better quality of life in terms of
reduced poverty, unemployment, crime and pubic assistance. It contributes to improved
health and child rearing, and better adjustment to technological changes (HRDC, 1997,
p.57). It has more than one definition.

Literacy skills are classified as prose literacy, document literacy, and quantitative
literacy, in the field of adult education (IALS, 1995). Literacy can also be classified as
“literacy for self-expression, literacy for practical purposes, literacy for knowledge, and
literacy for public debate,” when corresponding with the social contexts (CGEA, 1997).
Additionally, literacy can be categorized as reading literacy, mathematical literacy, and
scientific literacy, when the skills were evaluated (OECD, 2000).

Technological literacy, literacy in the field of technology education, is defined as
“the ability to use, manage, and understand technology,” (TAAP, 1996) and is treated as
the most important area of “literacy,” with which all students need to be well-equipped
(Dyrenfurth & Kozak, 1991). Improving technological literacy can prepare individuals

for jobs in technological society, thus strengthening the economy (NAE, 2001).
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Selefe (1999) suggests that government, education, industry and business, parents,
and ideology play important roles in the development of people’s technological literacy.
Wood and Dickinson (2000) propose that teachers, principal, and literacy specialists are
prominent in promoting students’ literacy in a program. When examining the
development of technological literacy of students in school setting, the researcher argues
that only the technology teachers play a pivotal role.

To equip students with technological literacy, all technology teachers need to be
able to answer the questions “how do we know whether students are well equipped with
technological literacy?” and “what are the strengths and deficiencies of a student’s
learning?” Truly, technology educators in Taiwan have found the teaching and assessment
of technological literacy to be a great problem (Shi, 2002). Clearly, they met some
difficulties in integrating assessment with instruction and curriculum, a condition that
exists in modern school systems (McCullough & Tanner, 2001).

Assessments are easily distorted and fail to match learning targets. For example,
factual knowledge is easier to test objectively with a multiple-choice test; hence, factual
knowledge were tested more, taught more, and studied more. Lower-level performance is
tested more often because developing rubrics for it is easier than developing rubrics for
high-level skills. In both circumstances, the learning goal is misdirected.

Tanner (2001) argues that those easiest-to-assess behaviors may dictate instruction
without regard to whether they are the most educationally valuable outcomes, and hence
will trivialize the curriculum. Conversely, the proper adjustment of assessment can
drastically change the nature of student-learning activities and support better instruction
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toward curriculum goals (Brown & Glasner, 1999).

The assessment of learning achievement of students is important to technology
teachers in Taiwan. Because student assessment can assist learning, measure achievement,
and evaluate program (NRC, 2001), the results of assessment can be reported to parents,
can tell teachers whether they really have helped their students learn, and can improve
professional status and self-esteem of technology teachers.

In comparison, the institutional assessment, program assessment, and course
assessment are not so important to them because in the reality of educational
administration in Taiwan, the effectiveness of the program or course seldom affects the
occupational security of teachers. In fact, teachers in Taiwan rarely lose their jobs as long
as they do not break the law.

Technology teachers in Taiwan are facing a shortage of objective assessment
criteria and adequate assessment tools in their instructional practices (Shi, 2002). Most
technology teachers overly rely on paper-and-pencil tests and quantitative scoring. They
often fail to assess by criteria referencing, especially those teachers in rural areas or those
with little teaching experience (Chiang, 2000).

Under this circumstance, identifying all performance indicators or benchmarks of
technological literacy as required by the 2000 National Curriculum Guidelines in Taiwan,
and developing an assessment instrument to measure student learning achievement
against these benchmarks effectively has become imperative to the sound development of
technology education in Taiwan.

In fact, a well-developed assessment instrument to assess technological literacy
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will unequivocally meet the needs of the new ROC 2000 National Curriculum. It can

facilitate and benefit the implementation of at least three new regulations in the national

curriculum through effective evaluation of technological literacy:

1.

The new national curriculum demands multiple approaches in assessment,
such as observation, projects, activities, portfolios, experiments, or
presentations, rather than paper-and-pencil tests only. The results of this study
will lead to a concrete understanding of multiple assessment methods for
assessing technological literacy.

Starting in 2001, a comprehensive and summative learning achievement test is
mandated for all graduates of junior high schools (grades 7-9 in Taiwan)
before graduation. This national examination is offered twice a year and uses a
multiple-choice, paper-and-pencil test format.

Higher level educational institutes are required to implement multiple
approaches to the placement of junior high graduates, including application,
evaluation, assignments, and recommendations, rather than paper-and-pencil
tests only (IDEA, 2002b). For example, the senior high school entrance
examination was discontinued in 2001, and a multi-route program to enter

senior high school was implemented (GIO, 2001).

Complex contributing factors that are related to the instruction and assessment of

technological literacy as required by the ROC 2000 National Curriculum Guidelines in

Taiwan, as well as research methods and findings discussed in the literature, were

analyzed to build a theoretical foundation for the identification of appropriate
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benchmarks and assessment tasks. To meet the objectives of the study, this review of
literature includes four discussion segments:

1. Technological literacy and the national curriculum in Taiwan.

2. Research related to technological literacy in Taiwan.

3. Research related to benchmarks of technological literacy.

4. Research related to assessment methods for technological literacy.

In summary, without the identification of appropriate benchmarks and assessment
tools, the assessment tends to be distorted and tests only factual knowledge and low-level,
easily tested performances. Technology teachers in Taiwan are confronting a new national
curriculum, and they need a clear understanding of benchmarks and assessment methods

to integrate instruction with assessment and to upgrade their instruction.

Technological Literacy and the National Curriculum in Taiwan

The National Curriculum in the Republic of China (Taiwan)

The new ROC National Curriculum was implemented in September 2001 in
elementary schools (grades 1-6) and September 2002 in junior high schools (grades 7-9).
Following its implementation, the name of the subject area technology education has
been changed to “Natural Science and Living Technology.”

The missions of the ROC 2000 National Curriculum which are idealistically
presented in the curriculum guidelines (ROCMOE, 2001) as “life-centered,” “democratic
literate,” “fulfilling potential,” “appreciating multi-culture,” and “adapting to the modern

world.” However, a more realistic conception held by most teachers is that the mission is
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simply to help all students acquire adequate skills necessary for entering senior high
school or to find gainful employment after graduation from junior high school.

The new national curriculum gives more freedom to schools and encourages
individual schools to develop autonomous curricula. All elementary schools (grades 1-6)
and junior high schools (grades 7-9) should develop their own curricula, using a
curriculum committee of teachers and parents, following the ROC 2000 curriculum
guidelines (IDEA, 2002a). Therefore, teachers will have more flexibility in developing
curriculum, designing instructional textbooks or materials, and controlling their own
instruction.

Two constituents of the ROC 2000 National Curriculum are the seven major
learning areas (or subject areas), and the 10 basic competencies (i.e., curriculum goals).
The seven major learning areas include language, health and physical education, social
studies, arts and humanities, Natural Science and Living Technology, mathematics, and
comprehensive activities. The ten basic competencies of the ROC 2000 National
Curriculum include self-realization and potential development, appreciation and
creativity, career planning and lifelong learning, communication and presentation, social
concerning and teamwork, cultural learning and international perception, organizing and
implementing, technological and information skills, exploration and research, and critical
thinking and problem solving (ROCMOE, 2001).

According to the new ROC 2000 National Curriculum Guidelines, the school year
has 200 days and is divided into two 20-week semesters, with students going to school
five days a week. Schools can have some flexibility in making their own decision about
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how many periods to assign each of the seven learning areas by the formula: language

area should be assigned 20%-30% of learning time, the rest of the areas should be

assigned 10%-15% each. The required and flexible periods per week as well as the

minutes per period in each grade are shown in Table 2.1. According to this formula, the

teaching periods for the course “Natural Science and Living Technology” are calculated

and shown in Table 2.2.
Minutes |Mandated Flexible periods|Periods per Total periods
per periods per week [per week (Each |week Periods per
Period (For seven school can In school days |Year
learning areas to |decide how to (20 weeks per
share) use them) semester)
Grade 1 | 40 Min. 20 2-4 22-24 880-960
Grade 2 20 2-4 22-24 880-960
Grade 3 25 3-6 28-31 1120-1240
Grade 4 25 3-6 28-31 1120-1240
Grade 5 27 3-6 30-33 1200-1320
Grade 6 27 3-6 30-33 1200-1320
Grade 7 | 45 Min. 28 3-6 32-34 1280-1360
Grade 8 28 3-6 32-34 1280-1360
Grade 9 30 3-5 33-35 1320-1400

Total periods in nine years (Grades 1 to 9)

10280-11160

Table 2.1: Instructional time allocated to each subject area.

It can be seen in Table 2.1 that the total periods for students to learn from grade

one to nine can vary in different schools from as low as 10,280 periods to as high as

11,160 periods per year. Because the mandated instructional periods for the seven

learning areas are only 9,200 periods, every school can add some elective courses not

restricted to the seven learning areas mandated by the national curriculum.
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Teaching time allocated to technology education in Taiwan

“Natural Science and Living Technology,” one of the seven major learning areas
required by the ROC 2000 National Curriculum, is the course that offers technology
education as well as science education to students in Taiwan. In fact, this course is the
result of a political compromise between science educators and technology educators in
Taiwan. “Living Technology” is the Chinese way of naming a technology course that
emphasizes the connection of technology with society and human living.

The new curriculum has created a problem. Because there are no teacher training
programs currently in Taiwan offering both science education and technology education,
the new course “Natural Science and Living Technology” must be taught by one science
teacher and one technology teacher. The allotment of teaching time for both science and
technology teachers becomes a quandary.

According to the new ROC 2000 National Curriculum Guidelines, the new course
“Natural Science and Living Technology” will occupy 10% to 15% of the total learning
time. In other words, it can offer 100-150 periods for third and fourth graders per year,
108-162 periods for fifth and sixth graders per year, 112-168 periods for seventh and
eighth graders per year, and 120-180 periods for ninth graders per year, as shown in Table
2.2. The problem is that there is no explicit allocation of instructional time between
“science” and “technology.” The possible results of the battle between science teachers
and technology teachers in the schools may be from 25% to 50% of instructional time
allocated to the instruction of technology education (Living Technology), according to
interviews with 10 technology teacher educators in August 2001.
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Mandated
periods per
week

MPFST (Mandated Periods per
year For “Natural Science and
Living Technology” course)

Probable Periods per year for
technology education
instruction in “Natural Science

(For seven  |(Grades 3-9) and Living Technology” course
learning areas
to share)
Grade 1 20 - -
Grade 2 20 - -
Grade 3 25 MPFST =25 * (10%-15%) * | MPFST periods * (25%~50%)
2 Semesters per Year * 20 weeks | == 25 ~ 75 periods per year
== 100 ~ 150 periods
Grade 4 25 100~ 150 25~75
Grade 5 27 27 * (10%-15%) * 27 ~ 81
2 Semesters per Year * 20 weeks
== 108 ~ 162 periods
Grade 6 27 108 ~ 162 27 ~ 81
Grade 7 28 28 * (10%-15%) * 28 ~ 84
2 Semesters per Year * 20 weeks
== 112 ~ 168 periods
Grade 8 28 112~ 168 28 ~ 84
Grade 9 30 30 * (10%-15%) * MPFSL periods * 25%~50%

2 Semesters per Year * 20 weeks
== 120 ~ 180 periods

== 30 ~ 90 periods per year

Total periods in 7 years
(grades 3t0 9)

760 ~ 1,140 periods for “Natural
Science and Living Technology”

190 ~ 570 periods for “Living
Technology” instruction

Table 2.2: Number of periods per week of technology education course.

As can be seen in Table 2.2, the instruction periods per year allocated to Living

Technology vary greatly based on different estimations. The percentage of assigning

instructional time to “Natural Science and Living Technology” and “Living Technology”

will be 10% and 25% respectively when pessimistically, or, it may be 15% and 50%

respectively when optimistically.
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The computer course is not part of technology education in Taiwan

Students have been learning computer knowledge and skills mainly from

technology teachers in the United States, but students in Taiwan are not. The educational

authority of Taiwan believes that college graduates from computer engineering programs

know better and should be able to teach computer literacy better than graduates from

technology education programs. Therefore, computer courses are separated from

technology courses according to the ROC 2000 National Curriculum. The instructional

time arrangement of computer course is shown in Table 2.3.

Total Periods |Total Periods  [Mandated Mandated Conceivable
per week per School Year |Total Periods [periods per |periods per
In school days |(20 weeks per |per School  |year for year for
semester, 40 Year “Natural “Natural
weeks per year) |For computer |Science and |Science and
course Living Living
Technology” |Technology”
course) course)
Grade 1 22-24 880-960 - - -
Grade 2 22-24 880-960 - - -
Grade 3 28-31 1120-1240 20 100~ 150 25~175
Grade 4 28-31 1120-1240 20 100~ 150 25 ~75
Grade 5 30-33 1200-1320 20 108 ~ 162 27~ 81
Grade 6 30-33 1200-1320 20 108 ~ 162 27 ~81
Grade 7 32-34 1280-1360 40 112 ~ 168 28 ~ 84
Grade 8 32-34 1280-1360 - 112~ 168 28 ~ 84
Grade 9 33-35 1320-1400 - 120 ~ 180 30~90
Periods Periods
per year per year

Table 2.3: Periods per year, instructional time, allocated to each subject areas.
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As can be seen in Table 2.3, the 20 periods per year allocation of the instruction
time to computer courses for grades 3-6 is really insignificant. Table 2.3 also shows that
among the 1120-1400 total periods per school year, the instruction time allocated to the
course Living Technology for grades 3-9 maybe as low as 25-30 periods per year. The
low allocation will become a prevailing state of education, judging from the fact that the
party of technology educators possesses a comparative low political status in Taiwan.
With a low allocation, 25 periods per school year, technology education cannot offer
much assistance to the students. In an ideal arrangement, 37-60 periods per year allocated

to the course Living Technology for grades 3-9 would be more appropriate.

The changing of course titles for technology education in Taiwan

In the course of the past half century, the course title for technology education in
Taiwan has had many names: labor and work, handicrafts, industrial arts, industrial
technology, and Living Technology (ROCMOE, 1994), as shown in Table 2.4. The
variety of course titles for technology education in the history of China, including the
mainland and Taiwan, such as “labor and work,” “handicrafts,” and “industrial arts,”
reveals the changing of educational philosophies toward technology education.

Taiwan was returned to the Chinese government after Japanese occupation after
the Second World War. When the schools were re-established, the Japanese curriculum
was replaced by a Chinese curriculum that was the same as those implemented in Chinese
schools on the mainland. “Labor and Work™ was the first course in technology education
to be offered in elementary and secondary schools in Taiwan. The educational objectives
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were to equip students with adequate skills and good attitudes to create value by labor or

work, for example, by effectively using tools and materials to improve students’ living

environments.
When (Where Elementary schools Junior High Schools | Senior High Schools
<Grades 1-6> <Grades 7-9> <Grades 10-12>

1902 |Mainland |Graphic Arts Graphic Arts Graphic Arts
(ROCMOE, 1994)

1912 - Handicrafts Handicrafts

1922 - Graphic Arts and -

Handicrafts

1923 Image Arts & B _
Industrial Arts

1932 - Labor & Work Labor & Work

1945 |Taiwan |Labor & Working Labor & Work Labor & Work

1955 - Work & Production -

1962 - Industrial Arts Industrial Arts

1975 Arts and Working - -

1996 Fine arts and technology - -
education

1997 - Living Technology -

1999 - - Living Technology

2001 Natural Science and Natural Science and -
Living Technology Living Technology

Table 2.4: The changing of course titles in technology education

From 1945 until 2002, the course titles of technology education in elementary

schools, junior high schools, and senior high schools were changed. They were changing

from “labor work™ to “industrial arts” in 1980s, and then “industrial technology” in 1990s

(Lou, 1995), and finally toward “Living Technology.” Overall, they were changing the

names of their courses in the direction of the American way of technology education.
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Fang and Yang (1996) assert that current technology education in Taiwan begins
at the junior high. In their view, technology education in elementary schools is just in the
beginning stage. This is true because although the 1975 National Curriculum (ROCMOE,
1975) mandated the course “arts and working” in the elementary school curriculum to
teach some concepts of technology (e.g., creativity, use of tools and materials), most of
the courses are teaching arts and appreciation of beauty in actual fact (Chen, 1998).

Lung Sheng Steven Lee (2000), a leader in technology education in Taiwan,
suggests that the new ROC 2000 curriculum has the following characteristics: (a)
Technology education is interwoven with science; (b) Curriculum, instruction, and

assessment are performance-oriented; and (c) Problem-solving processes are emphasized.

Technological literacy required in the ROC 2000 National Curriculum in Taiwan

Although technology education in Taiwan is mandated in elementary and
secondary schools, the course “Natural Science and Living Technology” is only offered
in grade 3-9. For first and second graders, technology education is introduced in another
course titled “Living.” This course is a combination of social studies, arts and humanities,

and Natural Science and Living Technology, as called for in the “Outlines of the

Nine-year Consecutive Curriculum” promulgated by the ROC Ministry of Education in
Taiwan.

In the ROC 2000 National Curriculum Guidelines, the instructional contents of
“Natural Science and Living Technology” is classified into eight categories: (a) process
skills, (b) awareness of science and techniques/skills, (¢) nature of science, (d)
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development of technology, (e) scientific attitude, (f) thinking skills, (g) application of
science, and (h) design and make. These eight competencies can be treated as learning
objectives as well as examples of the scientific and technological literacy expected of
students in grade 3-9. The eight competencies listed in the national curriculum guidelines

is the product of a consensus of expert science and technology educators in Taiwan.

However, problems have occurred. Because there is no pre-service training for the
instruction of “Natural Science and Living Technology,” there are few qualified teachers
(EJE, 2002). The current science teachers cannot teach technology and the current
technology teachers cannot teach science. The best possible way to solve this problem
has been to separate the course into two parts and assign them to a science teacher and a
technology teacher. Consequently, the course “Natural Science and Living Technology”
are separated into the two courses, science and technology, which using the same course
title.

Science teachers and technology teachers are sharing the above eight categories of
instructional contents. Three of the eight categories, which are specifically relevant to
technological literacy, are: (d) development of technology, (f) thinking skills, and (h)
design and make.

Because there is no explicit set of benchmarks for the above instructional content
in the ROC 2000 National Curriculum Guidelines, it is necessary to undertake a study to
identify and describe benchmarks of technological literacy in a measurable,
outcome-based format and how to make it more easily assessable.
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In summary, the course of technology education in Taiwan has been renamed
“Natural Science and Living Technology” according to the new ROC 2000 National
Curriculum. The new course will be taught and shared between science teachers and
technology teachers. The instruction time allotted for this course will be 2.5% to 7.5% of
total instruction time, depending on the schools. Technology teachers will teach three out
of the eight instructional components of the course: (a) development of technology, (b)

thinking skills, and (c) design and make. The computer course was excluded.

Studies on technology education in Taiwan

In general, problems happening in technology education programs encompass the
practices that make technology instruction terribly ineffective in ninth grade because
students and parents see preparation for entrance examination to high schools as more
important (Wang, 2001). Other problems are caused by shortages of money, educational
facilities, competent technology teachers (Chang, 1993), and shortage of effective
assessment instruments for teaching technology (Hsu, 1994). Furthermore, the
technological literacy of elementary school teachers was not satisfactory in the field of
information and communication technology, and in the domains “the scope and content
of technologies,” and “the processes of technologies” (Ni, 1995).

They share the common viewpoint that technology education is so important to
people that it should be extended to the college level. They also admit that the great
pressure of college entrance exam on students had made the motivation of students to
learn technology very difficult.
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Research Related to the technological literary in Taiwan

The study of technological literacy in Taiwan began in the early 1990s. Research
literature relevant to its assessment of technology education in Taiwan was scarce (Huang,
1994). Although there is no performance standard relevant to technological literacy in
Taiwan, technology educators and technology teachers have been using various
approaches to study technological literacy needed by students and teachers.

Research papers pertinent to “the assessment of technological literacy” were
selected, reviewed, compared, and contrasted. Two databases were depended on for the
study, they are the “Educational Review Database” and “National Thesis and Dissertation
Database.” Most educational research papers of high quality in Taiwan are included in
these two databases.

Based on the literature review, five research papers (Table 2.5) that contribute to
the classification of technological literacy in Taiwan are briefly discussed as follows:

In an investigation of technological literacy of junior high students in Taiwan, Hsu
(1994) classifies technological literacy into four technological systems: information and
communication, transportation, manufacturing, and construction systems. Hsu developed
a test of technological literacy based on this organization. In reality, the four technologies:
information and communication, transportation, manufacturing, and construction have
been considered the major content of technology education in Taiwan during the last

decade.
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Components of Hsu Fang and |Chang Chen Lee et al.,

technological literacy (1994) Zeglgg@ (1996)  |(1995)  |(1998)

Energy and power

Transportation technology

Information and communication
technology

Manufacturing technology

)| R

Construction technology

PR XX
R R

Agricultural and biotechnology

The definition, content, domains, X X
and scope of technology

>~
>~
>~

The concepts and principles of
technology

>~

Impacts and influences of X
technology; the technology and
society

The evolution and history of X
technology

The trends of technological
development

Use of the tools, machines, X
materials, products, and systems

Processes and procedures of X
technology

Technological problem-solving

Decision making of technology

ol Ll LT B B B I

To adapt to the changes of
technological society

Classroom/lab management

Graphic arts

eltadle

Electronic technology

Table 2.5: A comparison of classifications of technological literacy from five studies.

One more category, “technology and living”, was added by the research center for
home economics and Living Technology in Taiwan. It suggests four different categories

of technological literacy: technology and living, information and communication,
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manufacturing and construction, and energy and transportation (RCHELT, 2002).

Two more categories, “concepts of technology” and “biotechnology,” were added
by Chang (1996). Chang classified technological literacy into seven technological
domains: information technology, manufacturing technology, transportation technology,
construction technology, concepts of technology, energy and power, and biotechnology.

Technological literacy needed of Taiwanese students were classified through a
different approach by Fang and Yang (1996). They suggest that technological literacy can
be classified into five categories: scope of technology, development of technology,
process of technology, application and evaluation of technology, and impact of
technology.

Technological literacy required of technology teachers in Taiwan were classified
by Chen (1995). Chen asserts that these literacy include: technology concepts,
classroom/lab management skills, construction technology, manufacturing technology,
graphic arts, information technology, electronic technology, energy and power, and
transportation technology. Sheng-Fang Chen (1995) presents that “technology concepts”
and “classroom/lab management skills,” are important technological literacy required for

technology teachers, other than understanding of variety technologies.

Technological literacy were classified into 10 categories in an investigation of the
technological literacy of the first to nine graders in Taiwan by Lee et al. (1998). They
developed a test based on the assumption that technological literacy comprised of
following ten competencies:
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(1). Understanding the definition and content of technology

(2). Understanding the major domains of technology

(3). Understanding development of technology

(4). Understanding and predicting future trends in technological development

(5). Understanding the basic principles of technology is based on

(6). Understanding and effectively using the tools, machines, materials,
products, and operational procedures of technology systems.

(7). Using technological literacy in the cognitive, affective, and psychomotor
domains for problem-solving

(8). Making proper judgment of technology and its products through data
gathering, analysis, and induction.

(9). Understanding the impacts of technology on individuals, society, culture,
and the environment.

(10). Adapting to changes brought on by technology (Lee et al., 1998).

As can be seen in Table 2.5, the five studies cited above employ quite different
classification of technological literacy. Four technologies (information, transportation,
manufacturing, and construction) and “concepts of technology” are most widely adopted
in their investigations. Some of the aspects of technological literacy implicit in the ROC

99 ¢¢

2000 National Curriculum, such as “design process,” “maintenance and troubleshooting
of products and systems,” and “technology and other fields of study” were not included

in any one of the studies.

Research related to the Benchmarks of Technological Literacy

Definition of technological literacy

In general, the attributes of technological literacy and the learning objectives for

its curriculum become the criteria by which to assess the students' learning and progress.
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In order to assess students’ learning and progress, the attributes, especially the
benchmarks of technological literacy, must be identified after delimiting technological
literacy.

Because technology education and its curriculum have been developed to promote
technological literacy of students (Nelson, 2000, ETS, 1999), technological literacy can
be interpreted as the learning outcome of technology education. However, this definition
is vague and unsatisfactory.

Defining technological literacy is still a controversial issue in the field of
technology education. For example, Hatch (1985) argues that technological literacy is a
multi-faceted construct that includes the ability to use tools (pragmatic aspect),
understand the problems brought on by technology (civil aspect), and appreciate the
meaning of technology (cultural aspect). Dyrenfurth, Hatch, Jones, and Kozak (1991)
suggests that technological literacy is a multi-dimensional concept that includes the
practical, civic, and cultural dimensions. Harrison (2000) proposes looking at
technological literacy from an educational perspective. Middleton and Wheeler (2000)
assert that the focal point of technological literacy is students’ technological
problem-solving abilities.

It is concluded that the definitions of technological literacy can be categorized as:
the ability to use computers and other technologies to improve learning, productivity, and
performance (Department of Education, 1997); the ability to use, to access, to manage,
and to understand technology (ITEA, 1995, p.6); a reference to the intellectual processes,
abilities and dispositions needed for students to understand the link between technology,
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themselves and society in general (technology education working group, 1998); a set of

design and problem-solving skills, and the ability to select materials, safely use tools, and

fabricate products (TTEA, 2000).

Criteria of developing and stating the benchmarks

Benchmarks are necessary to indicate minimum level of performance required to

satisfy the requirements of the learning outcomes for each Grade (NUE, 2001). As early

as 1949, learning objectives were urged to be the statements of behavioral changes of

students (Tyler, 1949). “Behavioral objective” specifies an observable, measurable

behavior to be exhibited, the conditions under which it is to be exhibited, and the

criterion for mastery (Kubiszyn & Borich, 2000). Such objectives would be an ideal

format for stating the benchmarks of technological literacy, if they could be stated with

the correct verbs to describe the expected learning outcomes effectively, were written

straightforwardly, and had test items that match the instructional objectives.

Verbs used to describe

Verbs used to describe

Verbs used to describe

analysis synthesis evaluation
break down, distinguish, [|categorize, create, appraise, criticize,
point out, deduce, formulate, compile, support, compare,
illustrate, relate, design, rewrite, defend, validate,
diagram, infer, compose, devise, contrast, justify,
separate out, differentiate, |[summarize, conclude, interpret,
outline, subdivide,

Table 2.6: Verbs suitable for use in learning objectives. (Kubiszyn & Borich, 2000).
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According to Kubiszyn and Borich (2000), verbs which are suitable for use in

learning objectives include “build, draw, fix, identify, list, recall, recite, outline, write”

and so forth. When writing learning objectives for cognitive domains, especially for

describing those mental skills at the levels of “analyze, synthesize, and evaluate,” the

verbs listed in Table 2.6 are appropriate.

Criteria for evaluating benchmarks

The principles described above will be the criteria for developing and stating

benchmarks. Table 2.7 explicitly exhibits the consequences of relying on well-stated and

poorly-stated benchmarks.

A well written
performance indicator

A poorly written
performance indicator

= are simple but not too simple = complicated or simplistic
= can be audited and validated = difficult to audit
= meaningful comparisons possible =  measuring the wrong thing to some extent

= measured values are improved only |=
by improved performance

measuring relative negotiated values

= multiple objectives of compound -
criteria are mutually consistent

compound criteria with potential
inconsistencies

* measurement is possible and worth |=

measurement difficult or costly

the cost

= level of detail corresponds to the = level of detail differs from the intent of the
intent of the objective objective

= achievable but not trivial = unrealistically challenging or trivially easy

=  can be combined consistently with (=
other criteria

measured value or definition may be
easily manipulated

=  measures things we care about =

weighting of criteria may not correspond
to overall goals

Table 2.7: Criteria for describing benchmarks.

Source: drawing from the material of DOEOFM (1996)
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Performance (behavior), condition (context), and criterion (skill level) are three
important components of a performance indicator or a benchmark when it is written in
the format of a behavioral objective. When developing a performance indicator, the
context of the assessment must be considered by asking what condition is most
appropriate to allow students to show their competencies. This condition may be a task,
project, teamwork, or a problem-solving situation, involving centered on important

concepts or skills.

99 ¢

What criteria other than “measurable,” “results-oriented,” and “outcome-based,”

can be used to evaluate the benchmarks of technological literacy? How can one evaluate
whether a performance indicator is “provocative and suggestive”?

The National Public Health Partnership (2002) presents some criteria for
benchmarks as follows:

Valid — measures the condition or event it is intended to measure.

Reliable — produces the sample result when used under identical
conditions or for same event.

Specific — measures only the condition it is intended to measure.

Sensitive — reflects changes in the state or event being measured.

Actionable — provides information that allows assessment and
decision-making.

Practical — available without extreme effort and when most useful.

Affordable — available at reasonable cost which doesn’t exceed its value.

Integrated — capable of being integrated into routine data collection
mechanisms (e.g., surveys, administrative collections).

Non-distorting — does not drive organizational effort only to those areas
being measured.

Relevant to the needs of potential users.

Provide early warnings

Attractive to the media.

Comparable over time (NPHP, 2002b), and

Flexible -- allows for change over time (NPHP, 2002a).
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Categorizing Benchmarks to Assure a Balanced Development

The compilation of well-stated benchmarks should support the learning objectives
of the “Living Technology.” To assure that a group of benchmarks has been well thought
out and can motivate students to achieve the learning objectives, a category of
benchmarks, which correspond to the overall learning objectives, should be established.

Such a category features the structure of the benchmarks and assures that every
important portion of a learning objective has been covered. Without this category,
benchmarks may focus on compliance or process rather than outcomes, distort the

holistic scoring, or dictate which process must be applied to achieve the desired outcome.

Categorizing the Benchmarks of Technological Literacy

In order to prepare junior high school graduates to live well in a rapidly changing
technological society, technology educators need to be equipped with a real
understanding of technological literacy. Identifying the benchmarks of technological
skills would appear to be the first step in addressing this need.

The content of technological literacy is extensive, and the task of analyzing
technological literacy to identify benchmarks is laborious. Under this circumstance, a
well-established, reasonable categorization will certainly simplify the process of
developing a range of benchmarks for technological literacy.

Existing performance standards of technological literacy and studies of the
content of technological literacy have referencing value to solve the classification
problem.
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Classification of existing standards

The classifications of prevalent competency/performance standards have been of
great value as a point of reference for categorizing performance criteria. Some of the
classifications are as follows:

1. In the Standards for Technological Literacy, the performance criteria are

29 ¢

divided into four categories: “nature of technology,” “technology and
society,” “design,” and “the design world” (ITEA, 2000).

2. In National Educational Technology Standards (NETS), Technology

Foundation Standards for Students, the performance criteria are divided into
six categories: basic operations and concepts, social, ethical, and human
issues, technology productivity tools, technology communication tools,
technology research tools, and technology problem-solving and
decision-making tools (ISTE/NCATE, 2000).

3. Standard #5 and standard #7 of Learning Standards for MST (Math, Science,

and Technology) divide the performance criteria into seven categories:
technology, engineering design, tools, resources, and technological processes,
technological systems, history and evolution of technology, impacts of
technology, management of technology, and interdisciplinary problem
solving - connections (NYSED, 1996).

4. The Wisconsin's Model Academic Standards for Technology Education,

divides the performance criteria into four categories: nature of technology,
systems, human Ingenuity, and impacts of technology (WDPI, 1998),
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Other relevant standards are scrutinized for learning how to identify and classify

benchmarks of technological literacy. These standards include the National Science

Education Standards (NAS, 1995), Benchmarks for Science Literacy (AAAS, 2002),

National Educational Technology Standards (ISTE, 2000), Standard 5 of Learning

Standards for MST (NYSED, 1996), and Principles and Standards for School

Mathematics (NCTM., 2000).

Some standards relevant to “standards for technological literacy” have been
developed in other countries. For example, “national standards for adult literacy” and
“national standards for adult numeracy” were developed in the United Kingdom, and
“curriculum, teaching and the national certificate of educational achievement” was

developed in New Zealand.

Classifications of Benchmarks in this Study

The classification of benchmarks used in this study was determined with
reference to the classifications of standards in the U.S. and Taiwan. Fifteen subcategories
of benchmarks, as shown in the right column of Table 2.8, have been determined to
match the three categories of technological literacy as specified in the ROC 2000
National Curriculum Guidelines. Although they do not exactly match each other, this
further dividing is an effort to move one step forward to explicate technological literacy

more precisely.
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Categories of “natural Categories of benchmarks based on ITEA 2000
science Living Technology” standards of technological literacy

[S—

. The distinctions and scope of technology (STL #1)

2. The concepts of technology (STL #2)

1-1. Nature of technology  |3. Tools, resources, systems, technological processes, and

1-2. Technology and society | relationships (STL # 3)

1-3. Development of 4. Technology and society and human living (social,

technology ethical and human issues) (STL # 4)

5. Impacts and influence of technology (STL#5 & #7)

6. History and evolution of technology (STL #6 & #7 )

7. Agricultural, medical, and biotechnologies (STL #14
& #15)

8. Energy and power, transportation technologies (STL
#16 & #18)

. Computer and information technologies (STL #17)
10. Manufacturing and construction technologies (STL
#19 & #20)

Development of technology

2. Design and make 11. Applying the design process and engineering design
(STL #8, #9, & #11)

12. Innovation, problem solving, troubleshooting, R&D,
and experimentation (STL #10)

13. Maintaining systems and products (STL # 12)

14. Accessing, using, and managing the technology (STL
# 13)

3. Thinking skills 15. Thinking skills
3.1. Problem Solving
3.2. Creative Thinking
3.3. Critical Thinking
3.4. Systems Thinking
3.5. Reasoning

Table 2.8: Classification of technological literacy. (ROCMOE, 2000; ITES, 2000).

As shown in Table 2.8, the learning objectives of “development of technology”

are represented by six subcategories. They are “the characteristics and scope of

29 ¢¢ 29 <6

technology;” “the core concepts of technology;” “tools, resources, systems, technological

99 ¢ 99 ¢¢

processes, and relationships;” “technology and society and human living;” “impacts and
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influence of technology;” and “history and evolution of technology.” In other words, they
are represented by ITEA standards #1 - #7.
Similarly, the learning objectives of “design and make” are represented by eight

99 Cey

categories. They are “applying the design process and engineering design;” “innovation,

99 ¢

problem solving, troubleshooting, R&D, and experimentation;” “maintaining systems and

29 ¢¢

products;” “accessing, using, and managing the technology;” and “agricultural, medical,

9% ¢ 9% ¢

and biotechnologies;” “energy and power, transportation technologies;” “computer and
information technologies;” and “manufacturing and construction technologies.” In other
words, they are represented by ITEA standards #7 - #20.

The learning objectives of “thinking skills” are not divided because at the
preliminary stage of this inquiry, more than five technology teacher educators in Taiwan
affirmed to the researcher that they do not believe a clear-cut division of thinking skills is
meaningful to instruction or assessment. In conclusion, the learning objectives of the
course “Living Technology” are represented by 15 categories of benchmarks.

Because it has been suggested that “keeping the total number of performance
measures down will keep the cost of measuring down” (DOEOFM, 1996), it is expected
that the benchmarks of technological literacy will be restricted to 60 items in 15
categories. These 60 items that comprise the benchmarks will be used as the foundation
to develop the assessment instrument for measuring technological literacy.

Before sending benchmarks to a panel of experts for examination, 105
benchmarks, formed from 7 items in each of the 15 categories, as shown in the next three

sections of this study, were developed as the groundwork for inquiry. The panel of
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experts made suggestions to modify some benchmarks. At the end of the inquiry, a set of

60 benchmarks of technological literacy was finalized, grounded in the experts’

consensus.

All benchmarks of technological literacy which have been identified were listed

in the following three sections. The benchmarks are drawn from the STL -- Standards for

Technological Literacy (ITEA, 2000) -- and cover all the areas required in the ROC

National Curriculum. However, some of the ITEA benchmarks were not used based on

the suggestions from the “Tech Ed counseling committee” in Taiwan (see Appendix B).

Benchmarks related to “development of technology” from STL (ITEA, 2000)

1. The characteristics and scope of technology

(1).
2).

3).

4.
(3.

(6).

(7).

Interpret how creative thinking and economic and cultural influences
shape technological development.
Appraise how corporations can often create a demand for a product by
bringing it onto the market and advertising it; support the idea that
marketing involves informing the public about a product as well as
establishing the product’s identity, conducting research on its potential,
advertising it, distributing it, and selling it.
Justify the study of technology uses many of the same ideas and skills
as other subjects; and the knowledge gained from other fields of study
has a direct effect on the development of technological products and
systems; defend that technologies are often combined. Various
relationships exist between technology and other fields of study.
Support that technology transfer occurs when a new user applies an
existing innovation developed for one purpose in a different function.
Validate that technological innovation often results when ideas,
knowledge, or skills are shared within a technology, among
technologies, or across other fields.
Criticize the use of technology affects humans in various ways,
including their safety, comfort, choices, lifestyles, and attitudes about
technology’s development and use.
Illustrate how people generate new products and systems through
creativity and innovation to meet their needs (ITEA, 2000).
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2. The core concepts of technology

(1).

).

3).

4.

(5).

(6).

(.

Understanding that technological systems include input, processes,
output, and, at times, feedback; they work together to accomplish a
goal.

Knowing that systems, which are building blocks of technology, are
embedded within larger technological, social, and environmental
systems. The stability of a technological system is influenced by all of
the components in the system.

Understanding what in their world is natural and what is human made,
and knowing that new technology is developed to solve problems and
change the world around us.

Be able to define technology encompassing past, present, and future
developments and provides significant details and examples to illustrate
the definition of technology.

Knowing that people’s needs and wants lead to the manufacturing of
products, and when people’s need and wants change, new technologies
are developed.

Knowing that throughout history, new technologies have resulted from
the demands, values, and interests of individuals, businesses, industries,
and societies.

Knowing that the development and use of technology influence
economic, political, social, cultural, and ethical issues (ITEA, 2000).

3. Tools, resources, systems, technological processes, and relationships

(1)

).

3).
4).

(5).

Knowing that resources are the things needed to get a job done, such s
tools and machines, materials, information, energy, people, capital, and
time.
Understand that access to and ability to use tools, materials, and skills
limits technological development. Demonstrate the ways that multiple
resources (such as people, information, tools and machines, techniques,
materials, energy, capital, and time) are used to develop new
technologies.
Understand that tools and machines extend human capabilities, such s
holding, lifting, carrying, fastening, separating, and computing.
Technological tools, materials, and other resources should be selected
on the basis of safety, cost, availability, appropriateness, and
environmental impact; technological processes change energy,
information, and material resources into more useful forms.
Knowing that an infrastructure is the basic framework of a system,
which includes buildings, services, and installations needed for a
government to function, such as transportation, communication, water,
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(6).
7).

energy, and public information system.

Understand that an open-loop system has no feedback path and requires
human intervention, while a closed-loop system uses feedback.

Able to explain how complex technological systems involve the
confluence of numerous other systems. Explain how the submarine or
airplanes involves communication, transportation, biotechnology, and
manufacturing systems (ITEA, 2000).

4. Technology and society and human living (social, ethical and human issues)

(1)

Q).

3).

(4).
(5).

(6).

(7.

Understand that ethical considerations are important in the development,
selection, and use of technologies. Describe personal consequences for
the inappropriate or unethical use of technology.

Understand that decisions regarding the implementation of technologies
involve the weighing of trade-offs between predicted positive and
negative effects on the environment.

Understand that technologies can be used to repair damage caused by
natural disasters and to break down waste from the use of various
products and systems.

Able to investigate and assess the influence of a specific technology on
the individual, family, community, and environment.

Knowing that a number of different factors, such as advertising, the
strength of the economy, the goals of a company, and the latest fads
contribute to shaping the design of and demand for various technologies.
Understand that the transfer of a technology from one society to another
can cause cultural, social, economic, and political changes affecting
both societies to varying degrees.

Knowing that social and cultural priorities and values are reflected in
technological devices. In other words, meeting societal expectations is
the driving force behind the acceptance and use of products and
systems. Understand that the management of waste produced by
technological systems is an important societal issue (ITEA, 2000).

5. Impacts and influence of technology

(1.

2).

Understand that with the aid of technology, various aspects of the
environment can be monitored to provide information for
decision-making. The alignment of technological processes with
natural processes maximized performance and reduced negative
impacts on the environment.
Describe the important technology inventions that have had significant
impacts on human beings. Knowing that the use of inventions and
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3).

4.

(5).

(6).

(7).

innovations has led to changes in society and the creation of new needs
and wants. Explain how technological inventions and innovations have
caused global growth and interdependence, stimulated economic
competitiveness, created new jobs, and made other jobs obsolete.
Knowing that technology, by itself, is neither good nor bad, but
decisions about the use of products and systems can result in desirable
or undesirable consequences.

Explains the interrelationships or connections between technologies
and describe how technology has affected the environment and society.
Be able to investigate and assess the influence of a specific technology
on the individual, family, community, and environment.

Explain why making tradeoffs among characteristics, such as safety,
function, cost, ease of operation, quality of post-purchase support, and
environmental impact, is necessary when selecting systems for specific
purposes.

Understand that humans can devise technologies to conserve water,
soil, and energy through such techniques as reusing, reducing, and
recycling.

Explain that although technological effects are complex and difficult to
predict accurately, humans can control the development and
implementation of technology (ITEA, 2000).

6. History and evolution of technology

(D.

().
3).

(4).

(5).

(6).
(7).

Gather and organize information to create a database of historical
events in technology development. Illustrate how technology has
evolved throughout human history.
Students will develop an understanding of the influence of technology
on history.
Knowing that in the past, an invention or innovation was not usually
developed with the knowledge of science. In fact, much science
knowledge is being gathered alongside the technological development.
Knowing that making tools and processing new materials from natural
materials advance the technology; besides, putting parts together to
create systems and cooperating all specialized skill workers to solve
sophisticate problems contribute to the modern technology.
Knowing that the specialization of function has been at the heart of
many technological improvements.
Be able to identify trends and monitor potential consequences of
technological development.
Compare qualitatively and quantitatively the performance of a
contemporary manufactured product, such as a household appliance, to
the comparable device or system 50-100 years ago (ITEA, 2000).
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7. Agricultural, medical, and bio-technologies

(1).

Q).

3).

4.

(5).

(6).

(.

Knowing that medical technologies include prevention and
rehabilitation, vaccines and pharmaceuticals, medical and surgical
procedures, genetic engineering, and the systems within which health
is protected and maintained. Medical technologies extend the
effectiveness of medical care and increase people’s wealth.

Knowing that conservation is the process of controlling soil erosion,
reducing sediment in waterways, conserving water, and improving
water quality.

Knowing that agriculture includes a combination of businesses that use
a wide array of products and systems to produce, process, and
distribute food, fiber, fuel, chemical, and other useful products and in
the care of animals.

Knowing that people in unsafe and remote areas can get medical care,
such as being diagnosed or getting treatment with telemedicine.
Telemedicine reflects the convergence of technological advances in a
number of fields, including medicine, telecommunications, virtual
presence, computer engineering, informatics, artificial intelligence,
robotics, materials science, and perceptual psychology.

Knowing that the development of refrigeration, freezing, dehydration,
preservation, and irradiation provide long-term storage of food and
reduce the health risks caused by tainted food.

Knowing that biotechnology has application in such areas as
agriculture, pharmaceuticals, food and beverages, medicine, energy,
the environment, and genetic engineering. Knowing that the sciences
of biochemistry and molecular biology have made it possible to
manipulate the genetic information found in living creatures. Therefore,
it is necessary to establish ethical mandates for regulating the
incidence of testing and the uses of test results.

Knowing that artificial ecosystems are human-made environments that
are designed to function as a unit and are comprised of humans, plants,
and animals (ITEA, 2000).

8. Energy and power and transportation technologies

(D.

Q).
(3).

4.

Knowing that power is the rate at which energy is converted from one

form to another or transferred from one place to another, or the rate at

which work is done.

Knowing that energy can be grouped into major forms: thermal,

radiant, electrical, mechanical, chemical, nuclear, and others.

Knowing that power systems are used to drive and provide propulsion

to other technological products and systems. Power systems must have

a source of energy, a process, and loads.

Knowing that processes, such as receiving, holding, storing, moving,
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(5).

(6).

(.

unloading, delivering, evaluating, marketing, managing,
communicating, and using conventions are necessary for the entire
transportation system to operate efficiently.

Knowing that transportation vehicles made up of subsystems, such as
structural, propulsion, suspension, guidance, control, and support,
must function together for a system to work effectively.

Knowing that transportation plays a vital role in the operation of other
technologies, such as manufacturing, construction, communication,
health and safety, and agriculture.

Knowing what technologies are using to conserve the natural energy
resources, and what approaches can be employed to use energy more
efficiently in daily living (ITEA, 2000)

9. Computer and information technologies

(1),
Q).

3).

.

(5).
(6).
(7).

Knowing that the design of a message is influenced by such factors as
the intended audience, medium, purpose, and nature of the message.
Knowing that information and communication systems are made up of
a source, encoder, transmitter, receiver, decoder, storage, retrieval, and
destination. These systems can be used to inform, persuade, entertain,
control, manage, and educate.

Be able to use computers to access and organize information, or use it
in various applications. Use technology to locate, evaluate, and collect
information from a variety of sources. Use technology tools to process
data and report results.

Be able to communicate observation, processes, and results of the
entire design processes, using verbal, graphic, quantitative, virtual, and
written means, in addition to three-dimensional models.

Use telecommunications to collaborate, publish, and interact with
peers, experts, and other audiences.

Use technology tools to enhance learning, increase productivity, and
promote creativity.

Use a variety of media and formats to communicate information and
ideas effectively to multiple audiences (ITEA, 2000).

10. Manufacturing and construction technologies

(D.

(2).
3).

Knowing that buildings generally contain a variety of subsystems,

such as utilities systems, they are: water, electrical, plumbing, gas,

waste disposal, heating and air conditioning, information and

communication, as well as component systems, such as foundations,

framing, insulation, and lighting.

Be able to design, fabricate models of construction, and work with

other classmates in making a planned model community.

Knowing that manufacturing processes include designing products,
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gathering resources, and using tools to separate, form, combine
materials in order to produce products, and servicing of products and
systems. Servicing is included because it keeps products in good
operating condition.

(4). Knowing that the product design utilizes a broad range of
manufacturing processes, such as metal forming, injection molding,
rapid tooling, machining, abrasive water jet cutting, and finishing
operations.

(5). Be able to follow step-by-step directions to assemble or disassembly a
product, observe, and discover how things work.

(6). Understand that: Structures are constructed using a variety of
processes and procedures. Structures require maintenance, alternation,
or renovation periodically to improve them or to alter their intended
use.

(7). Able to explain how products are manufactured, operated, maintained,
replaced, and disposed of and who will sell, operate, and take care of it.
(ITEA, 2000).

The benchmarks related to “design and make” from STL (ITEA, 2000)

“Design and make” is the second component of the course on “Natural Science and
Living Technology.” When learning “design and make,” students are asked to devise,
process, and present their design and make skills through realistic projects and problem
solving activities. These skills can be described with the following benchmarks:

11. Applying the design process and engineering design

(1). Knowing that the design and construction of structures for service or
convenience have evolved from the development of techniques for
measurement, controlling systems, and the understanding of spatial
relationships.

(2). Understand that design goals and requirements must be established
and constraints must be identified and prioritized during the time when
designs are being developed. Knowing that the process of engineering
design takes into account a number of factors (such as: safety, function,
flexibility, quality, and economic, political, and cultural concerns).

(3). Knowing that modeling, testing, evaluating, and modifying are used to
transform ideas into practical solutions. = Knowing that expressing
ideas to others verbally and through sketches and models is an
important part of the design process.

(4). Knowing that the design processes include (a) defining a problem, (b),
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(5).

(6).

(7).

researching and generating ideas by brainstorming, (c) identifying
criteria and specifying constraints, (d) exploring possibilities, (e)
selecting an approach, (f) developing a design proposal, (g) making a
model or prototype, (h) testing and evaluating the design using
specifications, refining the design, (i) creating or making it, and (j)
communicating processes and results.

Knowing that established design principles should be used to evaluate
existing designs, to collect data, and to guide the design process. Be
able to evaluate the design solution using conceptual, physical, and
mathematical models at various intervals of the design process in order
to check for proper design and to note areas where improvements are
needed.

Knowing that requirements involve the identification of the criteria
and constraints of a product or system and the determination of how
they affect the final design and development.

Knowing that a prototype is a working model used to test a design
concept by making actual observations and necessary adjustments
(ITEA, 2000).

12. Innovation, problem solving, troubleshooting, R&D, and experimentation

(D.

).
(3).
(4).

(5).

(6).

(7).

Explain how technological inventions and innovations stimulate
economic competitiveness and how, in order for an innovation to lead
to commercial success, it must be translated into products and services
with marketplace demand. Explain through examples how some
inventions do not become commercial successes. Describe the process
that an inventor must follow to obtain a patent for an invention.
Describes and implements basic troubleshooting techniques for
multimedia computer systems with related peripheral devices
Knowing that troubleshooting is a problem solving method used to
identify the cause of a malfunction in a technological system.

Explain and demonstrate several solutions to a problem or opportunity
using technological design, tools, careful planning, experimentation,
and testing.

Be able to use assessment techniques, such as trend analysis and
experimentation to make decisions about the future development of
technology. Design forecasting techniques to evaluate the results of
altering natural systems.

Knowing that research and development is a specific problem-solving
approach that is used intensively in business and industry to prepare
devices and systems for the marketplace.

Knowing that troubleshooting is a way of finding out why something
does not work so that it can be fixed (ITEA, 2000).
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13. To maintain systems and products

(D).
Q).
3).
(4).
(5).
(6).

(7).

Be able to use tools, materials, and machines safely to diagnose, adjust,
and repair systems.

Be able to troubleshoot, analyze, and maintain system to ensure safe
and proper function and precision.

Demonstrate the ability to select, operate, maintain, troubleshoot, and
dispose of technological devices in the context of a career (e.g., use the
tools of accounting in a real or simulated business environment.)
Identify, select, and use appropriate resources to solve problems.
Apply technological concepts and processes to solve practical
problems and extend human capabilities.

Understand that maintenance is the process of inspecting and servicing
a product or system on a regular basis in order for it to continue
functioning properly, to extend its life, or to upgrade its capability.
Demonstrate the ability to work safely, efficiently, cooperatively and
independently (ITEA, 2000).

14. Accessing. using, and managing the technology

(1)

2).

3).

.

().

(6).

(7).

Be able to select and safely use tools, products, and systems for specific
tasks.
Be able to use information provided in manuals, protocols, or by
experienced people to see and understand how things work.
Be able to recognize and use common symbols, such as graphic
symbols, signals, and icons, to communicate key ideas.
Knowing that technological knowledge and processes are
communicated using symbols, measurement, conventions, icons,
graphic images, and languages that incorporate a variety of visual,
auditory, and tactile stimuli.
Help to manage a group engaged in planning, designing,
implementation, and evaluation of a project to gain understanding of
the management dynamics.
Describe new management techniques (e.g., computer-aided
engineering, computer-integrated manufacturing, total quality
management, just-in-time manufacturing), incorporate some of these in
a technological endeavor, and explain how they have reduced the length
of design-to-manufacture cycles, resulted in more flexible factories, and
improved quality and customer satisfaction.
Project management is essential to ensuring that technological
endeavors are profitable and that products and systems are of high
quality and built safely, on schedule, and within budget. Knowing that
quality control is a planned process to ensure that a product, service, or
system meets established criteria (ITEA, 2000).
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The benchmarks related to “thinking skills” from STL (ITEA, 2000)

Thinking skills are seen as an element of technological literary because they are
essential in solving technological problems. According to the ROC 2000 National

Curriculum, thinking skills are grouped into five components: “creative thinking,”
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“critical thinking,” “problem-solving,” “systems thinking,” and “reasoning.”

Thinking skills can also be classified as lower-order thinking skills and
higher-order thinking skills. Lower order thinking skills generally include memorization
of facts and scientific principles, while higher-order thinking skills include interpreting
facts, analyzing for bias, evaluating or synthesizing one idea with another, and applying
theories to new situations.

Students were asked to record, demonstrate, and explain their thinking skills

through realistic projects and problem solving activities.

15. Problem solving, creative, critical, systems and reasoning thinking

(1). Knowing that asking questions and making observations helps a
person to figure out how things work. Besides, knowing that the
process of experimentation, which is common in science, can also be
used to solve technological problems.

(2). Be able to brainstorm people’s needs and wants and pick some
problems that can be solved by technology and through the design
process.

(3). Be able to test and evaluate the solutions for the design problem in
relation to pre-established requirements, and then improve the design
solutions or refine the design as needed.

(4). Be able to compare, contrast, and classify collected information in
order to identify patterns.

(5). Be able to explore the emerging technologies and develop the skills to
evaluate their impacts by reasoning and making decisions based on
asking critical questions.

(6). Be able to interpret and evaluate the accuracy of the information
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obtained and determine if it is useful. Be able to synthesize data,
analyze trends, and draw conclusions regarding the effect of
technology on the individual, society, and the environment.

(7). Knowing that systems thinking applies logic and creativity with

appropriate compromises in complex real-life problems and involves
considering how every part relates to others (ITEA, 2000).

The above 105 items comprising performance indicators, with 7 items in each of
the 15 categories, are tentative constituents of technological literacy expected from ninth
graders in Taiwan. The performance indicators were examined, appended, and verified by
experts of technology education in Taiwan.

In summary, the attributes of technological literacy as specified in the curriculum
become the criteria by which to assess students' learning and progress. Various definitions
of technological literacy have been discussed. Aspects of technological literacy include
the ability to identify and solve problems, access resources and technology, use, manage,
and understand technology, and analyze, synthesize, and communicate about
technological processes.

It is intended that the benchmarks of technological literacy being developed in
this study were aligned with curriculum goals, so that they can be used as a guide for
learning activities and are suitable for performance assessments. The benchmarks,

comprised of 105 items with 7 items in each of 15 categories, having been developed for

ease of investigation and were sent to a panel of experts in the study.
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Research related to the Assessment methods for Technological Literacy

The assessment system in Taiwan

Khatrri, Reeve, and Kane (1998) assert that assessment tasks and scoring methods
are linked to create a performance assessment and multiple performance assessments are
linked to create a performance assessment system. For that reason, the development of a
performance assessment system to measure technological literacy of ninth graders in
Taiwan for the course “Natural Science and Living Technology” should be focused on
assessment tasks and scoring methods.

The assessment systems in Taiwan historically have aimed to facilitate the
reporting of grades to parents directly and to identify those students who are unqualified
so that they can be expelled or put on probation. This is because there are notions in
Chinese society that schools are responsible to parents for the education of children and
educational resources are so scarce that only good students deserve to participate in the
educational process. Both students and parents concern themselves with tests/assessment
because the results have great significance (e.g., admission to higher levels of education,
or even an opportunity to get an education). Actually, the competitive entrance
examination for secondary and higher education admission before 2002 (United Daily,
1997), especially the examination selecting government officers, have survived for many
centuries because they have served as a channel for upward mobility for underprivileged
social groups (Kuo, 1983).

This assessment system in Taiwan has been monopolized by paper-and-pencil

tests. All tests in the test bank for the course of Living Technology, built in 1999 by the
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Research Center of Home Economics and Living Technology, sponsored by the Ministry
of Education in Taiwan, are paper-and-pencil tests (RCHELT, 2002). This is mainly
because paper-and-pencil tests are easy to implement to a large group of students and are
an easy way to get fast results with apparent objectivity to discourage any possible
dispute from parents.

In this way, the assessment system has distorted learning objectives; it forces all
students to change their focus from understanding the concepts to memorizing discrete
and even obsolete information to get high scores on the tests. Under this assessment
system, students are trained to be technicians in taking tests; suffering through lengthy
rote learning exercises everyday, and being constantly reminded, coached, herded, or
forced by parents, teachers, and friends to study hard and to discipline themselves (Peng,
1993).

Because knowing what to do and actually completing a task successfully is
definitely different (McCullough & Tanner, 2001), schools in Taiwan need a better
assessment system which puts more emphasis on performance and offers students
opportunities to respond critically to information, to apply, or to create something.

To align with the new assessment system, the learning targets should include both
content (what students should know) and criteria (what they can do) (McMillan, 2001).

Until recently, junior high students (grades 7-9) in Taiwan have depended on just
one test for the decision about whether they would enter high schools. Beginning in the
summer of 2002, Taiwan will discontinue the joint entrance examination of all senior
high schools and vocational high schools and initiate a multiple-track admission system.
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A new test, the Basic Competency Test (BCT), offering twice a year during May
and June, was introduced in 2001 for all nine graders in Taiwan. Students can take both
tests and use the better score when applying for admission. In the judgment of admission,
the score of the joint examination of basic competencies is considered very important
(Shong, 2000).

Traditionally, the assessment systems of elementary and junior high schools in
Taiwan relied on the paper-and-pencil tests (Chiang, 2000). There were two or three
six-week tests and one semester exam, and these tests counted as 75 percent of the grade
for the semester. These were all paper-and-pencil tests. Other assessment methods, such
as quizzes, evaluation of projects and papers, and teachers’ observation count as 25% of
the semester grade (ROCMOE, 1998). But the new regulation, from the ROC Ministry of
Education allows city governments to make their own decision about the assessment and

scoring system (ROCMOE, 2001).

Promotion of Performance Assessments in Taiwan

In August 2001, a new national standard for the scoring and assessment system
for elementary and junior high schools in Taiwan was implemented. This standard
emphasizes assessment with multiple approaches or performance-oriented assessment.
Fifteen assessment methods are listed in this standard: paper-and-pencil tests, questioning,
demonstration, performance tasks, projects, design projects, reports, data collection and
summaries, appreciation, interview, self-evaluation, peer-assessment, field trips, exercises,
and portfolios. Furthermore, paper-and-pencil tests are restricted to twice per semester
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(even though they still count as 75 percent of the total grade for the semester), and for the
remaining 25% of the grade, the teacher is entitled to use other assessment methods
(CCJH, 2001).

The reliance on paper-and-pencil testing is so deeply rooted that it is difficult to
make a change. In 1995, the educational authority of Taipei tried to promote performance
assessments by ordering all elementary schools in Taipei implement every possible
assessment method other than paper-and-pencil tests for the first monthly exam (six-week
test). The order was withdrawn after the unsuccessful trial of the first monthly exam,
mostly because of opposition from the majority of teachers, parents, and administrators of
elementary schools in Taipei (Lu, 1999).

Performance assessments are difficult to implement in Taiwan partly because
people do not really understand them. Yang (1999) investigated the awareness of
performance assessments of elementary school teachers in the central part of Taiwan by
survey with questionnaires a sample of 659 teachers from four counties. The results
expose the reality that 40% of elementary school teachers do not understand performance
assessments and one third of them do not believe that performance assessments are good
for motivating students’ learning.

The results also indicate that teachers dislike performance assessments. Teachers’
perceptions include the following: performance assessments are time-consuming
(teachers are heavily loaded with instructional burden); the teachers are unfamiliar with
the assessment processes; there are not adequate facilities for assessing a large group of
students in the same room; it is difficult to manage the classroom during the assessment;
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and parents may disapprove of this new form of assessment because of concern about the
objectivity of scoring.

From July to September of 2000, the ROC Ministry of Education employed a
program to collect performance assessment plans, scales, or rubrics from all teachers in
elementary schools in Taiwan for the purposes to promoting the implementation of
performance assessments. All projects were first classified as either summative or
formative assessment and then placed into four subcategories: paper-and-pencil tests,
performance assessments, portfolio assessment, and comprehensive assessment. All
teachers who participated were encouraged with premiums or awards, and the results of
acceptable projects were to be published and sent to all elementary schools.

An independent research center was created by the Ministry of Education in 1997
to study curriculum development and assessment. This was a reaction to critiques of the
top-down system of the National Curriculum Standard (Lee & Hwang, 1998).

Performance assessments are part of the old practices of testing in ancient China.
Assessment tasks, such as riding a horse, archery, and essay tests were used to select
military and civil officers more than a thousand years ago. However, the lack of theories
of assessment and learning and the apparent fairness of using paper-and-pencil tests in
allocating political resources granted the paper-and-pencil tests a monopoly in Taiwan
(i.e., Chinese society) until recently. If sound theories of learning and assessment, as well
as valid performance assessments, can be developed by means of educational research,

then alternative assessment may be accepted by people in Taiwan.
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Researches Related to Assessment Practices in Taiwan

Studies on performance, authentic, and alternative assessments

The new assessment methods have been accepted by some teachers, students, and
parents in Taiwan. For example, Shi (2002) studied the practice of performance
assessment of the course “living” in the first and second grades in Taiwan. Chen (1999)
tried to implement performance assessment in the mathematics classrooms of elementary
schools in Taiwan. Hung (2002) studied the implementation of authentic assessment in
the social studies classes in elementary schools in Taiwan. Their common findings
include: objective assessment criteria and assessment tools are insufficient, performance
criteria need to be specific and classified by academic level, and performance assessment
has been welcomed by more than half students and parents (Shi, 2002; Chen, 1999; and
Hung, 2002).

Studies of applying performance assessment in technology courses are sparse.
Chiang (2000) investigated the assessment practices of technology education in junior
high schools in Taipei. She asserts that technology teachers in Taipei, Taiwan are overly
reliant on paper-and-pencil tests and quantitative scoring/grading. During classroom
instruction, technology teachers failed to discuss the assessment plan with their students,
nor did they assess with criteria referencing, especially those teachers in rural areas or
those with little teaching experience. The most important research finding is that all
technology teachers in Taipei regard lack of objective assessment criteria and assessment
tools as one of the greatest problems in the learning assessment of technology education.

Chen (1999) studied the implementation of performance assessment in
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mathematics classrooms of elementary schools in Tai-Chung, Taiwan. He measures the
effects of the instruction and assessment by using “Traditional Tests Opinion Inventory,”
“Performance Assessment Opinion Inventory” and the “Mathematical Performance Test.”
He also sent a questionnaire to inquire students, parents, and teachers about the
assessment. Chen affirmed that performance assessment is welcomed by students and
parents.

Studies on assessment instruments, tests, and rubrics

Assessment tasks include on-demand tasks, extended tasks, demonstrations, portfolios,
and unstructured tasks; whereas, the scoring methods include rubrics, teachers’
observations, and checklists (Khatrri, Reeve, & Kane, 1998). Technology educators in
Taiwan are trying to develop assessment tasks and scoring methods connecting to

technological education.

Results of the studies cited above indicate that the majority of technology teachers
of primary and secondary schools, including technology teacher educators of colleges in
Taiwan, depend mainly on information from paper-and-pencil tests in evaluating students,
followed by information from informal observation. Most of them reported a positive
attitude toward performance assessment and a need for professional development in the
field of performance assessment (Chiang, 2000; Zhang, 1995; Wang, 1999; Yang, 2000;
Chen, 1999).

In general, studies related to portfolio assessment in Taiwan have been conducted
in the past decade. For example, Lee (2001) studied the development of portfolio

assessment of pre-service teachers in Taiwan. Qualitative methods including case study,
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interview, document analysis, and observation were used to study the development of
portfolio assessment. Lee found that portfolios have a positive influence on the
development of pre-service teachers. Lai (2001) studied the effects of using portfolio
assessment in a chemistry course at a vocational high school in Taiwan. She contended
that portfolio assessment could enhance students’ learning attitudes, motivation, and
reflection ability. Yew (2002) studied the implementation of an electronic portfolio in
classroom instruction for 5th graders. A website was established to offer a portfolio
exemplar, discussion forum, science projects, and multimedia resources to support
students’ learning. Yew claimed that the access to the computers is imperative for the
success of portfolio assessment.

In conclusion, researchers in Taiwan have attempted to develop some rubrics. For
example, Chang et al. (1998) developed an assessment tool that applies data cubes,
database technologies that manage and analyze learning logs, and improves the
instruction in distance learning systems. Chang (2001) developed an evaluation tool for
web-based learning portfolios. Sun (2000) developed a rubric for assessing the teaching
performance of biology teachers in junior high schools in Taiwan.

Studies related to rubrics or checklists in the field of technology education
compared with other academic fields, such as arts, foreign language, language art, math,
music, science, social studies, and wellness, are rare. For example, the following three
websites which contain abundant of resource guides about rubrics (each contain more
than 30 web sites for variety disciplines), do not contain any rubrics for technology
education:
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® Rubrics from the Staffroom for Ontario
http://www.odyssey.on.ca/~elaine.coxon/rubrics.htm
®  WebQuest Rubric. http://edweb.sdsu.edu/webquest/webquestrubric.html
® [ AEP Rubric. http://www.corona.bell.k12.ca.us/teach/imag/rubric.html
The scarcity of assessment methods for technology course is also happening in
Taiwan. When checking the two educational databases (NIERR and NCL) on January 23,

2002, 22 research papers and 12 theses or dissertations were found related to rubrics for

variety courses, but none of them were pertinent to technology education.

Research methods to study the assessment of technological literacy

The research studies pertinent to the assessment of technological literacy have
some characteristics in common. Quantitative methods are used more often than
qualitative methods. Questionnaire surveys are used predominantly. The majority of
researchers apply self-developed instruments instead of standardized instruments (maybe
this is due to lack of Chinese versions of standardized instruments). Most research studies
are too broad in setting the purposes -- they have included too many research questions in
one study. Research studies that are studying the same issue fail to coordinate with each
other and supported by former research. Finally, many research studies are successful in
their research format or design but mediocre in their thought content.

It can easily be found that the above research studies in Taiwan demonstrate the
following conclusions: “questionnaire surveys” are dominant in studies which investigate
the condition of programs or course instruction; “interview” and “panel discussion” are
used to develop the framework of questionnaires; “tests, inventory, and scales” are
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frequently used in measuring competencies or skills; “experiments” are used to test or
compare the effects of teaching methods, whereas “the Delphi techniques” are mainly
used in identifying the content of curricula or the performance level of competencies.
When reviewing the data analysis methods of those studies, it is found that the most
frequently used descriptive statistical methods were frequency distribution, mean, mode,
median, quartiles, quartile deviation, standard deviation, T-test, one-way analysis
(ANOVA), the One Way Multivariate Analysis of Variance (MANOVA), and One Way
Multivariate Analysis of Covariance (MANCOVAR).

Technology elevates the improvement of research and education in many ways,
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such as “on-line Interviewing and reporting,” “computer-based communication,”
“online/web research,” “web/online courses,” web meetings, web discussion, and e-mail
investigation. These technologies have gradually been transferred to Taiwan. Information
technologies such as web-based investigation, video recording, and electronic data
retrieval are beginning to be applied in research studies in Taiwan. Some modern inquiry
techniques, such as web meetings, web discussion, and e-mail investigation have been
attempted in the fields of teaching and learning (Tsai, 1999, Liu, 2001, Huang, 2002a),
assessment (Huang, 1999), and guidance (Lu, 2000).

Even though quantitative methods, especially questionnaire survey for a large
group of people, are dominant in these studies, there are many other techniques that can
be used to collect data for research purposes. These techniques can be classified as:

1. Inquiring from or consulting with people using questionnaire surveys, field

surveys, interviews, discussion, meeting, forum, and Delphi techniques.
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Observing and recording with tape-recording, video recording, field notes,
observing work/performances, interaction schedules and checklists, and
anecdotal records.

Analyzing and assessing people’s products or documents such as portfolios,
photographs and slides, document analysis, and content analysis.

Searching literature such as records, databases, the Internet.

Manipulating and controlling environments and research subjects in

experiments and tests.

Among these techniques, certain characteristics of the Delphi technique make it

appropriate for this study:

1.

The Delphi technique is widely used in educational research for gaining
stakeholders’ views (Lee, 1999) and is of value in identifying performance
problems and assessing needs (Lang, 1998). Moreover, businesses,
governmental agencies, and organizations also use Delphi methods to predict
or forecast future events and relationships (Ludwig, 1997).

It is an effective and inexpensive method to generate ideas, because
participants can save the time and money that would be required for travel.
One result of the cost effectiveness and time reduction realized with the
Delphi method is that it is easier to get people involved. Besides, studies can
benefit from subjective judgments (Linstone & Turoff, 1975).

The anonymity, use of statistical analysis, and feedback of reasoning of the
Delphi technique allow participants to think and express themselves under
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10.

minimum social pressure and thus present their true conception (Lang, 1998).
The anonymity of responses can also avoid the bias of dominant individuals
(McNeil, 2001).

It allows group communication among experts who are geographically
dispersed to build consensus (Ziglio, 1996).

Both performance criteria and benchmarks are qualitative in nature, and
should not be studied in a quantitative way.

The professional judgment of the performance criteria and benchmarks by
experts is much more significant than that of ordinary people.

The Delphi technique is a systematic method for eliciting expert opinions
(Sackman, 1974); it is also the simplest technique for exploring expert
opinion (Joel, 2001). Additionally, it is time efficient, because distance and
the schedules of experts make meetings difficult.

Experts can express their ideas more freely when other professionals are not
in close proximity.

E-mails were utilized to facilitate the three-round Delphi process because it is
an efficient and effective maneuver for the researcher to communicate with
and to collect data from experts in widely scattered areas.

A minority report about non-important benchmarks viewed of panelists were
included in the final report of the study, with the purpose to give a summary
of comments made throughout the Delphi processes that were either not
included in the recommendations or disagreed with their recommendations.
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By so doing it will help validate the development of a performance
assessment system by using Delphi technique.

11. Decisions were made in consultation with stakeholders during the
preparation stage of the study. Instruments used in the Delphi study were
validated and their reliability established by testing content validity and by
pilot testing before use in the field.

The Delphi technique certainly has some disadvantages, such as requiring a
commitment from participants, the difficulty of defining and locating a panel of experts,
and lengthy data collection time frames (Synder-Halpern et al., 2000)

Synder-Halpern et al. (2000), in a study comparing mailed vs. Internet application
of the Delphi technique for clinical information research, asserted that using the Internet
approach for implementing the Delphi technique could save time and money compared
with the traditional mailing approach, but response rates in the e-mail study were 20-40%
lower than for the mailing study.

Three critical issues in the process of developing the Delphi study are the number
of experts in the panel, the number of rounds in inquiry, and the number of questions in
the questionnaires. In regard to these issues, Ludwig (1997) suggests that 15-20
respondents are enough in a panel, Altschuld (1993) suggests that three rounds is enough
for the inquiry, and Synder-Halpern et al. (2000) states that 25 is a good upper limit for
the number of questions in a questionnaire.

Care should be taken in the process of the Delphi technique to: show the
distribution of the group’s responses and give more information than a simple consensus
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statement (Pope and Mays, 2000); encourage participants to comment on the rationale
behind the rating and to add additional items (Ludwig, 1997); avoid inserting moderator
opinions into panel feedback; explore areas of disagreement; plan enough turnaround
time between rounds, and avoid over generalization of results (Synder-Halpern et al.,
2000).

Consideration about cultural difference in research

The legitimacy of applying theories, ideas, or practices emanating from or
transplanted to other places with different cultural contexts is questionable (Dimmock &
Walker, 2000). When planning research, designing a questionnaire, or asking a question,
care must be taken to allow for cultural differences. Only through careful consideration
can truth and reality be unveiled by research.

There are cultural differences between people in U.S. and Taiwan (McDaniel &
Soong, 1981). Therefore, when inquiring Chinese in Taiwan, all questions of the inquiry
in this study were printed in English with Chinese interpretation. This is being done to
eliminate the possibility of participants misunderstanding the questions in English and
their cultural implications.

In summary, research concerning the assessment of technological literacy in
Taiwan is insufficient. Many relevant research studies about curriculum content, learning
outcomes, competency of teachers and students, assessment tools, and research methods
being used have been collected and summarized in this section. The results reveal that
neither performance standards nor standard tests of technological literacy have been
created in Taiwan. Most of the classroom assessments and competency evaluations in the
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field of technology education still rely on traditional paper-and-pencil tests or
questionnaires. However, Delphi techniques are widely applied in studying curriculum

and competencies.

The need for a performance assessment system for Living Technology

In this study, information was gathered primarily from students because the
purpose of assessment is to assess learning rather than assessing the program or the
curriculum. Information from students will indicate their learning achievement or
progress toward the learning targets. This information can be gathered by using
traditional paper-and-pencil tests, performance assessment, assignments, presentations, or
other inquiry methods such as observation, discussion, interview, or survey. The purpose
is to assess achievement of the objectives, whichever format is used (SASKED, 2001).

Two common classifications of tests are norm-referenced tests and
criterion-referenced tests. A norm-referenced test compares student’s performance to a
norm of a group of students, while a criterion-referenced test compares a student’s
performance with a criterion or absolute standard. Both norm-referenced (psychometric)
and criterion-referenced (performance) assessments can reflect the sequential mastery
learning theory, which involves breaking student learning down into disciplines and
competencies, removing them from the context that gives them meaning (Latting, 1992).

Criterion-referenced tests can better explain students’ technological literacy than
norm-referenced tests, because they can more explicitly portray individual performance.
Therefore, the performance assessments in this study were criterion-referenced and
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students’ performances in the tests were compared with the benchmarks that are
developed in the first stage of the Delphi studies.

In recent years school learning has changed in a variety of ways, moving from
whole-class to small-group instruction, from lecturing to coaching and facilitating, from
competitive to cooperative learning (Forcier, 1999), and from traditional
paper-and-pencil tests to performance assessments (Stiggins, 1994).

Performance assessment is based on the theory of constructivism, which is
derived from cognitive psychology (Fosnot, 1996). The constructivist paradigm for
approaches to teaching and learning is based on the work of Bruner, Piaget, and
Vygotsky (Chen, 2002). Constructivist learning environments should provide multiple
representations of reality, encourage thoughtful reflection on experience, and emphasize
authentic tasks in a meaningful context rather than abstract instruction out of context
(Jonassen, 1994). Genuine technological literacy can only be developed in the context of
real systems and problems that have meaning for students. (Liao, 1998)

Schools use assessment to determine how well they are meeting instructional
goals and how to alter curriculum and instruction so that goals can be better met. Unless
the content and format of assessment match what is taught and how it is taught, the
assessment results are meaningless. Montgomery (2001) asserts that practitioners should
appropriately match assessment with instruction and curriculum. In order to change
assessment to match instruction, some schools rely more upon performance assessment
(Porter, 1995).

Performance assessment relies on teacher observation and professional judgment

69



to draw inferences about student achievement. Educators have begun to embrace the
reality that some learning targets, like complex reasoning, skill demonstration and
product development, require the use of subjective, judgmental means of assessment
(Stiggins, 1994). In other words, with performance assessment teachers can acquire
information about the extent to which the specified criteria have reached, and students
can comprehend their performance deficiency so as to improve their performance

(Moskal, 2000).

Based on this reasoning, it is the goal of this study to identify benchmarks and
assessment tasks for the course “Living Technology” to help both teachers and students
by facilitating their teaching, learning, and assessment, and to support professional
development and program evaluation (ITEA, 2003). Moreover, the study seeks to
introduce authentic assessment to technology teachers, to help them go beyond the
concept that the primary purpose of assessment is determining grades and the primary
tool is a test (NASSP, 2002), and shift away from traditional assessment methods. A
strategy that limits the proportion of traditional multiple-choice tests to a minimum in

these performance assessments was employed.

Research related to the assessment tasks and performance assessment

Characteristics of performance assessment

Assessment is a tool to understand the strengths and weaknesses of the instruction,

to check the students’ learning progress, and to stimulate and enhance student’s learning.
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Aspects of performance assessment include performance criteria, performance exercise,
scoring and recording, and assessing in a guidance context (Stigins, 1994).

When it is planned, a performance assessment should be integrated into
instruction and linked to content and performance standards (Khatrri, Reeve, & Kane,
1998). The distinct traits of performance assessment are that students construct rather
than select responses, assessment tasks reflect real-world requirements, and scoring
reveals patterns in students' learning and thinking (Fuchs, 1995).

Desirable characteristics of performance assessment instruments include direct
assessment of behaviors, subjectively scored, standardized, consisting of a wide range of
instruments, and integrated, criterion-referenced, and externally scored (Latting, 1992). A
well-designed assessment measures important learning outcomes, addresses all purposes
of assessment, provides clear and specific descriptions of student performance, is
compatible with instructional models, is easily administered, scored, and interpreted,
communicates the goals of learning to teachers and students, and generates accurate,
meaningful information (Fuchs, 1995). The criteria of assessment were adopted as a
direction for the study.

Performance assessment were promoted in the study because the potential
benefits of performance assessment may well warrant its relatively high cost because it
better integrates assessment and instruction, focuses on higher level thinking skills,
provides greater motivation for engaging in instructional activities and preparatory study,

and enhances instructional and content validity (Crehan, 1991).
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Procedures of developing performance assessment

The procedures for developing an assessment program, synthesized from the book

Assessing Adult Learning: A Guide for Practitioners are to first determine the learning
targets, learning activities, and learners’ behaviors and progress, decide on assessment
tasks and tests, decide on the methods of scoring and interpreting the test results, and
consider how to involve informal assessments (Moran, 1997).

There are four steps to assessing learner outcomes, as presumed by Priestley
(1985): to determine assessment purpose, identify resources, decide whom to assess and
when, define what to assess, decide how to assess, create a preliminary plan, and evaluate
the plan; interpret the learner outcomes or learning objectives in terms of what is to be
measured; select assessment instruments -- interpreting the learner outcomes helps to
determine what type of assessment methods should be used to measure specified skills
and content; and determine which assessment method to select.

Kubiszyn and Borich (2000) argue that performance tests can assess processes
and products, can be embedded in lessons, and can assess affective and social skills.
Performance test methods include hands-on exercises, problem solving, observation of
students’ processes, or observing achievements, mental habits, ways of working, and
behaviors of value in the real world.

The authors also assert that the procedures for developing a performance test
include creating specific performance indicators or outcomes of instruction and arranging
a situation or condition that allows learners to demonstrate their learning achievements.
Finally, they suggest that the task or situation should center on issues, concepts, or
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problems that are important to the learning context. The criteria for revising and refining
the task include the following:

® The requirements for task mastery should be clear without revealing

the solution.

® The task should represent a specific activity from which

generalizations about the learner's knowledge, thinking ability, and
habits of mind can be made.

® The tasks should be complex enough to allow for multi-modal

assessment.

® The task should yield multiple solutions where possible, each with

costs and benefits.

® The tasks should require self-regulated learning (p.168).

The concepts discussed in “procedures for developing performance assessment”
were used to guide the study in the design and construction of the one holistic and three
analytic performance assessments for “Living Technology.” When developing
performance assessments, students should be involved in interpreting the evaluation
criteria and making the criteria clearer and more meaningful (Montgomery, 2001).
However, students need not be involved in developing criteria and selecting model

responses if they are more comfortable having scoring criteria provided to them (Ferrara,

1995).

The design and construction of performance assessments

The design and construction of performance assessment in the study will
determine assessment tasks or tests, decide on the scoring for each task, decide on the
content areas to be covered in each task, and develop assessment instruments.
Performance assessments come from a variety of sources, including teachers’ observation,
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inquiry from students, peers, or parents, testing of students, examining students’ products
or performance, and inspecting students’ writing or records.

Kubiszyn and Borich (2000) assert that students’ learning outcomes or
accomplishments can be categorized as products, observable performance, complex
cognitive processes, habits of mind, and social skills. Among these, products and
observable performances are more easily scored than others when scoring with checklists,
rating scales, holistic scales, or rubrics.

The six types of performance assessments are two-step problem solving with
student constructed responses, short, dichotomously scored answers provided by students,
short answers, essays, and thought experiments, in which nature of the response is up to
students, paper-and-pencil simulations that realistically mimic the actual environment,
simulations in realistic environments, and evaluation in the actual environment (Finch &
Dost, 1992).

Numerous alternative assessment methods include actual performance,
simulations, observational assessments, oral assessments, paper-and-pencil assessments,
and forms of program requirements designed to assess prerequisite skills or knowledge in
a non-testing context (Priestley, 1985). Alternative testing can be classified as
performance testing, discourse testing (oral and written), documentation practices or
student work samples (portfolios and exhibitions), and records kept about those samples
(Hill & Larsen, 1992).

In the classroom setting, an assessment using an outcomes focus can provide
evidence of students’ learning achievements through the following methods: observation,
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teacher journals, checklists and matrices, criterion referencing, self-assessment, peer
assessment, open-ended tasks, student-teacher conferences, teacher-made tests,
standardized tests, monitoring standards in education, student journals, portfolios,
Individual Education Programs (IEPs), negotiated evaluation, and on-balance judgments

(ARCA, 2000).

Assessment tasks

The objective of utilizing assessment tasks is not to produce remarkable products,
but rather to enlighten students’ growth and achievement. A variety of assessment tasks or
tests can be used to evaluate the students’ performance, such as paper-and-pencil tests,
essays, oral presentation, projects, portfolios, logs, journals, and track records, anecdotal
records, computerized assessments, video and audio tapes, adaptive testing, work sample
tasks, work simulation tasks, questionnaires, observations, interviews, the critical incident
technique, and others (Wheeler, 1993).

Other researchers suggest other assessment approaches such as paper and pencil
tests, group discussions, simulations, work samples, and content analysis (Neely and

Schuley, 1978). Campbell et al. (1997) in the book, How to Develop a Professional

Portfolio: A Manual for Teachers, introduce the following possible assessment tasks:

Unit Plans, Awards and Certificates,
Evaluations, Meeting and Workshop Log
Projects, Lesson Plans,

Anecdotal Records, Assessments,

Curriculum Plans, Bulletin Board Ideas,
Article, Position Papers

Summaries of Critiques, Field Trip Plans,

75



Self-Assessment Instruments,
Research Papers,
Problem-Solving Logs
Individualized Plans,

Essays,

Case Studies,

Community Resources Documents,
Media Competencies,
Teacher-Made Materials,
Schedules,

Rules and Procedures Descriptions,
Floor Plans,

Peer Critiques,

Computer Programs,

Strategies

Goal Statements,
Video-Scenario Critiques,
Simulated Experiences,
Seating Arrangement Diagrams
Philosophy Statement,
Cooperative Learning,

Theme Studies,
Work Experience Descriptions,
Student Contracts,
Journals,
Portfolio (Student),
Volunteer Experience Descriptions,
Professional Development Plans,
Interviews with Students, Teachers,
Parents,
Professional organizations and Committee
List,
Classroom Management Philosophy,
Observation Reports,
Subscriptions,
Professional Readings List,
Management and Organization Strategies,
Letters to Parents,
Transcripts,
Pictures and Photographs,
(Campbell et al., 1997)

Students’ learning products include individual reports, essay writing, written

projects, student journals, design projects, portfolio, and so forth. Students’ observable

performances are outcome-based, clearly delineated behavioral objectives such as

presentation, participation in-group projects, class participation, and test performance

(Biggs, 2000).

Students’ projects are assignments that involve problem solving, group

presentations, creating materials, investigating phenomena, or researching current

information (Campbell et al., 2000). Additionally, all design and make assignments of

technology courses in Taiwan are projects (ROCMOE, 2000).

To determine the assessment method most appropriate for a given performance

evaluation system, it is necessary to consider purpose and criteria, as well as individuals,



resources, and legal and technical issues (Wheeler, 1993). Besides, assessment methods
should be used in a variety of ways to measure different learning outcomes and to
accommodate different learning styles, different ways of displaying learning, and the
nature of abilities being assessed (Saskatchewan Education, 1991; SACE, 2002). Five
dimensions of assessment tasks -- time demands, applied problem-solving skill demands,
meta-cognitive demands, social competencies, and student control -- should be taken into
account (Khatrri, Reeve, & Kane, 1998).

Because the performance assessments developed in the study are summative
assessment in nature, some of the assessment types listed above, such as student
self-evaluation, peer-evaluation, group discussions, and simulation may not be
appropriate. Furthermore, practical reasons such as cost, time, resources, and technical
considerations will hinder the utilization of the following assessment tasks in summative
assessment: anecdotal records, computerized assessments, video and audio tapes,
adaptive testing, work sample tasks, work simulation tasks, questionnaires, interviews,

the critical incident technique, and other informal assessments.

Classification of assessment methods

Assessment methods can be classified in a variety of ways. For example, they can
be classified as test-centered performance assessments, which focus on a specific skill,
and construct-centered performance assessments, which focus on a domain of skills
(Khatrri, Reeve, & Kane, 1998). They can also be classified as controlled-response tests,
open-ended questions, and performance tasks (McCullough & Tanner 2001). They can be
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classified as four types as suggested by McMillan (1998): selected-response,
constructed-response, teacher observation, and self-report inventories. McTighe and
Ferrara (1997) asserted that assessment tasks could be classified as students’ responses
(selected or constructed), products, processes, or performances.

Some of these terms are mutually exclusive, such as “on-demand tasks and
extended tasks” as well as “selected-response and constructed response.” Some of them
are similar in meaning such as “open-ended questions and constructed-response” and
“controlled-response and selected response.” Synthesizing from the variety of
classifications listed above, an operationally adequate classification of assessment
methods, which has three categories -- test-oriented, task-oriented, and inquiry-oriented,

was developed by the researcher, as shown in Table 2.9.

Comparison of three categories of assessment methods

Test-oriented Task-oriented Inquiry-oriented
On-demand tasks Extended tasks Assessing by inquiring
Controlled-response Constructed-response
Selected-response Open-ended questions
Task-centered Construct-centered
Examples: Examples: Examples:

Multiple choice Projects/product exhibition Teacher observation

True or false Portfolios Self-report inventories

Oral presentation Design and problem solving logs Questionnaire survey

Essays (restricted- Performance tasks Interviews

response) In-class case study
Questioning

Table 2.9: Kung-Fu’s classification of assessment methods.
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The test-oriented assessment methods assess students on demand and mostly with
controlled response, questions using paper-and-pencil or computer-assisted tests.
Task-oriented assessment methods assess students with extended tasks and evaluate both
the processes used and the results. Inquiry-oriented assessment methods assess students
with inquiry techniques including observation, survey, and self-report.

Among those generally used assessment tasks, multiple-choice tests, essays, or
research papers, true and false tests are “test-oriented,” projects/exhibition, portfolios,
journals or logs are “task-oriented,” while questionnaires, interviews, and teacher
observation are “inquiry-oriented.” All of the three types of assessment tasks were used in
the study.

Rationale in designing analytical and holistic tests

Rubric is a general term for an assessment instrument. A holistic rubric provides
one score or rating for the entire product or performance, whereas, analytical rubric
includes several scores or ratings for a particular product or performance (Arter, 2001,
p-25). When using rubrics in the assessment of technological literacy, the domains of
technological literacy should be determined beforehand.

Technological literacy was classified as having three domains: “development of
technology,” “design and make,” and “thinking skills,” according to the ROC 2000
National Curriculum Guideline. To effectively assess all phases of a student technological
literacy, technology teachers in Taiwan need both holistic and analytical assessment
instruments to evaluate technological literacy. The rationales in choosing analytical tests
and holistic tests are compared in Table 2.10.
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Rationales for Designing Analytical
Tests

Rationales for Designing Holistic Tests

Multiple approaches in assessment

Integrated with instruction:
implementing during classes

For grade 3 to 9, during the learning.

Tasks: extended tasks (projects, papers),
portfolios, demonstrations, or tests.

School level examination: administering
and supervising by school principal

Test authentically, all term paper,
projects, or design projects of
students can be used in the tests.

The results of tests can be presented both
in quantity and quality, although
qualitative description of learning
achievements will be presented with
the help of new design rubrics.

To infuse technological knowledge and
design activities in the technology
classroom instruction.

Multiple approaches and integrated curriculum
should be adopted in the assessment.

Implementing at the end of a semester or
academic year.

For grade 8 or 9, after finishing the learning of
a category of technological literacy.

Tasks: on-demand performance tasks

District-level or County-level examination:
administering and supervising by local
educational authority

Test objectively, all students projects and
papers can not be used

To fit the scoring system in Taiwan, results of
tests are presented in score with maximum
of 100, although the scores of different
categories of learning will be also
presented.

The numbers of open-ended questions should
exceed those closed-ended questions in the
test.

Table 2.10: Comparison of analytical tests and holistic tests.

The six proposed assessment tasks

Although there are more than 50 types of assessment tasks, some are more

suitable to formative assessment than summative assessment. After judging a variety of

factors, six promising assessment tasks/methods for use in this study were selected. They

are multiple-choice, essay tests, oral presentation, project/exhibition, teacher observation,

and portfolios. They are analyzed in terms of their advantages in Table 2.11. They were

sent to a panel of experts in the Delphi studies, and are briefly discussed below.
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Advantages of assessment
tasks

Assessment Tasks/Methods

Multiple
Choice

Essays/
Papers

Oral
Present-
ation

Teacher
observ-
ation

Project/
Exhibition

Portfolios

Evaluation or grading

X

X

X

X

X

Diagnosis of student strength
and problems

X

X

X

X

X

X
X

On-demand tasks

X

X

X

Extended tasks

Formative feedback and
evaluating students’ attainment
and progress in the subject

ol

Relevant to meaningful
learning of subject-content

>~

>~

=

Measuring focus on ability to
organize ideas and concept
construction

>~

>~

=

Motivation of performance

Corresponds closely with
benchmarks

e

To use higher thought
processes

Embedded in a meaningful
context that seems authentic

o B b

o I e e

o I B e

Conveys a sense of fairness to
all

Controlled-response or
selected-response

Open-ended questions or
constructed-response

Table 2.11: Classification of Assessment Tasks.
Sources: (McCullough & Tanner, 2001; McMillan, 1998; Khatrri, Reeve, & Kane,
1998; Campbell et al., 2000; Cangelosi, 2000; Glatthorn, 1998; and Montgomery,

2001)

The traditional multiple-choice test has been prevalent because it is time-saving,

easy to prepare, easy to grade/score, can be used to test a large number of people at the
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same time, and is ideal for testing rote learning. Some disadvantages of the
multiple-choice test are that it can only measure factual knowledge or limited application
of facts, and it is ineffective as a test for thinking skills. As a selected-response test, the
multiple-choice test cannot measure important learning outcomes, such as
communication skills, physical skills, reasoning skills, and applying knowledge in
"real-world' situations (Arter, 2001).

Educators criticize the multiple-choice test mainly because it forces the teaching
and learning to focus on specific facts from a course, while they realize that only
concepts, principles, and major themes can be really helpful in dealing with problems
encountered in daily living. The major advantages of the multiple-choice test are that it is
easy to score and it can sample a large number of learning outcomes efticiently. However,
performance assessments are more content valid and thus are increasingly being used to
observe concept acquisition and skill development in reading, writing, and mathematics
(Grehan, 1991).

Furthermore, performance assessments can be natural parts of the instructional
setting and can assist students in motivation and preparation. Arter (2001) argues that the
“selected-response test” (e.g., multiple-choice) is not more objective than performance
assessment because “subjective judgments enter all the way through the development of
selected-response questions” (p. 2).

The traditional multiple-choice test will still be included among the performance
assessments in the study because it has definite value in measuring factual knowledge,
and because it can play a complementary role alongside with new performance
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assessments (Moran, 1997). Although an essay test is poor in evaluating skills and
products, it can document almost any standard (Campbell et al., 2000), can measure
understanding and the ability to synthesize and evaluate, and can be used in both

formative and summative assessment (SASKED, 2001).

Kubiszyn and Borich (2000) state that strategies to improve the scoring reliability
of essay tests include structuring good essay items by using several restricted range items
rather than a single extended range item, use of a predetermined scoring scheme,
implementing the scoring scheme consistently, removing or covering names on papers to
avoid scoring bias, scoring all responses to one item before scoring the next item, keeping
scores from previous items hidden when scoring subsequent items, re-scoring all papers
before returning them, and averaging discrepant ratings (p.127).

Oral presentation and multimedia presentation are used in performance tests to
present learning outcomes, findings, knowledge gained, or information about the
learner’s project. For group projects, each student must make an individual oral
presentation. The oral presentation is evaluated on the basis of public speaking skills,
content knowledge and analysis. Teachers can use rubrics to justify their rating of basic,
proficient or advanced use of language (ETIL, 1997).

When students’ technological literacy is evaluated by oral presentation, the
content (what is said) and execution (how the content was organized and presented) are
two key elements of proficient demonstration of performance. These two performance
traits need separate assessment criteria for their evaluation. Teacher observation is a
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straightforward way to assess performance while students are engaging in an activity or
working on a project (Marzano, 1997). The recording of teaching observation can be
either high inference or low inference. “High reference” means judgments are made
based on performance criteria by using a checklist or a rubric, whereas, “low reference”
means specifics of the performance and critical incidents are described without placing a
valuation on them. The low inference way of recording is more objective and more
“closer-to-the-event, ” while; the high inference way of recording is more efficient in
obtaining the result of assessment (Maxwell, 2001).

The instrument used in teacher observation is called “teacher observation form”
or “rubrics for teacher observation.” With a rubric or teacher observation form, evidence
of specific learning outcomes on particular occasions can be effectively recorded,
interpreted, and measured.

Projects in technology courses include problem solving, design, research,
presentation, or exhibition; they are useful for summative assessment because the result
of projects can demonstrate students’ skills and knowledge. Projects should be related to
benchmarks and involve hands-on application of skills so that students can explore a
topic in depth and use a range of process abilities (Christensen, 1995).

Projects can be done by a group of students. For evaluation, individual student
responsibilities should be clearly spelled out in group plans. Using student
self-assessment is another avenue for determining individual contributions and
participation (SASKED, 2001).

Teachers assess student projects as basic, proficient or advanced based on the
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project plan, evidence of progress, and the final product (ETI, 1997). They can also
examine the performance criteria to determine if the project reflects the ability to meet
individual needs, or knowledge of content (Campbell et al., 2000). Teachers can provide
guidance on the projects such as scheduling frequent deadlines, requiring weekly
progress reports, and designating special project days.

A portfolio is a purposeful collection of student work that demonstrates student
effort, progress, and achievement. Students participate actively by providing input,
reflection, and self-evaluation (California Department of Education, 1995).

When producing portfolios, students actively collect and reflect on their work and
decide what work is representative of growth (Seven Oaks School Division, 2001).

The format of the works in the portfolio may vary and include such forms as
video-tapes, audio-tapes, written work, drawings, paintings or photographs, journals,
reaction letters, research papers, self-evaluations, tests, drafts, journals, projects,
problem-solving logs (NCRVE, 1995), and other types of work (Curriculum Frameworks
Project, 2000). Possible collectibles include homework, teacher-made tests, learning logs
and journals, written artifacts, videos of performances, audio cassettes of speeches,
readings, questions, songs, interviews with students, observation checklists, self
assessments, goal statements, work in progress, artwork, lab experiments, problem
solving logs, and best work.

Performance assessment can free the teacher from the constraints of standardized
tests or traditional paper-and-pencil tests. The application of portfolio assessment can
change classroom practices to meet the developmental needs of children, and it to
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compare current work to earlier work and indicate students’ progress toward
developmental expectations (Grace & Shores, 1991). Moreover, utilization of a portfolio
leads to self-reflection, motivation, higher- cognitive skill development, integration of
skills, and enhanced student performance (Robinson, 2000).

The content of a portfolio can be organized by category of development and then
by chronological order (Grace & Shores, 1991). Contents of a portfolio can include the
following:

= Problem-solving logs made up by a student

= Report of a group project

= Excerpts from a daily journal

= Notes from an interview or conference

= Teacher-completed checklists

= Video, audio or computer generated examples of student work

= Work that shows the student's correction of errors or misconceptions.

= Self-assessment/reflection (LCSEC, 2001).

Among all components of a portfolio listed above, keeping logs is a good way to
document professional commitment and to help students discover their need for
improvement in some areas on their own (NCRVE, 1995; Campbell et al., 2000).
Problem solving logs should include the statement of the problem, strategies for dealing
with the problem, and the results of the implementation of chosen strategies (Campbell et
al., 2000).

Because of their versatile functions, all of the six assessment tasks discussed
above (multiple-choice, essay, oral presentation, teacher observation, project/exhibition,
and portfolios) were included in the study and presented to the panel of experts for the

development of the performance assessments.
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The structure of the performance assessment of “technological literacy”

The construction of the performance assessment for holistically measuring
technological literacy will include multiple-choice, essay, oral presentation, teacher
observation, projects, and portfolios. Although in the ROC 2000 National Curriculum
technological literacy has been divided into three categories: (a) development of
technology; (b) design and make; and (c) thinking skills, yet it can be more accurately
represented by the 60 benchmarks identified in this study.

Types of scoring system/methods

The scoring system best suited for the type of performance being assessed should
be determined. Different approaches to scoring include observing and assessing by
teachers or evaluators, students’ self-evaluation, peer evaluation, video or audiotaping,
computer assessment, and informal assessment.

Among these different approaches, self-assessment instruments such as rating
scales, inventories, or questionnaires are used by teachers or students to understand their
progress, achievement, or performance (APS, 2001). Self-assessments by students or
peers may not be appropriate for summative assessment especially for grading because it
is difficult to verify the objectivity of assessment.

Three characteristics of the scoring system (i.e., assessment device) of

9% ¢

performance assessments are “level of prescription,” “scope of pedagogical net,” and
“technical robustness/features” (Khatrri, Reeve, & Kane, 1998). The “level of
prescription” refers to the degree of control teachers have over assessment tasks. The

“scope of pedagogical net” refers to how students and teachers are involved in the
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assessment, and how data is collected from different domains of skills. The “technical
features” refer to whether the performance assessments have adopted various procedures
to establish validity and reliability, such as development of assessment tasks, inter-rater
reliability procedures, development of scoring rubrics, and scoring procedures (Khatrri,
Reeve, & Kane, 1998, pp. 48-55).

In general, scoring methods include checklists, scoring sheets, rating scales,
holistic ratings, and rubrics. Comparing the usability of the methods, holistic scoring is
the easiest to construct and most efficient to score, while checklists have the best
reliability, defensibility, and quality of feedback. Additionally, checklists are easy to
develop and easy to use.

Comparing them in terms of appropriate utilization, holistic scoring is suitable for
products and processes, checklists are suitable for procedures, complex behaviors, or
performances, and rating scales are suitable for attitudes, products, social skills
(Kubiszyn, & Borich, 2000). Holistic rating is inappropriate for formative assessment
because the single, summary evaluation it offers cannot indicate the learner’s strengths
and weakness (Tanner, 2001).

Rubrics have the strengths of all other assessment methods. Moreover, rubrics do
more than check the presence or absence of an attribute, testify that an attribute is worth a
given number of points, and inspect the degree of completeness. Actually, rubrics are
suitable for assessing all attributes of quality in a process, product, or performance
(Martin-Kniep, 2000). The learning outcomes or performance criteria on the rubrics can
be used to justify the judgment of student’s achievement.
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Characteristics of rubrics

Rubrics are descriptive scoring schemes developed by teachers or other evaluators
to guide the analysis of the student products or processes (Brookhart, 1999). Rubrics can
be used to help teachers assess projects more objectively. The scores from rubrics are
highly meaningful to students' learning because the rubrics can provide students with
detailed descriptions of their performance outcomes (Moskal, 2000). Rubrics, which are
established with student input can set expectations for the quality of learning outcomes as
well as the aspects of group work, such as playing roles, completing the tasks,
participating in the discussion, and being a supportive group member (Nagel, 2001, p.36).
Characteristics of high-quality rubrics include: content, clarity, practicality, and technical
quality/soundness (Arter, 2001).

Rubrics can be designed in either holistic or analytic style. Holistic rubrics can
assign a single score to an entire product, process, or performance. Although holistic
rubrics are easy to use, they are difficult to construct, and fail to indicate specifically
what students need to do to improve. Analytical rubrics can only assign a single score to
one attribute of a product, process, or performance. Although analytical rubrics are easy
to construct, they take a longer time to score because it takes a complete set of analytical

rubrics used together to measure the whole performance (Martin-Kniep, 2000).
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Strengths of rubrics

Advantages of rubric evaluation over the traditional grading system include the

following:
1.

2.

Rubrics can fully depict student competencies and learning proficiencies;
Rubrics clarify expectations and standards of learning;

Rubrics can open constructive conversations among teachers, parents, and
students about explicit learning achievements, such as strengths, weaknesses,
and deficiencies;

Rubrics can equip teachers with better skills in objectively assessing student
performance and tasks, broaden assessment processes from traditional
factual knowledge to higher level skills, such as projects, group work, or
other problem solving activities;

Rubrics can help students take responsibility for their own learning and
perceive where their work needs to be further improved and refined; and
Rubrics have value to other stakeholders (such as parents, administrators,
and community members) in letting them know what content has been

mastered by the students (Liu, 1995).

Limitations of rubrics for assessment

The drawbacks of using rubrics include: the function of rubrics is restrictive, and

some of the outcomes we prize are not directly observable; the manifestation of the traits

of higher level abilities (i.e., creativity, analytical ability, comprehension, and

problem-solving skills) is difficult (Tanner, 2001); rubrics may not be able to
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productively focus on the instruction (Neuman & Dickinson, 2001, p.384); when using a
rubric, measuring bias may exist if the rubric leaves some room for judgment by different
observers/raters, and intra-observer-consistency was a concern (Cangelosi, 2000); some
serendipitous learning outcomes are difficult to anticipate or to be totally involved in one
single rubric, and that students’ learning may be constrained by listed learning outcomes

(Maxwell, 2001); and bias may also exist at the stage of designing a rubric.

Design of rubrics

The techniques for defining the different levels of performance for rubrics are as
follows. First, clearly identify the qualities that need to be displayed in student's work to
demonstrate proficient performance. The identified qualities will form the top level of
scoring criteria for the scoring rubric (Brookhart, 1999). Second, the lowest level of
performance can be determined by referencing performance standards or discussion with
students. Third, the criteria for the middle level or levels of performance can be
determined by examining the two extremes (Moskal, 2000).

When designing rubrics, the descriptions of the different levels of performance
criteria should be meaningful and easy to understand, and should be a subjective
description rather than a judgment about the work (Brookhart, 1999). Because, different
contexts impose different conditions, confirmation of the transfer of learning outlined in
the outcome to different contexts is basic to an “on-balance” judgment. The curriculum
needs to allow for this by ensuring a range of contexts in learning programs and
assessments (AOBJ, 2000).
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A well designed rubric should be focused on measuring a stated objective
(performance, behavior, or quality), used a range to rate performance, and arranged
specific performance characteristics in levels to indicate the degree to which a standard
has been met (Pickett and Dodge, 2001). A tentative format of rubrics which can

effectively illustrate what an assessment task is evaluated is shown in the Table 2.12.

Design of a rubric for essay tests

To summarize, rubrics can be used to make the expectations for learning and
assessments clear. In fact, to share the assessment criteria with students in advance can
help students either to understand the learning expectations or to do self-monitoring and
self-assessment (Maxwell, 2001).

Six rubrics, which were developed in this study to show to the panel of experts in
the first round of Delphi studies, how benchmarks can be evaluated by using various
assessment tasks: multiple-choice test, essay test, oral presentation, teacher observation,

project/exhibition, and portfolios.

92



Table 2.12: A model rubric for assessing an essay.

Directions for Scoring:

Scores for the answer depend on how well the essay meets the criteria listed below. The
points for each criterion is as follows:

Beginning Developing Accomplished Exemplary
(1 - 2)+++++++(3 - 4) +++++++ (5 - 6) +++++++ (7 - 8)
“1 or 2” points if it is unclear as to whether or not the criterion is met.
“3 or 4” points if the criterion is partially met.
“5 or 6” points if the criterion is almost met.
“7 or 8” points if the criterion is clearly met.

Criteria Score

Understanding:

8/7 -- Shows complete understanding of the topic and processes.

6/5 -- Shows substantial understanding of the topic, ideas, and processes.

4/3 -- Response shows some understanding of the topic.

2/1 -- Response shows a complete lack of understanding for the topic

Information:

7/8 -- Information was accurate, complete and included opinions.

5/6 -- Information was accurate, complete, and sometimes included opinions.

4/3 -- Information was sometimes clear and accurate and all task questions
were answered.

2/1 -- Information was accurate (Karl, & Stevens, 2000).

Ilustration:
7/8 -- Appropriate, well-placed illustrations were used to make essential
points.

5/6 -- Appropriate illustrations were used to make essential points.
4/3 -- Illustrations were used to make points.
2/1 -- Illustrations were used (Karl, & Stevens, 2000).

Continued
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Table 2.12. Continued.

Features:

8/7 -- The essay details both key and hidden features of the topic and explains
how they serve several purposes.

6/5 -- The essay details the key features of the topic and explains the purposes
they serve.

4/3 -- The essay neglects some features of the topic or the purposes they serve.

2/1 -- The essay does not detail the features of the topic or the purposes they
serve (Goodrich, 1997).

Critique:

8/7 -- The essay discusses the strengths and weaknesses of the topic, and
suggests ways in which it can be improved.

6/5 -- The essay discusses the strengths and weaknesses of the topic.

4/3 -- The essay discusses either the strengths or weaknesses of the topic but not
both.

2/1 -- The essay does not mention the strengths or the weaknesses of the topic
(Goodrich, 1997).

Connections:

8/7-- The essay makes appropriate connections between the purposes and
features of the topic and many different kinds of phenomena.

6/5 -- The essay makes appropriate connections between the purposes and
features of the topic and one or two phenomena.

4/3 -- The essay makes unclear or inappropriate connections between the topic
and other phenomena.

2/1 -- The essay makes no connections between the topic and other things
(Goodrich, 1997).

Point Value  Points Earned  Status Your
30-48  eeeeeee Advanced Score:
29-38 - Proficient
19-28 e Non-Proficient

1-18 e Not Meeting Standard
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Summary

The review of literature has provided much insight regarding identification of
benchmarks and performance assessment of technological literacy. A summary of chapter
2 is presented below.

1. The background of this study is that technology teachers in Taiwan are
confronting a new national curriculum, and they need an appropriate assessment tool to
effectively integrate their instruction with assessment in the new curriculum, and shift
away from assessment of factual knowledge and low-level, easily tested performances.

2. It is the purpose of the study to help teachers solve their instruction and
assessment problem and upgrade their instruction by identifying the benchmarks of
technological literacy and determining assessment tasks.

3. The course of technology education in Taiwan has been renamed “Natural
Science and Living Technology” according to the new ROC 2000 National Curriculum.
The new course was taught and shared between science teachers and technology teachers.
The instruction time allotted for this course will be 2.5% to 7.5% of total instruction time,
depending on the schools.

4. From the related literature, one hundred and five benchmarks of technological
literacy were identified and classified into 15 categories in three domains of teaching
content: “development of technology,” “thinking skills,” and “design and make.” The
computer course was excluded. The benchmarks were identified according to whether
they are aligned with curriculum goals, can be used for engaging in learning activities,
and are suitable for performance assessment.
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5. Although research about the assessment of technological literacy in Taiwan is
insufficient, many relevant research studies about curriculum content, learning outcomes,
competency of teachers and students, assessment tools, and research methods being used
have been collected and summarized. The results reveal that both performance standards
and performance assessment of technological literacy were not created in Taiwan. Most
of the classroom assessments and competency evaluations in the field of technology
education still rely on traditional paper-and-pencil tests. However, the Delphi techniques
are widely applied in studying curriculum and competencies.

6. Six assessment tasks, multiple-choice test, essay test, oral presentation, teacher
observation, project/exhibition, and portfolios, were identified for construction of the
performance assessment. Furthermore, models of six rubrics for these six assessment
tasks have been developed that focus on whole-school planning and student learning.

The literature review has provided us a starting point from which to postulate the
benchmarks of technological literacy. In particular, the requirements for assessment and
curriculum in Taiwan and theories and practices of performance assessment will help us

to discover answers to the research questions.
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CHAPTER 3

METHODOLOGY

This chapter delineates the design and methodology of the study. The discussion
will include five main parts: research design, research methods, procedures, data
collection, and data analysis. It was the purpose of this study to determine the
benchmarks and assessment method to measure technological literacy as specified in the
ROC 2000 National Curriculum Guidelines in Taiwan. A sequence of questionnaires,
which focus on benchmarks and assessment methods, was used to elicit information from
technological professional in Taiwan. Data were collected and analyzed to answer the

following research questions:

Research Questions

1.  What are the appropriate benchmarks to assess technological literacy in the
area of “development of technology,” a portion of the Natural Science and
Living Technology curriculum as required by the ROC 2000 National
Curriculum Guidelines in Taiwan?

2. What are the appropriate benchmarks to assess technological literacy in the

area of “design and make," a portion of the Natural Science and
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Living Technology curriculum as required by the ROC 2000 National
Curriculum Guidelines in Taiwan?

3. What are the appropriate benchmarks to assess technological literacy in the
area of "thinking skills," a portion of the Natural Science and Living
Technology curriculum as required by the ROC 2000 National Curriculum
Guidelines in Taiwan?

4.  What are the appropriate assessment tasks to assess technological literacy in
the Natural Science and Living Technology curriculum as required by the
ROC 2000 National Curriculum Guidelines in Taiwan?

Research Design

A three-round Delphi process with interviews and data analysis was used to
develop a consensus among 24 experts in Taiwan on the benchmarks and assessment
method for “Living Technology” as specified in the ROC 2000 National Curriculum
Guidelines.

In the first stage, all prevailing benchmarks of technological literacy for junior
high school students were explored and analyzed through a review of the literature, and
ultimately became the framework for the first questionnaire for data collection. A panel of
24 experts was selected from superlative technology teacher educators, technology
teachers, and administrators in Taiwan. Within the three-round Delphi processes, they
were asked to offer their professional judgment and ideas on following propositions:

1. Appropriate benchmarks of technological literacy for ninth grade junior

high school students,
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2. Appropriate assessment methods, types of tests or tasks, which can be used

to measure technological literacy.

During each round of the Delphi process, the responses from the experts were
statistically processed, summarized, and used to construct another more focused
questionnaire to be sent to the experts again. The process of sending, receiving, revising,
and sending again in each round of the Delphi process were continued until the ideas
were clarified, a consensus was reached, or no new information was gained, or until the
third round.

Both the interviews and the Delphi technique used in the study gathered
qualitative information by asking open-ended and exploratory questions; therefore, they
were classified as qualitative research methods (Myers, 1997).

In fact, the Delphi techniques are classified as both qualitative research methods
(NPRES, 2001) and inductive methods (McClure & Herndon, 1991). Consequently, the
research methods being used in this study can be classified as qualitative and inductive in

nature.

Research methods

The research planning, approaches, and rationales utilized in this study, including
choice of the research method and selection of the panel of experts, were discussed in the

following sections.
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Methods chosen

The research methods used in this study included analysis of existing data,
interviews, Likert scale to elicit judgments on the importance of benchmarks, and the
Delphi technique to obtain consensus from experts. The identification of benchmarks and
assessment tasks for assessing technological literacy were classified as social and cultural
phenomena and are qualitative in character. These research tasks were best explored
through qualitative methods. Among all qualitative methods the Delphi technique was
chosen as the main research method. The reasons for choosing the Delphi technique in

this study have been discussed in chapter 2.

Analysis of existing data

The content and benchmarks to be used in assessing technological literacy of
junior high students as required by the ROC 2000 National Curriculum Guidelines in
Taiwan were identified by a review of literature and analysis of existing data. Data
sources for this research method included books, periodicals, electronic databases, and

2 ¢

web pages. Words like “technological literacy/competence,” “performance indicators,”

29 ¢

“performance assessment,” “benchmarks,” “standards,” and other relevant keywords
were used as codes in the inspection of all documents. Concepts and benchmarks of
technological literacy were compared, organized, and, as a result, compiled into a set of
150 benchmarks in 15 categories, and six assessment tasks illustrated with rubrics.

The compiled list of benchmarks and assessment tasks was sent to technology

professionals and administrators in Taiwan for comment and suggestion in the Delphi
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probe stage. Interview, phone call, e-mail inquiry, and follow-up letters were used to
collect data. Based on the findings of the Delphi probe, a list of 105 benchmarks and 5
assessment tasks were identified and became the framework of the questionnaire to be
used in the first round of the Delphi survey.

Interviews

The semi-structured individual interviews took place in Taipei, Taiwan from July
to September of 2001. The interviews were focused on the assessment of technological
literacy practices. Specifically, they were focused on the benchmarks, assessment tasks,
and the influential stakeholder convictions in regard to the assessment of technological
literacy.

Twenty-four individual interviews were held. The interviewees included 12
technology teachers from junior high schools and senior high schools and 12 technology
teacher educators from universities in Taiwan. Elementary school teachers were excluded
from the interview process because the study is focused on the junior high school level.
Senior high school teachers were included because most junior high school graduates will
go to senior high schools, and, moreover, almost all senior high school teachers are
promoted from junior high schools in Taiwan, and their expertise is valuable to this study.

To identify the appropriate benchmarks and appropriate assessment method,
semi-structured face-to-face interviews and telephone interviews were used. A
data-collection instrument for the interview (see Appendix D), includes a list of
systematically organized, relevant, and easy to answer questions, was prepared before the
interviews, although it was not anticipated that it would be followed precisely. To get the
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most data from an interview, it is necessary to ask questions flexibly to accommodate the
unique character and mood of an interviewee. Also open-ended questions were asked to
elicit different perspectives.

A face-to-face interview permits more complex questions and enables the
interviewer to establish rapport with the respondent, while a telephone interview is less
costly and takes less time than a personal interview (ERIC/AE, 1997). To interact with
experts in remote areas, telephone interviews were used to supplement face-to-face
interviews. The purpose was to involve as many qualified technology teacher educators
and technology teachers in Taiwan as possible. Because e-mails were used in the Delphi
process, personal contacts of possible participants by researcher were made first.

In Taiwanese culture, it is necessary to have personal contact, which can best be
established through a mutual friend and a commitment of friendship, in order to get
sincere help in either e-mail or mail replies from participants who do not personally know
the investigator. In judging effectiveness from the viewpoint of "relationship", the cover
letter of the questionnaire has been of little value or even meaningless to persuade

participants to respond to the questionnaire.

Revised magnitude estimation scaling

The panel of experts was asked to comment on the related importance of the
benchmarks in the first round of the Delphi process. To obtain more precise and reliable
data, a “Magnitude Estimation Scaling” (MES) method (Sturges, 1990) was revised for
data collection in this study to adapt it to the conventions of respondents in Taiwan.
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The revised magnitude estimation scaling has the advantage of being a "ratio" scale,
which is superior to an ordinal scale (Gay, 1996) such as the traditional Likert type
scaling. The revised magnitude estimation scaling is an anchored scale -- it contains a
reference point by which to compare perceptions. It has been revised to restrict the ratio
of comparison from 0 to 2.0, because the anchor is set at 50; in other words, the range of
answers was restricted from 0 to 100.

Although the revised scaling may not be successful in representing the respondents’
ideas when they feel certain items are more than three times as important than the
anchored item, it fits the scaling convention of teachers in Taiwan. That is because people
in Taiwan are trained since primary schools to represent a value by offering a score from
0 to 100. When using the MES method, they can assign a score corresponding to a value
judgment subconsciously without actually doing the multiplication as suggested.

To make it easier for participants using the revised magnitude estimation scaling,
the 150 benchmarks were grouped into 15 clusters with seven benchmarks in each cluster.
This is based on the assumption that it was easier for respondents to make comparisons
on 10 or less items (Altschult, 2000).

Based on the findings of a field test in May 2002 and a Delphi probe in July 2002,
most of the respondents did not enjoy the MES method. After reconsideration, a
four-point Likert scale was applied instead. That is because there is no strong evidence
from literature to support the validity of the revised magnitude estimation scaling.

The four-point rating scale allowed respondents to evaluate the importance of
benchmarks. With an even number of points on the scale, respondents rated a benchmark
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as either important (3 or 4) or of non-important (1 or 2). The reason to employ a
four-point rating scale instead of a five-point rating scale is that a questionnaire without a
"don't know" or "no opinion" category will decrease the number of unusable response
(Black, 1995). The possibility of artificial opinion by forced-choice item (Klajman, 1995)
is minor, because those questions in the questionnaire would not be difficult to

understand by the panel of experts.

Delphi Technique

As discussed in chapter 2, a three-round Delphi process was to be used in this
study because of its advantages: anonymity, cost-effectiveness, time saving, the benefit of
subjective judgments (Linstone & Turoft, 1975), group communication and its value for
identifying performance problems and assessing needs (Lang, 1998).

In the beginning, an e-mail application of the Delphi process was planned for the
study because it can save time and mailing and handling expense compared with the
traditional mailing approach (Synder-Halpern et al., 2000). Incentives such as
refreshments, small gifts, and having tea together to build up relationships were used to
promote the response rate of the Delphi study. But, after the Delphi probe stage in July
2002, it was concluded that e-mail inquiry should be replaced with mailing because of the
low return rate.

Panelists composed of 24 technology educators and practitioners from different
levels of educational institutes, were queried in the three-round of Delphi study. In the
first round of the Delphi process, the panelists evaluated and justified the proposed 105
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benchmarks of technological literacy. They added new benchmarks and gave comments.
Panelists were also examined and determined the appropriate assessment tasks and
classification of technological literacy.

The consensus is assumed to have been reached when a two-thirds majority of
participants agree with a particular viewpoint. For the purpose of this study, the
consensus of an item was considered to have been reached when its standard deviation is
lower than 0.8, which means 70% participants agree, i.e. 17 out of 24 panelists agree.

In each round of the Delphi method, the responses from the panelists were
statistically processed and the results were returned to all respondents. After examining
the mean and standard deviation of the group response, panelists can request to revise
their predictions or to support their positions. After panelists gave their further opinions,
they received feedback of the result after further statistical processing. Altogether, in the
three rounds of the Delphi processing, panelists received questionnaires and results three
times, until a predetermined level of consensus (e.g., by examining the statistics of
central tendency and variability) was reached.

Precautions in processing the Delphi technique include: maintain strict anonymity
of the participants (Lang, 1998); encourage participants to comment on their rationale for
the rating and to add additional items (Ludwig, 1997); explore areas of disagreement;
avoiding inserting moderator opinions into panel feedback; planning enough turnaround
time between rounds; and avoiding over-generalization of results (Synder-Halpern et al.,

2000)
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Selection of experts

Expertise is the key requirement in selecting the panel of experts for the Delphi
technique. Factors in determining expertise include educational level, work experience,
publications, socioeconomic status, and reputation in the profession of technology
education. Twenty-four experts were invited to participate in the panel because both
Ludwig (1997) and Ziglio (1996) affirm that a panel size of 15-20 should be large
enough.

Although the recommendation of experts were solicited from highly-regarded
teacher educators, principals, and administrators; specific guidelines were developed to
guide the nomination criteria for the recruitment of technology teacher educators,
technology teachers, and administrators:

1). Because the Industrial Technology Education Association in Taiwan (ITEAIT)
is a well-known professional organization of technology education in Taiwan, it was
required for the participant of this study to currently be a member of ITEAIT, or to have
been a member within the last three years.

2). In regard to the educational level, the nominee had to hold a Master’s degree
or higher.

3). The nominee had to have at least three years experience for teaching
technology education.

4). The nominee had to have published articles in the field of technology
education -- more than two papers if he/she were a technology teacher or more than 10
papers if he/she were a technology teacher educator.
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5). The nominee had to have working experience on the revision of National
Curriculum Guidelines in the field of technology education.

6). The nominee had to have endeavored to improve the quality of technology
education, knowledge and experience to base their future activities upon, be
knowledgeable about technological literacy, be self-motivated, and agree to participate in

this study.

Classification of Panel of Experts Numbers |Criteria

Junior high technology teachers 10 Published more than 2 papers
Teaching: more than 5 years
Masters degree or higher
Member of ITEAIT,

Senior high technology teachers 6 Published more than 4 papers
Teaching: more than 3 years
Master degree or higher
Member of ITEAIT,
Technology teacher educators 6 Published more than 8 papers
Teaching: more than 3 years
Doctoral degree

Member of ITEAIT,
Administrators 2 Published more than 2 papers
Teaching: more than 3 years
Masters degree or higher
Member of ITEAIT,

Table 3.1: The classification, numbers, and criteria for panels of experts.

In conclusion, the main criteria for selecting experts were teaching experience and
research credentials in the area of technology education. Furthermore, all of the experts
were expected to be acquainted with technological literacy. The classification, numbers,

and criteria for the three panels are shown in Table 3.1.

107



As shown in Table 3.1, 10 junior high school technology education teachers, six
senior high school technology education teachers, six technology teacher educators from
university technology programs, one executive officer from the Department of
Elementary and Junior High School Education in Taiwan, and two deans of instruction of
junior high schools, who had master degree of technology education, were selected as the
panel of experts in this study.

To locate qualified expert who are among the best technology teachers in Taiwan,
inquiry was made of one association-ITEAIT and two technology teacher-training
programs in Taiwan (the National Taiwan Normal University and the National
Kao-Hsiung Normal University). The list of candidates was compiled and includes senior
members of ITEAIT and distinguished teachers nominated by the university faculty. Dr.
Lung-Sheng Stephen Lee, Dean of Technology of NTNU, and Dr. Shi-Tow Ted Tsai,
leader of the Research Committee at the Department of Industrial Technology Education
of NTNU, offered assistance in locating candidates.

Moreover, they worked collaboratively with four other technology teacher
educators -- Dr. Kuo-hung Tseng and Dr. Chung-Shan Sun, former and current
department heads of industrial technology education of the National Kao-Hsiung Normal
University; Dr. Chien Yu and Dr. Chung-Hsiung Fang, former and current department
heads of industrial technology education of the National Taiwan Normal University.
Together they established a “Tech Ed in Taiwan” counseling committee (see Appendix B)
and had offered their counsel to the researcher on doing the inquiry in Taiwan. They
assess the content of the questionnaires based on their expertise in the content and subject

108



matter of technology education, assessment of Taiwanese students, and bilingual
competency. The Chinese interpretation of the questionnaires was revised by
incorporating their recommendations before sending them to the panel of experts.

All candidates were contacted either by telephone or e-mail to determine their
qualifications and willingness to participate. Based on the inquiries, a tentative list of
experts for Delphi study was generated.

After the proposal was approved by the dissertation committee, an invitation with
a brief description and schedule of the inquiry process was sent to all of the experts,
along with a request for their formal commitment to participate in the study. It is shown
that, from the process of the study, every member of the panel of experts shared his/her
perspectives and professional judgement to help in developing the important benchmarks
and appropriate assessment method for assessing studen technological literacy, as
required by the ROC 2000 National Curriculum Guidelines in Taiwan.

Procedures

To ensure success, research procedures should be well planned beforehand and
rationale for using each approach to data collection should be clear. Overall, the
procedures of this study can be divided into the preparation stage and the Delphi study
stage.

Three tasks were included in the preparation stage: to involve possible experts; to
identify potential benchmarks for technological literacy; and to design assessment tasks
for measuring technological literacy. Design and problem-solving processes were taken
in these three tasks to ensure a satisfactory preparation for the Delphi process. The
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discussion of procedures is divided into four parts: schedules for each research process;
the interview and involvement of experts; preparation for the Delphi survey (instrument

design and development); and management of the Delphi process.

Date Tasks Descriptions
9/12/1998 -- Studies Review of literature
6/30/2001 Identify problem

Research method design

7/1/01 -- 9/30/01 |Selection panels |Informal investigation, Interviews
Setting criteria, correspondence
Identify panel of experts

8/1/01 -- 4/30/02  |Design Identify and classify proposed benchmarks
Design proposed assessment tasks
Design data collection instruments

5/1/02 -- 6/30/02  |Orientation and |Complete human subjects review process
Preparation Correspondence and incentive
Explanation on implementation of the study

7/1/02 -- 6/30/03  |Delphi studies and|Identifying benchmarks and assessment tasks
Documentation  |Data analysis
Data documentation

Table 3.2: Research Timeline.

The research processes

As can be seen in Table 3.2, the structure of the research and the progression of
study activities were established as follows:
1. To conduct a review of literature, and to plan the research methods.
2. To query technology teachers and educators about their assessment and
grading practices, especially related to the assessment of technological

literacy.
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3. To set criteria and select qualified experts for the panel.

4.  To prepare all questions for questionnaires (e.g., benchmarks, assessment
tasks) and strategies for inquires.

5. To prepare incentives and corresponded with panel of experts to explain the
study’s process, and to complete the human subjects review process;

6. To conduct a three-round Delphi survey.

7. To complete the data analysis, discussion, and documentation.

Interviews and recognition of experts

Interviews were performed before, during, and after the development of
instruments. Findings from the interviews contributed to the development of a realistic
questionnaire. In the initial stage, the process depended upon the literature review;
interviews were also used to investigate the expert opinions on performance assessment
and technological literacy. At the stage of instrument development, the experts approved
the initial questionnaire and then six technology teachers in Taiwan made a final revision
based on the result of a field test.

At the stage of locating and identifying the panel of experts, the interview method
was employed again to investigate the expertise of candidates for the panel. Interviews in
person and by e-mail or phone call were conducted to verify the candidates’ professional
qualities and acceptability for the study. Additionally, cover letters and incentives were
utilized in seeking consent to participate in this study. The decision of selecting the

panelists was finalized after the Delphi probe.
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Instrument design and development

To prepare for the Delphi survey, an initial “Delphi probe” was accomplished.

The Delphi probe consists of a comprehensive, broad-based listing of benchmarks and

open-ended inquiry to develop an initial list of benchmarks. Besides, a variety of

assessment tasks such as observation, oral presentation, essay, portfolio, projects, and

peer-evaluation were also included in the open-ended questionnaire for identifying the

appropriate assessment tasks.

The tentative list of 150 benchmarks was developed by the researcher, based on

the Standards of Technological Literacy (ITEA, 2000) and the Learning Standards for

MST (NYSED, 1996). These tentative benchmarks were organized into fifteen categories

of technological literacy:

[1]
2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]

The characteristics and scope of technology

The core concepts of technology

Tools, resources, systems, technological processes, and relationships
Technology, society and human living (social, ethical and human issues)
Impacts and influence of technology

History and evolution of technology

Agricultural, medical, and biotechnologies

Energy and power, transportation technologies

Computer and information technologies

[10] Manufacturing and construction technologies

[11] Applying the design process and engineering design

[12] Innovation, problem solving, troubleshooting, R&D, and experimentation
[13] To maintain systems and products

[14

Accessing, using, and managing the technology

[15] Problem solving, creative, critical, systems and reasoning thinking

Ten benchmarks for each of the above 15 categories were organized to develop

the questionnaire for the Delphi probe. Respondents were asked to select three of the

most irrelevant or non-important benchmarks out the 10 benchmarks within each
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category, or to add any benchmark they felt were missing.

In June 2002, the questionnaire was sent to 40 possible panel members and 720
administrators in Taiwan through e-mail. The 720 administrators, who were principals or
deans of instruction of junior high schools, were asked to forward the list to their
technology teachers and to encourage their teachers to review the benchmarks on the list.
In July 2002, a follow-up letter (Appendix G) providing with a stamped, pre-addressed
envelope was mailed to try to help increase the return rate. Two weeks after mailing the
letter, a telephone call was placed to each of the possible panel members to serve as a
reminder. All responses were carefully examined for clarity and accuracy by the
researcher. Those benchmarks that conveyed parallel concepts were combined. Finally, a
questionnaire consisting a list of 105 benchmarks and five assessment methods was
developed for the first round of the Delphi process.

Responses from the panelists in the first round of the Delphi study were used to
construct a second-round instrument. Means, standard deviations, and data distribution
were computed for each benchmark by using EXCEL statistical software to determine
whether consensus was obtained. All benchmarks with a standard deviation equal to or
less than 0.780, were assumed to have reached consensus by the panel. Among them,
benchmarks with a mean rating either higher than 3.290 or lower than 2.834 were
removed from the original 105 benchmarks and did not appear in the second round.
Similarly, those benchmarks without consensus and those benchmarks with consensus but
which failed to be identified as either important or non-important in the second-round
questionnaire were kept in the third-round questionnaire.
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In the questionnaire to be used in the second and third round of the Delphi process,
the benchmarks were listed with the mean ratings of the panel, individual’s prior ratings,
and space for new ratings. Panel members were asked to reconsider their previous
answers and adjusted them if they wanted.

These initial questionnaire designs were submitted for critique. The researcher’s
dissertation advisor as well as the “technology education in Taiwan” counseling
committee members compared the questionnaires to the purpose of the study and the
research questions and attested to the content-validity of the questionnaires.

Thus, four questionnaires were designed for a Delphi inquiry to: establish
potential benchmarks of technological literacy — Delphi Probe Instrument (see Appendix
G), determine appropriate benchmarks and assessment tasks - Round I Instrument (see
Appendix H), determine appropriate benchmarks and assessment tasks - Round II
Instrument (see Appendix I), and determine appropriate benchmarks and assessment tasks
- Round III Instrument (see Appendix J).

Before the final revisions, these four questionnaires were sent for pilot testing to
six technology teacher educators and six technology teachers in Taiwan. The objective of
this pilot was to determine possible communication problems in the questionnaires.
Feedback from those 12 participants and the results of the pilot test were used as a basis

to complete the final revision of these four questionnaires.
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Managing the Delphi processes

Within the three-round Delphi process, questionnaires were mailed to the 24
experts/participants of the study. Questionnaire results from the entire panel were fed
back to the participants and they were given the chance to reconsider and, if necessary,
restate their opinions or present new ideas. When consensus is reached or no new ideas
are presented, the final results were analyzed, reported, and used to create a new
instrument for the next round of the Delphi process.

The cover letter described the purpose of the round and provided questionnaire
response directions. The questionnaire, which includes 105 benchmarks statements
accompanied with a four-point Likert scale, asked experts to rate the importance of each
benchmark. Experts were also asked to add new benchmarks to the list in the
questionnaire and rated their importance. The result of the statistical processing of these
ratings was used as feedback to the panel of experts. They reviewed the rank order for
each benchmark and made recommendations for movement in the rank order. Their
recommendations were statistically processed and fed back to all respondents again to
give further opinions about the results of the statistical processing.

After the three rounds were completed, a final summary report was mailed to all
panel members. When developing the questionnaires and processing the responses,
precautions such as “avoid inserting moderator opinions into panel feedback” and

“explore areas of disagreement” were taken to eliminate the chance of research bias.
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Data collection

Data collection process: identifying the benchmarks

In the Delphi study, the 105 proposed benchmarks divided into three categories
accompanied by a Likert scale were examined, evaluated, added, deleted, and ranked by
panel members. The responses were grouped and collated to reduce the number of
benchmarks to a manageable size. The recommendations were statistically processed and
fed back to all respondents. This process was repeated until consensus was reached on the
important benchmarks.

In the first round of the Delphi process, all benchmarks, which the participants
rated above the mean score of 3.290 on a 4.0 scale, were considered essential. In second
round, those benchmarks with a mean score higher than 3.000 were considered important.
In the third round, benchmarks with a mean score higher than 2.875 were considered
important. After the three round Delphi process, the most important benchmarks viewed
by the panelists were finally identified.

The data collection process: identifying the assessment tasks

The six proposed assessment tasks for measuring technological literacy, including
teacher’s observation, essays test, oral presentation, project/exhibition, portfolios, and
design or problem solving logs were sent to experts for examination and evaluation.

In the stage of Delphi probe, participants provided many ideas about the tests,
tasks, scoring of each task, and content areas should be covered in each task. Their

responses were statistically processed as shown in Table 3.3.
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Assessment tasks Percentage of  |Benchmarks being tested
scoring (The number of benchmarks)

Multiple choice test 30%, 1,3,4-9,17, 28, 30-58

Essay test 10%, 11-16, 18-27, 38-55,

Oral presentation 15% 2,29, 56-60,

Projects/exhibitions 16%, 10, 25-37,

Portfolios 21% 23, 50-60.

Design or problem solving logs 8% 1,9,13,

Table 3.3: An example of assessment tasks design.

Among all assessment tasks, the assessment task -- design and problem solving
logs, was not being common accepted, and was eliminated from the questionnaire for the
first round of Delphi study. To assure that all participants having the same perspective on
each assessment task, brief description and rubrics of each assessment tasks were sent

with questionnaire (Appendix H).

Data collection process: ethical considerations

To differentiate between “What can be done” and “what should not be done” in
the process of data collection, so that an unethical behavior can be prevented is the
obligations of every researcher. Moral and ethical considerations in the data collection
process include:

1. Always present the questions and results honestly, clearly, and ethically;

2. Before sending out a questionnaire, examine the ethical, legal, and social

implications and human issues surrounding the question;

3. Practice ethical and responsible use of technology systems, information, and
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software during data collection (Jahn, 2001);
4.  Give consideration to how to regulate the procedures of testing and the uses
of test results.
These ethical considerations guided the data collection process, promoted the
quality of the research, raised cultural and ethical standards, and enriched national

livelihood.

Data collection process: validity and credibility

Although validity, reliability, and generalization are terms applied to quantitative
research, and not suitable for inspecting qualitative research (Spickett, 2002), yet validity
is still more expressive than credibility to the general public. The validity of the Delphi
process in this study were discussed as follows:

1.  Because the expertise of participants contributes to the validity of the Delphi
technique, strict nomination criteria and recommendation from authorities
responsible for technology education and technology teacher educators and
personnel in Taiwan are employed.

2. Precautions were taken to reduce the dropout rate of panel members. On the
other hand, a variety of incentives were used to encourage a high response
rate in the Delphi survey.

3. Phone calls and e-mail were used between the rounds of the Delphi survey to
interact with panel members for the purposes of further clarification and
building closer relationships or collaboration.
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A counseling committee of technology education in Taiwan criticized each
questionnaire and provided feedback in the study for the purpose of reducing
bias that might occur.

During the Delphi studies, the gaining of consensus is to be examined by use

of statistical methods such as frequency distribution and standard deviation.

Data analysis

Processing and analysis of the data were undertaken as follows:

1.

After the questionnaires were returned, the responses were analyzed and
summarized. A four-point Likert scale was used to gather the scores of
importance of benchmarks.

Upon receipt of the returned questionnaires, the responses were summarized
and analyzed. The results of data analysis were placed in a table displaying
the perspectives of all experts about the importance of every benchmark.
Descriptive statistical methods were used in data analysis. These methods
include frequency distribution, mean, mode, median, quartiles, quartile
deviation, and standard deviation. Software such as the SAS (Statistical
Analysis System) or EXCEL was employed.

The mean and standard deviation of each benchmark item were listed in rank
order according to the magnitude of the mean of their response scores and
the result given as feedback to experts. The same process was followed until
consensus was reached.
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5. After consensus was achieved, the results of study including summary,
recommendations, comments, and the mean score and standard deviation

were attached with the new questionnaire and sent to participants.

In summary, the above detailed description and discussion of the research design,
methods, procedures, data collection and analysis supports the study. Implications and
further research were considered. This study not only identified the benchmarks of
technological literacy of ninth graders in Taiwan, but also determined the appropriate
assessment tasks for assessing the students’ technological literacy. Furthermore, through
this study, knowledge about the assessment of technological literacy accumulated from
experts was forged into a workable reference framework for improving the instruction

and assessment of technology education in Taiwan.
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CHAPTER 4

FINDINGS AND ANALYSIS OF THE DATA

Data results and analysis

A modified Delphi technique was used to collect and analyze the opinions of a
panel of experts to achieve the purpose and to answer the research questions of this study.
The participants in the study were technology professionals in Taiwan who had extensive
experience as teachers, educators, and researchers (see Appendix A). This chapter will
describe the procedures used and the results obtained from the analysis of the data
between rounds and at the completion of the study.

An initial survey, Delphi probe, was used to elicit benchmarks, classifications of
technological literacy, and assessment tasks for consideration in the three subsequent
questionnaires used in Delphi process. The Delphi Probe questionnaire consisted of a
prepared list of open-ended questions as well as rubrics to define the assessment tasks
(see Appendix G). Responses provided by the panel members and the benchmarks
appended by the researcher were collated and edited to be a questionnaire for the first

round of the Delphi study (see Appendix H).
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In round one of the Delphi study, the panelists were asked to rate the importance
of 105 benchmarks using a four-point Likert scale. They were also asked to select
appropriate assessment tasks for five categories of technological literacy. During this
round, they could still add new benchmarks. Written responses to the open-ended
questions in the first round were analyzed qualitatively.

In the second round, panel members were sent a list of 61benchmarks that had not
reached consensus (having a standard deviation above .78), and were asked to rate the
importance of each benchmark as well as reconsider their viewpoints about the
assessment methods (see Appendix I). For the third and final round, participants were
given a list of the 37 benchmarks that lacked consensus after the second round (see
Appendix J).

It was determined that e-mail inquiry was not an effective means for the
researcher to communicate with or collect data from the panelists. Due to the low
response rate from e-mail, the express and certified mailing of the questionnaires by post
was used. Furthermore, it was found that personal contact by phone from a department
head or college dean to the panelists is advantageous in ensuring a high response rate.
Delphi probe

During this stage, those proposed benchmarks and assessment tasks were sent to
40 tentative panel members and 720 junior high schools in Taiwan by e-mail in June
2002. By the end of September 2002, 28 of the 40 possible panelists and 32 of the 720
administrators and technology teachers had responded. The low respond rate proves that

e-mail is not a reliable inquiry method. However, the scattering of respondents comprises
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of principals, deans of instruction, and technology teachers around Taiwan, indicates that

e-mail an efficient tool to publicize new ideas.

Based on the findings of the Delphi Probe, a preliminary framework of questions

was built:

1.

A list of 105 tentative benchmarks that mainly originated in the Standards of
Technological Literacy (ITEA, 2000) was compiled.

A tentative categorization of technological literacy that included
“development of technology,” “design and make,” and “thinking skills” was
altered by the panel. Panelists were of the opinion that the category
“development of technology” should be changed into “the understanding of
technology;” the category “design and make” should be changed to include
“design and build skills,” “application and problem-solving skills,” and
“communication skills;” the category “thinking skills” should be changed to
“inquiry and analytical skills.”

Therefore, the categories of technological literacy used in this study
included the understanding of technology, design and build skills,
application and problem solving skills, communication skills, and inquiry
and analytical skills.

Most of the panelists concur with the thought that performance assessment
should be emphasized rather than paper-and-pencil test. The appropriate
assessment tasks for measuring technological literacy are teacher’s

observations, oral presentations, essay Tests, projects, and portfolios.
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Round I

As is the practice in a Delphi study, panelists remained anonymous throughout the
study. As the study progressed, they obtain feedback in the next round questionnaire.
Their ratings of each benchmark were statistically processed to get the mean score and
standard deviation. Their written responses to an open-ended question in the first round
were analyzed qualitatively.

Twenty-four experts participated in this study. They were asked to rate the
importance of 105 benchmarks using a four-point Likert scale in which 1 = Very
Unimportant, 2 = Below Average Importance, 3 = Above Average Importance, and 4 =
Very Important. The panel members were also asked to select appropriate assessment
tasks for measuring the five categories of technological literacy. They were given an
opportunity to provide comment on benchmarks, assessment tasks, and classification of
technological literacy.

Questionnaires from all 24 panelists were returned within 10 days. Those
responses that commented on the benchmarks, classification of technological literacy,
and assessment tasks were analyzed. Based on these suggestions one new benchmark was
added, and three benchmarks and two categories of technological literacy were reworded.

Responses related to the assessment tasks of technological literacy are shown in
Table 4.1. As viewed by panel members, oral presentations and essay tests were
considered appropriate for assessing students’ understanding of technology; using essay
tests, projects, and portfolios to test inquiry and analytical technological skills was

considered appropriate; communication skills could be assessed using teacher’s
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observations, oral presentations, essay tests, and projects; design and build skills could be
measured by using teacher’s observations, projects, and portfolios; and application and

problem solving skills could be examined using teacher’s observations, projects, and

portfolios.
Teacher > Oral . Essay Projects [Portfolios
observations [presentations |tests
Understanding of Technology 8 21 21 6 13
Design and Build Skills 22 2 3 19 16
Application and Problem
Solving Skills 19 ? 718 17
Communication Skills 16 17 18 14 11
Inquiry and Analytical Skills 10 13 20 17 20

Table 4.1: The assessment tasks for five categories of technological literacy viewed by
the expert panel at the first round of Delphi studies, N= 24.

Table 4.2 shows the mean and standard deviation for each benchmark. The
benchmark means ranged from a high of 3.792 (very important) to a low of 2.208 (very
unimportant), and their standard deviation ranged from a high of .977 (great diversity of
opinions) to a low of .481 (reached agreement).

The 35 highest mean rating benchmarks, with mean rating greater than 3.29, and
standard deviation lower than .78, were considered most important with consensus
reached. All the above benchmarks were excluded from the second round of inquiry.
These benchmarks are 6, 7, 8, 10, 11, 12, 15, 19, 22, 23, 24, 31, 33, 35, 53, 56, 57, 59, 60,
61, 62, 64, 69, 73, 74, 85, 89, 90, 91, 92, 93, 94, 98, and 99.
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The standard deviation cut-off point was set to .780 for the first round, because the
distribution of data is symmetrical - the number of panelists who chose “very important”
equals those who chose “very unimportant”, and the number of panelists who chose
“above average importance” equals those who chose “below average importance.” The
mean cut-off point was set to 3.290 for determining the important benchmarks because
the distribution of data changes at that point and the number of panelists who chose “very
unimportant” or “below average importance” becomes greater than those who chose
“very important” or “above average importance.” The mean cut-off point was set to 2.830
for determining the non-important benchmarks in the first round because the distribution
of data changes at that point and the number of panelists who chose “very unimportant”
or “below average importance” started to rise radically from below three to greater than
seven. The two benchmarks with high means for which consensus was not attained
(Table 4.2) were benchmark number 30, “Understand that the use of inventions and
innovations has led to changes,” with a standard deviation of .82, and number 51
“Knowing that energy can be grouped into major forms,” with a standard deviation of .81.
The eight benchmarks having a mean rating lower than 2.55 were determined
non-important and were excluded from the second round of inquiry. These benchmarks
are 21, 44, 48,49, 72, 79, 87, and 97.

In summary, through the first round of the Delphi study, 35 out of 105 benchmarks
were determined to be important and 8 out of the 105 benchmarks were determined to be
non-important. The remaining 61benchmarks were prepared for further inquiry in the

second round. The results of Round I questionnaires are included in Table 4.2.
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Table 4.2: The importance of benchmarks viewed by the expert panel, results of the
first round Delphi. N= 24.

Scale: 1 = VU (Very Unimportant), 2 = BAI (Below Average importance), 3 = AAI
(Above Average importance), 4 = VI (Very Important)
* Panelists reached consensus and viewed as important (MEAN > 3.290, SD < .780)

** Panelists reached consensus and viewed as non-important (MEAN < 2.830, SD
<.780).
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Benchmarks

b

Mean |S.D.

69

Be able to follow step-by-step directions to assemble
or disassembly a product, observe, and discover how
things work.

ST > P

20

3.792% 0.509

92

Be able to use information provided in manuals,
protocols, or by experienced people to see and
understand how things work.

19

3.75*0.532

33

Understand that humans can devise technologies to
conserve water, soil, and energy through such
techniques as reusing, reducing, and recycling.

16

3.667% 0.482

Criticize the use of technology affects humans in
various ways, including their safety, comfort, choices,
lifestyles, and attitudes about technology’s
development and use.

16

3.625%0.576

59

Be able to use computers to access and organize
information, or use it in various applications. Use
technology to locate, evaluate, and collect information
from a variety of sources. Use technology tools to
rocess data and report results.

10

3.583% 0.504

56

Knowing what technologies are using to conserve the
natural energy resources, and what approaches can be
employed to use energy more efficiently in daily
living.

15

3.583% 0.584

88

Identify, select, and use appropriate resources to
solve problems.

15

3.583*0.584

Use technology tools to enhance learning, increase

62

roductivity, and promote creativity.

16

3.583% 0.654
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Table 4.2. Continued.

I1\1I 1- 2- 3 4-
Ra m Benchmarks \ B A V [Mean [S.D.
nk A |A
be U It
[ |
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Apply technological concepts and processes to solve |1 (1 |5 |17
9 [90]practical problems and extend human capabilities. 3.583* 10.776
10 [91| Demonstrate the ability to work safely, efficiently, |1 |1 |5 [17] 3.583* [0.776
cooperatively and independently.

11 [12 | Knowing that people’s needs and wants lead to the [0 [1 |9 |14] 3.542* [0.588
manufacturing of products, and when people’s need
and wants change, new technologies are developed.
12 |23 | Understand that decisions regarding the 0 (1 19 [14] 3.542* [0.588
implementation of technologies involve the weighing
of trade-offs between predicted positive and negative
effects on the environment.

13 198 [ Be able to select and safely use tools, products, and [0 |1 |9 [14] 3.542%* |0.588
systems for specific tasks.
14 161 [ Be able to communicate observation, processes, and [0 [2 |7 [15] 3.542%* 10.658
results of the entire design processes, using verbal,
graphic, quantitative, virtual, and written means, in
addition to three-dimensional models.

15 |15 |[Knowing that resources are the things needed to geta [0 |0 |12[12[ 3.5* ]0.511
job done, such as tools and machines, materials,
information, energy, people, capital, and time.
16 [10 | Understanding what in their world is natural and 0 [2 |8 |14] 3.5* ]0.659
what is human made, and knowing that new
technology is developed to solve problems and change
the world around us.

17 |19 | Technological tools, materials, and other resources [0 [2 |8 |14] 3.5* ]0.659
should be selected on the basis of safety, cost,
availability, appropriateness, and environmental
impact; technological processes change energy,
information, and material resources into more useful
forms.

18 |31 [ Knowing that technology, by itself, is neither good [0 [2 |8 |14] 3.5* ]0.659
nor bad, but decisions about the use of products and
systems can result in desirable or undesirable
consequences.

Continued
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Table 4.2. Continued
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19 [60 | Use telecommunications to collaborate, publish, and |0 [2 |8 [14[3.5* 0.659

interact with peers, experts, and other audiences.
20 [8 | Understanding that technological systems include |0
input, processes, output, and, at times, feedback; they
work together to accomplish a goal.

21 [24 | Understand that technologies can be used to repair |0 [0 [13|11[3.458* 0.509
damage caused by natural disasters and to break down
waste from the use of various products and systems.
22 (94 | Be able to recognize and use common symbols, such [0 |2 [9 |13[3.458* [0.658
as graphic symbols, signals, and icons, to
communicate key ideas.

23 |73 | Knowing that modeling, testing, evaluating, and 0 [3 [7 [14{3.458* [0.721
modifying are used to transform ideas into practical
solutions. To be able to express ideas to others
verbally and through sketches and models, cause it is
an important part of the design process.

24 |11 | Be able to define technology encompassing past, 0 [0 (14{10]3.417* [0.504
present, and future developments and provides
significant details and examples to illustrate the
definition of technology.

25 199 [Be able to brainstorm people’s needs and wants and |0 [2 [10[12[3.417* ]0.654
pick some problems that can be solved by technology
and through the design process.

26 |89 | Understand that maintenance is the process of 0 [3 (8 [13]3.417* [0.717

inspecting and servicing a product or system on a

regular basis in order for it to continue functioning
roperly, to extend its life, or to upgrade its capability.

27 (64 | Knowing that buildings generally contain a variety off0 |2 [11|11[3.375* [0.647
subsystems, such as utilities systems, they are: water,
electrical, plumbing, gas, waste disposal, heating and
air conditioning, information and communication, as
well as component systems, such as foundations,
framing, insulation, and lighting.

[O8)
)

15[3.5* 0.722
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28 [35 | Explains the interrelationships or connections 1 |1 [10]12]3.375* 10.77

between technologies and describe how technology
has affected the environment and society.

29 [22 | Understand that ethical considerations are important [0 [3 [10]11{3.333* ]0.702
in the development, selection, and use of technologies.
Describe personal consequences for the inappropriate
or unethical use of technology.

30 [74 | Knowing that the design processes include (1) 0 3 |10[11]3.333* ]0.702
defining a problem, (2), researching and generating
ideas by brainstorming, (3) identifying criteria and
specifying constraints, (4) exploring possibilities, (5)
selecting an approach, (6) developing a design
proposal, (7) making a model or prototype, (8) testing
and evaluating the design using specifications,
refining the design, (10) creating or making it, and
(11) communicating processes and results.

31 [93 | Knowing that technological knowledge and 0 3 |10[113.333* ]0.702
processes are communicated using symbols,
measurement, conventions, icons, graphic images, and
languages that incorporate a variety of visual,
auditory, and tactile stimuli.

32 |7 | Hlustrate how people generate new products and 0 |1 (158 [3.292* 10.55
systems through creativity and innovation to meet
their needs

33 [53 | Knowing that power systems are used to drive and |0 |3 |11{10]3.292* [0.69
provide propulsion to other technological products
and systems. Power systems must have a source of
energy, a process, and loads.

34 [57 | Knowing that the design of a message is influenced |0 |4 [9 [11]3.292* 0.751
by such factors as the intended audience, medium,
urpose, and nature of the message.

35 [85 |Be able to use tools, materials, and machines safely to |0 |4 [9 [11]3.292* 0.751
diagnose, adjust, and repair systems.

Continued
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36 |14 | Knowing that the development and use of technology|0 |2 (148 [3.25 0.608

influence economic, political, social, cultural, and
ethical issues .

37 [28 | Able to investigate and assess the influence of a 0 |2 |148 |3.25 0.608
specific technology on the individual, family,
community, and environment.

38 132 | Explain why making tradeoffs among characteristics,|0 |3 129 [3.25 0.676
such as safety, function, cost, ease of operation,
quality of post-purchase support, and environmental
impact, is necessary when selecting systems for
specific purposes.

39 |10 | Knowing that asking questions and making 0 [4 [10[10]3.25 0.737
observations helps a person to figure out how things
work. Besides, Knowing that the process of
experimentation, which is common in science, can
also be used to solve technological problems.

40 |10 | Be able to test and evaluate the solutions for the 0 |4 |10[10]3.25 0.737
2 |design problem in relation to pre-established
requirements, and then improve the design solutions
or refine the design as needed.

41 |4 |Support that Technology transfer occurs when anew [0 4 |11]9 [3.208 10.721
user applies an existing innovation developed for one
urpose in a different function.
42 (71 | Understand that design goals and requirements must |0 |5 [9 |10(3.208 [0.779
be established and constraints must be identified and
prioritized during the time when designs are being
developed. Knowing that the process of engineering
design takes into account a number of factors (such as:
safety, function, flexibility, quality, and economic,
olitical, and cultural concerns).

Continued
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43 [16 | Able to explain how complex technological systems |0 |3 [14|7 [3.167 [0.637

involve the confluence of numerous other systems.
Explain how the submarine or airplanes involves
communication, transportation, bio-technology, and
manufacturing systems

44 142 | Be able to identify trends and monitor potential 0 4 |12]8 [3.167 ]0.702
consequences of technological development.

45 165 | Knowing that manufacturing processes include 0 |5 (109 [3.167 [0.761
designing products, gathering resources, and using
tools to separate, form, combine materials in order to
produce products, and servicing of products and
systems. Servicing is included because it keeps
roducts in good operating condition.
46 |75 | Knowing that a prototype is a working model used to|0 |5 |10[9 [3.167 ]0.761
test a design concept by making actual observations
and necessary adjustments
47 |13 | Knowing that throughout history, new technologies [0 [4 [13]7 [3.125 ]0.68
have resulted from the demands, values, and interests
of individuals, businesses, industries, and societies.

48 |66 | Be able to design, fabricate models of construction, [0 [4 [13]7 [3.125 ]0.68
and work with other classmates in making a planned
model community.

49 |81 | Explain and demonstrate several solutions to a 0 13 [16)5 [3.083 0.584
problem or opportunity using technological design,
tools, careful planning, experimentation, and testing.
50 |10 | Be able to compare, contrast, and classify collected [0 |4 [14[6 [3.083 ]0.654
3 [information in order to identify patterns.
51 (1 | Justify the study of technology uses many of the 0 |6 (108 [3.083 0.776
same ideas and skills as other subjects; and the
knowledge gained from other fields of study has a
direct effect on the development of technological
products and systems; Defend that technologies are
often combined. Various relationships exist between
technology and other fields of study.
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52 |54 | Knowing that transportation vehicles made up of 0 16 (10|18 [3.083 10.776

subsystems, such as structural, propulsion, suspension,
guidance, control, and support, that must function
together for a system to work effectively.

53 [70 | Able to explain how products are manufactured, 1 3 |13[7 3.083 [0.776
operated, maintained, replaced, and disposed of and
who will sell, operate, and take care of it. The cost
associated with these functions may introduce yet
more constrains on the design

54 [80 | Knowing that troubleshooting is a problem solving [0 |5 [13[6 |3.042 [0.69
method used to identify the cause of a malfunction in
a technological system.

55 |45 | Knowing that conservation is the process of 0 |6 |L1{7 |3.042 |0.751
controlling soil erosion, reducing sediment in
waterways, conserving water, and improving water
quality.

56 [10 | Be able to interpret and evaluate the accuracy of the |1 |3 |15[5 |3 0.722
4 [information obtained and determine if it is useful. Be
able to synthesize data, analyze trends, and draw
conclusions regarding the effect of technology on the
individual, society, and the environment.

57 [55 | Knowing that transportation plays a vital role in the |0 |6 [13[5 |2.958 [0.69
operation of other technologies, such as
manufacturing, construction, communication, health
and safety, and agriculture.

58 168 | Understand that: Structures are constructed using a
variety of processes and procedures.  Structures
require maintenance, alternation, or renovation
periodically to improve them or to alter their intended
use.

._
=

154 12917 10.717
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59 12 | Appraise how corporations can often create a 0 |7 (14]3 [2.833** |0.637
demand for a product by bringing it onto the market
and advertising it; Support the idea that marketing
involves informing the public about a product as well
as establishing the product’s identity, conducting
research on its potential, advertising it, distributing it,
and selling it.
60 [86 | Be able to troubleshoot, analyze, and maintain 0 |7 |15]2 |2.792%* [0.588
system to ensure safe and proper function and
recision.

61 |3 |Interpret how creative thinking and economic and 1|7 (1214 |2.792%* 10.779
cultural influences shape technological development.

62 |37 | Gather and organize information to create a database
of historical events in technology development.
[lustrate how technology has evolved throughout
human history.

63 [9 | Knowing that systems, which are building blocks of [0 [8 [142 |2.75** ]0.608
technology, are embedded within larger technological,
social, and environmental systems. The stability of a
technological system is influenced by all of the
components in the system.

64 [77 | Knowing that requirements involve the identification
of the criteria and constraints of a product or system
and the determination of how they affect the final
design and development.

65 |76 | Knowing that established design principles should be
used to evaluate existing designs, to collect data, and
to guide the design process. Be able to evaluate the
design solution using conceptual, physical, and
mathematical models at various intervals of the design
process in order to check for proper design and to note
areas where improvements are needed.

[m—y
-

124 12.792%* (0.779

—
3

151 [2.667** [0.637

—
O

122 [2.625%* (0.711
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66 |17 | Knowing that an infrastructure is the basic 1 |10{10]3 |2.625%** |0.77

framework of a system, which includes buildings,
services, and installations needed for a government to
function, such as transportation, communication,
water, energy, and public information system.

67 [48 | Knowing that biotechnology has application in such |0 [14|7 [3 |2.542%%* [0.721
areas as agriculture, pharmaceuticals, food and
beverages, medicine, energy, the environment, and
genetic engineering. Knowing that the sciences of
biochemistry and molecular biology have made it
possible to manipulate the genetic information found
in living creatures. Therefore, it is necessary to
establish ethical mandates for regulating the incidence
of testing and the uses of test results.

All benchmarks above are having SD lower than .780 and are ranked by MEAN

68 [44 | Knowing that agriculture includes a combination of |2 [10]10[2 [2.500 ]0.780
businesses that use a wide array of products and
systems to produce, process, and distribute food, fiber,
fuel, chemical, and other useful products and in the
care of animals.

69 |63 | Use a variety of media and formats to communicate [0 |5 [8 [11[3.250 0.794
information and ideas effectively to multiple
audiences

70 |10 [ Be able to explore the emerging technologies and
develop the skills to evaluate their impacts by
reasoning and making decisions based on asking
critical questions.

71 [84 | Knowing that troubleshooting is a way of finding out
why something does not work so that it can be fixed
72 151 | Knowing that energy can be grouped into major 0[5 (7 [1213.292 [0.806
forms: thermal, radiant, electrical, mechanical,
chemical, nuclear, and others.

—
o)

114 [2.750 (0.794

—
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125 2.875 10.797
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73 [18 | Understand that access to and ability to use tools, 1 4 |12[7 3.042 [0.806

materials, and skills limits technological development.
Demonstrate the ways that multiple resources (such as
[people, information, tools and machines, techniques,
materials, energy, capital, and time) are used to
develop new technologies.

74 143 [Knowing that medical technologies include prevention|2 |6 [13[3 [2.708 ]0.806
and rehabilitation, vaccines and pharmaceuticals,
medical and surgical procedures, genetic engineering,
and the systems within which health is protected and
maintained. Medical technologies extend the
effectiveness of medical care and increase people’s
wealth.

75 [30 | Describe the important technology inventions that |1 2 |9 [12[3.333  [0.816
have had significant impacts on human beings.
Explain how technological inventions and innovations
have caused global interdependence, stimulated
economic competitiveness, created new jobs, and
made other jobs obsolete.

76 [79 | Be able to use assessment techniques, such as trend 4 [9 |10]1 [2.333  [0.816
analysis and experimentation to make decisions about
the future development of technology. Design
forecasting techniques to evaluate the results of
altering natural systems.

77 125 | Knowing that a number of different factors, such as
advertising, the strength of the economy, the goals of a
company, and the latest fads contribute to shaping the
design of and demand for various technologies.

78 [52 | Knowing that processes, such as receiving, holding,
storing, moving, unloading, delivering, evaluating,
marketing, managing, communicating, and using
conventions are necessary for the entire transportation
system to operate efficiently.

[u—y

118 4 [2.625 10.824

—
@)}

1116 [2.917 (0.830
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79 [72 | Knowing that the design and construction of 2 (109 [3 [2.542 ]0.833

structures for service or convenience have evolved
from the development of techniques for measurement,
controlling systems, and the understanding of spatial
relationships.

80 |27 | Knowing that social and cultural priorities and values|l [3 (9 [11]3.250 [0.847
are reflected in technological devices. In other words,
meeting societal expectations is the driving force
behind the acceptance and use of products and
systems. Understand that the management of waste
produced by technological systems is an important
societal issue

81 |78 | Explain how technological inventions and 1 9915 2.750 (0.847
innovations stimulate economic competitiveness
Explain through examples how some inventions are
not translated into products and services with market
place demand, and therefore do not become
commercial successes. Describe the process that an
inventor must follow to obtain a patent for an
invention.

82 |50 | Knowing that power is the rate at which energy is |1 |7 [10[6 [2.875 [0.850
converted from one form to another or transferred
from one place to another, or the rate at which work is
done.

83 |82 | Knowing that research and development is a specific
problem-solving approach that is used intensively in
business and industry to prepare devices and systems
for the marketplace.

84 |83 [Describes and implements basic troubleshooting
techniques for multimedia computer systems with
related peripheral devices.

85 34 | Explain that although technological effects are 2 [7 [11[4 |12.708 [0.859
complex and difficult to predict accurately, humans
can control the development and implementation of
technology

._
=

1009 [3.125 [0.850
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~

106 [2.875 [0.850
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86 |26 | Understand that the transfer of a technology from |2 |8 (104 [2.667 [0.868

one society to another can cause cultural, social,
economic, and political changes affecting both
societies to varying degrees.

87 |47 | Knowing that the development of refrigeration, 1 18196 2.833 ]0.868
freezing, dehydration, preservation, and irradiation
provide long-term storage of food and reduce the
health risks caused by tainted food.

88 [5 | Validate that technological innovation often results |1 [5 [9 [9 |3.083  [0.881
when ideas, knowledge, or skills are shared within a
technology, among technologies, or across other
fields.

89 136 | Students will develop an understanding of the 2 4 (1216 [2.917 ]0.881

influence of technology on history.

00 [40 | Knowing that the specialization of function has been |2 [10|8 [4 |2.583  [0.881
at the heart of many technological improvements.

91 41 | Compare qualitatively and quantitatively the 1 (79 (712917 [0.881
performance of a contemporary manufactured
product, such as a household appliance, to the
comparable device or system 50-100 years ago
02 [95 | Describe new management techniques incorporate |3 |7 [11[3 |2.583  [0.881
some of these in a technological endeavor, and explain
how they have reduced the length of
design-to-manufacture cycles, resulted in more
flexible factories, and improved quality and customer
satisfaction.

93 [97 | Help to manage a group engaged in planning, 4 (8 [10]2 [2.417  ]0.881
designing, implementation, and evaluation of a project
to gain understanding of the management dynamics.
94 149 | Knowing that artificial ecosystems are human-made |5 |11[6 [2 |2.208 ]0.884
environments that are designed to function as a unit
and are comprised of humans, plants, and animals
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95 [29 | Understand that with the aid of technology, various |1 [9 |8 |6 [2.792  ]0.884

aspects of the environment can be monitored to
provide information for decision-making. The
alignment of technological processes with natural
processes maximized performance and reduces
negative impacts on the environment.
06 |58 | Knowing that information and communication 16 [813.000 [0.885
systems are made up of a source, encoder, transmitter,
receiver, decoder, storage, retrieval, and destination.
These systems can be used to inform, persuade,
entertain, control, manage, and educate.
07 [87 | Demonstrate the ability to select, operate, maintain, |3 |9 [9 [3 |2.500 [0.885
troubleshoot, and dispose of technological devices in
the context of a career (e.g., use the tools of
accounting in a real or simulated business
environment.)
98 121 | Understand that an open-loop system has no 4 (134 3 [2.250 |0.897
feedback path and requires human intervention, while
a closed-loop system uses feedback.
99 |10 | Knowing that systems thinking applies logic and 2 9 815 [2.667 0.917
S |creativity with appropriate compromises in complex
real-life problems and involves considering how every
art relates to others
10 [96 | Project management is essential to ensuring that 4[5 (1213 [2.583  10.929
0 technological endeavors are profitable and that
products and systems are of high quality and built
safely, on schedule, and within budget. Knowing that
quality control is a planned process to ensure that a
roduct, service, or system meets established criteria
10 (38 | Knowing that in the past, an invention or innovation |2 |2 [9 |11[3.208 [0.932
was not usually developed with the knowledge of
science. In fact, much science knowledge is being
gathered alongside the technological development.

Continued
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Knowing that people in unsafe and remote areas can
get medical care, such as being diagnosed or getting
treatment with telemedicine. Telemedicine reflects the
convergence of technological advances in a number of
fields, including medicine, telecommunications,
virtual presence, computer engineering, informatics,
artificial intelligence, robotics, materials science, and

erceptual psychology.

=@
S R

2.750

0.944

Knowing that the product design utilizes a broad
range of manufacturing processes, such as metal
forming, injection molding, rapid tooling, machining,
abrasive water jet cutting, and finishing operations.

11

2.750

0.944

Understand that tools and machines extend human
capabilities, such s holding, lifting, carrying,
fastening, separating, and computing.

2.917

0.974

Knowing that making tools and processing new
materials from natural materials advance the
technology; besides, putting parts together to create
systems and cooperating all specialized skill workers
to solve sophisticate problems contribute to the

modern technology.

2.792

0.977

Round 11

asked to rate the importance of the 61benchmarks as well as to select appropriate

Twenty-four experts participated in the second round of the Delphi study. They were

assessment tasks for measuring the five categories of technological literacy.

Questionnaires from all 24 panelists were returned within 10 days. Responses
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related to the assessment tasks of technological literacy are shown in Table 4.3. As
viewed by panel members, oral presentations and essay tests are considered appropriate
for assessing students’ understanding of technology; using essay tests, projects, and
portfolios to test inquiry and analytical technological skills was considered appropriate;
communication skills could be assessed using teacher’s observations, oral presentations,
and essay tests; design and build skills could be measured using teacher’s observations,
projects, and portfolios; and problem solving and application skills could be examined

using teacher’s observations, projects, and portfolios.

Teacher’§ Oral . Essay Projects [Portfolios
observations [presentations |[tests
Understanding of Technology 4 21 24 4 10
Design and build Skills 23 2 1 24 16
Application and Problem
Solving Skills 22 2 1 22 17
Communication Skills 14 20 20 11 6
Inquiry and Analytical Skills 5 9 23 13 21

Table 4.3: The assessment tasks for five categories of technological literacy viewed by
the expert panel at the second round of the Delphi study, N= 24.

Table 4.4 shows the mean and standard deviation for each benchmark. The
benchmark means ranged from a high of 3.375 (very important) to a low of 2.083 (very
unimportant), and their standard deviation ranged from a high of .75 (great diversity of
opinions) to a low of .38 (reached agreement).

The standard deviation cut-off point was set to .580 for the second round, because
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the distribution of data is symmetrical - the total number of panelists who chose “very
important” or “above average importance” almost equals those who chose “very
unimportant” or “below average importance.” The mean cut-off point was set to 3.000 for
determining the important benchmarks, because the distribution of data changed at that
point as the number of panelists who chose “very unimportant” or “below average
importance” started to rise significantly from below three to greater than four. The mean
cut-off point was set to 2.500 for determining the non-important benchmarks, because the
distribution of data changed at that point as the number of panelists who chose “very
unimportant” or “below average importance” started to rise drastically from below 10 to
greater than half of the panelists.

The top 19 highest mean rating benchmarks, with mean rating greater than 3.0, and
standard deviation lower than .65, were considered most important with consensus
reached. These 19 benchmarks were excluded from the third round of inquiry. These
benchmarks are: 1, 4, 5, 13, 14, 16, 27, 28, 30, 32, 38, 42, 51, 63, 65, 75, 100, 102, and
104. Twelve benchmarks had a mean rating lower than 2.58 and standard deviation lower
than .72. They were determined non-important and were excluded from the third round of
inquiry. These benchmarks are: 9, 40, 67, 76, 77, 78, 83, 86, 95, 96, 101, and 105.

Conclusively, after the second round of the Delphi study, 17 out of 61 benchmarks
were determined to be important with agreement by the panelists, and 7 benchmarks were
considered non-important. The remaining 31 benchmarks were prepared for further

inquiry in the third round of the Delphi study.
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Table 4.4: Result of the second round Delphi. N= 24. The importance of benchmarks
viewed by the expert panel.

Scale: 1 = VU (Very Unimportant), 2 = BAI (Below Average importance), 3 = AAI
(Above Average importance), 4 = VI (Very Important)

* Panelists reached consensus and viewed as importance (MEAN > 3.000, SD < .580)

** Panelists reached consensus and viewed as non-important (MEAN < 2.500, SD
<.580).

L. 2-[3- n
Ra |Nu Benchmarks \4 B 1A V [Mean [S.D.
nk [mb A |A
U [
er [ ]I
1 [28 | Able to investigate and assess the influence of a 0 |0 |16[8 |3.333* ]0.482

specific technology on the individual, family,
community, and environment.

2 |14 | Knowing that the development and use of technology|0 (0 [17|7 [3.292* (0.464
influence economic, political, social, cultural, and
ethical issues.

3 [30 | Describe the important technology inventions that |0 (1 |15]8 [3.292* ]0.550
have had significant impacts on human beings.
Knowing that the use of inventions and innovations
has led to changes in society and the creation of new
needs and wants. Explain how technological
inventions and innovations have caused global growth
and interdependence, stimulated economic
competitiveness, created new jobs, and made other
jobs obsolete.

4 [38 | Knowing that in the past, an invention or innovation [0 (1 |15)8 [3.292* [0.550
was not usually developed with the knowledge of
science. In fact, much science knowledge is being
gathered alongside the technological development.
5 [51 | Knowing that energy can be grouped into major 0 |1 |16[7 |3.250* ]0.532
forms: thermal, radiant, electrical, mechanical,
chemical, nuclear, and others.

6 [4 |Support that Technology transfer occurs when anew |0 [0 [19[5 |3.208* [0.415
user applies an existing innovation developed for one
urpose in a different function.

7 |42 | Be able to identify trends and monitor potential 0 10 204 [3.167* ]0.381
consequences of technological development.

Continued
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Table 4.4. Continued

L. 2- 3- m
Ra Nu Benchmarks \4 B 1A V [Mean [S.D.
nk [mb A |A
U [
er I |
8 |27 | Knowing that social and cultural priorities and values|0 [2 (166 |3.167* ]0.565

are reflected in technological devices. In other words,
meeting societal expectations is the driving force
behind the acceptance and use of products and
systems. Understand that the management of waste
produced by technological systems is an important
societal issue

9 |5 | Validate that technological innovation often results |0 |1 194 |3.125* ]0.448
when ideas, knowledge, or skills are shared within a
technology, among technologies, or across other
fields.

10 {13 | Knowing that throughout history, new technologies |0 |1 |[19}4 |3.125* ]0.448
have resulted from the demands, values, and interests
of individuals, businesses, industries, and societies.

11 (16 | Able to explain how complex technological systems [0 |2 [17)5 [3.125* [0.537
involve the confluence of numerous other systems.
Explain how the submarine or airplanes involves
communication, transportation, bio-technology, and
manufacturing systems

12 (10 | Be able to test and evaluate the solutions for the 0 2 (17)5 [3.125* [0.537
2 |design problem in relation to pre-established

requirements, and then improve the design solutions
or refine the design as needed.

13 {10 | Knowing that asking questions and making 0 2 |18]4 [3.083* ]0.504
0 [|observations helps a person to figure out how things
work. Besides, Knowing that the process of
experimentation, which is common in science, can
also be used to solve technological problems.

14 (1 | Justify the study of technology uses many of the 0 |2 (1913 [3.042* 10.464
same ideas and skills as other subjects; and the
knowledge gained from other fields of study has a
direct effect on the development of technological
products and systems; Defend that technologies are
often combined. Various relationships exist between
technology and other fields of study.

Continued
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Table 4.4. Continued

L. 2- 3- m
Ra Nu Benchmarks \4 B 1A V [Mean [S.D.
nk [mb A |A
U [
er [ |1
15 (10 | Be able to interpret and evaluate the accuracy of the |0 |3 [174 [3.042* 10.550

information obtained and determine if it is useful. Be
able to synthesize data, analyze trends, and draw
conclusions regarding the effect of technology on the
individual, society, and the environment.

16 [54 | Knowing that transportation vehicles made up of 0 3 |18[3 [3.000* ]0.511
subsystems, such as structural, propulsion, suspension,
guidance, control, and support, that must function
together for a system to work effectively.
17 |71 | Understand that design goals and requirements must [0 |3 [18|3 [3.000* ]0.511
be established and constraints must be identified and
prioritized during the time when designs are being
developed. Knowing that the process of engineering
design takes into account a number of factors (such as:
safety, function, flexibility, quality, and economic,
olitical, and cultural concerns).
18 [55 | Knowing that transportation plays a vital role in the |0 [3 |19]2 [2.958 [0.464
operation of other technologies, such as
manufacturing, construction, communication, health
and safety, and agriculture.

19 |70 | Able to explain how products are manufactured, 0 [3 (192 12.958 [0.464
operated, maintained, replaced, and disposed of and
who will sell, operate, and take care of it. The cost
associated with these functions may introduce yet
more constrains on the design

20 |58 | Knowing that information and communication 0 4 |17]3 [2.958 ]0.550
systems are made up of a source, encoder, transmitter,
receiver, decoder, storage, retrieval, and destination.
These systems can be used to inform, persuade,
entertain, control, manage, and educate.

21 |82 | Knowing that research and development is a specific |0 [4 [17]3 [2.958 ]0.550
problem-solving approach that is used intensively in
business and industry to prepare devices and systems
for the marketplace.

Continued

145



Table 4.4. Continued

- 2- 13- 4
Ra Nu Benchmarks \%4 B A V [Mean [S.D.
nk |mb A |A
U [
er [ |l
22 |66 | Be able to design, fabricate models of construction, [0 |4 |182 [2.917 10.504

and work with other classmates in making a planned
model community.

23 |81 | Explain and demonstrate several solutions to a 0 14 |19[1 |2.875 ]0.448
problem or opportunity using technological design,
tools, careful planning, experimentation, and testing.
24 {45 [Knowing that conservation is the process of 0 |5 (172 [2.875 0.537
controlling soil erosion, reducing sediment in
waterways, conserving water, and improving water
quality.

25 |80 | Knowing that troubleshooting is a problem solving [0 4 [20[0 [2.833  ]0.381
method used to identify the cause of a malfunction in
a technological system.

26 {41 | Compare qualitatively and quantitatively the 0 |6 |16[2 |2.833  ]0.565
performance of a contemporary manufactured
product, such as a household appliance, to the
comparable device or system 50-100 years ago

27 |10 | Be able to compare, contrast, and classify collected [0 |6 |16[2 [2.833  ]0.565
3 [information in order to identify patterns.
28 [25 | Knowing that a number of different factors, suchas |0 |6 [17|1 [2.792 [0.509
advertising, the strength of the economy, the goals of 4]
company, and the latest fads contribute to shaping the
design of and demand for various technologies.

29 |68 | Understand that: Structures are constructed usinga |0 [7 |17|0 [2.708 ]0.464
variety of processes and procedures. Structures
require maintenance, alternation, or renovation
periodically to improve them or to alter their intended
use.

Continued
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L. 2- 13- n
Ra [Nu Benchmarks \ B A V [Mean [S.D.
nk |mb A (A
U Il
er [ |
30 [46 | Knowing that people in unsafe and remote areas can |0 [8 |15|1 [2.708 ]0.550

get medical care, such as being diagnosed or getting
treatment with telemedicine. Telemedicine reflects the
convergence of technological advances in a number of
fields, including medicine, telecommunications,
virtual presence, computer engineering, informatics,
artificial intelligence, robotics, materials science, and
erceptual psychology.
31 |52 | Knowing that processes, such as receiving, holding, [0 [9 [15[0 [2.625 ]0.495
storing, moving, unloading, delivering, evaluating,
marketing, managing, communicating, and using
conventions are necessary for the entire transportation
system to operate efficiently.

32 |26 | Understand that the transfer of a technology from |0 |10[13]|1 |2.625 0.576
one society to another can cause cultural, social,
economic, and political changes affecting both
societies to varying degrees.

33 [40 | Knowing that the specialization of function has been |0 [13|11{0 |2.458** 0.509
at the heart of many technological improvements.

34 |44 | Knowing that agriculture includes a combination of |0 |14{10/0 |2.417** |0.504
businesses that use a wide array of products and
systems to produce, process, and distribute food, fiber,
fuel, chemical, and other useful products and in the
care of animals.

35 [72 | Knowing that the design and construction of 0 (1509 [0 |2.375%* |0.495
structures for service or convenience have evolved
from the development of techniques for measurement,
controlling systems, and the understanding of spatial
relationships.

36 [10 | Be able to explore the emerging technologies and |0 [16|7 |1 [2.375%* |0.576
1 [develop the skills to evaluate their impacts by

reasoning and making decisions based on asking
critical questions.

Continued
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1- 2- 3 4-
Ra [Nu Benchmarks \ B A V [Mean [S.D.
nk [mb A (A
U [
er [ |1
37 [96 | Project management is essential to ensuring that 0 (1716 [1 |2.333%* |0.565
technological endeavors are profitable and that
products and systems are of high quality and built
safely, on schedule, and within budget. Knowing that
quality control is a planned process to ensure that a
roduct, service, or system meets established criteria
38 49 | Knowing that artificial ecosystems are human-made (1 |19]3 |1 [2.167** |0.565

environments that are designed to function as a unit
and are comprised of humans, plants, and animals
39 [79 | Be able to use assessment techniques, such as trend |2 (184 |0 [2.083** 0.504
analysis and experimentation to make decisions about
the future development of technology. Design
forecasting techniques to evaluate the results of
altering natural systems.

All benchmarks above are having SD lower than .580 and are ranked by MEAN

40 43 | Knowing that medical technologies include 0 [11{12(1 |2.583 [0.584
prevention and rehabilitation, vaccines and
pharmaceuticals, medical and surgical procedures,
genetic engineering, and the systems within which
health is protected and maintained. Medical
technologies extend the effectiveness of medical care
and increase people’s wealth.

41 |87 | Demonstrate the ability to select, operate, maintain, [2 |15|7 [0 [2.208 ]0.588
troubleshoot, and dispose of technological devices in
the context of a career (e.g., use the tools of
accounting in a real or simulated business
environment.)

42 150 | Knowing that power is the rate at which energy is [0 [7 [15]2 [2.792  0.588
converted from one form to another or transferred
from one place to another, or the rate at which work is
done.

43 163 | Use a variety of media and formats to communicate [0 |2 |15]7 [3.208 ]0.588
information and ideas effectively to multiple
audiences

Continued
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L. 2-[3- m
Ra [Nu Benchmarks \ B A V [Mean [S.D.
nk [mb A (A
U [
er [ |1
44 167 | Knowing that the product design utilizes a broad 0 (1419 [1 |2.458 ]0.588

range of manufacturing processes, such as metal
forming, injection molding, rapid tooling, machining,
abrasive water jet cutting, and finishing operations.
45 |78 | Explain how technological inventions and 0 [13]|10[1 [2.500 ]0.590
innovations stimulate economic competitiveness and
how, in order for an innovation to lead to commercial
success, it must be translated into products and
services with marketplace demand. Explain through
examples how some inventions are not translated into
products and services with market place demand, and
therefore do not become commercial successes.
Describe the process that an inventor must follow to
obtain a patent for an invention.

46 [21 | Understand that an open-loop system has no 1 [17)5 [1 12.250 ]0.608
feedback path and requires human intervention, while
a closed-loop system uses feedback.
47 165 | Knowing that manufacturing processes include 0 [3 (156 3.125 [0.612
designing products, gathering resources, and using
tools to separate, form, combine materials in order to
produce products, and servicing of products and
systems. Servicing is included because it keeps
roducts in good operating condition.
48 |75 | Knowing that a prototype is a working model used to|0 [3 [15/6 [3.125 [0.612
test a design concept by making actual observations
and necessary adjustments
49 (47 | Knowing that the development of refrigeration, 0 (9 |13]2 [2.708 ]0.624
freezing, dehydration, preservation, and irradiation
provide long-term storage of food and reduce the
health risks caused by tainted food.
50 [97 | Help to manage a group engaged in planning, 2 (174 (1 |2.167 [0.637
designing, implementation, and evaluation of a project
to gain understanding of the management dynamics.

Continued
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L. 2-[3- n
Ra Nu Benchmarks \4 B 1A V [Mean [S.D.
nk [mb A |A
U [
er I |
51 |34 | Explain that although technological effects are 0 [10]122 |2.667 [0.637
complex and difficult to predict accurately, humans
can control the development and implementation of
technology
52 [95 | Describe new management techniques (e.g., 0 (184 [2 |2.333  [0.637

computer-aided engineering, computer-integrated
manufacturing, total quality management, just-in-time
manufacturing), incorporate some of these in a
technological endeavor, and explain how they have
reduced the length of design-to-manufacture cycles,
resulted in more flexible factories, and improved
quality and customer satisfaction.

53 [32 | Explain why making tradeoffs among characteristics,|0 2 |[11{11|3.375 ]0.647
such as safety, function, cost, ease of operation,
quality of post-purchase support, and environmental
impact, is necessary when selecting systems for
specific purposes.

54 [18 | Understand that access to and ability to use tools, |0 [6 |14}4 [2.917 ]0.654
materials, and skills limits technological development.
Demonstrate the ways that multiple resources (such as
people, information, tools and machines, techniques,
materials, energy, capital, and time) are used to
develop new technologies.

55 |84 | Knowing that troubleshooting is a way of finding out|2 |6 [16/0 |2.583  0.654
why something does not work so that it can be fixed

—
[®))

56 36 | Students will develop an understanding of the 152 2.750 [0.676

influence of technology on history.
57 139 | Knowing that making tools and processing new 0 [10{11[3 |2.708 [0.690
materials from natural materials advance the
technology; besides, putting parts together to create
systems and cooperating all specialized skill workers
to solve sophisticate problems contribute to the
modern technology.

Continued
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Ra Nu Benchmarks \4 B 1A V [Mean [S.D.
nk [mb A |A
U [
er [ |1
58 129 | Understand that with the aid of technology, various |0 [9 [114 [2.792 [0.721
aspects of the environment can be monitored to
provide information for decision-making. The
alignment of technological processes with natural
processes maximized performance and reduces
negative impacts on the environment.
59 |83 |Describes and implements basic troubleshooting 2 9 (121 |2.500 [0.722
techniques for multimedia computer systems with
related peripheral devices.
60 [10 | Knowing that systems thinking applies logic and 1 129 [2 12.500 ]0.722
S [creativity with appropriate compromises in complex
real-life problems and involves considering how every
art relates to others
61 [20 | Understand that tools and machines extend human |0 |7 |11[6 |2.958 [0.751

capabilities, such s holding, lifting, carrying,

fastening, separating, and computing.
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Round IIT
Twenty-four experts participated in the third round of the Delphi study. They were
asked to rate the importance of 31 benchmarks as well as to select appropriate assessment

tasks for measuring the five categories of technological literacy.

Teacher’§ Oral . Essay Projects [Portfolios
observations [presentations |tests
Understanding of Technology 3 24 23 2 12
Design and build Skills 24 0 0 24 13
Application and Problem
Solving Skills 23 1 0 23 14
Communication Skills 13 24 21 10 2
Inquiry and Analytical Skills 0 6 24 14 24

Table 4.5: The assessment tasks for five categories of technological literacy viewed by
the expert panel at the third round of Delphi study, N= 24.

Questionnaires from all 24 panelists were returned within 10 days. Responses
related to the assessment tasks of technological literacy are shown in Table 4.5. As
viewed by panel members, oral presentations and essay tests were considered appropriate
for assessing students’ understanding of technology; using essay tests, projects, and
portfolios to test inquiry and analytical technological skills was considered appropriate;
communication skills could be assessed using teacher’s observations, oral presentations,
and essay tests; design and build skills could be measured by using teacher’s observations,
projects, and portfolios; and problem solving and application skills could be examined

using teacher’s observations, projects, and portfolios.
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Table 4.6 shows the mean and standard deviation for each benchmark. The
benchmark means ranged from a high of 3.250 (important) to a low of 2.083
(non-important), and their standard deviation ranged from a high of .722 (great diversity
of opinions) to a low of .408 (reached agreement).

The standard deviation cut-off point was set to .721 in the third round of the
Delphi study, because the distribution of data is symmetrical - the total number of
panelists who chose “very important” or “above average importance” almost equals to
those who chose “very unimportant” or “below average importance.” The mean cut-off
point was set to 2.785 for determining the important benchmarks because the distribution
of data changed at that point as the number of panelists who chose “very unimportant” or
“below average importance” started to rise significantly from less than four to greater
than six. The mean cut-off point was set to 2.540 for determining the non-important
benchmarks. This was chosen because the distribution of data changed at that point and
the number of panelists who chose “very unimportant” or “below average importance”
became greater than the counterparts of the panel.

The top five highest mean rating benchmarks were 18, 54, 55, 70, and 82. They
have a mean rating greater than 2.91 and standard deviation lower than .55, and are
considered very important with consensus reached. The remaining 26 benchmarks were
considered non-important. Altogether, after three rounds of the Delphi studies, 60
benchmarks achieved the panel’s consensus and were determined to be important.

In summary, when the Delphi probe was completed, 105 benchmarks emerged as

tentative benchmarks of technological literacy. After three Delphi rounds, 60 benchmarks
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were viewed as important and reached panel consensus. They were rated for their
importance and also ranked according to their mean rating. These ranking are displayed
in Table 4.7: In comparison, 26 benchmarks that were rated non-important and reached

panel consensus are displayed in Table 4.8.

154



Table 4.6: Result of the third round Delphi. N= 24. The importance of benchmarks

viewed by the expert panel.

Scale: 1 = VU (Very Unimportant), 2 = BAI (Below Average importance), 3 = AAI

(Above Average importance), 4 = VI (Very Important)

* Panelists reached consensus and viewed as importance (MEAN > 2.875, SD <.721)

** Panelists reached consensus and viewed as non-important (MEAN < 2.540, SD
<.721).

1 2- 13- n
Ra Nu Benchmarks \ B A V [Mean [S.D.
nk |mb A (A
U Il
er [ |
1 [63 | Use a variety of media and formats to communicate |0 [0 |18[6 [3.250* ]0.442

information and ideas effectively to multiple
audiences

2 |32 | Explain why making tradeoffs among characteristics,[0 |1 |17]6 [3.208* ]0.509
such as safety, function, cost, ease of operation,
quality of post-purchase support, and environmental
impact, is necessary when selecting systems for
specific purposes.

3 |75 | Knowing that a prototype is a working model used to|0 |1 [19[4 [3.125* [0.448
test a design concept by making actual observations
and necessary adjustments

4 165 | Knowing that manufacturing processes include 0 3 |16[5 [3.083* ]0.584
designing products, gathering resources, and using
tools to separate, form, combine materials in order to
produce products, and servicing of products and
systems.

5 [18 | Understand that access to and ability to use tools, |0 [2 [20[2 |3.000* [0.417
materials, and skills limits technological development.
Demonstrate the ways that multiple resources (such as
people, information, tools and machines, techniques,
materials, energy, capital, and time) are used to
develop new technologies.

6 |82 [Knowing that research and development is a specific [0 |4 [17[3 [2.958* ]0.550
problem-solving approach that is used intensively in
business and industry to prepare devices and systems
for the marketplace.

Continued
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Able to explain how products are manufactured,
operated, maintained, replaced, and disposed of and
who will sell, operate, and take care of it. The cost
associated with these functions may introduce yet more
constrains on the design

w>—<>w|
i i

2.917*

0.408

Knowing that transportation plays a vital role in the
operation of other technologies, such as manufacturing,
construction, communication, health and safety, and
agriculture.

2.917*

0.504

Be able to design, fabricate models of construction,
and work with other classmates in making a planned
model community.

2.875

0.612

10

Understand that tools and machines extend human
capabilities, such s holding, lifting, carrying, fastening,
separating, and computing.

2.833

0.565

11

Knowing that information and communication
systems are made up of a source, encoder, transmitter,
receiver, decoder, storage, retrieval, and destination.
These systems can be used to inform, persuade,
entertain, control, manage, and educate.

2.833

0.565

12

Knowing that troubleshooting is a problem solving
method used to identify the cause of a malfunction in a
technological system.

2.750

0.442

13

Explain and demonstrate several solutions to a
problem or opportunity using technological design,
tools, careful planning, experimentation, and testing.

2.708

0.464

14

[u—y

w O

Be able to compare, contrast, and classify collected
information in order to identify patterns.

2.708

0.464
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L. 2- 3- m
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nk [mb A |A
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15 47 | Knowing that the development of refrigeration, 0 |8 [15]1 [2.708 10.550

freezing, dehydration, preservation, and irradiation
provide long-term storage of food and reduce the
health risks caused by tainted food.

16 [45 | Knowing that conservation is the process of 1 |7 |142 2.708  [0.690
controlling soil erosion, reducing sediment in
waterways, conserving water, and improving water
quality.

17 25 | Knowing that a number of different factors, such as [0 |8 [16|0 [2.667 ]0.482
advertising, the strength of the economy, the goals of 4]
company, and the latest fads contribute to shaping the
design of and demand for various technologies.

18 26 | Understand that the transfer of a technology from |0 |9 (14|l [2.667 [0.565
one society to another can cause cultural, social,
economic, and political changes affecting both
societies to varying degrees.

19 (36 | Students will develop an understanding of the 0 [10]122 |2.667 [0.637
influence of technology on history.
20 |39 | Knowing that making tools and processing new 0 [10{122 |2.667 [0.637
materials from natural materials advance the
technology;

21 [34 | Explain that although technological effects are 0 (11112 |2.625 ]0.647
complex and difficult to predict accurately, humans
can control the development and implementation of
technology

22 |84 | Knowing that troubleshooting is a way of finding out[0 |10|14/0 [2.583 0.504
why something does not work so that it can be fixed

23 [50 | Knowing that power is the rate at which energy is |0 [11]12|1 [2.583  [0.584
converted from one form to another or transferred
from one place to another, or the rate at which work is
done

24 152 | Knowing that processes, such as receiving, holding, [0 [11{13]0 [2.542 0.509
storing, moving, delivering, and using conventions are
necessary for the transportation system to operate.

Continued
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Table 4.6 Continued.

L. 2-[3- m
Ra [Nu Benchmarks \ B A V [Mean [S.D.
nk |mb A (A
U [
er [ |1
25 |68 | Understand that: Structures are constructed usinga [0 [13(11]0 [2.458** ]0.509

variety of processes and procedures. Structures
require maintenance, alternation, or renovation
periodically to improve them or to alter their intended
use.

26 |83 [Describes and implements basic troubleshooting 0 [14]10[0 [2.417** 0.504
techniques for multimedia computer systems with
related peripheral devices.

27 |43 | Knowing that medical technologies include 0 [15(8 [1 |2.417** [0.584
prevention and rehabilitation, vaccines and
pharmaceuticals, medical and surgical procedures,
genetic engineering, and the systems within which
health is protected and maintained.

28 |10 | Knowing that systems thinking applies logic and 0 [16[6 [2 |2.417** [0.654
S |creativity with appropriate compromises in complex

real-life problems and involves considering how every
part relates to others

29 [78 | Explain how technological inventions and 0 |16[7 |1 |2.375%* 10.576
innovations stimulate economic competitiveness and
how to translate into products and services with
demand.

30 [67 | Knowing that the product design utilizes a broad 0 (185 |1 [2.292** ]0.550
range of manufacturing processes, such as metal
forming, injection molding, rapid tooling, machining,
abrasive water jet cutting, and finishing operations.
31 195 | Describe new management techniques and explain
how they have reduced the length of
design-to-manufacture cycles, resulted in more
flexible factories, and improved quality and customer
satisfaction.

Understand that an open-loop system has no feedback
32 path and requires human intervention, while a

21 |closed-loop system uses feedback.

—

183 |2 |2.250** 10.676

—

194 |0 |2.125%* 10.448

Continued
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Table 4.6. Continued.

Ra

Nu
mb
er

Benchmarks

c<

Mean

S.D.

33

87

Demonstrate the ability to select, operate, maintain,
troubleshoot, and dispose of technological devices in
the context of a career (e.g., use the tools of
accounting in a real or simulated business
environment.)

20

ST > P

2.083%*

0.408

34

97

Help to manage a group engaged in planning,
designing, implementation, and evaluation of a project
to gain understanding of the management dynamics.

20

2.083%*

0.408

All

benchmarks above are having SD lower than .721 and are ranked by MEAN

35

29

Understand that with the aid of technology, various
aspects of the environment can be monitored to
provide information for decision-making. The
alignment of technological processes with natural
processes maximized performance and reduces
negative impacts on the environment.

1

6

14

3

2.792

0.721

36

46

Knowing that people in unsafe and remote areas can
get medical care, such as being diagnosed or getting
treatment with telemedicine. Telemedicine reflects the
convergence of technological advances in a number of
fields, including medicine, telecommunications,
virtual presence, computer engineering, informatics,
artificial intelligence, robotics, materials science, and
perceptual psychology.

—

11

2.542

0.721

37

41

Compare qualitatively and quantitatively the
performance of a contemporary manufactured
product, such as a household appliance, to the

comparable device or system 50-100 years ago

12

2.500

0.722
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Table 4.7: Important benchmarks viewed by the expert panel, results of the Delphi
studies. Rank ordered according to their mean rating. N= 24.

Num
Rank|Mean| S.D. | ber
69 Be able to follow step-by-step directions to assemble or

1 ]3.792]0.509 disassembly a product, observe, and discover how things work.
90 Be able to use information provided in manuals, protocols, or
2 [3.750]0.532 by experienced people to see and understand how things work.
Understand that humans can devise technologies to conserve
33 |water, soil, and energy through such techniques as reusing,

3 13.667]0.482 reducing, and recycling.

Criticize the use of technology affects humans in various ways,
6 [including their safety, comfort, choices, lifestyles, and attitudes
4 [3.625]0.576 about technology’s development and use.

Be able to use computers to access and organize information,
or use it in various applications. Use technology to locate,
evaluate, and collect information from a variety of sources. Use
5 13.583]0.504 technology tools to process data and report results.

Knowing what technologies are using to conserve the natural
56 |energy resources, and what approaches can be employed to use
6 |3.583]0.584 energy more efficiently in daily living.

28 Identify, select, and use appropriate resources to solve

Benchmarks

59

7 [3.583]0.584 roblems.

62 Use technology tools to enhance learning, increase
8 13.583(0.654 roductivity, and promote creativity.

90 Apply technological concepts and processes to solve practical
9 [3.583[0.776 roblems and extend human capabilities.

91 Demonstrate the ability to work safely, efficiently,

10 |3.583(0.776 cooperatively and independently (ITEA, 2000).

Knowing that people’s needs and wants lead to the

12 |manufacturing of products, and when people’s need and wants
11 ]3.542]0.588 change, new technologies are developed.

Understand that decisions regarding the implementation of
23 |technologies involve the weighing of trade-offs between

12 13.542(0.588 redicted positive and negative effects on the environment.

03 Be able to select and safely use tools, products, and systems for
13 [3.542[0.588 specific tasks.

Continued
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Table 4.7. Continued.

Rank

Mean

S.D.

Num
ber

Benchmarks

14

3.542

0.658

61

Be able to communicate observation, processes, and results of
the entire design processes, using verbal, graphic, quantitative,
virtual, and written means, in addition to three-dimensional
models.

15

3.500

0.511

15

Knowing that resources are the things needed to get a job done,
such as tools and machines, materials, information, energy,
eople, capital, and time.

16

3.500

0.659

10

Understanding what in their world is natural and what is human
made, and knowing that new technology is developed to solve
roblems and change the world around us.

17

3.500

0.659

19

Technological tools, materials, and other resources should be
selected on the basis of safety, cost, availability, appropriateness,
and environmental impact; technological processes change
energy, information, and material resources into more useful
forms.

18

3.500

0.659

31

Knowing that technology, by itself, is neither good nor bad, but
decisions about the use of products and systems can result in
desirable or undesirable consequences.

19

3.500

0.659

60

Use telecommunications to collaborate, publish, and interact
with peers, experts, and other audiences.

20

3.500

0.722

Understanding that technological systems include input,
processes, output, and, at times, feedback; they work together to
accomplish a goal.

21

3.458

0.509

24

Understand that technologies can be used to repair damage
caused by natural disasters and to break down waste from the
use of various products and systems.

22

3.458

0.658

94

Be able to recognize and use common symbols, such as graphic
symbols, signals, and icons, to communicate key ideas.

23

3.458

0.721

73

Knowing that modeling, testing, evaluating, and modifying are
used to transform ideas into practical solutions. To be able to
express ideas to others verbally and through sketches and
models, cause it is an important part of the design process.

24

3.417

0.504

11

Be able to define technology encompassing past, present, and
future developments and provides significant details and
examples to illustrate the definition of technology.

Continued
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Table 4.7. Continued.

Rank

Mean

S.D.

Num
ber

Benchmarks

25

3.417

0.654

99

Be able to brainstorm people’s needs and wants and pick some
problems that can be solved by technology and through the
design process.

26

3.417

0.717

89

Understand that maintenance is the process of inspecting and
servicing a product or system on a regular basis in order for it to
continue functioning properly, to extend its life, or to upgrade its
capability.

27

3.375

0.647

64

Knowing that buildings generally contain a variety of
subsystems, such as utilities systems, they are: water, electrical,
plumbing, gas, waste disposal, heating and air conditioning,
information and communication, as well as component systems,
such as foundations, framing, insulation, and lighting.

28

3.375

0.770

35

Explains the interrelationships or connections between
technologies and describe how technology has affected the
environment and society.

29

3.333

0.702

22

Understand that ethical considerations are important in the
development, selection, and use of technologies. Describe
personal consequences for the inappropriate or unethical use of
technology.

30

3.333

0.702

74

Knowing that the design processes include (1) defining a
problem, (2), researching and generating ideas by brainstorming,
(3) identifying criteria and specifying constraints, (4) exploring
possibilities, (5) selecting an approach, (6) developing a design
proposal, (7) making a model or prototype, (8) testing and
evaluating the design using specifications, refining the design,
(10) creating or making it, and (11) communicating processes
and results.

31

3.333

0.702

93

Knowing that technological knowledge and processes are
communicated using symbols, measurement, conventions, icons,
graphic images, and languages that incorporate a variety of
visual, auditory, and tactile stimuli.

32

3.333

0.482

28

Able to investigate and assess the influence of a specific
technology on the individual, family, community, and
environment.

33

3.292

0.550

[llustrate how people generate new products and systems
through creativity and innovation to meet their needs

Continued
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Table 4.7. Continued

Rank

Mean

S.D.

Num
ber

Benchmarks

34

3.292

0.690

53

Knowing that power systems are used to drive and provide
propulsion to other technological products and systems. Power
systems must have a source of energy, a process, and loads.

35

3.292

0.751

57

Knowing that the design of a message is influenced by such
factors as the intended audience, medium, purpose, and nature of]
the message.

36

3.292

0.751

85

Be able to use tools, materials, and machines safely to diagnose,
adjust, and repair systems.

37

3.292

0.464

14

Knowing that the development and use of technology influence
economic, political, social, cultural, and ethical issues .

38

3.292

0.550

30

Describe the important technology inventions that have had
significant impacts on human beings. Knowing that the use of
inventions and innovations has led to changes in society and the
creation of new needs and wants. Explain how technological
inventions and innovations have caused global growth and
interdependence, stimulated economic competitiveness, created
new jobs, and made other jobs obsolete.

39

3.292

0.550

38

Knowing that in the past, an invention or innovation was not
usually developed with the knowledge of science. In fact, much
science knowledge is being gathered alongside the technological
development.

40

3.250

0.532

51

Knowing that energy can be grouped into major forms:
thermal, radiant, electrical, mechanical, etc.

41

3.250

0.442

63

Use a variety of media and formats to communicate
information and ideas effectively to multiple audiences

42

3.208

0.415

Support that Technology transfer occurs when a new user
applies an existing innovation developed for one purpose in a
different function.

43

3.208

0.509

32

Explain why making tradeoffs among characteristics, such as
safety, function, cost, ease of operation, quality of post-purchase
support, and environmental impact, is necessary when selecting
systems for specific purposes.

44

3.167

0.381

42

Be able to identify trends and monitor potential consequences

of technological development.

Continued
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Table 4.7. Continued.

Rank

Mean

S.D.

Num
ber

Benchmarks

45

3.167

0.565

27

Knowing that social and cultural priorities and values are
reflected in technological devices. In other words, meeting
societal expectations is the driving force behind the acceptance
and use of products and systems. Understand that the
management of waste produced by technological systems is an
important societal issue

46

3.125

0.448

Validate that technological innovation often results when ideas,
knowledge, or skills are shared within a technology, among
technologies, or across other fields.

47

3.125

0.448

13

Knowing that throughout history, new technologies have
resulted from the demands, values, and interests of individuals,
businesses, industries, and societies.

48

3.125

0.537

16

Able to explain how complex technological systems involve
the confluence of numerous other systems. Explain how the
submarine or airplanes involves communication, transportation,
bio-technology, and manufacturing systems

49

3.125

0.537

102

Be able to test and evaluate the solutions for the design
problem in relation to pre-established requirements, and then
improve the design solutions or refine the design as needed.

50

3.125

0.448

75

Knowing that a prototype is a working model used to test a
design concept by making actual observations and necessary
adjustments

51

3.083

0.504

100

Knowing that asking questions and making observations helps
a person to figure out how things work. Besides, Knowing that
the process of experimentation, which is common in science,
can also be used to solve technological problems.

52

3.083

0.584

65

Knowing that manufacturing processes include designing
products, gathering resources, and using tools to separate, form,
combine materials in order to produce products, and servicing of]
products and systems. Servicing is included because it keeps
roducts in good operating condition.

53

3.042

0.464

Justify the study of technology uses many of the same ideas
and skills as other subjects; and the knowledge gained from
other fields of study has a direct effect on the development of
technological products and systems; Defend that technologies
are often combined. Various relationships exist between

technology and other fields of study.

Continued

164



Table 4.7. Continued.

Rank

Mean

S.D.

Num
ber

Benchmarks

54

3.042

0.550

104

Be able to interpret and evaluate the accuracy of the
information obtained and determine if it is useful. Be able to
synthesize data, analyze trends, and draw conclusions regarding
the effect of technology on the individual, society, and the
environment.

55

3.000

0.511

54

Knowing that transportation vehicles made up of subsystems,
such as structural, propulsion, suspension, guidance, control, and|
support, that must function together for a system to work
effectively.

56

3.000

0.511

71

Understand that design goals and requirements must be
established and constraints must be identified and prioritized
during the time when designs are being developed. Knowing
that the process of engineering design takes into account a
number of factors (such as: safety, function, flexibility, quality,
and economic, political, and cultural concerns).

57

3.000

0.417

18

Understand that access to and ability to use tools, materials,
and skills limits technological development. Demonstrate the
ways that multiple resources (such as people, information, tools
and machines, techniques, materials, energy, capital, and time)
are used to develop new technologies.

58

2.958

0.550

82

Knowing that research and development is a specific
problem-solving approach that is used intensively in business
and industry to prepare devices and systems for the marketplace.

59

2917

0.408

70

Able to explain how products are manufactured, operated,
maintained, replaced, and disposed of and who will sell, operate,
and take care of it. The cost associated with these functions may
introduce yet more constrains on the design

60

2.917

0.504

55

Knowing that transportation plays a vital role in the operation
of other technologies, such as manufacturing, construction,

communication, health and safety, and agriculture.
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Table 4.8: The non-important benchmarks viewed by the expert panel, results of the
Delphi studies. Rank ordered according to their mean rating. N= 24.

Rank

Mean

S.D.

Num
ber

Benchmarks

2.8333

0.637

Appraise how corporations can often create a demand for a
product by bringing it onto the market and advertising it;
Support the idea that marketing involves informing the public
about a product as well as establishing the product’s identity,
conducting research on its potential, advertising it,
distributing it, and selling it.

2.7917

0.5882

86

Be able to troubleshoot, analyze, and maintain system to
ensure safe and proper function and precision.

2.7917

0.779

Interpret how creative thinking and economic and cultural
influences shape technological development.

2.7917

0.779

37

Gather and organize information to create a database of
historical events in technology development. Illustrate how
technology has evolved throughout human history.

2.75

0.6079

Knowing that systems, which are building blocks of
technology, are embedded within larger technological, social,
and environmental systems. The stability of a technological
system is influenced by all of the components in the system.

2.6667

0.637

77

Knowing that requirements involve the identification of the
criteria and constraints of a product or system and the
determination of how they affect the final design and
development.

2.625

0.7109

76

Knowing that established design principles should be used to
evaluate existing designs, to collect data, and to guide the
design process. Be able to evaluate the design solution using
conceptual, physical, and mathematical models at various
intervals of the design process in order to check for proper
design and to note areas where improvements are needed.

2.625

0.7697

17

Knowing that an infrastructure is the basic framework of a
system, which includes buildings, services, and installations
needed for a government to function, such as transportation,
communication, water, energy, and public information system.

2.5417

48

0.7211

Knowing that the sciences of biochemistry and molecular
biology have made it possible to manipulate the genetic
information found in living creatures. Therefore, it is
necessary to establish ethical mandates for regulating the

incidence of testing and the uses of test results.

Continued
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Table 4.8: Continued.

Rank

Mean

S.D.

Num
ber

Benchmarks

10

2.4583

0.509

40

Knowing that the specialization of function has been at the
heart of many technological improvements.

11

2.4583

0.509

68

Understand that: Structures are constructed using a variety of]
processes and procedures. Structures require maintenance, or
renovation periodically to improve them or to alter their
intended use.

12

2.4167

0.5036

44

Knowing that agriculture includes a combination of
businesses that use a wide array of products and systems to
produce, process, and distribute food, fiber, fuel, chemical,
and other useful products and in the care of animals.

13

2.4167

0.5036

83

Describes and implements basic troubleshooting techniques
for multimedia computer systems with related peripheral
devices.

14

2.4167

0.5836

43

Knowing that medical technologies include prevention and
rehabilitation, vaccines and pharmaceuticals, medical and
surgical procedures, genetic engineering, and the systems
within which health is protected and maintained. Medical
technologies extend the effectiveness of medical care and
increase people’s wealth.

15

2.4167

0.6539

105

Knowing that systems thinking applies logic and creativity
with appropriate compromises in complex real-life problems
and involves considering how every part relates to others

16

2.375

0.4945

72

Knowing that the design and construction of structures for
service or convenience have evolved from the development of
techniques for measurement, controlling systems, and the
understanding of spatial relationships.

17

2.375

0.5758

101

Be able to explore the emerging technologies and develop
the skills to evaluate their impacts by reasoning and making
decisions based on asking critical questions.

18

2.375

0.5758

Explain how technological inventions and innovations
stimulate economic competitiveness and how, in order for an
innovation to lead to commercial success, it must be
translated into products and services with marketplace
demand. Explain through examples how some inventions are
not translated into products and services with market place
demand, and therefore do not become commercial successes.
Describe the process that an inventor must follow to obtain a

78

atent for an invention.

Continued
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Table 4.8: Continued.

Rank|

Mean

S.D.

Num
ber

Benchmarks

19

2.3333

0.5647

96

Project management is essential to ensuring that
technological endeavors are profitable and that products and
systems are of high quality and built safely, on schedule, and
within budget. Knowing that quality control is a planned
process to ensure that a product, service, or system meets
established criteria

20

2.2917

0.55

67

Knowing that the product design utilizes a broad range of
manufacturing processes, such as metal forming, injection
molding, rapid tooling, machining, abrasive water jet cutting,
and finishing operations.

21

2.25

0.6757

95

Describe new management techniques (e.g., computer-aided
engineering, computer-integrated manufacturing, total quality
management, just-in-time manufacturing), incorporate some
of these in a technological endeavor, and explain how they
have reduced the length of design-to-manufacture cycles,
resulted in more flexible factories, and improved quality and
customer satisfaction.

22

2.1667

0.5647

49

Knowing that artificial ecosystems are human-made
environments that are designed to function as a unit and are
comprised of humans, plants, and animals

23

2.125

0.4484

21

Understand that an open-loop system has no feedback path
and requires human intervention, while a closed-loop system
uses feedback.

24

2.0833

0.5036

79

Be able to use assessment techniques, such as trend analysis
and experimentation to make decisions about the future
development of technology. Design forecasting techniques to
evaluate the results of altering natural systems.

25

2.0833

0.4082

87

Demonstrate the ability to select, operate, maintain,
troubleshoot, and dispose of technological devices in the
context of a career (e.g., use the tools of accounting in a real
or simulated business environment.)

26

2.0833

0.4082

97

Help to manage a group engaged in planning, designing,
implementation, and evaluation of a project to gain

understanding of the management dynamics.
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RESEARCH QUESTIONS
The purpose of the present study was to identify essential benchmarks of
technological literacy required of 9t graders in Taiwan, and to determine assessment for
these benchmarks. Four research questions were posed:

1. What would be the appropriate benchmarks to assess technological literacy in the
area of “development of technology,” a portion of the Natural Science and Living
Technology curriculum, as required by the ROC 2000 National Curriculum
Guidelines in Taiwan?

2. What would be the appropriate benchmarks to assess technological literacy in the
area of “design and make," a portion of the Natural Science and Living
Technology curriculum, as required by the ROC 2000 National Curriculum
Guidelines in Taiwan?

3. What would be the appropriate benchmarks to assess technological literacy in the
area of "thinking skills," a portion of the Natural Science and Living Technology
curriculum, as required by the ROC 2000 National Curriculum Guidelines in
Taiwan?

4. What would be the appropriate assessment tasks to assess technological literacy a
portion of the Natural Science and Living Technology curriculum, as required by

the ROC 2000 National Curriculum Guidelines in Taiwan?

According to the ROC 2000 National Curriculum Standard, the three categories of
technological literacy include: “development of technology,” “design and make,” and
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“thinking skills.” The panel of experts did not agree with this classification. They
proposed that the category “development of technology” should be changed to
“understanding of technology,” the category “thinking skills” should be changed to
“inquiry and analytical skills,” and “design and make” should be divided into three

99 ¢¢

categories: “design and build skills,” “application and problem-solving skills,” and
“communication skills.”

In order to classify the 60 benchmarks identified in this study into the above five
different categories of technological literacy, a content analysis was conducted. The
process involved identifying keywords in each benchmark and then grouping benchmarks

possessing the same concept or ideas. Based on the content analysis, the following

number of benchmarks for each category of technological literacy was generated.

The Understanding of Technology 27 benchmarks (see Table 4.9)
Inquiry and Analytical Skills 13 benchmarks (see Table 4.13)
Design and Build 5 benchmarks (see Table 4.10)

Application and Problem-Solving Skills 9 benchmarks (see Table 4.11)

Communication Skills 5 benchmarks (see Table 4.12)

The highest mean rating (3.79) of all the 60 benchmarks was benchmark 69, “To
follow directions to assemble or disassemble a product and discover how things work.”
The two lowest ranked (2.92) benchmarks for which consensus was achieved were
benchmark 55 “Understand the interrelationship of transportation with other
technologies” with a mean of 2.92, and benchmark 70 “Explain how products are
manufactured, operated, maintained, and disposed of,” with a mean of 2.92. When
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scrutinizing those important benchmarks against those non-important benchmarks on the
list of tentative benchmarks, three distinctive reactions/responses of the panelists were
found:

a). No benchmark (from 43 to 49) related to agricultural, medical, or biotechnology
was viewed as important by the panel of experts. The traditional classification of science
education and technology education in Taiwan may contribute to this result.

b). Another interesting finding is that those benchmarks (e.g. 2, 9, 17, 21, 26, 39, 58,
71 and 77) with keywords such as systems, processes, corporations, society, and
constraints were all viewed as non-important. It is probably because panelists who are
using Chinese as their main language do not use these terms in constructing and
conveying their ideas.

c). If the 105 proposed benchmarks were divided into only two categories: “To be
able to understand some concepts,” and “To be able to do something,” then the former
category would be tending to be viewed as non-important. It is probably because
panelists, based on traditional educational perception, believe that the major goal of

technology education is to equip students with the ability to do something.

Research Question 1

What would be the appropriate benchmarks to assess technological literacy in
the area of “development of technology,” a portion of the Natural Science and Living
Technology curriculum, as required by the ROC 2000 National Curriculum
Guidelines in Taiwan? The question can be answered with the findings of this study.
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Among the 27 benchmarks of “understanding of technology”, benchmark 33
“Understand that humans can devise technologies to conserve water, soil, and energy,”
with mean of 3.67, is the most important benchmark in this category. On the other hand,
benchmark 55, “Understand the interrelationship of transportation with other

technologies,” with a mean of 2.92, is the least important benchmark in this category.
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Table 4.9: The Benchmarks of “Understanding of Technology,” results of the three-round
Delphi, (N=24).

Rank

Mean

S.D.

Num
ber]

Benchmarks

3.67

0.48

33

Understand that humans can devise technologies to conserve
water, soil, and energy through such techniques as reusing,
reducing, and recycling.

3.58

0.58

56

Knowing what technologies are using to conserve the natural
energy resources, and what approaches can be employed to
use energy more efficiently in daily living.

3.54

0.59

12

Knowing that people’s needs and wants lead to the
manufacturing of products, and when people’s need and wants
change, new technologies are developed.

3.54

0.59

23

Understand that decisions regarding the implementation of
technologies involve the weighing of trade-offs between
redicted positive and negative effects on the environment.

3.50]

0.72

oe]

Understanding that technological systems include input,
processes, output, and, at times, feedback; they work together
to accomplish a goal.

3.50

0.66

10|

Understanding what in their world is natural and what is
human made, and knowing that new technology is developed
to solve problems and change the world around us.

3.50

0.51

1

9]

Knowing that resources are the things needed to get a job
done, such as tools and machines, materials, information,
energy, people, capital, and time.

3.50

0.66

19

Technological tools, materials, and other resources should be
selected on the basis of safety, cost, availability,
appropriateness, and environmental impact; technological
processes change energy, information, and material resources
into more useful forms.

3.50

0.66

31

Knowing that technology, by itself, is neither good nor bad,
but decisions about the use of products and systems can result
in desirable or undesirable consequences.

10

3.46

0.51

24

Understand that technologies can be used to repair damage
caused by natural disasters and to break down waste from the

use of various products and systems.

Continued
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Table 4.9: Continued.

Ran
k

Mean

S.D.

Num
ber

Benchmarks

11

3.42

0.50

11

Be able to define technology encompassing past, present, and
future developments and provides significant details and
examples to illustrate the definition of technology.

12

3.38

0.65

64

Knowing that buildings generally contain a variety of
subsystems, such as utilities systems, they are: water, electrical,
plumbing, gas, waste disposal, heating and air conditioning,
information and communication, as well as component systems,
such as foundations, framing, insulation, and lighting.

13

3.33

0.70

22

Understand that ethical considerations are important in the
development, selection, and use of technologies. Describe
personal consequences for the inappropriate or unethical use of
technology.

14

3.29

0.55

~

[lustrate how people generate new products and systems
through creativity and innovation to meet their needs

15

3.29

0.46

14

Knowing that the development and use of technology influence
economic, political, social, cultural, and ethical issues .

16

3.29

0.55

30

Describe the important technology inventions that have had
significant impacts on human beings. Knowing that the use of
inventions and innovations has led to changes in society and the
creation of new needs and wants. Explain how technological
inventions and innovations have caused global growth and
interdependence, stimulated economic competitiveness, created
new jobs, and made other jobs obsolete.

17

3.29

0.55

38

Knowing that in the past, an invention or innovation was not
usually developed with the knowledge of science. In fact, much
science knowledge is being gathered alongside the technological
development.

18

3.29

0.69

53

Knowing that power systems are used to drive and provide
propulsion to other technological products and systems. Power
systems must have a source of energy, a process, and loads.

19

3.29

0.75

57

Knowing that the design of a message is influenced by such
factors as the intended audience, medium, purpose, and nature
of the message.

Continued
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Table 4.9: Continued.

Rank

Mean

S.D.

Num
ber

Benchmarks

20

3.25

0.53

51

Knowing that energy can be grouped into major forms:
thermal, radiant, electrical, mechanical, chemical, nuclear,
and others.

21

3.17

0.56

27

Knowing that social and cultural priorities and values are
reflected in technological devices. In other words, meeting
societal expectations is the driving force behind the
acceptance and use of products and systems. Understand that
the management of waste produced by technological systems
is an important societal issue

22

3.13

0.45

13

Knowing that throughout history, new technologies have
resulted from the demands, values, and interests of
individuals, businesses, industries, and societies.

23

3.083

0.584

65

Knowing that manufacturing processes include designing
products, gathering resources, and using tools to separate,
form, combine materials in order to produce products, and
servicing of products and systems. Servicing is included
because it keeps products in good operating condition.

24

3.042

0.464

—

Justify the study of technology uses many of the same ideas
and skills as other subjects; and the knowledge gained from
other fields of study has a direct effect on the development of
technological products and systems; Defend that
technologies are often combined. Various relationships exist
between technology and other fields of study.

25

3.000

0.511

54

Knowing that transportation vehicles made up of
subsystems, such as structural, propulsion, suspension,
guidance, control, and support, that must function together
for a system to work effectively.

26

3.000

0.417

18

Understand that access to and ability to use tools, materials,
and skills limits technological development. Demonstrate the
ways that multiple resources (such as people, information,
tools and machines, techniques, materials, energy, capital,
and time) are used to develop new technologies.

27

2.92

0.503

Knowing that transportation plays a vital role in the
operation of other technologies, such as manufacturing,
construction, communication, health and safety, and

55

agriculture.
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Research Question 2

What would be the appropriate benchmarks to assess technological literacy in
the area of “design and make," a portion of the Natural Science and Living Technology
curriculum, as required by the ROC 2000 National Curriculum Guidelines in Taiwan?

There are 19 benchmarks of technological literacy in the area of “design and
make” identified in this study. They are divided into three subcategories: “design and
build skills”, “application and problem-solving skills”, and “communication skills” as
shown in Tables 4.10, 4.11, and 4.12, respectively.

Among the 5 benchmarks of “design and build skills”, benchmark 69 “To follow
directions to assemble or disassemble a product and discover how things work,” is the
highest ranked benchmark. In fact, it is the highest ranked benchmark of all the 60
benchmarks (mean over 3.79 in a scale where 4 represents the most important). This
indicates a strong agreement that “design and build skills” is the most important
subcategory of technological literacy.

In contrast, benchmark 70 “to explain how products are manufactured, operated,
maintained, and disposed of,” with a mean of 2.92, is the least important benchmark in

this subcategory.
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Num|

Mean| S.D. | ber Benchmarks

Be able to follow step-by-step directions to assemble or

1 13.792[0.509] 69|disassembly a product, observe, and discover how things work.
Knowing that modeling, testing, evaluating, and modifying are
used to transform ideas into practical solutions. To be able to
express ideas to others verbally and through sketches and

2 |3.458[0.721] 73jmodels, cause it is an important part of the design process.

Knowing that the design processes include (1) defining a
[problem, (2), researching and generating ideas by
brainstorming, (3) identifying criteria and specifying
constraints, (4) exploring possibilities, (5) selecting an

3 [3.333]10.702] 74[approach, (6) developing a design

Knowing that a prototype is a working model used to test a
design concept by making actual observations and necessary
adjustments

Understand that design goals and requirements must be
established and constraints must be identified and prioritized
during the time when designs are being developed. Knowing
that the process of engineering design takes into account a
number of factors (such as: safety, function, flexibility, quality,
5 13.0000.511] 71jand economic, political, and cultural concerns).

Able to explain how products are manufactured, operated,
maintained, replaced, and disposed of and who will sell,
operate, and take care of it. The cost associated with these

6 [2.917/0.408 70[functions may introduce yet more constrains on the design

Rank

4 13.125(0.448 7

9]

Table 4.10: The Benchmarks of Design and Make — “Design and Build”, results of the
three-round Delphi, (N= 24).

Among the 9 benchmarks of “application and problem-solving skills,” as shown in
Table 4.11, benchmark 92 “To use information provided in manuals, to understand how
things work™ is the highest ranked benchmark. Its high mean rating of 3.78, also proves
that reading and application skills are important to technological literacy. In contrast,
benchmark 82 “Knowing the function of research and development,” with a mean of 2.96,
is the least important benchmark in this subcategory.
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Rank Mean| S.D. | ber Benchmarks

1 3.7500.532 92 [Be able to use information provided in manuals, protocols, or
by experienced people to see and understand how things work.

2 3.58310.776 [90  [Apply technological concepts and processes to solve practical

roblems and extend human capabilities.

3 3.5830.776 91 [Demonstrate the ability to work safely, efficiently,
cooperatively and independently (ITEA, 2000).

4 3.58310.654 162 |Use technology tools to enhance learning, increase productivity,
and promote creativity.

S 3.583(0.504 |59 [Be able to use computers to access and organize information, or
use it in various applications. Use technology to locate,
evaluate, and collect information from a variety of sources. Use
technology tools to process data and report results.

6 3.54210.588 [98  |Be able to select and safely use tools, products, and systems for
specific tasks.

7 3.41710.717 [89  |Understand that maintenance is the process of inspecting and
servicing a product or system on a regular basis in order for it
to continue functioning properly, to extend its life, or to
upgrade its capability.

8 3.304 10.765 |85  |Be able to use tools, materials, and machines safely to
diagnose, adjust, and repair systems.

9 2.95810.550 182 |[Knowing that research and development is a specific

problem-solving approach that is used intensively in business
and industry to prepare devices and systems for the

marketplace.

Table 4.11: The Benchmarks of Design and Make — “Application and Problem-Solving”,
results of the three-round Delphi, (N= 24).

Among the five benchmarks of “communication skills,” as shown in Table 4.12,

benchmark 61 “To communicate using verbal, graphic, and other means,” with mean of

3.54, is the highest ranked benchmark. In contrast, benchmark 63 “To use a variety of

media and formats to communicate,” with mean of 3.21, is the least important benchmark

in this subcategory.
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Rank Mean

S.D.

Num
ber

Benchmarks

1 |3.542

0.658

61

Be able to communicate observation, processes, and results of
the entire design processes, using verbal, graphic, quantitative,
virtual, and written means, in addition to three-dimensional
models.

2 13.500

0.659

60

Use telecommunications to collaborate, publish, and interact
with peers, experts, and other audiences.

3 [3.458

0.658

94

Be able to recognize and use common symbols, such as graphic
symbols, signals, and icons, to communicate key ideas.

4 13.333

0.702

93

Knowing that technological knowledge and processes are
communicated using symbols, measurement, conventions,
icons, graphic images, and languages that incorporate a variety
of visual, auditory, and tactile stimuli.

5 13.250,

0.442

Use a variety of media and formats to communicate

63

information and ideas effectively to multiple audiences

Table 4.12: The Benchmarks of Design and Make — “Communication Skills”, results of
the three-round Delphi, (N= 24).

Research Question 3

What would be the appropriate benchmarks to assess technological literacy in

the area of "thinking skills," a portion of the Natural Science and Living Technology

curriculum, as required by the ROC 2000 National Curriculum Guidelines in Taiwan?

Thirteen benchmarks of technological literacy in the area of “thinking skills”

were identified in this study, as shown in Table 4.13. Among them, benchmark 6 “To

criticize how the use of technology affects humans in various ways,” with mean of 3.63,

is the highest ranked benchmark. In contrast, benchmark 104 “To interpret and evaluate

the accuracy of information obtained,” with mean of 3.04, is the least important

benchmark in this category.
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Rank

Mean

S.D.

Num
ber]

Benchmarks

3.63

0.58

(o

Criticize the use of technology affects humans in various ways, including
their safety, comfort, choices, lifestyles, and attitudes about technology’s
development and use.

3.61

0.58

88

Identify, select, and use appropriate resources to solve problems.

3.42

0.65

99

Be able to brainstorm people’s needs and wants and pick some problems
that can be solved by technology and through the design process.

3.38

0.647

32

Explain why making tradeoffs among characteristics, such as safety,
function, cost, ease of operation, quality of post-purchase support, and
environmental impact, is necessary when selecting systems for specific

urposes.

3.38

0.77

35

Explains the interrelationships or connections between technologies and
describe how technology has affected the environment and society.

3.33

0.48

28

Able to investigate and assess the influence of a specific technology on the
individual, family, community, and environment.

3.21

0.41

N

Support that Technology transfer occurs when a new user applies an
existing innovation developed for one purpose in a different function.

3.17

0.38

42

Be able to identify trends and monitor potential consequences of
technological development.

3.13

0.45

Validate that technological innovation often results when ideas,
knowledge, or skills are shared within a technology, among technologies, or
across other fields.

10

3.13

0.54

16

Able to explain how complex technological systems involve the
confluence of numerous other systems. Explain how the submarine or
airplanes involves communication, transportation, bio-technology, and
manufacturing systems

11

3.13

0.54

102

Be able to test and evaluate the solutions for the design problem in relation|
to pre-established requirements, and then improve the design solutions or
refine the design as needed.

12

3.08

0.50

100

Knowing that asking questions and making observations helps a person to
figure out how things work. Besides, Knowing that the process of
experimentation, which is common in science, can also be used to solve
technological problems.

13

3.04

0.55

Be able to interpret and evaluate the accuracy of the information obtained
and determine if it is useful. Be able to synthesize data, analyze trends, and
draw conclusions regarding the effect of technology on the individual,

104

society, and the environment.

Table 4.13: The Benchmarks of “Thinking Skills,” results of the three-round Delphi, (N=

24).
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Research Question 4

What would be the appropriate assessment tasks to assess technological literacy, a

portion of the Natural Science and Living Technology curriculum, as required by the

ROC 2000 National Curriculum Guidelines in Taiwan?

As shown in Table 4.14, the appropriate assessment methods for assessing

technological literacy in the area of "development of technology" includes oral

presentations, essay tests, and portfolios. The appropriate assessment methods for

assessing technological literacy in the area of "thinking skills" includes portfolios, essay

tests, and projects.

Teacher’g Oral . Essay Projects[Portfolios
observations |presentations|tests
[Understanding of Round | 8 21 21 6 13
Technology Round II 4 21 24 4 10
Round III 3 24 23 2 12
Design and Build Skills [Round I 22 2 3 19 16
Round I1 23 2 1 24 16
Round I11 24 0 0 24 13
Application and Round | 19 9 7 18 17
Problem-Solving Skills [Round II 22 2 1 22 17
Round I11 23 1 0 23 14
Communication Skills |Round | 16 17 18 14 11
Round I1 14 20 20 11 6
Round I11 13 24 21 10 2
Inquiry and Analytical [Round I 10 13 20 17 20
Skills Round I1 5 9 23 13 21
Round I11 0 6 24 14 24

Table 4.14: The appropriate assessment tasks for three categories of technological literacy,
results of the three-round Delphi, (N= 24).
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Table 4.15: The important benchmarks and appropriate assessment tasks for the five
categories of technological literacy, results of the three-round Delphi, (N= 24).

Categories

Important
Benchmarks

Appropriate
Assessment
Tasks

[Understanding of]
Technology

Understand that humans can devise technologies to
conserve water, soil, and energy through such techniques
as reusing, reducing, and recycling.

Oral
presentations
and

Knowing what technologies are using to conserve the
natural energy resources, and what approaches can be
employed to use energy more efficiently in daily living.

Essay tests,

Knowing that people’s needs and wants lead to the
manufacturing of products, and when people’s need and
wants change, new technologies are developed.

Understand that decisions regarding the implementation
of technologies involve the weighing of trade-offs
between predicted positive and negative effects on the
environment.

Understanding that technological systems include input,
processes, output, and, at times, feedback; they work
together to accomplish a goal.

Understanding what in their world is natural and what is
human made, and knowing that new technology is
developed to solve problems and change the world
around us.

Knowing that resources are the things needed to get a job
done, such as tools and machines, materials, information,
energy, people, capital, and time.

Technological tools, materials, and other resources
should be selected on the basis of safety, cost,
availability, appropriateness, and environmental impact;
technological processes change energy, information, and
material resources into more useful forms.

Knowing that technology, by itself, is neither good nor
bad, but decisions about the use of products and systems
can result in desirable or undesirable consequences.

Understand that technologies can be used to repair
damage caused by natural disasters and to break down

waste from the use of various products and systems.
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Table 4. 15: Continued.

[Understanding of]
Technology

Be able to define technology encompassing past,
present, and future developments and provides significant]
details and examples to illustrate the definition of
technology.

Oral
presentations
Essay tests,
and

Knowing that buildings generally contain a variety of
subsystems, such as utilities systems, they are: water,
electrical, plumbing, gas, waste disposal, heating and air
conditioning, information and communication, as well as
component systems, such as foundations, framing,
insulation, and lighting.

Portfolios

Understand that ethical considerations are important in
the development, selection, and use of technologies.
Describe personal consequences for the inappropriate or
unethical use of technology.

Ilustrate how people generate new products and
systems through creativity and innovation to meet their
needs

Knowing that the development and use of technology
influence economic, political, social, cultural, and ethical
issues .

Describe the important technology inventions that have
had significant impacts on human beings. Knowing that
the use of inventions and innovations has led to changes
in society and the creation of new needs and wants.
Explain how technological inventions and innovations
have caused global growth and interdependence,
stimulated economic competitiveness, created new jobs,
and made other jobs obsolete.

Knowing that in the past, an invention or innovation
was not usually developed with the knowledge of
science. In fact, much science knowledge is being
gathered alongside the technological development.

Knowing that power systems are used to drive and
provide propulsion to other technological products and
systems. Power systems must have a source of energy, a

rocess, and loads.

Knowing that the design of a message is influenced by
such factors as the intended audience, medium, purpose,
and nature of the message.
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Table 4.15: Continued.

[Understanding of]
Technology

Knowing that energy can be grouped into major forms:
thermal, radiant, electrical, mechanical, chemical,
nuclear, and others.

Oral
presentations
Essay tests,

Knowing that social and cultural priorities and values
are reflected in technological devices. In other words,
meeting societal expectations is the driving force behind
the acceptance and use of products and systems.
Understand that the management of waste produced by
technological systems is an important societal issue

and
Portfolios

Knowing that throughout history, new technologies
have resulted from the demands, values, and interests of
individuals, businesses, industries, and societies.

Knowing that manufacturing processes include
designing products, gathering resources, and using tools
to separate, form, combine materials in order to produce
products, and servicing of products and systems.
Servicing is included because it keeps products in good
operating condition.

Justify the study of technology uses many of the same
ideas and skills as other subjects; and the knowledge
gained from other fields of study has a direct effect on
the development of technological products and systems;
Defend that technologies are often combined. Various
relationships exist between technology and other fields off
study.

Knowing that transportation vehicles made up of
subsystems, such as structural, propulsion, suspension,
guidance, control, and support, that must function
together for a system to work effectively.

Understand that access to and ability to use tools,
materials, and skills limits technological development.
Demonstrate the ways that multiple resources (such as
people, information, tools and machines, techniques,
materials, energy, capital, and time) are used to develop
new technologies.

Knowing that transportation plays a vital role in the
operation of other technologies, such as manufacturing,
construction, communication, health and safety, and

agriculture.
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Table 4.15: Continued

[nquiry and
Analytical Skills

Criticize the use of technology affects humans in
various ways, including their safety, comfort, choices,
lifestyles, and attitudes about technology’s development
and use.

Essay tests,
Portfolios,
and Projects

Identify, select, and use appropriate resources to solve
roblems.

Be able to brainstorm people’s needs and wants and pick
some problems that can be solved by technology and
through the design process.

Explain why making tradeoffs among characteristics,
such as safety, function, cost, ease of operation, quality of]
post-purchase support, and environmental impact, is
necessary when selecting systems for specific purposes.

Explains the interrelationships or connections between
technologies and describe how technology has affected
the environment and society.

Able to investigate and assess the influence of a specific
technology on the individual, family, community, and
environment.

Support that Technology transfer occurs when a new user
applies an existing innovation developed for one purpose
in a different function.

Be able to identify trends and monitor potential
consequences of technological development.

Validate that technological innovation often results
when ideas, knowledge, or skills are shared within a
technology, among technologies, or across other fields.

Able to explain how complex technological systems
involve the confluence of numerous other systems.
Explain how the submarine or airplanes involves
communication, transportation, bio-technology, and
manufacturing systems

Be able to test and evaluate the solutions for the design
problem in relation to pre-established requirements, and
then improve the design solutions or refine the design as

needed.
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Table 4.15: Continued.

Inquiry and Knowing that asking questions and making observations|Essay tests,
Analytical Skills |helps a person to figure out how things work. Besides,  [Portfolios,
Knowing that the process of experimentation, which is  jand Projects
common in science, can also be used to solve
technological problems.
Be able to interpret and evaluate the accuracy of the
information obtained and determine if it is useful. Be
able to synthesize data, analyze trends, and draw
conclusions regarding the effect of technology on the
individual, society, and the environment.
Design and Build|Be able to follow step-by-step directions to assemble or [Teacher’s
Skills disassembly a product, observe, and discover how things [observations,
work. Projects, and|
Knowing that modeling, testing, evaluating, and Portfolios

modifying are used to transform ideas into practical

solutions. To be able to express ideas to others verbally

and through sketches and models, cause it is an important
art of the design process.

Knowing that the design processes include (1) defining a
problem, (2), researching and generating ideas by
brainstorming, (3) identifying criteria and specifying
constraints, (4) exploring possibilities, (5) selecting an
approach, (6) developing a design

Knowing that a prototype is a working model used to test
a design concept by making actual observations and
necessary adjustments

Understand that design goals and requirements must be

established and constraints must be identified and

prioritized during the time when designs are being

developed. Knowing that the process of engineering

design takes into account a number of factors (such as:

safety, function, flexibility, quality, and economic,
olitical, and cultural concerns).

Able to explain how products are manufactured,
operated, maintained, replaced, and disposed of and who
will sell, operate, and take care of it. The cost associated
with these functions may introduce yet more constrains

on the design
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Table 4.15: Continued

Application and
Problem-Solving
Skills

Be able to use information provided in manuals,
protocols, or by experienced people to see and
understand how things work.

Teacher’s
observation
Projects and

Apply technological concepts and processes to solve
ractical problems and extend human capabilities.

Portfolios

Demonstrate the ability to work safely, efficiently,
cooperatively and independently (ITEA, 2000).

Use technology tools to enhance learning, increase
roductivity, and promote creativity.

Be able to use computers to access and organize

information, or use it in various applications. Use

technology to locate, evaluate, and collect information

from a variety of sources. Use technology tools to
rocess data and report results.

Be able to select and safely use tools, products, and
systems for specific tasks.

Understand that maintenance is the process of inspecting
and servicing a product or system on a regular basis in
order for it to continue functioning properly, to extend its
life, or to upgrade its capability.

Be able to use tools, materials, and machines safely to
diagnose, adjust, and repair systems.

Knowing that research and development is a specific
problem-solving approach that is used intensively in
business and industry to prepare devices and systems for
the marketplace.

Communication
Skills

Be able to communicate observation, processes, and
results of the entire design processes, using verbal,
graphic, quantitative, virtual, and written means, in
addition to three-dimensional models.

Oral
[presentation
And

Essay tests

Use telecommunications to collaborate, publish, and
interact with peers, experts, and other audiences.

Be able to recognize and use common symbols, such as
graphic symbols, signals, and icons, to communicate key
ideas.

Knowing that technological knowledge and processes are
communicated using symbols, measurement,
conventions, icons, graphic images, and languages.

Use a variety of media and formats to communicate

information and ideas effectively to multiple audiences
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The appropriate assessment methods for assessing technological literacy in both
"design and build skills" and “application and problem-solving skills” are projects and
teacher’s observations. The appropriate assessment methods for assessing technological
literacy in the area of "communication skills" include oral presentations and essay tests.
Taken as a whole, the appropriate assessment methods for assessing technological
literacy in the area of "design and make" are primarily teacher’s observations and
projects. But, when communication skills are a major concern, oral presentations and

essay tests should be used instead.

Summary

In summary, the perceptions of experts toward the benchmarks and assessment
methods for technological literacy required of 9™ graders in Taiwan were examined in
this exploratory study. Its results, the clarification of a set of benchmarks of technological
literacy as well as appropriate assessment tasks, can provide an operational foundation
for teaching, learning, measuring achievement, and evaluating technology education.

The results of this study showed that 60 of the 105 benchmarks listed in the
questionnaires were rated as important or very important. As can be seen in Table 4.15,
twenty-seven of the 60 benchmarks related to the understanding of technology, 13
benchmarks related to thinking skills, and the remaining 20 benchmarks related to the
skills of “design and make.” The appropriate assessment tasks for each benchmark also
are shown in the right column of Table 4.15. Survey responses came from 24 technology
coordinators, teacher educators, and administrators in Taiwan. The most important
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benchmarks of technological literacy dealt with the interpretation of technical materials
to assemble or disassemble a product and discovering how things work.

Second, the 60 benchmarks were classified into five categories: 27 benchmarks
related to the understanding of technology (from Table 4.9), 13 benchmarks related to
thinking skills (from Table 4.13), nine benchmarks related to application and
problem-solving skills, six benchmarks related to design and build skills, and the
remaining five benchmarks related to communication skills (from Tables 4.10 — 4.12).
Thirdly, appropriate assessment tasks for measuring each category of the above
benchmarks were identified. Fourth, none of the benchmarks related to agricultural,
medical, or biotechnological skills was viewed by the panel as important. Last, those
benchmarks related to doing something were viewed more important than those

benchmarks related to knowing something.
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CHAPTER 5

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The purposes of this study are to determine the benchmarks of technological
literacy that are required of 9™ graders in Taiwan, and to determine appropriate
assessment methods for measuring them.

This chapter will present an overview of the study, a brief description of the
research procedures used to conduct the study, an explanation of the findings of the
studies, a discussion of conclusions and implications drawn from the findings, and a list

of recommendations arising from the study.

Overview of the Study

The problem

Technology education in Taiwan has been following in the steps of U. S. since the
course of Industrial Arts was introduced into junior high school curricula in 1962. Since
then, the course title was changed to “Living Technology” in 1997 and “Natural Science
and Living Technology” in 2002 (ROCMOE, 1994).

It is difficult to assess and compare the various forms of instruction in technology

education without an accepted or standardized measure of technological literacy (Boser,
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Palmer, & Daugherty, 1998.) Technology educators in the U.S. have established the
Standards for Technological Literacy (ITEA, 2000) to provide a foundation for what
technological literacy means and to help guide student progress toward technological
literacy.

Due to the insufficiency of the ROC 2000 National Curriculum Guidelines in
terms of specific performance criteria for technological literacy, the needs of teachers and
students in Taiwan regarding the teaching and learning of technology could not be met.
The absence of such understanding also resulted in a lack of clarity of goals and
methodologies for classroom instruction.

Technology teachers in Taiwan are facing a shortage of objective assessment
criteria in their instructional and assessment practices (Shi, 2002; Ni, 1995; Peang, 1998;
Chiang, 2000). Therefore, specific benchmarks of technological literacy required of 9™
graders in Taiwan as well as adequate assessment tasks for measuring them need to be
identified. To improve the instruction and assessment of the course “Living Technology,”

benchmarks by which technological literacy can be clearly defined are needed.

The purpose of the study and research questions

Technological literacy has been the focus of the teaching and learning of Living
Technology, while benchmarks of technological literacy are the center of implementing
curriculum planning, instruction, and assessment. Thus, the purpose of this study was to
determine the benchmarks of technological literacy required of 9th graders in Taiwan, so

that their technological literacy can be advanced and measured effectively.
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In order to achieve the purpose of this study, the following research questions
were asked:

1. What would be the appropriate benchmarks to assess technological literacy in the
area of “development of technology,” a portion of the Natural Science and Living
Technology curriculum, as required by the ROC 2000 National Curriculum
Guidelines in Taiwan?

2. What would be the appropriate benchmarks to assess technological literacy in the
area of “design and make," a portion of the Natural Science and Living Technology
curriculum, as required by the ROC 2000 National Curriculum Guidelines in
Taiwan?

3. What would be the appropriate benchmarks to assess technological literacy in the
area of "thinking skills," a portion of the Natural Science and Living Technology
curriculum, as required by the ROC 2000 National Curriculum Guidelines in
Taiwan?

4. What would be the appropriate assessment tasks to assess technological literacy a
portion of the Natural Science and Living Technology curriculum, as required by

the ROC 2000 National Curriculum Guidelines in Taiwan?

Research procedure

This study was conducted using a modified Delphi technique to identify
benchmarks of technological literacy required of 9™ graders in Taiwan as well as to

determine the appropriate assessment tasks for measuring technological literacy. The
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study was accomplished through the solicitation of responses from a panel of experts.
The panel consisted of 24 leading teachers, educators, and administrators in the field of
technology education in Taiwan. All of them had extensive experience in teaching,
conducting research, and had contributed to the literature on technology education.

Data were collected via written questionnaires which were distributed and
collected through the “secure and promptly delivery” by post office in Taiwan.

An initial survey, Delphi probe, was used to elicit possible benchmarks and
assessment tasks for use in the three subsequent questionnaires of the Delphi study. The
Delphi probe questionnaire consisted of a prepared list of benchmarks and assessment
tasks with open-ended inquiry. The prepared list of benchmarks was developed by the
researcher based on the Standards of Technological Literacy (ITEA, 2000) and the
Learning Standards for MST (NYSED, 1996).

When the questionnaire was returned from panelists, each benchmark was
carefully examined for clarity and accuracy by the researcher. Those benchmarks
conveying parallel concepts were integrated. Responses provided by the panel members
and the benchmarks appended by the researcher were edited and systematized into 105
benchmarks and five assessment tasks and then organized into a questionnaire for the
first round of the Delphi studies.

In round one of the Delphi study, the panelists were asked to rate the 105
benchmarks for importance according to a four-point Likert scale. They could also
append new benchmarks as they saw fit. Written responses to open-ended questions in

the first round were analyzed qualitatively.
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During the Delphi studies, panel members reminded anonymous and
communicated directly only with the researcher. Their responses in each round of the
Delphi study were statistically processed to calculate the mean score and standard
deviation for importance and consensus. All benchmarks that did not reached consensus
(standard deviation greater than .78) by the panel remained in the next round
questionnaire for further inquiry. To simplify the inquiry, those benchmarks that were
judged very important (mean over 3.0) or non-important (mean under 2.55) by the panel
did not appear in further questionnaires. Panelists received feedback about their responses
with the next round questionnaire and were asked to reconsider their previous judgments

and make necessary revision.

The research findings

Sixty out of 105 proposed benchmarks were identified. Based on the consensus of
the panel of experts, these benchmarks were perceived as important and were ordered
according to their means of importance. They were classified into five categories of
technological literacy by using content analysis. The appropriate assessment tasks for
these five categories of technological literacy were also determined.

For the category “understanding of technology,” 27 benchmarks were identified.
They are fundamental concepts of technology such as characteristics of technology,
technological systems, evolution of technology, and impact of technology. The most
appropriate assessment tasks identified for measuring these technological literacy are oral

presentations and essay tests.
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For the category “thinking skills,” 13 benchmarks were identified. They cover the
ability to investigate, interpret, explain, analyze, compare, justify, identify, critique,
evaluate, or validate. The most appropriate assessment tasks for measuring these
technological literacy were essay tests, portfolios, and projects.

For the category “design and build skills,” five benchmarks were identified. They
are concerned with the ability to design, to fabricate models or prototypes, to use tools
and materials, and to apply engineering design. The most appropriate assessment tasks
for measuring technological literacy in this category were teacher’s observations, projects,
and portfolios.

For the category “application and problem-solving skills,” nine benchmarks were
identified. They are the ability to access, use, and manage technology, to apply
technological concepts and processes, to maintain and troubleshoot, and to solve
technological problems. The most appropriate assessment tasks for measuring
technological literacy in these skills were teacher’s observations and projects.

For the category “communication skills,” five benchmarks were identified. They
deal with the ability to use media, symbols, and formulas to communicate ideas. The
most appropriate assessment tasks for measuring technological literacy in these skills
were oral presentations and essay tests.

The five highest ranked benchmarks (means greater than 3.61, and standard
deviation lower than .58), indicating the strongest agreement for which consensus was
achieved, were benchmarks 69, 92, 33, 6, and 88. Two of these benchmarks were

classified as thinking skills. These two benchmarks were 6 “To criticize how the use of
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technology affects humans in various ways,” and 88 “To identify, select, and use
appropriate resources to solve problems.”

Benchmark 33 “To understand that humans can devise technologies to conserve
water, soil, and energy” was classified as “understanding of technology.” Benchmark 92
“To use information provided in manuals to see and understand how things work” was
classified as “application and problem-solving skills.”

Benchmark 69 “To follow directions to assemble or disassemble a product, and
discover how things work™ was classified as “design and build skills.” It had the highest
mean rating (3.79) of all the 60 identified benchmarks. The low standard deviation (.51)
indicates that consensus was also reached for this benchmark. This finding reflects the
fact that “design and build skills” is considered the most important type of technological
literacy perceived by technology professionals in Taiwan.

The five lowest ranked benchmarks for which consensus was reached, though still
important, were associated with “understanding of technology” (18, 54, 55), “design
and build skills” (70), and “application and problem-solving skills” (82).

When benchmarks rated as non-important are compared with those rated as
important, it was found that the non-important benchmarks had the following
characteristics: (a). Related to the agricultural, medical, or biotechnology, (b). Used
keywords such as systems, processes, corporations, society, and constraints, and (c).
Emphasized the ability to know something. These phenomena may be due to the
influence of traditional educational and cultural perception toward technology by

professionals in Taiwan.
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Discussion of findings

The primary purposes of this study was to identify essential benchmarks of
technological literacy required of 9t graders in Taiwan, and to determine assessment
methods for these benchmarks. The researcher felt that had more experts been involved
and broader inquiry been carried out, a greater perspective of technological literacy
required of junior high students in Taiwan would have been obtained. Furthermore, the
researcher expected that the outcome of this study would help to facilitate the instruction
and evaluation of the course “Living Technology.”

In this study, two other categories of technological literacy, “application and
problem-solving skills” and “communication skills,” were added to the three categories
issued in the ROC 2000 National Curriculum Standard (ROCMOE, 2001), i.e.
“development of technology,” “design and make,” and “thinking skills.”

The above classification of technological literacy differs from the study of Fang and
Yang (1996), in which technological literacy needed for elementary school students in
Taiwan was classified into five categories: the scope of technology, development of
technology, the process of technology, the application and evaluation of technology, and
the impact of technology.

The identification of 60 benchmarks of technological literacy in this study (see Table
4.9) also differs from many other studies of technological literacy in Taiwan in which
technological literacy was sorted confined into four categories of technologies:
transportation, information, manufacturing, and construction.

Finally, when the 60 benchmarks identified in this study were compared with the 20
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standards released by the Standards of Technological Literacy (ITEA, 2000), it was found
that two of the 20 standards, standard 14 “To select and use medical technology,” and
standard 15 “To select and use agricultural and related biotechnologies,” were considered
non-important by the panel and so were excluded from the 60 benchmarks.
Conclusions

The purpose of this study was to assess the consensus of technology educators
toward the required technological literacy of 9™ graders in Taiwan, and to determine
which assessment task was appropriate to assess this technological literacy. Based upon
the results of this study, the following conclusions are presented.

It is concluded that the Delphi technique was an effective way to identify and judge
the importance of benchmarks required by 9th graders in Taiwan. The panel of experts in
this study was able to judge the importance of benchmarks of technological literacy
without the cost or logistics involved in getting such a geographically scattered group
together. This technique may prove valuable in identifying benchmarks to be focused
upon during the implementation of the new “Living Technology” course in the ROC 2000
National Curriculum Standard in Taiwan.

Analysis of the data from the three-round Delphi study exposed overall shifts in
mean scores and standard deviations, indicating that some convergence of opinion. By
analyzing the features of those benchmarks that have a high mean score and a low
standard deviation, the researcher was able to classify all 60 benchmarks into five
categories of technological literacy, as shown in Table 4.15. Among 60 benchmarks, 27

benchmarks related to “understanding of technology,” 13 benchmarks related to “inquiry
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and analytical skills”, nine benchmarks related to “application and problem-solving
skills,” five benchmarks related to design and build skills, and the remaining five
benchmarks related to “communication skills.”

Furthermore, based upon the perceived appropriate assessment methods for
measuring technological literacy, it is concluded that the assessment tasks of teacher’s
observations and projects are suitable for measuring “design and build skills” and
“application and problem-solving skills.” Likewise, essay tests and portfolios are
appropriate for measuring “inquiry and analytical skills,” essay tests and oral
presentations are suitable to measure “understanding of technology,” and oral
presentations and essay tests are for measuring the communication skills.

The clarification of benchmarks and assessment methods for technological
literacy, required of 9™ graders in Taiwan, would aid in unraveling the complexities that
hinder the teaching and learning of technology. Because the performance criteria of
technological literacy is lacking at other educational levels in Taiwan, the results of this
study are also applicable to the technology education of primary and secondary schools in
Taiwan.

This study defines and prioritizes the primary benchmarks and assessment tasks of
technological literacy, which are required by 9™ graders in Taiwan. The stability of expert
opinion in the three-round Delphi studies lends credence to the validity of the study data.
Its findings may add to recent educational literature that demonstrates that identifying
benchmarks is valuable to teach and assess performance, skills, and technological

literacy.
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Recommendations

Some recommendations for application, implementation, and further research arise
from the results and conclusions of this study.
Recommendation for Application

The results of this study complement the ROC 2000 National Curriculum Standard
and will be sent to the Ministry of Education for dissemination to all technology teachers,
educators, and administrators in Taiwan. The appropriate benchmarks and assessment
tasks of technological literacy identified in this study can be used as a basis to develop
curriculum, to design learning activities, and to perform instruction and evaluation for the
technology course “Living Technology.”

To effectively disseminate the above research findings, a website should be
established, a brochure should be published, and a national workshop inviting principals,
administrators, and exemplary technology teachers should be held. The identification of
benchmarks and assessment tasks for different categories of technological literacy are
common necessities of all schools in Taiwan to implement technology education.

Additionally, the extensive interactions during data collection with many chief
technology teachers, educators, and administrators in Taiwan between July 2002 and June
2003 will definitely have a tremendous impact on the technology profession in Taiwan.
This impact may contribute to the research and creation of a Taiwanese version of

Standards for Technological Literacy, and to the adoption of performance assessment.
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Recommendations for the classroom instruction and evaluation

Based on this study, recommendations for the instruction and evaluation of the
“Natural Science and Living Technology” course in Taiwan can be derived as follows:

1. The learning activities and classroom instruction of Living Technology
should focus on the benchmarks identified in this study, rather than on the
textbook, as is prevailing practice today.

2. The evaluation of learning outcomes should highlight the 60 benchmarks
identified in this study, rather than the rote memorization of facts or the
workmanship of student projects.

3. When measuring technological literacy of students, the range of assessment
tasks identified in this study should be applied instead of solely relying on
paper-and-pencil tests.

Recommendation for further research

Further research, both quantitative and qualitative in nature, should take place to
further investigate the curriculum development, instructional strategies, and performance
assessment based on the benchmarks identified in this study.

Currently restricted to the junior high school level, the study should be replicated
at the primary school and senior high school levels. Such studies could provide valuable
directions for the curriculum development and verify whether the results of this study are
generalizable to primary schools and senior high schools levels. Only after all
benchmarks of technological literacy for K-12 graders in Taiwan are identified, can the

goals and objectives of technology education in Taiwan be clearly recognized.

201



The different perspectives among technology teachers, teacher educators, and
administrators are worthwhile for further investigating. The qualification of participants,
such as work experiences and publications, should be reduced to accommodate more
participants involved into the study.

Furthermore, a study utilizing the Delphi technique could investigate the perceptions
of exemplary principals and administrators in Taiwan about the feasibility and
implementation of the standardized tests of technological literacy for all junior high
students in Taiwan. Such information would complement that gathered in this study.

Finally, future research should be conducted that builds on the results of this study
to determine the appropriate assessment system for measuring technological literacy of
K-12 students in Taiwan. The development of assessment tasks, rubrics, implementation
procedures, and implication should be of primary significance. This research would add
to the growing body of knowledge related to the instruction and assessment of

technological literacy of students in Taiwan.
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Appendix A. Composition of Delphi Panel

Group Panel Member Position

Administrator ~ Yong-Chung Chang Dean of Instruction, Sheon-Sung Junior High
Administrator ~ Wen-Chung Lee Dean of Instruction, Chung-Ping Junior High
Junior High Mei-Liang Chen Tech. Ed. Teacher Lung-Ya Junior High
Junior High Shin-Ru Lee Tech. Ed. Teacher Kuei-Jen Junior High
Junior High Ming-Jei Chang Tech. Ed. Teacher Lee-San Junior High
Junior High Ming-Chu Hsu Tech. Ed. Teacher Wu-Chong Junior High
Junior High Shern-Ling Chang Tech. Ed. Teacher Ming-Hoo Junior High
Junior High Ren-Long Lin Tech. Ed. Teacher Jin-Hwa Junior High
Junior High Ja-Wei Hsu Tech. Ed. Teacher Ming-Hu Junior High
Junior High Jing-Shong Wang Tech. Ed. Teacher Ren-Ahi Junior High
Junior High Ya-May Liang Tech. Ed. Teacher Sir-Lin Junior High
Junior High Show-Tan Wei Tech. Ed. Teacher Lan-Ya Junior High
Senior High John Hwang Tech. Ed. Teacher Tai-Chung Senior High
Senior High Kwen-Yi Lin Tech. Ed. Teacher Taipei Senior High
Senior High Chung-Chin Ye Tech. Ed. Teacher Taipei Chi-Je Senior High
Senior High Wei-Chi Chen Tech. Ed. Teacher Ban-Chao Senior High
Senior High Jen-Hwen Din Tech. Ed. Teacher Dou-Liu Senior High
Senior High Hwang-Jao Lai Tech. Ed. Teacher Chung-shing Senior High
University Paul Chen Yu Tech. Ed. Teacher Educator -- Curriculum
University De-Hung Kao Tech. Ed. Teacher Educator -- Manufacturing
University Kung-Chao You Tech. Ed. Teacher Educator -- Communication
University Nen-Tong Huang Tech. Ed. Teacher Educator -- Transportation
University Sir-Kwan Hsu Tech. Ed. Teacher Educator -- Construction
University Chi-Jang Lai Tech. Ed. Teacher Educator -- Instruction
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Appendix B. Composition of the “Tech Ed in Taiwan” counseling committee

Counseling Committee Member Position

Dr. Lung-Sheng Stephen Lee Professor
Dean of the College of Technology
The National Taiwan Normal University

Dr. Chung-Hsiung Fang Professor
Dept. Head of the Industrial Technology Education.
The National Taiwan Normal University

Dr. Chien Yu, Professor
Former Head of Department of Industrial Tech. Ed.
The National Taiwan Normal University

Dr. David Lee, Professor
Former Dean of Instruction.
The National Taiwan Normal University

Dr. Shi-Tow Ted Tsai Professor
Dept. Head of the International Human Development
The National Taiwan Normal University

Dr. Kuo-hung Tseng Professor
Former Dept. Head of the Industrial Technology Ed.
The National Kao-Hsiung Normal University
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Appendix C__Phone Script in obtaining Oral Consent

Hi, are you Mr/Mrs. ....?

Congratulations. As a distinguished technology educator/teacher, You are nominated
by Dr. Lung-Sheng Steven Lee, Dr. Shi-Tow Ted Tsai, and Dr. Chung-Hsiung Fang
to be one member of the panel of experts. Although you had agreed that you would
partake this study, I still want you to know more about your rights in participating to
this study.

First, let’s me introduce myself. I am Kung Fu Sunny Wang, (old teacher Wang).
(Maybe you had already known me.) After teaching for 34 years, including teaching
at National Taiwan Normal University since 1979, I enrolled the program of Math,
Science, and Technology Education of the Ohio State University to learn more
advanced theories and principles of technology education, and currently I am a Ph.D.
candidate.

Second, the purpose of the research is to identify the benchmarks of technological
literacy for ninth graders of junior high school students in Taiwan, and to determine
the appropriate authentic assessment methods. In other words, the goal of this study
is to determine what content and level of technological literacy is expected from
ninth graders in Taiwan and how to assess it.

The expected duration of your participation in from June 20 to December 20, 2002.
A three-round Delphi technique is the procedure used to conduct this study.

Third, the questionnaire is comprised of 105 benchmarks, which are tentative
constituents of technological literacy expected from ninth graders in Taiwan. To
develop a model performance assessment system, this questionnaire is to identify the
most important benchmarks and assessment methods for technological literacy
consistent with the new national curriculum.

The benefits you may enjoyed as one of the panel of experts include understanding
the consensus of other experts of technology education, receiving the final report of
the study, and becoming a team member of my future researches.

The ideas and opinions you reply in the questionnaire will never be connected with
your name and exposed to anyone or published on the dissertation. I personally
guarantee that the confidentiality of records identifying the subject will be
maintained. If injury occurs due to reply to participate this study and reply to the
questionnaire, [ will give you compensation. You can reach me at 614-688-9775.
You can contact Technology Education Program director, Dr. Paul E. Post at
614-292-7471, or The Office of Research Risks Protection at 614-292-6950 for
answers to pertinent questions about the research and research subject's rights.

You are free to quit from this study any time you would like without penalty or loss
of benefits to which you are otherwise entitled.

Finally, you can refuse to answer individual questions as well as any question that
deals with sensitive issues (including but not limited to, illegal behavior, mental
status, sexuality or sexual abuse, drug or alcohol use.)

Nice to talk with you.
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Appendix D The Instrument for Interview by Phone or in Person

[Question]: Will you participate the study?

= The purposes of the research will be explained to the interviewee that they are to
identify the benchmarks of technological literacy for ninth graders of junior high
school students in Taiwan, and to determine the appropriate authentic assessment
methods.

[Question]: After reviewing the list of benchmarks, what other benchmarks would

you suggest?

= Alist of 100 tentative benchmarks will be presented.

[Question]: How would you classify the benchmarks of technological literacy?
=  Alist of 15 categories will be presented.
[Question]: How would you assess technological literacy other than
paper-and-pencil tests?
=  Part of the list of possible assessment methods will be presented as below:
Portfolio (Student) Projects/Design Project
Essays Oral Presentation
Teacher Observation Theme Studies/Research Papers
Problem-Solving Logs Work Experience Descriptions
Self-Assessment Instruments Peer Critiques
Bulletin Board Ideas Anecdotal Records

[Question]: How would you grade your student (what is your grading system)?
= Alist of possible grading systems with a variety of weight of different tasks are
presented as below:

Percentage of scoring
Plan #1 Plan #2 What is your plan?

Assessment tasks

Multiple choice test 26% 30%

Essay test 10% 15%

Oral presentation 15% 12%

Teacher observation 12% 10%

Projects/exhibitions 16% 13%

Portfolios 21% 20%

Total score 100% 100% 100%

[Question]: What are your perspectives of measuring technological literacy in

assessment practice in Taiwan, such as benchmarks and assessment tasks?

=  An open question will be asked to investigate the prevailing assessment tasks, tests,
and rubrics used, and on the influential stakeholders’ convictions in regard to the
assessment of technological literacy in Taiwan.
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Appendix E An Introductory Letter to Panelists

Dear Mr/Mrs. ,

As a distinguished technology educator/teacher, You are nominated by Dean
College of Technology Education, Dr. Lung-Sheng Steven Lee, and
Department Chair of Industrial Technology Education, Dr. Chung-Hsiung
Fang to be a member of the panel of experts.

I am a Ph.D. candidate of the program of Math, Science, and Technology
Education of the Ohio State University. After teaching for 30 years in Taiwan,
I enrolled this program to learn more advanced theories and principles of
technology education. The goal of this study is to determine what content and
level of technological literacy are expected from ninth graders in Taiwan and
how to assess them. To develop a model performance assessment system, the
first questionnaire is to identify the most important benchmarks, and the
second questionnaire is to identify the assessment methods for technological
literacy consistent with the new ROC 2000 National Curriculum.

Thank you for the participation of the three-round Delphi studies. You will be
participating in multiple administrations of questionnaires (to rate the items
and reconsider your answers based on team decision I send back to you, more
than once.) As I told you over phone, you may receive eight E-mails from me
at most. Your participation of this study will provide valuable information on
the assessment of technological literacy.

I personally guarantee the confidentiality of your answers and information,
and will give you compensation if injury occurs to you due to participate the
study. You can reach me at 614-688-9775, the Technology Education Program
director, Dr. Paul E. Post at 614-292-7471, or The Office of Research Risks
Protection at 614-292-6950 for answers of pertinent questions about the
research and research subject's rights. Thanks.

Yours Faithfully,

Kung Fu Sunny Wang

The above cover letter of questionnaire #1 had been reviewed. I would be interested in
being a member of the panel of expert to explore the benchmarks of technological literacy
of 9th graders in Taiwan as well as the appropriate non-traditional assessment methods for
measuring these benchmarks.

Signature -

<fﬁﬁ%z‘;ﬁ > F W%P’%g¢7ﬁmt?ﬁ§d% *>
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Appendix F  Recommendation Letter from Department Head to Panelists
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Appendix G  Delphi Probe — A Follow-up Letter

Introduction:
This letter is written specially for some of you who prefer correspondence
with letter. The researcher of this study is certainly open to suggestions and
comments about specific aspects of this study, or any of your thoughts on the
benchmarks and assessment methods for technological literacy that you think
I should cover. I do want, however, to retain the basic theme of the study: to
determine the most appropriate benchmarks and assessment tasks required of
9™ graders in Taiwan.

Instruction:
A proposed list of 150 benchmarks was sent to you for examination last
month through e-mail. We will send it again if you ask. Responses had been
analyzing and we are still hoping more feedback from you. You can either
send your comment by a letter or by e-mail to us.
The 150 benchmarks were classified as 10 benchmarks in each of the 15
tentative categories of technological literacy. Please select three most
irrelevant or non-important benchmarks out the ten benchmarks within each
category, add new benchmarks for each category if necessary, and then reply
by e-mail to t83001@cc.ntnu.edu.tw by August 31, 2002. Based on your
judgment, a total of 105 benchmarks, in which 7 benchmarks in each of the

15 categories will be compiled.
Sincerely,

Kung Fu Sunny Wang

Ph.D. Candidate

The Ohio State University
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Appendix H Questionnaire for first-round of Delphi study

Dear Panel Member,

In this questionnaire we will be asking you, what you think of the most important
benchmarks of technological literacy of 9th graders in Taiwan. We will also be seeking
your opinions on the most appropriate assessment methods to evaluate their
technological literacy other than paper and pencil test.

#”'}*‘*E\J%[ﬁ“ﬁr’ﬁ B

F BRI 1= R ey L (77
?EH%“‘J?*  BEREIR S SRS |—4‘“‘j§ ; ﬁ#‘ﬁ 15
H 772 REREGL o HRE lﬁ‘}"‘l—‘\%‘\E\j LB B

[Question #1]: The Benchmarks of technological literacy needed by 9th graders in

laiwan
(MRS #1): B W= # s BRI FIRgE

Instruction -

Please select the importance of following potential benchmarks according to the scale -
4 if you felt this is a very important benchmark of technological literacy
3 if you felt this is an above average importance benchmark of technological literacy
2 if you felt this is a below average importance benchmark of technological literacy
1 if you felt this is a very unimportant benchmark of technological literacy
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The
charact
eristics
and
scope
of
technol

ogy
RIHEfY
FII
Fie

Justify the study of technology uses many of the same ideas and skills as
other subjects,; and the knowledge gained from other fields of study has a
direct effect on the development of technological products and systems;
Defend that technologies are often combined. Various relationships exist
between technology and other fields of study.
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Apprazse how corporations can often create a demand for a product by
bringing it onto the market and advertising it; Support the idea that
marketing involves informing the public about a product as well as
establishing the product’s identity, conducting research on its potential,
advertising it, distributing it, and selling it.
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Interpret how creative thinking and economic and cultural influences

4
shape technological development.
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Support that T echnology transfer occurs when a new user applies an 4

existing innovation developed for one purpose in a different function.
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Validate that technological innovation often results when ideas,
knowledge, or skills are shared within a technology, among technologies,
or across other fields.
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Criticize the use of technology affects humans in various ways,
including their safety, comfort, choices, lifestyles, and attitudes about
technology’ s development and use.
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Illustrale how people generate new products and systems through
creativity and innovation to meet their needs (ITEA, 2000).
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The core
concepts

of

technolo
gy
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Understanding that technological systems include input, processes,
output, and, at times, feedback they work together to accomplish a goal.
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Knowing that systems, which are building blocks of technology, are
embedded within larger technological, social, and environmental
systems. The stability of a technological system is influenced by all of the
components in the system.
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Understanding what in their world is natural and what is human made,
and knowing that new technology is developed to solve problems and
change the world around us
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Be able to define technology encompassing past, present, and future 4
developments and provides significant details and examples to illustrate
the definition of technology.
11 |fErig Rl amd 45 F fpuggh > AR AT R
Knowing that people” s needs and wants lead to the manufacturmg of |4
\products, and when people” s need and wants change, new technologies
are developed.
12 Wi REONE PR S - [N RO - PR [y 5
Knowing that throughout history, new technologies have resulted from |4
the demands, values, and interests of individuals, businesses, industries,
and societies.
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13 | ~ o FRE 5
Knowing that the development and use of technology influence 4
economic, political, social, cultural, and ethical issues . (ITEA, 2000).
14 [Pi AR SRGEE] > BHE [ P RS IR MR
TOOlS, Knowing that resources are the things needed to get a job done, such as |4
tools and machines, materials, information, energy, people, capital, and
resour time.
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Able to explain how complex technological systems involve the 4
ms, confluence of numerous other systems. Explain how the submarine or
techn airplanes involves communication, transportation, bio-technology, and
ologic manufacturing systems (ITEA, 2000). N
| e E e R s U L S A = G
a 16| EIJ?F[IEF* el g
proces Knowing that an infrastructure is the basic framework of a system, 4
ses, which includes buildings, services, and installations needed for a
government to function, such as transportation, communication, water,
and energy, and public information system.
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nships| 17 7t # - Fl R FNIAL 0k STl
— OBy Understand that access to and ablllly to use tools, materials, and skills |4
- limits technological development. Demonstrate the ways that multiple
?’F‘ AR resources (such as people, information, tools and machines, techniques,
Bi[ﬁ materials, energy, capital, and time) are used to develop new
;ﬁ Bl technologies
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Technological tools, materials, and other resources should be selected
on the basis of safety, cost, availability, appropriateness, and
environmental impact; technological processes change energy,
information, and material resources into more useful forms
oA (ORI SRR IRUROL S A
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Understand that tools and machines extend human capabilities, such s
holding, lifting, carrying, fastening, separating, and computing.
E?EJZ" T SRS po R S RN (R o BEYIE R S L B
P b"I‘;ErT =

21

Understand that an open-loop system has no feedback path and requires
human intervention, while a closed-loop system uses feedback.
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Understand that ethical considerations are important in the
development, selection, and use of technologies. Describe personal
consequences for the inappropriate or unethical use of technology.
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Understand that decisions regarding the implementation of technologies
involve the weighing of trade-offs between predicted positive and
negative effects on the environment.
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Understand that technologies can be used to repair damage caused by
natural disasters and to break down waste from the use of various
\products and systems.
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Knowing that a number of different factors, such as advertising, the
strength of the economy, the goals of a company, and the latest fads
contribute to shaping the design of and demand for various technologies.
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Understand that the transfer of a technology from one society to another
can cause cultural, social, economic, and political changes affecting both
societies to varying degrees.

Eg‘fgjai Rl 15 ﬁ;ﬁ;/rﬂm T—{*TEA'IE , fj‘ﬁleﬁﬂrﬁ“ J,?{;FA i
e R FIEE RS,

I

27

Knowing that social and cultural priorities and values are reflected in
technological devices. In other words, meeting societal expectations is
the driving force behind the acceptance and use of products and systems.
Understand that the management of waste produced by technological
systems is an important societal issue (ITEA, 2000).
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28

Able to investigate and assess the influence of a specific technology on
the individual, family, community, and environment.
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Understand that with the aid of technology, various aspects of the
environment can be monitored to provide information for
decision-making. The alignment of technological processes with natural
\processes maximized performance and reduces negative impacts on the
environment.
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30

Describe the important technology inventions that have had significant
impacts on human beings. Knowing that the use of inventions and
innovations has led to changes in society and the creation of new needs
and wants. Explain how technological inventions and innovations have
caused global growth and interdependence, stimulated economic
competitiveness created new jobs, and made other jobs obsolete.
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Knowing that technology, by itself, is neither good nor bad, but
decisions about the use of products and systems can result in desirable or
undesirable consequences.
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32

Explain why making tradeoffs among characteristics, such as safety,
[function, cost, ease of operation, quality of post-purchase support, and
environmental impact, is necessary when selecting systems for specific
\purposes.
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Understand that humans can devise technologies to conserve water,
soil, and energy through such techniques as reusing, reducing, and
recycling.
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Explain that although technological effects are complex and difficult to
\predict accurately, humans can control the development and
implementation of technology (ITEA, 2000).
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Explains the interrelationships or connections between technologies and
describe how technology has affected the environment and society.
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Students will develop an understanding of the influence of technology on
history.
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Gather and organize information to create a database of historical
events in technology development. Illustrate how technology has evolved
throughout human history.
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Knowing that in the past, an invention or innovation was not usually
developed with the knowledge of science. In fact, much science
knowledge is being gathered alongside the technological development.
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Knowing that making tools and processing new materials from natural
materials advance the technology; besides, putting parts together to
create systems and cooperating all specialized skill workers to solve
sophisticate problems contribute to the modern technology.
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Knowing that the specialization of function has been at the heart of
many technological improvements.
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Compare qualitatively and quantitatively the performance of a
contemporary manufactured product, such as a household appliance, to
the compamble device or system 50-100 years ago (ITEA, 2000).
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Be able to ldentlfj/ trends and monitor potential consequences of
technological development.
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43

Knowing that medical technologies include prevention and
rehabilitation, vaccines and pharmaceuticals, medical and surgical
\procedures, genetic engineering, and the systems within which health is
protected and maintained. Medical technologies extend the effectiveness
of medical care and increase people” s wealth.
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44

Knowing that agriculture includes a combination of businesses that use
a wide array of products and systems to produce, process, and distribute
food, fiber, fuel, chemical, and other useful products and in the care of
animals.
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Knowing that conservation is the process of controlling soil erosion,
reducing sediment in waterways, conserving water, and improving water
quality.
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46

Knowing that people in unsafe and remote areas can get medical care,
such as being diagnosed or getting treatment with telemedicine.
Telemedicine reflects the convergence of technological advances in a
number of fields, including medicine, telecommunications, virtual
\presence, computer engineering, informatics, artificial intelligence,
robotics, materials science, and perceptual psychology.
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Knowing that the development of refrigeration, freezing, dehydration,
preservation, and irradiation provide long-term storage of food and
reduce the health risks caused by tainted food. —F="+"iff: Yq’j}?ﬁ . (ﬁrﬁp .
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Knowing that biotechnology has application in such areas as
agriculture, pharmaceuticals, food and beverages, medicine, energy, the
environment, and genetic engineering. Knowing that the sciences of
biochemistry and molecular biology have made it possible to manipulate
the genetic information found in living creatures.Therefore, it is
necessary to establish ethical mandates for regulating the incidence of
testing and the uses of test results.
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Knowing that amf cial ecosystems are human- made environments that
are designed to function as a unit and are comprised of humans, plants,
and animals (ITEA, 2000).
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Knowing that power is the rate at which energy is converted from one
[form to another or transferred from one place to another, or the rate at
which work is done.
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Knowing that energy can be grouped into major forms: thermal,
radiant electrical mechanical, chemical, nuclear, and others.
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Knowing that processes, such as receiving, holding, storing, moving,
unloading, delivering, evaluating, marketing, managing, communicating,
and using conventions are necessary for the entire transportation system
to operate efficiently.
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Knowing that power systems are used to drive and provide propulsion to
other technological products and systems. Power systems must have a
source of energy, a process, and loads.
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54

Knowing that transportation vehicles made up of subsystems, such as
structural, propulsion, suspension, guidance, control, and support, that
must function together for a system to work eﬁectively
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Knowmg that transportation plays a vital role in the operation of other
technologies, such as manufacturing, construction, communication,
health and safety, and agriculture.
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Knowing what technologies are using to conserve the natural energy
resources, and what approaches can be employed to use energy more
efficiently in daily living (ITEA, 2000).
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Knowing that the design of a message is influenced by such factors as
the intended audience, medium purpose, and nature of the message
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Knowing that information and communication systems are made up of a
source, encoder, transmitter, receiver, decoder, storage, retrieval, and
destination. These systems can be used to inform, persuade, entertain,
control, manage, and educate.
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Be able to use computers to access and organize information, or use it
in various applications. Use technology to locate, evaluate, and collect
information from a variety of sources. Use technology tools to process
data and report results.
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'Use telecommunications to collaborate, publish, and interact with peers,
experts, and other audiences.
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Be able to communicate observation, processes, and results of the entire
design processes, using verbal, graphic, quantitative, virtual, and written
means in addition to three-dimensional models.

gﬁ I ﬁ%[% B~ R~ b RS B F%
~{— V*ﬁ VA ~ KoaE

=

61
Use technology tools to enhance learning, increase productivity, and |4
\promote creativity.
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Use a variety of media and formats to communicate information and 4
ideas eﬂecttvely to multlple audiences (IT EA, 2000).
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Knowing that buildings generally contain a variety of subsystems, such
as utilities systems, they are: water, electrical, plumbing, gas, waste
disposal, heating and air conditioning, information and communication,
as well as component systems, such as foundations, framing, insulation,
and lighting
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65

Knowing that manufacturing processes include designing products,
gathering resources, and using tools to separate, form, combine materials
in order to produce products, and servicing of products and systems.
Servicing is included because it keeps products in good operating
condition.
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Be able to design, fabricate models of construction, and work with other
classmates in making a planned model community
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67

Knowing that the product design utilizes a broad range of
manufacturing processes, such as metal forming, injection molding, rapid
tooling machining, abrasive water jet cutting, and finishing operations
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68

Understand that: Structures are constructed using a variety of processes
and procedures.  Structures require maintenance, alternation, or
renovation periodically to improve them or to alter their intended use.
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Be able to follow step-by-step directions to assemble or disassembly a
product observe, and discover how things work.
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Able to explain how products are manufactured, operated, maintained,
replaced, and disposed of and who will sell, operate, and take care of it.
The cost associated with these functions may introduce yet more
constrains on the design (IT EA, 2000).
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Understand that design goals and requirements must be established and
constraints must be identified and prioritized during the time when
designs are being developed. Knowing that the process of engineering
design takes into account a number of factors (such as: safety, function,
flexibility, quality and economic, political, and cultural concerns).
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Knowing that the design and construction of structures for service or
convenience have evolved from the development of techniques for
measurement, controlling systems, and the understanding of spatial
relationships.

E’E"Eﬂ Al (A U%drb s iJ*LLD@ﬁ'F%Wr%I VR,
Pl fe mﬁ:”—rﬂ r-fﬁ“/l F”Izlipua’

73

Knowmg that modelmg, testmg, evaluating, and modifying are used to
transform ideas into practical solutions. To be able to express ideas to
others verbally and through sketches and models, cause it is an important
\part of the design process.
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Knowmg that the deszgn processes include (1) defining a problem, (2),
researching and generating ideas by brainstorming, (3) identifying
criteria and specifying constraints, (4) exploring possibilities, (5)
selecting an approach, (6) developing a design proposal, (7) making a
model or prototype, (8) testing and evaluating the design using
specifications, refining the design, (10) creating or making it, and (11)
communicating processes and resullts.
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Knowing that a protoiype is a working model used to test a design
concept by making actual observations and necessary adjustments (ITEA,

2000).
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76

Knowing that established deszgn principles should be used to evaluate
existing designs, to collect data, and to guide the design process. Be able
to evaluate the design solution using conceptual, physical, and
mathematical models at various intervals of the design process in order
to check for proper design and to note areas where improvements are
needed.
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Knowzng that requirements involve the identification of the criteria and
constraints of a product or system and the determination of how they

affect the final deszgn and development. i+ Ti ﬁflr' “ |ZI§§J @‘ﬁﬁl bl
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Innov Explain how technological inventions and innovations stimulate 4 3 2 1
. economic competitiveness and how, in order for an innovation to lead to
ation, commercial success, it must be translated into products and services with
proble marketplace demand. Explain through examples how some inventions are
m not translated into products and services with market place demand, and
. therefore do not become commercial successes. Describe the process that
solvin an inventor must follow to obtain a patent for an invention.
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eshoot Be able to use assessment techniques, such as trend analysts and 4 3 2 1
ing, experimentation to make decisions about the future development of
R&D technology. Design forecasting techniques to evaluate the results of
’ altering natural systems.
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experi| 79 |FFEH g i 0 R SR IR
menta Knowing that troubleshooting is a problem solving method used to 4 3 21
. identify the cause of a malfunction in a technological system.
tlQ}} P TGRS Rl o LRI -
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FE| ?:;g Explain and demonstrate several solutions to a problem or opportunity |4 3 2 1
F @—}y using technological design, tools, careful planning, experimentation, and
testing.
PE [ RRE I ASHIP W - R s
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=4 Knowing that research and development is a specific problem-solving |4 3 2 1
approach that is used intensively in business and industry to prepare
devices and systems for the marketplace.
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Describes and implements basic troubleshooting techniques for 4 3 2 1
multimedia computer systems with related peripheral devices.
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Knowing that troubleshootmg is a way of finding out why something 4 3 2 1
does not work so that it can be fixed (ITEA, 2000).
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To Be able to use tools, materials, and machines safely to diagnose, adjust, |4 3 2 1
maintain and repatr systems.
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and Be able to troubleshoot, analyze, and maintain system to ensure safe 4 3 2 1
products and proper function and precision.
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e Demonstrate the ability to select, operate, maintain, troubleshoot, and |4 3 2 1
A= . . . .
dispose of technological devices in the context of a career (e.g., use the
tools of accounting in a real or simulated business environment.)
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88

Identify, select, and use appropriate resources to solve problems.
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Understand that maintenance is the process of inspecting and servicing
a product or system on a regular basis in order for it to continue
functioning properly, to extend its life, or to upgrade its capability.
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Apply technological concepts and processes to solve practical problems
and extend human capabilities.

T VS 802 4 A BRI | 3 * Ko [

=~
w
(]
o

91

Demonstrate the ability to work safely, efficiently, cooperatively and
independently (ITEA, 2000).
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92

Be able to use information provided in manuals, protocols, or by
experienced people to see and understand how things work.
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Knowing that technological knowledge and processes are
communicated using symbols, measurement, conventions, icons, graphic
images, and languages that incorporate a variety of visual, auditory, and
tactile stimuli.
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Be able to recognize and use common symbols, such as graphic
symbols, signals, and icons, to communicate key ideas.
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Describe new management techniques (e.g., computer-aided
engineering, computer-integrated manufacturing, total quality
management, just-in-time manufacturing), incorporate some of these in a
technological endeavor, and explain how they have reduced the length of
design-to-manufacture cycles, resulted in more flexible factories, and
improved quality and customer satisfaction.
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Project management is essential to ensuring that technological
endeavors are profitable and that products and systems are of high
quality and built safely, on schedule, and within budget. Knowing that
quality control is a planned process to ensure that a product, service, or
system meets established criteria (ITEA, 2000).
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Help to manage a group engaged in planning, designing,
implementation, and evaluation of a project to gain understanding of the
management dynamics.
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Be able to select and safely use tools, products, and systems for specific |4 3 2
tasks.
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Problem Be able to brainstorm people s needs and wants and plck some 4 3 2
solving, \problems that can be solved by technology and through the design
creative, \process.
critical, =R P AT e STt > s R
systems | gg @:};Fﬁ[ﬁb == ijspﬁi
re;’:)ciin IKnowmg that askzng questions and making observations helps a person |4 3 2

to figure out how things work. Besides, Knowing that the process of
. g . experimentation, which is common in science, can also be used to solve
thinking .
technologlcal problems
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[ % Be able to explore the emerging technologies and develop the skillsto |4 3 2

%F I evaluate their impacts by reasoning and making decisions based on

IR . asking critical questions.
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K Be able to test and evaluate the solutions for the design problem in 4 3 2
R E [ relation to pre-established requirements, and then improve the design

HERL solutions or refine the design as needed.
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Be able to compare, contrast, and classify collected information in order|4 3
to identify patterns.
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Be able to interpret and evaluate the accuracy of the information' 4 3
obtained and determine if it is useful. Be able to synthesize data, analyze
trends, and draw conclusions regarding the effect of technology on the
individual society, and the environment.
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Knowing that systems thinking applies logic and creativity with 4 3
appropriate compromises in complex real-life problems and involves
considering how every part relates to others (ITEA, 2000).

s SRR RIYRLE P MBSO > 2 BRI > AT )
105 | 7RI JHEE " 51 & AT 1%

[Ouestion #2]: The most appropriate Non-Paper and Pencil Test can be used to

assess technological literacy needed by 9th graders in Taiwan

(FIRE #21: B EVEZEENRR SRt TRl SRR
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Instruction -

Five most commonly employed non-paper and pencil tests are selected in this study to investigate the
opinions of experts in Taiwan. Please check the appropriate tests for each type of the benchmarks,
which are listed in the left hand columns of the following table and are affixed with example. More

than one test checked is reasonable.
j%] "E‘“fj B
-

ﬁ?%ﬁ?@ﬁdf FiARZ R ?E‘JJE?”?FEE i ElfJ?FIEi?& N BEE S ﬁ?ii HEV A -
AR BB RN AR R R R
A 512 4 R TR 3 52 RSB 8 (T Bl B
The Various Performance of Technological Literacy |Assessment Methods
’F‘I?}%lf_[jriﬁt gl
oL i e
Teacher’|Oral ' |Essay |Project |[Portfolio
s |Presentati ?}Elﬁé Ejfg@ﬁl FHE
Observatijon £ [ S
g | F
_on LI
e
b =3

N

<Example> To be able to check and send e-mail N N

<G> G 2

Questions are as follows:
<I'J H5REF) > M) SN >
The Various Performance 0f Technological Literacy |Assessment Tasks

B AR
KR

Teacher’s |Oral Essay |Project [Portfoli
Observatio|Presentatio ?lﬁ'lﬁ« Ejf@@

B .|
SHIER | [T

5

Be

i
e

[1] Technological literacy which are visualized when
students showing their understanding of the
fundamental concepts of technology and the
characteristics of technology.

b i - O b e 2 S < i F ud i e

[2] Technological literacy which are visualized when
students are able to investigate, assess, organize, and
use information, as well as able to define, identify,
defend, justify, support, validate, describe, appraise,
explain, illustrate, interpret, analyze, compare,
critisize, or evaluate.

FEBG - BRI - Al SR RYR] 2 -
%%‘w§~§%ﬁﬁﬁ~ﬁﬁ‘%$~?%~§

f:FfI ~ FUR[FREE)
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[3] Technological literacy which are visualized when

students are able to use media, symbols, and formats

to communicate observation and ideas.

TP RBE - B - At

[4] Technological literacy which are visualized when

students are able to assemble or disassemble, to use

tools, materials, and machines, and to design and

fabricate models.

RS - BIE - PR RN HET (e

(5] Technological literacy which are visualized when

students are able to apply technological concepts and

processes, to select, maintain, troubleshoot, and to

solve technological problems.

?E\T’EF‘ f[ﬁ@ld N F?f “BFl N ;’t‘ﬁ%‘ Wﬁﬁf ~ 7;5}’3}%
[ [l

[Attachment]: Rubrics of six Non-Paper and Pencil Tests selected in this questionnaire

(fFF1: 5 BRI VREER) <) IRFFRE TS > T 0 5T ST

[EFEss 1] - AR EE £1E (Paper-and-Pencil Test or Multiple-Choice)
f\_ﬁl[ﬁ&' [ ek S fpr ™ T [ ﬁj;ﬁ'@*-wﬁf&'@?ﬂﬁ“‘ﬂi o BEgR R VTR | HEE R EL )
o UL 7 R AR ) + (152K 2 P Ak R
HI R hnlshicia il Sl
[Fmltss 2] - FHf 7" &1 (Systematic/Structured Observation)

* RUPHIEUATE IS f Rubrics)  GHSISEE 1715 - (51813 o g
VIR ST R k(E'Ig‘:@?Jg%‘ ) i S
ﬂ%;u.: ﬁl W2 e e b (AT I b s

FHCHT (B SN E T%E' [Pk o

CES el -C] ‘ ' Eﬁgj:ggusaﬁysk (m&? 5 E L D):
Sy EESY _JE N (F K p1E_F RN 5O ER) 4558 0 35 () 0 255(F) 0 ]
ST

Fg'ﬁ’l’?ﬁ:% (@‘i][“ EE éwﬁ'%‘\a% )
RSV (B fE g’:;fg S L)
T;JE‘ [ fﬂJE’gﬁﬁﬁff EAVER (B F{EbH - 2
E%?’rﬂ J*EEHJ??(%EZ/D: A HEY G ﬁ%ﬂ ~ [t
gl l'iﬁ’i';?ﬁ‘é#‘ <)

IR [ E FEET AR ok (R I?J(*‘F}HEE e

b

= [

P~ WRE A~ )

BTN T (RS (R R g [
HE L)

fio R AL T [‘P’ﬁ P S E s
5 SN &«[f, D B ...)

SR e b G g - e e
i"ﬂmwu (B fEOEE S R ERASE )
- EPISE AU L
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fﬁﬁﬁ|||||||
E%IE“H%L vpmﬁgggﬁ S [x;nigamu; Bl %

o FERH Wﬁf%
EULRAEENRER N+

By ez 1

[t nj:“jii 3] LIEF]%}[ £1% (Oral Presentation)
;HFT[‘LEP%ITI \_F E'%(Rubncs) 1\%35_{‘ [jl: [HFI% ‘Lr;réllt[% }‘T ﬁﬂ 1}"
E“ ff”‘ D % F R AR E" %L"fwﬁ%r - I A -
i %’F‘f%wmlﬂﬁ I -

T RIFVEIH ~ AT ErElE S (YRS B 7 HED):
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B2 R E AR R gER e R 2

[

ﬁ:fﬂﬁg'g}' et G g d B - fTEl -~ 9IEH

R~ )

%ﬂ[]?‘fﬁ S (N e L)

ﬂbﬂ*%'gﬂ?ﬂ?u (@EW' feoif )
H-— J]Fl ’Eﬁ-pu (EEZ/ F[“IWEIJ‘
%#ﬁfﬁmﬁtﬁ(gwﬁFrﬂf?Fiﬁk”’ )

rtﬁri?‘%i%;?% Y GRS A
= PRFE )

fio 7 3 Y (D B P
Fiﬁ“JF.i%lﬁB-%ﬁ%liﬁ&ﬁ'i G }ﬁuﬁﬁ'ﬂ&ﬁﬁﬁ )

VST (B PR o [ pE L)
B [ﬂj.wtupjﬁf'_' e

53] F

[frits 4]-- 3 ﬁ‘rlf £l (Essay Test)

iﬁﬁaﬁﬂ%@% VBl A (Rubrics ) IS U3 P *@%I*'*E’*% e
i it L @H%M*ﬁ%ﬁ“bili% Eﬁ@ﬁfh*i W%P%H

?"i_ﬁipuﬁﬁq ayk: BRI ER YR & 4k £ (RSP 7 BT ):

(_F_F_pray_ay 555 (H B 457 (8) gw(ﬂ) 1 255(F) 0 1

(V)

BTSRRI O A S S g

S RO iR G EAE u— [1 fit— KRy

A )

SRR 2T qa (g%y[ = BRI TR 2

TG pTT

R ki *PIP *ﬁfﬁ%ﬁ“i‘ﬁ& (U TR

Ez7nele *ﬁ]JE )

}*“lx_(aﬁﬁi B (EY: eI L)

¢ WZ:EJ)L [j'ﬂjg’!—r‘ E$[ . l (EE-OIZ HDAWF[F ﬁﬁ%ﬁj/‘jéL
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APPENDIX I

QUESTIONNAIRE FOR SECOND-ROUND OF DELPHI STUDY
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Appendix I Questionnaire for second-round of Delphi study

Dear Panel Member,

Thank you for filling the first round Panel questionnaire.

In this second round Panel questionnaire we show the results of the first round Panel
questionnaire.Please take them for your referencese.In this Panel questionnaire, wewill
be asking you, what you think of the most important benchmarks of technological literacy
of 9th graders in Taiwan. We will also be seeking your opinions on the most appropriate
assessment methods to evaluate their technological literacy other than paper and pencil
test.

HIEUR ST B
’E"?ﬁ*'#pgj;} OB EEREIRUL - S R - %
SEPFEHPE LY *ﬂ%ﬁﬂv’@ﬁf‘%ﬂﬁ@ﬁﬁ ﬂﬁ e i,
’i'%EJ& EiptE- Y TR - fRplir] 1= A,T\Jszsﬁ*&r’é
ﬁﬁﬁff*lﬁ Tren s Ea &wi ‘ m@ﬁmf@t'wﬁf

T”’:T"F“‘ 12 FJF“

[Ouestion #1]: The Benchmarks of technological literacy needed by 9th graders in

Taiwan
(IHIRE #1): & B1Z 5382 REEVERRE)

Instruction : '

Please select the importance of following potential benchmarks according to the scale -
4 if you felt this is a very important benchmark of technological literacy
3 if you felt this is an above average importance benchmark of technological literacy
2 if you felt this is a below average importance benchmark of technological literacy
1 if you felt this is a very unimportant benchmark of technological literacy

FEHF

#ﬁ‘ [HER T?§<<4 3,2, 1>PH gy REE - Rl PR RET ﬁﬂﬁ#&ﬁ:?ﬁ%;’l%lﬁﬁm
EIF'r

<4>H?&ﬁi§l§l s <3>ﬁ%~‘ﬁ{§]}‘§‘l | > <2>["k‘§§-1\—‘&§,§[ , <1>H?‘§TE‘E'

Category # Benchmarks - REEE
- EiniReETAA Importance
N R il Rt
M SD -
e | g
<Example> : <Example>
To be able to go to library and to write 4@
a summary of what he/she found. 2 1
SR () YR -
Bocl v WED

Questions are in the next page:
237



<I'] FERERH > ™

AT

,..u_l.—f“‘: Ff:ﬁ-‘é} >

Category Benchmarks - e
= 1 HEiTH - A |Importance
S i Vi
Item # El E' 4
A
A B sy [
7 T
B =
Justify the study of technology uses many of |3.083|0.776 14321
the same ideas and skills as other subjects;
and the knowledge gained from other fields of
study has a direct effect on the development of|
technological products and systems,; Defend
that technologies are often combined. Various
1 relationships exist between technology and
other fields of study.
RN R R A BN R
The 0, BERAEUNEERRE
characterist B, BREENRcEHEREEEHE
ics and Support that Technology transfer occurs when|3 208 0.721 | 4321
a new user applies an existing innovation
scope of developed for one purpose in a different
technology 4 |function.
MBSOl Y = —r =@ 1y
"*—Iﬁﬁ Sl EERIIFTER L W, RIEREW
HE B FEREE  ERABHONARE
Validate that technological innovation often |3 0831 0.881 | 4321
results when ideas, knowledge, or skills are
shared within a technology, among
technologies, or across other fields.
S |RERHAAFMTBERBRAIR AT RER:
A FIEA , 1 R — N EOE A
5 —EBE
Knowing that throughout history, new 3.125| 0.68 4321
TOO]S’ technologies have resulted from the demands,
resources, values, and interests of individuals, businesses,
sy tems industries, and societies.
>, 13 . 4= S B & [H
technologic | 1 [ REBES | ESR@ER
al g, IX B¥. REAAZER. B
processes, B, RASRET RS
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and 32510.608| 4321
relatlonshlp Knowing that the development and use of
S technology influence economic, political, social,
- 2! E‘HJF[ R4 14N eultural, and ethical issues . (ITEA, 2000).
S R e AR Eﬁﬁi: MiEcBRER , HxXL, &
Hj’»,j/ E[% [’77 . BB, BUA., RfRBzEE
]
Able to explain how complex technological systems involve|3 1671 0.637 | 4321
the confluence of numerous other systems. Explain how the
submarine or airplanes involves communication,
transportation, bio-technology, and manufacturing systems
16 (ITEA, 2000).
R BMRAMRHSEFREESEMAK , X
BE R GIFR BB K EN R A IF B, E
Tech B, EURER. RESRK
Understand that access to and ability to use tools, 3.04210.806| 4321
nolo materials, and skills limits technological development.
gica] Demonstrate the ways that multiple resources (such as
r \people, information, tools and machines, techniques,
proc materials, energy, capital, and time) are used to develop
€SS€S| g |new technologies.
, and R BB REETE Mﬂ&ﬁﬂ'ﬁﬁ
Syst
o B LORETRENRE  SRT: NMEAS
R | [EERRREFNE
Bt o Understand that tools and machines extend human 291710974 4321
WE| capabilities, such s holding, lifting, carrying, fastening,
. separating, and computing.
B2 T AW mEEE AR TS
H
B, £, R #H, o8 KFAES
Understand that an open-loop system has no feedback path| 2 .25 | 0.897 4321
and requires human intervention, while a closed-loop
system uses feedback.
1 (R FRARMEBRZRE , RAEEAD
RTESEEE , MEARRKEELREEFTUAA
ey =K

239




Tech

nolog
y and
Societ

ii[jii

=2k

25

Knowing that a number of different factors, such as
advertising, the strength of the economy, the goals of a
company, and the latest fads contribute to shaping the design
of and demand for various technologies.

B ERLERESHE UL ERRE
B, BURS, CERR. CEAE. MBEN
R

2.625

0.824

4321

'ﬁ

26

Understand that the transfer of a technology from one society
to another can cause cultural, social, economic, and political
changes affecting both societies to varying degrees.

R MEHEEERIE —4gi  BmEd
eZoMEEE LML, HE, &K MBoA
LHEE

2.667

0.868

4321

27

Knowing that social and cultural priorities and values are
reflected in technological devices. In other words, meeting
societal expectations is the driving force behind the acceptance
and use of products and systems. Understand that the
management of waste produced by technological systems is an
important societal issue (ITEA, 2000).

B HtENEAERNREER , &K
EmEER, BRERRRARRESHRENRE
A, BURBHENHE B ERNRmMELRE
BY , MATURE  REEHSHEE

3.25

0.847

4321

28

Able to investigate and assess the influence of a specific
technology on the individual, family, community, and
environment.

R MAREFENEHEEA. XE, &8,
MRENTE

3.25

0.608

4321

Impacts
and
influence

of

techﬁolog

ikt

B

29

Understand that with the aid of technology, various
aspects of the environment can be monitored to provide
information for decision-making. The alignment of
technological processes with natural processes maximized
\performance and reduces negative impacts on the
environment.

RRAR: BHRATRREIRRE, BUEEERR, W
WA ENE C RERBARNRER S , o

BERENRR

2.792

0.884

4321
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Describe the important technology inventions that have

3.333

0.816

had significant impacts on human beings. Knowing that the 4321
use of inventions and innovations has led to changes in
society and the creation of new needs and wants. Explain
how technological inventions and innovations have caused
global growth and interdependence, stimulated economic
competitiveness, created new jobs, and made other jobs
obsolete.
0 mE AMLENRMEARS  SHAREE
Impacts EATE, BE AMNARNMINEHE X
and
influence EE‘E%&E@%*, iR RRAIFmMRE NS
of - b 4o
V;r F, AlE— LR, wiBA— LBV
:f F ;’ Explain why making tradeoffs among characteristics, such| 325 10.676/432 1
5[k as safety, function, cost, ease of operation, quality of
F'f [—’S"ifi post-purchase support, and environmental impact, is
St necessary when selecting systems for specific purposes.
Ve | 3?2 B ERANRRRE  ANEZE LR
=, MMEEE B 22, BA, BERE.
BERXERY. RRENGERSE
Explain that although technological effects are complex |2.708 | 0.859 4321
and difficult to predict accurately, humans can control the
development and implementation of technology.
34 s N o 4 o s
RRAR: AR A LA RIBOE A AV RAFR |, B
R EBBE MRS R XERETRR
Students will develop an understanding of the influence of |2 917(0.8811432 1
History 3¢  |technology on history.
?f B REnmEgEs
evolution
of Knowing that in the past, an invention or innovation was |3 .2080.932 4321
technolog not usually deyeloped with the.knov.vledge of science. In.
y [fact, much science knowledge is being gathered alongside
%Iﬁiﬁj the technological development.
Sl 33 R RERRAFNIRIIFKERZM

W, BEL RENEBIBEENEBENB

BHEEN
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39

Knowing that making tools and processing new materials
[from natural materials advance the technology; besides,
putting parts together to create systems and cooperating all
specialized skill workers to solve sophisticate problems
contribute to the modern technology.

BRAR: SE T B3 KRR S T At
B RENENES, A, BEEAHEEK
— SEEM R SAR 155 58 B R A D R AR 5
BE , (e RALRIE

2.792

0.977

4321

40

Knowing that the specialization of function has been at
the heart of many technological improvements.

iR DR EE S TNAERBENES

2.583

0.881

4321

41

Compare qualitatively and quantitatively the performance
of a contemporary manufactured product, such as a
household appliance, to the comparable device or system
50-100 years ago (ITEA, 2000).

AEM —MEBEAYLLE: LB BIMYREBERMEM 50
2 100 FHRERARBMLER , ERENL
BN E B LB

2917

0.881

4321

42

Be able to identify trends and monitor potential
consequences of technological development.

B REBENBBWEEHTRIRR

3.167

0.702

4321

Agricultu
ral,
medical,
and
bio-techn
ologies

RER
-]
53

<3 (&5
53

43

Knowing that medical technologies include prevention and
rehabilitation, vaccines and pharmaceuticals, medical and surgical

\procedures, genetic engineering, and the systems within which health

is protected and maintained. Medical technologies extend the

effectiveness of medical care and increase people* s wealth.

B BENMRAEED. B, RE. BE. BFR
kBT, ERIR , REFEHERR, BENKERE
FERAWUREEAEEUL

2.708

0.806

4321

44

Knowing that agriculture includes a combination of businesses that
use a wide array of products and systems to produce, process, and

distribute food, fiber, fuel, chemical, and other useful products and in

the care of animals.
iR REREY 'Y, A R LBERSE
WEEREREBED , ARREEEDY

2.5

0.78

4321
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45

Knowing that conservation is the process of controlling soil
erosion, reducing sediment in waterways, conserving water, and
improving water quality.

i BRRE BB LERK, AEFE, &
KR, ARKEE

3.042

0.751

4321

46

Knowing that people in unsafe and remote areas can get medical
care, such as being diagnosed or getting treatment with telemedicine.
Telemedicine reflects the convergence of technological advances in a
number of fields, including medicine, telecommunications, virtual
[presence, computer engineering, informatics, artificial intelligence,
robotics, materials science, and perceptual psychology.

BF: RIEEERTERSEENAZINEERYE , ©

EERASERESHRE  BNEE EE BE,
ETRE. B2, AISE. #HA, HRNZ
MEBHOEEZ

2.75

0.944

4321

47

Knowing that the development of refrigeration, freezing,
dehydration, preservation, and irradiation provide long-term storage
of food and reduce the health risks caused by tainted food.

BETHE: mW. AR, KK RfFE. BHERKAGE
REERMREMREBEAGRE

2.833

0.868

4321

49

Knowing that artificial ecosystems are human-made environments
that are designed to function as a unit and are comprised of humans,
plants, and animals (ITEA, 2000).

B ATHERRMRAENTRR
EYEEEB

RARBMAERE

2.208

0.884

4321

Energy
and
power,
transport
ation
technolo
gies

P

b
A

57

(i

50

Knowing that power is the rate at which energy is converted
[from one form to another or transferred from one place to
another, or the rate at which work is done.

B By hReERMERENER | FEMMIIRYIE
$

2.875

0.85

4321

51

Knowing that energy can be grouped into major forms:
thermal, radiant, electrical, mechanical, chemical, nuclear,
and others.

B e RMEERRBEREE, Eilee. T,
%mﬁb‘ 'ﬂﬁ Eb‘ 1‘22 E%:

3.292

0.806

4321
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52

Knowing that processes, such as receiving, holding, storing,
moving, unloading, delivering, evaluating, marketing,
managing, communicating, and using conventions are
necessary for the entire transportation system to operate

efficiently.
B ERRRE BERER UERNERE

CREERF SRR BE M#E #RE.
#q., BE. b, mHTHE EE BE RE
BRHS

2917

0.83

4321

54

Knowing that transportation vehicles made up of subsystems,
such as structural, propulsion, suspension, guidance, control,
and support, that must function together for a system to work

effectively.

B ERRRHASETRRBASETRRY
B, EETFRECEBBRR. HERR, B
MR, 5K, EHRK. IBERRSE

3.083

0.776

4321

55

Knowing that transportation plays a vital role in the
operation of other technologies, such as manufacturing,
construction, communication, health and safety, and
agriculture.

R EHRREHEGNRRAREERAR;
BNRE, €8, BB, FEkE:. REES
B

2.958

0.69

4321

Compute
r and
informati
on
technolo

58

Knowing that information and communication systems are
made up of a source, encoder, transmitter, receiver, decoder,
storage, retrieval, and destination. These systems can be used
to inform, persuade, entertain, control, manage, and educate.

B EFRERAKAEMIBAE: ARR
R, mis. BIE. B BB, fE BRR R
HE ARENDATDH: BE, BE RE,
BE, 58, NHE

0.885

4321

63

Use a variety of media and formats to communicate
information and ideas effectively to multiple audiences (ITEA,
2000).

REHTRNER , RATEANEERTERNERX

REBEARERER

3.25

0.794

4321
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65

Knowing that manufacturing processes include designing products,
gathering resources, and using tools to separate, form, combine
materials in order to produce products, and servicing of products
and systems. Servicing is included because it keeps products in good
operating condition.

RERARERECE: RFTER. EHER. &
RIEMNT A BooE, K. 85, SEE
EmBRR, HPEERRAREEMMEFE.
REFNZEFENMRRE

3.167

0.761

4321

66

Be able to design, fabricate models of construction, and work with
other classmates in making a planned model community.

REME 2 —2a1F , RERFT, RFEERRE, U
TR — Bt EER

3.125

0.68

4321

67

Knowing that the product design utilizes a broad range of
manufacturing processes, such as metal forming, injection molding,
rapid tooling, machining, abrasive water jet cutting, and finishing
operationv

RERAEMRGIEREZNEERE: BNSE
B, WESHAR., REMT, #mmT, XK
PITETIE, RIMAERMEMT

2.75

0.944

4321

68

Understand that: Structures are constructed using a variety of
processes and procedures.  Structures require maintenance,
alternation, or renovation periodically to improve them or to alter
their intended use.

R FRERERA -—ENEFREERTK
M, EZERTEEEHET: HE B3 M.
Bl R SR M RET RV fE A B &Y

2917

0.717

4321

70

Able to explain how products are manufactured, operated,
maintained, replaced, and disposed of and who will sell, operate, and
take care of it. The cost associated with these functions may
introduce yet more constrains on the design (ITEA, 2000).

RERAEmENM: Rk, BRF, #HE. Fif,
B, UK#HREE RF REEIEET
RERA LR TREBECEA  EFERGIRNEZE

3.083

0.776

4321
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Understand that design goals and requirements must be established |3 208 0.779143 2 1
and constraints must be identified and prioritized during the time
when designs are being developed. Knowing that the process of
engineering design takes into account a number of factors (such as:
safety, function, flexibility, quality, and economic, political, and
Apply cultural concerns).
?ﬁg TR ERRGTEEC B R EBR EAW
e =
design ﬁ”%%ﬁw E%E¢,Eﬂ@ﬂl@i%§;ﬁ
ss and mE , URELE. BUA. XMKJ:E@%E
engin Knowmg.that the design and‘consz‘ruction of’structu;fesfor.service 254210.833/4321
. or convenience have evolved from the development of techniques for
eering measurement, controlling systems, and the understanding of spatial
design 72 relationships.
gy R BREGRHRER RS NEWAEBREN
R
= &, B OAERM, EERR ZEBRATERES
Knowing that a prototype is a working model used to test a design |3 174|10.778 1432 1
concept by making actual observations and necessary adjustments
75 |aTEA, 2000).
AR [RE A pS R R 18 hERET B AR
Innov Explain how technological inventions and innovations 2.73910.86414321
. stimulate economic competitiveness and how, in order for an
ation, innovation to lead to commercial success, it must be
pr()b] translated into products and services with marketplace
em demand. Explain through examples how some inventions are
. not translated into products and services with market place
solvin demand, and therefore do not become commercial successes.
g Describe the process that an inventor must follow to obtain a
tl"Ollbl 73 patent for an invention.
oo |EEE BHEZANRKANANMCHEES o
ing, ARG HEATERERG R R BE
R&D, RRBHIRABLERIRBERLSREFET S
and N
experi FERMUAK B WS, WEREE: WA A RTRYEXEA R
menta R EF
tion Be able to use assessment techniques, such as trend analysis 12.30410.8221432 1
. and experimentation to make decisions about the future
ﬁu{f—lﬁ development of technology. Design forecasting techniques to
FIEJEﬂH{ evaluate the results of altering natural systems.
U™ | 79 |BeRFAIRFEEN , MNB2 5 T RERRHEMK

E2S

RBEHERRE; SERETRASERFLEEAH

R A ARAERR
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80

Knowing that troubleshooting is a problem solving method
used to identify the cause of a malfunction in a technological
system.

g WESEHREY -—NRRARHE , U
REEN L, AEEATRNERER

3.043

0.706

4321

81

Explain and demonstrate several solutions to a problem or
opportunity using technological design, tools, careful
\planning, experimentation, and testing.

RERNNERE: W HBER #e | KA
Miegst. TR, FHETE, ETERRAR

3.087

0.596

4321

82

Knowing that research and development is a specific
problem-solving approach that is used intensively in business
and industry to prepare devices and systems for the
marketplace.

B« MIREZR RIHXERBRBEN
FE, RERSBHIRBKRETBER

3.13

0.869

4321

83

Describes and implements basic troubleshooting techniques
(for multimedia computer systems with related peripheral
devices.

BRAR: A{ATHETT 2 AR E B e SR 0 B

2.87

0.869

4321

84

Knowing that troubleshooting is a way of finding out why
something does not work so that it can be fixed (ITEA, 2000).

B HEZER R EHERRUENEE

2.87

0.815

4321

To
maintain
systems
and
products

Al

AER

87

Demonstrate the ability to select, operate, maintain,
troubleshoot, and dispose of technological devices in the
context of a career (e.g., use the tools of accounting in a real
or simulated business environment.)

REETREESD: EE—THEIfEfLL &2
. BE, #E. REE “ NESEMRE
EWMEERN., ERN, |5 IERLL, £
RAERRE

2.478

0.898

4321
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Describe new management techniques (e.g., computer-aided |2 .565/0.896(4 32 1
engineering, computer-integrated manufacturing, total quality
management, just-in-time manufacturing), incorporate some
of these in a technological endeavor, and explain how they
have reduced the length of design-to-manufacture cycles,
resulted in more flexible factories, and improved quality and
customer satisfaction.
o5 |RERREAMTNEERINT: BUEKREHIRE. S
BEENE, 2EREEH. IRNEERTEER
B; YgleHEERA MR —EREEXRK , ©
| PRERANEERE R AR | AL EREY
cwing | WTH, FEAE. ROBEERE
managin Project management is essential to ensuring that 2.565/10945/14321
g the technological endeavors are profitable and that products and
technolo systems are of high quality and built safely, on schedule, and
gy within budget. Knowing that quality control is a planned
E[%: ,—T‘fﬁl \process to ensure that a product, service, or system meets
FIJI‘;:'; ol established criteria (ITEA, 2000).
ik | o [ ERERRIMAGRRNE R R
AME, BRERRREROANmES., &2,
ERHY, BAERNERE, YBRE REE
FlRIMAINFTERERUABRERRREFS
RET R 2E
Help to manage a group engaged in planning, designing, 2.39110.89114321
implementation, and evaluation of a project to gain
understanding of the management dynamics.
97 — e s—
RERTHEERERWIEMR: BNEY—B AET
R—ExcRE, /Gt #17. RFFE
Problem Knowing that asking questions and making observations 3.2510.73714321
solving, helps a person to figure out how things work. Besides,
creative, Knowing that the process of experimentation, which is
critical, common in science, can also be used to solve technological
systems 100 \problems.
ond B BRRRELHEETARBREEZEER
" H; WA BNEBERG A A ARERARR
inking

L

L]
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101

=
= 1

Be able to explore the emerging technologies and develop
the skills to evaluate their impacts by reasoning and making
decisions based on asking critical questions.

REEN: REBRBHNE , RRFERERFE
HEE K ReRHEENEEUERE

2.75

0.794

4321

ST
&

kﬁ&@’
™

102

Be able to test and evaluate the solutions for the design
problem in relation to pre-established requirements, and then
improve the design solutions or refine the design as needed.

RERN: MKIBTART ERMEFME , FRERGTAYARIR A
BHE, BRARAT, YRt ENARR

3.25

0.737

4321

103

Be able to compare, contrast, and classify collected
information in order to identify patterns.

RERN: AMARALLR. R, 2EEFERE
FER, LHEEX

3.083

0.654

4321

104

Be able to interpret and evaluate the accuracy of the
information obtained and determine if it is useful. Be able to
synthesize data, analyze trends, and draw conclusions
regarding the effect of technology on the individual, society,
and the environment.

RN SRERTEHMEENERREERE,
m%‘ﬁﬁ; UReGRaRmER. o2, &
MRS RERA BB EALERRRENER

0.722

4321

105

Knowing that systems thinking applies logic and creativity
with appropriate compromises in complex real-life problems
and involves considering how every part relates to others
(ITEA, 2000).

B RRBEREMBENAED  YERR
BifR  RTEAERGE[E, YHEEKL

FI Ry BA £R

2.667

0.917

4321

[Ouestion #2]: The most appropriate Non-Paper and Pencil Test can be used to

assess technological literacy needed by 9th graders in Taiwan

(FIRE #21: B EVEZERENRR gt TRl SRR
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\Instruction -

than one test checked is reasonable.
j%] "E‘“fj B
-

Five most commonly employed non-paper and pencil tests are selected in this study to investigate the
opinions of experts in Taiwan. Please check the appropriate tests for each type of the benchmarks,
which are listed in the left hand columns of the following table and are affixed with example. More

ﬁ?’é;'?(’@ﬁ;'f ‘F‘,Z‘%“E’Eﬁﬁ ?ﬁﬂﬁﬁ”?ii HEFE Elff”’fii o NEERRS ﬁa“ii HEEG -
R AR xgg%];ciﬁ:—j J‘j’iﬁ:?ﬁ@’ﬁ? B ;ﬁf{ﬂéﬁ‘}ﬂ@?}%@] ;
FRER A SL- K £ 4RE R B 18 ?

_'\%* I'EJ %Elﬂifiﬁﬁ“rﬁ‘*ﬂi°
2% e RN GV R )

The Various Performance of Technological Literacy

BRI

Assessment Methods

AR

n

n
s | rews |

Teacher’|Oral Essay  |Project |Portfolio
s |Presentati %‘}Elﬁé Ejfg@ﬁl FHE
Observatijon ﬁ [ TR
on FIRB,
i
N
<Example> To be able to check and send e-mail N N
<G> G 2
<I') FERERF] > )TN BRSNS >
The Various Performance of Technological Literacy |Assessment Tasks
ﬁ?}%ﬁ%ﬁ[ﬁﬁ‘:-} J
EER
Teacher’s |Oral |Essay [Project [Portfoli
Observatio|Presentatio F;E £ EJJ f{gf_liﬁ'i Qgg

=

=

T
A

[1] Technological literacy which are visualized when
students showing their understanding of the
fundamental concepts of technology and the
characteristics of technology.

RO, RS, ~ W SRR

[2] Technological literacy which are visualized when
students are able to investigate, assess, organize, and
use information; as well as able to define, identify,
defend, justify, support, validate, describe, appraise,
explain, illustrate, interpret, analyze, compare,
critisize, or evaluate.

f > FOR[PER=)

A& ~ BE - ﬂ@r WEERYR ,Jp[;}ﬁf_h

Ej@% F?IF ‘jgu S ST~ P %‘fﬁ.f{" %T‘F'I
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[3] Technological literacy which are visualized when
students are able to use media, symbols, and formats
to communicate observation and ideas.

FUE M S E R - 2R

[4] Technological literacy which are visualized when
students are able to assemble or disassemble, to use
tools, materials, and machines, and to design and
fabricate models.

Gt HIE PRE - REID 2ET

[5] Technological literacy which are visualized when
students are able to apply technological concepts and
processes, to select, maintain, troubleshoot, and to
solve technological problems.
VP[RR, ] S R
[ flfRE
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APPENDIX J

QUESTIONNAIRE FOR THIRD-ROUND OF DELPHI STUDY
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Appendix J Questionnaire for third-round of Delphi study

Dear Panel Member,

Thank you for filling the second round Panel questionnaire.

In this second round Panel questionnaire we show the results of the first round Panel
questionnaire.Please take them for your referencese.In this Panel questionnaire, wewill
be asking you, what you think of the most important benchmarks of technological literacy
of 9th graders in Taiwan. We will also be seeking your opinions on the most appropriate
assessment methods to evaluate their technological literacy other than paper and pencil
test.

HEPRI ST S

BBISHT BT %E FITE BRSO /L - 312 Hﬂé {18 A AR R
& o ::ﬂ—’]*‘?ﬁ%éiff‘“g Ll Hﬁrb%%@fﬂ#%@ﬁ T - e T
= H%J}FJM frn&’;ﬁgﬁf’u BEY TR - L

iF}F*%ﬂb‘*@?‘Hl* P S F‘*ﬁli‘i 1o ‘ I EEGRAR IR
P RAEREITHE [1_1“"1—]111 ’ ?Fh T %tm F.‘l pl o i"'r,%fé:ﬁ? S/8(P ) Bl -
SHIpU=E |

[Question #1]: The Benchmarks of technological literacy needed by 9th graders in

laiwan
(TR #1]: B BIE1= # 5L R VERHRR)

Instruction :

Please select the importance of following potential benchmarks according to the scale -
4 if you felt this is a very important benchmark of technological literacy
3 if you felt this is an above average importance benchmark of technological literacy
2 if you felt this is a below average importance benchmark of technological literacy
1 if you felt this is a very unimportant benchmark of technological literacy

3t S LN

%ﬁi-& I RE<4,3,2, 1D e R TR i > ARSI R R RIS
El
<4>RABER  <SRABEER > <RI NAR  <>RABIEE

Category # Benchmarks [ I t
N SeEE | < mportance
Feg-gp PR Eifit
M SD
T | e
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<Example> :

To be able to go to library and to write

a summary of what he/she found.

<R () FERIER TR -
)

<Example>

‘o X

Questions are in next page:
| ERER S P TSRS >

Catego
ry
File
el

Item #

r‘ﬁlnlg'f

Benchmarks

R

s

M e
B

Import
ance

FIF
55

1
=
Understand that access to and ability to use tools, materials, |3.04210.806|1432 1
and skills limits technological development. Demonstrate the
ways that multiple resources (such as people, information, tools
Tech and machines, techniques, materials, energy, capital, and time)
are used to develop new technologies.
nolog 15 a6 B T
ool B4 RELERBETAURRRTRER 2
proce ETEENERE, R~ MITERAREERKRE
sses, | | mERHE
and Understand that tools and machines extend human 2917109741432 1
Syste capabilities, such s holding, lifting, carrying, fastening,
m separating, and computing.
20
R | |BR TEMBMANEE SN TS B
A B OB R OH B RIAES
Ek[ Understand that an open-loop system has no feedback path 2.25 10.897 4321
HAH and requires human intervention, while a closed-loop system
g . uses feedback.
PR FMERAMEAPRZRE, IAFEEADRT
ATEEE , MARRRSELEMATLEE
Tech Knowing that a number of different factors, such as 2.62510.82414321
nolog advertising, the strength of the economy, the goals of a
company, and the latest fads contribute to shaping the design of
y and . .
Societ and demand for various technologies.
ocie . -
y L | B ARLCREEEE HNECERER
5 it BUES, RERR. &85 ISHAR
= S
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E&ix Understand that the transfer of a technology from one society |2.6670.868|432 1
., to another can cause cultural, social, economic, and political
Fl' changes affecting both societies to varying degrees.
26 | BEHEHEBRIE —dak  YWmEde
ZoOMEEE LML, HE, BB, MBCELH
2
Understand that with the aid of technology, various aspects of |2.792 10.884/432 1
the environment can be monitored to provide information for
decision-making. The alignment of technological processes with
natural processes maximized performance and reduces negative
29 impacts on the environment.
BRAE: B ARERRE | MEBEARE, Wit
mpacts || REBRA AR REAGE, TEHE
influence ERMER
techzj;log 32 | Explain why making tradeoffs among characteristics, suchas | 3.25 10.676/432 1
y safety, function, cost, ease of operation, quality of post-purchase
pEk: support, and environmental impact, is necessary when selecting
ﬁ]‘ ;’ systems for specific purposes.
flf?l B ERANERGE  AAELE—LRE
Ip ™7~ " - p
| TR B Be. BA, BREBME. BEX
EHR BEIR., RRENEES
Explain that although technological effects are complex and |2 .708 |0.859 4321
difficult to predict accurately, humans can control the
development and implementation of technology (ITEA, 2000)
34 o s
REiE: ABWAERRERNGERGTR , BR
ABEM S RBE TR
History Students will develop an understanding of the influence of 291710.88114321
and 36 technology on history.
evolution| | BRAR: B AL EE S
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of Knowing that making tools and processing new materials from |2 792 (0.977143 2 1
technolo natural materials advance the technology, besides, putting parts
gy together to create systems and cooperating all specialized skill
f;[ﬁz??] workers to solve sophisticate problems contribute to the modern
s EU technology.
39 R RETERBRAM PG LR,
ERRES; ki, BEEGREER—TBNR
MUK RS BRI A D BREMEE , EEA
4: k=253
Compare qualitatively and quantitatively the performance of a |2 .917 10.881 4321
contemporary manufactured product, such as a household
appliance, to the comparable device or system 50-100 years ago
(ITEA, 2000).
4l e —tERERY LB LAB RTRY R ERRMEA 50 E 100
FHREXARBMLER, EEENLERNERN L
8]
Agricultu Knowing that medical technologies include prevention and 2.70810.806/14321
ral, rehabilitation, vaccines and pharmaceuticals, medical and surgical
medical [procedures, genetic engineering, and the systems within which health is
and ’ pprotected and maintained. Medical technologies extend the
bio-techn 4 effectiveness of medical care and increase people’ s wealth.
olgies | s BRENROERY, B A8 BR. BER
REB w7 smEIe peseEie SENEEEES
®” BRI SR
& Knowing that conservation is the process of controlling soil erosion, |3 (042 10.7511432 1
reducing sediment in waterways, conserving water, and improving
ﬂzﬂgﬂ A water quality.
5 oy - RN
% B BRRE SN 6 LBR K, SEHes, RE
KR, ARKEE
Knowing that people in unsafe and remote areas can get medical care,| 2 75 10.944 4321

46

such as being diagnosed or getting treatment with telemedicine.
Telemedicine reflects the convergence of technological advances in a
number of fields, including medicine, telecommunications, virtual
\presence, computer engineering, informatics, artificial intelligence,
robotics, materials science, and perceptual psychology.

B EEBERAUEREEENAZSINERRYE , €=
FEASERESHNEK , BUEE, EF HE, B
TR, BB, AES. #EA, #HENE, MR

HOEBRE
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Knowing that the development of refrigeration, fireezing, dehydration, |2 833 10.868/432 1
\preservation, and irradiation provide long-term storage of food and
reduce the health risks caused by tainted food.
47 N AN X s
BETHE: mE. AR, RK RE. BEEREG AR
ERYREMRBAGRE
Knowing that power is the rate at which energy is converted |2 87510.8514321
[from one form to another or transferred from one place to
50 |another, or the rate at which work is done.
B BHRERMBERNER | JREMYTHRYESR
Energy Knowing that processes, such as receiving, holding, storing, 2917108314321
and moving, unloading, delivering, evaluating, marketing,
power, managing, communicating, and using conventions are necessary
i a}?p ort \for the entire transportation system to operate efficiently.
ation
mmmSzﬁﬁcéﬁ%%ﬁ“ﬁﬂﬁﬁ”uﬁﬁwﬁﬁ;
gies 1] ” At
7 B, ®E, FME. miFTH BE, BE. RER
ke
2| e
Eﬁkl Knowing that transportation plays a vital role in the operation |2 9581 0.69 (432 1
21l of other technologies, such as manufacturing, construction,
communication, health and safety, and agriculture.
55 s o 3
B ERAMOAMRNEREDYEEEAS, B
MEE, 2, BE. FERTE. REESHNE
Compute Knowing that information and communication systems are 3 0.885/14321
rand made up of a source, encoder, transmitter, receiver, decoder,
informati storage, retrieval, and destination. These systems can be used to
on inform, persuade, entertain, control, manage, and educate.
t h l 3 = =3 = N
cnolo|_ |mepe: ERBEERMHERBIIE: REBIR,
BE | RE SR BR RE 67 RR KED X
ko N o
- RENDAT SR BE, BB, R, 26, §
TR
i B, MHE
Use a variety of media and formats to communicate 3.2510.79414321
information and ideas effectively to multiple audiences (ITEA,
2000).
63

REHTENRER , KATRNEERTRERNERR
BEEARERE
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65

Knowing that manufacturing processes include designing products,
gathering resources, and using tools to separate, form, combine
materials in order to produce products, and servicing of products and
systems. Servicing is included because it keeps products in good
operating condition.

RERARERERHE: RTER. FRER. KA
TEWMT , BU5 M, R, A6, WMEBER
HRM; HPEERAREERERE. RREFMN
EAFAYIRRE

3.167

0.761

4321

66

Be able to design, fabricate models of construction, and work with
other classmates in making a planned model community.

REME 2 —BEF , RERGT, REEEER, U5k
B — B4t B E

3.125

0.68

4321

67

Knowing that the product design utilizes a broad range of
manufacturing processes, such as metal forming, injection molding,
rapid tooling, machining, abrasive water jet cutting, and finishing
operations.

RERAEMRGIEEEZNRERE: BNSE
B, BESFHKE, REMT, #MmT, K
MEYE, R#UXREMT

2.75

0.944

4321

68

Understand that: Structures are constructed using a variety of
processes and procedures.  Structures require maintenance,
alternation, or renovation periodically to improve them or to alter their
intended use.

B ERERER -—ENBEFRIERTHRA,
LERERTECHHEIT #E, B BH. e
REEREFEFTHER B

2917

0.717

4321

70

Able to explain how products are manufactured, operated, maintained,
replaced, and disposed of and who will sell, operate, and take care of it.
The cost associated with these functions may introduce yet more
constrains on the design (ITEA, 2000).

RERPAERENM. g, BE. HE Bk, §
&, URGHRBE, BFE REENREY,; W
RALRBEEEZRAS , SRERTHNEER

3.083

0.776

4321
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Applying the
design process

Knowing that a prototype is a working model
used to test a design concept by making actual
observations and necessary adjustments (ITEA,

and engineering | 75 2000 i _|3.174(0.778/4321
design BRSO R R R A5 B
RETNER 2
Innov Explain how technological inventions and innovations 2.73910.86414321
. stimulate economic competitiveness and how, in order for an
ation, innovation to lead to commercial success, it must be
pr()b] translated into products and services with marketplace
em demand. Explain through examples how some inventions are
. not translated into products and services with market place
solvin demand, and therefore do not become commercial successes.
g Describe the process that an inventor must follow to obtain a
tl"Ollbl 73 patent for an invention.
choo B MEZAFRAENANMCHRT , o
ing, ARIEHFEHBERN Em” & BE ;
R&D, RERGIFRABLERIRBEARERFESTHS
and N
. FERMUAK B WS, WEREE: WA A RTHYEXEA R
experi )
menta A
tion Knowing that troubleshooting is a problem solving method |3.04310.706/432 1
. used to identify the cause of a malfunction in a technological
ﬁulr—lﬁ system.
FlEEyde | 80 = X N
ﬁégfj; AR HEDH RN — MR M, LR
b (REENEE  BERTENRE
R H Explain and demonstrate several solutions to a problem or |3.08710.596/432 1
) opportunity using technological design, tools, careful
% planning, experimentation, and testing.
8 1 — ="\ 113 ” NV
RERTNRH: WAstHmER #e” |, KA
BEERET. TR, FHFHE. ETERAIE
Knowing that research and development is a specific 3.13 0.869/4321
\problem-solving approach that is used intensively in business
and industry to prepare devices and systems for the
gy |marketplace.

BRAE: « IREBR RIMFREMHBEREEN
FE, RERSB[MHRMRETHEFEX
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Describes and implements basic troubleshooting techniques 2.87 10.869|4321
(for multimedia computer systems with related peripheral
83 |devices.
BRAE: TS RABEHEZE
Knowing that troubleshooting is a way of finding out why 2.87 10.815|14321
84 something does not work so that it can be fixed (ITEA, 2000).
BAE: MISRDE R K HERE U ELMERE
Demonstrate the ability to select, operate, maintain, 2.47810.898(4321
To troubleshoot, and dispose of technological devices in the
maintain context of a career (e.g., use the tools of accounting in a real
systems or simulated business environment.)
and RER AN EE—TREIFEEML | 88
products | 87
ad b A, B #E. REE “ BESERE
—l/ = = 3 ==
%@; BOEERY, EEN. B TERLL &
;R_n -
RARA R
Describe new management techniques (e.g., computer-aided |2 56510.896/432 1
engineering, computer-integrated manufacturing, total quality
management, just-in-time manufacturing), incorporate some
of these in a technological endeavor, and explain how they
have reduced the length of design-to-manufacture cycles,
resulted in more flexible factories, and improved quality and
ACC@SS in customer satisfaction.
, using, = e — =
NS o5 |BEREMEEEN: BUNEKEE TR, i
maagin| - mams cEREEN. DRREZR1ES
technolo B; el HEER MR —ERREXK , ©
gy _— = N oo
B e MEERGTRERE  MELEEEMY
E st S —_
T wTE EERE. REBEESE
HE[ Help to manage a group engaged in planning, designing, 2.39110.89114321
implementation, and evaluation of a project to gain
understanding of the management dynamics.
97

RRERHEEEBNER BOEM—FAET
H—ERzRE. BT, 91T, KM
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Knowing that asking questions and making observations 3.083(0.503/4321
helps a person to figure out how things work. Besides,

Problem Knowing that the process of experimentation, which is
solving, common in science, can also be used to solve technological
creative, 100 problems.
””;C“” iR BERREHBETARBEEEECEER
systems
and B, WA NEBERG A A ARERARR
reasonin
g Gif=]

fhinking Be able to compare, contrast, and classify collected 2.833/0.564/4321
E]%H{F ﬁ information in order to identify patterns.
%‘H 103 gERIR: ARALE, WR., HEEHARE
[ =~

g &R, UHEFER
. Ujﬂ Knowing that systems thinking applies logic and creativity 2.50.72214321

? ol with appropriate compromises in complex real-life problems

o ol and involves considering how every part relates to others
% (ITEA, 2000).
iRl 100 R RKBEREMBENAED  XERR

K B #TEAERERME,. YAEREH
FIREB R

[Ouestion #2]: The most appropriate Non-Paper and Pencil Test can be used to
assess technological literacy needed by 9th graders in Taiwan

(AR #21: B S e g [ WIE fRIRR )

Instruction -
Five most commonly employed non-paper and pencil tests are selected in this study to investigate the
opinions of experts in Taiwan. Please check the appropriate tests for each type of the benchmarks,
which are listed in the left hand columns of the following table and are affixed with example. More
than one test checked is reasonable.

] ﬁ“ﬁ =
ﬁ?*‘aﬁ?ﬁ%{?ﬁdf PRI Y BRI R - B S B PV -
R RIS AR N AT s R BRI R -
%ﬁéﬁ%ﬁ PL-FR IR E TR Y g Fi O EAEH T (1) T PSR- R
The Various Performance of Technological Literacy Assessment Methods

F‘lﬁjﬁ[fﬁzﬁt—}J

& JE 3
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n

Teache|Oral  |Essay |Project Portfoli
r’s  |Present S E‘rggﬂ & lo
Observlation £ o 7
ation || 1P| | =
“HE £
=
<Example> To be able to check and send e-mail N N
<EG> PR 20
<I'J FEVRF] > I')™ 81V {fE >
The Various Performance 0f Technological Literacy Assessment Tasks
’F‘I?}%ﬁ[}iﬁ:—p
i AL
Teacher’s |[Oral ~ |Essay |Project |Portfoli
Observatio|Presentatio ?;Elﬁ« Ejf@@ o

P

_l: IF[F'_]‘%?"I [T

i
e

[1] Technological literacy which are visualized when
students showing their understanding of the
fundamental concepts of technology and the
characteristics of technology.
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[2] Technological literacy which are visualized when
students are able to investigate, assess, organize, and
use information, as well as able to define, identify,
defend, justify, support, validate, describe, appraise,
explain, illustrate, interpret, analyze, compare,
critisize, or evaluate.
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[3] Technological literacy which are visualized when
students are able to use media, symbols, and formats
to communicate observation and ideas.
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[4] Technological literacy which are visualized when
students are able to assemble or disassemble, to use
tools, materials, and machines, and to design and
fabricate models.
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(5] Technological literacy which are visualized when
students are able to apply technological concepts and
processes, to select, maintain, troubleshoot, and to
solve technological problems.
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