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Preface

Herewith I proudly present the electronic proceedings of the 28th PATT conference, held in Orlando,
Florida, USA, in conjunction with the 76th Annual ITEEA Conference. I want to thank ITEEA for
hosting another PATT conference and for making these Proceedings available on their website. I want
to thank in particular Steve Barbato for the great cooperation on this. The longstanding tradition to
have PATT special sessions at the ITEEA Conference again has proven to be a good formula. It allows
non-USA colleagues to get to know what goes on in the USA, while also attending international
sessions, and it allows USA colleagues to see somewhat of the effort being made in the rest of the
world. I look forward working with Steve and ITEEA again on the next conference in Milwaukee,
2015. I hope these Proceedings will give those colleagues who could not make it to Orlando a good
impression of the nice presentations we had during the PATT special sessions.

Marc de Vries
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International Views of STEM Education
Szu-Chun Chaniel Fan, National Taiwan Normal University, Taiwan
John M. Ritz, Old Dominion University, USA
Introduction
STEM education is a reform movement summoned by political and business leaders. These groups see
STEM as the cure to the ills caused by the downturns in the economic sector (Business Roundtable,
2005; National Governors Association [NGA], 2007; Aerospace Industrials Association of America
[AIAA], 2008). They believe having students studying STEM subjects will prepare them to become
the future engineers, scientists, technologists, and mathematicians who will design and create the
technological innovations that will continue to spur economic development. They believe if young
people do better in the STEM school subjects that they will continue with their studies and they will
develop the knowledge and skills that are required to develop the new products that consumers will
purchase. Further innovations will lead to stronger economies and more jobs for people. As a result of
these continued calls, STEM educational reform has begun (Banks & Barlex, 2014; Bybee, 2013;
Williams, 2011). Researchers and curriculum designers are undertaking projects to determine if there
are better ways to deliver science, technology, engineering, and mathematics instruction to young
learners.
STEM can be defined differently by educators who are attempting to design programs and courses for
improved student learning. Some are trying to enhance student’s learning experiences in the individual
STEM subjects by including problem-based learning activities that apply analytical concepts to real
world problems, so students can better comprehend these difficult concepts. Others are attempting to
integrate the STEM subjects’ knowledge to create deeper understandings of this content, so they can
live better lives and transition into technical and scientific careers in the future. Researchers and
schools around the world are experimenting with various approaches to STEM education. This study
was undertaken to determine the involvement of the technology education community in STEM
educational reform.

Review of Literature
This literature review is divided into two sections. The first section presents literature on the rise of the
concept of STEM education. The second section illustrates the various meanings that have been used
when describing STEM education.
Rise of STEM Education
STEM reform is a recent educational phenomenon meant to increase students understanding of
Science, Technology, Engineering, and Mathematics subjects. Its purposes have been described as
preparing students to be better able to apply this knowledge to solving complex problems (through the
development of high-order thinking abilities) and developing competence in STEM (resulting in what
has been labeled as STEM literacy). Since World War II, science, mathematics and technical
education subjects have been seen as the foundational knowledge needed by citizens for national
development. During the initial decade of the 21st century, the educational needs of STEM workers
have been changing due to the increasingly complex technology and engineering skills required to
perform in the high-tech knowledge-based economy. During this time span, reports have warned that
the educational system has not been sufficient for educating and training the 21th century workforce
(AIAA, 2008; Business Roundtable, 2005; Bybee, 2013; NGA, 2007). These reports have highlighted
problems with the current system for educating the next generation about science, technology,
engineering, and mathematics. Highlighted through the reports were the declining motivation for
students to study STEM subjects and seek out these types of careers, widespread low achievement
levels in science and mathematics, and lack of abilities to solve real-world problems that require

7

knowledge and application of STEM subjects. These shortcomings have led to a decrease in the supply
of qualified STEM workers. The shortage of STEM workers makes many business leaders and
politicians believe that this is and will continue to be a threat to national competitiveness (William,
2011). Presented with these challenges, STEM educational reform started in the US, and it soon
extended its reaches to many other countries in the world, both developed and developing.
As reported through the international literature, countries have developed strategies that propose
solutions to these STEM education deficiencies. Strategies have included different specialized
programs for the primary, high school, and university education levels. Some countries, e.g., Australia,
England, Scotland, US, have published national reports to offer recommendations for implementing
STEM educational reform (Marginson, Tytler, Freeman, & Roberts, 2013; NGA, 2007; Pitt, 2009;
Science and Engineering Education Advisory Group [SEEAG], 2012). Several countries, e.g.,
Australia, China, England, Korea, Taiwan, US, have been working to develop K-12 STEM
curriculum, which are designed as integrative cross-disciplinary approaches within each of the STEM
subjects. Many curriculum efforts have been directed toward having learners make better connections
between their STEM educational experiences and future careers (American Society for Engineering
Education [ASEE], 2011; Kim, 2011; Office of the Chief Scientist; 2013; PLTW, 2014; Pitt, 2009;
Ritz, 2011). In several countries, e.g., France, Japan, South Africa, educational foundations and
professional organizations working outside the schools are devoting their efforts to develop informal
STEM education programs that provide learning opportunities for young learners to interest them in
STEM careers, e.g., summer camps, extracurricular activities, and contests (ASEE, 2011; Sasol Inzalo
Foundation, 2012).

Meanings of STEM
STEM is an acronym that represents the four school subjects of Science, Technology, Engineering,
and Mathematics. It can be explained as adding teaching enhancements for each of the specialized
single STEM subject or as an integrative approach to teaching where the core concepts of science,
technology, engineering, and mathematics are brought into one curriculum program called STEM.
These approaches are being undertaken for several reasons. One reason is because business leaders
and politicians believe that reforms need to take place to better prepare young people with the skills to
meet the needs of specialized workforces for the 21st century (Salinger & Zuga, 2009). Many of the
high paying jobs will be in the fields of chemistry, mathematics, microelectronics, alternative energy,
advanced communications, healthcare and pharmaceuticals, nanotechnology, aeronautics, and
engineered materials. However, identifying and developing educational programs that can deliver 21st
century workforce skills is complex because these skills continue to change as technology changes and
new innovations occur. Educators believe what is needed are program that show students how to
integrate STEM knowledge, attitudes, and skills to better identify and solve complex real-world
problems. With these knowledge and abilities students should be able to better explain the natural and
designed world and be able to engage in and reflect upon STEM-related issues as a global citizens
(Bybee, 2013; Salinger & Zuga, 2009). Overall, the meanings of STEM education reform can be
highlighted through three key outcomes: (1) responding to global economic challenges that every
nation faces, (2) focusing on the changing needs of the workforce which require more integrated and
flexible knowledge and skills that fit the requirements of the 21st century, and (3) emphasizing the
demand for STEM literacy needed for solving global technological and environmental problems
(Bybee, 2013).
Within the multi-faceted nature of STEM, different nations, different subjects, and different levels of
education interpret this specialized education differently. As a result varied initiatives have been
developed to address the issues presented by a lack of STEM literacy. Policy discussions on STEM
mostly focus on emphasizing means for improving the teaching of the separate subjects and working
to increase students’ international testing scores, especially in science and mathematics (Bybee, 2013).
Some scholars, especially in the school subject of technology education, believe that STEM should be
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a multidiscipline-based approach that uses an integrative approach to teaching the knowledge of the
STEM subjects as used in real-world technical operations. This would help learners apply this
knowledge to solve ill-structured technological problems while developing high-order thinking
abilities (Dugger, 2010; Sanders, 2009; Zuga & National Science Foundation, 2007). It would use
problem-based learning activities (project-based and engineering design-based), which integrate
scientific principles, technology applications, engineering design, and mathematics into a single
STEM school program. It would be taught as a new school-based subject or used to assist existing
STEM subjects to deliver better teaching and learning strategies. However, it is currently unknown
how the technology education community is becoming involved with STEM in different country’s
planning and actual implementation of this educational reform. This study is an attempt to gain an
overview of international perspectives on how STEM education is being defined and implemented in
individual countries.
Research Problem and Objectives
Survey research was used to gather data for this study. The problem, which the researchers sought
information to answer, was to develop a world-view of practices being used in technology education
programs to contribute to the STEM educational reform effort. The research objectives that guided
this study were:
RO1: Determine the meaning of the concept of STEM education as used in the international
community for technology education.
RO2: Determine what strategies have been used to prepare educators for implementing STEM
education within their school systems.
Methodology
The population for this study was a purposive sample of 20 technology education scholars who
represented 20 different countries and most world continents. Participants were chosen because of
their professional involvement in the technology community. Many of the scholars have attended
Pupils Attitudes Toward Technology (PATT) and Pacific Rim Technology Education Conferences.
Table 1shows the countries represented in this study.

Table 1
Countries Reporting Data
Countries
Australia
Finland
Japan
South Africa

Belgium
France
The Netherlands
South Korea

Canada
India
New Zealand
Sweden

China
Ireland
Scotland
Taiwan

England
Israel
Singapore
United States

A survey was designed to answer the above research objectives. It was electronically delivered to the
participants in October 2013.
Findings
The return rate for data collection was 100 percent. All participants (20) returned their surveys. Four
country representatives (12%) indicated that their country was not exploring the concept of STEM
education (Finland, France, Singapore, and Sweden). As a result, the data of sixteen countries were
coded and analyzed and are reported through the following sections.
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Driving forces of STEM educational reform
The driving forces of STEM educational reform varied among survey respondents. Two main driving
forces were identified. These included: (1) the concern for a qualified STEM workforce that will aid in
increasing national competitiveness and (2) the development of STEM literacy within students which
might lead to their gaining high-level thinking abilities. The driving force of a qualified workforce was
based on the following reasons: (1) the decline or shortage of college enrollments and graduates in
science, mathematics, engineering, and technology disciplines (indicated by five countries, 31.25%),
(2) political pressure from government and industry (reported by four countries, 25%), and (3) low
achievement scores on science or mathematics international tests (cited by three countries, 18.75%).
Whereas the development of STEM literacy and higher-level thinking ability was reported with the
following strategies: (1) reform curriculum to enhance the connection with STEM subject knowledge
(reported by four countries, 25%), (2) promotion of creative abilities in all learners (cited by three
countries, 18.75%), and (3) enhancement of student interest in learning STEM content at the primary
through secondary level as well at the university K-12 level (listed by two countries, 12.5%).
Meanings of STEM education as reported by international scholars
As with the dissimilarly reported by country representatives toward the driving forces behind STEM
educational reform, definitions for STEM education also varied. Except for one country whose
representative declined to identify a specific definition for STEM since its professional audience has
not crystalized a meaning, fifteen countries indicated their perspectives of STEM education is
contained within three definitions. The mainstream perspective describes STEM education to be both a
combination of integrative STEM practices or the standalone focus to increase learning within STEM
specific courses (ten country representatives selected these two meanings, 66.7%). Secondly, three
countries (20%) noted that their educational programs will continue to be taught as single subject
specialized approaches (e.g., improved teaching of science), while two countries (13.3%) claimed that
their approach of STEM education efforts were focused on developing integrative STEM curriculum.
Educational initiatives for implementing STEM educational reform
To implement STEM reform, many different initiatives have been promoted. For the most part,
government and politicians and educational leaders/professional organizations have spurred this
activity (11 countries, 68.8%). K-12 education systems were other leading advocates for STEM to be
implemented (9 countries, 56.3%). In addition higher education (8 countries, 50.0%) and
business/industry (5 countries, 31.3%) have pushed to have this educational reform to occur.
Meanwhile, in ten countries governments are funding STEM education research projects (62.5%).
Ten country representatives pointed out that usually one school subject area was leading the
movement to implement STEM. Six countries (60%) indicated the school subject leading the push for
STEM was science (one indicated this science was physics), three countries (30%) indicated both
science and technology were the instigators of STEM reform. Technology education was the school
subject leading the way for STEM in one country (Taiwan). In the US the survey respondent believed
that all STEM subjects were involved and providing leadership for STEM reform.
The educational level where STEM reform is being proposed varies. The K-12 education level was
where the majority of the reform was occurring. Thirteen countries (81.3%) are working at this level.
Seven countries (43.8%) were working with STEM at the university level. Seven countries (43.8%)
were approaching STEM implement using informal educational venues, e.g., summer camps, museum
exhibits, and K-12 and university level contests. Table 2 shows a summary of international STEM
educational initiatives.
At this time, only six countries (37.5%) indicated that they have developed model K-12 STEM
programs. The US has developed model STEM programs for both the K-12 and university level
education. In five countries (China, England, Israel, Scotland, South Korea), model STEM programs
have been designed for K-12 education. Eight country representatives noted that their country is
planning to implement, or is implementing, STEM-integrated courses in their K-12 education system.
These countries have approached their curriculum planning differently for different education levels.
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Four countries (Belgium, India, Scotland, South Africa) plan to implement STEM-integrated courses
at the primary and secondary education levels with separate STEM discipline specific courses at the
high school levels. Two countries (The Netherlands, South Korea) noted that their curriculum planning
is designed to implement STEM-integrated courses at all K-12 grade levels, while one country
(Taiwan) plans to emphasize STEM-integrated courses in technology education only at high school
level.
Table 2
Summary of STEM Educational Initiatives by Country
Question
National leaders
of STEM
initiatives

Supporting Groups
Government/Politicians

Educational leaders/
Professional organizations
K-12 Education
Higher Education

Government
research funding

Business/Industry
Yes

No
Leading school
subject in
STEM reform

Educational
levels of
participation in
STEM
initiatives

Science
Technology & Science
Technology
All four STEM subjects
K-12 education level

University level
Informal educational
venues

Country
Belgium, Canada, England, India, Ireland,
New Zealand, Scotland, South Africa
South Korea, The Netherlands, US
Australia, Belgium, Canada, China, England,
India, Japan, Scotland, South Africa, Taiwan,
US
Canada, China, England, Israel, Scotland,
South Africa, Taiwan, The Netherlands, US
Canada, China, England, India, New
Zealand, Scotland, South Africa, US
England, Ireland, New Zealand, Scotland, US
Australia, Belgium, Canada, England,
Ireland, The Netherlands, South Africa,
South Korea, Taiwan, US
China, India, Israel, Japan, New Zealand,
Scotland
England, India, Scotland, South Africa,
South Korea, The Netherlands
Canada, China, Israel
Taiwan
US
Australia, Canada, China, England, India,
Ireland, Israel, Scotland, South Africa,
South Korea, Taiwan, The Netherlands, US
Australia, Canada, England, Ireland, Scotland
South Africa, US
China, England, Ireland, Japan, Scotland,
South Korea, US

Discussion
It appears that the driving forces for STEM educational reform have come from the decline of college
graduates with degrees in science, mathematics, engineering, and technology majors. These declines
have worried industry and government bodies, and thus they have caused politicians to place pressures
on government agencies and universities to increase STEM graduate output. In many countries,
government funding has resulted in scholarships for students to study within STEM majors and has
provided funding to create new faculty positions and STEM centers at universities.
Another driving force for STEM focused educational reform is to improve K-12 student test results on
mathematics and science assessments (both national and international performances). PISA test scores
show that many youngsters in developed nations are not scoring well on these international
assessments. Again, because of political pressures, ministries and departments of education are
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reviewing the curriculum and instructional practices trying to improve student learning in STEM
subjects.
An area of concern regarding STEM education is what, by definition, it means and what curriculum
reforms will be used to guide these beliefs. With the variations of interpretations of meaning held by
individuals and nations, STEM means different things in different places. Countries will use what they
believe will be advantageous for their students’ performances and national economic reforms.
Depending on the meaning that a country holds for STEM (improved learning in the stand-alone
STEM subjects, integrative STEM content programs, or singular foci on science and mathematics) will
determine the level of involvement in these reform practices. Many in the technology education school
subject believe that technology education content and activities can be the integrator for STEM
knowledge and learning. Technology education believes that the hands-on and project-based practices
used in its instructional practices could aid learners in better understanding complex analytical
concepts associated with STEM knowledge. The world community for technology education will need
to participate within their individual countries to make its knowledge and practices included within
their STEM reforms.
Overall, will STEM educational reforms increase student academic performances in science,
technology, engineering, and mathematics and thus increase career interests in these areas? Many of
the STEM reform actions focus solely on science and mathematics school subjects. Individual
aptitudes and interests usually influence the selection of educational and career choices. Many STEM
programs do not take advantage of real world problem solving activities that technology education
bases their educational practices. If STEM reform lacks the practical activities found in technology
education, will countries succeed in changing student’s attitudes about STEM subjects and student
academic performances in these areas?
Only time will show if the educational community continues to explore STEM reforms that have
gained focus because of politician, government, business, and educator interest in changing how
science, technology, engineering, and mathematics education is delivered during schooling. For
technology education to be a part of a country’s STEM practices, technology education teachers,
administrators, and teacher educators need to be involved in the discussions of what STEM should
become. If technology education leaders fail to participate in these discusses or show willingness to
participate in the development of these practices, our content area will fail to be the great knowledge
integrator for STEM educational reform.
Summary
Much has been learned through this international study on STEM educational reform. Technology
education leaders from sixteen countries believe our school subject is active in their countries and they
are attempting to have technology education become a part of STEM reform. Although politicians,
government agencies, business leaders, and others have suggested that reforms need to take place in
K-12 and university education science, technology, engineering, and mathematics, technology
educators have taken on STEM reform as a problem that needs our subject’s participation, knowledge,
and ways of teaching to find good solutions to these educational problems. A finding of this study has
shown that not all STEM reform involves technology education. Our profession has to determine if
STEM practices will continue within individual countries and determine if and how technology
education will be a part of this reform. Overall, much still needs to be done to improve the education
of young learners in science, technology, engineering, and mathematics.
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Increasing Students‘ Affinity to Technology
The Teaching Model EXRETU – Explicit, Reflective Technology Education
Anni Heitzmann, Karin Güdel, Pädagogische Hochschule FHNW, Switserland
Introduction
In this paper a school development and research project is presented that took place from 2010 until
2013 in North Western Switzerland. Looking for possibilities to increase the affinity of secondary
school students towards technology was one goal of the study. Therefore the teaching model “EXRETU” (Explicit, Reflective, Technology Education) was designed and a special teaching sequence of
technology education following the model was carried out with 480 students of 7th and 8th grade. Following the design of a classical intervention setting with a pre-, post- and follow-up questionnaire, the
effects of this teaching sequence were determined and the following parameters investigated: the interest in technology, the students’ conceptions of technology, their perceived self-efficacy, the beliefs of
gender roles and students’ considerations about future vocational choices. In this paper some selected
results on students’ conceptions of technology and students’ affinity for technology shall be presented.
Technology Teaching in Public Schools in Switzerland and the new Curriculum 21
Together with the fact that in Western countries there is an increasing lack of engineers and technologically educated people, diverse attempts have been made in Switzerland in recent years to augment the
interest of young people in technology. A careful look at schools reveals the fact that technology is not
anchored in the curriculum and there is no systematical build-up of technological competencies in
public schools. Of course there are some teachers who show a special interest in this field and their
students learn about technology, but most kids are confronted with technology only in informal contexts like random special public events, exhibitions or initiatives by the parents. In Swiss schools, students have the opportunity to learn about technology either within the context of science subjects
(where technology is presented as applied physics, chemistry, biology) or within the craft subjects
(technical craft or textile craft), but these subjects are not compulsory for everybody.
A serious attempt to change this situation is the new curriculum reform HarmoS and Lehrplan 21
(Curriculum 21). With HarmoS the first time standards were formulated giving a framework for a
curriculum in science, mathematics and languages trying to unify the different curriculums of the 21
German- speaking cantons. (A similar attempt was made for the French- and Italian-speaking cantons.)
Based on these standards from 2009 until 2013 a new Curriculum (called ‘Lehrplan 21’) was constructed. It is presently going through the political approval process and will be revised this fall before
being introduced in 2016.
Concerning technology education there are a few important points to be mentioned about this new
curriculum:
- The compulsory school time is grouped in three cycles: 4–8 years old, 9–12 years old and 12–15
years old. Preschool will be compulsory under this new regimen. Recent research findings emphasize
on the importance of this early age for development of interest towards science and technology.
- After each cycle, national tests give data to monitor achievement of competence based standards,
among them also standards for scientific and technological competencies.
- Technology Education will be anchored in the curriculum beginning in preschool in the subject areas
of ‘nature-man-society’ and ‘textile and technical design’ leading to the subject areas in the third cycle
with ‘nature and technology’. The standards in these subject areas name explicit goals and learning
opportunities.
It is the hope that applied technological proficiency will improve, but there is a long way to go. Teaching material and teaching models have to be developed and teacher education will need to be revised.
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The teaching model EXRETU, which is presented in the following section, is one of these attempts.

Characteristics of the teaching model EXRETU (Explicit, Reflective Technology teaching Education)
The idea for the teaching model EXRETU started out by putting together research findings of educational psychology with the characteristics of scientific and technological problem-solving. The so
called key competencies in a socio-constructivist learning environment are similar to the competencies
engineers need for solving problems in a specific practical context; for example, constructing and
building technical tools or artifacts. In both situations problem-solving approaches have to be undertaken, wherein a rather open situation is explored by inquiry, social interactions and teamwork. These
are important strategies for finding solutions and creating a specific orientation to the related context.
The following characteristic features of the EXRETU teaching model were designed with the goal of
promoting a deeper understanding and an appropriate use of technology as well as critical reflection of
it:
1. Problem orientation in a complex practical field. Students act as ‘engineers’ finding solutions to real problems.
2. Experiencing and doing technology. Constructing, producing and optimizing technical objects or processes.
3. Explicitness. Talking about technology and technological processes; talking about the meaning of technological concepts; explaining technological processes step by step.
4. Metacognition and Reflection. Reflecting about working steps and strategies; reflecting critically about the products or effects; reflecting the learning and problem-solving processes.
These features had to be realized in a practical teaching model that could be applied to different thematic topics. Therefore six basic units were identified and standardized with a framework for the implementation in the schools (cf. figure 1). The core activity and main unit (unit 4) is designing, planning, constructing or producing a tool or an artifact meeting predefined criteria. In doing so technology has to be explored (unit 1), specific skills have to be developed (unit 2), problem solving strategies
have to be followed (unit 3), the product or technological processes have to be evaluated (unit 5) and
the product or construction process has to be communicated (unit 6). For the intervention study three
topics were chosen together with the teachers:
- Designing, planning and constructing a functioning lamp/light
- Designing, planning and constructing a futuristic vehicle with recycling material such as PET bottles
or old CD disks
- Designing and producing a piece of chocolate to given specifications by making a form using vacuum deep-drawing methodology and producing an appropriate chocolate mass.
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Fig. 1: Standardizing the teaching model EXRETU – Explicit, Reflective Technology Teaching with
six teaching units.
Methodology and General Study Design
Within the framework of the SNF-Project (Swiss National Science Resarch Foundation) EXRETU
there are two parts:
Part 1: The project of school development to create a program to expand use of technology in schools
and to put it into general practice. This involved also teacher training.
Part 2: Investigation of the main research questions such as students’ affinity to technology and students’ conceptions of technology with an online questionnaire. (Another research question was studying the effects of the intervention on the gain of technological competencies by analyzing the answers
in the students’ competency tasks prior to and after the intervention. This study cannot be presented in
this paper).
The implementation of the model of EXRETU in schools was accompanied by the design of a classical intervention study with an experimental and control group design in order to gather quantitative
and qualitative research data (see Fig 2).

Fig. 2: Experimental and control group design of the intervention study: WB: Teacher education; F1
and F2 Pre- and Posttest with questionnaire and competency task tests (K1 and K2); Intervention with
30 lessons of technology education according to the EXRETU model; Int: Interviews with students
and teachers; F3: Follow-up questionnaire (in 2012)

Results I: Student conception of technology
Students’ conceptions of technology might be an important factor influencing students’ attitudes toward technological professions or their affinity to technology. In addition, with the well-accepted idea
of the value of constructivist learning processes, it is important to know about these conceptions in
17

order to be able to find adequate teaching approaches to engage the students in learning about technology.
In the online questionnaire the students had to state an answer to the open question, “How would you
explain what technology is?” The answers to the sample (a total of 375 students, experimental group n
= 200, 53 % female and 47% male) were analysed by the method of qualitative content analysis by
Mayring (2000) using the software MAXQDA building categories. The categories were formed on one
side inductively with the student answers directly and on the other side matched deductively with current definitions of technology (Ropohl, 2009).
The findings show that the following six categories represent the main aspects of the students’ conceptions of technology:
1. Technical objects (artifacts)/ technical systems: Students name a concrete tool, a technical object
(artifact) or a technical system to explain the term ‘technology’.
“Technology are electronic devices, e.g. a computer“; “Technology is a motor”.
2. Function and functional processes: Students name the interaction of elements in a technical or
physical system pointing out that this interaction attributes to the functioning of the system.
“Technology makes that something works“; “Technology is the moving of wheels”.
3. Production: Students term either the process of production or the product itself as an important
feature of technology.
“Technology is the invention of objects“; “Technology is making, building something”.
4. Actions (technical actions, skills, strategies): Students name the technical activity itself or the
know-how to do so or they relate it to strategies to explain the term technology.
“Technology is to solder”; “Technology is knowing how to connect cables”; “Technology is another
word for strategy, e.g. a precise football technique or a skill”.
5. Application: Focus on benefits or harms
“Technology is something that makes life easier“.
6. General, rather vague descriptions often attributed by a value.
„Technology is something beautiful.“
Looking at the distribution of the answers in the different categories, one clearly sees that most students have rather vague conceptions about technology. Simple descriptions are often associated with a
value, e.g. “technology is complicated”; they dominate the answers. If the students have more precise
conceptions they are thinking of technical systems or technical objects. They also quite often associate
technology with positive or negative effects or with actions, skills or strategies, while only a few of the
explanations focus on technological production of goods or functional processes of technology which
for engineers are predominant.
Between girls and boys interesting differences can be found, cf. table 1.
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Table 1: Students’ conceptions of technology. Categories and subcategories. In red: girls > boys; in
green: boys>girls.
Boys are rather “function and product oriented.” They consider technology in a more specific way and
associate it often with technical actions. Girls, on the other hand, have rather general conceptions, they
show an orientation toward processes and useful applications and associate with technology competencies, skills and strategies.
Comparing the statements before and after the technology teaching unit, we can see that after the
EXRETU-Teaching students have expanded their conceptions, they see technology more as technical
action, skill or strategy and focus more on beneficial aspects. This is probably due to their own experiences in producing a technological product.
From this study we can conclude that there is a great variation in students’ conceptions of technology.
Most of the students have not had very precise and elaborate conceptions of technology and circumscribe the term technology with loose associations. The finding that students relate technology mostly
to artifacts, technical objects or technical systems and not to function or production could be explained
by the fact that students have not had much opportunity to experience technical functions or see how
technical products are built in today’s world. Concerning the effects of EXRETU-lessons, we can find
19

that after participating in technology teaching units, significantly more students in the experimental
group see technology as technical action or technical skill or associate it with developing strategies.
This leads us to believe that some of the typical activities of the EXRETU-teaching model like developing problem-solving strategies and doing technology are broadening the students’ understanding of
the term.
Results II: Affinity for technology
This study was the main part of the Swiss National Science Foundation research project EXRETU ‘Explicit, Reflective Technology Education’ and was undertaken by Ms. Karin Güdel within her PhD
thesis.
The term ‘Affinity for Technology’ is used for the collection of attitudes, individual interest, selfefficacy and career aspirations in the field of technology following theoretical models of these psychological constructs elaborated by Bandura (1997), Herzog (2006), Krapp & Prenzel (2011) and Todt
(2010), cf. Fig. 3.

Fig. 3: Situating ‘Affinity for Technology’ in the person-technology relationship. Theoretical construction after Krapp & Prenzel (2011).
The following research questions were considered:
Q1: What specific interest, self-efficacy and career aspiration in technology do young people at lower
secondary school level have?
Q2: How do students perceive this new approach of technology education?
Q3: How does technology education influence interest, self-efficacy and career aspirations?
As mentioned above, the main research instrument was a written survey with three measuring points,
cf. Fig. 2. In addition the quantitative data were completed by qualitative data from guided interviews
and the analysis of students’ documents such as working journals.
Concerning the effects of the intervention with EXRETU technology education, we found a very positive response of the students to the teaching model. More than 75 percent of the students did like the
technology teaching. There was no difference in the positive answers between boys and girls and no
differences between different academic school levels. We did find differences between the assigned
three activities (chocolate, light/lamp,light-vehicle), but we cannot tell what they were caused by. The
qualitative data indicate a strong influence by the teacher’s personality.
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Further our findings show that most students of 7th and 8th grade have a more positive attitude towards
technology (mean = 3.2 in a scale of one to four) than they have an interest in dealing with technology
in specific contexts, topics and activities (mean = 2.6-2.7). The interest in working in specific fields of
application of technology is even smaller (mean = 2.1). Thus we find a decrease from a general to a
very specific interest in technology.
Investigating the interest in technical activities that relate to a design and construction processes, interesting differences show up, cf. Fig. 4.

Fig. 4: Interest in activities of design and production processes.
The highest interest can be found in the creative activity of ‘inventing, developing and building’ while
the interest in the cognitive activity like ‘understanding and evaluating’ is significantly lower. In addition, significant differences between males and females can be found in most categories, except the
categories of ‘planning and designing’ and ‘design processes within the context of sustainability’.
Here the girls show the same interest, cf. Fig. 4.
Similar gender differences show up looking at the perceived self-efficacy in technical tasks, cf. Fig. 5.
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Fig. 5: Gender Differences in the perceived self-efficacy in technical tasks. N = 480. Effect size: Cohen’s d.
The perceived self-efficacy of girls is lower in most technical activities than the boys’ self-efficacy,
especially in “using and repairing.” In this area, girls don’t feel confident. However in “planning and
designing” the girls show the same self-efficacy as the boys and that is the activity the girls show most
interest in (cf. Fig. 4). Thus the correlations between the activity-scales of interest and self-efficacy are
great.
Not all girls have a low self-efficacy concerning technical activities and all boys show a strong technical interest. That’s why we had a closer look at the specific gender role orientation. And we could
show an interesting connection between rather traditional gender role orientations versus rather open
orientations. Girls with open gender role orientations have a higher self-efficacy in technical tasks,
show more interest in technology regarding future jobs and show more specific and general interest in
technology, while the opposite could be found for boys, cf. Fig. 6.

Fig. 6: Influence of the gender role orientation on attitudes, interest and self-efficacy towards technology. R = correlation coefficient (Spearmans rho).
These findings show that there is no such thing as “THE” affinity for technology. One has to look at
different aspects of technology (topics, activities, contexts) and at different aspects of the construct of
affinity (attitude, interest, self-efficacy) to draw conclusions. We can say that the general interest of
the students is higher than specific interest, which seems logical with the kids usually not having had
technical experiences in specific contexts. We find big differences between the different subgroups;
sex and gender role orientation seem to be important factors. There are other factors that seem to be
important for raising the affinity to technology. For example, students of the lowest academic level
responded better to the intervention. This might be due to the practical approach of doing technology.
Also, girls responded better, perhaps because during the intervention cooperative learning and creativity were given a special focus. And we also found better responses within the classes with a good classroom climate where the “basic needs” (autonomy, experience of competency and social involvement)
were fulfilled (Decy & Ryan (1993), cf. Fig. 7.
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Fig. 7: Multiple factors are influencing the affinity to technology. Factors in red are those that can be
easily controlled in the classroom.
General Conclusions
We can conclude from these studies that to augment students’ affinity to technology the following
factors have to be considered:






By offering technological activities for students, it is possible to evoke girls’ and boys’ situational interest in technology. The practical, engineering based approach of the EXRETU –
teaching model has proven to be useful for that, especially also for different academic levels.
Interest in technology and self-efficacy are strongly interdependent. School has to provide the
possibility of multiple experiences with technology.
Considering the different interests of girls and boys, appropriate fields and practical approaches must be chosen. Girls can be motivated by designing and planning processes.
To get more girls interested in technology, it is important to build up their feelings of selfefficacy and their gender role consciousness towards a rather open gender role.
Students do not have very elaborate conceptions of technology. An interaction with manifold
aspects of technology and ‘doing technology’ with practical works allows students to broaden
their concepts. A special focus has to be given to processes that involve production and function.

From our experiences during the preparatory in-service courses with teachers, we can say that it is
not only the students who need more self confidence, but the teachers too. Most teachers are not
prepared for technology education, so there is also a need to offer examples, knowledge and the
possibility to gain experience in this field. In this sense we consider the teaching model EXRETU
as a first step to a possible teacher education too.
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Preliminary Analysis of Ph.D. Perceptions of Technology Education
Professions
Gene Martin, Texas State University, USA
John Ritz, Old Dominion University, USA
Introduction
The vibrancy of professional organizations in the US has declined (Martin, 2007). Some attribute these
declines to the economic downturns caused by 9/11 and the 2008 recession, while others pinpoint the
declines to societal changes where individual and family relationships rank above work-related
responsibilities (Half, 2014). Careers linked to professional organizations were once viewed as
avenues for career development where participation and serving in leadership roles could assist with
career advancements. This was particularly true for higher education faculty, where state and national
service was an important factor leading to promotion in rank. However, the academy has placed
increasingly higher worth on securing research funding and publications than it does upon association
service roles at research universities.
The root causes to the decline of faculty participation in professional organizations are complex and
many. One effect might be how one is mentored in their preparation to becoming a faculty member
(Paglis, Green, & Talya, 2006). If doctoral students observe and discuss the university work
environment, and follow the career development of their faculty mentors, they see and hear what is
judged as important in the academy. Teaching and research are weighted more heavily when one seeks
tenure and promotion at research universities.
This background led the researchers to study what doctoral students, those who have graduated with
degrees in the past five years and those who are currently enrolled in doctoral preparation, believe will
occur in the future in K-12 technology and/or engineering education programs and the technology
and/or engineering education professions that represent this school subject.
Research Problem
This study seeks to identify and provide a better understanding of the perspectives of newly graduated
doctoral students, and those currently seeking the doctoral degree, on the future of the K-12 school
subject of technology and engineering education and the professions that aid in guiding practice. It
was guided by the following research objectives:
RQ1: What are doctoral students/graduates opinions concerning the focus of content to be
learned in K-12 technology and engineering education?
RQ2: How do these scholars believe technology and engineering teachers will be prepared in
the near future?
RQ3: What is the commitment level of these scholars to their technology and engineering
teaching professions?
RQ4: What do these populations expect to occur in the future to the technology and
engineering teaching professions?
Review of Literature
The preparation of future faculty involves learning through classroom and research experiences.
Individuals that they come into contact as students or early in their careers as they enter their
professions influence their professional development. Many times they learn from others’ points of
view when they are exposed to new ideas, through reading professional publications, attending
professional development meetings, interacting with fellow students, and/or being exposed to others
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who work outside their field of technology and engineering education, that often affect their
philosophies as they settle into a career pathway (Austin, 2002).
University faculties perform a major role in the development of new education doctors (Blackburn &
Lawrence, 1995). These are the people who students have focused contact with as they learn the
knowledge of their subject and how best to teach and assess this content. Faculty aid students in
developing their philosophy through the knowledge they share and the emphasis they place on it and
how it should be transferred to learners through technology and engineering education. Graduate
students also learn the importance of research from these and other faculty. The background and
values of faculty often determines what doctoral students learn and how they should prepare for their
professional life. In a doctoral student’s academic preparation, do faculties stress the importance of
publishing and presenting at professional conferences? Do faculties stress the importance of joining
and being active contributing members in professional organizations (Anderson, 2011)? Is the future
of the profession discussed and is the leadership role that new doctoral students should seek in
professional organizations explained? These are some of the many interactions and philosophical
points that may lead graduate students in selecting their future professional directions.
In education, professional communities, as represented through professional organizations, exist and
they aid in developing knowledge structures related to their professions and making recommendations
on how this knowledge should be taught to others. Professional communities
serve to shape knowledge practices and strategies in certain ways, by providing a referential
context within which practitioners relate to knowledge and engage in professional conduct. In
this way they are also constitutive of the knower. Practitioners are shaped, and learn to see the
world, through the qualities and lenses of their knowledge culture, and its technical and social
arrangements form the basis for introducing newcomers to the professional domain. (Jansen,
Lahn, & Nerland, 2012, p. 26)
University faculty and members of professional associations are influential in the development of
philosophical views of those who participate in professional communities (Blackburn & Lawrence,
1995). In the US there are few select research universities that provide doctoral education in the study
of technology and/or engineering education. There are also few professional associations to guide
practices in these professions. The researchers were interested in uncovering the perceptions of new
doctoral graduates and currently enrolled students’ views on the future of technology and/or
engineering education and the role they may take in guiding the professions into the future.
Research Design
The researchers utilized the survey method as the research design for their two separate and
individually administered studies. Clark and Creswell (2010) described survey research designs as
procedures “for administering a survey or questionnaire to a small group of people (called the sample)
in order to identify trends in attitudes, opinions, behaviors, or characteristics of a large group of people
(called the population)” (p. 175). Gall, Gall, and Borg (2010) referred to survey research as a
“systematic collection of data about participants” (p. 212) while using “standardized measures” (p.
212) (e.g., questionnaires and interviews). Mertler and Charles (2011) stated that a “cross-sectional
survey collects data across different segments of the population at a particular time” (p. 113), while
Creswell (2012) noted the advantage of cross-sectional survey designs is they have the “advantage of
measuring current attitudes or practices” (p. 377).
Procedure
Using electronic survey delivery systems, the researchers administered a structured 12-question
survey, which included additional demographic questions. The first survey was administered in
October 2012, while the second survey was administered in October 2013. In the letter of invitation to
participate, the researchers assured the invitees that their participation was (a) “voluntary,” (b) “their
response to each question will be aggregated with the responses from all of the participants,” (c) “no
one individual’s responses will be identifiable by name of the individual, so there is minimal risk to
you in participating,” and (d) “there are also no direct benefits to you for participating in this study.”
When invitees responded with their expressed interest to participate in the study, they were sent a URL
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to complete the survey. A total of 33 invitees participated in the first study. The second study had a
total of 34 participants.
The researchers made several assumptions prior to commencing their study. First, the invited
participants were capable of identifying the focus of content to be learned in K-12 technology and/or
engineering education? Second, they were capable of identifying the way technology and/or
engineering teachers will be prepared in the near future. Third, they were capable of expressing their
commitment level to their technology and engineering teaching professions. And fourth, they were
capable of identifying what they believe will occur in the future to the technology and/or engineering
teaching professions? (For purposes of this study, “future” was identified as the year 2025.)
Findings
The sample size for the first study was N = 33. This group consisted of (a) recent graduates in
technology and/or engineering education that had completed their doctoral degrees within the past five
years (the authors shall refer to this sample as Group A). The sample size for the second study was N =
34. This group consisted of (b) graduate students who are currently pursuing their doctoral degrees in
technology education/engineering education (the authors shall refer to this sample as Group B). Lead
professors at their universities nominated participants in both studies. Participating institutions for
Group A were Colorado State University, North Carolina State University, Old Dominion University,
The Ohio State University, The University of Georgia, Utah State University, and Virginia
Polytechnic Institute and State University. Participating institutions in Group B were North Carolina
State University, Old Dominion University, The University of Georgia, Utah State University, and
Virginia Polytechnic Institute and State University.
Data were collected and analyzed from participants’ responses to a 12-question survey. The following
narrative reports data in frequencies and percentages from selected survey questions. At this time, no
attempt has been made to determine if statistically significant differences exist between responses of
Group A and Group B to selected survey questions. The reported data are aligned to the same
categories used in the survey – Part 1, Part 2, and Part 3. Data reported in Part 1 focus on Research
Question 1, while data reported in Part 2 focus on Research Questions 2, 3, and 4 of the study. Part 3
includes demographic data.
Part 1
Part 1 of the survey contained questions that focused exclusively on Research Question 1. In one
question, the participants were instructed to identify what should be the focus of content taught in
formalized kindergarten (primary) through high school (secondary) technology and/or engineering
education programs. In addition, the participants were instructed to “select all that apply” from a menu
containing five choices: (a) technological literacy, (b) workforce education, (c) design
technology/engineering design, (d) STEM integration, and (e) “other”. Group A’s response to this
question revealed that technological literacy (n = 25; 73.5%) and STEM integration (n = 24; 70.6%)
were the most often selected foci for content in technology and engineering education. This group
also gave attention to design technology/engineering design (n = 20; 58.8%) and to a lesser extent,
workforce education (n = 14; 41.2%). A review of Group B’s response to this question revealed that
STEM integration was selected most often (n = 27; 79.4%), followed by design
technology/engineering design (n = 23; 67.6%), and technological literacy (n = 21; 61.8%). In
addition, workforce education was selected nine times (26.5%). No Group A or Group B participant
selected “other” as their preferred choice.
A preliminary analysis of Group A and Group B responses to what should be the focus of content
taught in a formalized kindergarten (primary) through high school (secondary) technology and/or
engineering education programs indicates that both groups give attention to the importance of
technological literacy, STEM integration, and design technology/engineering design. However, a
further analysis also reveals the differences in the importance they consider the focus of content of
these three areas. Group A gives equal importance to technological literacy (n = 25; 73.5%) and
STEM integration (n = 24; 70.6%). Group B clearly believes the content focus should be on STEM
integration (n = 27; 79.4%). Both groups recognize the importance of workforce education, but there
appears to be a clear distinction of its importance between participants who already have been awarded
the doctorate (Group A) and those who are currently pursuing the doctorate (Group B). See Table 1.
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A second survey question also focused on Research Question 1. Identifying the primary audience of a
formalized instructional program in technology and/or engineering education has been debated within
the US profession for decades. Data collected from the participants in Group A and Group B indicated
the debate would continue. The survey question instructed participants to identify the primary
audience for a formalized instructional program in technology and/or engineering education. In
addition, participants were instructed to “select only one” possible primary audience from the
following list: (a) elementary aged/primary grade students, (b) middle grades (6-8) aged students, (c)
high school students, (d) secondary students (middle grades and high school), (e) post-secondary
students, and (f) “all of the above identified populations”.
The majority of the participants in Group A believe the primary audience is inclusive of all the
elementary through postsecondary grades as the choice of “all of the populations” (n = 18; 53.9%) had
the highest frequency response rate. Similarly, the majority of the participants in Group B clearly
believes the primary audience is inclusive of all the elementary through postsecondary grades (n = 20;
58.8%). Within Group A, however, a number of participants (n = 16; 47.1%) believe the primary
audience for a formalized instructional program should be directed at very specific grades levels. In
fact, these participants do not concur that the primary audience is “all the above populations” but
should be elementary school students (n = 1; 2.9%), middle grade students (n = 2; 5.9%), high school
students (n =3; 8.8%), and secondary school students (n = 10; 29.4%). No participant within Group A
thought the primary audience should be postsecondary students. Several Group B participants (n = 14;
41.2%) believe the primary audience for the instructional program should be directed at specific
grades and not be inclusive of the total grade spectrum. Data collected from the participants who
believe the primary audience of the instructional program should not be “all the above populations”
indicated the audience should be elementary students (n = 1; 2.9%); middle grade students (n = 5;
14.7%), high school students (n = 1; 2.9%), secondary students (n = 6; 17.8%), and postsecondary
students (n = 1; 2.9%). It is clear that participants in Group A and Group B who selected specific
grades as the primary audience of the instructional program gave little credence to the value of
offering the instructional program to an audience that includes only elementary students, high school
students, and postsecondary students. It is also clear that there is some interest in the primary audience
being directed only to secondary students (middle grades and high school) but the majority of
participants in Group A and Group B believe the primary audience is “all of the above populations”.
The primary audience debate that started in the US decades ago may continue for several more
decades. See Table 1.
Table 1
Content Focus for Technology and Engineering Education
Group A
Number
Percentage
Content

Primary
Audience

Group B
Number
Percentage

Technological
Literacy
STEM Integration
Design
Technology/
Engineering Design
Workforce
Education

25

73.5

21

61.8

24
20

70.6
58.8

27
23

79.4
67.6

14

41.2

9

26.5

All Populations

18

53.9

20

58.8

Elementary/Primary
Grades
Middle School
Grades
High School
Grades

1

02.9

1

02.9

2

05.9

5

14.7

3

08.8

1

02.9
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Secondary School
Grades
Post-Secondary
Students

10

29.4

6

17.8

0

00.0

1

02.9

Part 2
The next question to be explored focused on Research Question 2. The profession has a long history of
investing human and financial resources in professional development, although the service providers
of professional development have undergone significant changes over the past few decades. The
researchers sought to determine whom the participants thought would be providing professional
development for technology and/or engineering educators (classroom teachers, supervisors/
administrators, teacher educators). The participants were provided several different professional
development providers from which to choose and they were instructed to select “all that apply” where
appropriate. The professional development providers were (a) national/regional/district supervisors,
(b) commercial vendors, (c) professional associations, (d) teacher education institutions, (e) distance
learning providers, and (f) other. Group A’s participants to this question included 33 invitees and all
34 invitees in Group B responded to this question.
Group A believes that teacher education institutions will continue to play a major role in providing
professional development (n = 23; 69.7%), followed by national/regional/district supervisors (n = 17;
51.5%) and state professional associations (n = 15; 45.5%). Data from Group B show similar results as
teacher education institutions are recognized as the prime professional development providers (n = 26;
76.5%), followed by professional associations (n = 67.6%) and national/regional/district supervisors (n
= 17; 50%). With the declining number of teacher education institutions in the US, it will be a
challenge for those remaining teacher education institutions to fulfill the professional development
needs of this population of educators. A clear difference exists in the role members of Group A and
Group B sees in distance learning providers in professional development. Less than half of Group A’s
participants (n = 11; 33.3%) see distance learning providers providing a key role in professional
development while more than half of Group B’s participants (n = 18; 53%) see a key role for distance
learning providers. Commercial vendors were not viewed as significant professional development
providers by Group A (n = 9; 27.3%) and Group B (n = 10; 29.4%). Interestingly, however,
commercial vendors have a very important presence at the conferences of organizations where they
host professional development activities on the convention floor and in special pullout workshops.
Another question in the survey focused on addressing Research Question 3. A challenge to all
professionals is making a commitment to extend the body of knowledge in their discipline. The
researchers attempted to determine the participants’ level of involvement by seeking to know their
plans to publish in scholarly professional journals. Specifically, the survey question provided several
possible choices and the participants were instructed to “select all that apply”. The choices were (a)
Technology and Engineering Teacher, (b) Journal of Technology Education, (c) Journal of
Technological Studies, (d) International Journal for Technology and Design Education, (e)
Australasian Journal for Technology Education, (f) Design and Technology Education: An
International Journal, and (g) Prism Magazine/Journal of Engineering Education. (Since the survey
for Group B was also designed for an international audience, the Design and Technology Education:
An International Journal was not included in the choices for Group A.) The two journals that received
the highest response rate from the participants in Group A were Technology and Engineering Teacher
(n = 22; 73.3%) and Journal of Technology Education (n = 26; 86.7%). Group B participants share a
similar interest as Group A as they also selected the Technology and Engineering Teacher (n = 27;
79.4%) and Journal of Technology Education (n = 27; 79.4%) as publications they plan to submit
manuscripts to for publication. One of the international journals, International Journal for Technology
and Design Education, received attention from Group A (n = 12; 40.0%) and Group B (n = 11;
32.4%).
The final survey question covered in this paper addresses Research Question 4. The researchers sought
to determine the participants’ best projection for what the profession would look like in 2025.
Participants were instructed to select “only one of the following” statements: (a) the profession will
look very similar to what it looks like today, (b) the profession as we know it today will be integrated
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in a STEM organization, (c) the profession will be integrated into the science profession, and (d)
technology and engineering education will disappear as a teaching profession. Collected data revealed
some rather dramatic differences of opinion between the responses of Group A and Group B. Group A
(n = 13; 39.4%) believes that by 2025 the profession will be integrated into a STEM organization,
while Group B (n = 30; 88.2%) believes that the profession will be integrated in a STEM organization.
Another dramatic difference appears in their views of the profession remaining similar to what it is
today. Group A (n = 10; 30.3%) believes it will be a vibrant profession with a core of members who
are able to sustain it while Group B (n = 2; 5.9%) does not appear to share this optimism. Less than
6% of the Group B respondents believe that by 2025 the profession will be very similar to what it is
today. Will the profession disappear by 2025? Only four respondents (12.1%) in Group A believed it
would disappear and one respondent (2.9%) in Group B believed it would disappear.
Part 3
There were 33 participants in the first study and 34 participants in the second study. Each study was
administered separately and one year apart. Group A consisted of individuals who had been awarded
the doctoral degree within the past five years and Group B consisted of currently enrolled doctoral
students. Gender of Group A was 21.2% female and 78.8% male. Gender of Group B was 47.1%
female and 52.9% male. Group A’s participants were predominately in the 31-40 age range (48.5%)
and Group B’s was also dominated by this same age range with 29.4% participants. Interestingly,
however, the age range of Group B was more evenly distributed than Group A with 20-30 years (n =
8; 23.5%), 41-50 years (n = 8; 23.5%), and 51-60 years (n = 8; 23.5%). When instructed to identify
their primary area of professional interest, participants in both Group A (n = 16; 48.5%) and Group B
(n = 15; 44.1%) indicated postsecondary. Finally, when instructed to identify their current position, the
primary position of Group A participants was teacher educator (n = 15; 57.7%) and the primary
position of Group B participants was classroom teacher (n = 14; 41.2%). See Table 2.
Table 2
Participant Demographics

Gender
Age

Group A
21.2%
78.8%
03.0%
48.5%
24.2%
21.2%
03.0%

Female
Male
20-30
31-40
41-50
51-60
61+

Group B
47.1%
52.9%
23.5%
29.4%
23.5%
23.5%
00.0%

Discussion and Conclusions
What did we learn when we sought the informed opinions of the most current new generation and the
next new generation of individuals who will lead our technology and/or engineering education school
programs? Do individuals in these two separate studies share common or uncommon interests and
perspectives on their profession? A preliminary analysis leads one to conclude that there are similar
but also some dissimilar responses between the two groups. First, Group A places great attention on
technological literacy and STEM integration as being the focus of content in formalized kindergarten
(primary) through high school (secondary) technology and/or engineering education programs. Group
B also gives great attention to STEM integration and design technology/engineering design and to a
lesser extent, technological literacy. Second, the primary audience for technology and/or engineering
education programs remains inconclusive. While participants in Group A and Group B believe the
primary audience consists of students enrolled in the elementary through postsecondary grades, there
are some respondents who believe the primary audience is high school students. Third, data collected
from Group A and Group B responses indicate that the participants view professional development as
a responsibility of the teacher education institutions. Fourth, participants in Group A and Group B
share common interests in publishing manuscripts in the Technology and Engineering Teacher and
Journal of Technology Education. Fifth, the most alarming differences between the responses recorded
from Group A and Group B may be found in their responses to what they see happening to the
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profession by the year 2025. While both groups believe the profession will be integrated into a STEM
organization, there is a dramatic difference in opinion from Group A (39.4%) to Group B (88.2%).
Furthermore, their views of the profession remaining similar to what it is today also differ. Group A
(30.3%) believes it will be a vibrant profession with a core of members who are able to sustain it,
while Group B (5.9%) does not appear to share this optimism.
Summary
This study sought to identify and provide a better understanding of the perspectives of newly
graduated and currently enrolled doctoral students on the future of the K-12 school subject of
technology and/or engineering education and the professions that aid in guiding practice.
Technological literacy, STEM integration, and design technology/engineering design were the
philosophical foci that guided both groups’ educational planning and practice. Each group differed in
their priority of these content foci. Both groups believed that technology and/or engineering education
should be delivered to student populations from primary school through higher education.
It was found that both groups believed teacher education faculty would be the main source of
professional development for primary through secondary technology and engineering teachers. This
topic should be further researched since the number of colleges for the preparation of these teachers is
declining. Most of the new Ph.D. believed they would publish in the Technology and Engineering
Teacher and the Journal of Technology Education. The participants thought publishing in these
journals would be their major contributions to their professional associations.
Finally, the participants of the two studies believed that technology and engineering professional
organizations would be integrated into science education by the year 2025. Again this response
worried the researchers. This trend needs to be further researched, probably through qualitative
research studies. If such changes occur, much change will need to happen in teacher education and
professional organizations that support the STEM subjects.
The researchers are currently involved with other international researchers to gather doctoral students’
perspectives from the European and Pacific Rim nations toward the future of these professions. Their
views will be reported and compared to determine if the world community of new technology and/or
engineering education Ph.D. students has similar or differing views of the future.
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Gaps between Teaching and Learning in Taiwan1
Kuen-Yi Lin, National Taiwan Normal University, Taiwan
1.

Introduction

To cultivate exceptional talent and strengthen national competitiveness, numerous countries
emphasized curriculum reform. However, curriculum reform is frequently focused on the
curriculum-development stage, overlooking considerations of curriculum implementation, which has
led to reform failure (Tong, 2010; Virgilio & Virgilio, 2001). In view of this, curriculum reform does
not merely consist of planning an appealing blueprint. In addition, executors must build good
conditions for implementation to enable the blueprints to be implemented within schools (Ou, 2000).
From the perspective of curriculum implementation, numerous scholars have asserted that
curriculum reform should take account of the viewpoints of teachers and respond to the learning
requirements of students (Dole & Ponder, 1977; Tamir, 2004; Terwel, 2005). In this way, smooth
and successful curriculum reform can be ensured. In recent years, Taiwan has constantly promoted
curriculum reform to enhance the quality of its human resources (Lee, et al., 2011). However,
Taiwan has a particular cultural background. For example, the traditional imperial examination
system has persisted into today’s test culture. This test culture has played a crucial role in the
curriculum-reform process (Huang, 2012). Consequently, not all curriculum-reform proposals can be
implemented properly.
The implementation of Taiwan’s 9-year articulated curriculum began in 2002. Under this system,
traditional curriculum guidelines have been replaced by curriculum standards, and the original
national curriculum has been replaced by a school-based curriculum (Huang, 2012). Additionally,
the traditional method of planning curriculum by subject has been replaced by a focus on learning
areas. Therefore, technology, biology, physics, chemistry, and earth science have been integrated
into the learning area of science and living technology. Although the 9-year articulated curriculum
emphasizes integrated learning within learning areas, supporting measures have failed to respond in
time. For example, middle-school teachers continue to be trained by subject. Therefore, sites of
educational practice under the 9-year articulated curriculum reform have struggled to realize
integrated education. Because no single teacher is qualified for all subjects, numerous junior high
schools continue to use subject-based education methods to teach the learning area of science and
living technology. Technology education has been integrated within science and living technology.
Therefore, regardless of whether subject teaching or integrated teaching is adopted, since the
implementation of the 9-year articulated curriculum, many technology teachers have indicated that
the implementation of technology education within this plan is less than ideal (Zhang, 2009).
However, Taiwan has established as its primary developmental goal becoming a “green silicon
island.” Therefore, the cultivation of technology professionals is worthy of attention. If technology
education fails to be implemented thoroughly in junior high and elementary schools, Taiwan may
lack local technological and engineering talent in the future, similar to the United States (Stephens &
Richey, 2011).
The question of whether technology education can be implemented within the 9-year articulated
curriculum has sparked passionate arguments about current reforms of the 12-year national
education curriculum. This issue has been rekindled, and research is needed to elucidate the current
educational conditions and the gaps within the technology curriculum for Taiwan’s junior high
schools. In a study on the effectiveness of educational reform, Ni et al. (2011) analyzed students’
mathematical achievements before and after curriculum reform in China, and the results indicated
that students’ mathematical achievements did not change significantly following educational reform.
Furthermore, for the last measurement, the pre-reform students performed better in computations
than did the post-reform students. In addition to this research design, Weber and Custer (2005)
investigated the conditions and preferences of students in learning technology courses. The primary
factors in the study, curriculum contents, learning activities, and teaching methods, were
1
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investigated using questionnaire survey methods. Because the content of technology curriculum is
broad, learning activities are numerous, and teaching methods are diverse, the primary subject of
this study was therefore to examine how technology teachers, researchers, and policy makers
approach the teaching conditions and gaps in technology curriculum to plan the next stage of the
national curriculum.
In summary, to respond to the promotion of reform for the 12-year national educational curriculum,
survey methods and an importance–performance analysis (IPA) were used in this study to elucidate
the teaching conditions and gaps within Taiwan’s junior high school technology curriculum. This
study can facilitate increased emphasis on Taiwan’s technology curriculum within the reforms of the
12-year national educational curriculum while enabling an initiative among technology educators.
Furthermore, Taiwan’s curriculum reform can serve as a reference for other countries engaging in
curriculum reform. Based on the research background and motivation described above, this study
had the following three goals: (1) To investigate the educational conditions of junior high teachers
and students with regard to the curriculum content, learning activities, and teaching methods in
technology education; (2) To examine differences in the views on technology curriculum content,
learning activities, and teaching methods between junior high teachers and students; (3) To present
concrete suggestions for future curriculum reform based on the conditions and gaps described
above.
2.

Literature Review

Investigating conditions and preferences within technology education, Weber and Custer (2005)
divided technology education into three primary dimensions: curriculum content, learning activities,
and teaching methods. The present examination of the educational conditions and gaps within
Taiwan’s junior high technology education, these three dimensions were used when conducting the
literature review, and they provided a theoretical foundation for the survey tools developed in this
study.
2.1. Technology curriculum content
Within the curriculum guidelines for public junior high and elementary schools in the 9-year
articulated curriculum, competence indicators are used to specify the skills that should be learned by
students at various levels. In the area of science and living technology, the technology curriculum is
primarily responsible for the development of competence indicators for the fourth major item,
technological development, and the eighth major item, design and production. To ensure that junior
high school students can obtain these skills, the content of the junior high textbooks published by
various booksellers must be examined by experts in each field, who are invited by the Textbook
Development Center of the National Academy for Educational Research. This ensures that the
planned textbook content is appropriate to the competence indicators. To assess the learning content
of the junior high technology curriculum at the current stage, this study includes a content analysis
of the two textbooks with the largest market share: Kang Hsuan and Hanlin. A list of the learning
content in the six volumes of each textbook showed that Taiwan’s junior high technology curriculum
content includes the following nine learning content items: (1) the nature of technology; (2)
resolving technological problems; (3) creative design; (4) the meaning of communication and
information technology; (5) the meaning of manufacturing technology; (6) the meaning of
construction technology; (7) the meaning of energy and transportation technology; (8) the meaning
of biotechnology; and (9) the influence of technology (Kang Hsuan Educational Publishing Group
Editorial Department, 2009; Hanlin Publishing Co., Ltd., Editorial Board, 2010). Table 1 shows
descriptions of these nine items.
Table 1
Technology curriculum content
Learning Content
Description
The Nature of Technology
Understanding the evolution of technology and knowing the
relationship of technology with life, society, and culture.
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Resolving Technology
Problems

Mastering the steps and content of problem resolution and
cultivating the ability to resolve problems.

Creative Design

Understanding methods of inspiring creativity,
understanding the design process, and mastering the
application of these to daily life.

The Meaning of
Communication and
Information Technology

Understanding the meaning and evolution of
communication technology.

The Meaning of
Manufacturing Technology

Familiarization with tool operation and understanding the
unique characteristics and uses of materials.

The Meaning of
Construction Technology

Understanding building structure and the environmental
state of the student’s home.

The Meaning of Energy and
Transportation Technology

Knowing energy types and their changes and effects and
understanding the evolution of transportation tools.

The Meaning of
Biotechnology

Understanding the origins of biotechnology and
appreciating its relationship with life.

The Influence of Technology

Understanding that technology brings convenience but has
negative effects and attempting to use cumulative
knowledge to resolve these effects.
Data Sources: Kang Hsuan Educational Publishing Group Editorial Department, 2009; Hanlin
Publishing Co., Ltd., Editorial Board, 2010.

2.2. Technology learning activities
Weber and Custer (2005) divided technology learning activities into four categories: design,
construction, utilization, and assessment. Junior high students most preferred assessment activities
(M = 3.28, SD = 0.88 on a 5-point Likert-type scale), followed by design (M = 2.62, SD = 0.79),
construction (M = 2.60, SD = 0.79), and utilization (M = 2.59, SD = 0.76). To investigate the
teaching conditions within Taiwan’s junior high technology curriculum, the present study used a
content analysis of the two textbooks with the greatest market share: Kang Hsuan and Hanlin. The
learning content within the six volumes of each was listed, and the technology learning activities
included the following activity types: (1) implementation activities; (2) observation and discussion;
(3) data collection; and (4) games (Kang Hsuan Educational Publishing Group Editorial Department,
2009; Hanlin Publishing Co., Ltd., Editorial Board, 2010). Table 2 shows descriptions of these four
activity types.
Table 2
Technology learning activities
Activity Type
Description
Implementation
Problem-solving model activities, design and manufacturing activities,
instrument operation activities, and energy conversion application
activities.
Observation and
Discussion

Using observation methods to reexamine familiar objects and explore
unclear areas through discussion.

Data Collection

Performing data collection for unfamiliar items. Collection methods can
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include using network information, library inquiries, and exchanging
ideas with classmates.
Games

Using games to achieve learning goals in a relaxed and cheerful
environment.
Data Sources: Kang Hsuan Educational Publishing Group Editorial Department, 2009; Hanlin
Publishing Co., Ltd., Editorial Board, 2010.
2.3. Technology teaching methods
The predecessor of the technology curriculum was the industrial arts curriculum. Maley (1978) held
that the teaching methods for the implementation of this curriculum should include lectures,
demonstrational teaching, discussions, inquiry and discovery, group or organizational teaching,
modular approaches, and problem resolution. In the study by Weber and Custer (2005), technology
teaching methods were divided into 10 categories: projects, competitive activities, collaborative
activities, online learning, debate, stations in the computer lab, discussion, independent study,
lecture with discussion, and lecture alone. The two most popular of these among junior high schools
were doing projects and competitive activities. In Advanced Teaching Methods for the Technology
Classroom, Petrina (2007) noted 41 teaching methods commonly used in technology classrooms,
such as academic games or competitions, brainstorming, cooperative learning, debate, discovery or
inquiry, learning modules, and simulation. Additionally, in Teaching Methods and Materials in
Science and Technology by Jin, Wang, Huang, Wu, Xu, You, Lin, and Chen (2011), the teaching
methods introduced in the area of science and living technology included constructivist teaching,
inquiry-based teaching, problem resolution teaching, science–technology–society (STS),
argumentation, predict–observe–explain teaching, outdoor education, and science games.
In the present study, after reviewing the literature described above and considering the content of the
Kang Hsuan and Hanlin textbooks, nine common teaching methods were derived: (1) lecturing; (2)
demonstration; (3) discussions; (4) investigational teaching; (5) modular approaches; (6) problem
resolution; (7) games teaching; (8) interdisciplinary teaching; and (9) competition. Table 3 shows
descriptions of these nine teaching methods.
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Table 3
Technology teaching methods
Teaching Method
Description
Lecturing
Lecturing refers to teachers using narrative or lecturing methods to transfer the
knowledge within the teaching materials (Nie & Lau, 2010).
Demonstrational
Teaching

Demonstrational teaching refers to the learning process wherein learners observe
and emulate the behavioral demonstrations of a teacher and change their original
behavior (Niu, 1999).

Discussions

Discussion-based teaching refers to group members working together and
reaching educational goals through speaking, listening, and observing, with each
person using spoken, non-verbal, and listening methods to express their opinions
(Gall & Gillet, 1980).

Investigational
Teaching

Investigational teaching allows students to form groups and investigate problems,
collect and analyze data, and engage in discussions to form conclusions and
explanations (Xu, 2011).

Modular teaching

Modules refer to complete short-term units. These units can connect with other
units to complete larger tasks or achieve long-term goals (Warwick, 1987).

Problem-resolution Problem-resolution teaching is a teaching method centered on learners. Teachers
Teaching
no longer dominate the teaching experience, instead serving as facilitators who
guide students in considering and resolving problems (Flowers, 1998).
Game Teaching

Game teaching is a teaching method that transforms teaching activities into
games, allowing students to engage in meaningful learning within games and
challenging thinking activities (Kiili, 2005).

Interdisciplinary
Teaching

Interdisciplinary teaching enables learners to cultivate the ability to integrate
interdisciplinary knowledge through the interaction of knowledge from various
disciplines, such as the integration of science, technology, engineering, and
mathematics (Luo, Shih, Diez, & Tseng, 2011).

Competition
Teaching

Competition refers to using competition to stimulate learners’ willingness and
learning motivation. In technology curriculum, teaching models using
technological competition can train learners to cultivate their practical
problem-solving capabilities under time, material, and machine and tool
constraints (Liu & Zhu, 2010).

3.

Research Methods

3.1. Research design
This study aimed to elucidate the teaching conditions and gaps within Taiwan’s junior high
technology education. Survey methods and IPA were used; framework is shown in Figure 1.
Regarding teaching conditions in technology education, a questionnaire was administered to
teachers and students focusing on curriculum content, learning activities, and teaching methods.
Furthermore, IPA was used to examine the gaps between teaching and student performance in
technology education and to provide suggestions for future 12-year national educational curriculum
reforms.
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Fig. 1. The framework of this study
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statistics from the Ministry of Education’s Department of Statistics (2012), Taiwan has 742 junior
high schools. To reflect the teaching conditions for the technology curriculum in every county and
city, stratified random sampling was employed to select the participants for the questionnaire
investigation. Based on the sample size decision-making model developed by Krejcie and Morgan
(1970), the required sample size for this study was 254 schools. Among these, 90 were schools in
Northern Taiwan, 70 were in Central Taiwan, 70 were in Southern Taiwan, and 24 were in Eastern
Taiwan and the outlying islands. The deans of academic affairs from these 254 public and private
junior high schools were asked to recommend a technology teacher in their school to complete the
questionnaire. This decision was based on the limited number of hours of technology curriculum.
Schools typically only have two or three technology teachers. Therefore, selecting one teacher
sufficiently represented the teaching conditions of a particular school. Regarding student
participants, third-year junior high students were selected as the primary research participants
because students at this stage have received a fairly comprehensive introduction to technology
studies. The teachers asked five randomly selected students to complete the questionnaire. These
questionnaires were used to elucidate the learning conditions in the technology curriculum for the
students of each school. In March 2012, 254 teacher questionnaires and 1,270 student questionnaires
were distributed to 254 schools. After encouraging the return of the questionnaires by telephone, 153
schools responded by April 16, 2012. Among these, valid questionnaires were obtained from 127
teachers, for a valid recovery rate of 50%. Invalid questionnaires were received from 26 schools,
primarily because the schools had not actually taught the technology curriculum, and these were not
considered in this study. However, this demonstrates that the technology curriculum is frequently
neglected because it is not included in entrance examinations. Valid questionnaires were recovered
from 764 students for a valid recovery of 60%.
The selection of sample schools for this investigation was performed randomly based on the national
list of junior high schools. Because not all of the sample schools returned their questionnaires, to
avoid distorting the representativeness of the results, goodness-of-fit tests were performed among
the participating schools and all junior high schools in Taiwan based on their characteristics. To
indicate the implementation situation for technology curriculum in schools across the country,
stratified random sampling was used. This enabled the study to examine the differences among
schools in various regions, avoiding a bias toward cities or villages that could have influenced the
results. Consequently, goodness-of-fit tests were performed on the regions where the schools were
located to test whether the distribution of the samples was consistent with the distribution of the
population. The school locations were divided into northern counties and cities, central counties and
cities, southern counties and cities, and eastern and outlying island counties and cities. Based on
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data from the Ministry of Education, in the 2011 academic year, the northern counties and cities had
262 junior high schools, the central counties and cities had 204, the southern counties and cities had
205, and the eastern and outlying island counties and cities had 69. Table 4 shows that, among the
schools participating in this study, 54 were in the northern counties and cities, 43 were in the central
counties and cities, 37 were in the southern counties and cities, and 19 were in the eastern and
outlying island counties and cities. This indicates that, except for a slight difference in the eastern
and outlying island counties and cities, the remaining categories were extremely close to the
expected participation values. Furthermore, a chi-square test was used to perform goodness-of-fit
tests. The results showed that the chi-square values failed to reach a level of significance (χ2 = 2.27,
df = 3, n.s.). Therefore, the regional distribution of the schools in this study was close to that of all
schools. Although questionnaires were not recovered from some samples, the participating schools
were representative, and no bias toward either cities or villages was evident.
Table 4
Goodness-of-fit tests for public and private attributes between the participating schools and all
schools in Taiwan
School Region
Number of
Number of
Expected Number of
Schools
Participating Schools
Participating Schools
Northern Counties
262
54
54.17
and Cities
Central Counties and
204
43
42.18
Cities
Southern Counties
205
37
42.39
and Cities
Eastern and Outlying
69
19
14.27
Island Counties and
Cities
3.3. Research tools
The tool used in this study was the “Questionnaire on Teaching Conditions within the Junior High
Technology Curriculum.” A teacher' version (Table 5) and a student version (Table 6) were used.
These questionnaires addressed three dimensions: curriculum content, learning activities, and
teaching methods. The teacher and student versions differed only in their explanations of each item.
For example, the teachers were asked about the degree of implementation for various curriculum
contents. In contrast, the students were asked about their degree of familiarity with various
curriculum contents.
Table 5
Teacher questionnaire
Degree of Implementation
Extremely — Moderate — Extremely
High
Low

Questionnaire Items
Curriculum Content
1. Can teaching regarding “the nature of technology”
be implemented? For example, teaching content
such as understanding of the evolution of
technology and the relationships of technology with
life, society, and culture.

39

5

4

3

2

1

Table 6
Student questionnaire
Degree of Familiarity
Extremely — Moderate — Extremely
High
Low

Questionnaire Items
Curriculum Content
1. Are you familiar with “the nature of technology”
curriculum content? This includes curriculum
content such as understanding the evolution of
technology and the relationships of technology with
life, society, and culture.

5

4

3

2

1

3.4. Reliability and validity
The tool formulated by Weber and Custer (2005) was referenced to draft the research tool used in
this study. However, to meet the requirements for Taiwan, the tool was completed after reviewing
the Kang Hsuan and Hanlin textbooks and related domestic literature. After the questionnaire draft
was complete, two university professors and seven junior high teachers who teach technology
curriculum were invited for a discussion to provide feedback on the wording of the questionnaires,
the layout designs, and the appropriateness, content, scoring method, and formatting of the
questionnaire items. This expert discussion should ensure the content and face validity of the tool
adopted in this study. Furthermore, the research tool was tested in January 2012 following the expert
revision. The pretest involved 10 technology teachers and 60 third-year junior high students.
Cronbach’s α was used to test the reliability of the research tool. Table 7 shows that the internal
consistency coefficients were all higher than 0.7, meeting the good reliability level set by Devellis
(2003). These results indicated that this study’s questionnaire was stable and consistent.
Table 7
Reliability analysis for the research tool
Item
Teacher
Curriculum Content
Learning Activities
Teaching Methods

Student

.849
.731
.916

.927
.832
.932

3.5. Data analysis
The data analyzed included the mean, standard deviation, and performance analyses (IPA), which
are explained below.
3.5.1. Means and standard deviation
These were used to show the distributions for the implementation of and familiarity with curriculum
content, learning activities, and teaching methods within technology education for junior high
teachers and students.
3.5.2. Important-performance analysis (IPA)
As shown in Figure 2, on an X–Y coordinate plane, the X-axis represents importance (further to the
right indicates greater importance), and the Y-axis represents performance (higher on the vertical
axis indicates higher performance). On this coordinate plane, the origin represents the mean
importance and mean performance. The meaning represented by each quadrant is shown in Figure 2.
The status quo should be maintained for the items in the first quadrant (high importance and high
performance). For the items falling in the second quadrant (low importance and high performance)
was relatively low, and fewer resources should be invested in this area. Although the performance of
the items in the third quadrant (low importance and low performance) was poor, their low
importance suggests that further resource investment is unnecessary. Improvement is urgently
needed for the items in the fourth quadrant (high importance and low performance). Using IPA to
examine the importance and performance of a product or service item can demonstrate its
advantages and disadvantages, thereby determining the key factors that require additional effort for
success to be achieved (Raymond & Chu, 2000). Therefore, IPA was used in this study to determine
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Performance

differences between the views of students and those of teachers on curriculum content, learning
activities, and teaching methods.

Second Quadrant
Too Much Emphasis
(low importance, high
performance)

First Quadrant
Continue to Maintain
(high importance, high
performance)

Third Quadrant
Suspend Investment
(low importance, low
performance)

Fourth Quadrant
Urgently Requires
Investment
(high importance, low
performance)

Importance
Fig. 2. IPA meanings
Data Source: Martila & James, 1977.
4.

Research Results and Discussion

4.1. Teaching Conditions in the Technology Curriculum
4.1.1. Teachers’ implementation of technology curriculum content
Table 8 shows technology teachers’ implementation of the technology curriculum content. The nine
items regarding curriculum content implementation were all higher than 3.0 on a 5-point scale.
However, the majority failed to reach 3.5, indicating room for improvement in the implementation
of curriculum content among technology teachers. The results of this investigation correspond with
those of Sherman, Sanders, and Kwon (2010), who performed an analysis of studies examining the
content of junior high technology education in the four primary journals on technology education.
Their results indicated that the transformation from industrial arts to technology education was not
successful. Many technology teachers had experienced practical problems when teaching curriculum
concepts. Therefore, as shown in Table 8, the findings on curriculum content implementation
indicated that technology teachers in Taiwan have encountered numerous practical problems that
must be resolved when implementing the planning concepts from the technology curriculum of the
9-year articulated curriculum. This is consistent with the research results of Sherman et al. (2010),
who proposed that many practical problems exist and should be addressed. The data on the
implementation of curriculum content indicated that teachers placed a particular emphasis on the
influence of technology (M = 3.71, SD = 1.07). In contrast, construction technology (M = 3.02, SD
= 0.7) was less strongly implemented. These data indicate that teachers are no longer biased toward
the teaching of technology techniques. Rather, they place an emphasis on the influence of
technology on society and the environment. Regarding construction technology, the topic of green
buildings has received more attention because awareness of environmental issues has increased in
recent years. In theory, green technology topics such as green buildings or improving building
technologies to achieve carbon reduction goals should be introduced in depth in construction
technology (Lee et al., 2012; Ritz, 2009). However, the level of implementation demonstrated by the
questionnaire survey results indicated that the use of construction technology to introduce
environmental issues will require additional effort in the future.
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Table 8
Implementation of technology curriculum content
Curriculum Content

N

M

SD

Rank

The Nature of Technology

117

3.40

1.01

3

Resolving Technological

118

3.56

1.01

2

Creative Design

118

3.31

1.02

5

The Meaning of

117

3.31

0.96

5

117

3.28

1.11

7

118

3.02

0.97

9

118

3.37

0.95

4

118

3.05

1.07

8

119

3.71

1.07

1

Problems

Communication and
Information Technology
The Meaning of
Manufacturing Technology
The Meaning of
Construction Technology
The Meaning of Energy and
Transportation Technology
The Meaning of
Biotechnology
The Influence of Technology

Note: The N was not equal to 127 due to missing data.
4.1.2. Teachers’ implementation of technology learning activities
Table 9 shows teachers’ implementation of technology teaching activities. The implementation of
the four categories of learning activities by technology teachers was over 3.4 on a 5-point scale in
each category, indicating that the current level of technology teachers’ implementation of technology
learning activities was excellent. These findings suggest that teachers developed activities in the
data-collection domain (M = 3.95, SD = 0.98). In contrast, learning activities in the game category
(M = 3.40, SD = 0.95) were adopted less frequently. These data indicate that technology teachers
primarily design activities in the data collection category when arranging learning activities. These
plans aid students in assembling and conceiving solutions to problems. Therefore, when students
experience learning activities in the implementation category, they are better able to resolve
problems. As an example, the Hanlin textbook was designed based on this concept (Hanlin
Publishing Co., Ltd., Editorial Board, 2010).
Table 9
Implementation of technology learning activities
Activity Category

N

M

SD

Rank

Implementation

126

3.89

0.93

2

Observation and Discussion

126

3.74

0.82

3

Data Collection

126

3.95

0.98

1

Games

126

3.40

0.95

4

Note: The N was not equal to 127 due to missing data.
4.1.3. Teachers’ implementation of technology teaching methods
Table 10 shows technology teachers’ implementation of technology teaching methods. With the
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exception of modular teaching and game teaching, the level of implementation of these teaching
methods was higher than 3.0. This indicates that the level at which technology teachers currently use
diverse teaching methods is acceptable. The data on implementation indicate that teachers placed a
greater emphasis on arranging lectures (M = 4.13, SD = 0.77) and demonstrational teaching (M =
3.96, SD = 0.93) and that modular teaching (M = 2.74, SD = 1.10) and game teaching (M = 2.98, SD
= 0.96) are adopted less frequently. Thus, technology teachers primarily use lectures to introduce
curriculum content or activity principles prior to using demonstrations to assist students in
understanding the techniques of practical implementation. Furthermore, problem resolution is on the
most frequently used teaching methods. Thus, these results show that teachers conform to the
concepts of technology education when utilizing various teaching methods. The primary reasons that
modular teaching and game teaching are adopted less often may be that developing modules
requires substantial time. Additionally, the modules may be limited by school property, facilities,
and other factors (Reed, 2001). Game teaching can be restricted by teaching space. Therefore,
teachers cannot easily implement these teaching method.
Table 10
Implementation of technology teaching methods
Teaching Method

N

M

SD

Rank

Lectures

126

4.13

0.77

1

Demonstrational Teaching

126

3.96

0.93

2

Discussions

126

3.34

0.96

6

Investigational Teaching

125

3.21

1.07

7

Modular Teaching

126

2.74

1.10

9

Problem Resolution

126

3.57

0.97

3

Game-based Teaching

126

2.98

0.96

8

Interdisciplinary Teaching

126

3.44

1.01

4

Competition Teaching

126

3.38

1.13

5

Teaching

Note: The N was not equal to 127 due to missing data.
4.2. Learning conditions in the junior high technology curriculum
4.2.1. Junior high students’ familiarity with curriculum content
Table 11 shows junior high students’ familiarity with the content of the technology curriculum. Their
familiarity was greater than 3.0 on a 5-point scale for each item. This indicates that junior high
students’ level of self-reported familiarity with the technology curriculum is acceptable. The
students were most familiar with the influence of technology (M = 3.56, SD = 1.01). In contrast,
their familiarity with construction technology ( M = 3.05, SD = 1.05) was low. These analysis
results are consistent with the data analysis on technology teachers’ implementation of curriculum
content, described above. This indicates that technology teachers’ implementation of curriculum
content is closely related to students’ familiarity with curriculum content. Furthermore, students’
familiarity with curriculum content related to manufacturing technology, construction technology,
communication and information technology, and energy and transportation technology was low,
suggesting that the emphasis on manufacturing, construction, communications, and transportation,
which were the focus of the traditional technology curriculum, has gradually declined. In the future,
more attention should be placed on content related to the influence of technology on society and
creative design.
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Table 11
Familiarity with technology curriculum content
Curriculum Content

N

M

SD

Rank

The Nature of Technology

663

3.17

0.88

7

Resolving Technology

660

3.21

0.95

6

Creative Design

661

3.36

1.02

2

The Meaning of

661

3.24

0.98

4

661

3.14

1.06

8

657

3.05

1.05

9

661

3.23

1.01

5

660

3.28

1.00

3

658

3.56

1.01

1

Problems

Communication and
Information Technology
The Meaning of
Manufacturing Technology
The Meaning of
Construction Technology
The Meaning of Energy and
Transportation Technology
The Meaning of
Biotechnology
The Influence of Technology

4.2.2. Junior high students’ familiarity with learning activities
Table 12 shows junior high students’ familiarity with technology teaching activities. Their
familiarity was higher than 3.0 on a 5-point scale for each of the four categories, indicating that they
have been exposed to technology learning activities in various categories. They were most familiar
with learning activities in the game category (M = 3.95, SD = 0.98), whereas activities in the
observation and discussion category (M = 3.40, SD = 0.95) were relatively unfamiliar to them.
These results indicate that the junior high students were more familiar with learning activities in the
game category, despite the fact that the teachers indicated that games were adopted less frequently.
The primary reason for this discrepancy may be that students were more interested in learning
activities in the game category despite the fact that these activities were seldom utilized by teachers.
Besides, students may also misunderstand the meaning of game-based learning activities. Therefore,
students can easily become more familiar with this category. Regarding learning activities based on
observation and discussion, teachers’ implementation was generally consistent with students’
familiarity. Thus, among implementation-oriented technology learning activities, teachers appear to
arrange learning activities in the observation and discussion category less frequently.
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Table 12
Familiarity with technology learning activities
Activity Category

N

M

SD

Rank

Implementation

661

3.28

1.02

2

Observation and Discussion

662

3.18

0.96

4

Data Collection

662

3.21

1.09

3

Games

661

3.74

1.10

1

4.2.3. Students’ familiarity with teaching methods
Table 13 shows the students’ familiarity with various teaching methods. Students’ familiarity with all
of the nine teaching methods was higher than 3.0 on a 5-point scale, suggesting that junior high
students have experienced different teaching methods in various categories. The students’ familiarity
with teaching methods indicates that they were most familiar with games as a teaching technique (M
= 3.54, SD = 1.09), followed by demonstrations (M = 3.46, SD = 1.04) and lectures (M = 3.44, SD =
1.00). Modular teaching (M = 3.15, SD = 1.09) was less familiar. Thus, teacher implementation and
student familiarity were in agreement with respect to demonstrations, lectures, and modular
teaching. However, a gap was seen between teachers’ and students’ perspectives regarding the use of
games. The primary reason for this was similar to that for the discrepancies in understandings of the
learning activities described above. Students were more interested teaching methods involving
games despite the fact that these were seldom used by teachers. Alternatively, they may have
misunderstood what was meant by game teaching methods. Therefore, students can easily become
more familiar with this category.
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Table 13
Familiarity with technology teaching methods
Teaching Method

N

M

SD

Rank

Lecture

663

3.44

1.00

3

Demonstrational Teaching

663

3.46

1.04

2

Discussion

660

3.36

1.03

5

Investigational Teaching

663

3.25

1.07

7

Modular Teaching

655

3.15

1.09

9

Problem Resolution

654

3.22

1.03

8

Game Teaching

655

3.54

1.09

1

Interdisciplinary Teaching

655

3.29

1.05

6

Competition Teaching

656

3.39

1.17

4

Teaching

4.3. Gaps in the condition of technology curriculum teaching
IPA was utilized to investigate the gaps in teaching the current technology curriculum. On an X–Y
coordinate plane, the X-axis was defined as students’ familiarity with the technology curriculum
(farther to the right indicates greater familiarity), and the Y-axis represented teachers’
implementation of the technology curriculum (a higher position indicates higher implementation).
The means of the teachers and students responses defined the origin of the coordinate plan. As
addressed in the following, curriculum content, learning activities, and teaching methods were used
to analyze the gaps in current teaching conditions.
4.3.1. IPA of junior high teachers’ and students’ experiences with curriculum content
IPA was used to identify discrepancies between teachers’ implementation of technology curriculum
content and students’ familiarity with this content. As shown in Figure 3, in the first quadrant, the
influence of technology is a curriculum content category with excellent teacher implementation and
high student familiarity that should be maintained. However, despite high implementation by
teachers regarding the nature of technology, resolving technological problems, and the meaning of
energy and transportation technology, all of which are located in the fourth quadrant, students are
unfamiliar with these subjects. Therefore, this gap should serve as a reference for teaching. In
addition, the meaning of communication and information technology, the meaning of manufacturing
technology, and the meaning of construction technology were located in the third quadrant, and
teacher implementation and student familiarity were weak. Consequently, curriculum content
planning regarding traditional manufacturing, construction, communication, and transportation may
require review and improvement.
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II

I
The impact of technology

Creative design
Energy and transportation technology

Biotechnology

Communication and information technology

Technological problem solving
The nature of technology

Manufacturing technology

Construction technology

III

IV

Note: The X-axis represents teaching conditions, and the Y-axis represents students’ learning
conditions.
Fig. 3. IPA of junior high teachers’ and students’ perceptions of curriculum content
4.3.2. IPA of junior high teachers’ and students’ perceptions of learning activities
IPA was used to elucidate the gap between teachers’ implementation of learning activities and
students’ familiarity with these activities. As shown in Figure 4, the first quadrant contained no
learning activities that had excellent teacher implementation and high student familiarity. Therefore,
further effort is necessary when planning learning activities in these areas. For learning activities in
the fourth quadrant, i.e., those related to data collection and implementation, students were less
familiar with these topics, despite high teacher implementation. This gap can serve as a reference for
future teaching methods. Teacher implementation and student familiarity were weak for the
observation and discussion learning activities in the third quadrant, an issue worthy of review during
textbook planning.

II

I
Game

Hands-on
Data collection
Observation and discussion

III

n

IV

Note: The X-axis represents teaching conditions, and the Y-axis represents students’ learning
conditions.
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Fig. 4. IPA of junior high teachers’ and students’ perceptions of learning activities
4.3.3. IPA of junior high teachers’ and students’ perceptions of teaching methods
IPA was used to identify gaps between teachers’ implementation of teaching methods and students’
familiarity with these methods. As shown in the fourth quadrant in Figure 5, lectures and
demonstrations had high teacher implementation and high student familiarity. These results must be
maintained. However, for the problem resolution and interdisciplinary teaching elements in the
fourth quadrant, students were unfamiliar with these concepts despite high teacher implementation.
Problem resolution has always been a common topic in technology curriculum, and it is critical for
cultivating students’ problem-solving abilities. Interdisciplinary teaching methods for subjects such
as science, technology, engineering, and mathematics (referred to as STEM) are crucial development
trends in technology education (Herschbach, 2011; Kelly, 2012; Merrill & Daugherty, 2010).
Therefore, this gap should serve as a reference for future teaching methods. Additionally,
investigational teaching and modular teaching in the third quadrant featured weak teacher
implementation and poor student familiarity. These are important points for future review by
technology teachers.

II

I

Game-based instruction

Demonstration instruction
Didactic instruction

Technology competition instruction
Discussion instruction
Inquiry instruction

Interdisciplinary instruction

Problem-solving instruction

Module instruction

III

IV

Note: The X-axis represents teaching conditions, and the Y-axis represents students’ learning
conditions.
Fig. 5. IPA of junior high teachers’ and students’ perceptions of teaching methods
5.

Conclusion and Suggestions

This study investigated gaps between experiences of teaching and of learning in junior high
technology education as a basis for presenting suggestions regarding the development of technology
education for the 12-year national education curriculum reforms. Based on the results regarding the
curriculum content, the technology teachers and students put more emphasis on the influences of
technology. However, the implementation of the additional curriculum content remains imperfect.
This indicates that many teachers encounter practical problems when teaching the curriculum. These
results are consistent with those of Sherman, Sanders, and Kwon (2010). Furthermore, teachers
emphasized the cultivation of technological problem-solving abilities and understanding the nature
of technology. However, students were more concerned with creative design and biotechnology.
This suggests that teachers tend to focus on the core of technology education. However, the creative
design and biotechnology content favored by students are focal points of development in technology
education in the United States. For example, creative design and biotechnology are included in the
technological literacy standards developed by the US International Technology and Engineering
Educators Association (ITEEA) (International Technology Education Association, 2000).
Consequently, this aspect of curriculum content deserves increased emphasis from technology
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teachers. Regarding learning activities, teacher and students emphasized activities in the
implementation category. However, because implementation learning activities require data
collection in the design stage, teachers also focus on data collection when arranging activities.
However, students preferred games in the activities category. This discrepancy may be because
students prefer a relaxed attitude toward the technology curriculum (Wang, Chen, and Lin, 2011)
and may feel that these activities tend to be related to games. Regarding teaching methods, teachers
and students were in agreement regarding lectures and demonstrations. However, whereas teachers
placed greater emphasis on problem resolution, students placed more emphasis on game-based
teaching. This indicates a substantial gap between teaching and learning preferences that should be
addressed by curriculum reforms and by teachers.
Integrating the results of the survey investigation and IPA, although teachers emphasized teaching
content related to resolving technological problems and the nature of technology, students failed to
become familiar with these aspects, suggesting that technology teachers should further improve in
this area. Regarding the planning of learning activities, technology teachers frequently added
corresponding data-collection activities to facilitate implementation activities and aid students’
learning. However, students’ familiarity with learning activities related to data collection was weak,
indicating that improvements can be made regarding implementing data collection. Regarding
teaching methods, although teachers emphasized the use of problem-solving and interdisciplinary
teaching methods, students fail to realize that teachers regularly used these methods, suggesting that
teachers must continue to enhance their teaching methods.
Based on these findings, the following concrete development suggestions are offered for the 12-year
national education curriculum reform: (1) Taiwan’s educational system tends to emphasize training
students pass entrance examinations, so divide the field of science and technology into different
learning areas to prevent causing further deterioration in the implementation of technology
education. The results of this study’s questionnaire indicate that the teaching situation in Taiwan’s
junior high technology education is not ideal and that gaps exist between teaching and learning.
There is a substantial gap between curriculum reform and curriculum implementation. Therefore, to
prevent Taiwan’s educational system put more emphasis on academic advancement from creating
this problem, Australia and New Zealand can be referenced as examples. Science and living
technology should be established as an independent learning area (Jones, 2003; Williams, 1993) to
facilitate the further implementation of teaching in technology education. (2) Curriculum content
planning should be revised by attending to the views of both teachers and students. Many teachers
and students are less interested in the technology fields of manufacturing, construction,
communications, and transportation. Therefore, in addition to focusing on the influence of
technology, the nature of technology, and resolving technological problems, future planning should
consider including content related to creative design or emerging technologies (such as
biotechnology and nanotechnology) (Bruton, 2011; Jones, Buntting, & de Vries, 2011; Yawson,
2012). This would enable students to learn new technology topics, thereby avoiding limiting
knowledge to traditional technology fields only. (3) Regarding learning activities, the proper use of
data collection and implementation activities should be promoted. From the perspective of
technological implementation activities, appropriate data collection and implementation activities
cultivate students’ design and production abilities. However, because students are not necessarily
capable of understanding the concepts in this type of activity, teachers should introduce the concepts
of design activity before engaging in these activities. This would facilitate students’ comprehension
and enhance their willingness to learn. (4) Regarding teaching methods, teachers can use problem
solving and interdisciplinary teaching methods. However, students are unable to understand these
well. Because STEM education is receiving substantial attention (Herschbach, 2011; Kelly, 2012;
Merrill & Daugherty, 2010), curriculum guidelines should further stress the use of interdisciplinary
teaching methods. This will ensure the use of interdisciplinary teaching methods to integrate STEM
theory and practice and cultivate technology and engineering talent for the future.
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Instructional design by problem-based learning according to structured
levels of problem in technology education
Sangbong Yi, Korea National University of Education, South Korea
Ujin GWAG, Gojan high school, South Korea
Ⅰ. Introduction
With the continuing explosion of knowledge and the rapid pace of technological- change, students
today need a set of abilities including decision making, problem solving, critical thinking, creative
thinking and self-direction.
School can no longer present students with all the information they need for their entire lives. The
curriculum that best prepares students to be productive workers and citizens for next century will not
cram them with today's facts theories-which soon may be outdated-but will show them how to learn on
their won and how to use the information they acquire.
Students need the ability to use knowledge effectively with problem situations in and out of school,
and to extend or improve that knowledge and to develop strategies for dealing with active use of
knowledge(Delisle, 1997, p.7). Students make a greater attempt to understand and remember when
they see connections between the material they study and their own lives. Students acquire new
knowledge of skills to solve a problem of complete a task that is highly relevant to their lives.
At this time, problem-based learning(PBL) could meet these needs. PBL was designed to help students
construct an extensive and flexible knowledge base. Students could develop effective problem-solving
skills, self-directed, lifelong learning skills and become effective collaborators(Barrows and Kelson,
1995).
PBL emphasizes solving authentic problems in authentic contexts. It is an approach where students are
given a problem, replete with all the complexities typically found in real world situations, and work
collaboratively to develop a solution. PBL provides students an opportunity to develop skills in
problem definition and problem solving, to reflect on their own learning, and develop a deep
understanding of the content domain learning (Cognition and Technology Group at Vanderbilt 1992).
On this score, PBL has been used in many other areas of educational research such as science,
mathematics and social studies. However there are almost no instructional design is developed by
PBL in technology education at secondary level.
Solving problems is fundamental to all aspect of technology(Tidewater Technology Associates, 1986;
ITEA, 2000). PBL is as known as one of effective method to foster problem solving abilities.
Accordingly we need to develop various instructional design by problem-based learning in technology
education and apply to instruction.
We have to keep in mind of two important point. First, PBL process established in other subject is not
necessarily suitable to adapt in technology education because problem solving process is subtly
different according to academic character. We need to derive problem solving process commensurate
with technology education from general PBL process.
Second, problem-based learning is generally emphasizes only ill-structured problem because PBL has
initially developed for medical education and has since been modified. It is suitable for high level
learners such as medical school students, whereas lower level students might benefit from simple,
well-structured or semi-structured problems in which the understanding of sets of rules and principles
result in a straightforward solution. If high level learners are beginners who is not familiar with PBL,
they might be suitable for well-structured or semi-structured problems.
This study suggests instructional designs as a fine PBL model which is considered the structured level
of problem according to the level of learner in secondary technology education.
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The purpose of this study was to develop instruction designed by problem-based learning (PBL)
according to structured level of problem in technology education at the secondary level.
The following terminology were defined operationally for the purpose of the study
‘Problem-based learning’ is an instructional approach in which instruction begins with authentic
problem and students acquire knowledge, attitude and skill through problem-solving process in selfdirected and cooperative learning.
‘ Instructional design’ is the systematic development of instructional specifications using teaching and
learning theory to ensure the quality of instruction. Instructional design is based on problem-solving
process for the purpose of this study. And it is the entire process of analysis of learning needs and goals
and the development of a delivery system to meet those needs. It includes development of instructional
materials and activities and tryout and evaluation of all instruction and learner activities.
‘Structured levels of problem’ are divided into (1) well-structured, (2) semi-structured, and (3) illstructured problem in terms of constraints in problem scenario and results. Well-structured problem
has constrained parameters that engage the application of a limited number of rules and principle with
well-define parameters. Semi-structured problem has some of the constraints and more than one results. In
required a combination of a standard series of action and creative responses within a limited range. Illstructured problem possess fewer constraints with little to no information for the solution and multiple results.
‘Technology education’ was defined as an integral part of general education. Major curriculum
contents of technology education are manufacturing, construction, transportation, communication and
bio-related technology.
The following statement of research questions were made in order to develope instructions for the
study
1. What are the demands for instructional design by problem-based learning according to the
technology education context?
2. What themes are derived from analyzing of the demands?
3. How is scenario of the problem designed?
4. What is the learning objective?
5. What is the process of problem-solving to meet PBL in technology education?
6. How is each stage of the instruction organized by Problem-solving process?
7. Does developed instructional design have the validity?
II. Methodology
The process of instructional design was developed after the comparative analysis of Dick &
Cary(1996)'s, Smith & Regan(1992)'s, Mager & Beach(1967)'s model for the purpose of this study.
The main stages are the preparation phase, the development phase, and the improvement phase. The
details of the steps were as followings.
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FigureⅢ-1. Instructional design process model.
A. Preparation phase
The needs for instruction were developed and analyzed by problem-based learning in preparation
phase. The specific activities for PBL were derived by investigating the demand of the (a) learning
context, and (b) technology education.
The analysis of the learning context involves the substantiation of need for instructional design by
problem-based learning in technology education at the secondary level was mentioned in problem
statement of this study. And that was mentioned in problem statement of this study. The learning
environment is composed of all factors which affect the learning that takes place. There are such
constraints like instructional facilities and available time which were analyzed by junior high school
teacher and students.
The analysis of technology education involves identifying the context and learning objectives related
to problem solving activities in each subject matter of technology.
In this study, the specific activities were selected from Humans Innovating Technology Series. It was
designed to supplement Standards for Technological Literacy(STL) using classroom activities. It is
directly linked with recommended secondary courses. Theses activities has made by analysing STL
and context in technology education.
B. Development phase
This stage began with selecting the level of learners and the structured level of problems for activities
derived from pre-stage. The problem scenarios were modified to suit the determined structured level
based on pre-established criteria.
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The problems were developed considering structured levels of problem and levels of learners. The step
of designing problems began with following sequences, selecting activities for PBL, selecting the
level of learners, selecting the structured level of problem and writing the problem scenarios. After
making problem, the instruction was organized.
The instructional procedures was organized in three steps : introduction, body and conclusion. The
body included problem-solving process which is understanding of problem, exploration and
developing of solutions, and realization and evaluation. Learning activities were organized in each step
of instruction.
To insure content validation designed problems and organized instruction were reviewed by the
experts.
The following selection criteria for expert was modified by Sangbong Yi(1996). According to his
suggestions experts had to meet at least one or more of the criteria established for selection : (1)
presented papers on PBL or instructional design in technology education; (2) published article(s) about
PBL in technology education in journals of education; (3) wrote book(s) on technology education,
including PBL, instructional design, or technology education; (4) considered to have a deep interest in
the problem and important knowledge or experience to share about PBL in technology education at the
secondary level.
C. Improvement phase
The pilot test were carried out with students in the improvement phase. The pilot test was conducted
with small group in order to increase reliability. The developed instructional design was modified on
the base of several problems shown in the pilot test. The answers to the questionnaires were reflected
on the preparation or development phase for revision and complement.
III. Results
A. Designing problems
Problems for problem-based learning was developed according to the following three organizer of
designing problem.
1.’Subject matter of technology education’ were classified into manufacturing, construction,
transportation, communication and bio-related technology.
2. ‘Levels of learner’ were divided into middle and high school level.
3. ‘Problem types’ were divided into well-structured, semi-structured, and ill-structured problems.
Three Organizer of designing problems are shown in Figure Ⅳ-1
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Figure Ⅳ-1 . Organizer of designing problems
The outline of instructional design is shown in the following table.
Table Ⅳ-1. Outline of PBL design
Problem

Subject matter

Level of
learners

Structured level
of problem

Time
(hour)

Design a game

Manufacturing

High school

Ill-structured

6

Inventing a
communication code

Communication

Middle school

Ill-structured

5

Balanced assessment group

Bio-related

High school

Semi-structured

5

Build a playground

Construction

Middle school

Semi-structured

8

Flight with heavy load

Transportation

Middle school

Well-structured

5

These problems were designed considering the context and goals in each subject matter of technology
and the learning environment such as instructional facilities and available time. The designed
problems and whole phases of instructional design were reviewed by professor Yi in order to insure
content validation. Levels of learners and structured levels of problem were modified by the answers
to the questionnaires in the pilot test. The step of designing problems began with following sequences :
(a) selecting activities for PBL, (b) selecting the level of learners, (c) selecting the structured level of
problem, (d) writing the problem scenarios.
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1. Selecting activities for PBL
A variety of problem-solving activities were reviewed for selecting the content of PBL in secondary
technology education.
The following activities were obtained from Humans Innovating Technology Series and classified by
subject matter of technology. These activities were derived by analysing curriculum and context in
technology education. The title of activities was renamed to make suitable for PBL.
Table Ⅳ-2 . Activities related to PBL in technology education
Subject matter

Manf.

Activity

Description

Create a useful
product.

Take a surplus component, such as a spiral of wire, and design a useful
product that uses it effectively.

Market survey.

Compare and contrast features of competing products, and determine
how products could be modified to make them more competitive in the
marketplace.

Watering device.

Design a device that will allow a gardener to easily water plants in
pots.

Creation of a
functioning
system.

Assemble an electronic kit that will perform a unique function, such as
an alarm or similar task.

Design a game that will entertain children waiting for a bus or
Making a game. riding in a car. The game must fit in a 5" * 5" bag and be able to be
played by two people.
Packaging
system.

Develop a new packaging system to reduce the negative consequences
of other technologies.

Design a
generator.

Design a generator that will power small electric bulbs using a bicycle
as the power input.

Global toolbox.

Design a global toolbox-a container that can be marketed around the
world for the storage and transport of hand tools and similar items.

Holding device.

Develop a device that would hold classroom supplies to ensure the
student is prepared for class.

An electronic
security system.

Design an electronic security system for the student's locker.
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Subject matter

Activity

Fabric garden
flag.

Ball launch
device.

Description

Conduct a number of experiments to identify the characteristics of
several types of fabric and apply the knowledge they gained to choose a
fabric and design a small flag.

Invent a device that will launch a table tennis ball.

Selecting the best Compares and contrasts the features and ease of use of three
screwdriver.
screwdrivers that are on the market.

Trophy modeling.

Explore three-dimensional modeling as the design and construct a
model for a trophy for a school event.

Maintaining
products.

Establish and document a procedure to test components of a product,
design equipment for testing these components, test a product, and
report the results of the test.

Build a
playground.

Build a model of playground that meet the design requirements.

Designing a
home.

Design a home for a specific type of client.

Const.

Develop a vehicle.

Developing a vehicle that must meet a specified speed with given
material.

Historical device. Develop a model of the historical device-for example, sailboat.

Trans.

A personal
transportation
vehicle.

Develop a personal transportation vehicle to move books from class to
class.

Message
propulsion
system.

Invent a propulsion system that will carry a message from point A to
point B. For example, develop a rocket(balloon) powered device that
will physically carry a message.
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Subject matter

Activity

Description

Develop a fully automated system to transport a bulk material from
Automated
one point to another in efficient manner. At least three
transport system.
processes(loading, shipping, etc.) must be clearly evident in the system.
Paper airling.
Develop a logo.

Design and test a paper airling for competition.
Develop a special font letter or logo and a slogan that can be used in
company's identity program.

Inventing a
Invent a code that will allow you to send a message that only
communication
qualified receivers can read.
code.
Comm.

Bio tech.

Promote a movie.

Analyze an historic movie poster, then work in teams to design and
develop a number of items to promote a movie of their choice.

A periscope.

Invent a device that will allow you to look over a wall or around a
corner without being exposed.

Balanced
assessment
group.

Design and produce a brochure that presents a balanced view of
the technology and its impacts on individuals, society, and the
environ.

Artificial
ecosystems.

Design and model a facility that allows domesticated or wild animals
to thrive in an artificial environment.

Artificial
environment.

Develop a structure that creates an artificial environment to promote
the efficient growth of plants, then raise a crop(i.e., plants) inside the
controlled ecosystem.

Agricultural
equipment kit.

Develop a kit that will both educate and entertain children that are
between the ages of eight and twelve years old about agricultural
technology and types of farm equipment.

For the purpose of this study, five activities were selected according to subject matter of technology.
They were 'Making a game' in manufacturing area, 'Build a playground' in construction area, 'Paper
airplane' in transportation, 'Inventing a communication code' in communication area, and 'Balanced
assessment group' in bio-related area.
The context of the five activities are as follows.
60

61

a. Design a game
‘Design a game’ is the problem of manufacturing area.
The context is related with production design. Companies must have a constant flow of new products if they
want to succeed. The new products are developed using human creativity. The design process is used to
develop many of these product. This process recognizes the need or desire for particular products. The people
using a design process develop ideas for products, build and test a model of the best idea, and prepare the
selected idea for production.
The design involves steps, and different sequences which are performed and repeated as needed in
middle school level, whereas established design principles can be used to evaluate existing designs, to
collect data in high school level.
b. Inventing a communication code
This is a problem of communication area. The context is related with invention and communication.
The invention challenges could be any of subject matter of technology. The challenge that the
students have to use their creative abilities to solve a problem. It is important to identify a problem that
is challenging and uses the invention process to address the challenge.
We need to communicate affected people to invent the alphabet, writing instruments, telegraph sets,
radio, television, and communication satellites.
There are number of reasons that people inventing the things. Some people are personally challenged
to develop new and improved devices. Other people feel a social challenge to invent devices that have
societal benefits. Still other people are financially motivated to invent which can be profited from their
work. The economic incentive is a strong force in modern invention. Devising a useful and popular
item can be financially rewarding to the inventor.
Today, most inventive work occurs under the guided environment of a research institution. From
corporate facilities(e.g., Bell labs or the Batelle Institute) to university laboratories, invention is a
directed process.
c. Balanced assessment group
This is a problem of bio-related area. The context is related with the impacts of the technology. There is no
right or wrong answer about selecting and using technological systems and products. There are pros and cons
about each device that is developed and used by people. The important thing is that people have an open mind
about the technology and make decisions based on facts rather than fears and misinformation.
Semi-structured problem can have more than one answer where a combination of creative responses
and a standard series of actions are required. High school students have to draw conclusions regarding
the effect of bio-related technology on the individual, society, and the environment as well as
synthesize data, analyze trends, and to develop the abilities to assess the impacts of bio-relate
technologies.
d. Build a playground
This is a problem of construction area. The context is related with design. The design solutions are often
controlled by design requirements. When designers begin to solve a problem they create a list of the criteria
and constraints of the solution. Criteria is the elements and features of the design. Constrains are the
limitations of the design. These requirements come from onsumers, government regulators, material, and
human capabilities. Designers use the requirements to create an efficient solution that is new, unique, and
suitable to consumers and public.
Requirements for a design are made up of criteria and constraints, the design need not have to be
62

continually checked and critiqued in middle school level.
e. Flight with heavy load
This is a problem of transportation area. The context is related with construction and transportation. Air
travel has become as common as riding in a car; thousands of people travel this way each day. One hundred
years ago, air travel had not been accomplished. Through a lot of work, trial and error, and human ingenuity
we have made air travel a reality. Inventors had many problems with content. After solving these initial
problems the evolution of passenger planes brought forth new problems. How a plane fight with the force of
gravity while carrying a heavier load? The designed problem present and give all elements of the problem
to the learners, and they know comprehense solutions. The problem scenario is tidy, little complexity,
organized and may lead students to a straightforward solution. It has certain steps for solving the
problem. This problem is design including materials to construct a paper airplane that will carry a
payload of five quarters for furthest distance. Teacher offers the guideline for students to understand
principles of lift.
2. Selecting the level of learners
The selected activities were developed based-on Standards for Technological Literacy : Content for
the Study of Technology. The standard and associated benchmarks have been written to ensure they are
age appropriate. The results for selecting the level of learner were as following table.
Table Ⅳ-3. Selection of learners' level
Context
(subject matter)

Production design,
Design process
(Manufacturing)

Invention
(Communication)

Impacts of
technology
(Bio-related)

Design
requirement

Level of
learners

Contents

Selectio
n

Design involves a set of steps, which are
Middle
performed in different sequences and
school
repeated as needed.
Established design principles will be used
to evaluate existing designs, to collect data
in high school level.
Middle Technology is closely linked to creativity,
school which has resulted in innovation.
High
Inventions and innovations are the results
school of specific, goal-directed research.
Use data collected to analyzed interpret
trends in order to identify the positive and
Middle
negative effects of technology. Identify
school
trends and monitor potential consequences
of technological development..
Synthesize data, analyze trends, and to
High
develop the abilities to assess the impacts
school
of bio-related technologies.
Middle Requirements for a design are made up
school of criteria and constraints.
High
school
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○
○

○
○

(Construction)

Aviation
technology
(Transportation)

High
school
Middle
school
High
school

The design needs to be continually checked
and the ideas of the design must be redefined
and improved.
Understand the principle of airplane.

○

Design by using dynamic forces acting on
flight.

'Designing a game' and 'Balanced assessment group' were problems for high school student. 'Inventing
a communication code', 'Build a playground' and 'Flight with heavy load' were problems for middle
school student.
The objectives and contents depends on the selected level of learners. The objectives of five activities
are as follows.
Table Ⅳ-4. The learning objectives of activities
Problem

Objectives

As students work through this unit students will able to:
․List and describe the steps in a design process.
․Identify and define a design problem.
Design a
․Develop several solutions for the design problem.
game
․Select an appropriate solution for the design problem.
․Build and evaluate the solution.
․Suggest ways to improve the design.
Inventing a․Identify key inventors and several of their major inventions.
communi- ․Explain the invention process both personal and corporate levels.
cation code․Develop a communication code using invention process.
․Select a biotechnology that has controversy with its surrounding
development and use.
Balanced ․Research the biotechnology and its impacts on individuals, society, and
assessment the environment.
group ․Design and produce a brochure that presents a balanced view of the
technology and its impacts on individuals, society, and the
environment.
․Identify design requirements, including constraints and criteria.
․Develop research components needed for the design.
Build a
․Create a design using design procedures.
playground
․Build a model of the design.
․Present the design solution to your peers.
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․Design and construct a paper airplane that will carry five quarters for
furthest distance while working in small groups.
․Apply problem solving skills by designing a paper airplane that travels
the furthest with the designated payload.
Flight with
heavy load․Name the four forces affecting air flight: drag, lift, gravity, and thrust.
․Explain causes of lift. (The spread out wings of a paper airplane keep it
from falling quickly to the ground. We say the wings give a plane lift.
Thrust also gives a plane lift because as a plane moves through the air,
the air pushes against the underside of the plane and lifts it up.)

3. Selecting the structured level of problem
In the PBL instruction, three different structures of problem could be used : well-structured, semistructured and ill-structured problem. Well- structured problem is generally suitable for lower level
students whereas ill-structured problems is good for high level student. But, the relationship between
the structured level of problem and learners level is not necessarily proportional. If high level learners
are beginners who is not familiar with PBL, they might be suitable for well-structured or semistructured problems. In the same way ill-structured problem may apply to the low levels of learners.
For the purpose of this study, five activities were structured as follows.
Table Ⅳ-5. Selection of structured level
structured level of problem

Problem
Design a game

Ill-structured
Semi-structured
Balanced assessment group
Semi-structured
Build a playground
Well-structured

Flight with heavy load

'Designing a game' and 'Inventing a communication code' were ill-structured problems. 'Balanced
assessment group' and 'Build a playground' were semi-structured problems. 'Flight with heavy load' was
a well-structured problem.
4. Writing the problem scenarios
Based on the information contained ITEEA-HITS(Humans Innovating Technology Series), the problem
scenarios has been modified in structured level. The selected structured level and the criteria are as
follows.
Table Ⅳ-6. The criteria of structured the problem
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level of
structure

Constraints in problem scenario

Solutions and results

․Unstated constraints.
․Less manipulable parameters.
․Little to no information for the solutions.

․Custom-made, non-routine solution.
․Many alternative solutions.
․Multiple results.

semistructured

․Some of the constraints.
․Several manipulable parameters.

․Custom-made
solutions,
ready-made
solutions, or elements of both.
․More than one answers.
․variety results within a limited range.

Wellstructured

․Well-defined parameters.
․Probable solution.
․Limitation specified.
․Convergent answers.
․Constrained parameters.
․Present all elements of the problem to the ․Prescribed solution.
․Straightforward solution.
learners.
․All you have to do is follow the ․Ready-made, routine solution.
instructions.

Illstructured

a. Ill-structured problem
Ill-structured problems possess multiple solutions, solutions paths, and fewer parameters which are less
manipulable, and contain uncertainty about which concepts, rules, and principles are necessary for the
solution or how they are organized and which solution is best. 'Designing a game' and 'Inventing a
communication code' are ill-structured problems for this study. This problem scenario is formed by
undefined problems and incomplete information which is shown in following table.
Table Ⅳ-7 . Ill-structured problem scenarios
Problem

Problem scenario

Design
a game.

You are a designer of a children's game at toy company.
You have been assigned the task of designing a new game or
toy for the upcoming buying season. The game will be
entertained by children waiting for a bus or riding in a car.
And you should make a display of this work that can be
presented to a group of managers who will select the toys
and games to be included in next year's catalog.
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Inventing a
communication
code.

Two of your very good friends live next door to you.
But some days you could not see each other. You want to
communicate with them without other people
understanding the message. Together, you have decided to
create a "Communication code" that only the three of you
can understand.

The information was written in the original scenario of 'Design a game', "The game must be fit in a
5" × 5" bag and able to be played by two people.". But that was deleted by criteria that students are
given little information in ill-structured problem. The only information provided to students that
the game could be entertained by children waiting for a bus or riding in a car. Students have to
found their own requirements. The challenge of inventing something is typical ill-structured
problem. Any other information or constraints like 'Inventing a communication code' also are not
given.
b. Semi-structured problem
The scenario of semi-structured problem have some of the constraints or several manipulable parameters. The
semi-structured problems 'Balanced assessment group' and 'Build a playground' have variety of results
with more than one answers within a limited range.
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Table Ⅳ-8. Semi-structured problem scenarios
Problem

Problem scenario

Balanced
assessment
group

You are an employee of Balanced Assessment Group(BAG), which is
dedicated to proving balanced information about specific bio technologies to
government officials, business leaders, and the public.
Your group has been asked to research, analyze, and report on the positive
and negative impacts of developing and using the specific biotechnology :
In keeping with the slogan of your group, the information is the BAG, you
will gather data about the bio-technology, analyze and summarize the
findings, and produced a four-page brochure for your clients.

Build a play ground

You have been commissioned by Tech Elementary to design a new play
ground. You will use a design process to design a playground that meets the
design requirements and the school's needs. You can not use equipments
which is already there. You may search and find other equipment. However
you will have prices for all play ground supplies. Once you have designed the
playground, you will build a model of the playground and present it to your
class.

The challenge of 'Balanced assessment group' was to design and produce a brochure that presents a
balanced view of the technology and its impacts on individuals, society, and the environment. This is
semi-structured problem and the original scenario covers the entire area of technology to understand
the impact of technology, but the scope was limited to bio-technology. Students could produce variety
of brochure in number of issues related to bio technology common issues such as GMO, clone. The
problems solving procedures(to gather data about the bio-technology, analyze and summarize the
findings, and to produce a brochure) were presented and the brochures were limited to four pages as
constraint in problem scenario.
The challenge of 'Build a model of playground' was to meet the design requirements. This problem has
the semi-structured form that includes criteria and constraints. The feet unit of the ground space was
given in FPS system and area was converted into metric unit to provide ease of calculation to the korea
middle school student. The playground equipment cost was calculated in Won
The following table shows requirements of the problem.
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Table Ⅳ-9. Tech elementary playground requirements
Criteria

The playground must have the following:
․ Three zones of play (Stationary, Active, Passive)
- Stationary zone - Includes fixed equipment (slides, platforms, climbing sets)
- Active zone - Includes movable equipment (swings, spring riders, seesaw)
- passive zone - Includes no equipment. This area is open and can be used for various games.
․ The stationary and active zones must have at least four(4) pieces of equipment each.
․ Each zone must have at least one 2[m] bench.
․ All areas within 2[m] under the playground equipment should be covered.
․ Other area may have gravel, sand, or mulch.
․ Other:

Constraints

The playground design cannot exceed the following:
․ Size: 4800㎡(80m×60m) as shown on the Tech Elementary drawing
․ Cost: The total cost for all equipment and ground covering cannot exceed ￦80,000,000
․ Design Time:
․ Other:
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The following table is the list of the Tech elementary playground equipment cost.
Table Ⅳ-10. Tech elementary playground equipment cost
Area
Item
Ground Space
(L × W)
[m]
[㎡]

Cost
[￦1,000]

Stationary
Activity center
with platform and
two slides

6×4

24

9,850

Spiral Slide

7×5

35

4,950

2.5 Dia

6.25

1,440

4×1.5

6

1,320

Arched Ladder

2.5×1.6

4

240

Arched Ladder

4×1.5

6

660

Straight Slide

4×0.6

2.4

1,680

Straight Slide

7×0.6

4.8

2,040

Wave Slide

7×0.6

4.8

2,280

1.2×1.2

1.44

600

Two-person Swing Set

5×3

15

960

Four-person Swing Set

10×3

30

1,440

Merry-go-round

2 Dia

4

1,200

Two-person See-Saw

2×3

6

600

Eight-person See-Saw

4×3

12

1,000

Playground Covering

3×4

12

1,000

Mulch

3×4

12

130

Sand

3×4

12
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Gravel

3×4

12

50

Bike Rack(10 Bikes)

2.5×1

2.5

300

Bike Rack(20 Bikes)

5×1

5

540

Bench

2×1

2

300

Round Climber Set
Climber Set

Active
Spring Rider

Ground Covering

Accessories
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c. Well-structured problem
Well-structured problems are constrained problems with convergent solutions that engage the
application of a limited number of rules and principle within well-define parameters. The following
'Flight with heavy load' is the scenario of well-structured problem.
Table Ⅳ-11. Well-structured problem scenarios
Problem

Problem scenario

Flight with heavy
load

Construct a paper airplane that will carry a payload of five
quarters for furthest distance using at least three different
types of materials from the following list:
Cardstock paper, newspaper, computer paper, construction
paper, butcher paper, tissue paper, tape, glue, rubber cement,
paper clips, and 100won coin. A material may be used more
than once (example: 2 paper clips), but a total of three
different types of materials must be used (example: 2 paper
clips, construction paper, and tape). Each type of paper is
considered a different type of material.

This scenario presents all elements of the problem to the learners. There were many limitations
specified. All students have to follow the instructions.
The elements of structured level were summarized in the following table.
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Table Ⅳ-12. Criteria of structured level in the scenarios
structured
level of
Problem
Constraints
problem
Design a game
Illstructured

Semistructured

Various types of games.

․Create
a
"communication
Various types of communication
Inventing a
code"only the three of you can
code.
communication code
read.
․Select the specific biotechnology.
Balanced
assessment group ․Produce a four-page brochure.
Build a playground

Wellstructured

․Design a game will be entertained
by children waiting for a bus or
riding in a car.

Results

Four pages brochure with
specific bio-related technology.

․Playground requirements including
criteria and constraints.
Playground meet the requirements.
․Playground equipment cost.

Flight with heavy ․Use at least three different types
load
of materials

Paper airplane made from limited
materials.

B. Organizing instruction
Lesson plan was organized in introduction, body and conclusion. The body was divided into four steps
of problem-solving process : understanding of problem, exploration and developing of solutions,
realization and evaluation. According to the problem the time portion was divided for each stage of
lesson plan. The details of learning activities were given in the appendices. The organized lesson plans
were revised by pilot testing.
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Table Ⅳ-13. Format of lesson plan by PBL
Title
Subject matter
of technology

Date

Gra
de

Plac
e

Time

Learning objective
Learning Activities
PBL Instruction
process

Teacher

Students

Time
Instructi
allotme
onal
nt
material
(portion
s
)

Introduction
Understanding
of problem
Exploration and
developing of
solutions
Realization
Evaluation
Conclusion
1.

Design a game

This problem is from manufacturing area for high school student. It will take 6hours to complete all
activities. The following table shows the major activities and allocated time portion for each step of the
learning process.
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Table. Ⅳ-14. Major activities of 'Design a game'
Instruction process

time(min)

Major activities

Introduction

5%(20)

․Organize small groups.
․Set climate.
․Motivate learners.
․Explain purpose.
- Inform learner of instructional purpose.
․Preview the lesson(include the process of PBL
- provide overview.

Understanding of
problem

10%(40)

․Identify and define the problem.
- Listing the constrains or limitations.

30%(100)

․ Investigate the information related to the game.
- Exploring Internet sites.
- Asking potential customers ex) Market research.
․ Generate several possible solutions for designing the game.
- Sketching a number of different ideas.
․ Select the best solution for making the game.
- Listing the strength and the weakness.
- Making a dimensioned sketch of final solution.

Realization

30%(100)

․ Make the game.
- Develop a list of materials.
- List the fabrication procedure.
- Make a prototype of the design.
- Evaluate the design.
- Revise the design using the results of the test.

Evaluation

15%(60)

․ Present the design package.
․ Evaluate the game.

Conclusion

10%(40)

․ Summarise and integrate student's learning.
․ Provide remotivation and closure.

Exploration and
developing of
solutions

2. Inventing a communication code
This problem is from communication area for middle school student. It will take 5hours to complete all
activities. The following table shows major activities and time portion for each step of the learning process.
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Table. Ⅳ-15. Major activities of 'Inventing a communication code'
Instruction
process

time(min)

Major activities

Introduction

10%(30)

․Organize small groups. ․Set climate.
․Explain purpose.
․Preview the lesson
․Motivate learners.

Understanding of
problem

10%(30)

․Identify and define the problem.
- Clearly defining the problem.

40%(120)

․ Develop communication code using book
and internet.
․ Generate several possible solutions.
- Developing several different ideas for
inventing a communication code.
․ Decide the final solution.
- Evaluation of the main design ideas.
- Making a sketch of the final solution.

20%(60)

․ Finalize the communication code.
- Presenting the codes for review
- Suggestion of the ways to improve the code.
- Revising the code.
- using and evaluating the code
- Revision of the design using the results of
the test.

Evaluation

15%(45)

․ Evaluate the communication code.
- The performance of presenting the codes in
the contest (The group who deliver given
massages quickly and exactly will be
declared the winners.)
․ Present the communication code.
(The presentation includes the inventing
process of the communication code.)

Conclusion

5%(15)

Exploration
and developing of
solutions

Realization

․

Summarise and integrate student's
learning.
․ Provide remotivation and closure.

3. Balanced assessment group
This problem is from bio-related area for high school student. It will take 5hours to complete all
activities. The following table shows major activities and time portion for each step of the learning process.

75

Table. Ⅳ-16. Major activities of 'Balanced assessment group'
time
Instruction process
(min)

Major activities

Introduction

15%(45)

․Organize small groups.
․Set climate
․Motivate learners.
․Explain purpose.
- Inform learner of instructional purpose
․Preview the lesson
- provide overview

Understanding of
problem

5%(15)

․Identify and define the problem.

40%(120
)

․ Gather information related to the problem.
- Brainstorming to list a number of common issues related to biorelated technology such as GMO, clone.
- Gathering the newspaper or magazine articles.
- Exploring the various Internet sites on technological issues.
․ Select a specific issue.
․ Conduct research and collect information for the selected issue.
- Gathering information for the advantages and disadvantages for
the selected biotechnology.
․ Discuss the findings.
- Group members critique information gathered.
․ Select the best advantages and disadvantages to include in the
brochure.

Realization

20%(60)

․ Design and produce a brochure.
- Designing the brochure by using various designing tools such as
computer system, page layout, graphics, and illustrating software,
and printer.

Evaluation

15%(45)

․ Present the design package.
․ Evaluate the brochure.

Conclusion

5%(15)

․ Summarise and integrate student's learning.
․ Provide remotivation and closure.

Exploration and
developing of
solutions

4. Build a playground
This problem is from construction area for middle school student. It will take 8hours to complete all
activities. The following table shows major activities and time portion for each step of the learning process.
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Table. Ⅳ-17. Major activities of 'Build a playground'
Instruction
process

time(min)

Major activities

Introduction

5%(20)

․Organize small groups.
․Motivate learners.
․Explain purpose.
․Preview the lesson

Understanding
of problem

10%(45)

· Identify the problem and requirements including
criteria and constraints.
· List playground equipments and costs.
- Exploring a site that offers links to major
manufactures in the playground equipment
industry.

Exploration
and developing
of solutions

25%(120)

· Generate a number of possible solutions.
- Selection of the equipment will be used in the
design.
- Drawing the outline of the playground using
the scale in a piece of graph paper.
· Select the promising solution
- Lay out the best solution and sketch around the
cardboard to locate the equipment.
(Note: Review the design requirements at this
point to ensure that your solution meets the
requirements.)
· Build the model.
· Test and Evaluate the solution.
· Refine design using the results of test.

Realization

45%(220)

Evaluation

10%(50)

· Evaluate the model and the presentation.

Conclusion

5%(25)

· Summarise and integrate student's learning.
· Provide remotivation and closure.

5. Flight with heavy load
This problem is from construction area for middle school student. It will take 5hours to complete all
activities. The following table shows major activities and time portion for each step of the learning process.
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Table. Ⅳ-18. Major activities of 'Flight with heavy load'
Instruction
process

time(min)

Major activities

Introduction

10%(30)

․Organize small groups.
․Set climate.
․Motivate learners.
․Explain purpose.
- Inform learner of instructional purpose
․Preview the lesson
- provide overview

Understanding
of problem

10%(30)

· Analyse the problem scenario and ask the
teacher relevant questions to clarify doubts.

Exploration
and developing
of solutions

40%(120)

· Investigate information related to the problem
- Looking through some of the resources
available to gain some ideas as to a possible
style of airplane.
- Understanding the principles of the flight.
· Generate a number of possible solutions

Realization

20%(60)

Evaluation

15%(45)

Conclusion

5%(15)

· Select the best solution
- Decision of the best shape and materials.
· Make the plane with completed design.
· Test the completed plane
· Get feedback and redesign
· Present the solution to the rest of the class
· Evaluate the results of flying the plane.
(The group whose plane travels the farthest
distance will be declared the winners.)
· Summarise and integrate student's learning.
· Provide remotivation and closure.

IV. Conclusions and Implications
A. Conclusions
The purpose of this study was to develop instructional design according to structured levels of problem so
that technology teachers could apply PBL in their classrooms of technology education at secondary level.
The major findings of this study was instructional design, designed problems, lesson plans including
learning activities and assessment rubrics.
First of all the 5 problems were selected. Among them 2 were ill-structured problems of 'Designing a
game' and 'Inventing a communication code'; 2 semi-structured problems of 'Balanced assessment group'
and 'Build a playground'; and 1 well-structured problem of 'Flight with heavy load'. The 'Designing a
game' was a problem of manufacturing area for high school student, 'Inventing a communication code'
was a problem of communication area for middle school student, and 'Balanced assessment group' was
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a problem of bio-related area for high school student. In the same way 'Build a playground' was a
problem from construction area for middle school student, and 'Flight with heavy load' was a
problem from transportation area for middle school student.
Second, the lesson plans were organized by problem-solving process - understanding of problem,
exploration and developing of solutions, and realization and evaluation - This process enables teachers
to organize problem-based learning in each step of the problem-solving process. The lesson plans includes
learning objectives, instructional materials and activities for both.
B. Implications
The developed instructional design will be a resource that technology teachers can apply to their
classrooms for technology education at the secondary level. Also it will be a good learning guidance
for technology teachers to design other PBL instructions.
It is expected that students will gain extensive knowledge and develop problem-solving abilities, and
become effective collaborators.
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