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Performance and Accomplishment of "Making Things and Education"
in Citizen's Project of The 2005 World Exposition in Aichi, Japan

B)IFEHR  KATHE HKHDS  MIEsS BETE
Hidetoshi Miyakawa, Kenji Onishi, Hideki Shimizu. Yasushi Hosoe. Yukiharu Ozaki
BHBE KT

Aichi University of Education

1. XU I Introduction
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The 2005 World Exposition (abbr. EXPO 2005) was held at Nagakute Site and Seto Site located
in the hills east of Nagoya for 185 days from March 25 (Friday). 2005 to September 25 (Sunday).
2005. 1t was the second world exposition after the last one held in Osaka 35 years ago. About 121
nations and 4 international organizations participated and about 22 million visitors came to see the
exposition. While the projected number of visitors before opening was 18 million. the actual visitors
exceeded this anticipation considerably.

The main theme of EXPO 2005 was "Nature's Wisdom." targeting at creating new culture and
civilization. Since Aichi Prefecture is major industrial area in Japan where manufacturing is quite
active and Aichi University of Education conducts education and research regarding education. a
series of events for "Making Things and Education” was planned and carried out as Citizen's
Project. combining these factors under the slogans of "Dialogue with Nature." "Experiencing
Today's Technology" and "Exchange among the Peoples of the World."

Here, we would like to present the pre-event which marked the opening of the whole program
and the actual events held on the site as well as the post-event.

2. ARV NEROBZER Background of the event
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The initial preparation for EXPO 2005 started in December, 2003. Although there were several
possibilities of hosting events at EXPO 20035, we have finally decided to take part in Citizen's
Project after investigating the conformity of our past experience and feasibility with the purpose and
features of EXPO 2005. In accordance with the purpose, objective, content and procedure defined as
Citizen's Project, the entire image and specific programs of "Making Things and Education” were
constructed. A liaison meeting with the section/persons in charge of EXPO 2005 was held monthly.
Meanwhile. meetings with various quarters (relevant institutions. organizations. companies, outside
collaborators, administrative staff and faculty members of Aichi University of Education) were held
as needed, with two plenary sessions in August 2004, one year before the exposition and in January
2005, six months before the exposition.

3. LA} Pre-event
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Prior to a series of events for "Making Things and Education” at EXPO 2005. a pre-event was
implemented in "Waku-Waku World" of Toyota Manufacturing Festa organized jointly by Toyota
city and others and held at Toyota Stadium on October 11 (Monday, National holiday), 2004.

In this event, materials for a file box using thinned wood, a coin bank. a puzzle and log tags and
others were provided and participants were invited to manufacturing practice. It also served as a
rehearsal of the exposition. The 240 sets of material were prepared. all of which were consumed
from 10 a.m. to 4 p.m. All participants had fun irrespective of age or sex.

By implementing this pre-event, basic information and data were obtained for holding an event at
EXPO 2005.

Photo | and Photo 2 show the scenes of this pre-event.

b

Photo 1 Making a puzzle with thinned wood



BEHE2 [HLD3YLHEE) a—F—OkF
Photo 2 Scene of the site for "Making Things and Education”

4. BERFETORKBR L AL Program details of the events at Expo 2005
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"Making Things and Education” was carried out during a week from July 25 (Monday) to 31
(Sunday), from 10 a.m. to 4:30 p.m. With regard to the order of the day and the period of time, our
original plan was generously accepted by the Secretariat. Although it is midsummer. it was a
favorable opportunity in view of the age group of prospective participants and trend in visitors.

The venue was Kaisho Plaza in Seto Site from 25 (Monday) to 27 (Wednesday) and Civic
Pavilion in the same Seto Site from 28 (Thursday) to 31 (Sunday). According to the Secretariat of
Citizen's Project. there were about ten thousand visitors in Kaisho Plaza and about five thousand
visitors in Civic Pavilion daily during the project period. Among these visitors, about one thousand
five hundred people participated in a series of events for "Making Things and Education" and
enjoyed hands-on manufacturing. The details of daily event are as follows:

4.1 % B®OWRNZE Details of daily event
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On July 25 (Monday), Making Things Workshop featured making wood products using thinned
wood from 10 am. to 5 p.m. Major products include log tags. puzzles. money boxes. file boxes,



fan and healing chimes. Since it was the first day, the program started in somewhat strained
atmosphere. However, we had a busy day receiving many participants without intermission. An
accessory workshop using silver art clay is added for a week as our cooperating partner.

Photo 3. Photo 4 and Photo 5 show the scenes of the day.

BEH3 fFemoRE
Photo 3 Making a money box

BEH4 T7ANRy s ZAO8UE
Photo 4 Making a file box

BHES HELICLd7 784U —#ifE
Photo 5 Making an accessory with silver art clay



@%F 28 (7 H26A8 (!k)) The 2nd day, July 26 (Tuesday)
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On July 26 (Tuesday), key rings using low-temperature fusion metal, LED lights and
manually-powered flashlights were products of Making Things Workshop of this day. The
workshop was held from 10 am. to 5 p.m. As a typhoon was approaching, it was a windy day but
the event finished without any problems as we took measures against this Monday evening. In the
afternoon, the impact of the typhoon was weakened and we received more participants.

Photo 6 and Photo 7 show the scenes of the day.

BEHEG6 F—dLy—DfHE
Photo 6 Making a key ring

EX7 LED#E--RAKBORE
Photo 7 Making a LED light

@ 3A (78278 (K)) The 3rd day. July 27 (Wednesday)
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On July 27 (Wednesday) of July. junior high school students joined the program to present their
manufacturing techniques in robot manufacturing from 11 am. to 2 p.m. The same Making Things
Workshops as on 25 or 26 were implemented before and after this event, from 10 to 11 am. and 2
to 5 p.m.. covering works using thinned wood. LED lights. manually-powered flashlights and key
rings using low-temperature fusion metal. International participants who visited Japan to attend
Children's World Summit for the Environment 2005 (hosted by UNEP. United Nations Environment
Program) were also invited to this program and shared the joy of making things with us.

Photo 8 and Photo 9 show the scenes of the day.
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Photo 8 Robot manufacturing by junior high school students

BEE9 WS L0BMEIC L HRYE
Photo 9 Making things by overseas participants

@% 4B (7 A288 (K)) The 4th day. July 28 (Thursday)
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On July 28 (Thursday), two Making Things Contests were conducted from 10 am. to noon and
from 2 to 4 p.m.. applying CAD (design/drawing) software. As different software was used for the
morning contest and the afternoon one, different judges were selected in order to evaluate the
assignment and the finish. The Judges include international participants invited from U.S.A.. Hong
Kong and others. Best Work Prize was awarded by the president of Aichi University of Education.
then Excellent Work Prize, Special Prize and others were awarded by the software company and the
sales companies. respectively.

Photo 10 and Photo 11 show the scenes of the day.

During this event at Civic Pavilion, we asked manufacturers of laser processing machinery and
NC machinery to join us and to demonstrate the processing technique of the most advanced
machines through shaping well-known characters with wood and plastic.

BF O+
Photo 11 Students during the competition



®% 58 (7 H298 (£&)) The 5th day. July 29 (Friday)
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Another Making Things Contest using thinned wood was held twice, from 10 am. to noon and
from 1:30 to 3:30 p.m. on July 29. As the intended participants are different. children and their
guardians in the morning and junior high school students in the afternoon, different task and
different judgment method were prepared. Judges were chosen from the relevant sectors such as the
organization related with thinned wood, local authority, various institutions and schools, each
representing different viewpoint. Best Work Prize was awarded by the president of Aichi University
of Education. followed by Excellent Work Prize, Special Prize and others were awarded by the
respective partners.

During the waiting time of the contest, Making Things Workshop were offered. making wood
products with thinned wood, manufacturing LED lights, manually-powered lights and key rings
using low temperature fusion metal.

Photo 12 and Photo 13 show the scenes of the day.

BEEI2 MM 7R (FELLEREE) ORK

Photo 12 Scene in the contest using thinned wood (children and their guardians)

EEI3 Mf#rar7 2+ (P%E4E) ORE
Photo 13 Scene in the contest using thinned wood (junior high school students)



®% 6 H (7 A308 (1)) The 6th day, July 30 (Saturday)
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1) Dr. Clarence H. Preitz (#}#) (Canada)
2)Mr. The Augustin Kouadio (=— k¥R T —) (Cote d'lvoire)
3)Mr. Mario Alfredo Majano Guerrero (/L% /L8 K)L) (El Salvador)
4) Ms. Sahar Mahmoud Mohamed Abouzid (=27 k) (Egypt)
-—Industrial Technology Education and Making Things in Egypt
5)Dr. Gerd Hoepken ( K /) (Germany)
——Making Things-Using Methods of Technology
6) Mr. Elisha Ndinya Abeka (7 =7) (Kenya)
7)Mr. Cesar Augusto Sena Ruiz Diaz (/X7 77 ) (Paraguay)
8)Mr. Mehmet Yazar ( h/L =) (Turkey)
9)Dr. Richard A. Boser (CKE) (U.S.A.)
———Lasers and Wood: Applications in Technology Education
10)Ms. Anna Sumner (GKE) (U.S.A)
—SIMP Pre-Engineering Program Making Things and Education
TA—F LORTHIZIE, 74— T LDRRELEFIIVIBME L —HIC, MM 2E
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On July 30 (Saturday), International Forum was held with 10 presenters from 9 difterent nations
of the world to exchange views on "Making Things and Education.” Presentations were made on
the common theme of "Making Things and Education." Their names, countries and sub-titles (if
any) are as shown above.

After the Forum, the presenters joined the workshops to make products with thinned wood. LED
lights. manually-powered flashlights and key rings using low temperature fusion metal together with
the participants.

Photo 14 and Photo 15 show the scenes of the day.

EHI4 Z7x—T74h (H#F) ORK
Photo 14 International Forum (World)



EEIS T (5F=7) RORBRKRDOET
Photo 15 Presentation by Mr. Abeka (Kenya)

@% 78 (7HA31A(A)) The 7th day, July 31 (Sunday)
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1) Mr. Choeun Tauch (# >R < 7) (Cambodia)

2)Dr. Jin-Soo Kim (#[E) (Korea)

3)Mr. Muhammad Nor Zaini Bin Jaafar (= L —7) (Malaysia)
4)Dr. Hazrat Hussan (/3% X % ) (Pakistan)

———Making the Knowledge to work for Organisational Excellence in TEVT
5)Mr. Tarig Mahmood (/3% 2 # /) (Pakistan)
6)Mr. Ghulam Abbas Channa (/32 R # ) (Pakistan)

7) Ms. Martha Farolan (7 4 U ¥'>) (Philippines)

———Creativity in Education and Technology
8)Mr. Amin Badra (VU 7) (Syria)

9) Dr. Chih-Yang Chao (&%) (Taiwan)

——-Design of the Liquid Cooling System with CPU
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Another International Forum took place on July 31 (Sunday) with 9 presenters from 7 Asian
countries to exchange views on "Making Things and Education." As the preceding day.
presentations were made on the common theme of "Making Things and Education.” Their names.
countries and sub-titles (if any) are as shown above.

After the Forum, the presenters joined the workshops to make products with thinned wood. LED
lights, manually-powered flashlights and key rings using low temperature fusion metal together with
the participants.

Photo 16 and Photo 17 show the scenes of the day.



BEHI6 7+x—F4H (TPT) ORE
Photo 16 I[nternational Forum (Asia)

[P L L

BRIT VxA 77 (FL—37) KOBROKTF
Photo 17 Presentation by Mr. Jaafar (Malaysia)
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In addition to the above-described events. as for "Dialogue with Nature" an exhibition of

information regarding thinned wood was held in cooperation with National Forestry Cooperative
Union, Aichi Prefectural Forestry Cooperative and Lumber Cooperative of Asuke-cho, Toyota city.



As mentioned above. in "Experiencing Today's Technology.” manufacturers of laser processing
machinery and NC machinery held a material processing demonstration of thinned wood. metal and
plastic using the most advanced machines. As for "Exchange among the Peoples of the World."
Japan International Cooperation Agency (JICA) and Japan International Cooperation Center (JICE)
kindly arranged to send the overseas participants of their training programs to International Forum.
Colombo Plan Staff College (CPSC), an international organization also joined in this effort to
delegate their Asian trainees. Ms. Midori Sugiyama, an attendant of Mitsubishi Group Pavilion at
EXPO 2005 supported International Forum as the master of ceremony.

External assistance such as companies, organizations and institutions as well as teachers
contributed to the implementation of this event. Needless to say. cooperation of Aichi University of
Education faculty, administrative staff and students led to this series of events.

5. RAPAR B Post event
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Our event at Expo triggered for further development concerning "Making Things and Education.”

We received requests for this event from various channels, three of which are introduced here.

Photo 18, Photo 19 and Photo 20 show the scenes of these events.
@ Date: August 21 (Sunday), 2005, 10 am. to noon, 1 p.m. to 3:30 p.m.

Venue: Denso Corporation, Takatana Plant

Sponsored by: Denso Corporation

Title: Denso Summer Holiday Monozukuri School "Making Things Class by AUE Students”

Participated by: Elementary school pupils and their guardians, 50 participants x 2 times (morning

and afternoon) = 100 participants
Content: Making puzzles using thinned wood

THIS 5L Y—TOA Ny FOBT

Photo 18 Scene of the event at Denso
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@ Date: September 11 (Sunday), 2005, 10 a.m. to 4 p.m.

Venue: Toyota Stadium

Sponsored by: The Toyota Chamber of Commerce and Industry
Title: Toyota Industry Festa 2005 "Workshop for Thinned Wood"
Participated by: General public. Total: 100 participants

Content: Murmur of River Yahagi (Making wooden product)

EE19 SHATTTOA RV FOKT
Photo 19 Scene of the event in Toyota city
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® Date: November 6 (Sunday). 2005, 10 a.m. to noon
Venue: Green and Flower Center "Sansan-no-sato” in Miyoshi-cho
Sponsored by: Miyoshi-cho and others
Title: Industry Festa Miyoshi 2005 "Children’s Club Festival”
Participated by: Members of Children's Club. 2 times (every one hour) = 100 participants
Content; Making puzzles using thinned wood

EEH20 Z[EITOA X2 FOKRT
Photo 20 Scene of the event in Miyoshi-cho



6. BbHIZ Conclusion
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A precious occasion was provided to Aichi University of Education under the title of "Making
Things and Education" as Citizen's Project at EXPO 2005. All sorts of events were planned and
implemented as described before. and thus we indicated the importance of "Making Things and
Education” to Aichi Prefecture, overall Japan and the world through this exciting event in which
pupils, students and adults participated.

It is necessary for us to follow up this program in order to reflect this experience in our
education and research in the future. Just then. "University Education Support Program: Ingenuity
and improvement of support for learning and extracurricular activities of university student” of
Aichi University of Education was adopted by Ministry of Education, Culture. Sport, Science and
Technology as the distinctive GP (Good Practice) for FY2005. In this program, "Making Things
Class" was proposed and it is now implemented. Under this condition, it became possible to
advance our activity further, taking over the experience at EXPO 2005 and its result.

It is scheduled that a report covering our commitment in this event will be issued on the Journal
of "Japanese Society of Technology Education.”
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First of all. we would like to express our gratitude to Japan Association for The 2005 World
Exposition for offering this precious opportunity to us.

Secondly, as described in 4.2. a special note of thanks is due to about 350 supporters including
people from relevant institutions. organizations, companies, outside collaborators. administrative
staff and faculty members of Aichi University of Education who worked to realize this program.
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Aichi University of Education took part in the Citizen's Project of The 2005 World Exposition.
Aichi. Japan from July 25 to July 31. 2005 with a series of events for "Making Things and
Education” for seven days in cooperation with relevant institutions, organizations, companies.
outside collaborators. administrative staff and faculty members of Aichi University of Education.
Specific programs include: Making Things Workshop using thinned wood. low temperature fusion
metal and LED, Making Things Contest using CAD software and thinned wood and International
Forum on "Making Things and Education" by participants from the world and Asia. These events
gained popularity with a large audience and many hints are suggested in terms of future “"Making
Things and Education.”

Keywords: The 2005 World Exposition, Aichi University of Education. Making Things Workshop,
Making Things Contest, International Forum
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Lasers and Wood: Applications in Technology Education

Richard A. Boser, Chris Merrill
Illinois State University
U.S. A.

Introduction

Lasers are the latest technology added to the Technology Education program at Illinois State
University. Although lasers are now work horses in many industries from manufacturing to
health care. lasers have always evoked a science fiction or futuristic connotation that sparked
the imagination — from laser light shows to StarTrek weapons and transporter devices. The
utilization of lasers in technology education can capture student’s interest while emphasizing
and integrating design, art. science, and technology applications. The purpose of this paper is
to illustrate how laser technology can be combined with knowledge of wood and used as a
tool for design and problem solving in technology education. The paper has three parts: first
an overview of what makes a laser work: second. why awareness of lasers is important for
technology education. and finally, sample products and the processes used to produce them.

How Lasers Work

The term LASER is an acronym for Light - Amplification by Stimulated Emission of
Radiation. Lasers have a long and complex history. The original theoretical work on
“stimulated emission” of light was published by Albert Einstein in 1917. It took another 50
years before Gordon Gould in 1958 outlined the design principles for a stimulated emission
devise, which he termed a “laser” (Bellis, 2005). T.H. Maiman is credited with the
development of the first working laser model in 1960.

Very briefly. a laser is devise for amplifying and controlling a focused beam of light
(radiation). The basic components necessary are the active medium (source of radiation), a
power source to stimulate the atoms in the medium to release photons. which bounce back
and forth between a full mirror and a partial mirror until enough photons have been created
(amplified) to emit radiation as a bright compact beam.
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Figure 1 Basic laser components



Laser light is different from normal incandescent light due to many factors (Weschler, 2005).
Laser light is monochromatic, coherent, and directional. A laser works more like a
magnifying glass used to focus sunlight. Laser light is one color and one wavelength,
organized into parallel waves with each photon moving in step with the other. The result is an
amplified directional focused beam of light. A light bulb which is unfiltered and unfocused,
projects all colors of light, each with different wavelengths, in all directions (Kross, no date).
The light is therefore defused and cannot be focused to as a small spot. Light bulb light cannot
be as intense as a laser without expending tremendous amounts of energy.

Laser light can be made less intense by activating a few photons or made very intense by
activating many more generated photons to make a very bright compact beam (Weschler,
2005). An atom can exist in an excited state, similar to a bow when it is stretched. When the
atom relaxes it emits a photon. This is similar to releasing the string of the bow and letting the
arrow fly. Normally an atom will relax from its excited state anytime it feels like it. However,
if another photon comes by that has the same energy as the atom in the excited state, the atom
will decide to give off its photon and it joins the other. The atom is stimulated by another
photon to release its photon. The excited atom emits a photon when another photon comes by.
Radiation is a general term for anything that is radiated. or given off by an object. For lasers,
radiation refers to the photons which are being emitted.

Types of Lasers

There are many different types of lasers. The laser medium can be a solid. gas, or liquid
semiconductor (Wikipedia, no date). Lasers are commonly designated by the type of lasing
material employed. Solid-state lasers have lasing material distributed in a solid matrix. Gas
lasers which are helium and helium-neon, and are the most common gas lasers, have a
primary output of visible red light. CO; lasers emit energy in the far-infrared, and are used for
cutting hard materials. Excimer lasers use reactive gases, such as chlorine and fluorine, mixed
with inert gases such as argon, krypton. or xenon. When electrically stimulated, a pseudo
molecule (dimer) is produced. When lased, the dimer produces light in the ultraviolet range.
Dye lasers use complex organic dyes, such as rhodamine 6G, in liquid solution or suspension
as lasing media. They are tunable over a broad range of wavelengths. Semiconductor lasers,
sometimes called diode lasers, are not solid-state lasers. These electronic devices are
generally very small and use low power. They may be built into larger arrays, such as the
writing source in some laser printers or CD players.

Laser Classifications and Safety

Lasers are classified into four general areas depending on the potential for causing biological
damage. Lasers are classified into the following categories.
e Class 1 — These lasers cannot emit laser radiation at known hazard levels. Well known
examples of Class 1 lasers include CD-ROM players and laser printers
e Class 1A. — This is a special designation that applies only to lasers that are “not
intended for viewing” such as a supermarket laser scanner. The upper power limit of
Class 1A. is 2.0mW.
e Class 2 — These are low-power visible lasers that emit above Class I levels but at a
radiant power not above 1mW. The concept is that the human aversion reaction to
bright light will protect a person. Supermarket scanners are an example of Class 2 lasers.



e Class 3A — These are intermediate-power lasers (cw: 1-5mW), which are hazardous
only for intrabeam viewing. Most pen-like pointing lasers are in this class. Class 3
lasers can be an eye hazard if viewed directly.

e Class 3B — These are moderate-power lasers.

e (lass 4 — These are high-power lasers (¢cw: 500mW. Pulsed: 10 J/cm? or the diffuse
reflection limit), which are hazardous to view under any condition (directly or diffusely
scattered). and are a potential fire hazard and a skin hazard. Significant controls are

required of Class IV laser facilities. Class 4 lasers are used for many manufacturing
applications.

It is important to understand laser classification for student safety. The lasers used for
engraving and other technology education activities are Class 1 lasers that do not emit laser
radiation at known hazard levels. Class 1 lasers are safe if left in their original housings and
not disassembled. For additional information on laser classifications and safety see Laser
Safety Training self-study guide at http:/ehs.unc.edw/training/self study/laser/.

Safety should always be a concern in a technology lab and proper instruction must be
provided to students who work with lasers. However, lasers are safer than conventional
cutting tools. The laser operates in a safety enclosure and will not operate if the door is open.
Hence. no special personal safety equipment is needed. After relatively simple instruction on
safety and material properties, students can quickly begin working with lasers. Instructors and
professionals should compare laser technology to the hazards of cutting something on a band-
saw, or the time. setup, equipment cost, and expertise required.

Uses of Lasers

Since 1960, laser technology has been developed for numerous industries and applications.
Lasers show up in an amazing range of products and technologies. You will find them in
everything from CD players and dental drills to high-speed cutting machines and measuring
systems. Manufacturing and electronics applications of lasers include micro-machining,
precision cutting and drilling. Lasers also have an ever increasing number of applications in
construction. Laser levels are used to set elevations and grades, and create visible building
lines to guide material installation. New power tools have laser pointers for more accurate
cutting and layout. Also. as medical technology seeks to be less invasive, lasers are routinely
used for eye surgery. blood clot removal. and a host of cosmetic surgery procedures.

Why Teach Lasers in Technology Education?

Flowers (2000b) offered many reasons why students should learn about lasers. Laser
technologies are being widely implemented in a variety of industries and today’s students
should have an awareness of laser applications and related careers. Laser designs and
applications require the application of mathematics for accurate cutting and engraving. Like
CNC (Computer Numerically Controlled), lasers provide an opportunity to experience
integrate design and production as students move from CAD (Computer Aided Design) to
product prototype. Students can produce professional parts in short time more safely than with
conventional saws and cutting tools. Because of the speed of production, rapid prototyping is
possible with troubleshooting to find and fix design errors. Finally, students can produce a
“take home™ product quickly, something which is not common in most of today’s technology
education activities.



Laser Applications at Illinois State University — Process, Products, and Issues

Two years ago, lllinois State University purchased a 25 Watt CO; laser engraver, which
engraves and cuts on wood, acrylic and plastic and will mark, but not cut, most coated metals.
Although 25 watts does not sound like much power. it is focused in a very small area of about
5 thousands of an inch, or 1/ 10" of a millimeter, in diameter. As such, the 25 watts generates
a power density of about 1,000,000 watts or equivalent to over 16,000 60-watt light bulbs.

Figure 2 25-Watt COzi\'/Aé»rsaLaser Univel;séi Laser System Engraver
with template on engraving table

How you use the laser depends upon the type of product you are producing. If you are
producing a single item, like a key chain, you simply position the blank in the upper left hand
corner, create your design or logo in CorelDRAW or other appropriate software, designate the
appropriate settings for the type of material, and then print to the laser engraver. If you are
producing multiple items, such as a six engraved pencils at a time. you must first cut out a
template to correctly position the pencils for laser engraving. Once the template is produced,
the pencils can be loaded into the template and engraved. The laser engraver works essentially
the same way as a laser printer. A software driver for the laser must be installed; the design
created in software such as CorelDRAW, and then *“print” to the laser driver, which prompts
you for settings for cutting, engraving, and material characteristics. As an example, a finished
product of six pencils was laser engraved in less than two minutes. Total time to design and
locate the text, cut the template, and engrave the pencils was about 20 minutes. The quality of
cutting and engraving of this machine depends upon accurate measurement. Electronic digital
calipers are used for this purpose.



Laser machining is capable of replacing work on machines such as the band-saw or scroll-saw
for cutting thin stock. The laser is safer to use then these traditional machining methods and

can allow students to create products that would have been nearly impossible to build in the
past.

Figure 4 Pencils placed in template ready for Figure 5 Sample key chain product produced
laser engraving. on Versalaser engraver.
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Figure 6 Veneer inlay cut on the VersalLaser. The same design was used on two
different types of wood, cherry and ash, to maximize the contrast. The
letters cut of one venner fit into the other.

Laser machining in technology education can allow students who have used laser cutters to
quickly go from a product idea to an actual part. Programs are available on the internet to
quickly generate drawings within AutoCAD. These drawings can then be used as an outline
for laser cutting. Students must practice laser safety, apply mathematical concepts. perform
measurement and inspection, trouble-shoot industrial electronics and control, in order to
effectively use laser technology.

The biggest obstacle for schools to introduce laser machining technology is the cost of the
hardware. Also, students must gain a certain level of familiarity with these tools in order to
use them effectively. Although cost may seem like a big problem, some manufacturers have
advertised lasers as low as $12.900. As an example, Ball State University used a combination
of university funds from the National Science Foundation’s Instrumentation and Laboratory
Improvement Grant Program. If funds are not available, teachers may have to rely on field
trips, videos, and partnerships with companies or with other schools that have the hardware.
Ball State University students use their laser machining center to make manufacturing tools,
prototypes of designs, and to mark materials. The largest use has been to make small signs,
key chains, or other items with art and text engraved on a flat surface. Laser machining also
offers additional options such as a three-dimensional laser scanners used to capture an
object’s surface geometry. However, this can be costly and time consuming compared to laser
cutting parts with two-dimensional geometry (Flowers, 2000a).



Summary and Conclusion

This paper provided an overview of laser technology and illustrated how laser technology can
be used as a tool for design and creative problem solving in technology education. A variety
of products can be produced that challenge and motivate students to apply mathematics,
science, and coordinate-based computer design. Laser activities in technology education
expose students to a contemporary technology with numerous industrial applications.
Students can quickly learn to produce professional looking products with a laser that would be
dangerous or impossible to produce with traditional industrial machining. Laser machining is
not limited to signs or key chains, but can also be applied to make design prototypes and
tooling for more elaborate projects. Although the initial purchase of a laser engraver/cutter
may be somewhat expensive, materials for subsequent activities are very economical. Laser
machining is appropriate for technology education because it infuses contemporary
technology in a way that is fun, safe, and builds knowledge and skills of integrated design and
production.
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Methods of Technology — Methods of Technology Education —
“Making Things”

Gerd Hopken
Flensburg University
GERMANY

Since the beginning of technology education in Germany as a school subject in the sixties
there emerged a set of specific approaches to teach technology as a subject. In most school
subjects these approaches are named teaching “methods” — in German: Unterrichts-
“Methoden”. To show the characteristics of technology as a school subject, a different
concept for methods came into use: Unterrichts-“Verfahren™. This means teaching
“procedures” in the meaning of process engineering procedures.

Methods of Technology Education

From the history of the subject (Werken: art and craft or industrial arts) the predominant pro-
cedure was the “Konstruktions- und Fertigungsaufgabe” (design and make activity). But not
all aspects of technology can be covered with this procedure. So it was split into two inde-
pendent parts, design exercise and making task. In the course of developing technology edu-
cation, some more “procedures” evolved. The common set of “procedures™ comprises the
following activities ( Henseler/Hdpken, p. 53 ff.):

Table 1 The common set of procedures

Course of This is a method to attain limited partial aims of technology education. It is

instruction restricted to teach knowledge and skills. Examples are: How to use a
power drill, computation of a series resistor for a light emitting diode.

Design activity This method corresponds with an important technological action - design-
ing. In the process of solving technological problems it emphasizes invent-
ing, planning, designing and creating. Examples are: Designing a circuit
board for an electronic circuit., Designing a time control (traffic light,
flashing light)

Making activity Manufacturing an object the pupils independently plan and organize the
production process. Examples are: Manufacturing an electronic wiring, ...

Design and Design exercise and manufacturing can be combined. This is the original
method of application of arts and crafts. It includes all stages of the plan-
ning and manufacturing process. But this means also, that only few exer-
cises can be carried out during one term.

making activity

Technological The technological experiment can provide unknown values, which are
needed in the further course of the lesson. Examples are: Determining the
adhesion of various adhesives, determining the life of batteries under dif-
ferent loads.

experiment

Technological In a technological analysis technological object or technical facts are ex-
amined concerning their components or factors. This can be done destruc-

analysis . . . . ..
Y tive or non destructive. Examples are: Disassembling an electric iron to see




Technological
exploration

Technological
assessment

Project

Case study

Expert inquiry

the components of a control loop (non destructive, the iron can be reas-
sembled), opening the case of a power transistor (TO 3) (destructive)

This is a planned and purposeful investigation of institutions outside
school. Examples are: Traffic light, machines in a factory or workshop

Assessment and evaluation of technology is one of the most complex
methods of technology education. It takes place after each manufacturing
exercise to assess and evaluate the object made. The result can be used to
evaluate the pupil’s standards. However technological assessment can also
be a method of its own testing industrial products or even comparing types
of power stations.

The project is a method to enable students to solve complex tasks emerg-
ing form the reality of life. The project activities go from planning to prac-
tical realization. Characteristics of working in a project are orientation to-
wards product and activity, interdisciplinary, orientation towards students,
reference to situation and society, joint organization of learning processes.
A project requires the removal of separation between school subjects and
of 45-minute lessons.

In a case study. a real situation is the starting point for the learning proc-
ess. After an exact analysis of the problem, several possible solutions are
worked out in groups and a decision is made in the whole class. The result
is compared with the real decision and assessed.

Expert inquiry is a method aiming towards reality. An Expert is invited
into the classroom to answer questions about a certain, limited issue. So
the students get first hand knowledge. insight, and experience.

This list of procedures shows a dilemma: some of them are part of the teaching strategies of
all school subjects (e. g. course of instruction), some represent specific pedagogical ap-
proaches (e. g. project). So this set is not coherent and not stringent. Is there another way of
determining a more coherent set of teaching and learning activities?

The goal of technology education is to clearly illustrate to the student the technical

surrounding which are getting more and more complex. It should lead to a general

technological literacy, which consists of three interactive components: factual competence,
methodological competence, and assessment competence.

+ The student is guided to a factual competence, by imparting to him exemplary and both
structural and functional knowledge about technological subjects and processes which at
the same time are transferable and objectively and subjectively significant. This
incorporates getting to know technical functions, modes of action and conformity. The
development of activity and skill to use technology, and effective use of matter, energy and
information as well as the recognition of scientific and economic determined connections

of technology.

* The student is lead to methodological competence within technology by using a way of
thinking and working typical for technology in his lesson, like they appear within technol-
ogy in developing-. inventing, and production processes. The path towards methodological
competence corresponds with the development of creativity and the ability to co-operate
and communicate in connection with technological action.
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* The student is lead to an evaluation and assessment competence within the area of techno-
logical acting. by learning to assess and question critically the development, production

and usage of technology under economical, ecological and social aspects. ( Hartmann et al..
p. 10 f)

Methodological competence is the key for developing teaching activities. Factual competence

will be a by-product of methodological competence: evaluation and assessment competence is
part of it.

Assessing technology

Methods of technology

|

Technological Technological
activities process

Figure 1 Content areas of technology (Henseler/HSpken, p. 33)

Technological Activities

Technological methods are embedded in general technological activities. These activities
comprise the whole life of a technological product and include designing and making, but also
distribution, usage. maintenance, and putting of operation.

Table 2 Technological activities
From emerging needs | Creating. controlling, manipulating, assessing need

Design Planning, analyzing, looking for and assessing solutions, choosing,
projecting, elaborating

Production Acquisition, organizing, making, using standardized parts, assem-
bling, testing

Distribution Organizing, packing, storing, shipping, selling

Usage Assembling, operating, testing function and safety, maintenance,

cleaning, repair

Putting out of opera- |Dismantling, scrapping. storing, recycling, ...
tion

( Henseler/Hopken. p. 34)



In all these activities, specific technological methods are used. In today's complex
technologies several methods are needed to acquire control over processes and artifacts. So
methods to understand a process are eminently important.

Technological Methods

The technological methods were shown in the following Table 3.

Table 3 Technological methods

Methods of assign- | e Developing alternative solutions and choice of solutions according
ing and assessment to criteria of assessment

e Assessing consequences and danger using a technological system

Anticipating meth- | e Choosing natural laws and assessing their appropriateness for
ods achieving the objective

¢ Anticipating a concrete solution by drawing or simulation

¢ Assessing the function of concrete solution by a real model. by
drawing, by calculations based on natural laws. by experiment, ..

¢ Planning, organizing and representing the course of the process

Realizing methods | e Carrying out a process
o Controlling the course of a process

e Choosing and using appropriate objects, means and procedures

Simplifying/ sys- e Abstract and symbolic representation of systems, subsystems and
tematizing methods their combinations

¢ Splitting a complex system into single systems and subsystems eas-
ily to grasp

¢ Assigning relevant quantities to systems and subsystems

¢ Standardization

Analyzing methods | ¢ Uncovering the natural laws. the system is basing on

¢ Explaining the mode of operation by following the causal connec-
tions between relevant quantities and subsystems

o Searching for errors and narrowing down errors by measuring rele-
vant quantities at the interfaces of subsystems

¢ Determining specifics of the object of operation, technological pro-
cedures and technological objects, assessing their appropriateness
for a technological solution

(Henseler/Hopken, p. 41)

Activities and methods of technology change only very little in the course of time — they are
time invariant. while technology changes. So they are subject matter with specific value.
Technology education has to ensure the usage of technological activities and technological
methods. Some of the methods are methods to make a process (or an artifact) understandable.
So they are pedagogical per se. A good example for this sort of method is the
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simplifying/systematizing methods. Abstract and symbolic representation of systems,
subsystems and their combinations is a tool for many engineers today. to communicate with
colleagues or for decision making.

In the following. selected technological methods are viewed, to show their appropriateness as
methods for technology education.

Methods of assigning and assessment
Developing alternative solutions and choice of solutions according to criteria of assessment

It is the nature of technology that for a given problem there are always several alternative so-
lutions. So criteria for assessing these solutions have to be made clear to select one of the pos-
sible solutions.

Assessing consequences and danger using a technological system

Every technological artifact, process, or system has effects and side effects. The balance be-
tween effects and side effects has to be assessed to make a decision about a technological sys-
tem.

Anticipating methods
Choosing natural laws and assessing their appropriateness for achieving the objective

When a technological system is planned. there has to be made a choice of the basics for this
system (mechanics, electronics, or pneumatics). Form these basics it depends, how the bal-
ance of effects and side effects will be an how the solution will come up to expectations.

Anticipating a concrete solution by drawing or simulation

Once a solution has been taken into account, the properties of the solution will be viewed in a
drawing or a computer simulation.

Assessing the function of concrete solution by a real model, by drawing, by calculations based
on natural laws, by experiment.

When the anticipated solution seems to be promising, it can be further examined. A model
can be made; several experiments or calculations can be done. to see whether the function of
the solution is sufficient.

Planning, organizing and representing the course of the process

Once the course of the process is envisioned. the process has to be planned and organized.
Realizing methods

Carrying out a process

Of course. after planning. the process has to be carried out.

Controlling the course of a process

Control technology is one of the main areas of technology during the course of a process. The
underlying control technology is technological solution (with all details and consequences) of
its own,

Choosing and using appropriate objects, means, and procedures

One of the most important decisions for the effectiveness of a process is selecting the appro-
priate objects. mean, and procedures.

Simplifying/systematizing methods



Abstract and symbolic representation of systems, subsystems and their combinations

To carry out a complex process, it is inevitable to communicate about several ways of fulfill-
ing the task. Since all processes are done by division of labor. systems have to be split into
subsystem, but these again have to be combined.

Splitting a complex system into single systems and subsystems easily to grasp

Complex technological solutions employ many different parts basing on different fields of
technology. These subsystems have to be named to enable communication between different
groups of engineers.

Assigning relevant quantities to systems and subsystems

When a system has been split into subsystems, the relevant quantities have to be assigned to
these subsystems.

Standardization

One of the reasons for the success of modern technology is standardization. So it is to prefer
that as many parts of a system as possible are standardized.

Analyzing methods
Uncovering the natural laws, the system is basing on

A common misunderstanding is to consider technology as an application of science. Technol-
ogy is a very much different field of human experience than science. but of course (like any-
thing in human life) technology is based on science. Different solutions for a problem employ
different natural laws. So it is interesting to name these laws to see the possibilities for varia-
tions or new solutions.

Explaining the mode of operation by following the causal connections between relevant quan-
tities and subsystems

For bystanders a complex system only can be explained by uncovering the causal connection
between the different parts.

Searching for errors and narrowing down errors by measuring relevant quantities at the in-
terfaces of subsystems

One of the most important activities in modem technological product is finding errors or nar-
rowing down them. So the rated value at every interface has to be known.

Determining specifics of the object of operation. technological procedures and technological
objects. assessing their appropriateness for a technological solution

To assess every projected part of a technological solution. the specifics of all parts, all
procedures have to be known.

Selecting technological methods for technology education

In technology education we find all types of technological methods: methods of assigning and
assessment, anticipating methods, realizing methods, simplifying/systematizing methods, and
analyzing methods. They are appropriate to structure technology lessons. The main advantage
of structuring the lessons this way is to make sure that technology education has time
invariant content and that it is well balanced representing all technological lessons.



Applying Methods of Technology — “Making Things”

Let us have a look at a very simple piece of woodworking, a little wooden puzzle. Do we need
technology to make such a puzzle? How do we have to proceed to make it?

Let us analyze the puzzle. It consists of two identical parts. Each of them has a hole for the
pieces of dowel rod of the other part to fit in. The single part of the puzzle must have been
made in a way that dowel rod pieces can put into the boreholes. To explain how this has been
made. we already need some technological methods. When we see the list of technological
methods, we immediately find methods to solve this problem.

Some of the anticipating methods seem to be appropriate to show hidden things and how the
parts are put together. But also the simplifying/systematizing methods seem to be extremely
useful to explain how things work. From a systems approach e.g. the two identical parts can
be seen as two subsystems. So the interfaces between them have to be identified: holes and
dowel rods.

From this aspect it is also clear that the realizing methods have to be chosen carefully to
secure that the parts fit into each other perfectly.

Choosing and using appropriate objects. means and procedures is part of the realizing process.
Because the exact fitting is very important, In this case not a single production is considered,
but a series production using jigs and other fixtures as well as semi finished products.

When we look at the table of technological methods. we see that nearly all have to be used to
finish this simple looking wooden puzzle.

[t is very important not only to know about the methods of technology but also to apply them
solving technological problems. This is the place to emphasize on the value of practical doing,
of making things”. A hand on is the way to learn how engineers work and what technology
is!
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Figure 2 A puzzle
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Making Things in Education

Clarence Preitz
University of Alberta
CANADA

Introduction

Making things in education can apply to any educational activity that involves the
manipulation of a material or tool process at the elementary. secondary, or tertiary level of
education. These educational activities may involve the three levels of Bloom’s taxonomy, the
cognitive domain, the effective domain. and the psychomotor domain. It should be pointed
out with emphasis that theoretically a learning activity can be placed in any domain for
educational convenience. However, there is interrelatedness between the domains. For
instance, a psychomotor skill cannot be taught in isolation of the other two domains. To
acquire a psychomotor skill a learner must be able to think and acquire the correct attitudes
toward safety of self, others, and equipment as well as develop a work ethic, etc. The ability

to think is an integrated part of any skill, without the ability to think the learning process
becomes meaningless.

One should be aware it is extremely difficult to pigeon-hole a learning activity into a single

domain of learning because of overlap and existing shades of gray between and among the
domains.

Normally educationalists related the making of things in education with the term industrial
arts, which has evolved to today’s technology education. Technology education places less
emphasis on making things and greater emphasis on learning that involves the cognitive
domain of learning with less emphasis on hands-on activities.

Makings Things - GRADES 7, 8 and 9

Initial learning activities in grades 7, 8 and 9 where the student begins the learning process to
manipulate a material or a tool, hand or power that activity should be planned so the student
has success with the end product. The teacher for these grades should:

1. Design a learning activity that is within the ability range of the learner.

2. Design a learning environment that is well organized with the correct equipment and
learning resources, plans, references. etc., that are within the ability range of the learner.

3. Have materials that are easy to work so the learner has success working the material.

4. Provide the learner with technical information that is related to the material being used
will help to expand the knowledge base of the learner.

5. Incorporate safety procedures for hand and power tools so the learner develops a

wholesome attitude toward safety from the student’s perspective and the perspective of the

equipment and tools being used.

Selecting learning activities that will help to reinforce the academic disciplines offered as

part of the school curriculum.

o

What is learned in grade 8 provides the foundation that will be expanded and reinforced in



subsequent grades of secondary school and later in the working world or at the tertiary level
of education. Things to be made at this grade level should be simple, involve a number of
processes that involve both hand and machine tools and permit the learner to have success in
making the selected product. For instance, a product made of thinned wood the wood selected
for the product should be a softwood, spruce, pine, or bass, which are easy to work by hand or
machine. This will allow the learner to have success in making the product and prevent the
learner from becoming discouraged. Time should be allotted for the presentation of related
technical information that focuses on the material being used. To illustrate: is the wood
domestic or imported; under what classification is the wood found; Is the wood open or
closed grain.

At the junior/senior high school where | taught grade 7 students enrolled in Industrial Arts
program of study were required to take a mandatory course in both Drafting Metal which
included both sheet metal and machine metal. Grade 8 students took a mandatory course in
Woodwork. Grade 9 students had the option to elect a course from one of the three areas.
Class periods were an hour and a half long. Student enrollment for each course was limited to
fifteen students per course by state edict. The state provided each teacher with a curriculum
guide from which the teacher structured units of instruction.

Figure ] Thinned wood product — American Black Walnut

Makings Things - GRADES 10, 11, 12

Students who elected to enroll in Industrial Arts at the Grade 10, 11 or 12 level had the option
of selecting from one of the three courses available; Drafting, Metals or Woodworking as
either a minor or a major. A minor took a course for two periods a week while a student
enrolled as a major took the course for two periods a day five days a week for a ten periods a
week. Students enrolled as either a minor or a major had free selection of the product they
would make from a Chippendale mirror to a Salem chest. Time was made available for these
students to work during their free periods, after school hours, and during Woodcraft Club,
which was held in the evening one night a week for two hours.



Figure 2 Salem chest reproduction
Honduras mahogany
Grade 12 student

Senior high school products that were determined to be of quality by a judging team made of
grade level students and the teacher were entered into a tri-state student craft fair for judging.
The work of winners at this fair were placed on display in the lobby of a local bank and then
sent to Dearborn. Michigan for international judging. One student had the good fortune to
receive an Outstanding Achievement Award for a Queen Anne lowboy he made in Grade 12.

Figure 3 Queen Anne lowboy reproduction
Honduras mahogany
Outstanding Achievement Award Winner
Grade 12 student

Regardless of the grade level students enrolled in a woodwork course were taught related
technical information about the woods they were using in their product and the finishing
material used so that they would become more intelligent consumers and citizens who would
make a contribution to society. The figures as follows are the examples of students’ works.



Makings Things University-Undergraduate Students

University students enrolled in the Industrial Arts Program of Studies at the University of
Alberta, Canada, were taught skill development in a materials multiple activity laboratory
where Ceramics, Plastics and Woods were taught concurrently. In these three areas 105
psychomotor skills were developed. To acquire these skills the students received instruction
six hours per week for twelve week or 72 hours of instruction during the term. In addition to
acquiring these psychomotor skills students had to acquire skills in the other two learning

domains.

Figure 4 Ceramic students making slip for slip casting
Plastic student adding catalyst to polyester resin

Prior to teaching any laboratory course the professor teaching the course was presented with a
curriculum network, which illustrated the entry and exit points, a student had to achieve to
successfully complete the course. Interpreting the curriculum network illustrated. the network
list the processes in Plastics i.e., rotational molding, and the material. plastically, use to make
a product using the rotational molder. Prior to entering the plastics area the student completed
a 25-question survey to determine the student’s previous knowledge of plastics and plastic
processes. An area exit survey was also administered. The two scores from the surveys were
compared to determine if learning had taken place. Neither score was used in compiling a
grade for the area. Students had to complete all the learning activities on the curriculum
network before advancing to a new area.
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Figure 5 Plastic segment of curriculum network for beginning materials laboratory




For the beginning and advanced materials courses which I taught charts were developed
which were color coded to the color of the appropriate area. Listed on the chart were the
products in the area the student was to complete and outside. When a product or assignment
was completed the graded was placed on the chart. This added to the competitiveness among
the students to do the best of which they were capable. Marks competitiveness among the
students to do the best of which they were capable. Marks were there for all students to see. In
essence the chart became the grade book for each course.

AN AL A

o ' . :
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Figure 6 Chart for three areas of instruction beginning materials laboratory

From experience with these adult learners we learned we had students entering the program at
the two extremes of the educational continuum. At one extreme of the continuum was the
student who possessed a goodly number of the 105 psychomotor skills acquired through
either informal or formal education or training. At the opposite side end of the continuum was
the student who possessed a limited number of skills. To compensate for this skill differential
a product matrix was developed to maximize the learning time for the student.

This matrix had three levels of experience: none, some. proficient. Each level of experience is
divided into a product quadrant which began with a product a beginning students would have
success in making and terminated with a product a proficient student would have success in
making. (Figure 7)

The content for the materials courses was divided into 80 percent practical and 20 percent
theory. The major professor for the course taught both portions of the course with the practical
portion taught by the major professor with the aide of a teaching assistant.

Emphasis for both the beginning and advanced materials courses was placed on reinforcing
the academic disciplines of mathematics. science, and English the language of instruction
This was done so the student would develop the concept that industrial arts is not an isolated
subject but was dependent on other subjects for part of its content.



Product Matrix Wood
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Process
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Figure 7 Product matrix for woods arca
Materials Laboratory



Summary

Any practical learning activity will involve the three domains of learning of Bloom’s
taxonomy. These learning domains must be taught as unit and not in isolation of the other.

Junior high school students, Grades 7. 8. and 9 should have success with the material used
to make the product. To achieve that success the product should be of interest to the student
and the material easy to work. Related technical information should be incorporated into the
instructional program.

Grades 10, 11, and 12 students should have free selection of the product they want to make
and be permitted enough time to complete the product. The teaching of related technical
information is a must at this level of education.

University student enrolled in the Industrial Arts Program of study were taught in a multiple
activity laboratory — Ceramics, Plastics, and Wood, where 105 psychomotor skills were
developed over a period of 12 weeks. Students were taught six hours a week for 12 weeks.
Charts were developed for materials courses and color coded to the appropriate areas of the
laboratory. These charts were used for formative evaluation to show student progress.

Because of different learning experiences of entering students a three level product matrix

was developed for product selection. The purpose of this matrix was to maximize the student
learning time.



Making Things and Education: SIMP Pre-engineering Program

Anna Sumner
Westside Middle School
U.S. A.

Overview

The Society of Military Engineers (SAME) sponsors the Student Initiative Mentoring
Program (SIMP) through the University of Nebraska at Omaha’s Engineering Campus. SIMP
is a pre-engineering program where the primary goal is to introduce middle and high school
students to the Engineering and Architectural fields of study. SIMP links the students to an
engineer or architect adult mentor. The teacher’s role becomes one who coordinates the needs
of the project and guides students.

The process of SIMP begins with brainstorming problems that exist in our world today.
Based on criteria, students select an open-ended problem they want to solve. The remainder
of the time is spent solving this problem in group sessions. Engineering mentors meet
students on a weekly basis and guide them though the same problem solving model engineers’
use. The process concludes with a competition where students present the solution to the

selected problem. Students write a proposal, present their model, do an oral presentation, and
field questions from the judges.

This pre-engineering program truly reflects an experience for students in the field of
Technology Education. The program uses a cross-disciplinary approach and is inquiry-based.
Within a safe environment. students take risks intellectually, socially and emotionally. On a
daily basis students learn about the technological world they live in and how they can make it
better. It reflects teamwork in the “real world.” When disagreements arise on how to solve a
piece of the problem, mentors introduce “Pros and Cons” and the teacher may pose decision-
making strategies. Students then, as a group. decide on solutions.

The adolescent learner thrives on challenges; they love to explore new technologies.
Technology use and training is infused throughout the entire year. The teacher provides
students software to learn, introduces them to multimedia presentation styles and well as
modeling techniques. Mentors arrange site visit to “see” how engineers are solving everyday
problems. Other experts come and talk to the students about how to address solutions to their
problem as well as other people to contact to further justify a solution path. These contacts
take place online, by phone, or face-to-face. Students use global positioning devices (GPS),
plotters, surveying equipment and aerial maps. If the students find a need for a technology
with which the mentors or teacher are unfamiliar with, together we seek help. We have had
assistance from other engineers, school board members, principals. and plant managers.

This program addresses the needs of all the learners in a school by providing them with the
opportunity to express their knowledge yet challenges them to think critically. Most
importantly, they learn how to work together as a group. Each student is responsible for a
“piece” of the project. The project will not reach fruition if one person does not do their
research and apply what they have learned to their part of the solution. Students figure out
that in this type of group work they cannot do all the work or “slack off” and do none. No



one will come to his or her rescue. If they do a poor job on their work the entire project may
fail. Just like in the “‘real world.”

Parents are a key element in the success of this program. They are invited to any of the work
sessions, support students in their research and give the occasional nudge to keep their student
on track. They help edit the proposal, proofread, gather and donate materials for our models,
and attend the competition and awards ceremony.

The pre-engineering process challenges the students to think harder than they ever have and
through critical thinking methods this in turn challenges their teacher. Teachers read
professional journals and scan workshop offerings, continually seeking additional teaching
methods for these learners. This to maximizes the student’s learning experience.

Student Initiative Mentoring Program (SIMP)

Program Goals

To provide for students a “Real World™ leamning environment that introduces them to the
various fields of Engineering and Architecture

To generate excitement about career opportunities

To work with different problem solving models

To develop a strong understanding of teamwork and professional networking

Teamwork

Involve everyone in the project development

Assign students to tasks to suit their talents

Mentor assists in guiding students through the engineering process

The Process

Select a project

Teachers have students select a project they want to do when students select the project they
have a stronger commitment to the project

Students BRAINSTORM a list of ideas

Avoid projects that are not feasible in time or capabilities

Get an idea of what the final product will be

Define project scope and timeframe to complete project

Take field trips

Possible solution sites

Manufacturing sites

Any site to enrich the student learning that pertains to the project

Visit job site under construction
This allows students to see “how” an idea/project becomes reality

Research
By themselves, in teams, with mentor(s), parents, other adult volunteers
Keep daily journals of their progress, filed trips, research, etc.

Develop a solution
Problem solving



Use or learn about new resources
Teamwork — everyone has a job that affects the projects outcome

Prepare a written proposal
All components of a ““real proposal” are included
CONTENT - Shall Include but Not Be Limited To:
1 . Title Page/Sheet: Including School Name, School Team Leader, Mentor Name(s)
it . Brief Project Description Title, Date, and List of Names and Grades of All Team
Members
iii. Project Problem Statement

iv. Recommendations (Project Solution) and Action Plan for Implementation of
Recommendations

v . Team Organization (Chart)

vi. Project Description (Journey Documentation)

vii. Lessons Learned

vii. Acknowledgments

Prepare oral presentation and display materials for competition day
Very open-ended and is up to the student team. It may include
Multimedia presentation using a SmartBoard or PowerPoint
Model of the solution
Poster boards explaining solution

Competition day
Present solution
To a panel of judges within the time limit
Answer judges questions
Attend other presentations
Evening Awards
Project on display
Listen to guest speaker
Award winners announced

Celebrate
As a team
Have a party - make team t-shirts
Review judge’s comments
Reflect on the process and how we did as a TEAM



The Pictures of the Process

1. Take field trips 2. Visit job site under construction
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3. Research

5. Prepare a written proposal

PROBLEM STATEMENT
Within the Douglas County
arca there are few mental
health facilities. However. the
need for mental health
ficiltics has not decreased.
Thosc who cannot afford
private services or require
continual care hawe few
options. We hawe decided to
solve this problem by creating
a cost chiective facility . We
plan to approach this by...

Graphic/Drawing/Ltc.



6. Prepare oral presentation and display materials for competition day

(Anna Summer, President of ITEA 2004-2005)






Design of the Liquid Cooling System with CPU

Chih-Yang Chao, Dyi-Cheng Chen, Yi-Ren Lin
National Changhua University of Education
TAIWAN, ROC

Introduction

Motivation

Computers are now frequently used in daily lives and the calories of the electronic spare parts,
such as CPU. increased while information machines like computer servers are highly
performed. The most important relevant problem of computer usage is the heat dissipation,
which can often explain why computers crashed with unknown reasons. Traditionally. the
cooling systems use wind to dissipate heat. Once the systems are not capable to cool machines.
the operating frequency of the fans increased to ensure the quantity of wind, and the sound of
the operation became louder. However. increasing operation frequency of the fans is not the
best solution to dissipate heat. Recently. computer market invented a liquid cooling system,
which uses water to dissipate heat. The liquid cooling system will be a potential product in
computer industry for it is more capable to cool and is more silent to drive. [1-6]

Purposes

The study main idea is to improve, design and integrate recent liquid cooling system products.
Because the price of the heat dissipation systems are still quite expensive in computer market,
we attempt to lower the cost by simplified the structure and try to design a smaller heat
dissipation system. so that the system will be easy to purchase and install. The price of the
new liquid cooling system will be similar to traditional ones and hoping to popularize liquid
cooling system with CPU into daily lives. More users can enjoy the advanced product with
low price and computers can functioned in a best situation through this system.

Range and limitation

This product mainly aims at improving the existing design on present market. looking after
both good heat dissipation product originally possessed and possible manufacturing cost that
need to be reformation. By doing so. customers may achieve a good balance point on price.

Therefore, the study took manufacturing steps into consideration when designing product. We
also communicated with manufactures about the modified design chart. possible blind spot.
and tried to finish all works such as design. change. open a mold, renovate, test. etc.. in a brief
time. Besides, the parts that cover in the top and bottom had to be considers whether they
could be perfectly combined with the essence structure without a drop of leaking. In addition.
because the materials of the top and bottom cover adopt PC plastics and product essence
adopts the aluminum to push into shape, temperature that causes expand and shrink should
also be considered. Hot and anti-oil consideration of PC plastic materials. how liquid could
flow fluently in the essence to dissipate heat. how to choose good but cheap materials, etc.,
are also important factors to overcome.



Related Background Knowledge

Outline

This manufacturing project is divided into two main parts: fist, manufacturing heat dissipation
water tank, and second, manufacturing the liquid cooling system. The whole process
including: understand the function of the whole operation with initial heat dissipation system,
adhere to the steps planned, draw the sketch, group discussion and coordination, and finish
the basic framework.

The first step completes the initial layout of the hardware that designed the basic structure of
the liquid cooling system, modified to open the mold, and tested out the semi-finished product.
Matching with the demand of the design, we modified components of the product, assembled
the setup after completing. and revised by test its performance. The whole project completed
at beautifying the appearance of the product.

Related designing principles

This project is divided into two parts: the manufacture of the heat dissipation water tank;
second. the manufacture of liquid cooling system.
1. Manufacture of heat dissipation water tank

]

___________________________________

Figure | Heat dissipation water tank

(1) Manufacturing process of the heat dissipation water tank
a. Body.
b. Material: copper/aluminum.
¢. Molding tool: heat dissipation pieces.
d. Better heat dissipation design.
e. Edge cleaning.

f. Surface treatment.
g. Assembling: joint the body of the dissipation water tank and the upper cover by metal

soldering.
h. Cooperated with the assembling craft techniques of the fan and CPU to reach the better

result and be more convenient to dismantle.

(2) Fan
a. Select from the current market products.
b. Compare the performance: quantity, pressures, and noise values.
c. Consider the price and performance.



Figure 2 Fan

(3) Performance measurements
a. Configure to measure on simulation system: in order to compares the performance of
the heat dissipation water tank.
b. Combine the measurement system and the computer.
c. The preparation and purchase of the measurement instruments.

(4) Production
a. Automated, reduce the manufacturing process and the cost.
b. Preparation of the producing machines or outsourcing processes.
c. The allocation of the related personnel: machine/ CAD design/ product assembling
design.

2. Manufacture of liquid cooling system

(1) The manufacture of the heat exchanger
a. Extrusion forminge.

b. Thin out the wall and the heat dissipation slab.

c. Joint the spiral and the tube tightly.

d. Deal with the connection of the joint and tube.

e. Rest of the procedure is similar to the manufacturing of heat dissipation water tank.

Figure 3 Heat exchanger

(2) Water pump
a. Select from the current market products.
b. Compare the performance: quantity, pressures, and noise values.
c. Consider the price and performance.



(3) Fan
a. Select from the current market products.
b. Compare the performance: quantity, pressures, and noise values.
c. Consider the price and performance.

(4) Choose the piping connection.

(5) Performance measurements
a. Configure to measure on imitating system: in order to compares the performance of the
heat dissipation water tank.
b. Combine the measurement system and the computer.
c. The preparation and purchase of the measurement instruments.

(6) Production
a. Automated. reduce the manufacturing process and the cost.
b. Preparation of the producing machines or outsourcing processes.
c. The allocation of the related personnel: machine/ CAD design/ product assembling
design.

The material used in top and bottom cover is plastic. It is typically applied to the electricity
and business equipment (computer components, connecters...etc.), apparatus (food
processing machine. refrigerator drawer...etc.), and the transportation industry (vehicle lamp,
instrument board...etc.).

The conditions of the injection molding craft are as followed. The PC material has to be
hygroscopic. Suggested dry condition is about 100°C to 200°C, for 3 to 4 hours. Before
processing, the moisture should be lower than 0.02%. Melting temperature is 260 to 340°C;
molding tool temperature is 70 to 120°C. As to injection pressure, high injection pressure is
preferred. To smaller gate, the injection speed should be lower while others can be higher.

Its chemistry and physical characteristics are as followed. The PC is a kind of non-crystal
engineering material, with incredible anti-attack intensity, heat stability, luster. germ
repression. and characteristics as flame retarding and anti-pollution. The otched Izod impact
strength of PC is pretty high and the constringency rate is generally low to 0.1 ~ 0.2%. PC has
good mechanical characteristics but worse flow ones. Therefore. the process of injecting using
such kind of material is more difficult. Final expectation of the product is the base to choose
PC materials. If the segments require higher anti-attack intensity, low flow rate PC will be
suitable; on the contrary. high flow rate PC material and optimized the injection process. The
later was adopted in our product.

Aluminum extrusion molding is a kind of aluminum material processing. It is different from
aluminum casting and forging. The shape differs from the molding tool, including shaping
material., wire material, tube material, bar material. and so on. Each of the cross section is
consistent and can be used for extrusion molding. According to its usage. aluminum extrusion
molding products can be divided into two types: general usage and industrial usage. The
product in our project used the later one for it is lighter and cheaper, and with better heat
dissipation.

The material of the heat dissipation water tank adopts the copper to fold the model. Copper
has good intensity. ductility and anti-causticity, and is good to conduct electric and heat. It is
thus viewed as a valuable business metal and the outlay is only inferior to iron and aluminum.



Copper is also called “red metal”. Good conductivity of copper makes it widely used in
electricity industry. Say with the unit volume, its electric conduction is only next to silver and
is applied to make conducting wires and kit of electrical communication devices. The high
heat conductivity of copper is also next to silver only and is used in refrigerator, vaporization
machine, and heating coil...etc. Another important characteristic of copper is anti-causticity.
Using copper piping can prevent mineral substance deposition when delivering water. So,
copper is used in many water supply articles within deluxe bathroom equipment. cooling
device, solar equipment and air condition systems. Architecture industry and automobile
industry also use it for a great quantity. Therefore, using copper to make the water tank can
easily absorb and take away the heat in a shortest time period. Other materials bought from
the present market products. The functions are still in testing process.

Results and Illustration

Method and steps

(1) Contact with manufacturer :

Contact with manufacturer to discuss the cost and the society needs. After combining the
speculation of both party. product design and produce put into practice.

(2) Consult and collect references :

To gather materials from every possible aspect, and follow the direction professor guides
to do related literature review.

(3) Draft the direction and the topic of the finished product :

Select the topic of the wanting finished product and the report topic as well after reading
materials collected from different resources.

(4) Discuss the heat dissipation function, modify and construct design :
By discussing with cooperate manufacturer: we concluded more economic and better heat
dissipation functions to modify the liquid cooling system.

(5) The design diagram of the liquid cooling system with CPU :

The design was divided into three parts and draws each diagram.

a. The design of injection of the top and bottom cover.

b. The design of the aluminum extrusion molding of slab.

c. The design of the column of heat dissipation actinium and copper plate folding piece.
(6) Discuss and modify the diagrams :

Through the drawing and design, we had basic cognition of the liquid cooling system.
Then modify. redesign the diagram following what have been discussed with the
manufacture before.

(7) Change related kit to fit the design :
To calculate and change the related places of the kit after making some changes of the
diagram.

(8) Discuss with the manufacturer about the design variations :
Visit the cooperate manufacturers to make sure the manufacturing difficulty, practicability,
etc. Then. modify the design.

(9) Appraise :
Estimate the price of the finished product and see if the product can be manufactured in an
economic way.



(10) Production: cooperate with manufacturers :

a. The manufacture of injection of the top and bottom cover.

b. The manufacture of the aluminum extrusion molding of slab.

c¢. The manufacture of the column of heat dissipation.

d. The manufacture of the heat dissipation copper plate plait piece.

(11) Connect each related kit and do experiment :

Experiment the sample made by the manufacturer. The experiment items include
heatproof and heatproof liquid of the fluxion. market satisfaction, etc., that can be a
reference to modify the product.

(12) The finished product :

Complete the finished product with manufacturer through several of experiments and
manufacturing.

Introduction of product appearance and operation

This product is modified and designed by the liquid cooling system of the present market but
lower the cost of producing and is easy to operate. Following is the explanation of how each
part operates:

(1) Motor device: It is the main power of heat dissipation. After turn on the motor, heat
dissipation liquid flows through heatproof pipe and dissipate heat.

(2) Heat dissipation copper plate: accompanied with heat dissipation cream underneath the
cooper plate, the liquid heat dissipation system can reach the best result.

(3) Heat dissipation copper column: The internal copper column can transform the heat
energy of its CPU. The motor will turn on the fan and ejects the heat.

(4) Upper cover: Equip by the copper plate, heat dissipation liquid flow through heatproof and
corrosion-proof pipe to upper cover. Fans on upper cover can eject the heat. The upper
cover can also stream the liquid to reach the function of heat dissipation.

(5) Aluminum extrusion molding slab: Heat dissipation liquid streams within the device and
make use of the heat dissipation slab to increase the heat dissipation results.

(6) Bottom cover: The main function is to connect the computer host and prevent the leakage
of the liquid, and to bring back the heat liquid back to motor as a cycle.



7
Figure 4 Appearance of finished product

No.1: Upper cover

No.2: Inner heat dissipation piece
No.3: Outer heat dissipation piece
No.4: Bottom cover

No.5: Heat dissipation copper plate and the column
No.6: Fan

No.7: Motor device

Operating guide and special notice

(1) Operation of the product :

This finished product is mainly designed for large company or family with big CPU usage.
The setup is simple. To operate, users only need to install the system in the host, making
the computer on and it will function automatically once the motor is motivated.

(2) Special notice :

Please keep this product away from needle form things and avoid falling it off. When
installing, do not touch the liquid or the system might not operate normally.



Conclusion and Suggestion
Conclusion

(1) The present liquid cooling systems are quite expensive and with big volume. To solve
such problem, our team members designed a smaller heat dissipation system.

(2) In order to make the society use this liquid cooling system and identify its ability to
dissipate heat, so we try to promote this liquid cooling system with CPU into more
families. Users then can enjoy a better-functioned product and the CPU of computers and
reach their best conditions.

Suggestion

(1) The error of copper plate and assembling kit should be considered so they can be setup
properly.

(2) The liquid cooling system with CPU should be installing in computers after complete tests.
so that we can avoid the difficulty of spare parts dismantling.

(3) Additional attention to fan break down problems is needed.

(4) Separate the circuit of each area inside the computer host to reduce any possible
interference or interaction of the circuits.
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Technology Education and Making of Korean Traditional Things

Jin-Soo Kim, Sang-Ho U
Korea National University of Education
KOREA

Introduction

Technology education gives opportunities for students to apply theories into reality and in the
result enhance their sensitivity, expressiveness, and creativity when they perform their
practical behaviors, which consist of, namely, 'making activity'. This is an important part of
technology education. Technology education in Korea has been taught as a subject of

‘Practical arts’ in elementary school, ‘Technology - Home Economics’ in middle schools and
10th grade in high schools.

Making activity remains in existence in a form of traditional handicrafts in Korean history.
Some of Korea's best products showing elaborate craftsmanship include a white porcelain in
Yi-dynasty, daily commodities made of hand-made paper, and a wooden mask called Gagsital.
These artistic handicrafts require artistic sense and technology talent for not only practicality
to manage daily life but also function of practical use. Today appreciation of artistic
handicrafts and brief experience are performed in various ways through instructional activities
in schools. This can be, say, as a living education and good learning material.

Therefore, we introduce the process of making traditional fan in Korea and study the
Technology education in middle school in relation to it in this study.

Curriculum of Technology & Home Economics of Middle School in Korea

Technology education in Korea was established and announced by the notification of the
Ministry of Education in Dec. 1997. Technology - Home Economics aims at the objects of
fostering spontaneous and creative Koreans who lead information era and globalization which
is main mottos of the 7th Curriculum integrating Technology - Industry and Home Economics
which is operating in The 6th Curriculum into one so that students can, whether female or
male, take as the National Basic Common Curriculum.

Table 1 shows the 7th Curriculum announced by the notification of the Korea Ministry of
Education in Dec. 1997.



Table I The 7™ national curriculum in Korea

Sch
ools Elementary School Middle School High School
Subjects 1 2 3 4 5 6 7 8 9 10 112
Korean
Language Korean 238 204 204 204 | 170 136 136 136
Language
E:”""".' 210 238 34 34 34 34 | 68 68 34 34
ucation
Social Mathematics 170
: 120 136 102 102 102 102 | 102 102 136 | (Korean
S Studies History 68)
u
Mathemat-
b s Disciplined 136 136 136 136 | 136 136 102 136
i Life
c Science 60 68 102 102 102 102 [ 102 136 136 102
l -
i i Technology: Elective
| Tl | Inpleen L. @ e Home Economics Courses
; 90 102 68 102 102 102
Physical
€
¢ Edueation 102 102 102 102 | 102 102 68 68
Pleasant
: Music Life 68 68 68 68 | 68 34 34 34
180 204
FincAnts | Wearethe 68 68 68 68 | 34 34 68 34
. first graders
L;?relgn 8 - 34 34 68 68 102 102 136 136
uages
(Engnlfs%l)
Optional Activities | 60 68 68 68 68 68 | 136 136 136 204
Extracurricular .
Activities 30 34 34 68 68 68 | 68 68 68 68 8 units
Grand Total 830 850 986 986 1,088 1,088]1,156 1,156 1,156 | 1,224 144 units

Technology education in Korea is carried out as a subject of Practical Course in 5-6 grade of
the elementary school. on the basis of which the learner can accept the primary knowledge
and function for highly industrialized society, and at the same time develop the adequate
attitude and ability to elevate the quality of life by acquiring the basic knowledge need to
manage home.

Technology and Home Economics in middle school consists of the basic knowledge for real
life and various kinds of experiences for career research. It assigns the amount and elements
of the contents. levels. allotted hours by grade, considering the learner's interest, degree of
adjustment to real life, readiness for experimentation and practice of local schools. Contents
of Technology and Home Economics in middle school are represented as Table 2 below.



Table 2 Contents of technology and home economics subject in middle school of Korea

lfomain grade 7th grade 8th grade 9th grade
» Comprehension of 1 and « Industry and career
family - comprehension of industry
comprehension off - characteristic of adolescent - decision of occupation and
family and work | - Gender and relationship with working ethics
the other sex - industrial disaster and
- relationship with [ and family safety
* Nourishment and diet of * Purchase of clothes and its | * Dict management of family
adolescent management - choice of menu and food
- nourishment of adolescent - function of clothes and - preparation of dict and
- diet of adolescent appearance asscssment
- practical basics of cooking - purchase plan of clotheg - table manners
* Technology in the future and purchase
- development of technology - making clothes and its * Electrical and electronic
and future recycling technology
- biotechnology and cultivation| - clothes caring and keeping { - an electric] circuit and
illumination
* Basics of drawing *Comprehension of machines| - check of electric home
daily life - how to represent things by - elements of machines appliances
technology measuring - making mobile thing - making electronic products
- comprehension and
making of a drawing * Useof materials
- characteristics of raw
materials
- design of products and
manufacture
+ Computer and data processing| * Computer and life
- structure and principle of - application of softwares
computer - application of Internet
- production, storage, and
distribution of data
+ Management of resources | * Family life and housing
and environments - use of living space
- use of resources and - interior environments
management of environments - preservation and  repair of
resources and - work and time of house
environments adolescents
- adolescents and their lives
as one’s daily life as
consumers

Manufacture of Taekuksun Fan

Kinds of Korean fan
Korean traditional fan could be classified into 5 kinds, which are Uhsun(44 %), Dansun(E &),

Chopsun(#25), Pewlsun(5l&), and Taekuksun(X4Bf&) like (Fig. 1) shown below.
Especially, Taekuk symbol of Taekuk Fan is most widely used to the traditional handicrafts.



(a) Uhsun(FIR)

(c) Bewlsun(BIER) (d) Chop SUN(IERR)

Figure | Korean traditional fans

Materials used

Essential raw materials for making fan are bamboo tree for its ribs and Han-Ji for its two side.
Besides, paper band. paste, scissors, and knife. The characteristics of bamboo tree and Han-Ji
are presented as follows.

1. Han-Ji: It is a kind of paper covering the ribs. It is made from mulberry trees only and
rather thick and durable.

2. Paste: It may be replaced by common paste available in a corner stationery shop for
students’ making practice.

3. Bamboo tree: Bamboo tree for ribs must have no flaw as far as possible, for identical
flexibility of each lib assures fan shape to maintain the original form and guarantees Han-Ji
not to be off. When make the ribs, first cut the bamboo trunk in size of what you think fit. But,
in this study, we used the commercial plastic material instead of bamboo.

Procedure of making fan

Procedure of making Taekuk symbol fan, by which students in middle school can make it, is
introduced.

(1) Preparation of materials for fan

Purchase plastic molded rib, wooden pivot, and some stuff that are ready for class for
experience study (Fig.2). Prepare drawing instruments for Taekuk symbol (Fig. 3).



Figure 2 Materials for fan Flgure 3 Matenals for Taekuk syrnbol

(2) Pasting Han-Ji
Paste Han-Ji to the ribs like (Fig. 4). Use the enough paste to attach Han-Ji to ribs. And rub

Han-Ji and ribs together carefully for both not to hold air bubble between them and to paste
them fast. And dry it enough.

(3) Cutting fan pattern

Draw a fan shape pattern on the Han-Ji and lib with a pencil and cut it into fan shape with
scissor along the pattern.

Figure 4 | Pasting Han-Ji | Fiure 5 Cutting fan pattern

(4) Putting border (i&#2)
To trim the margin of fan shape. put a border on it with pasted Han-Ji or paper band (Fig. 6).

(5) Fixing a pivot
After completion of fan shape. you can fix the pivot like (Fig. 7) Insert the fan shape into the
wooden pwot and tighten the nut fixed.

Fig igure 6 Puttmg border(;%?r?) Figure 7 Fixing a pivot



(6) Drawing Taekuk symbol

It is a kind of pattern the proportion and balance of which is in harmony with each other. So
you can draw it with a ruler and compass by the way which was learned in the drawing class.
Also, nowadays computer is so widely used that anyone can get the proper program easily and
print it in various colors. Here, we introduce how to draw Taekuk symbol with a ruler and
compass by using the way of drawing in the textbook of the first grade in middle school as
follows.

1. Draw a circle of an adequate size with compass on the fan side (Fig. 8).

2. Divide circular arc of the circle into 6 parts with compass. Length of every part is semi
diameter of the circle (Fig. 9).

3. Draw straight lines connecting three point and center of the circle (Fig. 10).

4. Draw 3 smaller circles having the straight line as diameter (Fig. 11).

5. Paint 3 smaller circles with colors, which are one red, another blue. third yellow (Fig. 12).
6. At last, drawing Taekuk symbol is completed (Fig. 13).

!

Figure 9 Dividing circular arc into 6 parts

o~ /\\

ein to 3 parts

Flgure 12 Pamtmg 3 smaller circles Figure 13 Completed Taekukc1rcle



(7) Completion of Taekuksun

If Taekuksun symbol of (Fig. 13) is pasted on the fan of (fig. 7). then, now it is finished (Fig
14).

(Fig. 15) shows various Taekuk symbol fan used in Korea.

/

P -
Figure 14 Finished Taekuksun Figure 15 Various Taekuksun

Conclusion

We could get the conclusion from the point of technology education through making Taekuk
symbol fan as follows:

First, unification between subjects can be possible. 'Making traditional fan' class can be used
of integrating subjects in many ways. For instance, unification between a unit of drawing in
Technology and a unit of artistic handicrafts in Fine Arts can be occurred. In other words,
Drawing Taekuk symbol with beautiful curves and proportion can be dealt with in the unit of
drawing in Technology, while making very useful fan in real life can be taught in the unit of
artistic handicrafts in Fine Arts.

Second. various kinds of class plan may be designed. Self-directed learning or problem-
solving learning can be well realized through manufacture of traditional fan. How to make
Taekuksun introduced by this article possibly enable students to reach the process of problem
solving. In the middle of the thinking of problem solving. teacher can play a role as an adviser,
so that students can lead student-leading problem solving process.
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Web-Based Teaching and Learning: The CPSC Experience
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Background

The Colombo Plan Staff College (CPSC) is inter-governmental regional organization of the
Asia Pacific region established under the Colombo Plan in December 1973. The main purpose
of the college is to help strengthening the Technical and Vocational Education Training
System of its member countries through human resource development programs. institutional
capacity building, research and development and consultancy services. knowledge
management, information and dissemination services and other specialized services as per
trends of the region and specific needs of the member countries. Presently the college has 19
regular member countries of the Asia Pacific region.

The College conducts and arranges 20 to 25 programs annually including the regional
programs geared towards the regional trends, the in-country programs to meet the specific
needs of member countries and customized programs to meet the needs of the specific
programs/ projects being implemented by the member countries in collaboration with donor
agencies like ADB, World Bank etc. Over the past 32 years. the college has accumulated a
wealth of resources in all major fields of technical and vocational education.

The college develops and implements its strategic plan in consultation with all stakeholders
and sets its direction according to the regional needs and global trends. The college is
presently implementing its programs under 8 major thrust areas called as CPSC RING. The

detail of programs (regional and in-country only) conducted over the past five years under the
8 major thrust areas are given in the Tablel.

Table 1 The detail of programs conducted over the past five years

Major thrust area 2000- | 2001- | 2002- | 2003- | 2004-
2001 | 2002 {2003 | 2004 | 2005

Computer and Internet Technologies 7 7 8 7 6
Programs and Institutional Management 5 5 5 5 4
Sustainable Development 2 1 1 1 1
Curriculum Development 3 1 3 1 2
Research and Development 2 2 1 2 1
Industry-Institution Linkages 2
Non-Technical Skills 1 2 1 2
Global Partnership 1 1 2

It is evident from the above table, that there has been an increasing demand for conduction of
Information Technology related courses and programs in the member countries over the past 5
years. Due to this persistence in IT courses, the Colombo Plan Staff College developed its
capabilities and resources to undertake the web based teaching and learning programs.



This paper describes various stages of development of CPSC web based teaching and learning
system. its benefits and potential as realized by CPSC, limitations and constraints faced in
implementation and its future prospects in terms of policy directions of CPSC.

Planning and Designing of WB TLS

The first CPSC Web Based Teaching Learning System (WB TLS) was designed and
developed in July/ August 2004. It started with signing of an MOU between the CPSC and the
Philippines Technical Education and Skill Development Authority (TESDA) to train
administrators of the 25 centers of excellence in Technical and Vocational Education in
Philippines to make them capable of providing vision and leadership to their assigned centers.

TESDA

N7

Web-Based
Teaching
and Learning
Svstem

Figure | CPSC-TESDA Partnership

The CPSC in consultation with TESDA authorities agreed to prepare a four training modules
program spread over to 4 months in the areas of Total Quality Management, Project
Management. Management of ICT Resources and Entrepreneurship Development. In view of
the fact that TESDA administrators were senior and busy people, work places scattered at
different places in Philippines and that they had no time to come to CPSC for four training
course of one week each. it was mutually decided that CPSC would conduct the courses in a
blended mode comprising off face to face and use of web based material to learn, interact,
submit assignments at their work places using the world wide web.

The Colombo Plan Staff College is not a big organization in terms of its number of faculty
and staff. The total number of staff from the institutional head to the lower staff such as
janitors is around 40. In order to design and develop the program, the CPSC faculty and ICT
staff (around 12 in number) met under the leadership of its Director General to work out the
plan and strategy to develop and design the web based teaching and learning system using all
in-house facilities and resources.

The CPSC team with continuous deliberations arrived at the following main elements of the
web-based teaching and learning system.

—62 —



LOD
{Lecture on Demand)
with Modules

Introduction to
Modules

E-Evaluation

Useful Web
Links
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Web Document
Figure 2 Main elements of WB TLS

The development and designing of the website and web documents was a team effort. The
faculty and the ICT staff worked very closely to discuss the content layout, type of web
documents to be prepared and links to be setup. Preparation of Lecture on Demand (LOD) or
Video on Demand (VOD) was a gigantic task. To prepare and record comprehensive lectures
for listening by the participants was a time consuming and difficult exercise. It required script
development as per theme of presentation, power point slides development and good quality
sound system. However with concerted efforts by the faculty and the ICT staff, VODs were

recorded for all contents of the theme papers and were presented to the participants in the
form of a complete website.

It was realized that development of theme papers and their presentation face to face is entirely
different from the process of preparation of theme papers to be placed as web documents and
to be presented through the pre-recorded videos on the web site. Several technical and
pedagogical aspects need to be taken in to consideration in developing and designing web
based teaching and learning material video recording.

Implementation of WB TLS

The real problems and benefits of any system are seen when its actual implementation begins.
The first web based teaching and learning system designed by CPSC was implemented for the
senior administrators of the Centers of Excellence of Technical Education and Skill
Development Agency (TESDA) Philippines. They were all mostly the senior age people and
had little knowledge of World Wide Web technologies, emailing and e-boarding systems.
Some of them were using computer for the first time.

It was however planned to orientate all participants on the use of web based teaching learning
system, its various elements like use of e-board for question and answer, use of assignment
submission, taking on-line test, undertaking evaluation of the program, using reference links,
listening to VODs and browsing texts and other related material. The most important of all
was interaction with the teacher and among other participants using the e-board.

It was surprising and interesting to note that the administrators quickly learned the web-based
teaching and learning system, its various components and their uses. They started enjoying
the experience of listening and viewing online lectures carefully without any pressure of mind



at their own pace and taking their own individual learning time. They were also able to
overcome language problem by constant listening to the 2 to 10-minute long lectures. Every
participant got involved with concentration on the web-based lectures, thus making the CPSC
lab a virtual classroom with no teacher standing in front of the class. The teacher only showed
up for a while giving introduction and briefing about the topic. They were asked to raise their
questions about any concept or point not clear to them using the question-answer e-board
online.

The interest of the administrators aroused to such an extent that on the very first day they
submitted 50 questions online for one theme only. The questions and answers were made
accessible to all participants for their benefit and information. The teacher, having the
administrator’s power, was able to delete any irrelevant question from the list. In order to
ensure the security of the Web-based teaching and learning system and ensure that only
authorized persons log in to the system, every participant was properly registered, with
individual ID and password issued for website access. The CPSC Web-based teaching and
learning system was thus restricted and was available for use by only the authorized persons.
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Benefits and Potentials of WB TLS

The Colombo Plan Staff College has realized several benefits of the web based teaching and
learning system. We can summarize them in to the following four categories:

* Pedagogical Benefits

* Education Anytime, Anywhere & At Any Age
* Cost Reduction benefits

* Benefits Specific to CPSC

Pedagogical benefits:

Some of the main pedagogical benefits realized through the CPSC’s WB TLS are listed below

* Learning at their own pace: It has been realized that WB TLS gives the participants of
different ages and different comprehension level ample time and space to work at their own
pace and mental abilities.

* Self-Directed with option of choosing contents of choice: It has been realized that WB TLS
allow the participants to choose contents of their own choice and focus more on those areas,
which are of their interest and require their attention.

* Interactivity through e-board: Interaction with the instructor and interaction among the
learners is the core of any teaching and learning process. It has been realized that WEB TLS
provide opportunity to the participants to freely interact with the instructor and among
themselves about their questions and answers.

* Enhancing computer skills: Although the teaching and learning using web based material
does not require any prior knowledge or skill of computer usage, the participants through
interaction wit WB TLS develop interest and learning habits using the computer and as a
result enhance their computer and internet using skills.

* Searching reference material from the Web: In the WB TLS, the CPSC does not give any
printed material to the participants and the participants are encouraged to use web search
through useful links provided to them. WB TLS generates habit of web based reference
research and e-library concept.

* Conceptualized Life Long Learning: All CPSC training programs are of fixed duration, but
through the WB TLS, the learning and teaching never stops. It becomes life long learning and
the participants continue in touch with WB TLS even after their formal training program
period.

* Multimedia approach to Learning: Teaching and learning is effective and interesting when
it has variety of options to use. CPSC WB TLS use multimedia approach to learning through
the use of text. video, images and graphics. The teaching and learning thus become both
interesting and effective.

* Dynamic nature of contents on the Web: The WB TLS provide facility to modify, add and
delete contents of the web document thus making it dynamic to leverage new concepts. They
are easy to maintain, update and make them reusable.

Education anytime, anywhere & at any age

The Web Based Teaching and Learning System provides opportunities to the participants to
learn at any time at their convenience. learn at their own work place or at home without any



compulsion of coming to the classroom and learn without any age restrictions. Some of the
benefits realized under this category are:

* No geographical barrier: The WB TLS can be accessed at any place having internet
connection. The participants geographically distributed at various locations within the country
can access the web site at their own place of work or at home.

* 24/7 accessibility to the website: The WB TLS is available 24 hours of the day and 7 days a
week. It allows the participants to schedule their learning at their own convenient time.

* Increase in enrolment does not demand for any increase in the website: The CPSC WB
TLS allows enrolling as many participants as necessary without any additional uploading of
web material.

* No classroom attendance required: The CPSC WB TLS has been designed for all
interested people who can register with CPSC and use the teaching and learning material
without physical attendance during the course duration.

* No age limit in Learning: It is the general tendency and common understanding that
learning is done at the young age. The WB TLS enrolled all ages of participants who equally
benefited from it irrespective of age limits.

Cost Reduction

One of the quality benefits of WB TLS is its cost reduction as a result of several cost cutting
measures. Some of the cost related benefits realized are:

* No traveling cost: Travel is required to attend physically a learning class. It is always
difficult for the participants coming from far off places to attend the class as it involves travel
funds and time. The WB TLS does not require for the participants to move or travel
physically.

* No cost involved in printing and duplication of material: In any training program, printing
of multiple copies of the training material is mandatory according to the number of
participants involved. Printing of good material and extra copying is cost intensive. Through
Web Based TLS, the printing and duplication of material cost was reduced as all material
uploaded on the web can be accessed without printing and duplication.

« Utilization of in-house resources and replication without extra cost: The CPSC WB TLS
was developed using all the in-house resources. A group of people including web designer,
programmer, multimedia artist, LAN expert and the professional faculty worked jointly to
produce the material without involvement of outside expertise. Once developed. the WB TLS
requires less time and efforts for its replication thus minimize the utilization of resources on
the part of institution.

* Groundwork for setting up virtual training center: The development and implementation of
WB TLS lays the foundation for development of virtual training center. The CPSC is already
on its way to develop Ubiquitous Campus (U-Campus) to integrate its all web based teaching
and learning courses for the benefits of participants.

* Capturing, and disseminating tacit knowledge for future use: One of the important benefits
realized is the capturing and disseminating of tacit knowledge. In the regional or international
institutions like CPSC, the people come for a specific period and leave after some time along
with their knowledge and expertise. The WB TLS capture the knowledge of the people who
have to leave after some time and use it later in similar programs in the future.



Benefits to CPSC

* CPSC became a unique organization in Asia Pacific region in the use of World Wide Web
technologies in its programs: This cutting edge technology is still to be acquired by many
international training organizations whereas CPSC has taken the lead in acquisition of this
expertise.

* A motivated and skilled team has been built in CPSC: The development of WB TLS
requires concerted team effort with participation of all concerned in every stage of its
development. This inculcates teamwork and develops better communication among various
departments of an organization.

* Easy modification and update: One of the basic benefits of WB TLS is updating and
revising the material without much effort. The web material can constantly be updated and
revised.

* Management of Library of good VODs for use in other courses: The development of
videos/ lecture on demand (VODs/ LODs) is one major element of WB TLS. It requires good
arrangements for recording, good scripts that encompass all aspects of theme. proper video
display and good sound quality.

Constraints and Limitations

Education and training is effective when it is more interactive. The better teaching and
learning occurs when there is considerable interaction between learner and instructor and
among learners themselves. The web based teaching and learning system is worth while when
it is more interactive in nature. [ts inevitable expansion however, requires several logistics on
the part of learner and deliverer both. Some of the constraints and limitations in making the
WB TLS more effective and its smooth implementation are listed below:

* One of the major constraints in wide use of Web-based teaching and learning system is the
ubiquitous access to a reasonably good speed internet connection by the learners.

- Cultural barriers may not allow web-based teaching and learning programs to become
generic in nature.

- Language barriers may not allow the portability of the web-based learning programs and its
outside use in other countries/ places.

« The web-based learning programs can be developed in general as well as specific subject
areas. The programs developed in specific subject areas at one place may not be of similar
relevance and usefulness at other places.

+ In case of synchronous web-based learning program, bringing all the learners at the same
time keeping in view the geographical location of learners with different time zone is difficult
and hard particularly when the learners are employed somewhere.

- Network bandwidth and speed is a big question to ensure that every learner has the high
speed and high bandwidth network connection. This limitation is more apparent when
multimedia is being used in the e-learning program.

- Independent learning is not possible in self-directed e-learning cases where the learner to
learner and learner to teacher interactions are missing.

- Self-directed learning without supervision of the instructor is either not likely to complete
or complete at a much delayed time.

+ In case of asynchronous e-learning, immediate communication with the instructor or other
participants is not possible. Participants might have to wait for answers to key questions that
may block their progress.



* Availability of the competent and skilled instructors to develop, implement and manage the
e-learning program is important and essential.

+ Recording lecture video is very different from lecturing and interacting face to face. It
renders the lecturer robotic in facial expressions and movement and limits smooth expression.

Future of WB TLS

The Colombo Plan Staff College started its web-based teaching and learning program on the
pilot scale. However it has expanded rapidly be converging its entire in-country and regional
program to web based teaching and learning. These kinds of programs are bound to increase
in the coming years and would require good leadership and team work at the organizational
level, skilled and motivated people including web designers, programmers, network
technicians, course designers and faculty along with the state of the art facilities.

The future of Web-based teaching and learmning programs is bright with the following
predictions in the CPSC context:

* Web-based training program would grow quickly and most probably all in-country and
regional programs of CPSC would take the shape of asynchronous web-based teaching and
learning programs. Hence overall structure and fabric of the way training is handled and
delivered by CPSC may change.

* The Web-based learning technology will become richer and richer over time (i.e. increase
in bandwidth and internet speed) and hence the CPSC participants would enjoy richness of
face-to-face learning in web mode.

* The quality of the instructional design of the Web-based learning courseware would remain
a very critical factor for the success of the program. However. it is predicted that with the
advancement of technology, like the ongoing trend of computer-related devices becoming
cheaper and cheaper. the Web-based learning courses would also become qualitative.

* More and more reference material would be available on the Internet thus replacing
existing libraries to virtual libraries. [t would be much easier to have access to the relevant
and updated materials in a short time on the Internet to supplement Web-based learning.

* The Learning Management System (LMS) will continue to improve, making Web—based
learning ever easier to manage.

Conclusion

The human resource development has always been a cost intensive activity and also a matter
of concern for management of all organizations to make it effective, continuous and
sustainable. Although the CPSC WB TLS real impact in the long run is yet to be established,
its implementation has brought certain immediate benefits in terms of cost reduction.
overcoming language barriers, management of tacit knowledge. better use of ICT resources
and so on. This paper described some benefits of Web Based Teaching and Learning System
as seen by CPSC under the categories of pedagogical benefits. flexibility in implementing and
maintaining and cost reduction. It also described some constraints and limitations, which are
important to note for the management in planning the e-learning courses.

Whatever the case may be. the web based teaching and learning would continue to grow and
the educational and training institutions would continue to explore and find ways in better
using these technologies in enhancing teaching and learning process. The successful



institutions would be those, which successfully leverage these new technologies and adopt
new trends wisely and in a well-planned manner.
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