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INTRODUCTION

Following World War 1I, a great movement for
reconstruction and development arose in many of the'
nations of the world. The develorment of science and
technology offered the ingredients for better, richer,
and healthier 1life for people in all nations.

5ince the development of science and technology
is by its nature a continuous dynamic process, it may
take different courses in different countries. flach
country has its own unique historical and cultural back-
ground, as well as its own social, nolitical, and economic
influences to inspire goals and to guide development. Each
nation's particular goals, needs, resources, and experience
help to determine its own plans for development.

The concept that a better educated citizenry is
essential for the social and economic progress of a nation
had not in the past been embraced in developing countries
with the same enthusiam that it receives today. Most
developing nations are now taking positive measures in the
direction of accelerating educational development.

The purpose of this study is to present recent
developments in the educational system in Taiwan. It will

study the scecondary school curriculum, and focus on the



evolution of science in general and chemistry teaching in
particular.

The content of this study consists of six chapters.

The first chapter serves as genersl introduction.
It includes the historical and geographic background of |
Taiwan, its population, philosophy and aim of education.

The second chapter presents the current overall
status of education in Taiwan. It cohcerns the organization
of the educational system and discusses the progress which
has been achieved in various aspects of education since
1945,

The third chapter deals with the many educational
reforms in secondary education from 1945 to 1975, such as
the Nine-Year Iree Education Program, the revision of school
curriculum, and the improvement of the elementary and secondary
stages of general education both in quantity and quality.

The fourth chapter shifts from general secondary
education to general science education at the secondary
level. The development and improvement of science education,
a survey of junior high school sciences, and innovations of
senior high school sciences are presented.

The fifth chapter denals with the teaching of chemistry
at both Junior and senior high school levels. Chemistry
curricula, teaching methods, and teachers! training program

ore discussed. This is followed by on analysis of both junior

el
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and senior chemistry teaching in recent years.

The final chapter is designea to summarize this study.
It makes recommendations regardihg future prospectives for.
science education in Taiwan. In addition, 2 stream of though't-
patterns is formulated and an exemple given of how this concept
can be applied to students scientific investigations.

Much of the data for this study was gathered from the
linistry of ¥Kducation, the Provinciai Department of Education,
the lMational Science Council, the National Taiwan Normal
University, and the China Year Book of Taiwan.

It 1s hoped that this study will contribute toward
promoting a better understanding of the formidable fask of
educational development that has been in process in an effort
to uvgrade science instruction and chemistry teaching in the.

secondary schools of Talwane.
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CHAPTYR 1
BACKGROUND OF Ti® S5TUDY A ‘

Iducation is one of the universal dévelopments of
individuals and nations. Future manpoﬁer will be dependent
on well-educated men and women in many fields of human
endeavor. Thus, education is a kind of investment which
ensures an individual better social status later in life.
It also contributes to the socio-cconomic growth for a
nation.

In the last thirty years Taiwan had made the rapid
progress in the field of economics and industry. This created
a rapid expansion and development of school education. In
order to facilitate the understanding of the current
educational =tatus of Taiwan, one must first attain some
understanding of its historical background, its physical
configuration and geographic position, its population, the
cultural philosoprhy of its peorle, and the educational aims

and policy of its government.
1l - 1 Historical Background

In Chinese history and culture, Taiwan is an

integral part of continental China. Fossils found in
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archeological excavation: in Veustern Taiwan and the
Pescadores indicate that these island: were physically
linked with the continent in prehistoric 'time.':;.l '

Before the coming of Chineie “ettlers in the 12th ‘
century, the aborigines of Taiwan were uscattered along
the coastal plains. They engaged in hunting, fishing and
some farming. But not until the 17th century did large
groups of Chinese begin to cross the'Taiwan Straitsc. These
Chineue from the mainland vosseassed a much higher agricultural
technology than the aborigines and cuperimposed the Chinece
culture upon the natives.

By 1624 when the Dutch invaded the icsland, the
Chinere population was estimated at approximately BO,OOO.2
The island then became an exporter of decr ckin, deer meat,
gsugar and rices The Dutch established a trading station,
built fortresses and churchez, welcomed Chinese laborers
and imposed heavy taxes.

Tvwo years after the arrival of the Dutch, the
Spanish landed at Keelung in Morthern Taiwan and occupied
coastal arcas in this region. The Spaniards were eventually
driven out by the Dutch in 1&41.

In 1661, Chen Cheng-kung, known to the western

historians ac Koxinga, remaining loyel to the Ming dynasty

1. China Year Dook, 1975, China FPubli-hing Co., Taipei,

Taiwan, pe.liZe.

-~
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(1568-1644), took Taiwan ffom the Dutch and established a
new base of operations against the Manchu invaders who
established the Ching dynasty (1644~1911) on mainland Ching;
For twenty years Koxinga's Formosa enjoyed a remarkéble '
increase in its immigrant Chinese population and concomitent
growth in agricultural production and continental strength.
The svread of imported traditions followed naturally and
soon Confucian ethics and education became a common feature
of Taiwan's cultural landscape.
With the military submission of Koxinga'!s Formesa
to the Ching dynasty in 1683, the island was placed ﬁnder
the pfovincial jurisdiction of Fu-Kien of mainland China.
In 1887 the Ching dynasty realized the economic and political -
importance of Taiwan to the mainland, and made it a province
of Chinae. It then had a population of 2,545,751 accoraing
to the census undertaken by the fir:t Governor Liu Ming§
Chuan in 1893.%
In 1895, the treaty of Shimonoseki ended the Sino-
Jaranese ‘lar and among other concescions, ceded Taiwan to
Janan. or the next fifty years it was developed as a colonial
devendency of Japan and wac cent much needed rice, sugar,
fruits and resources to Japan. This time, however, the

population throughout remained predominantly Chinese and the

1. Iormosa Today. edited by HMark Mancall, Frederick A. Praeger
Fublisher, .Y, London, 1964, pp.45-53.




quarter of a million Japanese settlers represented less than
ten percent of the total population. During the fifty years
of Japanese occuvation, there were more than one hundred
uprisings against Japanese rule. Although the Japanese were\
quick to respond to the economic and social challenges in
Taiwan, they were noticeably tardy invanswering the educatioﬁal
needs of the Chinese. i/hereas, Japonese youth on the island
enjoyed an unrestricted universal education, Chinese youth
vvore subject to restrictive quotas at 211 levels of the
education=al system.l

At the end of the second Vorld ‘jar, the Potsdam
Declaration of July 1945 declared that the terms of the
Calro Declaration should be carried out. As a result of
the Japanese surrender to The Allies, Taiwan was restored
to the Republic of China on October 25, 1945 and was
administered o5 one of the provinces of the Republic of
China.a when the Chinese Communists over-threw the Chinese
Hationalists on the mainland and established the PPeonles!
Republic of China, Taiwan becamc the last foot-hold of the
[Tationalistse I'rom 1949 onward:, Taiwan has oxisted as an
independent administration under the government of the

Chincse Hationalists.

1. China Year Doolk, 1975, China Tublishing Co., Taipeci,
Taivwan, nDedle
2e Ibida ’ _7-131{-0
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1l - 2 Physical Configuration and Geographic Position
1l-2-1 TLocation

Taiwan (Formosa) is an island off the southeast
coast of mainland China with an area of 35,961 square
kilometers (about 14,000 square miles). It is leés than
half the size of Scotland or the state of Maine (U.S.A.).
Shaped like a tobacco leaf, it is 394 lkilometers long
and 144 kilometers broad at its widest point.1

On the island, the Central lMonutain Range occupies
almost half of the island, forming a ridge of high mountains
with a length of 270 kilometers from north to south, and
with an average height of 1,740 meters (5,000 feet). The
relief on the east along the Pacific 1is very hiliy and uneven
while the relief off the west coast is quite level. This
gives Taiwan a larger proportion of useful arable land than
either Javean or the Philippines. In terms of human needs for
food end raw materials, thi~ coastal plein is of the greatest
importance., It contains the area of densest population and
most of the major cities.2

The man and the location of Taiwen island and the
area of major land forms are chown in the following Figure 1

and Table 1, respectively.

l. China Year Book, 1975, China Publishing Co., Taipei,
Taivan, pelile
Qe Ibid.,



http:i~31o.nd

Figure

1

The IMap and the Location of Taiwan1
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Table 1. The Area of Major Land Forms in Taiwanl

Lend Forn (iomrers | naEe %
Total 35,961 i 13,885 100.00
Mountains 22,835 8,817 63,5
Basalt and Mesa 108 f L2 FO.BO

| Foothills 2,265 - 875 6 .30
Terrace Tablelands 1,798 % 694 5.00
Alluvial Plains 8,759 é 543574 2l 4 30
Sandhills and Dunes 2Ll6 % 83  0.60

l-2-2 Climate

Lying between 21°45125" and 25°37153" north latitude
and 119°1813" and 122°6125" east longitude, the island
straddles the tropical and subtropical zones. The climate is
subtropical in the north and tronical in the south.

The summer is long and humid, while the winter is
short and usually milde. The mean monthly temperature rises
to 20°C in April and remains at about 20°C until November.
June to September brings the hottest weather, with mean

monthly temperatures ranging from 2500 to 28°C. During cold

le China Year DBook, 1975, China Publishing Co., Taipei,

Taiwan, pel37

£
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months, the average temperature is about 15°C. In the
coldest montns, a thin layer of snow covers the peaks of
the highest mountains. The temperature drops in direct
proportion with the rise in altitudc.

Rainfall is abundant. The mean annual rainfall is
2,580mm, with a maximum of more than 5,280mm. Thunder
showers and typhoons often bring Taiwan heavy rainfall in
summer months. "J1th the violent winds and tremendous
rainfall of typhoons, these tropical stroms often hit the

island and cause heavy damage, esvectially to crops.l
1-2-3 Agricultural Products

Agriculture, the leading element of Taiﬁan's economy,
is concentrated mainly on the western plains (approximately
40 percent is arable). Warm currents creat a climate that
makes vegetation abundant =nd vermits two to three rice
harvests a yecor. This climate is also favorable for the
cultivation of other crops and tropical fruits, including
sugar cane, sweet potatoes, bananas, oranges, pavayas,
watermelons and a large variety of vegetables.

Taiwaen ha a forested arcee which is estimated at
1,969,500 hectares, or 55.1% of the total.©

Hog: ore the major component of its peoplets live-

l. China Year Book, 1975, China Publishing Co., Taipei,
Taiwan, pp.l1590-140.
2e Ibide, DelfyO,
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stock. Chickens and ducks form the major portion of boultry
production. Recently cattle and dairy production has increased
under the technical and financial assistance of the government.'
The fishing industry is very active on the island. Because|of
warm currents, the continental shelf in the west and the |
Pacific Ocean coast in the east are good deep-sea fishing

grounds. [Fish migrate here and are caught in these waters, The

Table 2 shows the major agricultural products in 1974,

Table 2. Major Agricultural Products in Taiwanl
Item i (Uii%?u§?$.) Item Products
"arm Crops: ‘ Livestocl:
Rice 2,452,417 Hogs(slaughtered) 463,219 M.T.
Sweet potatoes 2,851,385 Cattles( ) 4,880 M.T.
Peanuts 97,575 Poultry(dressed) 59,127,000
Soybeans 67,181 birds
corn 109, 344 Milk 50,871 M.T.
Refined sugar 851,571 Fishery products 697,725 M.T.
Tea 2l 269 Forestry:
Tobacco 17,713 Timber 982,963,000
Pineapples 293,690 cubic meters
Citrus fruits 350,000 Industrial raw 205,321
Asparagus 105,296 material wood cubic meters
Mushroons 61,699 Fuel wood 359,453,000
Onions 23,954 cubic meters

Unit: M.T. = Metric Ton

1. China Year Book, 1975, China Publishing Co., Taipei,

taiwan, p.139.
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1-2-4 Industrial Growth1

TaiWan's economy suffered very hecavy losses from
Allied bombing in the closing stages of llorld Var Ii. A
Almost all of the industrial establishments were destroyed.
Restoration progressed rather slowly during the early
postwar years. 3ince the government launched the First
Four-Year Economic Development Plan, industry has undergone
rapid development. From 1953 to 1972, industrial production
grew at an average annual rate of 15.2 %, and it exceeded
20 % both in 1972 and 1973%. The industrial growth of 1974
registered a decline of 1.5 % compared with that of the
previous year. This result was attributable to the worldwide
recession and energy crises which reduced demands for
industrial products in the market. Table 3 shows the
industrial production in 1974,

In 1949, a land reform program created the 'Land-to-
the-Tillert ideal. From 1953 to 1972, five Four-Year Economic
Development Programs were carried out and these stimulated
rapid growth of industry and agriculture. Grain crons have
been sufficiently large to supply the needs of the population.
Industry has continued to develon, both with domestic capital

and foreipgn investment. Conseaquently Taoiwan has become a

self-supporting country and is an exporter of technical skills,

l. China Year Book, 1975, China Publishing Co., Taipei, Taiwan,
Pp.192~-194.



especially to developing countries in Asia and Africa.

Table 3. Principal Industrial Products in 1974 in Taiwanl

Unit: Doz. = Dozen
G.M.T. = Gross Ton (Volumetric Ton)
H.G. = Hectogram (about 3% ounces)
K.L. = Kiloliter
M7 = Cubic Meter
M.T. = Metric Ton

NT$ = New Taiwan Dollar (about 0.025 of
1974 current U,5. Dollar)

S5tde Case = Standard Case

Yd. = Yard
Item Unit Total Amount
Mining:
Coal M.T. 2593k, 427
Crude oil K.L. | 209,975
Natural gas 1,000 M 1,586,701
Electrolytic copper M.T. 9,859
Sulpher M.T. Iy, 210
Salt M. T, 362,809
Gold 1.G. 7,107
; Heavy & Petrochemical:
é Paper & paper board 1,000 M 500
' Rubber tires 1,000 set 1,104 |
) Conttd,

l. China Year Book, 1975, China Publishing Co., Taipei,
Teiwan, p.195




Table 3. contd,
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Item ' Unit

o - -

b

—

|

Heavy & Petrochemical:

N

Tluorescent lémps o jl,OOO

pairs
M.T.
M. T,
M.T.
set

T“IQTQ

M. T.

set

set
set
set
éet

set

unit
unit

unit

Plastic shoes 1,000
Caustic soda 11,000
PVC resin 11,000
Aluminum ingots | kl,OOO
Séﬁiﬁé<MaChines o 1,000
General machinery 1,000
Textile machinery 1,000
vhériéﬁlturél maéhinéry‘Set |
ilectric fans 1,000
Air conditioner fSet
“Refrigerators 1,000
Washing machiﬁés :1,ooo
Y Set - fl,ooo
Recording machiﬁeé” .hwl,OOO
Mmlectronic calculators 1,000
Flectronic components NTH Nillion”
% parts
Automobiles 1,000
liotor cycles | 1,000
MﬂBicycles o 1,000
ﬁhips or vessels - >'f1,000

G.T.

unit

,m_wLTotal Amount

\197,057
12
% 131
31,320
1,178
g 315
B
5,800
501
| 35,300
157
Iy 3140
2,204
400
..9;200

28,000

1,178




Table 3. contd.
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Item

LLight Industries;:

Canned pineapple
Canned asparagus

Canned nushrooms

theat flour

Rayon staple

Rayon filament

Pblyestervstaplé”Au

~ Cotton Yarn
Cotton fabrics
dafmenté |
N'Pléfe glass
thement

Plywood
[

Monosodium glutaméfé |

LT,

i M.T.

1,000 Std. case
1,000 std. case
1,000 Std. case

M.T.

M.T.

A e e e e ——

M.T.
1,000 bales :

[ Million Yd. i

. 1,000 Doz.

1,000 Std. case |
|

1,000 1T, |

Million cubic foot

Unit hotal Amount

2,670

3,653
2,950
509,000
19,097

L, 761

3,104
73,576

750

864

324559

1,960
6,242
3,762

e
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1 - 3 Population

The 1940 census taken by the Janranese showed a .
vopulation of 5,870,000, the majority being of Chinese
descent. In 1946, the population was 5,090,000, about one
percent of the total being made up of eborigines. W/ith the
defeal of the Nationalist Government on the mainland in
1949, there was a sizable immigratidn from parts of main-
land China to Teiwane. As & result, by 1952 the nopulation
including immigrants from the mainland totaled 8,128,000.
Table L4 shows the population and its growth in Taiwan at
the end of 197 .l |

The population density of Taiwan is one of the
highest in the world. At the end of 1974, it was 440 persons
per square kilometer: 383 persons for Taiwen province and
7,562 for Taipei city.©

About three-fifths of the ponulation lives in cities
and towns. Table » shows the population distribution by
emnloyment at the end of 1274 As of Tecember 1974, about
12 percent of the population of Taiwsn was between 15 to

19 yeors of age; less than %6 wercent was under 15 years of

oge; less than one million was over the age of (G0. (see

Table ().

1. China Year ook, 1979, China Publicshing Co., Taipei,
Taiwvon, pne.lll-=1L5%,

2o Ibide, melll.
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Table 4. Population and Tts Growth, Taiwan, As of End of 1974%

Number(1,000 persons) Index Growth
Year  nota1  Male Female  1952=100 1956=100 Rate(%)
1952 8,120 4,157 3,972 100 86.6 K
1956 9,390 4,796 4,954 115.5 100 Sely
1959 10,431 5,336 5,095 128.3  111.1 3.9
1960 10,792 5,535 5,267 132.8  115.0 3.5
1961 11,149 5,715 5,434 137.2  118.8 3.3
1962 11,512 5,902 5,610 14..6  122.6 3.3
1963 11,884 6,098 5,786 146.2 12646 3.2
1964 12,257 6,295 5,962 150.8 130.6 3.1
1965 12,628 6,471 6,137 155.4  134.5 3.0
1966 12,993 6,684 6,308 159.8  138.4 2.9
1967 1%,297 6,841 6,445 163.6 141.6 2¢3
1968 13,650 7,031 6,691 167.9  145.4 2.7
1969 14,335 7,554 6,781 1764 152.7 240
1970 14,676 7,733 6,943 180.6  156.3 2.4
1971 14,995 7,895 7,100 184.5 159.7 2¢2
1972 15,239 8,057 7,252 188.1 162.8 2.0
1975 15,564 8,175 7,790 121.5 165.8 1.8
1974 15,852 8,315 7,537 195.0 168.8 1.8

1. China Year Book, 1975, China Publishing Co., Taiwan,
Delll



16

Table 5. Population Distribution by Tmployment in 19741

(Age 15 and over)

)

Categories
Grand total
Primary Industry

Secondary Industry.

ﬁihing

ﬁéﬁufacfuring
Construction
! Llectricity

E Tertiary Industry’
Commerce
ATransport

- Services

Others

Total

6,236,675

2,309,009

1,408,025

59,512
1,160,362
146,548
11,603
2,519,641
556,999
286,088
1,671,778
1,776

Percentage \
100.00
2258
0.95
18.61 |
2.35
_ 0.67
oo T
8.95 |
4,59
26.85
0.03

1. China year Book, 1975, China Publishing Co., Taiwan,

Pellils



Table 6. Population Distribution by Age Groupr
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Age Group Number in Percentage
1,000
o
Under 5 1,792 11,53
5-9 1,920 12.2
10-14 2,011 C1o.7 T
15-19 1,898 11.9
2020 1,673 10.6
25-29 ‘ 1,058 6.7
30-34 ; 948 5.9
35-59 : 871 5.5
LO-L4 | 838 5.3
45-149 812 5.1
5054 % 645 bl
r 55-59 E 462 7”2-§Ww“ N
60-64 | 381 2.l
65-69 i 250 1.6
70 & over 28% 1.8
| Potal ; 15,852 100.0

l. China year Book, 1975, China Publishing Co., Taiwan,

PelliZe
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A large proportioﬁ of the vorulation of Taiwan is
comparatively young, with approximately 56 percent under
15 ycars of age. The population of Taiwan in 1906 was aboqt>
5 million, however, by the end of 1074 it increased more !
than 5 times to 15.8 million. Its rovulation density in
1974 was one of the highest in the world - 440 persons per
square kilometer, Since the government advocated birth control
and fomily planning policy in 1964, the growth rate of
novulation has dropped yearly. The offectivenecs of family
planning is reflected in the dramatic reduction in the
natural increase rate from 70.72 per 1,000 (birth rate %6.3,
death rate 6.1) in 1963 to 19.0 (birth rate 23.8, death rate
L4e8) in 1973.1 The national objectives of the family planning
rrogram are: |

1) to improve the quality of mopulation,

2) to maintain population growth at a reasonable

level,
5) to enable the neople to enjoy a happy family 1life,
L) to meet socio-economic development needs of the
country.
As to literacy of the veonle, statistics show that

. . . . 2
four-fifths of the neople over 1Y received normal education.

l. China Year bhook, 1975, China Publiching Co., Taivei,
Taiwan, pe502.
2e Ibide, 1pelle
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Table 7. Population Distribution by EZducation(age 15 & over)l

level of Education Number(1000 persons) !Percentage(lOQ%)..
Advanced ' 711 7.0 \
Secondary | 5,093 ' 30.6
Elementary L, 24t , f 41 .9

Others [ 393 i 3¢9
Tlliterate i 1,678 f 16.6

Ikducation under the MNationalist government is concerned
vith language, therefore, people are now specaking mandarin as
the principal language of Taiwan. However, it should be noted
thdt several other Chinese dialects are still spoken.

Many kinds of religion have been introduced into Taiwan
over the past 300 years. The Chinese brought Buddhism and
Taoism with them. In 1622 the Dutch introduced Protestant
Christainity; in 1624 the Spanish brought Roman Catholicism
to the island; and later Japan introduced Shintoism. In
addition, Confucianism has immensely influenced the Chinese

people of Taiwan in ethics, morality, and academic thinking.2
1 - 4 Philosophy

Taiwan has common Chinese cultural roots.

le China Year Book, 1975, China Publishing Co., Taipei,
Taiwan, Dell3.

2e The New Incycloveadia Britannica, Vol.l?7, 1.998.
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The term 'Ancient China' refer< to the period from
the earlist time of Chinese history to the unitication of
China in 221 P.Ce by the Chin dynasty. It was in this period
that China's greatest thinkers lived: Confucius (551-497 B.d.),
Mencius (372-288 B.C.), Chang-tze, llo-tze, and lHanfei-tze.
'his period laid the foundation of Chinese society and Chinese
culture, charactering Chinese society os distinct from the
estern Vorld.

The political and ethical ideas of these philosophers
concerning human relationships have greatly affected the
peonles! way of thinking and family life in a socilety,
concerned with the dealings between government and the
governed, Filial piety of parents and homage to the emperor
vere the two great standards of personal and social life.

Out of these grew the virtues of propriety, righteousness,
obedience, faithfulness, modesty, charity, self-respect,

ancl publiz-mindedness. There were cight stens to attain
these virtues: objective investigation, acquisition of
snowledge, sincerity of will, human-neartedness, cultivation
of the verson, prroper family relationship, orderliness in
the nation and peace and equality in the world. Confucianism,
vhich advozates universal brotherhood, has exerted a strong
influence on the national thinking.

Social progress was truly an enrichment of the

traditional culture throughout thousands of years. The



educational system had as its principal aim the seiection
and training og civil servents. The ruling bureaucracy was
selected by a state system of examination. The content of e
'

instruction remsined basically literary—philosophibal in
nature. Texts were committed to memory. A thorough knowledée
of Confucian classics was required. Its general effect was
to confine the mind and to train the memory.

In 1905, with the end of the Ching dynasty, the
thousand-year-old examination system was abolished and in
its place the principles of Western education were adopted.
This was due to the growing influence of the Viestern world
and Japan. It was natural for the Chinese to begin to see
educetion as a means of national salvation. Bducation shifted
in emphasis from the humanstic and historical to the scientific
and technological. But the period of Chinese scientific activity
did not begin until the first year of the Republic of China
(1911) . The older education reformers had only introduced a
book knowilzsdpge of the sciences, without fully understanding
their intellectual significance, without =dequate equipment
for laboratory work, or trained leaders to organize studies
and researci,.

For three decades (1LOK1-1291), the supreme target
of education under the Nationalist Revublic of China in
Taiwan was the realization of the 'T'hree I'rinciples of the

People', the principles of Democracy, Nationalism, and



Livelihood, as espoused bvar. Sun Yat-sen. The basic
philosophy of a general education rested on the teachings

of Dr. Sun Yat-sen and Confucius, to cultivate children '
and youths on eight national moral virtues, i.e., Ldyalty, \
Filial pPiety, Kindness, Love, Faith, Righteousness, Harmeny,
and Peace. But students had to be taught skills and technique*

to earn a living in order to improve the overall productive

power of the people.
1 - 5 The Aim and Policy of Education

China has a long educational tradition and the
people are known to favour learning and to respect scholars
highly. One of the greatest aspirations of the Chinese is to
educate themselves and their children. The educated Chinese
believe that man must first cultivate himself to perfection,
for only then can he cultivate his family, bring the same
harmonious order to the state, and finally extend the same
influence all over the world, with the ultimate hope of
achieving universal peace and prosperity. This view has
venetrated to the very foundations of the Chinese civiliza-
tion and philosophy, and haxs become the ideal of Chinese
education for centuries,

In Taiwan, the Chinese Nationalist government
introduced legislation to modernize Chinese education:

"In accordance with the Three Principles of the People,



the purpose of Chinese education is to: 1) improve national
living, 2) achieve mutual assistance, 3) develop national
economic life, 4) prolong the life of the nation, so as to ,
attain, by any means, the independence of the nation;
democracy and a higher standard of living, and 5) advance to
an ideal world where harmony and equality prevail."l

Based on the policy set forth in the Constitution of

e education should

the Republic of China (see Appendix I),
stress national morality, Chinese cultural traditions,
scientific knowledge and ability to work and to contribute to
the community.

The Constitution stipulates that all citizené shall
have equal opportunities to receive an education, and that
a fixed amount of the budget for different levels of government
must be spent on education.

This Constitution also stipulates that all children
of school age between the ages of 6 to 12 shall receive free
primary education. In 1968, this period was extended to nine
years of continuous schooling in Taiwan, including primary
cducation and three years of junior high school.

As a result of this extension, the government of
Taiwan suspended the operation of =211 vocational junior
high schools that prreviously recruited graduates from

elementary schools.

l. Iducation in the Republic of China, 1972, The Ministry

of Iducation, Taipei, Taiwan, p.D.
2. Lhina Year Dook, 1975, China Publishing Co., Taipei,
Taiwan, pPp.657-638.
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In order to meet the current situation, the policies
of education in Taiwan are programmed as follows:l
1) to enhance the development of national spirit
and renaissance of Chinese culture, | .
2) to promote science development vlanning,
3) to raise the standards of college education,
L4) to create technological colleges,
5) to continue nine-year universal free education,
6) to improve pedagogical éducation,
7) to encourage private citizens to set up educational
organization,
8) to strengthen cultural institutions, such as
museums, galleries, libraries, otadiums,
9) to promote physical education,
10) to guide cultural organizations to encourage
literary activities, and

11) to promote cooperation in international culture.
1 - 6 Sumnary

This chapter has shown that Taiwan has many special
qualities:
1) It is the heiress to a heritage of Chinese culture

and civilization.

l. China Year Book, 1975, China Publishing Co., Taipei,
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2) It endured a haif century (1895-1945) of political
and economic exploitation under the Japanese.

3) It has transformed itself from a predominantly
agricultural economy to a high level of industrialiiation \
and has worked towards the goal of a sclf-sustaining economy
through the process of progressive industrialization and
improved agricultural production.

4) After VWorld War II, Taiwan had an administrative
base of Chinese lNlationalists -to support its developing
efforts, and also a well-organized educational system. The
basic value of democracy as a way of life constitute a
workable philosorhy upon which the school should build its
goalse Much of the present emphasis upon the educational
goals 1s due to concern over national survival.

5) The rapid post-war growth has made Taiwan the
district with the highest population density in the world
and the most critical problem in educational expansion is
coping with the rapidly growing school-age population.

6) In a'historical persvective, education has been
held in high esteem, mainly because of the importance
attached to lecarning Confucianism.

7) At the present moment (after 1975) the demand
for education in the fields of science and technology is
greater than ever, and at the same time, there is also an
increasing awarencss of spiritual education with the

Chinese cultural heritage.



The development of education in Taiwan, therefore,
is concerned with its historical and sociel background as

well as with its over-all national goals.
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CHAPTER 2

ORGANIZATION OF JEDUCATIONAL SYSTEM
AND
EDUCATIONAL DEVELOFMENT

It is necessary to have exact knowledge of the
educational conditions and trends in Taiwan in order to
understand the educational development of this island. With
this in mind, this chapter i1s designed to provide general
educational information.

Firstly, the organization and functions of educational
administration shall be presented. “ducation in Taiwan 1is
administered by the Nationalist Government on three levels:
the Central lMinistry of Education, the Provincial Department
of Iducation and the Local Bureau of Iducation.

Secondly, the school system in Taiwan is based upon
the modern school system of the Republic of China. Regular
education, spreccial education and supplementary educatién
shall be discussed accordingly.

I'ollowing ‘orld VWer I1I, several changes and a great
decal of effort vere devoted townrds the expansion and the
improvement of education in Taiwan. This includes educational
expenditure, cducational development at various levels and

contemporary trends within educational development.
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2 - 1 NKducational Administration

FPducation in Taiwan is administered by government
agencies on three levels: Central, Provincial, and Local. o

According to the Constitution of the Republic of
China in Taiwan,l the Central (National) government has
the power to legislate and to administer national education.
or may delegate this power of administration to the
provincial governments. The provincial government, in turn,
may delegate the vower of legislation and administration to
the local governments. The local government has the power of
legislation and administration of local. education.

On the national level, the lidnistry of Education is
in charge of policy-making and national educational
development. On the provincial level, the Taiwan provincial
government has a Department of Education, and each large
municipality has a Bureau of Iducation with a status equal
to the Department of Education. On the local level, the
agency in charge is the Burcau of I’ducation under the
jurisdiction of the local government.

The organization and system of cducationnl
adninistration are as shown in Figure 2: fystem of Iducational

Administration.

1. jiducation in the Republic of China, lNinistry of Education,

1972, Taipei, Taiwan, D.8.



@::

al

National schools

of all 1evels m?
[ National social
“f education

| organizations

"Private universi-
_ties & colleges

It

I

a——

Department ofl B
Education i
| |

i social educ. i

[Provincial \
‘schools of.
‘all levels

Provincial |
organizations |

U

Private I
“secondary K
schools

Local (city) _ W\
‘Government o

|

Bureau of qucatloqj

T,ocal schools N
of all levels |

'[Local social educe.

Norganizations !

fPrlvate elementary
uschoolo and
Jkindergartens |

Control and Maintenance.

29

Figure 2. SYSTEM OF EDUCATIONAL ADMINISTRATIONl
Central o
Government, - |_._-o..omoomoTo T o
~ I'xecutive guan I } ‘
L (Cabinet | .
— e | |
B Mlnlstry of | Provincial apac1a1 1
duggt;gg__j:zﬂ _Government | Municipality
T T ST T T J
I

RBureau of | .
IF’ducation _ l

[Munlcnpal schools|
of all 1evels \

Municipal
social educ,. ™
lorganizations |

Private secondary!
.schools, elementad |
ry schools, and
kindergartens

I'romulgating T.aws and Allocating PDudget.

Establishment of Standards, Supervision and Grant-in-Aid.

1. Education in The Republic of China, Ministry of Educ. 1972
Taipei, Taiwan, p.9.
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The organization and functions of educational
administration on each level shall be described accordingly.

2=-1-1 Ministry of Education

The Ministry of Education has six branches, namely
Internal Units, Councils and Committees, Affiliated Units,
Affiliated Schools, External Units, and Overseas Cultural
Unitse. The main functions of the Ministry of Education are
as follows:

1) Responsibility for administration of academic
work, culture and education of the nation.

2) Instruction and supervision of the top local
administrative officers regarding the execution of the
power delegated by the Ministry.

5) Communication of budget estimates and draft bills
to "Executive Yuan" (Cabinet).

4) Guidance, advice, and assistance to social
educational activities and international activities.

The organization of the Ministry of llducation is

shown in Figure 3.
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o=1=2 Provincial Department of Hducation

The Provincial Depariment of Iducation has four

branches: Internal Units, Committees, Affiliated Units and

Aflilinted SGehools, The orgenization of the Department is

as shovm in I'igure L.

Pigure 4o Organization of Taiwan Provincial

Department of ducation
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1. Liducation in the Republic of Chinn, Ministry of kducation,

1970, Yedoed, Talwen, p.l2
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The main functions of the Provincial Department of
Bducation are as follows: |

1) Responsibility for proVincial academic and social‘
education., _ : a

2) The supervision and guidance of educational and
academic bodies in the province.v v

3) The planning and administration of public libraries,

museums, and stadiums in the province and others.
2=1-3 Local Bureau of Bducation

There are four branches under the Loceal Bureéu of
Bducation: Internal Units, Inspectors, Affiliated Units, and
Affiliated Schools to deal with the improvement and super-
vision of educational affairs in the locality.

The Internal Units include four departmental sections
governing school administration, school expenditures and
equivment, social education and physical education. The
Affiliated Units control the planning and administration of
cultural and social educational activities. All public junior
high schools, elementary schobls, and vocational schools are

under the jurisdiction of the Local Bureau.
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1:} 2-2-1 Regular Iducation

From the beginning of kindergarten to the completiop”
of university, the overall length of time required covers a
minimum period of twenty~two school years (as showvn in Figure
6). Two years are spent in kindergarten. which talkes care of
children in the 4-6 year age group. IElementary schools educate
pupils in the 6~12 year age group. Three-year junior high
schools follow elementary schools for the age group of 12-15
years. The second stage of secondary education which includes
three-year senior high schools, three-year senior vocational
schools; and five-year junior colleges, is open to Jjunior
high school graduates upon the passing of an entrance
examination. Graduates from senior high schools, senior
vocational schools and supplementary high schools passing the
joint college-university entrance examination held by the
Ministry of Ilducation are permitted to enroll in three-year
colleges, or four-year universities (except in the case of
the Teacher Training Program which requires five_years, and
in the case of medical studies which require six or seven
school years). There is a minimum of two years required for
a llaster's degree and a minimum of two ycars leading to the
Doctoral degree in graduate schools. In the case of evening

students, one additional school year is required to complete

the higher educational program.

<
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2-2-2 Special Education

Special education in Taiwan includes education for.a.
blind, deaf, and physically handicapped children. Its purposeés
are to provide them with educational opportuhities that will
allow these students to reach their maximum potential, and to
lead an active 1life., There are kindergarten, élementary, junior
vocational, senior vocational, and vobational supnlementary
school:, established to coordinate with the sdcial velfare

policy.
2-2=3% Supplementary Education

Supplementary education includes supplementary Schools
and short term training progrems. Supplementary schools éan be
divided into two types: general and vocational. Kach type is
further divided into three levels--junior, intermediate, and
senior--according to the courses of study offered or to the
nature of the instructional material used. As far as academic
standards arc concerned, cach level is equivalent to specific

srades in the regular school systen.

Supplementary Lducation Regular Iducation
Junior leovel Grade 5-6
Intermediate level Grade 7-9
Senior level Grade 10-12



Anyone con attend supplementary schools'regardless
of age or sex. The school: are mainly open to young working
people. They may enjoy the same status as graduates of regular
schools of the same level, if they can successfully pass a
governmenlt cxamination. For these reasons, supplementary
schools have been able to meet the needs of young people
and haﬁe grovn ranidly in recent yearse

Short-torm training programs are of two categories:
general and vocational. The general program offers Chinese,
mathematics, and civic education for illiterate adults. The
vocational program mainly provides training in practical
slkills and languoges. Some exdmples are abacus, bookkecping,
electrical maintenance and repair, printing, cooking, sewing,
handcrafts, gardoning; interior decoration, and foreign
languages. Al) courses are of practical use in the daily
life of students.

In addition, supplementary education for laborers,
military pefsonnel on active service, coorespondence schools,
radio and television courses, and reformatory education for

juvenile delinouents are conducted by educational agencies.
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2 = 3 FEducational Developments of the period 1945-1975

The chief characteristic of these three decades ‘
was a rapidly increasing complexity of economic and

social conditions. Within this period, the eéonomy grew

rapidly and the population continued to increase. Taiwan

developed with unprecedented life and vitalitj, and
increased in resource development, in technology and in
culture. These radical changes in the structufe and wvay
of life of the population celled for an elaboration of
new social controls. It is natural that education must
serve as the fundamental social control in a democratic
society. These changes came about through a persistent effort
towards educational expansion to meet the challenges of
a modérn world.

In Taiwan, the expansion of education has been
most notable at all levels under the impact of the expanding
social and economic demands for manpower and the increasing
individual demands resulting from the rising level of the
nationts living and culture. In recent years the rising
trend in the percentage of the national income devoted to

education hes achieved a comparatively broad quantitative

cxpansion of oducation,



2=3%-1 IBducational Expenditure

One of the most important aspects in educational
planning is the financing of projected development.
kducational expenditures lay the foundation of both the

quantitative and qualitative development of education.
1) GSources of Support of Education

In Taiwan, public education is financed through
tax revenues, tuition fees and private contributions fo
educational services, As prescribed in the National
Constitution "Expenditure for educational programs,
scientific studies, and cultural activities may not be
less than 15 % of the national, 25 % of the provincial,

and 35 % of the city and county budgets." (see Appendix

I). 5ince the transfer of the Central Government to Taiwan,

the lion's share of the national budget has been used for
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defence. Consequently, the stipulated percentage of national

educational expenditure has not been attained.
The government of various levels in 1975 spent a

total of NT{16,757,000,000 (US%440,200,000) ou public

education.t The distribution is shown in Table 8 on page 4l.

l. China Year Book, 1975, China Publishing Co., Taivei,
Taiwan, pe2i43e.
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Table 8. Distribution of Educational Expenditure
by Governmental Levels in 19751

Governmental Amounts

Levels . New Taiwan § | US4 Bquivalent |
l - \
Che Central Govt. | NT$1,631,000,000 | US$43,000,000 | 9.7

Taiwan Prov. Govt. NT$3,41.3,000,000 & US$90,000,000 | 20.4
Taipei City Govt. | NT$2,504,000,000 ' US466,000,000 | 14.9
cities & Counties | NT$8,800,060,080 = Us5231,000,000 | 52.6

Govt. !
Villages & Towns | NT$ 589,000,000 Us$10, 200,000 2okt
Total NT$16,737,000,000 . US$4LD,200,000 :100.0

As illustrated by the above table, the Central
Government commits significantly less funds toward education
than its official claim. As a result, the greater part of

educational expenditures is derived from local sources.
2) National Income and Expenditure

Educational development is reflected in the.expenditure
devoted to education in relation to total national income. To
analyse educational expenditure more precisely, the private
educational expenditure must be take into consideration aloné
with the public educational expenditure. The trend in the
percentage distribution of expenditure for both public and
private education of the Gross National Froduct (GINP) is

shown in Table 9,

l. China Yeer Rook, 1975, China Fublishing Co., Taipei,

Taiwan, p.243.



. Table 9.

Total Educational Expenditure As
Percentage of GNP in 1951-1975

L2

Unit: NT$1,000

Total Educational @Ixpenditure. '

rear aE Total %NEO{ Public '%NEO Private EN;O
1951 | 12,315,000 213,082 | 1.73 213,082 1.73| - -
1955 | 30,088,000 673,263 | 2.24 675,263 | 2.24| - -
1960 | 62,561,000 1,671,962 | 2.67 | 1,470,169 | 2.35| 201,797-0.32
1965 | 112,867,000| 3,959,628 | LS4 | 3,234,989 | 3.71| 724,639 0.84|
1070 | 226,368,000(11,236,766 | 4.96 | 9,065,121 | 4.00|2,171,649 0.96
1975 | 52U,478,000| 21,064,636 | 4.02 [16,737,000| 3.19|4,327,63¢ 0.85

- Figures in Table 9 show that the Gross National Product

has grown since‘1951 and the portion devoted to education has

increased from 1.73% in 1951 to 4.02% in 1975. In 1951, the

government spent NT$213%,082,000 on educational expenditure,

about 9.93% of total government expenditure; while in 1975 the

government educational expenditure amounted NT$21,064,636,000,

about 15.06% of the total government budget.®

The total

educational expenditure in 1975 about 98 times greater than

that in 1951,

result of the interaction of many factors:

These vast increases in expenditures are the

a rapld increase in

school population, an extension of the legal compulsory

educotion from 6 to 9 years,

and

increased Jjurisdictional

responsibilitices assigned to schools by the Ministry of

Educatione. Also, this has resulted in the introduction of many

1. ilducational Statistics of The ROC, 1976, Iinistry of

2. Ibid., pe47.

Lducation, Taipei, Taiwan, p.l4b.




new types of studies and acﬁivities, such as the expansion

and revision of the curriculum, the development of vocational
education, the establishment of continuing education, and a,
great number of other new projects. In addition, thrée other '
causes should be added: a steady rise in the éducational and
professional qualification demanded of school teachers, which
has necessitated an increase in the salaries paid, a similar
rise in building and equipment standafds, and the depreciation
of the purchasing power of the dollar.

More recently, however, the emphasis has returned to
education as an efficient investment in the development of
human resources. The reason is that the nation can cohtrol its
own economic development, and that the prosperity and safety
of the nation depend upon "Keeping up in the economic race'.
Consequently, the need to invest in education has been seen
more clearly in the technological field. Japan and the United
States, for example, have been prosperous since the Second
vorld Var, largely due to the good return on their investment
in education. Though the dividends of investment in education
can not be realized immediately, its impact on the development
of intellectual resource, perseverance, courage, alertness,
farsightedness, on the ability to organize and on the supply of
brains and skills to sustain the economic productivity, is
vital in enriching the nation. From this point of view,

education is a national investment and continuing investment
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in education shall clearly be necessary.
2=3-2 Educational Development at Various Levels
1) Pre-school Lducation

The purpose of pre-school education is tovpr0perly
take care of children not yet of school age and to provide
them with opportunities for good habit formation so as to
be able to adapt themselves to group living. Children
between the ages of three and four are admitted to the
nurseryv and those between four and six to the kindergarten.
Before the 1960s, pre-school education in Taiwan was not
well developed. There existed only 28 independent kindergartens‘
with 17,111 pupils in the 1950-51 school year. With the advent
of social stability, economic prosperity, small families, and
more gainfully employed married women, there developed an
increasing need for families to send their children to
kindergartens. In the 1975-76 school year, there were 487
private and 275 public kindergartens, with a total of 117,990
pupils. The total number of pupils in kindergartens has

increased by about 5.9 times as compared with that of 1950-51.1

1. Bducational Statistics of the Republic of China,1976,

Ministry of Education, pp.l3-14.
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2) Elementary Education

Elementary education is the foundation for all other '
formal education mainly operated by local governmenté. Some
are operated by private interests., Children are admitted at
the six of age. The schooling period is six years; This
compulsory education applies to every citizen. The emphasis is
on moral and physical culture, in order to imbue the citizéns
with the principles of ethical and life education,‘and to
bring up healthy and sound citizens. In 1950 there wére only
1,231 elementary schools with 906,950 vupils. With the steady
increase in ponulation during the ensuing years, the number
of elementary schools and their capacities also increased with
the years. In 1975, the number of schools had increased to
2,376 and that of pupils to 2,364,961 registering a rise,
respectively, of 93% and 161% over the corresponding figures

of 1950.%
%) Secondary Lducation

Talking the school system as a whole, secondary
education is usually considercd as the link between elementary
and higher education. The duration of secondary school life is

six years. In Taiwvan, secondary education includes general

1. Educational Statistics of the ROC, 1976, lMinistry of
Iducation, Taipei, Taiwan, p.llh



46

high schools, normal schools, and vocational schools. In 1950,
there were 213 secondary schools of which 128 were high schools,
8 normal schools and 77 vocational schools, with a total of .
120,036 students. In the 1975-76 school year, the number of
schools increased to 977 including 800 high schools and 177
vocational schools. This represented an increase of 4.58 times
over the 1950 figure. As to the number of students, it also

had increased to a total of 1,505,995; The rate of increase

is 12.5 times as compared with that of 1950.1

4) Higher Education

The purpose of higher education is to offer advanced
studies and to prepare specialists for their respective
professions. In recent years, as a result of rapid economic
development and higher standards of living, people desire
that their children receive better and more advanced education.
Consequently, higher education has grown répidly in réte scoOpe.
In 1950, there were 7 institutes including 1 university and 6
colleges with an enrollment of 6,665. In the 1975-76 academic
year, the number of institutes rose to a record of 101, of
which 9 were universities, 16 were colleges, and 76 were
junior colleges, with a total of 156 affiliated research

institutes. This represented an increase of 13.4 times during

1. Educational Statistics of the ROC, 1976, Ministry of Educ.,
Taipei, Taiwan, pp.15-16.



L7,

the interval. As to. the number of students, it rose to a

total of 289,435, marking an increase of 42.43 times.l

5) Special Education ' \

In the 1950-51 school year there were only 2 schools
for the blind and the deaf with a total of 384 pupils..The
number of such schools in the 1975-76 school yedr rose to
six, of which three took in only the blind, and three only
the deaf. They had a total of 2,641 pupils. In addition, an
experimental school for the physically handicapped had a
students body of 207.%

6) Supplementary Education

In the 1950-51 school year there were 5 general
supplementary schools with 1,122 students. The number of
such schools in.the 1975-76 school year rose to 167, with
a total of 39,604 students, marking an increase of 34.30
times during the interval. As to vocational supplementary
schools in the 1950-51 school year there were 18 vocational
with 2,659 students. In the 1975-76 school year, the number
of schools increased to 150, with a total of 128,178 students,
an increase of 47,21 times as compared with the number of

students in 1950.2

1. Educational Statistics of the ROC,1976, M. of Educ.,pp.140.

'2. Ibid., Pp.166—1670

‘Do Ibid., Ppol7h‘l750
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The following table gives the summary of school

conditions in 1950 and 1975 and reflects the development

in a span of twenty—five years,.

Table 10. The Growth of Schools, Teachers, and
Enrollments, 1950 and 1975
Year T 1950 1975
Ae Number of school in total i 1,504 4,540
No. of univ., coll., & graduate sch., 7 101
No. of Secondary schools 213 977
Mo. of elementary schools 1,23] 2,376
No. of kindergartens 28 762
No. of special schools 2 7
. No. of supplementary schools 23 517
ﬁ. Teacher / student ratio 1:36435 1:30.90
b. Studentsper class 51.75 47.62
P. Student/vopulation ratio 140:1000 | 274:1000
7¢ School attendance for the age
| group of 6-12 years 79.98 9929
[
F. % chenges in student attendance
i at various levels:
! Wlementary schools 86% 53.16% |-
| Secondary schools 11.4% 353485%
' Colleges & universities 0.6% 6451%
| Other educational institutions 2% 6 o 1482

l. This table was derived from data given in the Lducational
Statistics of the ROC, 1976, Taipei, Taiwon, vp.le-13.
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In the twenty five years (1950-1975) education in
Taiwan has grovmn rapidly in the following aspects:

Aes There is a great increase in the number of schools:
which has gone up nearly 202%; | B

B. The rate of increase in the number of teachers is
greater than the rate of increase in the number of students.
This is to the greater benefit of the students. They can
receive more attention and better instruction.

C. The comparison of average numbers of students per
class shows a decrease in class size, thus enhancing learning.
efficiency.

D. The student/populstion ratio in the past twenty
five years has increased, almost doubled. This reflects that
the people recognize the value of good education.

Be Blementary level school attendance in 1950 was
79.98% as compared with 99,29% in 1975. This indicates that
the percentage of school-going children between ages six
and twelve has grown to near capacity.

I'e School attendance in both secondary and college
levels has also increased. This shows that the. educational system
at all levels has grown in size. The growth was outpaced
more and more by increase in population, and demonstrated
the prosperity and stability of the society. It also indicates
that for young neople wishing to pursue further studies, the

opportunity has become universally available.
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2-5%-3 Contemporary Trends in Educational Development

Education, a product of thé existing environment, is
not only created to meet the needs of human 1life but is also.
modified by changes in the social structure aﬁd the needs of .
national developnent. The educational system in Taiwan is being:
adjusted and improved as required by soclety to keep education
up-to-date with new world trends by abéorbing newv knowledge,
concepts, and methods, so that educational‘rendvation can lead
to an over-all renovation of the society. In order to meet the
current situation, the following measures are being implemented:1

1) Strengthening national spirit education

Since education is the foundation of the national
reconsttruction and is rooted in the fostering of natiQnal
spirit, Committees fdr the Promotion of National Spirit education
have been set up in schools at various levels. They are responsible
for the development and implementation of patriotic education for
éll students in order to develop the confidence of self-
strengthening and self-consciousness.

2) Balanced quantitative development

Since 1968 when the nine-year Basic Education Progfam
was put into effect, the quantitative educational development
hds accelerated. To meet the shortage of educated and basic-

level manpower, basic education needs to be improved continually.

1. Bducation in Taiwan Province, ROC, 1974, Taiwan Provincial

Government, Toiwan, pp.lO-14.
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At the post-secondary level, an overall quantitative
improvement project will be undertaken to meet specific
social needs;
3) Development of science education B

The Provincial Department of Education has suggested
a plan for the accelerated preparation and training of science‘i
teachers,, and for the revision of science curriculum at the
elementary and secondary levels. The éXpansion of school
facilities and the improvement of laboratory téaching methods
are also under way.

L) Development of vocational education

During recent years, as a result of a rapid
development in business and industry, the pattern of supply
and demand of manpower has undergone a dramatic change. More
technicians are required in business and industry. The
educational system should meet the needs of society and make
appropriate adjustments. From 1968 on, the number of students
at the upper secondary school level has been regulated on
the basis of a plan to accelerate the development of vocational
education. In 1967, the number of students in senior vocational
schools and senior high schools was fixed at a ratio of four |
to six. According to this plan, the ratio will be seven to

three by 1980. The number of students omong the agricultural,

technical, commercial, fishery, medical, and home economics fields

nmust be adjusted.According to estimates in Manpower Development
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Plan, the number of future éraduates from the technical and
fishery vocational schools should be increased to meet thé
demand. |

5) Strengthening cooperative education | \

Education is a national enterprise. It relies
upon large-~scale investment by the government. Recently,
most countries in the world are encouraging the pfivate
sector to enter the educational field and to share with
government thé responsibility for education. Cooperative
education is a way of utilizing local resources to complement
all sorts of professional, technical and industrial arts
training. In this way it is not only designated to prepare
technicians and specialists needed in industry, but also to
promote the development of in-school cducation. At present,
cooperative education programs are being conducted in public
junior high schools,.senior vocational schools and technical
junior colleges. '
In order to implement the "Plan to help the Needy"

initiated by the Provincial Government, the Department of
Educaﬁion is conducting school-centered vocational training
for poor peonrle, to assist and guide them in becoming fully
employed. The purpose is to increasc the quantity of basic-
level gikilled labor contributing to economic development.,

6) Promotion of educational exmerimentation

In recent years, some major educational experiments
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have been conducted:

A. Elementary school: Integrating téaching of blind
children into regular elementary schools; exveriments in ‘
education of the retarded; experiments in special education
for artistically and musically gifted; experiments in large
unit and team-teaching; and experiments in teaching of national
phonetic symbols.,. |

Be Public junior high school: Ixperimental improvement
of internal organization; curriculum experiments; experiments
in the economic value of strengthening vocational education;
the experimental integration of the entire nine-year free
education; and experiments in the education of retarded
children.

Ce Senior high school: ZIxperiments in science
education.

De Senior agricultural school: Exveriments in planting
on graveled lands, extension of agricultural mechanization, and
in the industrialization of the livestoclk industry.

L. Senior technical school: Runerimentation in
cooperative education and in the application of 'Ladder!
teaching methods.

Hercafter, all schools will conduct a variety of
experiments in curriculum and teaching methods, in order to

meet social needs and to upgrade the educational standard.
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2 - 4 Summary

The‘educational system and development in Taiwan
may be summarized as follows: | a

1) Education in Taiwan is administered by government
agencies through three levels: Central, Provincial,band.Local;i
The Central Government is the exclﬁsive policy making agency
and has the vower to legislate and administer the national
educational activities and system.

2) The school system adopted a 6-3-3-L4 structure,
and since 1968 compulsory education has increased from six
years to nine years of schooling. |

'3) The scope and functions of educational activities,
mainly include:

Ae Academic disciplines.

B. Social education, special education and
supplementary education.

Ce Planning and administration of libraries, museuns,
stadiums and cultural displays.

4) The expenditures for educational programs, scientific
studies, and cultural activities may not be less than 15% of
the national budget, 25% of the provincial budget, and 35% of
the local budgeﬁ. The ratio of the total amount of educational
expenditures to the Gross llational FProduct is approximately

It:100 vlus,


http:prov.Lnd.Dl

5) Bducation in Taiwan has developed rapidly in the
last three decades. The number of schools, feachers, school
attendance, and student/population ratio have increased. The.
average number of students per class, however, has decreased.'

6) Contemporary trends in educational development in
Taiwan are:

Ae. Strengthening of national spirit education
Be. Balancing of quantitativé developncnt

Ce Development of science education |

D. Development of vocational education

Te Strengthening of cooperative education

Fo Promotion of educational experimentation
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CHAPTER 3
SECONDARY LDUCATION AND HIGH SCHOOL CURRICULUM '

The purpose of this chapter is to diécussrthe
significant phases of development in sebondary education
and high school curriculum within the_past‘three decades
from 1945 to 1975. Secondary education in Taiwan has
undergone changes of great significance during the past
ten years. These changes involved the complete reform of
the school system and the revision of high school curriculum, -
In the quantitative aspect, there has been a remarkable
increase in the number of schools and student enrollment.
In the qualitative aspect, important modifications in the
character of education have been provided progressively.

Initially, this chapter will examine the changes
which occurred in the secondary schools and in student
enroliment. It wil) then present the secondary school
curriculum and the factors affecting curriculum change
and revision. The chapter will conclude with a summary
of significant changes which occurred in the educational

system of Taiwan from 1945 through 197D.
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3 -1 8Schools, Enrollments and Changes
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The most significant fact in the development of

i

education in Taiwan during the past quarter of a ceﬁtury is

the femarkable growth of secondary schools and the

increase in the number of students. A general idea

development of secondary schools since 1950 may be

from figures for schools reporting to the Ministry

Such figures are presented in Table 11.

great
of the
gained

of Education.

Table 11. Number of Secondary Schools and
Enrollments From 1950 to 19751
P | I e
School Year ”eglor§8enior!Junior £?tfécNo" No. of .
Junior i LaehR v Students
Total o . 9 | 110 | 23 120,036
1950 Iigh sch. 62 | - 66 128 79,948
Normal sch. - = 8 - 8 5,651
Voc. sche 32 1 i 77 34,4357
Total 218 | 33 112 368 317,200
1960 High sch. 138 1 | 105 ohl 232,156
Hormal sch. - 10 - 10 74244
Voc. sch. 80 | 22 7 109 77,800
Total 96 236 553 885 1,154,589
1970 1igh sch. . 93 | 92 553 738 977,960
IMormal sche - 1 - 1 924
Voc. sche. 3 143 - 146 175,905
Total 88 284 605 977 1,505,993
1975 1lligh sch. 88 107 605 800 | 1,221,538
Voc. sch. - 177 Z 177 | 284,455

l. Jducational Statistics of the ROC., 1976, the Ministry of

rducation, Taipei, Taiwan, pp.89-91.
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From 1950 to 1975 (the latest year for which comparable
figures are available) the number of junior high schools
increased from 110 to 605, the number of senior high schooLs' -
from § to 284, and the total number of secondary scﬁools (high
schools and vocational schools) increased from 215 to 977.

These figures show that the number of secondary schoois increaSed
more than four times in twenty-five years.

mven more striking and significant is the great increase -
in enrollment at the secondary cchool level. In 1950, thé student
enrollment in secondary schools was 120,0%6. In 1975, the figure
for enrollment was 1,505,995, These figures indicate that the.
number of punilc in secondary schools increased more.than eleven
times from 1950 to 1975.

The reasons for this remarkable development are clear.
First of all, implementation of the lMNine-year Free Tducation
Program in 1968 was of great significance. For the 1968 school
year, Taiwan was divided into 429 school districts and in each
district one cchool was established. In 1950, there were
101,015 clementary school graduates, of which 31.99% (52,319)
enrolled in the junior high schools after passing entrance
examination., In 1968, there vcre 269,290 of %60,6835 graduates,
avout 7L.000 enrolled in the junior high schools without taking
entrance oxgmination. In 197%, however, 307,742 of LO8,3516

graduates (about 90.06%) enrolled in the lower secondary

schools. This increase indicates that the percentage of


http:exam:Ll1nt:i.on

enrollment of elementary séhool graduates in the junior high
school doubled in 1968 and tripled in 1975.0

Secbndly, since the implementation of the Nine—yeag
Free kducation Program, public senior high schools have been.
administered only by the »nrovincial government., Former public
middle schools terminated their junior high depaftments and
became senior high schools, Private high nchoOls‘were changed
to senior high schools or senior vocetional schools. Some
vocational schools were converted to comprehensive schools.,
After the reform, senior high schools grew steadily both in
the number of cchools and in student population. In order to
provide greater opportunities for continuing education for
public junior nigh schools graduétes, this expansion was
coordinated with similar development in vocational education.
In this way, the increase in quentity in secondary schools
vas nlanned and adjusted yearly.2

Thirdly, the aims of the educational reform were not
only to achieve an increase in years of schooling, but also
to equalize the educational opnortunities across the island,
and to reorgenize the educational c¢ontent. In accordance
with these stated aims, a series of projectﬁ have been

continuously imnlemented, such os:

1. ducational Statistics of the ROC, 1976, the liinistry of

Iducation, Taipel, Taiwan, p.55.

2« iducation in Taiwan Province, Dept. of ¥duc., Talwan

I'rovincial Govt., Taichung, Taiwan, 1974, pv.4l-56.



5)
6)
7)
8)
9

60 |

Reducing the size of school districts,

Increasing the number of classes and schools,
Raising teachers! qualifications,

Adapting the teaching materials to individual \
differences,

Experimental studies in school curriculum,
Improvement of teaching materials and methods;
Promotion of guidance services,

Strengthening of vocational education, and

An expansion of school facilities.1

Through these projects, the secondary school

increasingly met the demands of Taiwan society.

Fourthly, the senior high schools in Taiwan placed

more emphasis upon education in the academic disciplines

in order to provide advanced studies to their students.

Throughout their three years of lower secondary education,

the graduates are in a position to choose whether to pursue

academic or vocational programs at the upper secondary

level., In 1950, there were 235,114 junior high graduates of

which approximately 61.8% (14,187) were enrolled in the

upper secondary schools after passing an entrance examination.

The majority of these students chosc academic education. In

1975, however, there were 202,414 of 301,833 junior high

school graduates (about 67.06) enrolled in the upper secondary

1. Bducation in Taiwan Province, Toiwan Provincial Department

of Education, Taichung, Taiwan, 1974, pp.4l-56.
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QE: ‘ schools.l Since 1970 the enrollment in senior vocational
schools has shown a considerable increase, resulting mainly
from the exrmansion and development of local industry. The

comparison of enrollment is shown in Table 12. )

Table 12. Percentage of Inrollment in Senior High

Schools and Vocational High Schools®
School ? Senior H.S. Vocational H.S5.

Year | mnrollment Enrollment Total

1970-71 5041 % 49.50 % 100 %

1971-72 48.95 % 51.05 % 100 %
1972-75 47.27 % 52473 % 100 % )

1973-74 45.14 55 54,86 % 100 %

1974-75 41.99 % . 58.01 % 100 %

1975-76 | 39.61 % | 60.39 % 100 %

The traditional conception of the Chinese people
vas in favor of granting the official careers to those who
could pass through higher education. Feople looked down upon
merchants and craftsmen. Youngsters and their families were
therefore anxzious to get the best education possible. This
situation restricted the develonment of vocational education
for many years. Because of the rapid growth of industry in

recent years, vocational school graduates had no difficulties

le Iducationel Statistics of the R0OC,1976, the Ministry of
@ Fducation, Taipei, Taiwan, n.54.
20 Ibid.’ })P.102‘105.
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in finding employment. Sinée then, there are more students
wholprefer to choose vocational eaucation even if they are'
accepted by‘the academic senior high school. This predilecqibd'
to choose vocational education is a significant chaﬁge in the
social conception toward vocational education. It means that
new and diversified demands have been made on the seqondary
school. It also means that pupils now attending secondary
schools constitute a far more heterogenecous body in capacity,
economic or social status, and educational needs than the
secondary school clientele before 19950,

Since 1967 the scope of secondary education has been
broadened by the junior college movement. There are two kinds.
of junior colleges established in Taiwan. The three-year
junior college accepts the graduates from the senior high
schools. The five-year junior college is a newly developed
institution which is a hybrid of senior high school and
colleges. These institutions provide an integrated educaﬁion
primarily for technological training. During the past ten
years the junior colleges have grown rapidly and have made
a great contribution to economic development:

The unward extension by the junior college education
has been due to several factors, smong which. the most
significant =re: |

1) A great increase in the number of persons desiring

and dcserving an education beyond high school,



i§> 2) The consequentiél overérowding of univeréities,

3) The demand for facilities of higher education in
‘the local community,

L) A need for upgrading the qualifications of the |
elementary school teacher, |

5) The demand for more qualified technical workers,

6) Changing conception of the functions of sécondafy'
and collegiate education.-

The following table shows the development in junior

college education in the years between 1966-76.

Table 15, Development in Junior College Educationl

c

School Year No.ngfjJEEior No. of Pupils Pupil Index
1966—67 ””;g‘b° 45,000 100
1967-68 57 60, 739 135
1968-69 63 76,696 170
1969-70 69 93,709 208
1970-71 70 106,187 235
197172 75 117,151 260‘
1972-75 76 136,236 302
1975-74 76 145,471 323
| L97L=75 76 147,796 528
1975-76 76 148,305 330

l. lducation Statistics of the ROC, 1976, the Ministry of

ducation, Taipei, Taiwan, pp.l20-121.
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3 - 2 Program and Curriculum

The aqualitative development of secondary education"'
was as significant as the quantitative development és !
already outlined during the past three decades in Taiwan.
One of the most important factors determining the quality
of education was the curriculum. Since the end of the Second .
“lorld War, a great movement of school curriculum reform has
been in progress elsewhere. In Taiwan, as a result of
accelerated chonges in political, economic and social
develorment, all curricula were revised to meet the néeds
of both individual and community. Educational facilities
and teaching materials were also improved for effective

learning.
%=-2-1 Factors Affecting Curriculum Change

In Taiwen, as elsewhere, curriculum revision was
accented as a continuing process. There were a number of
factors affecting curriculum change.

1) Traditionally, the value regarding the importance
of education nas nrovided strong ponrular supnort for
curriculum chenge.

?2) People in Taiwan have the unchanging beliefvof the

democratic way of life. Democracy is built upon the promise
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that society is composed of individuals free to explore
the truth. The concept of an open society is conductive
to experimentation into ways of improving the curriculum.

%) The Japanese colonial educational system was
abolished in 1945. In its place was the equalityvof
educational opportunities for everyone. In 1968, educational
reform was extended from a six-year free education program
to a nine-year program. Subsequently, curriculum for free
education was reorganized.

.4) Chonge in society has long served as an agent for
curriculum change. Curriculum is subject to change when the
needs and desires of society change. In nast decades, rapid
economic development had been the national prime objective.
In order to supply the trained manpower necessary to achieve
the‘economic aims, curriculum planning should be closely
coordinated with the economic development.

5) The knowledge explosion was also an important
factor that affected curriculum change. The extension of
secondary school vnrograms including non-academic studies,
significant changes in science and technology, and the
devclorment of educational rsycholomy and traching materialé
have broadenced the scope of the school's curriculum.

These factors mentioned above were the prime forces

which influenced curriculum change and improvement in Taiwan.



3~2-2 Curriculum Revision

All of the school's curricula in Taiwan are centrally
standarized and designated by the Ministry of Education. \
Dr. Sun Yat-Sen's "Three Principles of the People" are the
supreme guiding principles for Chinese education. In-essence, 
they are ethics, democracy, and science. In fhe spiritual
sense, they are freedom, equality, aﬁd universal love.

Guided by these principles, curriculum aims af educating
people, reforming society and developing Chinese cul_ture.l

When the Nationalist Government moved to Taiwan,
the educational system was carried out exactly the same
wvay as it on the China Mainland. As a matter of fact, the
first curriculum provision in 1945 was based upon the
éurriculum provision which was promulgated on the mainland
in 1940. In order to meet the requirement of different
times and situations along with rapid scientific and
technological progress the school's curricula were changed
at regular intervals to meet needs of children and adolescents.
The choice of subjects to be taught and the time allocation
differed considerably from one time period to another. |
Subjects and total weekly hours in thrce years for both

junior and senior high schools from 1945 to the 1970t's are

shovm in Table 14 and Table 15.

l. Iducation in Taiwan Province, ROC., Dept. of Education,
Talwan Provincial Government, 1974, p.3.
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Table 14 and 15 present the freguency of curriculum
revision in the subjects offered and the time allocation for
both junior and senior high schools from 1945 to the 1970's,
Most of the objectives of the revised high school curricula. '
within the past thirty years are presented as follows:

1) To strengthen nationalism education and moral
education: Because of the ideology of the national reconstruction,
Dr. Sun Yat-Sent's "Three Principles df the Feople!" seems to
be the doctrine to cultivate national spirit for the student
body. For the purpose of intensifying moral education, the
formal courses "Civics" and "Moral Education" are combined
into one course with as much emphasis on the study aé on the
actual practice of moral principles.

2) To reinforce the learning of Chinese cultural
traditions: In order to reinforce the learning of Chinese
cultural traditions, more selections from the 'Confucius
Classics! are taken in the courses of "Moral Lducation" and
"Chinese Literature,

3) To introduce new courses of study: Industrial
Arts, Folitical Science, History Culture, IWarth Science are
introduced in the curriculum.

L) To reallocate the number of teaching periods: The
teaching periods are redistributed nlmost in every revision
depending upon the result of implementation and upon the

practicalities involved.
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5) To reorganize subject matters and teaching methods:
In junior high school curriculum, "Chemistry" and "Physics"
were integréted to be a course entitled ”Physics—Chemistryﬂ.’
This integrated course was taught in this manner from 1948 to
1967. In 1968, "FPhysics~Chemistry" was separated into two
individual courses-- '"Physics'" and "Chemistry". The course
of "Physiology and Hygiene" was replaced by "Health Fducation™;
and "Handcrafts" was changed to "Industrial Arts".

' 6) To enforce vocational training and introduce
electives: A greater range of selectives and vocational
courses are prescribed and the courses are divided into two
categories: Industrial Arts for skill training and Academic
Subjects for advanced studying.

7) To reorganize thz elective system: In senior high
school curriculum, the Social Science Frogram and the Hatural
Science Program were introduced in 1945. These clective
programs were combined into one program in 1948 (see Table 14).
llowever, tie concept of diversification for adapting to the
individual diff=zrences of the students and the coodination of
entrance examinations for higher education propted the
reintroduction of the elective system in 1962. This systém is
sCill in overation today.

8) To improve the contents of subject matter: The
syllabus of all subjects was modified to meet the practical
condition and to avoid repetition. The content of courses

vias built in appropriate sequence in the cyclic arrangement

Voo
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of the curriculum at both high school levelé. Scienée
education was improved by introducing modern teaching
materials. The contents of the courses "Music', "Fine Artg";
"Physical Iducation", and "Industrial Arts" were al so \

improved to make learning more meaningful to life in Taiwan.
5=2-3 The Current Curriculum of Junior High Schools

The high school curricula in Taiwan indicate the
number of weekly teaching hours for each subject in each
grade. They offer detailed objectives, content and instructién
to be followed by teachers in each teaching‘subject; The |
current junior high school curriculum is called the Nine-

Yecar T'ree Education Program, which was promulgated in 1968.
Their objectives, courses of study and changes will be

discussed accordingly.
1) Nine-Year Free Bducation Program

Before the implementation of the Nine-Year Free
Lducation Program in 1968, the Ministry of Bducation organized
a National Curriculum Committec for the revision of curriculum
standards in elementary and junior high schools in October , |
1967. The Committee was composed of 172 curriculum specialists,
educators, professors of pedagogical institutes, principals,

and experienced teachers with eighteen Sub-Committees. A total
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of eighty-two meetings were held by the members of these
Sub-Committees., Their work basically consisted of:

A..examing the previous programs of studies .

B. comparing the curricula of developed couhtries a

C. discussing such fundamental factors in curriculum
building as general objectives of public education, specific
objectives and contents for each subject,-stages of
nsychological development and interests of teenagers, soclal
activities and needs of individual student, and analysis of
local community life.

D. designing a draft of nine-year curriculum

The new nine-year curriculum for both elemehtary and
junior high school in a straight sequence was nromulgated in
January 1968 and put into effect in August of the same year.

A three year period was allowed to complete implementation.1
2) The Objectives of Junior High School Curriculum

The curriculum for children of the ages 12-15 took
into consideration the characteristics of the adolescent--
his curiosity, idealism, desire for independence, his search
for values, eaorlier sophistication and maturation, a concern
with physicol growth, the need for approval, and intellectual
cxpansion. The curriculum offerings were developed in accord

with the accepted functions of the junior high school, with

l. Nine-Year Universal TIree Zducation in Taiwan, Taiwan

Provincial Dept. of Educ., Toichung, Taiwan, May, 196€9.
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particular reference to providing‘common exPerienceé for
everyone and making avalilable exploratory experiences of
a wide range and variety. Such opportunities facilitate
discovery and help to develop numerous special abilities
and intercsts of adolescents,

The objectives of juﬁior high.schodl curriculum»
are listed as follows:1 |

Ae To continue the fundamental education of the
elementary school.

Be. To practice and understand the ideas of physical_
and mental health.

Ce To appreciate moral and ethical priﬁciples for
developnent of good character and self-respect.

De To enrich the cultural experiences to be a good
citizen.

e To develop scientific methods and attitudes,

Fe To gain the basic knowledge and skills necessary
for a more fulfilled life.

In view of the genecral nature of these objectives,
it cannot be assumed that these objectives were only confined
to the junior high school. They could also be applied to
other levels of the school system. The unioue objective was
to provide for a transition from the total 1ife of the pre-~
adolescent to the new life of the young adult and to

cultivate a righteous and vprogressive citirzen.

1. Public Junior High School Curriculum, 1968, the Ministry

of Xduc., Cheng-Chung Book Co., Tainei, Talwan, p.le.
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3) The Courses of Study

The courses of study weré in keeping with the .
objectives of the junior high school. These courses were
most adaptable and provided guidance and exﬁloratory

xperiences. They were transitory in nature, shifting'the
emphasis from basic¢ learning to more specialized subject
matter. This served the purpose of better preparing junior
high school students for senior high school study.

The scheduling of course content provided more
flexibility in the Jjunior high school program. The
administrative orgenization for instruction, howevef, was
determined by the individual school in light of its own

facilities and instructional staff, but within the norms

- of the supervision of the Taiwan Frovincial Department of

ducation,

According to the new curriculum standards, the
emphasis was placed upon '"practical' education with the
basic objective of providing all adolescents with a broad,v
general ond common education. This basic knowledge and

.

sikill was intended to serve as a basis for discovering
and exploring their individuol interests, aptitudes and
abilities.

Table 16 shows the weekly courses of study in

elementary and junior high school of Tailwan.

7,
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Subjects !

leckly Fours of Wlementary and
Junior high schoolsl(ﬁeekly Min. for Tle.)

7

School level Elementary School Junior High School

Subjecf\\\\\gffio 1 z 5 6 1 . 3
Civics 2 Jithics 120 120 1.20 2 2
llealth Rducation 60 60 O | 1 1
londarin 390 120 b0 '
Chinese 6 6
Mathematics 90 150 | 180 210 | 3-1 3=l
Abacus 120 '
“nglish ; | 2-3 2-3
5ocial Gtudies | 60 90 |
General Knowledge 120 * !
Tistory 2 1
Geopraphy 2 1
Tature Study Q0 120
Matural Science 3 n
singing and Playing 180 '
Physical iiducation 120 120 2 2
Music 90 90 2 1
Fine Arts 1 60 60 2 1
craft Mork 120 90 90 |
Tndustrial Arts or llome Fco. 2 2
Introduction to I’'rofescions
I'lantoation, or brawing, o

Abacus f

Tlectives: Agriculture, }

Industry, Commerce, llome |

lconomics, Gcience, Tng- i b-6

lish, Music, Arts. etc. '
Noyscott 1 1
Groun Activities 120 150 150

Cuidance Activities " 1
Total 1200 1440 1500 1530 31~ 1-35

1. Tctucation in The

Ce,1972, llinistry of %“duc., Taiwen,
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lany changes were made in.the junior high séhool
curriculum. The following major points gave a new direction
to learning for junior high school students: T

.

A. To strengthen the life education, the subjects
"Civics and Ethics", "Health Education", and "Guidance
Activities" placed emphasis on behavioral guidelines and
knowledge of daily living. |

B. The weekly hours for "English" and '"Mathematics"
were changed to be flexible, but electives "English" and
"Science" were added in the terminal year to meet the
student's necds and the realistic locsl requirements.

Ce. The content of "Chinese" and social studies
including "History" and "Geography" placed emphasis on
national patriotic education for all students.

D. The contents of "Mathematics" and "Science' were
planned to reduce the repetition. Tmphasis was put on
scientific attitudes and methods referring to updating
scientific knowledge and the weckly hours were increased.
The subject "Science! was re-scparated into three branches:
"Generel Tature Studyt, "Chemistry" and "Physics",

Fe The vocational electives were very much emphasized
in the junior high school progrom. “ith the exception of
"Industrial Arts" for boys and '"Home Tconomics" for girls
as requirement courses, many electives were.compatible with

the interests of individual student ond needs in community,

1. Dublic Junior High School Curriculum,1968, the Ministry

of #duce., Cheng-chung Dook Co., Taipel, pp.357-359.
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such as "Agriculture", "Industry", "Commerce" etc., which
gave students jdﬁﬁékgils for later employment.

I'e The selective learning system was partially )
implemented. Second school year students might'select two
to three electives for 4 to 6 weekly hours,'either in
vocational or academic courses.

G. Bach class had one hour per weck for weekly
assembly, class meeting, and extracufricular activities
which were not listed in the table.

e The total weekly hours werc flexible from 31

to 35, dependent on the needs of local school and students.
H=2-4 Senior IIigh School Curriculum -~ 1971 Provision

Since the 1964 curriculum revision of senior high
school had been carried out seven years, and since the
graduates from junior high schools after the implementation
of the Nine-Year Free Bducation Program in 1968 was upgraded,
the jiinistry of ©ducation planned a new curriculum revision
to connecﬁ the junior high school curriculun withﬁq the
overall educational sequence. This revision originated in
July 1970, followed by the cstablishment of the committee
for the revision of the senior high school curriculum with
eighteen sub-committees, one for each subject. The committee

adopted the draft of the ncw curriculum in February 1971,
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After the final draft was promulgated in 1971, a three
year period was allowed to complete its implementation.
The major points of emphasis in the revised curriculum

werc analyzed as follows:
1) The Objectives of Senior High School Curriculum

The educational objectives of the senior high
school curriculum were based on those of the junior high
school curriculum, as well as specified objectives being
offered:l |

| A. To help students oppreciate culture and beauty
in their world,

B. To provide scientific education and military
traininge.

Cs To prepare students who are planning to continue
their advanced studies of professional education.

De To foster in them citizenship and morality.

me TO cultivate the talented youth for the improve-

ment of society and country.

In other words, the zims of the senior high school -

education was to continue educating the student who had
completed the ninc-year basic education. It served general
cultural cultivation, scientific education, and military

training to ensure the knowledge ond skills acquired at

l. Senior Hipgh School Curriculum, the Ministry of Educ.,

Cheng-chung Book Co., Tainei, 1971, p.400.
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advanced level, This senior high school education will lead
to further educational opportunities and to the extent of

student's physical and mental capacity.
2) The Courses of Study

At the age of fifteen, students enteringvthe academic
field were expected to undertake the core cyrriculum in their
first year. They undertook the same subjects, neriods per
week and content. From the beginning of the second school
year there were two options for the last two years of study.
There were the "llatural Science Frogram' and nSocial Science
program", Table 17 shows the weekly courses of study in
senior high school of Taiwan.

There were some changes in this revision as compared
with the revision implemented in 1964:

A. Therc was not much difference concerning the
objectives. The only difference was the continuation of
education of the student who had completed the nine year
basic educational program.

B. There were more subjects offered in the new
revision, such as seventeen required courses and many electives.
"arth Science™ was introducad to the Hatural Science Progran,
A great emphasis was also placed upon basic subjects such as
"Chinese Literature”, "Mathematics", "Social Studies", and

"Matural Sciences™ in order to imprbve the intellectual quality
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Table 17. SUBJRECTS AND WEBKLY HOURS OF S0MIOR HIGH SCHOO0L \
— e ‘ A
T~ Social Scilence Prqogram ‘ ¥atural Sclence Pragram
f:y Year 1st 2nd srd 1.st 2nd 3rd
| SUBJECT Somester | T 11 T TI T IT T 1T T IT T IT
iCivics 2 2 2 2 - - % 2 .2 2 2 oot
%Three Principles of ; '
| the People - - - - 2 7 - - - - 2 2
Chinese Literature 6 6 77 77 6 6 5 5 5 5
English & 6 7 7 7 7 6 6 5 5 5 5
istory 2 2 2 2 - - |2 2 2 2 - -
listory of Culture | - - - - 2 2 @ - - - - - -
Geography 2 2 2 2 - -t 2 2 2 2 - -
Political Geography - - - - 2 2 - - - - - -
tarth Science - - - - - - = = - - 2 2
lathematics L L L L L Ly Iy L 6 6 6 6
Physics - - - - 3 3 - - - - 6 6
Chemistry - - 53 53 - - - = 6 6 - -
Biology 2005 - - - - 5 3 - - - -
Physical Bducation 2 2 2 2 2 2 2 2 2 2 2 2
o pineation 22 22 2 22 2 2 2 2 2
Music 1 1 1 1 - - 1 1 1 1 - -
Fine Arts 101 13 - - f 1.1 11 - -
I?ggoﬁgizlﬁﬁgzgmics) 2 2 2 2 - - i 2 2 2 2 - =
Optional Courses - - - - 2-52-5 - - - - 2-5 2-5
Total »5 23 35 35 33-36 33 33 36 36 32-36

n) One hour per week for weekly assemly, clasc meeting, and co-curricular
activities arc excluded from this table.

b) Optional courses are provided in accordence with actual needs and on a
flewible basis.

l. Mducation Tu The Republic of China,l972, linistry of Wducation, Taipei,

Talwen, Te32e

fi:z
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of the regular school progfam. A gfeat range of elecfives
and job training courses were prescribed and were nlaced
into two categories -- skill knowledge and academic s
knowledge. These courses were only given in the terminal \
year with the purpose of providing alternative courses for |
pupils with varying interests and abilities. |

C. In the second and third school years, the social
science majors had two additional hours per week of "Chinese
Iiterature" and "fnglish". The content of thece courses was
compiled in accordance with actual needs and teaching periods.
For natural science majors, there was a total of five additional
hours for '"Mathematics", "Chemistry", and "Fhysics' in the
second and third years. The content of mathematics and sciences
was different from that of the social =cience program. The
emphasis of the curriculum was clearly placed on education for
the academically elite with a basic objectivé of differentiation
of knowledge in order to prepare students for advanced studies.

D. The alloment of instructional time was readjusted.

The Year of teckly lours
Revision 1st year L 2nd year jfd year
) | sor St ssi NSP
1964 57~ 35 | 3335 She36 | T-36 3136
C1m 355 5 36| 3356 3236
SSP: Sociel Science Program. I3P: Jlatural Science Progranm.
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The amount of time devoted to the elective courses
wvas reduced, and time freed by this alteration was allotted
to the subjéct area of literature and language in the Social '~

Science Program and the subject area of sciences in the ‘
IMatural Science I’rogram.

. Content of subjectis was changed in nearly every
subject. The emphasis in the curriculum naid a great deal of
attention to the traditional cultursl teaching materials for
the social studiese. The content of science subjects was based
on the originalsubject materialj reorganization added up-to-‘
date materials from the Biological Sciences Curriculum Study
(BSsC), the Chemical Rducation lMaterial Study (CHEMS), the
Chemical Bond Apwnroach (CBA), and the Thysical Science Study

Committee (P“SC)%

3 - 3 Summary

Secondary education and the high school curriculum
in Taiwan during the years 1u4H-75 may be sunmarized as
follovis:

1) Secondary education in Teiwan, as elsewhere in
the world, underwent changes of greol significance, involving
reform of the school system in both quantitative and
qualitative aspects.

2) The oignificant changes of the seconaary educational

L. Senior High 5-hool Curriculum,the linistry ot Educ.,

Cheng-chung Book Co., Teivei, Taiwan, 1971, »p.408-9.




system were: .

A. Instead of being dominated by a privileged few,
the 0pportunities of secondary education were made available '
to every citizen according to his needs, cepacities and '
willingness to devote the necessary effort.:

'B. There was a trend to develap differehtiated
studies as well as limited academic education to meef various.
social and economic needs.

Ce. There was a growing emphasis on the need for
special qualifications and for a good general education to
secure entry into an increasing number of occupations.

D. The rapidity of industrial and technological
changes presented an exciting challenge for those who could
qualify themselves as scientists, technologists, and
technicians. The number of these students produced by high
schools rose ropidly and continued to do so.

3) The major changes of the high school curriculum
may be characterized as tollows: ‘

A. The structure of the curriculum was formulated
by the linistry of Hducation of Tajwan. Generally, this
structure wns developed according to the following
princirles:

ae To provide a program which considers the great
variety both in type and degree of talents, aptitudes and

interests represented in the entire population.
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be. To give every inaividual physical anda mental
health, inteilectual ability, economic effeciency, moral
responsibility, acsthetic appreciation anc a spiritual .
foundation that will give direction and meaning to iife. A
B. The curriculum for Junior high school and
elementary school were reorgenized in a nine—yea: sequence,
thus eliminating overlapping and duplication.'lt emphasized
character building, citizenship traiﬂing and practical
knowledge so as to facilitate further schoolihg and employment.
Ce The curriculum for senior high school was divided:
into two sections at the end of the first year: the Hatural
Science Program 2nd the Social Science Prograﬁ. The former
aimed at developing pupil's abilities to observe and to
xperiment, and at developing the spirit of a search for truth;
witlle the latter's emphasis was upon cthical and democratic

education, and instilling the correct social concepts. The

“high school curriculum also emphasized vocational and technical

training in addition to hasic subjects in the preparation of
the student for employment after graduation.

D. The weekly schedule for a student contained twelve
or more subjects. HMost subjects were comvulsory for the
student throughout all his yecars of study. Aifew subjects
and electives were taught only to the limited extent of one
or two years. The combined weekly hours averaged between

thirty-one and thirty-six.
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Le Following the humanistic tradition, the subjects
dealing with literature, language and written thoughts‘
(Civic and Horal, Dr. Sun Yat-Sen and Confucius Teachings)

) 1
were believed to have greater educational value for humanisme
lMathematics and Sciences were also held in great esteem as |
training in logical thought and in scientific attitudes.
Traditionally, lusic and Fine Arts vere ranked_asv"Minor"
subjects, but in recent years the system has given greater
importance to these two subjects. This emphasls may be
attributed to an increased amount of time for leisure and the
concomitant trend toward particiration in leisure activities,

e Recently, the curricula also offers a variety-
of vocational subjects. Thistrend is due to the great advances-
in technology which have made obvious thz need for all-young
people to obtain more vocational training and specialization
to meet the requirements of industrizl progression.

G. The Ministry of iducation also prescribes the
objectives, contents and instructions of each subject as
well as curriculun guidelines to be followed by the teachers
of these subjects. The official guidelines of the later
revisions contain more numerous and detailed recommendations
on the mddorn vay of teaching than did earlier revisions.
The most fundamental feature of curriculum revision was the

correlation to be sought:

a. among the different subjects themselves,
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b. between the subjects taught and the aptitude,
interest, and abilities of pupils,
ce between the instruction imparted and recal 1life'
in its social and mental environment.
Finally, as has been illustrated, the emphasis of

the secondary education and high school curriculum in Taiwan

86
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has shifted from the theoretical knowledge to more practical »

aspects and actual 1life situations.
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CHAPTER 4
SECONDARY SCHOOL SCIEHCE DUCATION

This chapter provides an overall study of secondary
school science education in Taiwan during the three decades,
1945 - 1975.

During the years immediately following World 'War 11,
Taiwan was confronted with a critical shortage of trained
science teachers as well as a severe lack of laboratory
facilities at 211 school levels. A great deal of effoft was
devoted to increasing the guentity and quality of science
teachers and facilities at this stage. |

During the 1950's, more emphasis was placed on
those aspects to improve contents, methods, and experiments
in science education.

At the beginning of the 1960's, the reform movement
in secondary science education was initiated. New science
curricula for junior and senior high schools were developed.
Since then, high school science curricul=z and teaching
materialc have been modernized in both subject content and
mothod of inntruction,.

In this chapter, a more detailed dcscription of the
development of science education in Teivan secondary schools
shall be offercd. An evaluation of its current state with

recommencdations will be includesd.
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GEB L - 1 Development of Science Rducation

In Taiwan, the developﬂenf of science education
har been one of the government'!s main aims. During the
post liorld ‘Jar I1 years, the Japanese colonial educational
system was replaced by Chinese democratic and traditional
educational system. Taiwan was confronted‘wiﬂh a great deal
of educational adjustment and a rayidly expanding school
systems That there were critical shortages ofbfadilities,
inadequatly nrepared teachers and overcrovded classes in

all public schools was apparent. During this period 1945 -

1950, a great deal of effort was devoted to increasihg the
quantity and guality of science teachers and laboratory
equipnment at all school levels. '

During the 1950's, more emphasis wos given to those
aspects designated to improve content, method, and experiments
in science cducation. The primary notivation for such an
effort was to increase both scientific man-power and facilities,
Jith the growth of sclence education, a steady improvement in
tecaching ~taffe and equipmént>bcgan in 211 types of schools.

ITn urban arcas, secondery schoolo vocreured a conciderable

body of older tecchers who were well aqurlified and competent,
“ost of there teachers were immipgronts from mainland China.
Later, the young graduates, frech from Teiwen Hormal Uniﬁersity

and teachers! colleges were able to fill the ltey positions in
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Taiwan secondary schoolse In bullding laboratory equipment,

substandard high schools having greater initial deficiencies

concentrated upron including apparatus for demonstration

DUrPOSGCSe B
. . . 1
L4=1-1 The Iational Science Council (}SC)

The Tational Science Council is a cabinet level agency

in charge of science develonment vnolicics and allocation of

funds. Between the late 19%50's and eorly 1960t's, due to the
extraordinary technological developments in Taiwan, a great
national interest in having a scientifically literaté society
emerged. This created educational provisions insuring a sound
general educetion in science for futurc citizens. It also
initiated the specialized training of potential scientists,
technologists, end technicians. A long-range ccience develop-
ment program was launched in 1959 and wa< conducted by the
115Ce It has since provided science develovment policies and
funds for research as well as develormental work on the
teaching of science.

The 1T5C has six divisionc:

1) Iaturel ond Hathematica Sciences,

?) ‘mpincering and Apnlied Science,

4

%) Diological, Agricultural and lfedical Sciences,

l. China Year Too0k,197%, China Tubliching Co., Taipei, Taiwan,

- =
e 9 2
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L) Dumanities and Social Sgiences,

5) Science Education, and

6) International Programs. ' ,
The major work of the NSC is to conduct a 1ong-range\
science development program which includes:lv

1) Recruitment of Chinese scientists from abroéd,

2) Imcouragement of research among university professors
and scilence workers, |

5) Provision of study grants to scienée veople for
advanced studies, ’

L) Bmphésis upon basic science research, such as
diverting efforts and funds to engineering and
annlied science and supporting science projects,

) iotablishment of scientific cooperation with other
countries,

6) Collection and dissemination of the latest scientific
and technological information, and

7) Assumption of responsibility for the designing sand
nanufacturing of nrecision instruments and laboratory
vore for research and industriel use.

In 1964, the long-range ascience development program

vas gilven new dmneltus tollowing the Sino-American Conference
~

on Science Cooreration held in Toipei,™ At this conference,

Chinese and American scientlsts established a permanent

le. Chune Year 7oolk,1975, China Publishing Co., Taipei, Taiwan
PP e205=200 .
Ce TDideyne95.
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committee in Taiwan which is sponsbred by the Academic
Sinica and one committee in the United States which is-
sponsored by the National Academy of Sciences. Sino-American ' '
science cooperation was upgraded to the government level with
the signing of a cooperation agreement in 1969. This involvés
joint research projects, seminars, assistance in improving
Chinese research institutions and an exchange of schoiars.l
Recruitment of Chinese scientists abroad is one of
the major tasks of the NSC in its efforts to uvgrade science
research and science education. The Science and Technology
Information Center is in charge of the collection and

dissemination of information concerning the latest scientific

and technological development.2
L=1-2 The Reform of Secondary Science Education

Secondory science education in Taiwan was greatly
influenced by the innovations in science teaching that occurred
in the United States. When the Russians launched the first
space satellite "Sputnik" in 1957, the reform movement was
sparked to rroduce the most innovative and spectacular change
in Americon scoicnce education ever developed in secondary

schools.” liany modern curriculum programs such as the Physical

L. The China Year Book,1975, China I'ublishing Pook Co., Taipei
De 2050

2o Ibideype2Dlye

5« Alfred T. Collette, Science Teaching In the Secondary Schools
Allyn & Bacon, Inc. Boston, 1968, p.-52.
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Science Study Committee (rssc), the Biological Sciences
Curriculum Study (BSSC), the Chemical Xducation Materiél
Study (CHEM), the Chemical Bond Approach (CBA), and.the '
Introductory Physical Science (IFS) had been published and .

used expcrimentally.l

This successful innovdtion sparked

the reform of secondary science education in Taiwan by the

late 1950's. The Ministry of kducation approached the science
program first with an evaluation of fhe current status of
science téaching, curriculum, and equinment iﬁ all secondary
schoolse. In 1958 and 1959, several educational conferences

for high school science teachers were held to inspire teacher's
interest and to discover their needs.

At the beginning of the 1960's the attention of
scientists, administrators, educators, and teachers was focused
on the problems of improving secondary science téaching. The
"Plan for Develovring Science Education in the Secondary Schools"
vas promulgated by the Science Tducation Council of the Ministry
with the assictance of U.S. Aid.2 The nlan was operated on an
anbitious revigsion of the current science curriculum and texts;
the improvement in the quality of science teachers; and the
mocdernization of science facilities. The major improvements.
may be sumnarized in the following Areas:

1) The undertaking of curriculun and textbook revision

in secondary schools to mecet current needs in

-

l. Alfred T. Collette, Scicnce Teaching in the Sec. Schools,
Allyn & Bacon, Inc., Boston, 1963, »1.09-127.

il

2o U.S. Technicol Cooperation rducation Frojesct, linistry of
fducation, 1263, Taipei, Teiwan, »n.47-48.
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science education,

2) The provision of adequate science equipment for
secondary schools and for teacher training
institutions,

3) The provision of in-service training for science
teachers at all levels to aésure fémiliarity with
and command of scientific advances and new
teaching techniques.l

In Yovember of 1962, the HMinistry of Iducation in

conjuntion with the ational Science Council set up a
Hathematics and Science Curricular Study Committee and since
then has sent nmany educators and teachers abroad for advanced
and urdating studies.2 There were four sub-committees under
the curricular study committee. These four were liathematics,
Fhysics, Chemistry, and Biology. lany srecialists were
responsible for studying the newest curriculum materials,
teachers! guides and laboratory manuals published in the
Uﬁited States. Mach of thece manuals was Cafefully discussed
with resrect to the needs of the locnl society. In 1964, the
newly recvised national curricula of mnthematics and uciences
for senior high cchools were develonod by the committees and
issucd by the Iliniastry of PFducation. The major contents of

these new curricula may be cummarived as follows:

le U,3, Technical Cooperation Tducation Troject, MHinistry of

Wducation, Teinei, Taiwan, 1G63.

j
2. Senior I1Iigh School Curriculum Standard, 1970, Hinistry of
De

hducation, Cheng-chung Book Co., Taipei, Talwan, 572
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1) The new courses of study were quite different
from the traditional science courses. They not only provided
atudents with the newest curriculum materials but also
attempted to lead them through a seriesz of investigétions. a
These investigations encouraged the creative'progesses and
brought studénts to discover and solve problems to a point
vhere they could conceptualize the scientific knowledge
they obtained. In this manner, emphaéis snifted from
knowledge to the application of thic tnowledgé. lience, more
efforts were placed on scientific thinking, .scientific
attitudes, problem solving and appreciation.

2) The topics covered in these courses emphaéized
broadth and depth of scientific knowledge which would help
students obtain a hetter understanding of sciences and
preraration for advanced study.

5) lany new textbooks, laboratory manuals, and
teachers! guides according to the new science curricula
were compiled and published. As a general rule, these
naterials contained an improved, sclected, and organized
body of subject matter to hely teachers fulfill the objectives
of the curriculum. |

4) liony new audio-virsual teaching aid: were prepared
to bo‘utiliﬂnd with the texts. These audio-visual aids were

. . . . . 1
extremely voluable in improving science lteaching.

l. Senior Iigh Bhool Curriculum Standards,1970, MHinistry of

Iducation., Cheng-chung Book Co., Taipei, Taiwan, vp.372-

57k



Ij~1-3 The Continuation of The Science Reform Movement

The science reform movement continued and by 1968
the linistry of “ducation and the Hational Science Council
vere deeply involved in planning large curriculum revision
nrojects for all courses at junior and senior high school
levels. Since 1968, new science curriculum standards were
developed and tested in both lower aﬁd unper secondary
schools. They are now firmly establiched in both subject
content, method of instruction and standards of 1aboratory
facilities.l

Conseaquently, teaching materials, fexts and teachers!
guides were cdited and printed by thé National Institute for

Compilation and Translation.2

toreover, teaching alds such as
charts, tables, nodels, film slides and movies were supplied
by the IHational Institute of Iducational ilaterials to increase
the effectiveness of teaching.j

In any future revisions, the following factors should
Aalwvays be considered:

1) Content of science subjects should be adjusted
to meet students! learning abilities end interests, as well
as the neads of the individual and the society.

2) Content should be revised to meet the weekly hourse.

le Senior IMigh School Curriculum Stancdards,l970, iHinistry of

tducation, Cheng-chung Boolk Co., Taipei, Taiwan, p.374.

2« China Year Dool, 1975, China I'ublishing Co., Taipei, p.252.

Se Ibide, nm,200=2075,

AR M



5) Content should relate to the problems in daily
1life and should be dealt with in great depth.
4) Laboratory work should be recommended at the .

. . . . . . \
beginning of each lesson to emphasize "learning by doing!. .
4 - 2 National Pattern of Secondary Science Tducation

In Teiwan, a curriculum standard which generally
means the plan for instruction in a given grdde was developed
by the curriculum committee and issued by the Ministry of
Bducation. The current status of science nrograms in secondary

schools will be discussed.
L-2-1 Science Frogram for Junior High School

A+ The Generol Trend in Science ¢ourses

The general tresnd in science courses throughout
Taiwvan Jjunior high schools has been toward generalized
courses. Snecific social and educational factors wmay be
related as follows:

1) The nine-year free education rrogram made the
junior high school a second school for the education of
Lhe masses.

2) The ever-increasing advances in science brought

about more and rnore demands on the future citizen for an


http:strmcle.rd

(g))

understanding of and adjustment to an environment
resvect to scientific discoveries and inventions.
%) The functional understanding of facts,

and concepts, the growth in the use of scientific

2
~3

with

principles

methods,

and the acquisition of scientific attitudes,‘appreciation,
interests and skills were scen as the means to the end of
a more effective adjustment to new situations.

I The present natural science curriculum of public
junior high schools issued by the Ministry of Lducation in
1968 dealt with Biology, Chemistry and I’hysics respectively.l
The general aims for natural sciences were to give the pupils.
an understanding of common natural phenomena through
observation and investigation, to cultivate the interest and
spirit of rational creativity, to recognize the contribution
of science to human prosnerity, and to apply scientific
knoviledge and ability in daily life. The following table is

a brief outline condensed from foregoing sources.

o . ' . . . 2
Table 16. Curriculum for Junior 'Iigh School Sciences

— - .-

lNatural Science: Biology

R T I

-

Time Allocation: 5 hours rer week including cxperiments.

/

1st school ycar, T.ecturc: 70 hours / cch.yr.

Txperiment: 34 hours / sch.yr.

& ———— v w W = e

Continued

1. Public Junior Iigh School Curriculnum Standard,1963, Ministry
of Yducation, Cheng-chung Book Co., Taivel, p».99-120.

Ce Ibide, "Ne97-120.
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Contents:!

Ce

N
]

=

\Ji

o

7
3e
9.
10.

Science spirit and method

o

Living organisms non-living things

Basic structure & functions of living
organisms '

Plant 1ife

Plant classification
Animal life

Animal classification

[al

Living organisms & their cnvironment
Heredity of living organisms

Prehistory life

Natural 5cience:

Chemistry

Time Allocation:

2nd & >rd sch.yr.

2 hours per week including experiments

TL,ecture: 55hrs/sch.yr. 70hrs in total

Contents:

P
f
L

Exp't: 3Shrs/scheyr. 70hrs in total
Separation of matter

The effect of heat on matter

Ar

Combustion

lements

Viater

Preparation of chemicels {from rocks

Preparation of chemicals from ocean

Atoms

Tnvestigntion of hydrogen ~hloride
The periodic table '
Atomic

So0lids, liauids, and gases

atructure of elements

" Continued

98
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Contents: 1L,
]R

.

16.

17.
18.

Acids, bases and salts
Electrolytes

Relative number of particles in Chemi-
cal reaction

Catalyst and rate of reaction
Chemical resources in earth crust

Tatural Sciences

Physics

Time Allocation:

’nd 2 ord schleyre

2 hours per weecl including experiment
Lecture: »%hrs/sch.yr. 70urs in totall
Exptt: Z5hrs/crh.yr.  70hrs in total

Contents: 1.

1G.

17

Matter and molecules

Massing & building micro-balance
Length, volume, density, and time
Force

Tiaw of levers

Investigation of srring forces

Jiquid pressure, buoysancy ond Archi-
mece!s I'rincinle

Atmospheric pressure, harometer and
molecular movement of £a5es
Measurement of molecules

Heat

Vibrational motion and waves
Light

Simple notion

Hewton's laws

ork and encrpgy

Circuits and electricity

Blectric potential, resistonce, power
and energy

Continued

99
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@E: Content: 18. Static electricity

19. Magnets and magnetism

20. Electronic theory

2l. Introductory to the development of
physics

B. The gencral Features of Science'Curriculum

The general features of science cufriculum in Jjunior
high school will be discussed:

1) The authorized curriculum was less flexible in
Taiwan than in North America. The treatment of the subject
was formal and followed a prescribed syllabus. The time
allocation to science curricula was substantial and remarkably
uni form. The following table shows opinions on the compulsory
or optional science courses in junior high schools, given by -

teachers and students selected to participate in this study.

Table 19. The Compulsory or Optional Junior Science

Coursesl
FCategories Opinion N Percentage of person
; - Bilology Chemistry Physics
' Compul sory . 78.0 6840 59.9
Teachers Ontional ! Sel G.0 -
2 Others 18.0 2640 40,1
I Compulsory 59.1 SO 53.8
istudents Optional 1h.7 10.8 23.3
| Qthers 26042 28.0 2249
j 1

1. National Science Council, Public Junior Iigh School Science
" ) pducation Survey, Taiwsn, 1974, 1p.132.
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2) lost countries favored an integrated science
course at the junior high school level, but in Taiwan the
vorious disciplines of science (Biology, Chemistry and
Fhysics) were organized in a sequential rather than a B
concurrent manner. There were two pocsible reasons: one
reason was the availability of suitable qunlified teachers
for each branch; another reason was tne yaucity of teachers
vho had any background training in tﬁo or more sciences and
therefore unable to give integroated yrograms.'ﬁccoraing to
an asgsociated survey, the majority of teachers of junior
high school science believed that the materials could be
integrated and relatea to the pupil's environment. The
following toble shows these orinions on the integration of

current scicnce courses of Biology, Cheomistry and T'hysics.

Table 20. The Integration of Currcnt DRiology,
Chemistry and Physics be into One
"General Science”l

N , . . C v @

Opinion 7y of Public Junior Tigh School TeachersA
Riology Chemicstry Fhysics

Yes 55l Dhe bo.> .

Others 1.8 268 549

). llational Science Council, Dublic Junior Uigh School

Science isducation Survey, Teaiwan, 1974, v.133.
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The majority of science teachers agreed upon the

integration of the sciences as they taught more than one area

of science in the school. Also, if a modern general
course was to be developed to meet the new trend in
education, it :hould draw upon all the sciences for
The organization of such a curriculum should relate
broad areas of human activity in which the selected

and methods of science played importaht roles.

science,

science '

its content.
to the

content

%) An emphasis placed on the science curriculum and

textbooks would appear to be imvortant. There was uniformity -

in the total content of texts for all compulsory education.

The National Institute for Compilation and Translation took

the responsibility for editing and publishing. The quantity

and quality of teaching materials in science tcxts were

evaluated and the results are shown in Table 21.

Table 21. The Quantity of Teaching lMaterials in

Science Textbooks L

Nuantity of % of Junior 1ligh School Sc. Teachers
Teaching

Materials Biology Chemistry Fhysics
Too much IVNE 17.0 ° 776
Adequate 58-() r/_'g“o Qn8
Not enouph O 1645 10.6

o oninions Sel 12.0 2.0

1, ilational Science Council, JPublic Junior High School Science

Lducation Survey, 1974, Taiwan, n.185.

C
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Table 2L indicates>that the quantity of teaching
materials wos excessive in Biology and TFhysics texts, The
Chemistry ﬁexts had adequate quantity of teaching materials.
The selection of science content was recommended by'teachers

as shown in Table 22.

Table 22, The Selection of Science Content As
' Recommended by Junior High School
Science Teachers ‘

Subject Content Tmphasis Téﬁcigrs
1. Overall introduction to Biology Lo,2
Biology 2+ Tonics of life science in detail 47.1
| Je Mo opinion
1. Basic chemistry knowledge 36.0
.2+ Heeds of individuel and society 20.0
Chemistry s jroblems related to student's 4320
learning ability and interest e
Ite 170 opinion 1.0
l. Sequential introduction of physics 3740
@e Content related to living situations 10.0
Fhysics and activities
e Froblems closely relatad to human 1ife o
and student's lénrning ability 2.0
L, o opinion . 1.0

("1

e The lethods of Instruction

1

The methods of instruction in Taiwsan Junior high

school. science teaching tended to emnhasize lectures, text
l. Hational Science Council, Fublic Junior High School Science
Fducation Survey, 1974, Talwsn, »..0kL.
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recitations, quiz sections, worlk book exercises, and
discussion and demonstrations. Other instructions such as
individual vprojects, groun investigation, field trips, .
nractical oxperience in gerdens and 2 profusion of teaching'
nlds were aependent on the individual teacher. The first
hand laboratory experiences were provided at a minimum in
junior high schools, This was due to the classes being too
large for successful laboratory workAas well as lack of
cauipment, time and money for individual 1abdratory worke.
Tohle 27 shows the average groupings for laboratory work

in Jjunior high schools,

Table 23. Average Groupings in Junior !iigh School

Science T.z2boratory l'forl:1
Humher of ¢ of Fublic Junior High School
Students -—
in Group ‘Bio. lab, Chem. lab. Phy. lab.
1 1.0 l.2 0
2 -5 6.0 2D 2.8
l}- - 5 :'7:70 1206 12.8
o - 3 4L3.73 G5.0 677

lost schools had an average grouping of 6-8 students
in science laboratory work. Therefore, science teachers
usually taught science by lecturing or using demonstration

methode. Students were therefore unable to participate in

l. Hational Science Council, Public Junior High School Science
e Lducation Survey, 1974, Taivan, p.l306.
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practical activities which could satisfy their mental curiosity
concerning phenomena and the practical applications in the
field of science. .

The proper use of sensory alds by science téachers B
should enrich and vitalize their instruction and help the
nupils learn initial concepts accurately. Thus, in 1956, the

1 and -

ational Institute of Educational Materials was founded
was responsible for the acquisition,‘compilation and exhibition
of educational materials. It also orerated an educational radio
broadcasting and television station. As of December 1974, the
institute had collected 39,395 items of Chinese and foreign
educational materials including magazings, textbooks; catelogues,
and audio-visual science curriculum aids which can be freely

borroved by schools. Table 24 shows the percentage of science -

teachers using visual aids in the teaching of science.

Table 24. Percentage of Junior II.S5. Science Teachers

Using Visual Aids in Teaching Science2

[, . . o . 2
viout nis ey g Ll de
Charts 3047 8.7% 24.0
Specimens and models H5l.5 1l.5 L3.4
Mlectrical teaching aidd 11.0 5683 17.1
Demonstration and Exp'ti - 5.3 -
Individual projects - - 15.5
Blackboards - I -
Cthers 1.5 - -

1. China Year Book, 197Y, China Publishing Co., Taivei,p.253,

2. Mational Science Council, Public Junior ITigh School Science
nduc. Survey, 1974, Taiwan, v..l8 .
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Prior to 1968, the National Institute for Compilation
and Trenslation organized a Committee for Compilation and
Oxanination of Textbooks. The Cormittee ha compiled and
nublisned 204 volumes of university teuts, 132 voluhes of '
junior coliego texts, 65 volumes of senior high school texts,
160 volumes of junior high school texts, and 189 volumes of
clementary school texts and teachers! guides.1 It also
examined end approved 12,517 secondory and elementary school
textbooks published by various textbool companies. Most of
these textbooks were accompanied by teachers'! guldes. The
following Table 25 shows the percentags of science teéchers

using teachers' guides in science tecching.

Table 20. Fercentage of Junior High School SGclence

. ) . 2
Teachers Using Teachers! Guides

Frequencies of Usage % of Science Teachers
Teachers! CGuides s . . .
of Teachers! Guides Dlology Chenintry ~ Physics
Often use it 28.7 25.0 19.4
Occasionelly uce it 504 25 19.0
Mever uce it 2ho?7 - 426

_JO .O .
Unware of cxistence 16.7 12.0

The teachers! guldes were criticized by rublic junior

- . 2 s
high school science teachers.” There were 52,7007 teachers who

wointed out thet teachers'! guides were o great help in science

1. China Year Dook, 1975, China Publishing ZTo., Taipel, pe.252.

U

2. liational Science Council, T'ublic Junior igh School Science
naucation Survey, 1974, Talwon, nel0o.

4. Ibid.,n.186,
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teaching; 50.5% thought that they were helxful but not too
much; and 17.1” teachers criticized that they were not helpful

D. Teaching Staff
In regards to public junior high school science teachers,
specifically, there was the need for comnetent instructional
nersonnel. to nrovide for the education and the training of
future scientific and technological humen resources. In view
of this concideration, the source of Jjunior high school teachers,
their tecaching subjects and their service training were surveyed

by the Tational Science Council in 1974,

. - . 1
Table 26. Jources of Junior Hign School Science Teachers

. . . e '‘cachers i aching
Pre-service Fducation s, Of Teachers in Teaching

Biology Chemistry  Fhysics

.

ITormal univercity & teachert's
college, science major 18.7% 8.0 Leo3

0

University & college,

science major haO 75 Sely
University 7 college,

science related field 3347 57.0 41.7
Univercity o college,

science non-rclated field 11.6 Gel 3145
Yquivalence . others aR. L 19.0 17.1

From the study, one disproved misconcention about
science teachers was that they were praduates of normal

university or teacher's college, Wwhereas in actuality the

1. Hational Science Council, l'ublic¢ Junior JIish Scence

nducation Survey, 197hL, Tolwan, 1.17%.
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vast majority of the science teachers were university and

college graduates who happened to have majors or minors in

one or more of the sciences. Another misconception was that,

science teaching in the junior high school was less inportant

than that in the senior high school. Thus the less prepared

and the inexperienced teachers were often assigned to the

junior high schools. This was considered somewhat unfortunate,

as the science instruction during these imvortant stages made

a great difference in studentt's attitudes toward further more

advanced studies in the sciences in later years.

There were many junior high schools in which one

science teacher had to teach more than one of the science

courses offered. Table 27 shows the teaching subjects under-

taken by science teachers in public Jjunior high schools.

Table 27. Fercentage of Science Teachers in Teaching
. Subjects of Public Junior High School
Teaching Subjects *, of Teachers in Teaching
Biology Chemistry Physics

Major field only 15.0 15.0 13.6
Major field and Chemistry 2l E - 50.0
Major fiecld and Physics 14.0 PEN -
Major field and Biology - 16.5 holy
Hajor field and Mathematics Sely 5}0 10.8
Major field and llealth Educ. 271 L .0 -
Major field and others 18.0 7e5 1%.2

1. National Science Council, Ptublic

Junior High School Science

@ Lducation Survey, 1974, Taiwan, p.l79.
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It was consider that a prospective science teacher
must be competent in his own field and nmust also have adequate
background to teach other scienceé and to handle them effectivéiy
at the junior high school level. -
W/ith respect to ill-prepared science'teachers, it was
recommended that constructive in-servicde assistance should be .
provided. BEvaluation of both pre-service and in-service

education of public junior high school science teachers is

showvn in Table 28.

Table 28. The Evaluation of Pre-service and Tn-service
Education for Junior Hipgh School Science
Teachers by FEducational Administrators

. ¢ of Educa-
Service Education Bffectiveness tional Admi-
nistrators

Normal university & Teachers | Very helnful 65.3
college pro-service and IMelpful 3242
in-service training Mo heluv 2ely
IModern inquiry instruction i Very helipful 39.9
worlzshop Helpful 53.0
" 1lo hel~ )
hvaluation of learning Very helnful 261
outcomes worlishon cilelp il 48.5
i 1lo help 15,4
Science Iducation Lxperiment | Very helpful L, 2
Center lahoratory worlkshop Helonful 50.2
1o heln 5.6

1. lational Science Council, lublic Junior High School Science

nducation Survey, 1974, Taiwan, n.181.
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Beginning 1958, the In-service Training Centér was
set up in National Taiwan Normal University to train secondary
school teacﬁers by rotation for a period of two weeks to 12
weeks.1 Since then, in-service training programs for science
teachers have developed rapidly in Taiwan. As indicated in the-
foregoing table, most school administrators evaluated the in- -
service training as very helpful, and encouraged teachers to
participate in workshop experiences. According to the survey,
the following recommendations for science teacher's education
are suggested:

1) In-service training should be continued, sb far

as its achievements merit.

2) Forrmat and methods of in-service training should
be flexible enough to meet the needs of individual
teachers.

5) In-service training should emphasize the moderni-
zatibn and reinforcement of not only teacher's
expertise in their individual field, but also of
teaching materials, techniques and evaluations.

I4) In-service training should be sequentially organized
in the order of priority, as teaching techniques'
and evaluations, teaching mnterials and individual
snecializations,

5) The enrollments of students into teachert's education

1. Wducation in the Republic of China, The !linistry of Tduca-
c, tion, 1972, Tairei, Taivon, p.26.

v
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programs should be selective and correlated with
the current demands for teachers within the school
system. Coen
6) A system should be introduced whereby the'indiviéu@l
teacher's ability to work outside his area of ‘
specialization would be increased.
7) vithin the Jjunior high school system, a gréater
emp-hasis should be placed upon enabling teachers
to work within their specialization.
According tolthe latest information, the Ministry of
ducation intends to improve current junior high school
science education. A team of 17 educators has been established
consisting of superior science teachers, curriculum specialists
and administrators who went abroad to ohserve and to investigate
the general science curriculum planning and implementation in
the United States, Japan and other countries. These educators
will nssist in further planning and adantation at the local

C . . . ; . 1
level of junior high school science cducation in Teaiwan.
L=-2-2 Science I'rogram for Senior Vigh School

Ao The Seicnces Studied in Sender itigh School

According to the guideline laid down by the liinistry

of &ducation concerning senior high school education "The aim

le. The Central Deily News, March 15, 1978, Taipei, Taiwan.
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of general senior high schéol is to prepare students for
college education'.'1 Science education in senior high schools
was first influenced by college entrance requirements and Was'h'
college-preparatory in nature. The sequence bf sciehce courses
at this level has traditionally‘been Piology in the first year,
Chemistry in the second year and Fhysics in’the third year. At
the beginning of this decade (1971, see Chapter 3, Table 14) a
fourth science subject Tarth Science came into this sequence
and has since gained considerable recognition.

In accordance with the Senior High School Curriculum.

2

Standard, each of these sciences may well contribute to the
major objectives of science teaching. In general, théy may
well have certain things in common, such as understanding of
facts, concents and principles, acquisition of instrumental
techniques and problem-solving skills, development of growth
in creative thinking, scientific attitudes and appreciations.
Since science is a great social force as well as a method of
investigation, both teachers and students have a great

opportunity and responsibility to make a large contribution

to the welfarc and advancement of humanity.

B. The Science Development in Senior Migh School
After Uorld War II, the science program development

started undergoing a quiet revolution which involved changing

l. Sinorama, Vol. 3, lo. 2, Feb. 1978, China Publishing Co.,
Talpel, Talwvan, p.d.

Y]

. Senior Uigh School Curriculum Stendard, Ministry of Rduc.,
(heng-chunyg Took To., 1971,
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the tine given to the study of scionce, the relativé»emphasis
given in the curriculum to the diffcrent branches of sciencé,
the quantity and quality of instruction and the importance in}‘-
the curriculum of different items of content included in the
colLege/entrance examinations. During the pest three decadés,

1045-1975, the senior high school science program has been

revised six times as shown in Table 29.

'able 2%, Science Subjects and Jeekly lours in Senior

. . . L
[ligh School Science Trograms

| '
Se-hool L 1oys5 {1948'1955 1962 1964 1971
Year ;SSP*NSP* ‘ SS ISP SSIP ISP | SSP NSP
i ‘ T
I piology &6 3 . 3 3 5 5 h k1 3 5
IT Chenistryl 5 | 5 | L 7 8 3 5 ! 5
IIT Physics 4 5 - 5 | 5 > 6 3 3 6
I ldnero- i - 2 ; - - - - - - - -
logy , ! i
III anth : R R _ _ _ _ _ P
Sc1@nc?#“'w f | ‘ e

* SSP = Social Science Program

ITaturnl Science Frogram

1%
1

Hodern science curriculum ~rograms such as PSSC, CIRMS,
n5CG, UDA for the teaching of science heve been developed and
nrublished in the United States. These innovations also initiated
a reform movement in Taiwen. The serious re-thinking of the

natural science curriculum dated bnck to the early 1960s when

1. Senior MHigh School Curriculum Standard, The Ministry of Educ.,

Cheng-chung Book Co., Taipei, 1971, pp.361-409.
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dissatisfaction with what was being tausht in the schools ran
high. Although the original texts and laboratory manuals of
PSSC, CHIIIS, CBA and BSCS had been trenslated into Chinese,
local needs were better met by science teachers! pefsonal !
adaptations of these materials. In November 1952 the iinistry
of Zducation established a "Senior High School Science Education
Develorment Committee" with four Sub-committees in Mathematics,
Physics, Chemistry and Diology. They'cooperated with the
Association of Asia Foundation with the intention of improving
the senior high school science nwrograms and pedagogy.l A group
of scientists, teachers, educators and administratoré collaerated
in the preparation of curricula, laboratory manuals; methodology

guides, experiment equinment and audio~visunl didactic materials.

Ce The Revision of Senior HUigh School Curriculum

Tn 1984, the revised curriculum standards were promulgated
and new teaching materials for Mathematlcs, Physics, Chemistry
and Piology were developed. The charasteristics of these new
naterisls are summarized as follows: |

1) The modern concertual tatterns in thinking were
develoned as a guide of commilation of contents., The new courses
were nore exnerimental and more directly oriented fowards
rroblem-solving than conventional descrintive facts. The courses
wvere designed to afford students an opportunity to explore,

invent and discover and to develor an attitude of inquiry, to

le Senior iigh School Curriculum Standard, lMinistry of Rduc.,

Tedpei, Talvan, 1971, n.372-2374.
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experience exverimentation énd to guide them to their own
conclusions.

?) The content of new teaching materials had been
designated to hring science knowledrse un to date in évery )
possible way.AIt's purpose was not only to fiL the students?!
aptitudes but also to increase their interests, and moreover,
to stimulate able students to continue the study 6f science
in college towerd advanced research in the future.

5) There werc, in addition to the text and the laboratofy
monual, a teacherst! guide and laboratory guide through which the
teacher could try to accomplish the purnose of effective
teachinge.

4) There were also audio-visual films to accompany the ’
texts. Students often learnced about subject matter through
these media of instruction and whenever vossible by directly
ovserving phenomena and the nethods of dealing with them.

Texts, laboratory manuals, tecachers' guides, equipment and films
were therefore, employed to unify lesrning and teaching in

. . 1
scilence cducation.

De. The Fresent Science Curriculun in Senior High School
The nresent senior high school sciecnce curriculum was
reviged in 1971. In the first school year students follow one

course in BRiolo:y three hours a weeclk, consisting of two hours
[TV} ?

----- . m—

le Senior Hjgh School Curriculum Standard, !Ministry of Fduc.,
16 |

Cheng-chung RBookk Co,, Teinel,
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of instruction and one hoﬁr laboratory work. There are also
two field trips during the school year.l The course is required
and is taught at the same level for =211 students. By the t;me"
students reach the second school yeor, they must décide whgbher
to »rursue studies in the Social Study Program or in the Natural
Science Frograme. |
The science program in the second school year pfovides
for Chemistry at two levels. There nrc thrzc hours per week for
social science students and six hours for natural science
students which includes laboratory work. The same applies to.
Physics in the third school year. There i1s a new required
coursc, larth Science, introduced for natural science students
in their third school year. This course which includes lecture
and laboratory is taught two hours per week.
One of the general aims of the present curriculum is
to strengthen science education. The major points of emphasis
in the sciences are as follows:2
1) the broaden the scope of science education by
introcducing “arth Science as a required course in the third
school yeor,
2) To increase by one hour weekly both Mathematics
aud Chemistry courses at the second szhool year.
%) To improve the curricula of natural sciences

according to current revisions of 3305, CUEIS, and PSSC texts.

1o Secnior High School Curriculum Steondard, Ministry of ©duc.,

Cheng~-chung Book Co., Teipei, Taiwan, 1971, r12.205-208,
2‘ Ibid. ’ {‘PQIPOU-‘L{-I8.
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L) To increase optional courses in the terminal school
year with two weckly hours of Mathematics, three weekly hours
of Advanced Diology for the studehts interested in medicine o
and agriculture, and three weekly hours of Chemistry and. Physics
for students interested in science and enginéering.

A1l new texts, laboratory manuals, teachers"guides and
laboratory guides are compiled and annroved by the Ministry of
nducation. The students have acess td reference work and periods
of laboratory work are mandatory. Interspersea among these
periods are industrial visits, conferences, science films and
personal projccts,

bl

e The Survey of Science Zducation in Senior High School

.

The evaluation of senior high school ‘science education
in Taiwan has been recently completed.1 The survey was
established by the Ministry ot Tducation and was conducted
through a comnmittee which involved the collaboration of
administrative staff and academic members, educators and
srecialists from universities and research institutes. VWithin
the ycar ond o half of planning, ths committee has completed
nreparation of school visitation, dnta vrocessing and
investipgation of science educatlion. "he science coursces
eviluated included Mathem~tiecs, I'hysics, Chemistry, Bilology
and Tarth Science. The evaluation listed: teaching staff,

methods of instruction, laboratory ond nanngement, curriculum,

" v e

l. The Centrol Deily Heows, Taivei, Taiweon, Jen. 22, 1973.
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library, finance and continuing education.

1) Teéching Staff ‘
The study showed that science teachers in Méthematigs

Fhysics, Chemistry and Biology were fairly well qualified and
sufficiently experienced.l The only rroblem seen was the lack™
of adequate teachers to teach Iarth Science. The reason for .
this lack was that the curriculum of farth Science is related
to many fields, such as geogranhy, nhysics, chemistry,
minerology and astronomy. It was recommended that a quality

progran should be developed by institutions for the preparation

of teachers for this curriculunm.

2) lethods of Instruction
In Toiwan, senior high school scicnce teachers were

for the most = 2rt enthusiastic and rosgonsible.a Because the
content of tenshing materials and methods of instruction were
influenced by the collefe entrance oiuamination, teachers and
students were under great nressure to nrepare this examination.
iiost students concentrated their energies on memory and on
recitation. The conceptual load was ususlly so heavy that
there was little time and encrgy left for corrying out scientific
cctivities. It was considered that this load would result in =
loss of ability in creative thinking. Thus provision should be

nnde for conducting scientific activities to cultivate student's

. ——-

0

l. The Central Daily HNews, Tainei, Teiwan, Jon. 22, 1973.
e Tbl("o
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interests and problem-solving abilitles.,

%) Laboratory
Other than Earth Science which wes newly introduced ,
to the curriculum, most scnior high schools have 1aboratoriesv
equinment and facilities on a fairly adequate level for
anplication of laboratory worlk and demonstrations. The only
natter to be emrhasized was that a2 great vaeriety of amparatus
ond focilities should be replaced and sunplied from time to

time according to required nceds.l

L) Science Curricula
The current science curricula were issued in 1971
\

and have becn implemented for several years. Although the
coursec objectives and contents were fairly constructive, it
is inevitable that the curricula of today will not be the
curricula of tomorrow. The evaluation of the present science
curricula resulted and their reorganization was necessary in
those instances in which the evidence indicated thot the
existing curricula were not ceffectively designed to accomplish
the stated objectives for science oducn_tion.;2 The development
of satisfactory scicence curricula Lo mweol bnth social and
technological obligations is secen ag one of the greatest
challenges in the field of senior high schocl sciences.

Dt SR B S R ]

1. The Central Daily llews, Taipei, Taiwan, Jen. 22, 1978.

Ce Ibi(:“\o

\
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%) Tibrary

The results of the survey showed that there waé a
noticeable tendency among all schbols of referenée books and‘.
neriodicals being 1imited and outdated. This lack was due to'
the majority of teachers who confined their feaching within
the content of the texts and the college entrance examinations.
Another factor was the student's lack of Varibus types of
science activities. Thus all schools of secondary education

should have access to a number of new additional science books,

project references, magazines and supplyhouse catalogues.

6) Tinace

In the a2nnual operating budget every school received
a definite allotment for science cquipment and supplies
necessary for laboratories. The sums of money that are spent
on science education today are much larger than those of a
few decades ago, and there is a tendency that the cost will
continue to increase in future. In order to meke this type
of investment more practical and effective, an appropriate
budget should be nlanned through careful examination of the
oxact expenditures on various scicnce courses and through
reliable estimation of rejuired costs for new units and

coOurses.

7) The Continuing Tducation of Science Teachers

Since 19586 the Secondary School Teacher's Research



Centers have been set up in the National Taiwan Normal
University(and the Provincial Teachers'! College for both
long term (17 weeks) and short term (2-4 weeks) in Biologyu.
Fhysics, Chemistry and Mathematics. - ‘

The short term in-service training program offered
on-the-job teachers new concepts, new teaching materials and':
methods for improving specific scientific'acéomplishments.
The participants also shared axperiehce with each other
through discussions and assigned seminers.

The long term professional training progranm is
designated for college graduates who wish to becone secondary
schdol teachers. Usually, thesc tenchers are requiréd to
received 16 credits in education. If they teach in an area
unrelated to their major field, they have to take 20 credits
of academic courses in that field, in addition to.16_credits
in education.

Fufthormore, many science tecachers are selected to
travel abro=d for advanced study every year. This travelling
abroad is arproved by the ilinistry of "ducetion through the
selected recommendations of the schools, with the careful
consideration of the environment, wersonnel and the science
training »rosram requirements. The Tational Science Council

rrovides study grents.

1. Zducation in Taiwan Frovince, Dept. of Bducation, Teiwan

I'rovincial Government, 1274, Teichung, Toaiwan, bpr.l9-20.

VoL



8) The Survey Consensusl

In accordance with the criteriz listed above, the
survey committec of science education of Lthe secondary schgol""
arrived at the following consensus: ‘ )

a) In regards to teaching staff, the Ministry of
iducation should firmly establish an on-the-job training
program which would provide asgistance to both iﬁdividual
tecachers and school systems to facilitate the improvement of
science teaching. Usually, the success of science education
depends on the versonal and scholarly qualified individual
teacher.

b) Another provosal is to set up a fixed sabbatical
schedule for the high school teochers by the linistry of
mducation. The Ilfinistry should also encourage the science
teachers to ~ursue a greater participation in academic
conferences and workshops by availing staff of the oprortunities
to attend.

c) Iixperience with research is essential to the science
teacher who would share with his students a spirit of discovery.
fxcellence in research should be encouraged through financiel
alds or awards.,

d) The content of instructional techniques should be
orponized into units. The science teacher must compose a lesson
plan for each unit which would be insteresting, significant

and useful to the learncrs. leanwhile, the Hationnl Institute

1. The Central DNaily Hews, Taipei, Taiwen, Joan. 22, 1978.



for Compilation and Translation should standardize and unify
scientific terms for sciences, and should issue them to the
school teachers as soon as poscible. Moreover, the sclence
teaching aids must be sunplied with careful planning and gogd

judgment.
L - 3 Sunmary

In general, the science education of secondary schools
in Taiwan may be summarized as follows:

1) Science is a basic part of general education for
all students at the secondary level. There is a national
exclusive curriculum standard which deals with Biology,
Chemistry, FPhysics and Tarth Science respectively at both
junior and scnior high school levels. The specific objectives
for each subject, its basic content, and time allotment are
uniform throughout Taiwan. This reveals the limited educational
choice for local situations and for students! particular
intcrests.

2) Science teaching in secondary schools in Taiwan
improved and advanced considerably baztween 1900 and 1970. But
nony vroblems still remain, such as the l-rse size of the
class and laboratory groun, laclt of now developing facilities
and supplies, insufficient time rressures, the predominance
of descriptive content and the constrnrint of college entrance

cxaminations. These problems eliminated the rossibilities of
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experimentel woris and scientific activities by students,

Consequently, secondary science education in Taiwan is still,
more or 1eés, a reading and memoriwing method of teaching., '

%) Junior high school science is now in Aa périod of‘
readjustment and accelerated change. There is a great urgency .
to get started on the preparation of improved instructional
materials for integrated sciences. The three-year integrated
sequence of generel science is to be implied and organized
as in other countries.

4) The present science curriculs have been carried
out almost nine years for senior high schools. As thére is
no science curriculum that can be considered final and
definitive, the necessity of continual revision of the
curriculum is increasingly acknowledged. The liinistry of
Education is now collecting the ovinions from different
sources and is trying to revise the s:ience curriculum for
effective learning of the discipline in the near future.

5) According to ths survey, shortage of competent
science teachers is still a »Hroblem ac some teachers are
not qualified or do not work effectively. Therefore, an
intensive preservice and in-service trdining nrogram should
be rrovided to aid them in compfohnu”ing objectives of
modern science education, in learning u-to-date science
content, in using laboratory facilities, and in aprplying
the inquiry and laboratory apnroecih to the teaching of

sclence,
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¢) Ior plonning an effective science program, the

following reccommendations are vigorously offered: |

a) The wreekly hours of science courses should be
revicwed and adjusted from time to time to zccomplish the
objectives of science education specified ih every school
vear. Some provisions such as field trins, project work,
suide study and extra;curricular scientific activities
should be nrovided for students. |

b) A good science program should be characterized
by a variety of apyroaches rather than adherence to a single
formule description of facts. Farticularly, it involves an
cmphasis on investigation and inquiry with controlled
nractical vors

¢c) Poth the science curricula and textbooks in use
should be reviowed and revised by continuous undating at
nll levels, as time and situations require.

@) There nust be special nrovisions for students
o have a2 norked interest in and aptitude for science.
Thio mey Lalie the form of individunlized guided study,
science club activities, appointments as teaching assistants,
or special resoarch work. To carry out this program, time, |
Froililies, ecxtre funds and supervisors should be provided.
Also, the exteonsive and varied sciconco curricula should be
chcouraged for the talented and more capable students.

¢) In developing general scicnce program, it is
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important to select the profound materials from Physics,
Chemistry, Biliology and Korth Sciecnce, end to explore new
scientific investigations from time to time. This program
will provide students with zn opportunity to see thé.inter—f
relationshirs of the special scientific areas. Also, the
nrogram could be designed and extended the understandings
that have already been developed. There should not, however,:
be undue reocetition of subject content.

I'amally, the status of science education of secondary
schools neads to be approached with care. OQver-crowded classes,
shortnge of facilities, lnadequntely rrepared teachers,
inflexible curricula and out-of-date teaching conteﬁt must be
overcone in the future through the cooneration of administrative

cnd vrrelessional organizations.
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CHAPTER 5

CUBMISTRY TEACHING IN SZCONDARY SCHOOL

The main objective of this charter is to present
chemistry teaching in Taiwan secondary:schools during -
the thirty years between 1945 and 1975.

Beginning with a short description of the development
of secondary chemistry teaching, some.historiCal developments
are outlined.

Firstly, the development of chemistry teaching in
Taiwan will be examined prior to considering chemistfy in
junior high schools. This examination will include chemistry
curriculum revision, content of texts and the most recent
survey of junior high school chemistry teaching.

Chemistry teaching in senior high schools will then
be presented. The traditional chemistry curriculum is
discussed. 'n 19465, the reform of senior high school chemistry
initioted ~ nuabor of significant changes. The 1964 revision.
of chenictyy ~urriculum was greatly influsnced by both the.
CHEM Study and CBA Projects.

The roform of scicnce cduceotion continued. In 1971,
the neow authorisned curriculum in chenistry was reproduced
under the UNLSCO Filot Froject for chemistry teaching in Asia.

SUith the ovaluction of recent chemicstry texts and the 1971
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chemistry curriculum, the 1975 chemistry curriculum proposél
was devised.

Finélly, the chapter will conclude with a summary qui)
chemistry teaching in Taiwan secondary schools from‘1945 to‘l

1975.
" -1 Development of Chemistry Teaching

Chemistry has been a part of the high school
curriculum in Taiwan since the Chinese school system began
in 1945. Also, this curriculum is viewed as contributing to
general edudation and as compulsory at both junior and senior
levels in the secondary school.

During nost-iforld VJar I1 years improvements in science-
education were undertaken by the Ministry of Education. In
December of 1948 a high school curriculum was issued and all
the texts that had been used in wartime or before the war
vere revised or replaced.1 In July 1962 another revised high
school curriculum was proposed.g These nroposed changes in
curriculum reculted in updated content and new textbooks in
the chemistry courses but did little to modify the traditional
approach to chemistry teaching. The teaching of chemistry
still stressed the acquisition of factual information from
designed texts and teachers presented information with little

or no experimentation or active perconal involvement by the

1. Renort of Senior lligh School Chemistry Teaching Material

Study, Dept. of Chem., MNational Taiwan ilormal Univ.,
Taipei, taivon, 1975, rpel-3.
20 I.bido
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students.

During the post-Sputnik years, the United States
National Science Foundation went to considerable effort apd
expense to develop new science curricula and new épproaches
to science teaching. Two high school chemistry programs wefe_
proposed, namely: the chemical Bond Avnproaches (CBA);vand
the Chemicsl Tducational Materials Study(CHEMS).l These two
rrograms were based on experiment and on texts integrated
with laboratory work and the use of tenching aids. The
nhllosophy of these programs was thet chemistry is a "process
of inquiry", and that it continuously relates to experimental
findings.2 These modern programs renrescnted a sighificant
and substantial change in the approaéh to the teaching of
chemistry in lNorth America. The Ministry of Tducation in
Taiwan recognized that this new inouiry approach had many
nerits that should be incorporested into the science curricula
in its own country.

L reform was then initiated when the Ministry of
mducation and the Asian TFoundation cstablished a committee
whose mandate wos to exemine and study the new inquiry type
science programs end to malie recommendations on their
implementotion in Taiwan secoundary r*Hoo]u. The commlttee S

exanination of the new inquiry »rograms in science included:

1. licBryde, ".A.K., The CBA and /l,IS I rogram, High School
Teachers? Wr,., (L), 1966, U,

2. Yode, J.S.F., CBA & CIITi5: An Annrociatiqg, J. Chem. Zduc.
45, 98(12G66), T.S. ,

2e Senior Licch ochool Curri. Standard, 7l lstry of VQuQ?Eion,
Chengs—-chung Book Coe, TAlnGl, "nwnn, O (1) e i
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the ITew Hatnemetics Progrém, Biology Science Curriculum »
Study (BSCS), Chemical Wducational ilaterials Study (CIEMS),

Chemical Bond Apnroaches (CBA) and Physical Science Study = '

Committee (S SC) In March 1964 the new chemistry‘course .

b

of study with the content and spirit of the CiIFil Study was
nrovosed and implemented in some senior aigh schools. Prior .-
to the total implementation of the new chemistry ;régram,
selected nprofessors from universities visited high schools
and institutes in the United States. They narticipated in
conferences, seminars and workshops on the modern approaches
to the teeching of chemistry. These educators returned and
were responsible for the re-treininsg of the local chemlstry
tenchers. Jourses in the new chemistry program were offered
tonzshor training institutes and at in-service training
centers during the summer of 1964 throuchout Taiwane.

Since 1964 the texthools of the C3A and CIENS have
been translated into Chinese and published. Although both
programs vere vwell orgenized and e:plicit, they were not
totally Quw,(nlo for Taivon high school students becausevof
differences in educational baocliground. In order to correcct
the differences in the chemistry progrem, the linistry of
sducation docided to revise the rrosrem to accommodate
students?' n=2ecds and backgrounds. A committes of uniVersity

vrofessors, high school teachers aad administrators wvas

1. Senlor [Tigh School Curri. 'Landard, HMinistry of Wducation,
Cheng-chung Hook Co., Talpeil, Taiwan, 1071, np.372-374.

<« evort of fenior H.,G, Chem. Tenching licterials Stucy,Dept.
of Chem., ['ational Taiwan Hormal Univ., Tainei, 1975,ppel- 3.
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established to accomplish this task. The committee examined
the thr=se versions of the original CHINY Study text:

Pimental: Chemistry: An Experinments) Science, 1963 '

1

cotton, Lynch: Chemistry: An Investipative Approach, 1968

O'Conor, Davis, et oal: Cnemictry: “xperiments and

Princinles, 1968

In addition, the new chemistry vrogram in Japén and
the Tuffield Chemistry Program in ingland were also examinéd.
Deing copnizont of the needs and bocliground of the students
and the new development of the modern chemistry vprograms in
foreign countries, the committee developed a new chemistry
curriculum., It was issued as a part of "Senior High School
Curriculum Standard" which was published in 1971 in Taiwan.l

The 1971 chemistry curriculum incorporated and
modified versions of the CHFMS and CBA programs. The texts,
laboratory workbooks and teacherst guides were written
according to this official curriculum. There were nine
Chinesc texts published together with laboratory manuals
from 1972 to 1975.7

After the implementation of the 1971 chemistry
curriculum, many high school chemistry teachers criticized
the program becausce they felt that it wos too advanced and
too quantitative. In 1973 the Ministry of Fducation with
the cooperation of the Department of Chemistry, National
Taiwan llormal University, initiated a study to examine

1..Report of Senior H.S. Chem. Teaching Material Study,Dept.

of Chem. lfational Taiwsan llormel Univ., Taipei,1975,pv.l-i,
2. Ibid., 1\‘9.51"'52.



these criticisms of the chemistry program. A comparative
study of the chemistry texts used in the United States,
Japan, Lurope and Taiwan was underteoken. This study resulﬁéd.
in the provision of new chemistry curriculum in 1975. The.‘
study also indicated that chewmistry programs and texts would

have to be continuously revised to insure that the courses

remained in step with the time.
5 - 2 Chemistry in Junior High School

Over a thirty year period of time the Jjunior high
school chemistry program has not changed radically‘in either
npurpose or content. During the first three years after Yorld
Var II an introductory chemistry course vwas given three
reriod a weelx in the second school year (Grade 8). In 1948
a revised junior high school curriculum was introduced by
the Ministry of Uducation. A new 'Thysics-Chemistry! course
in a two-year sequence was then developed. It was a
combination of »hysics and chemistry as s "Sandwiched" course
in science. Tonics were interwoven and treated as a unified
thene. This course which had been in oxistence from 1948 to
1967 was offered in the second and third year, given four
neriods o woal, Puring this period the rapid increase in the
number of students enrolled in the secondory school classes

became larger and the teaching load becams heavier both

L4

1. lublic Junior ¥,5, Curri, Standerd, linistry of ZIduc.,

R

Cheng-chung Dook Co., Teinei, Teivan, 12468, pp.529-559.
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quontitatively and qualitatively. 7ut neither the increase
in size of classes nor the heavizr teaching load helped in
improving science instruction. Such circumstances produceﬁ. o
more textbhoolr teaching and less laboretory activiﬁy. A
In 1268 a new compulsory ecducation program which
integrated the elementary and lower sccondary school'programs
in a ninc-year sequence was develoned. Decause the original
Fhysics=-Chemnistry course did not form o coheront whole it
was reorganizod and separated into two courses as 1Chemistry!
and 'Thysics'e Since then, both chemictry and vnhysics have .
been concurrently offered in the second and third year and
given two periods each every week. This introductofy chemistry
course includes knowledse of prime imnortance to human life.
The syllabus for teaching chemistry appearéd to capture the
students! interests and stimulate their desires for further
study. The following chemictry curriculum for junior high
school wagc inccued by the lMinistry of Bducation in 1968.

-1 Chemictry Curriculum for Junior High School1

7
i

A Objectivcs
1. Dirccting the student to obtoin the basic chemistry
lmovwledse releovant to the daily life by observation
and experimentation and to stirmvlate his interest in

gself-learning.

‘:> 1. Public Junior 1.5, Curri. Standard, lidinistry of Kduc.,

Cheng-chung Book Co., inei, Teiwen, 1968, »p.109-11lz2.

_
3
-
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D
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2+ Incpiring the student to discover the problems of
chenistry in daily life, to colve them by scientific
methods and to cultivate good scientific attitudes,

7. Guiding the student to design cimnle chemisfry !
experiment and the materials needed for developing
his latent creative commetence.

L, Introducing the artificial chemical prodﬁcts used
in deily life in order to induce the student to
have an cxpectation to improve his environment and

a better living.

De Time Allotments for Chemistry Coursc
1. Two noriods per week in sccond and third school
vears (Grade 8 and 9).
2e Liectures and laboratory work should be properly

organired.

Ceo Chemictry Outline1
1. Seneration of Matter
2e The iieat Effect on Matter
‘e AT
L, Combustion
5. floments
C. ater

7. Irevaration of Chemicals from Roclks

1. Tublic Junior i{,8. Curri. Standard, iiinistry of Educ.,

Cheng-churg 3ook Co., Tai~el, Taiwan, 1968, pr.llo-11l.

LY
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@Eb 8. Preparation of Chemicals from Ocean
Q. Atoms
10. Préparation and Investigation of ilydrogen Chloridel
11. The Periodic Table | \
172. Atomic Structure of Elements .
1%. Solids, Liquids, and Gases
14, Acids, Bases, and Salts
1% Electrolytes
16. Relative iTumber of T'articles in Chemical Reaction
17. Catalysf and Rate of Reaction

18+ Chemical Resources in Earth Crust
De Implementation Guidelinel

l. The chemistry course of study includes 18 units. The
“textbook is written flexibly in terms of changing the
order of the scheme, but the schedule should be
carefully worked out as a nossible logical teaching
sequencea,
Me At the ond of each unit there are review guestions
vrovided to help students understand the concents
o< nrincinlcge.
Te Tnhe taxts have to vwrovide various charts and tables
to meclie students'! learning more effective and »leasant,

Lo Great emphosis is placed on ewnerimentation as the

@ Lo Public Junior fl.5, Curri. Stondord, liinistry of Educ.,

Cheng-chuns Pook Co., Tairei, Taiwan, 1053, pl.ll2.



basis for teaching. Lecturing and the "spoon feeding"

method have to be avdided.

5« Teachers have to arrangeitime for discussion with ,
students in order to increasce their ability of using
chemistry concepts and princirvles to solve the problems
surroundiné their daily life.

s« Tenchers should organize field trips visiting factories,
farms and mine areas relating to the various applications
of chemistry.

7. Teachers should pay attention to students' differences,

end give individual instruction to the sloﬁ learners

and encourage superior students to conduct écience

nrojects and further readings outside the classroom.

The Junior high school chemistry curriculum implemented
in 1968 and the old Fhysics-Chemistry texnts were eliminated.
The content of the new chemistry course wns directed towards
a basié Itnovledge of chemistry =and the discovering and solving
the chemistry vrroblems in everyday 1ife. The new texts were
compiled by the Committee on Conilation and Publication of
Tigh School Standard Textbooks. These texts were delegated to
the !MNationnl Institute of Compiiation and Translation., The
following units of authoriced chenmistry texwtbooks defined the
sco~e of the course and provided the tencher with a possible

teaching sequence.



'

5-2-2 Chemistry Textbook for Junior ¥igh School

The Junior High SChool CThemistry, volume 1 --

Second School Year, First Semester (Grade 8).1 f !

Chapter 1 Separation of Matter
1-1 How is the Fure Table Sait Prepared?
1-2 1Is Ink a Pure Substance? |
1-5> How Can You Extract Pigment in Plants?
1-4 Iow is the I'etroleum Refined?
Chapter 2 The Effect of Heat on Matter
2-1 that are the Changes on Yeating the lMatter?

2-2 Does the Chemical Changes occur on Heating the
Matter?

2=-3 Is the Weight Changable on Heating the Matter?

2=l vWhat Causes the T.oss of "Jeight by Heating T.ead
Oxide, and the Goain of Jeight by lleating Copper?

Chapter 3 MAr
-1 ‘*'hat are the Important Components of Air?
=2 Yow is Oxygen Initielly to be Discovered?

=5 'hat i1s the Relationshin Betwvecn Air and Human
Life?

Chapter L Monbustion
L-1 Is Oxygen Mecessary for Combustion?
4-2 How is the Jeight Change in Burning the Candle?

L-7% Whot are the Common I'rorerties of the FProduct
of Combustion?

1. Fublic Junior .5, Chem. Texts, I'ational Institute of

Compilation % Translation, Taiwr~n Tooix Co., 1972, 4th.cd.
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Chanter

)
/

6-5

Flements
How Can You Mame and Clessify Elements?

“hat is the Difference Shown in Chemical
Reaction of Oxygen? ' X

ater

\fhat i1s the Composition of ‘later?

[Tow Cean You Prepare Hydrogen in Laboratory?
Noes Hydrogen l'ossess Reduction Reaction?

How Important is the ater to Human Life?

How Can You Change Hard "'ater into Soft Water?

* % % * * *

The Junior Tigh School Chemistry, volume 2 -- Second School

Year, Sccond

Chapter

Lt
Charter

Chapter

7
7-1

Semester (Grade 8).

Frevnaration of Chemicals from Rocks

Mow is Iron Prerared from Iron Minerals?

ilow is Copper Frepared from Conper Minerals?
itlow is Lime T'repared from Limestone?

iovw is Aluminum Prepared from Bauxites?
I'reparation of Chemicals from Ocean

‘hat are the Resources in the 5Sca Vater?

'hat Happens on the Eleoctrolysis of Sea Tater?
ifow is Todine I'repared from Sea Yater?

Atons

Tow Can You Know that the llatter is lMade of
Yoarticles?
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2 Ilow i1s the Size of thz Uarticles in Matter?

9-3 ‘Jhat is the Relative Veight of Particles of
Same Number in the Matter?

2~ How Can You ‘rite Chemical Fornulae by Using.
Gram-atomic ‘Jeight?

Chapter 10 The Properties and Prevaration of Hydrogen
Chloride |
10-1 /hat are the Propertics and the Preparation
of Hydrogen Chloride?
10-2 “hat are the Klements in llydrogen Chloride?
10-3% “hat is the liolecular Formula of Hydr¢gen
Chloride?
Chopter 11 The Periodic Table
11-1  Jhat is the Periodic Table?
11-2 “7hat are the Properties of the Alkali Metals?
11-5 ‘jhat are the Froperites of the Jalogan Family?
11-4 Yhat is Carbon -~ the ¥lement of the Most
Chemical Compounds?
Chapter 17 The Arrangement of Atoms in the Blements

12-1 ifow Can You lMake-up of Crystals?

12-2 Jhat is the Structure of Trystals?

12-3 Tdlow are the Atoms Arranged in the Metzal?

12- “hat is the Iconcrs

12-% 1iow are the Atoms Arranged in Chemical Compounds

¥ * X ¥ 24 *

o1

gh School Chemistry, volume % -~ Third School

@ year, First Seme

The Junior [li1

0]

ter (Crade 9).



e Chanter

Chapter

Chapter

Chaxrter

15
15-1

14
14=-1

Ah=-2

15
16-1

17-2

140

Significance of Chemical Reaction
‘lhat is the Chemical Reaction?
ilow Can You Virite Chemical BEcguation?

IIow Can You Make the Cclculation Based on \
the Chemical Zquation?

The Flectrolytes
“’hat Pure Substances are Conductive?

“hat Substances are “onductive in Aqueous

Solution?
“hy the Flectrolytes are Conductive? ‘

Tlectrolysis and its Aprlications

Tow much is the Slectricity Needed to Release-
One Gram-atonic Jeigsht of Uetal?

iTow Can the lietel be Electrorlated?

ifow is the ilectrolysic Apnlicable in Chemical
Industry?

The Strong and the eals “lectrolytes

liow Can You Identify the Electrolytic Torce

being Strong or "eak?

“hat is the Zonductivity and the Tonization of

Tlater?

“hat is the Relationchip between

the Concentration
g ’

of il and Acide or Pnren?
Jhat are the Indicotoro?

Acids and Boses

"Met are the Differences betweeon Sodium IIydroxide
and Barium Hydroxide?

“"hat is the Ammonia?



),

17-5
17-4
17-0

1L7-6
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v/nat are the Common I'roperties of Bases?
“'hat are the Sul.furic Acid and the Nitric Acid?
Uhat are the Acetic Acid and the Tartaric Acid?

‘Tnat are the Common I'ronerties of Acids? \

* * * ¥ T % ¥*

The Junior '"igh School Chemictry, volume 4 -~ Third School

Year, Sccond Semester (Grode 9).

h

ter

Chapter

Chavter

13

—

(@]
i

)

—
Cco

I
'

10-4
19
1O=-1

20-1

20- 7

INeutralization of fAcid and Dase, Salt.
hat is the Reaction of Acid with Dase?
lfow Can You I'rewarc a Salt?

"hat are the Differcncos betveen the Sodium
Carbonate and the Sodiwum Dicarbonate?

[iow Can You Classify and llowminate the Salts?
The Rate of the Chemical Reaction

ITow is the effect of the Chemical Reaction
with the Difference of Size of DParticles?

ifowr is the Effect of the Chemical Reaction
Under the Tenperature?

Tow is the ¥ffect of the Chemical Reaction

in the Presence of Catolysteo?

Clhiemical #Fquilibriun

That 1s the Neversible Reaoction?

“hat is the Chomical "lquilibriumn?

ilow Can You Change the Chemical Wauilibrium?
Thermo-Chemi«try

“hat is the Heat of “ombustion?


http:never~d.bl

21-2  Arec All the Chemical LReactions Bxothermic?
2l=5 Ilow Can the Illeat of Reactions be Measured?
Chanter 22 Organic Comrounds

22=1 1low Can You Test the (arbon and the ITydrogen

in the Organic Compounds?
22-2 Ihat is the Fermentation?

22~% Jhat is the Isterification?

Chapter 253 Folymers
25=1 Vihat is the Structure of the Polymers?

25=-2 that are the Plastics?
25=5 Cen Starch Change into small llolecules?
Chapter 24 Chemical Resources

2L-). hat are the Met~l linerals (7)) -- Gold and
Silver?

2h=2  “hat are the lletal Minerels (II) -~ Tin,

Antimony, Mercury and Tungsten?

oh=5 hat are the lon-letals -- Coal, Fetroleum
and Asbestos?

An ecxomination of the junior high school chemistry
texthooks revealed that tile teaching content had been
congiderably upndated and wns relevont to atudentst! daily
Life, ALL conceonts and orincinles were Jderived fron
exnerimentol observation as the basis tor Inovledge of

chemiotry.


http:l�Iinor[',.ts

L3

o=-2-3 The Survey of Junior Uigh School Chemistry Teaching

TheAIQGS chemistry curriculum “1as been implemented
over ten years. A recent survoy on mublis junior high school\
science cducntion was conducted by the ilational Science
Council and Taiwan Provincial Kao-hsiung Teachers College.
The findings of this survey dealing with the chemistry

nrograu represented the following result=z,
1) The Content of Chenmistry Curriculum end Texts

In accordance with the survey, twost juniof high school
chemistry teachers proposed that the coatent of chemistry
should first cichasize the learning ability and interest of
the students, besic chemistry knowledge and neszds of individual
snd society os shown in Table 22 of Thenter 4.

As to the quantity of meterials and the sequence of
the curriculun, most chemistry tecchers pointed out that they
wvere anvronriats as shown in Table 30.

Table 0. The Opinion on the Secauence of 1955 Junior

pl
iligh School Chemistry Curriculum”™
! . B AR ol B R S —-'m—-ﬂ

Oninion °of Junior T.0. Chen. Teachers
et b e e — e e e
| Aprropriate _ : 0
! = LA . 03 o - -
; T'arvially 1lanapproyriate | 2

Ina~rouriate ’ 11

1. Imt10n”7 Pfmnr'o Council, I'ublic Junior.ii,5, Science Tauc.
Survay, Talwan, 197h.

2- Ibl(. .y = .f:";:’_’ .

s
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- 3

The treatment of laboratory work in the 1974 texts

()

differed from that in the conventional texts. The students

were encouraged to do experiments'before they read the

lessone. In this manner they were expoected to get an.experimeﬁtai
basis for understanding the concepts. According to the survey
more than half of chemistry teachers preferred that the
laboratory work should be compiled at the beginning of each
unit. The following Table 31 indicates that 57 of junior

high school chemistry teachers preflerod laboratory experiment
listing before the lessen, 31 nrefered laboratory experiment
listing behind the lescon; and only 8% favored a textbwith a

separated laboratory manual,

Table %1. Coordination of Chemistry Lab. and Lesson1

-

- 9

| n/

Coordination of Labe. and Lesson 7% of J.H.S. Teachers

—

' A text and a lab. manual book 8
Lab. experiment listed before ' 57
the lesuon —_— - X
Labe. experiment listed behind =1
the lesson L _ -
Mo ovinion 2
" Other o)

— e e

The table showed that most chemictry teachers prefered
conducting experiments before delivering lecture. In actuality,

however, Lh2 mnajority of teachers followed the conventional

‘E> 1. Mational Science Council, Public J.H,H. Sclence Lduc.Survey,
Taiwan, 1974, 1DP.99. ,
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approach, the approach of texts, dccasionally giviné
demonstration or group experiment. Undoubtedly, there were

a number of reasons, such as the large zize of the class, S
insufficient time and the lack of assistants and facilities,
About one third of teachers exvected that chemistry be scheauled
three periods a2 weelt instead of two at present and. that it was
desirable to have one double period for labdratory wdrk and

. . 1
diccussion.

2) Method of Instruction

Although the inquiry approach was recommended in the
guidelines of the curriculum implemecntation, very few chemistry
teachers used this method. From the survey, the following tables
show the opinions.of both teachers aond students on the teaching
method of chemistry.

Table 52. Teaching Method of Chemistry in Junior Iliigh
Schonl Performed by Teachers®

Methodology ¢ of Junior H.3. Teachers

SyS’t-e.ll;;Ej.C lecturing _ -GC

Cless disgﬁsrion 14

Surervised study ) 12 o
1 I'roject activity - - 3

1. llational 5cience Council, Public J,.HM.S. Science Iiduce.
Survey, Taiven, 1974, p.115,
2- Ibido ’ p.l()rj.
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a Table %3. VTACHTHG METIOD OF CURMISTRY ROFLIGTRD RY
JUTTOR HIGI GCHOOT, sTUNRITS

Methodology % of J,1.5. Students
Generally lecturing 707
Occagionally discussion 1246
Sunerviced study 145
Occasionelly leesrning by deing ‘ 245

Theze two tahles show that the methods mbst commonly
used in jnnior high school chemistry teaching were lecturing
nad texterecitation. Discuscion and susnerviend study were
usod‘occasionally, and laboratory worls was apparcently ét
minimume.

The survey of laboratory vworlm and cdemonstration in

chemistry teaching may be shovm as follovs:

Table 4. TABORATORY VORK CARRI®D OUT Y JUITIOR
TG SCTO0T, CHWIITSTRY WTﬁPVYPﬁQ

T.nbe worlt in one senlester
. \ *~ of bLeonchers
Tor srouping students g0 Q1 RORCACTS
|
I over 10 tinmes De5
1T = 15 tinnns ARE
Go= 10 tines ! Lo,
'
i
1 -5 tinmes j 55.1

@ l Ilone , 8.2

1. Hptional fScience Council, lublic J, 1.5, Science 14, Survey,
Todwen, 1074, 2,105,
Pe Ibidey, De 109




(3),

L7

Table 35. Demonstration Carried Out by Junior High
School Chenmistry Teachersl

{Demonstration % of Teachers
 Very often ’ 66.3 . '
Occacionally 20.8 \
ot at all - 2.9
Table 56. Laboratory Facilities Provided in Junior
High School2
TLaboratory facilities ' 2. of Achools
i Cheme. lab., available L2.3
% All purnose laboratory 565
} 1To laboratory 2le?

The survey provided evidence that there'were more
lecture-demonstration and less laboratory instruction in the
teaching of chemistry in junior high schools and that
unfortunately 21.2° of junior high =chools were without

laboratorics.

Table 57. Students! Opinion of the Chemistry Laboratory3

i

'Opinion | ¢ of ntudents i
Interesting, and learning a Jot 72e5 |
Interesting, but no chance to do LO.0

~ Interesting, but doing very little 245 :

; Intercsting, but wacsting time 1.0 |

; No laboratory work at all 2.0

1. Mational Science Council, Public J . . “cience Rduc. Survey
Teiven, 1974, p.l110.

(?c Ibid.’ polllo

e Ibidse, pelll.
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cording to the data given in the above tables, a
large percentage of students were interested in doing laboratory:

vorlis but had less opportunities to rerform the experiment B

during the laboratory period due to the lerge size of the )
classes and the lack of laboratory focilities. The survey also

shoved that the average grouping of stucdents wasvbetween 6 to -
& as shown in Table 23 of Chanter 4. It is difficult for good
chenistry teaching to go on in classes thet are too large for
group working because of limited space, time and facilities
for students to perform the exveriments thenselves.

Tyler found that science students tausght with emphasi
on verbalism forgot about 80% of what they had learncd in one
year.l hat to teach in chenmistry and how to teach it effectively
should be based on experimental evidence. Thus it was considered
imnortant to stress the development of chemicstry laboratory
facilities in junior high schools in order to let students
engage in direct activity in which they can gain the knowledge
of science. These concerns wvere considerad urgent because nof
only would the students! 1ntnrvstu b croused but also effective
nothods for ooicnce teachlng vould b2 bullt,

As to the use of visuel aids in toachihg chemistry,
s shovn in Table 24, Chapter /4, moot tenchers were still
giving denonstreation-lectures and lectures with blackboards,

only 25.45 of science teachers in totsl used movies, clides,

‘e e v ey

l. Ralnh e Tyler, hat Tiu” Schoel l'uwiils Yornet, Ohio State

Univ., Tduc. Rescarch Bulletin 9, lcv. 1230,p1n.420-402.
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models and charts in teaching chemictry.

In addition, the teachers' guide that was matched
with each texzt nrovided detailed instruction for the textual.’.
nmateriols, the guide of laboratory wori: and demonstration, !
the answers to exercises and problems ond the supplementary
nateriels. Unfortunately, only about one half of junior high
school chemistry teachers ever used the guide as- shown in

oL
o

Yy Chanter L,

Mabl e

3) Teaching Staff
Y/ith resnect to the method of instruction, many

teachers werc unable to handle the inquiry evrroach in the

(

—

“teaching of phemistry. The survey of the sources of junior
high school chemistry teachers as shovm in Table 26, Chapter
Iy, indicates that only 3% of them are tho graduates fron

the liormal University and tecaclers collieges ﬁajoring in
chemictry. The vast majoritics of teachors only had a major
or winor in one or more of the sciencoes in universities and
collepes,. It weos evident that well-qualificd chemistry
teazhers wore not available in ademurte nunbers. Thus even
with o wall-mropered course of study, the 1=l of gualificd
teachers Eo 1l oment study progréms Provents an adeqﬁate
transmission of tnowledge. Therefore, for thé immediate

future, two urgent needs heceme increasingly cevident for the

@ ~rencration of Delter scionce tersuers: one in the developnment
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of an instructional progran in sciénce that will serfa
effectively and uniquely the needs of prospective science
teachers, and the other is the development of continuing e
education programs for the professional science teaching X

discipline.
5 - 3 (Chemistry in Senior High School

Chemistry in the senior high school was offered in
the second school year (Grade 11) at two levels. This was due
to the growing recognition of the need for naking better
provisione for students of varying abilities and interests,
and for those individuals who had differcnt goals. For the
social science program, Chemistry was rresented as part of
general education and was intended to vwrepare students to be
scientifically informed citizens. It was hoped that students
would apply what they had learned in chemistry to everyday life.
or the natural science program, a course in chemistry was
directed loward training the future scientists by 1aying a sound
foundation and motivation to continue their study of science.
The course was 2lco one of the requirements for their college
entronce exeninotion. Since the students in the natural science
najors disrleyed a specilal interest in sience, they were given
both.a deeper and a more comwrehensive knowledge of the different

aspects of theoretical chemistry end its applications.
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5-%=1 Chemistry Curriculum for Senior !ligh School

1) The Traditional Chemistry Curriculumnm

\
The establishment of a set of standards for a course

of study in senior high school chemistry w s.the work of the
Chemistry Curriculum Committee of the ﬁinistry ofvEducétion iﬂi
Taivan. During the period of 1945-1960, the efforts of the
Curriculum Committee were concerned with standerds and minimum
essentials rather than innovation. Thus the early curriculum
standards listcd the topics and experiments of the entire course
by giving only the knowledge tovward college requirements rather
than serving critical thinking. It was cuite common to find a
series of units with little regard for sequence. The chemistry.
units were‘orgnnized around material substances such as oxygen,
nydrogen and certain elements. The subject matter included the
study of both metals and non-metals, ~nd the attention was given
to the atmosphere, the menufacturing rrocesses, the familiar
substances oand a certain number of laws and facts of chemistry.
Thus, =5 for as possible, the wresentation wos to be inductive.
Since 12060, there has bern o~ nrowing tendency to
orpondce the units around conzerts, princirles oand generaiizétions.
In 1262, the rovised chemistry curriculum was issued by the
Jdindstry of Fducoltion for both th> nrtursl and the sociol progams.
The revision =uzears to have been built upon a theoretical approach
but still witlh stroung emvhesis on ceortain substances and with

less emvchasis on dnvestipntion end inouwiry.
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or Lacural Sciznce Trogram:
To acauire systenztical tnowledge of cnemistry by
izeans of exvlanction of fhs fundenental tneories

as the basis

Tor Social

1.

J0 stinulate studeants! learning interests by infornming

. v s . 2
motters with thelr chemical roverties wnich are *
related to cally living.
To Learn tia2 naethods and techn*quas of investigation
of chanzes in matters and to encourage students to
solve thz living nrovlems by using acquirad chemistry
znowlzdge. ’ 3,
To develon an underztonding of apnlication of the
scicntific methods by resenting the modern concents
2nn theories resulting from the eimerimentsal
discoveries,
P00 dinsnire students to contributs in science in future
5y introcduction of modazrn chcuistry to bota thaeoretical

2l

hnologic evements in chemistry

- ~~ -~ o~ . TTruS o 1 - l
Toole P, 752 Sendor Tign Schcol Chenistry Curriculun
Z. The Cvjectives of Senior “ign School Chemistry

Science I'rozgram:

To stimulate students! learning interssts
by informing matters with their chemical

'] 17- '1 4 Vlnpo

()

nanges which are important in de

-

o learn the msthods and techniques of

.

investization of changes in matters and to
encourage students to solve the living
nroblems by using acquired chemistry
knowledge.

an understanding a correiztion
solitical,
troducing the

hemistry anc econonic,

b -
thzorc-

wroblems by in

aad tecnnolozizal

Time Allocation

nours including labora

Tive weekly hours inclucing laboratory work in the Three viesxly tory wori:
second school year (Gr? 11). in the second school year (Jrade 1)
1. Senior iiizh 3chool Curriculum Standard, Ministry of qucatvon, Chong-chung Book Co., Taipei, 1962
- -
\n
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2) The Reform of the Chemistry Curriculum

The chemistry curriculum innovation initiated in 1963%:: .-
was the result of the dissatisfaction of both the sbientifiq
and cducational communities with the gunlity of chemistry
education at the senior high level. It was olso a result of

the CBA and CiTilS projects in the United States being closely

observed by edusational authorities which aroused the interests

of cducators and many chemistry tenchers in Taiwan. The authorities

realirned that the senior high chemictry curriculum needed to_be
revised, re-examined and reformed. In 1264 the second revision

of the chemistry curriculum wes initiated and new teaching
materials were developed. The revigsions wvere patterned after

and influenced by both CBA and CIifllS nrojectse. The texts of CHEMS
and CBA vierc translated and the Chinese versions were published.l
The revised cliesuistry courses were based on modern principles of
ocience teaching with more emnhasis on the student'!s active
parciciration end less on his rote-learning. It was quite

v

significant that the adastation of C1171IS and C3A was being

introduced to replace traditionzl chemintry teaching.

During 1965-66, the UIIWST0 T'ilot IT'roject for Chemictry

Teaching in Asia organirzed an International Torlking Group which

=
Q

consisted of chem

]

stry teesching reform specialists, outstanding

(

cnemical reseorch scientists plus twventy Asian chemistry

teachers from teaching troining institutions of fourtenn Asian

- -

l. Chen, C,T, & Jong, C.%., Senior Tigh School Chemistry,

vol,.l o 2, Mung=lwa Doclk Co., Tripei, Triwan, 196L.
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L Phis Inter-

Cduntries. Taivan was one.of the particirents.,
national orking Groﬁp provided a usczful system as a channel
for transferring to the Asian tzachers some of the experi@nté
on curriculum reform gaincd in major nrojects such as the
iTuffield Chemlstry Project, the CTI! Study and CRA Projects
Futhernore, UNESCO invited oach participating country to

A

orgoninc a lational Study Group. The most important function
of this Crour was to work in linking the International ‘lorking
Grou: of the Tilot Project with individual or group effort in 
cach country directed toward carrying on curriculum reforn, .
writing new textbooks and conducting in-service courses for
chenistry teachers. In 1971 the new authorized curriculum in
chenistry was reproduced as shovn in Toeble 59.

The efforts for the design of this new senior high
cchool chemistry curriculum were ained firstly at reorienting
chemictry from a descrintive ccience to an ermerimental science
in eeping with modern develorments in teaching chcmistry.
Secondly, the efforts aimed at reducing the number of topifs
conventionally covered in chemistry courses to concentrate upon
the develonment of a better understaoanding in modern thinking
regarding the science of chemistry. The laboratory work for the
new chemistry coursc wes more oxncrimental Aand more directly
oriented toword problem-solving thon the conventional laboratory
exercises., Thisnew chemistry course was intended to be more

meaningful nnd more challenging to the high school btudents

then the conventional course had been,

LeSece Apvendix 711,
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Curricul um otan tard, the Ministry of Zduc., Cheng-Chung Book Co., Taipei,
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There werc two different 1e§e1s of chemistry éontent
with respect to the students! capabilities and interests. The
‘chemistry curriculum for students in the Natural Science s

.

Trogram stressed “thinking like scientists" and the derivation
of many basic concents based on laborstory exneriences, and fhe
mathematical understanding that:was an integral pdrt of the
curriculum. The chemistry curriculum for the Social Science
Progren was for non-science oriented students who studied
chemistry with the emphasis on the scientific process, scientific
theories and the lrind of scientific evidence related to the daily

livinge.
5) The Develorment of the Recent Themistry Curriculum

Since the 1971 chemistry curriculum was established a
great need become evident for modern high school chemistry texts
to accomodate the up-dated program. In resvonse to this need
nine texts for local schools together with apnropriate laboratory
nanuals and teccherst! guides were written by Taiwan chemistry
teachers Jdurin: 1272-1275.

Ao Meachers! Criticisns

ffter The implementating of the 1271 chemistry curriculum,
both tha content of chemistry courses and the methods for teaching
then have boen criticized by students and teachers alike as

insprronriate. They felt tant:


http:o.ccomodD.te

a. Chenmistiry content was too theoretical and too
abstract.

b. There was too much calculation and memorization. ,

c. The content wes 0o exrossive nnd complicafed to !
be conpleted in one yéar of stucy.

de To kecp up the teeching schedule, teachers often
slzipvred laboratory work and cemonstration.

s. The content was irrelevant to everyday 1ife.l

Tne criticisms were invaluable in detormining changes
introduced in the current revision. It wns nrobable that the
abilitios of chemistry students wiere somewhat lower than ten
vears wrevious and that teachers were not well-pr@paréd for
The ur~dated curriculunm.

As the novement to a2 '"th=oreticel approech™ to chemistry
reached a high point, the chemistry curriculum became based less
on fact and nore on principles and gener~lizations. loreover,
most of the majer changes in the chemistry curriculum in the

-

last decad

0

(1005=1975) hod void insufficient attention to the
chonging attitudes, aspirations and ehilities of students. It
vas Telt that an immroved chémistry nrogram should be developed,.
As a result of these criticisms scveral attemts were made to
nstablishh both c:proypriate conteont and methology for chemistry

teaching in senior high schools,

. . e

Le Revort of Senior Migh School Chemdctry Teashing Material

0 3tudy, Departmeont of Chemistry, Mational Teiven Hormal Univ.,

Irel-2
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Be Fvalustion and Study
Perhaps the most challenging aspect of any cufriculum
improvement project is the evaluation of current programs. .
Thus in 1973, the llinistry of “ducation in Taiwan commited the'
Department of Chemistry of the N?tional Tniwnn'ﬁormal University
to be in charge of a comparative study of senior high school
chcmistry teaching materia].s.1
The combined effort of chemistfy rrofessors and teachers
resulted in threce vrojects: 1) to study current.chemistry DIrograns
in the United States, Englend and Jopan, 7) a review of nine
Chinecse chemistry texts, 3) a »roposel for senior high school
chenistry curriculun.
a) The study of Current Chemishry Programs
The comparative study of the CHEM Study Project, the
Muffield Chemistry Project sand the Javnanese new Chemistry Progranm
indicated reccent trends in high school chewistry. The new trend
in chenistry education was scen as both a way to include inquiry
and as & bocy of information whicn was obtained through scientific
cnquiry. It was a vtheoreticel apvrosch! based on cxperiemonfs
~undertolien in the spirit of investigation. It was considered
necaessary to provide the opportunity for cimloration so that
students could develon discinlined creative thinking and would be

svere of the role that chemistry vlayc in modern life.?

——— i -

1. Renort of Senior I,S. Chen. Teaching laterials Study, Dept. of

Chenistry, llational Taiwan Normal Univ., Toirei, 1970, D.2.
Ze Ibide,tmel=50.
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b) The Review of Present Chemistry Texts

The review of nine commercial chemistry textbooks
published betweon 1972-1975 indicated some of major topics |
of chenistry found in the texts as shown in Taeble 40 on DP.165¢
This gave curriculum planners aﬁ excelleont suamery of topics
and sub-topics in chemistry courses. The study revealed a.

\
sreat similarlty concerning najor tonics because &ll nine
teuts verc vwritten to accomndate the lé?l chenmistry curriculum,
Thore weore certein differences, however, in the sequence and
orranization of tihe content. It wos rocognized that the texts
had been strongly influenced by tihe ClUTH Study curriculum. liost

textboolks were presented theorectically 2nd conceptually,

str

O
Q

sing the need for students to think like scicntists and
to nove 2 nothonntizel understanding of the topics studied.
Suci curricula were effective in presenting concepts
and osliills to nntural science students but they did not mecot
the needs of the najority of social gcoience students who
lacked such understandinge Such students encountered considerable
difficulty in chenistry and develonad 2 Jdonn antinathy towards
the subject. Tt wos clear that a nond existed for curriculum

revision in senior high school chemictry,.

L)

1. Revort of Jenior High 3chool “honictry Teonching lMaterials
studry, Donte of Chemistry, IIntional Teiwen Hormal University,

o

Taisel, Teiwvon, 1275, »u,01=143,
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1.66

¢) The Recent Chemisfry Curficulum Proposal
The 1975 chemistry curriculum proposal was devised

by the study'group for both natural science and social science

.
students, as showvm in Table 41 on np.li7-174. It hoped to \
arouse and foster the insterest of students in learning chemiétry.
Considerable changes were made from the 1071 chomiétry curriculum,
The content was integrated ana 18 chapters in the 1271 chemistry
curriculum werc reduced to 16 chanters in the 1975 chemistry
curriculum nronosal,. The first section of the curriculum laid a
foundotion for the rest of the coufse. Scientific activities, the
atomic structures, energy levels of electrons and chemical
bonding in geses, licuids, and solids werc included. An extended
nort of the curriculum was devoted to the immortant chemical
principles Whl n included energy, rate, cquilibrium of chemical
rcactions, solubility, oxidation and reduction and chemical
calculations, The following section included the classification
of elemcnts ond discussed the halogens, a renresentive row and
group of the reriodic table and the tronsition elements. The
course concluded writh the denscrivtive chemistry of carbon,
hic-chenistry and nuclear chemistry. The last chanter entitled
"indn Chemicol Tndustries' vas designeted for the social science
aropran dealing with the annlicability ond wracticability of

. 1
the contente

v

1. Renort of Senior fiigh School Chemintry Teaching Materials

Study, Departuent of Chemistry, Nationel Taiwan Hormal

niversity, Trinel, Taiwan, 1975, +»»lh0-156,.
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Tnble L1, 19

75 Jenior High Szhool Chewmistry Curriculun

1

-

N
-

Sonior Tign Szhool Chemistry

Jor ilatural Scionzc Trogram: Tor Social Science Program:

Thne obdlectivos ¢of chonlctry curriculun are The obJjectives of zhepistry curriculun ar=
the training of scientific nstihods, the develon- the training of scilentific methods, the develo:
naent ot systematicel chenlstry concents and the nent of systematical chemistry concerts =ad the
cultivation of 7ood seientifis attitudes through cultivation of good scientific sttitucdes throu:
invostigative activities of matter cnd enersgy. invastigative activities of matter anc energy.
“nesc should sive students a zood background These2 should enable students to adajzt to thelr
for advanced -hemistry research, modern living environment and to be scien

To acihieve these ovnJectives the students
4.
L

:ust we able to: To acnieve these objectives the students
cgiscover the provlens of anaturs in zn active nust be able to:
oy osnd to zolve tism by annlying scilentific 1. discover the Droblems of nature in an active
methods. jay and to solve thenm by avslying sclentific
devalon an undsrstencing of tne fundamental nethods,
the2cries cad concents of chemiastr; throug: Ze. CEVRLOT 21 iauerstangm“u of the fundnoizntsl
excerinentcl activiiias cnd aunly tiese theories and concents of chenmistry througn
concepts and theories auvcnatically. avrerimental activities and apzly these
Lecane good citizens with scientific atultudes conzents and theories vo daily living.
tarcugh the corrying out of chemistr 3. becone zood citizens with scientific attitude
ex:criments., through the carrying out of chemistry
Understand tne ralation between ciiemistry and : Ve“Jerluenuo. '
1ife, and to stinulate the dessires of improving L, undmrstana the rﬂlatlan bctreen chemistry and
numan lives and mect the needs of modern living. life, and the importance of. chemistry to

natlonal e”onomﬁc con

(Contlnued)
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The chemistry curricula for both natural science
and soclal science programs deveibped by the study group
in 1975 had the following distinctive festures:

i. T2 chemistry curricula were conceptual and
structural approacheé to an intelléctual
discipline based on experimentation.

ii. They were presented in a nlanned sequence of
selected contexts to develdp students! under-
standing. |

iiie. They could be evaluated in terms of not only
the objectives of chemistry in general but
2lso in terms of the immediate behavioral
objectives,.

iv. IInowvledge and inquiry »rocesses were integrated
intnllectually and experimentally. In principle,
the topics and exveriments were interwoven and
tronted as unificd themes.

ve The loboratory work was completely revised in
ardoy o Tt the new vattern of the course, and
in most cases exreriments wera nore relevant.

vie The chemistry curricula rreconted chemistry as
it is today. Great cmphasis is nlaced on
sbulents? living environmoat ~nd the deily

lifec.
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H-%-2 Comparison of the CIEH Study.with the 1971 and 1975
Chemistry Curricula in Taiwan
)
Considering that the CIIIM Study roject had extensively
influenced scnior high school chemistry, the question arose:
" viere there any differences between thé CIEY Study and.the
current 1975 chemistry curriculum in Taiwan?"

y

There were four published texts relevant to the CHEM

-

Study in the United States. The original CH@WI Study text was
published in 1965, and three revised versions of texts

followed subsequently:

Author Textoooks
l.Pimental Chemistry: An &xperimental Science, 1963
Z.Cotton, Iynch Chemistry: An Investigative Apnroach, 1968

3.0'connor, Davis Chemistry: mxperiments & TI'rinciples' 1968
MMacnisch Helind
ricliellan
htorry, mellefser Chemistry: “xperimentel TFoundations, 1970
Steinor, NDictn
The following Table 42 will yrovida a comparison of
the €70 Study testts in the United Stobtas with the 1971 and

107% chendistry curricula in Taiwen.
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The previous table indicates that the contents of

both the CHIEIM Study texts and two Taiwan

vere very similar. The significant differences lay in the

178

chemistry curricula

\

sequencz and the number of chapters. Theo l_ntrlbutlon of main

e

topics were analyzed as follows:

Table 45. The Distribution of liain Topics of CHTHMS
exts and Two Taiwan Chemistry Curricula

—

INumber of Chapters

Itein Toypics

-

CHEMS Cotton Ofconnor Parry

1971

1975

190) 1958 1968 1970 curri.curri,
I. Scientific actis 1t1-
es and uncertointy o 2 1 L L 1
II. Atonmic structure and o
. 10 3 11 10 7 O

cuenical bonding
I17e Chenical reoctions

i
|
i
IV. Classification of f
|
|

=
T lements d
Ve Specicol Chonistry 5y

1
n
=

I~
W

- e e e w

section T occurins the least chapters. Section IT

the m0s5t chr-bers. Sention IV ~nd

Section 1T ond I7T. O010S texts haov

v Lo the data both in texts and curricula,

Vv heve legs chenters than

and III occupy

more charters than tvwo Tailwon

chenistry curricula. The 1975 chonistry curriculum of Taiwan has

the least chapters but covers all topics as

shown in Table L2.



5-7=7% Improvemont of Teaching llethodology

The success of a chemistry course derends not only upon:: .’
\

its content bhut also on the tecoching wethods enployeds Since |
the Ciluil Study project was introduced into Taiwen high schoois
in 196L, the mothod of instruction has changed considerably.
17isn school sclence teachers were encournsed to adopt fhe
Tguided discovery! or 'inguiry' appronch. This mennt that the
lcarning of chendstry was to be oricnted toward laboratory

1

sxoerinents. Tho movement caused certein +roblems. Large number

of teachers had to be retrained to hendle the new approaches
ond good laboratory facilities were cssential for 1mnlement1n5
tiuanse evvrorschos,

Althousn the revised chemistry curricula were being
used in nigh sthools and new texts strongly based on student
laboratory oiporinecnts were nrovided, laboratory facilities
could not be dnctelled rasidly and teochers viere not sufficiently

aunlified to offer the modern curricula. Thegse lacks created

dissatisfnction among high school stucents who studied chemistry.

1. "roining of Chemictry Tencheors
One of Thn urpent ne~de Tor » nnv chemictry terching

rrogren wvas tho susiply of well-treined tooazhers who were aualified

ci

co teach The nov courses. The (iiniotr: of “lducotion in Taiwan

thsrefore rot w end immlemonted » ~rogran for in-service training
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f:; of scilence teacherse. Taiwan has a rather unique system in that
the science dn-rervice training center ic affliated with the

Tational Taiwen Hormal University and Teachors»Colleges whiqh'
controlled by the Ministry of Zducation ond mubsidizéd by thg\
Trovincial Devnartment of Educntion.
The building of the confor required laboratories, a
- librory, workchons for the production of teaching materiels,
~nd clagsroons for physics, chomistry,'biolo:y and earth
sciecncen. The conter was equinned with cimerimentel facilities
nnoded in high schools aswell as certoin reseerch instruments.
The rtaff at the ceater were drzwn from cach science department
of the teachers troining institutions. The high‘schooi science
teachers learned to familinrisc themselves with the new
curricula, texts, laboratory menuals, teachers!' guides and
scionce infornestion.
There were also short term seninars, conferences, or
vorkshors o7 new teaching methods and nelented topics given
by the ilational Taiwon Wormal University and Teachers Colleges.
fnoennual meeting was also held by the Chemistry Society of
Teivon. A1l thegse developments arouned sufficient teacher's
interrst to wodernise chemistry tenshing at 211 school levels.
For the training of nrosnective teachers, a five-year
training progsrrn is now given by the teacher training institutes.
Graduntes of the faculty of science or enpginezring who want to
becowe tecchers ave now given an ndditionsl one-yenr program to

. . . . '
. loprn ncience curricula, teaching moterinls and methodology.


http:b1'[1.ry

2. Laboratory Facilities, Texts and Teaching Aids

Lnother difficulty in Taiwan hirh schools 1is
insufficient laboratories, equinment ond technicians. This
is due to &an increasing nunber df stucents and the limited
budget. ilowever, & comprehensive range of equipmont for
laboratory nurrose is now provided annually by the Ministry
of "duration and local educationel agohcios.

Betvween 1965-1975 a number of chemistry textbooks,
laboratory manuals and teachers! guides were written for
use in Teiwan high schools. All of theso lexts will soon be
rovised to koen bane with the 1075 chenictry curriculé.

Tith sush emphasis on modern arnrocches to teaching
shemistry in these years, the national Institute of Tducational
Materials has rrovared various audio-visual teaching aids.
These aldg include films, filmstrins, slides, tanes and charts

concerned with chemistry teaching. For examvle, cert=in

A I3

1 as those made as vart of the CH-I Study

1
V

nerican filns suc
rroject have ponn traaslated into Chinrnsa and distributed to
various nisn schools in Toivon.
Mere cro also a number of commercinl croducts now

.

cpposring on the mnarizet including veorious sets of models,

chorts cad slidnse. This phenow-non in ra attemmt to lead to

PR T
o srootor nff

iciency in the teaching of nigh school chemistry.
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@ Y - I Summary

Thé chemistry teaching durings 1945-1975 in Tajwan .
may be summarirzed as follows: | )

1. The eims of chemistry teaching have Dbeen refocused
with the intention that students should understand as opposed
Lo simly menorize the facts of chemistry.

2. The curricula of junior =nd senior high school
chomistry have been brought u>r to date,

Se Chemistry is now being taught in schools with a
sreater concera for the snirit of inquiry, the use of an
evserimentsl anvrooch, the releveance of the subject to
cvoryday 1ife and the intellectusl stinmulus that it can
mrovide for students.

Ihe It is now acknowledged that a frequent retraining
of teachers is eossential,

5« A considerable number of new orscrinments have
been develo 24, rodlacing many old-frshioned and irrelevant

e Chemistry teachers now hove avalleble a wide
range of terching technlques.

7+ There is o current tendonecr in junior high schools
tovards the integration of senarate scicnce courses (Riology,

Chenistry end Thysics) into one "CGeneral ScienceY course,
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Chapter 6
COMNCLUSIONS ANMD RICOIDTTIDATIONS

The rreceding chanters “have dealt with the origin
and condition of general odundtion, the status of secondary
science yrogroms and the asvect of high school chemistry

Wing in Toiwan during the veriod of 1045 to 1975, It is

the purrose of thigs chayter to swmmarize the rrevious

choasters ns follows,
5 = 1 Genor-l “ducation

In oder to accelorate the doveloryment of human
resourcos, Toivan has been greatly conceraed with gencral
nducntion.

1) “fucabtion in Teiwen has trousformed society from

Ao ovredoninently coricultural ozonony to o Wigh level of

2) Toth the educationgl syoion ond fte develortment
ro ocninistored ~nd controllod ~welusively by govornmént
coouciaes ~b thren levels, Contrs?, " ravincis? snd T.ocal,

A) TSduectional wolining are sebrblishad by the Ministry
of Blucation of the Centroal Government, Thrse policies reflect

the daedcions of tonchers ~nd saminictrotors o0 well 2g the

Ly
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the cociety.
4) The present educational trend in taiwan is to

vrovide education and training for every individual to the

=

extent of his or her ability. This is connidered as'a A
national investment that will feap nrofitable returns.
Traditional concepts of education for the elite that accentuate
the education of a talented few are generally fading.

%) The current demand for sducation in the fields of
science and technology in Taiwan is groater than ever before.
At the samc time, there is an increasing awareness of the
importance of spiritual and moral education to strenthen
Chinese culturel heritage.

() Constitutional expenditures for educational prograns,
scientific studies and cultural activities in Taiwan may not
be less than 15% of the national bﬁdget, 2505 of the provincial
budget and 5% of the local budget annually.

7) Since the end of “orld 'Yar 1T, secondary education
in Tailwan, o5 elscwhere in the world, has undersgone changes
of pgroat significance involving nuantitative and qualitative
reforns. Tres education hes been offered to all students

ml

since 1068. This hasbeen instituted to meet the rapidity of
ceientific and technological changea at veorious social strata.
Traditional ocducational conrerts have been changed in

consideration of the incrensing number ot incdustrial

occupations.
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8) The school curriculum is uniquely authorized by
the Ministry of Bducation. Junior high school and elementary
school curricula in Taiwan are organized in a nine-year ‘
seaquence, ecmmhasizing character building, citizenship training =
and nractical knowledge so as to Tasiiitate further schooling
and/or emnloyment. Curricula for senior nigh schools_are
divided into two sections at the end of the firsﬁ school year.,
These are the 'Social Science! and '“atural Science'! rprograms.,
The cnrricula also emphasize vocatiousl and technical training.
in addition to the basic subjects for the vreperation of rost
sraduate emnloyment. In general, secondary school curricula
have shifted from theoretical to wmore wractical aspects of
cdusntion.

Q) The latest educational statistics issued by the
liinistry of uducation in August 1973, shows the educational
inprovements that occurred between 1700 and 1977 in Taiwan

as follows:t

School Year

1250 1977
i) The nrercentage of the full-time caroilnent
in the elenonteary schoolz to the total
schooline nioe (5=12) children 70,08 99,27
The avernsa nuaber of students »er
teocher 25035 0 29,18
The overoge ol ass size 5175 LG.5H2

.o Central Daily llews, Internationeal edition, August 29,1978.

Teipei, Taiwen, pal.
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School year
. a5
e percentege of the total number 1820 1977
of the full-time students to the
. 4 35
total pownulation _ 14 26.8: S
)
The percentage of the enrollment
\
in different levels to the total
nunber of students:
Students in elementary schools/totlal ,
3405 51.29%
number of students '
Students in secondsry schools/total
1 A 3 57
nunber of students 114 o570
Students in colleges & universities )
0655 S0 30
/total number of students -6 6.8
Students in other educational
. - , : 2.0% 7.3
institutes/total number of studeats ’

10) The following information may provide a concept
caucational nrogression in Taiwen en comrared with that
Québec ond Conada in 1074

Teien 4 Québec? Canada’

Forulation (1000) 15,202 ¢,081 22,095

Totol To. of students in

-0 s ~ - 5 L0 -
cle. 2nd sec. schools 29040, 230 1,044,751 5,004,590

Total lo. of teachers 178,300 79, 0Ll 274,104
Studenta/tercher ratio BEYA) 19,5 2074
Students/»onulation ratio /e DU GO 257X

L

D
‘e

Chinn Year ook, 1975, Chine Fublishing Co., Tainel, Talwan,

Yol and v 24 5-248.
and He Ceonada Year Hook, 19Yy, Statistics Cenada, Ottawa,
Delll, 2nd pna701-302.

\)
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This is greoctly due to the lack of nval
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mnrollnant

and universities
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Students/ropulation ratio

Total

exmenditure on

.
Tailvran

179,565

1,150

\
LIS 28245 96
education(Us#l,000,000) 3k 8 28245 6352
nducational expenditure
o) =t ;’1‘ 7
ner capita(Ush) ok 52 L5 1-.4{»8 t76.08
Average ver capita income £Q7 1.G75 5197
Sducational expenditure per
- ;/ . s -(,/' - j// :
canitn/~apita income < sl 8.59%
fs illustrated by the above table, classes in Talwan
significantly larger than those in “udhec and Canada.

shown,

the

then one twve

aderming whe
nopulations,
ovident

enrolluent

is lecogs than one fifth of that in Cennda,
decl more time and moncey nmust be davoted
Meolwen if the government wishes to ~r»roech
cducation of other develovod nations.
IT'China Yoor Voolk, 1879, China Tub.
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G = 2 Science Dducation

In Teiwan, the development of science education has
been one of the government'!s main aims. | !

1) There is a national sct of curricular standards
vnich deal with Biology, Chemiétry and 'hysics respectively
at both Jjunior and senior high school levels. The specific
objectives for esach subject, their rontents and their time
2llocations arc uniform throughout Toiven,

2) The junior high school science curriculum is
‘curredtly heing readjusted. The Hinistry of 7ducation believes
that tuere is great urgency in commeancing to ?repare‘instructional
materinls for the teochiong of integrzted science in junior high
cchools. The three-year general sclience program will be
organized olong sinilar lines to that of Iiorth America.

3) In order to imnrove the current cenior high school

1.

science rrosrem, the lMinistry of Hducotion is trying to
imnleriont the clective system rerlacing tihe existing system at
the Dbeginning of the second school.yeare. The elective courses

include: lonsuagse, methemztics, natural sciences, soclal

n~

sciences, incustriol arts ~nd orofessionel technologye.

1

L) ITantonsive nre-service and roining

oF

in-sorvice
programs oro firely necded in Toaiwon, Through these training

rrogroms, science teachers will he helred in comnrehending

1. Central Deoily ITews Internationsl odition, Sent. 11, 1978.

taipel, Trivon, n.l.
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objectives of science education, in leecraing current science

PR

contents, in using laboratory facilitiss and in applying the

incuiry aprrocch to the teaching of soience.

- —

C o= 3 Chenistry Teaching

1) Chenistry curricula at both junior and senior
high sonool levels have beon brought'up te datc.

2) "Mhe a2im of chemistry coursces is focused on the
relevoney of thie vrogram to the students' environment. There.
is a gsrowing realisetion that content seloection should be
related to locel zonditions.

5) Chomistry teaching methods show e greater concern
for the shirit of dinquiry and the uce of an exrerimental
aprroach. Science teaching in Taiwen heos benn slowver to adont
thece arrroachos as they suffer from incufficient laboratoris
and eawicnaent ~nd o shortesge of well trained teachers.

L) '"ho najor contributions of l-terntory work result
from the orvortunitics for nmaniwlation thet are vprovided to
cach student. Tlort schools in Maiwen hove average grounings
of four to oight students in chemistry laborotory vwork. In
such pgrou.n, non-agressive students are often 2meluded fron
the lerrning »rocess, Coreful »lenning is therefore neoded
to provide worthvhile activitics for each student in larger

Crou s,

LI
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6 - &4 Recommondations
Based on the conclusions of this ~tudy, some '

reconmendations are suggested as followa:

1) Szience programs muét allow for cbntinuity in
change. Courres of study should never remain fixed butvalways'
subject to modification and constant rovision. Tt is the role
of teozchers to interpret the aspirations of students, the
nneds of society and the chenging nature of tﬁcir subject to
rroduce a new curriculum. The following Tigure 7 shows the
factors affeclting curriculum chonge and the stages of
nroducing curriculunm chango.1

Picure 7. The Factors Affecting Curriculum Change and
The Stages of Producing Curriculum Change

Factors affecting the Stepes of producing
curriculum(he four 5t'S curriculun change

(The four A'S

rans
Students ,
N L Lotion(Teaching method
Staff ¢ Sorioty. Currdculun | end content)
(Teaché>§z ’ change
‘ L fissessment

‘Subject’
' Adjustment(Tvaluation and
changes to the
other 5A's)

1. Danieln, D,J, llew Movemcuts in the Study and Teaching of

Chenictry, Teanle-Snith, Toadon, 197%,m.”200.
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?) Provisions must be made for gitted students as
well as slow learners.

5) The good science teacher must be prepared to use
a varioty of teaching methods; and onc of his primafy functiOns'
is to select en anpropriate meﬁhoaology for a giyen situation.

L) Tivery science progrém requires provision for an
annual budget for the purchase of laborntory equipment and
suwlies, references, nagarines ~nd ~uulo-visunl teaching aids.

7) The three-year goneral sclience program in junior
high school will Dbe organized by the Ilinistry of ¥ducation in
the necar future. The tollowing susgentions ere offered:

a. The three-year generanl science nrogram should be
built wcon the aoclience experiences thal ~hildren have in the
elementary school. It rhould deepen and extend the understandings
already developred without undue repetition.

be In the teaching of gensral science, students should

Cﬂ

ciitlore = fow goecific erecas selected fron 3iology, Chemistry,
Yhysics and Jarth Sciences. This ernloration leads students to

sce the interreolotionships of the s ~cial science areas to develop
2n uncorstanding of the nrincinles and concerts associated with
the verious orens of sclence.

scionce nwrogran io chersciorized by a

veriety of orxwerooches: domonstrs-tions, diccussions, laboratory
oxperiments, fivd trips, the uce of rudio-visual aids, project

worl, student rscecrcly, the us? of comnmunity resources and

y notivities.
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Coe

in adenting to lozal circumstances and

invididual

6)
discovery!
discovery mrocess

acnects:

involves the

The general scicnce nropranl

interests and abilities of the

undgers

snouwld be
in

N

student,

Chemistry teaching should follow the 'sulded

flexible

dealing with

&y roachs The successful oovlicotion of the guided

tonding of the following

2e he role of the tencher to puide discovery.

b. Student discovery in the Isbhorestory.

ce svaluation of th2 instructional conditions-—-

to dotermine both the initial obs-orvation and terminal

rowort of the students.

de Tiovels of sorhistication:

i) At the
vrroblems and ¢oscribe
discover relntioas he

11) At the
nnnual but mothods as

i)

ond nethods

At the

simnlest

0TS

does

and

not

level,

the

the students! anture at three levels suggested by SCIVWAB:

the naterial

toacher evaluates

1

can nose

morns by whish the student can

Itnoyr from his books.

second lavel, nrobleams are nosed by the

vell

third level, »roblens ag

are left open.

nn anaviers ~re left open.

well as ansvers

n. Post-laboratory discussion: the teacher leads the

closs to eramine and to dincnver obhnry tossible topics related

th
no
e 3 e e e <

L.

to exmerinent.

Joserh J. Soovab, The

Teaching of Science As Fnouiry,

Toarverd Iniversity, Canbridge, llncn,, 1054, 2.00.
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f. Discovery in fhe classroon: a spirit of
independence from the teacher in learning should be created.

g. Formulation of 'Thought I'attern': chemistry
students may investigate the concepts by the explorétion of.\
collected data. The science prégrnm of the Scottish Department
of Iducation presents the follbwing 'Thought Fattern' as
shown in Table 44. The application of thought paﬁtern to

CiEBtudy experiment(s) will be listed in Appendix IIT.

Table L4, The Formation of Concept 'Thought l'attern?
Thinking |

.t - —

In Comprehending In Apvlication In Anelysis Synthesis
[} L7
. , and Wvaluation of
Knowledse of Knowledge ‘

tnowvledge

—

Observing Rearranging Justifying
Comparing Relating Assuming
Classifying ' Lxplaining Inferring
Summarising Predicting Imagining
Interpreting Estimating Inventing
Discriminating Niscovering
Illustrating Geonerelising
sxtrorolating I"ynothesising

Testing 7 Renassessing
“yvotheses

Judging

...... - —

In view of the information wrovided in this study,
the reoders nay increase their underntonding of the science
education and chemistry tezching of Taivan secondary schools

from 1945 to 1¢7%. At most, thig attemmt rerresents only a

1e Science tropram of the Scottish Department of “ducation,

a
'

Sdinbursh,
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snall fraction of what might and should be done in this
arca. There is a continuous need for recearch in the field
of science curriculum planning at 211 Lovels of education.'

\
(ne imcortont auestion remains to rontomrlate @0 "Uhat kinds

of citizens do we wish our schools to nroduce?" This is a

aquestion tomorrow'!s curriculum reformers connot ignore.



APPENRIX 1

TTIE CONSTITUTION OF "THE
REPUBLIC OF CIIINA

(Adnpted by the National Assembly on December 25,
1046, promulpated by the National Gorvermment on
January 1, 1947 and effective from December 25, 1947)

The National Assembly of the
Republic of China, by virtue of the
mandate reecived from the whole body
of citizens, in accordance with  the
teachinga bequeathed by Dr. Sun Yat-
sen in fonnding the Republic of China,
and in order to consolidate the au-

thority of the State, saflcguard the
rights of the people, ensure  social
ttanqguility, and promote the wellare
of the people, do herehy  establish
this Constitution, to be promulgated
throughout the -country for -faithful
and perpetual observance by all,

Scction 5. EDUCATION AND GULTURE

Article 158, Lducation and cul-
ture shall aim at the development
amony the citizens of the national spirit,
the spirit of self-government, national
morality, good physique, scientific know-
ledge and the ability to earn a living.

Acticle 159, All citizens shalt
have equal opportunity Lo reccive an
education.

Article 160. All children of school
age from 6 to 12 years shall reccive
fice primary cducation. Those from
boor [amiilics shall be supplicd with
books by the Government.

All citizens abave school age who
have not received primary education
shall receiva supplementary education
frec of charge and shall also be sup-

plicd with books by the Government.

Article 161, The national, pro-
vincial, and Inacal governments shall
extensively estahlish  scholarships to
assist students of good scholastie stand-
ing and exemplary conduct wha lack
the means to continue their school
cclucation.

Article 162. Al public and pri-
vate edncational and cultural fostitu-
tious in the conntry shall, in accord-
ance with law, be subject to State
supervicion,

Article 16}, The State shall pay
due attention to the balanced develop-
ment of cdueation in different yepions,
and ahall promote social edueation in
arder ta raise the cultural «tandard of
the citizen in general, Grants from
the National Treasury shall be made
tn frontier regions and  economiceally
poor areas to help them meet  their
~durational and cultural expenses. The
Central Government may cither itself
undertake the more important cduca-
tional and cultural enterprises in such
regions or give them financial assistance.

*China Year Book, 1975, China Publishing COe,

Taiwan, pp.637-638

Article 164. Expenditires of eedu-
studics
and enltural serviees shall net be, in
respect of the Central
less than 15 per cent of the total
national  bhudget: in.respect of cach
Province, less than 25 per cont of the

cational  programs,  scientific

Government,

total Provincial budgets; and in respect
of each Municipality or Ilsien, less
than 35 prr cent of the total Muni-
cipal or Heien budget. Educational and
cultural foundations established in ac-
cordance with faw shall, torether with
their property, he protecred.

Article 165. ‘Ihe State shall safe-
guard the livelihoed of thosc who
work in the fields of cducation,
sciences and arts, aned shall, in accord-
ance with the development of national
economy, increase their remuncration
from time to time.

Article 166, Yhe Staie shall en-
“courage seivntific discovericc and inven-
tions, aml shall proteet ancient sites
and articlee of historical, cultural or
artistic valne.

Article 1067.
encouragement  or
following

The State shall give
subsidies o the
enterpriser or  individuals:
. Edueational enterprises in the
country which have been aperated with
good recovd by private individualy
2. Fducational  enterprises which
have heen operated with wood record
by Chinese citizens residling abroad;
made  dis-
coverirs or inventions in the ficlkds of
learning and technology; and

3 Persons who have

4. Persons who have rendered long
and meritorious services in the field of
cducation.
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APPENDIX II

Compiled by the stoff of the Division of Science Teaching, Qno:co, for this volume,

THE UNESCO PILOT PROJECT FOR CHEMISTRY TEACHING IN ASIA

1. BACKGROUND TO THE PILOT PROJECT..

Tho newly-developing nations of Asia are quite aware that their
davelopment rests heavily upon their ability to train large numbers of
their people to serve as tochnicians, technologists and scientists.
They also are aware that they must spread an understanding of science
widely among all their people to form a base for a modern industrial
sociaety. Yet their chier instruments for accomplishing these tasks -
schools, technical institutes and univeraities - are seriously weakened
by a great shortage of trained science teachers, by a scarcity of modem
textbooks, and by inadequate school laboratories and apparatus. They
struggle against rigid examination systems and out—dated curricula in
their efforts to teach modern science. Far-reaching reform of soience
teaching is clearly a matter of high piriority facing them.

Unesco has not been unresponsive to requests fron Asian leaders
for help in carrying out this reform. Through Unosco asgistance,
science instrument repair centrec have been built; inexpensive science
teaching apparetus has been supplied to schools; advisers on science
curriculum reform have been sent to Ministries of Educationy teacher-
training institutionz have been provided expert personnel, fellowships
and equipment to increase their ability to prepare science teachersj
and Advanced Centres for scientific work have been supplied with
scientists of the highest calibre. To coordinate and intensify this
agsistance, Unesco has established two regional Science Oo-operation
Offices, one in New Delhi, one in Bangkak.

While continuing these important programmes, Unosco has recognized
an urgent nced for a new type of assistance to science teaching improve-
ment. In each country in Asia, Unesco findas a small but growing corps
of key science educators which 1s taking on more and moroe of the res—
ponsibility for improving science teaching, These key indi viduals are
writing the new science textbooks needed in the schools; they. are
organizing and conducting in-service courses for school science teachers;
they are modermizing science curricula and cyllabuses and overhauling
the old examination systems; and they are introducing new techniques of
instruction into the schools and universities, Those individualo -~
"the teachers of teachers" - can be found in the science departments of
universities and of teacher training colleges and in the science
education sections of the ministry of education. But wherever they ure
working, they are shouldering tasks of enormous magnitude without
sufficient assistance to insure the best results of their efforts.

Conseyuently, Unesco's new type of programme has been focussed upon
these key teachers., The strategy is to invest in strengthening their
abili ties ag leaders of science education and to depend upon them to

UNESCO, New Trend In Chemistry Teaching, Vol.1,1964-1965,
Ip°335"5460
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roflect this contribution in improvements to all those science teaching
activities for which they are responsible. Besides realizing a large
multiplying effect in the funds invested (an important consideration in
view of Unesco's limited resourcea), this strategy appears sound in
recognising and reinforcing initiative already present among many Asian
teachers.

In plamning this new programme, Unesco has been guided by several
convictions regarding science teaching reform:

() The rapid growth of new knowledge in science makes it
necessary to carry out the improvement of science
teaching as a continuous process;

(0) A vital ingredient in any programme for science teaching
improvement must be a dialogue between research scien-
tists and science teachers directed toward clarifying
the underlying concepts in each field of sciencej

(c) Science teachers must be willing to explore the use--

fulness of the newer techniques for instruction which
are bYelng developed by bducational research.

2. OBJECTIVES OF THE PILOT PROJECT

The Iilot Project for Chemistry Teaching in Asia, the programme
Unesco has established to implement this strategy for science teaching
reform, is only a first step, of cource, for it is limited for the
moment to teachers ot chemistry, Nevertheless, i1t is expected to
provide valuable ¢1idelines for future programmes of larger scope
involving other sciences and other subjects. The Pilot Project aims

to asaist the key teachers of chemistry in Asia along two principal
lineg: '

(a) Involving a selected group of thom in the creative work
of developing new chemistry teaching material at an
axperimental centre in Asia; this can strengthen their
background work in modem chemistry and in the new
approaches to teaching and can demonstrate to them how
modern chemistry, new teacbing techniques, and an
integrated set of teaching materials combine to make
classroom teaching more effectivo;

(b) Supplying carefully designed chemistry teaching materials
to teachers throuchout Asia as resources for the national
or local level tasks thoey are undertaking: writing text-
books for teachers, drafting new syllabuses and examina-
tions, conducting in-gervice courses for other teachers;
etc. These resource materials, based upon recent content

N
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in chemistry and upon new techniques of instruction

should provide a powerful stimulus to all who are

preparing student materials for use in schools and

uni versi tiess ) ‘

This programme has been set up as a pilot programme because of ths
magnitude of the problems to be solved and the vast number of teachers
and schools to be assisted in Asia. Only in a pilot project is it
likely that reasonably manageable conditions can be amsured for
conducting the search for solutions to these problems, and only in a
pilot project is it likely that ways cun be devised to disseminate
these solutions effectively to each participating country.

Furthermore, the pilot nature of the project is important in
another wuys it pemnits a demonstration to be carried out of the
feasibility of involving university und research aciantists in the
retninking of school-level science content, All too commonly it is
assuned by school authorities and university or research scientists
that school science teaching has nothing to gain fram university or
research gcientists., Yet the lessons learned in the recent acience,
curriculun reforu projects of Europe and North America point clearly
to a different conclusion: high level scientists, if involved in un
appropriate manner in school science reform can make an imn,crtunt
contribution to fundamental reform of the content of school scieoncoe
The challenge facing any project that seeks to ve effective is vo
discover those arrangements by which leading scientists way btu uce-
fully involved in reform of school science teaching. ‘fhe Pilioi
Projoct has made a cureful atteupt to provide just such arrungousnte
in its experimentzl centre in Asia and Unesco hopes the desonsirution
proves 80 convincing that the barriers preventing sincere searchau
at the national level for ccoperation between school authorities and
scientists in Asia can be overcome. This cooperation could lecad to
striking advances in school science raform projects in countries of
Asia whore sciontists of world-reputation are literally waiting to
find a way to be useful to their own schools and talented youth,
Hopefully, the pilot project will show a way to energize these
resources for science teaching improvementiwhile keeping the guidance
of schools in the hands of seasoned teuachers,

Jo . THE PLAN OF ORGANIZATION OF 'ME PILOT PROJECT:

In arriving at the most effective plan for the Pilot Project
Unesco has becn stroagly influenced by the presence in jAsia of alrouly
existing national projects for science teuaching reform - many with
major support from the aid prograrmes of the higly industrializel
nations.

By locating the Pilot Project in Asia, Unesco hopes, for ong
thing, that benefits to science teaching will arise through a wide

+ Ceylon, Japan, India, Fhilippines, Australia, Korecu, Taiwan.
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interchange of experience amqng leaders trom these Asian curriculum
refom projects who are brought together,

For anothsr, Unesco hopes to involve these national pgroups in
Asia who have begun science curriculum reform in the work of the
experimental centre of the Pilot Project. These local groups can !
supply the Pilot Project a means to field teat its materials during

their development. In return, the Pilot Project iy able to

provide resource materials to the national groups for their own tasks.

The organization of the Pilot Projesct connects an International
Worxing Croup, located at an experimental centre for chenistry teaching
with national Study Groups in each participating country of Asia.

Each Study Group is supplied the recource materials prepared by the
Intemational Working CGroup and, after studying the materials, makes
them available to individuals and groups working at the local level
on various aspects of chemistry teaching reform. These groups
includes '

1, Chemistry teachers in universities or teacher training
colleges;

2+ Science education sections of a Ministry of Educationj
3, Curriculum reform committees;
4. leaders of in-service courses for chemistry teachers;

5« Textbooks—writing teams,



CRGANIZATION OF THE

UNESCO PILOT PRQJECT FOR CHEMISTRY TEACHING IN ASIA

TNTERNATIONAL \WJOIXING GROUP
(Staff plus 20 Asian Teachers)
located during 1965-66 at an experimental
centre for chemistry teaching

in Bangkok, Thailand

STUDY GROUPS

AFGHANISTAN BUIUA CEYLON INDIA IRAN
I 1 ] 1
ISRAEL JAPAN KUREA MALAYSIA NEPAL
I I 1 1
PAKISTAN PUILIPPINES TAIWAN THAILAND

The Study Groups are supplied the resource materials in Chemistry
Teaching fran Bangkac and make them available to national or local units

working on curriculum reform.




a» The International Working Group

During 1965-66 a group of twenty chemistry teachers fram universities
and teacher training institutions of fourteen Asian countries has assembled
in Bangkk ap the International Working Group of the Unesco Pilot Project,.
Thoy are devoting a tull year to study, laboratory research, and develop-
ment work on chemistry teaching materials in an experimental centre for
chemistry teaching. The experimental centre consists of a well equipped
chemical laboratory, audio-visual materials and production facilities,
offices and study rooms, and has been made available through co-~operation
between Unesco and the Govermment of Thailand, The staff and consultants
for the International Working Group are being drawn fran among leaders
of the chemistry teaching reform projects of Asia, Burope, and the U.S.A,
Other consultants include outstanding chemical research scientists and
specialists in the new techniques of instruction. (+)

The International Working Group is proving useful as a channel for
transfer to Asian teachers of some of the experience on curriculum reform
gained in major projeots outside of Asiaj the Nuffield Chemistry Projeot
in the UJX., and the CHEM Study and Chemical Bond Approach Projects in
the U.3.A., for example,

Furthemore, Bince many of the Asian teachers in the Working Groups
have taken leading parts in curriculum refomm projects now underway in
Beveral of the Asian countries, the International Working Group is proving

useful as a means of exchanging these experiences among the Asian teachers
themselves,

Since the work at the experimental centre is organized around the
preparation of resource materials in chemistry teaching, the programme
at the centre includes discussions between consultants and the teachers
directed toward clarifying selected topics in chemistry; individual
laboratory research in a search for suitable stulent experimentsj
preparation of teaching materials based upon new techniques of learning;
8mm, film loops, programmed learning, etc,

Unesco believes that the contribution whioh this work in the
axperimental centre is making to these selected teachers is two-fold: it
is providing them, as stated earlier in the aims of the projeot, an
opportunity to strengthen their own backgrounds in modern chemistry and
in an understanding of the new approaches and techniques for teaching
chemistry; but it is also opening their eyes to the fact that participa-
tion in curriculum reform is now becoming widely recognized as an
axpected responsibility of all soience teachers, It is to be thought
of as normal mode of his professional 1life as a teacher.




be Study Grecups , ' .

Unesco has invited each participating country to organize ome or '
more national Study Groups. A typical Study Group in a country contains.
uni versi ty chemistry .teacheras, secondary achool chemistry teachers, '
science education specialists from ministries of education, and often
times a research chemist. In most cases the participation is voluntary,
though in gsome countries a more fommal arrangement has been worked out-
regarding membership in the Group.

The Study Groups meet at regular intervals to examine and camment
critically upon the resource materials sent fron the Intemational
Woiking Group of the Pilot Project. Unesco is also sending these Study
Groups textbooks, teachers guides, lzboratory manuals, films, and other
teaching materials from sare of the more important chemistry reform
projects in the world, and as a consequence, Study Groups are able to
function in each country as clearinghouses of chemistry teaching
“materials, a function of considerable value to teachers in schools and
universities who desire access to such infomation.

The most important function of the Study Groups i3 their work in
linking the International Yorking Group of the Pilot Project with
individual or group effort in each country directed toward writing new
textbooks, oconduocting in-service courses for chemistry teachers, or
carrying on curriculum reforms, ‘he Study Groups are bringing to the
attention of these efforts the Unesco resource materials and in many
cases, suggesating possiblo use of the materials at loocal levels.

‘The Study Groups have been instructed, of course, to respect the rights

of all who accept the Unesco resource materials to use them on their
own terms.
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4, PREPARATION OF THE RESOURCE MATERIALS

L]

The strategy which guides the International Working Group in \
proparing resource materials. embraces two central propositions whose
validity for science teaching reform has been suggested by work in
gome of the major projects mentioned earlier:

Te first of those propositions raises the possibility that many
attenpts to improve chamistry teaching are frustrated by insufficient
attention to the nature of chemistry itself., The basic question is:
What could be accomplished through a careful examination by competent
chemists and experienced teachers of the principles and practice that
cqomprise chemistry? The Pilot Project agsks the teachers to take this
question seriously and has arranged for them to devote considerablse
time to a caroful examination of selected areas of chemistry content,
This exemination, referred to as content analycig, has already indicated
a variety of gaps und embiguities in conventional presentations of
chemistry.

Thoe second of those propositions stemg from preliminary experiments
with new techniques of inatruction. These experiments raise the
rossibility that a teacher's outreach and effectiveness might be consider—
ably increaned thrcugh the new techniques, e.g. 8 film loops, programmed
Jleuarning, inexpensive luboratory kits, etc. Even more important, the
experiments suggest that these techniques may encouraze students to
shoulder more of the responsibility for their own learning of science.
These possibilities are being examined by the Filot Project. Sets of
carcfully integrated media for instruction prepared on the basis of
analysis of each tcpic are being supplied to the Study Groups in each
country in thc hope that they will stimulate [urther work along the lines
.opened up by the Intemational Working Group, Only a limited amount of
testing of these materials with Asian gchool children can be attempted
in the Project. Extensive adaptualion and testing in actual school
situations must be assumed by local groups under supervision of experts
in science education
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A - diagrammatic presentatipn of the procedures followed by

the Intemational Working Group

How the scientist (

CONTENT o) How the student looks
looks at the topic(

ANALYSIS } ) at the topic

CONNECTED -
DISCOURSE

v
VARIOUS

PROPOSALS FOR
TEACHING
SEQUENCES

l | |

TYPICAL
RESOURCE
MATERIALS

A, Content Analysis

Bram
" lOOp"
films

Laboratory
Experimentsd

Textbook:
content
suggestions]

Toachers’
Guides

Programmed
Instruction
Material

During 1965-66, three topics recognized &s coanecting threads in
much of the chemiatry tuught in schools have been aslectod for worx in
the Centre by a panel of scientific advisors to the Pilot Project: (+)

Mass relationships among reacting substunces;
Energy in chemical reactions;
The rdole of structure in chemistry,.

(+) Roport of Moscow Plamning Meeting of Unesco lilot Project,

Jeptember 1964.
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The analyeis of each of these toplics begins with questioning the
adequacy of definitions of terms commonly used in textbooks. A search
for “operational" ways to relate these terms with student axperience
leads the participants to a considerable amount of laboratory research
on suitable experiments for stulent use. Finally, an effort is made to \
link each topic to other parts of chemistry., A fuller account of those
procedures, as well as suggestions of additional topics likely to occupy
the participants in such a Centre in subsequent years, appear in a paper
by the Project Director, entitled: Content Analysis as a Major Stratqu
for Curriculum Refomm,

The crucially important feature of successtul content analysis is
that the particular chemical topic under examination must be kept subject
to two points of view:s

L. The point of view of the scientist who insists upon
reliability of evidence, experimental support or
ideas, and a contemporary understanding of the topic;

2, The point of view of the student in the classroom
who is attempting to understand the topic as a
part of the subject of chemistry he is studying.

A balance between these two points of view is ospential to any
successful reformulation of a topic in chemistry, The "ilot Project
participants are devoting considerable effort to attaining this
balance by finding ways to overcane the usual barriers to effective
dialogue between those who lock on chemistry primarily as scientists
and those who are concerned primarily with the way a student understands
chenistry. There ig little doubt tnat one of the most important
recommendations for currlculum reform arising from this Pllot Project
is that this dialogue botween teachers and scientists should go on
continuously within an appropriate centre to provide a constant supply
of fresh thinking on what 1» taught in the science courses in the
schools.

Bs Comlected Discourse

The content onalysis of each topic in chenistry is finally
sumarized in the fomm of a connectad discourne, often in the fomm
ot a monograph, The question then arises, "What is the best way to
distribute this content over the teaching techniques available -
films, texts, programmed learning material, laboratory experimenta,
etc."” The present view in the Project is that no really reliable
theory exists witn which to answer this question. Instead, the
axpoerience of individual members of the project is suggesting different
enpirical approaches which will be compared eventually in tems of

their offectiveness in aiding student unlerstanding. This step is
referred to as the preparation of teaching sequences,




C. Preparation of resource materials

One of the best ways to assist the teachers in the Pilot Project
to become acquainted with modem principles of learning theory and .
with new techniques of instruction is to ask them to develop carefully
integrated sets of teaching materials based upon these principles and
techniques., Unesco haa bhrought to the centre highly experienced '
consultants on such topics as audio-visual technijues and programmed
instruction. The resource materials produced are to be labelled as
"experimental and tentative" because more exhaustive testing of these
sets under conditions of actual schoolroom use will be required to
detemmine their validity in schools. Since in almost all countries
the testing of experimental teaching materials with children in school
is a prerogative of education ministries and teacher training colleges,
the Uneaco policy is to restrict the Pilot Project work to preparation
of these sets of materials as resources for local experimentation.

D. The Search for meaningful laboratory experiments

The chemical laboratory is a central feature of the experimental
centre. The Pilot Project staff and participants are devoting consider—
able effort to laboratory workk in which a search is underway for
meaningful experiments for students. The criteria for such stulent
laboratory experiments are stringent ones:

L. The experiment should have 'a clear scientific purpose. While
exercises to teach the use of equipment, and to demonstrate difficult
. principles are occasionally useful, a better experiment will provide
data that answers a specifio question., The best experiment provides
data that answers a question at the came time that it raises new
questions. In all cases, the purpose of the search must be clearly
understood by the student so that the datu—-gathering techniques appear
relevant to him, '

2., The experimental techniques and apparatus must be appropriate.
If the laboratory is a place for gathering ideas, then complicated
equipment and difficult technigues can only get in the way. The very
real problem of lack of equipment in Asian schools confrounts the Pilot
Projeot with the task of searching for simple procedures using the
most readily available chemicuals and the most familiar types o1r apparatus,

3o The experiment should be honest uccording to the best available
knowledge of the underlying chemistry. Often, by selecting specific
reactions or specific conditions, one can use a false experiment to
gather good data. However, the end does not justity the means., Chemical
probloms should be faced sguarely, and the spurious experiment discarded,
or else put in a context where its falseness is brought to light,



A« The cxperiment ghould be reproducible by the class ot students .

who use it. Careless work should‘never be encouraged: measurements

should be made to the limit of conveniont accuracy, unless it is know-
ingly done to gain an order of magnitude estimate. Such matters as

errors in measurement, significant figures and reproducibility are a
nocessary part of the laboratory procedure.

5 The experiment should encourage genuine independent inquiry,
The pursuit of chemical fact and theory is a never-ending quest., 1In
such experiments, even the unimaginative stulent can be made to see
the need for and be inspired to do unscheduled but supervised work,
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The Application of 'Thought Pattern' to CHEMS Experiment

N

CIIEM Study Experiment 3

Density of two metnls ‘ !

A) Comprehending Knowledge

1) Observing:

a) the weight in grams of two different metals,
b) the mensurement of the volume of two different metals by means of
a ruler or ¥y woler displacement,

2) Comparing:

a) the mass-volume relationship for one metnl to the mass~volume
relationship for a different metal,
b) the densitier of the given metols to the densities of materials ¢~

listed in the londbook of Chemistry ond Physics,

¢) the two methods for volume determination;
1) length, width ond height meosurement using a ruler,

") water dirplocement.,

32 Clessifying: 1in tabular form the respective mass and volume date

corresponding to the two different metals,

Metal 1 Metnl 2
Mosa () Volume (ml) Mass (g) Volume (ml)
44.0 4,7 . 840 4.4
37.0 .3 14.0 41,5
37.0 5.3 15.0 4,5
47,0 5.9 16,0 5.0
49,0 G.4 18,0 6.7
H7.0 6.7 18.5 7.0
o8.0 7.0 20,0 8.0
67.1 8.9 22,0 8.9



4) Interpreting:

e) it is probable that the two metals have o different composition,

b) it is probable that the distance of a point from the mean, the

csolid line of the graph is.caured by the three types of error:
1) error due to the method,
2) error due to the experimenter,

3) syrtemotic error,
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B) In the Applicntion of Knowledge: Volume

Rearronging: the class mass ond volume date in order of increas—

ing value,

llelnting: the slopes of the solid graph lines to the most pro-

bable density of the respective metals.

Explaining: the raotio of mass to volume of a given substonce is

equivolent to its density,

Predicting: A substance will ucually show the same value for

the moss-volume relationship,

1}
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5) Batimnting:

a) the most proboble densities of the two metals:
1) 7.64 g/ml., 9) 2,85 g/ml., . ‘
b) the possible errors due to the two methods of volume measurement:’
‘1) uncertainty in length reading: 0,2mm. (ruler),
2) uncertninty in cylinder reading: O.le;

C) In the Evoluntion of Knowledpe:

1) Justifying: The respective densities of the two metnls are determined

n number of times Lecause the mean of the values (solid graph line)

represents "renlity" better than a single value.

o]
-—

Assuming:

n) that the composition of:
1) metal-one is the same throughout,
2) metnl two is the snme throughout,
b) nll the clnss is using the same two metals,

3) Discovering: the fact that there is a contant relationship between:

the mass and volume for a specific substance,

4) llynothesising:

n) different metnls will show different constant values for the
mass-volume relntionship,

b) metnls crn be identified by estimnting their densities nnd then
comparing them to the densities listed in n previously prepored

chnrt,



5) Testing ond Renssessing the llypothesis: experiments were per-—

formed in order to determine the densities of other metnls,
o .
These densities were then compared to constonte given in the

indhoolc of Chemistry ond Physics., Identificotion of the metals

wng thus achieved,

* Inlroductry Physicnl Science, A Useful Bockground for CHIM. Study
Students, fnpela D'Amboisg, McGill University, Montrenl, 1972, pp.26-13,
i

)
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