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'Graduate Institute of Science . - .
Education, National Changhua For the purpose of introducing the trends and development of science teacher

University of Education, Changhua | €ducation in Taiwan, three stages of teacher education were explored in this study:
Eitﬁhl_TaiV;'an or i o the distant past (DP): 1949 to 1994, the immediate past (IP):1994 to 2017; and|the
o e o | Present and future (PF): 2018 and beyond. Each of the three stages has had a
different emphasis on science teacher education. In the DP stage, science teagher
education in Taiwan focused mainly on preparing elementary and secondary s¢hool
science teachers with sufficient science knowledge, pedagogical content knowledge
and to be good role models in the classroom. During the IP stageTdaeher
Education AG[TEA] was enacted in 1994, and the teacher education system in
Taiwan changed from a centralized system to a decentralized one. Multiple chgnnels
were opened for teacher preparation. In this period of time, the purpose of science
teacher education shifted from providing good role models and sufficient scienge
knowledge to developing competency-based professional science teachers. All
teacher education programs in Taiwan could offer science teacher education training
courses for pre-service science teachers. In addition, the teaching internship ddiration
was reduced from 1 year to one semester. Teacher certification became a donfinant
focus in each county or school. During the PF stage, an amended TEA was
implemented in 2017, and 12-year continued curriculum standards were officially
implemented in the public school system in 2019. The 12-year continued curriculum
standards address inquiry, practices and cross-discipline instruction. Science tg¢achers
need not only to teach science content knowledge, but also to integrate content
knowledge, inquiry competence and other discipline areas into their teaching. The
demand for good science teachers is increasing. Meanwhile, the low recruitment rate
for science teachers impedes the publigillingness to enroll in teacher education
programs. Few teachers with bachelor degrees can pass the teacher certificatipn
exam necessary to be hired in teaching positions. Although the conditions for gre-
service science teachers are harsh, there is demand in our teacher education gystem
to recruit science teachers with talent and passion.
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Introduction

Taiwan is an island geographically situated in East Asia. Neighbors include mainland
China, Japan and the Philippines. Taiwan was first set upon by Portuguese sailors and
Spanish settlers in the sixteenth century and these settlers originally called the island
“Formosa (the beauty island)”. The government of the Manchu Dynasty ceded the is-
land to Japan as part of the 1895 Treaty of Shimonoseki. According to this treaty,
Taiwan was to remain under Japanese colonial rule for 50 years. However, in 1945, after
Allied forces at the end of World War II defeated Japan, Taiwan returned to being the
Republic of China (ROC) (Ministry of Foreign Affairs 2019).

Today, the total area of Taiwan and related islands is around thirty-six thousand
square kilometers with a population of around 23 million. The official language is Man-
darin. Taiwan’s export-oriented industrial economy is the 21st-largest in the world,
ranking 15th in GDP per capita and Taiwan in well known as science and technology
island (Wikipedia 2019). Due to the high density of population, lack of natural re-
sources, and influence of the Chinese culture, people in Taiwan tend to value education
and Confucianism very much. This is because it is believed that education can improve
one's economic position in society and can also promote Taiwan's economic develop-

ment. There is a saying “ (Nothing is more important than
learning), which indicates the main goal of education is to cultivate an individual’s
character, which can help to improve the individual's social status and economic situ-
ation. This saying reveals how much Taiwanese people value education.

Taiwan'’s science teacher education embraces the east and west as well as both the
tradition and modern. Nowadays, due to the efforts of science teachers and educators,
the achievement of elementary and secondary students frequently ranks near the top in
international comparative science assessments (Mullis et al. 2016). In 2015, Taiwanese
students’ achievement was fourth best in mathematics and science on the Programme
for International Student Assessment (PISA). In addition, Taiwan'’s publications in top
science education journals have also been ranked number one in Asia and among the
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top-ranked at the international level (Lin et al. 2019). In addition to this, studies have
shown that teachers in Taiwan have the highest percentage of graduate degrees among
most countries in East Asia (Otsuji et al. 2016).

During the past 70 years, historical events and policy changes have strongly influ-
enced education and science teacher education in Taiwan. We believe providing
readers a historical perspective with informed reflection will help reveal the process
of developing science teacher education as well as teacher education in general. In
addition, it can help provide insights about how to develop better policies and ac-
tions for future science teacher education in Taiwan, and perhaps offer insights for
other educational systems as well. Thus, in this paper, we will describe the devel-
opment of the Taiwanese Education system during the past 70 years by focusing on
three sections: the distant past stage (DPs; 1945—1993), the immediate past stage
(IPs; 1994—2017); and the present and future stages (PFs: 2018 and beyond). For
each section, we introduce historical events, which mainly influenced the science
teacher education programs in Taiwan, and we build from this discussion to de-
scribe the need for continued and future developments in science education and
science teacher preparation specifically.

Many educational studies have pointed out that teachers are an important factor in-
fluencing students’ success (Darling-Hammond 2000; Druva and Anderson 1983; Lu
and Lien 2009; Rivkin et al. 2005; Rockoff 2004). The better teachers are prepared, the
better their teaching effectiveness. Therefore, science teachers decisively affect the suc-
cess of science education and have an impact on the scientific and technological devel-
opments of a society. As a consequence, the quality of science teachers is vital to the
country’s technological advancement and economic development. Thus, the cultivation
of science teachers is an important topic for constructing a better society.

With consideration for social, political, and educational contexts, as well as trends in
science teacher education development in Taiwan, this paper attempts to answer the
following research questions:

1. How has the external social and political factors (ie., the rationale of education, educational
system, the perception of science teachers) impacted teacher education in Taiwan?

2. What are the characteristics of the educational system and curriculum of Taiwan’s
science teacher education in the past and present, and what are the implications
for the future?

3. What changes have occurred in Taiwan’s science teacher and career development
in the past and present, and what are their implications for the future?

The distant past: 1945 to 1993

In 1945, Taiwan returned to the jurisdiction of the Republic of China’s (ROC) govern-
ment after 50 years of Japanese colonialism. Shortly after, in 1949, the ROC government
relocated from mainland China to Taiwan where the ROC has governed until now. In
1946 there were only 6 years of compulsory education. In 1968 compulsory education
was extended from grade 6 to grade 9. In 2014 the compulsory education system was
expanded from grades 1—12. Thus, the current Taiwan education system consists of 6
years of elementary school, 3 years of junior high school and 3 years of senior high (or
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vocational) school. Post-secondary education includes 4 years of university. In 2018
there were 2631 elementary schools, 737 junior high schools, 153 senior high and voca-
tional schools, and 153 universities and colleges in Taiwan (MOE 2018).

To enable readers to have a better understanding of the whole spectrum of the devel-
opment of education and science teacher education in this period, the main historical
events are shown in Fig. 1.

In this figure of historical landmarks, we have positioned major social or political
changes above the timeline and have positioned transitions of laws and changes in na-
tional educational regulations and to the education system below the time line. In the
following sections, we describe the historical development of normal school and univer-
sities in relation to the development of general processes for selecting and preparing
pre-service secondary and elementary teachers.

Development of normal universities and teacher education programs

Teacher preparation from 1949 to 1993 was based on the Normal School Act (Ministry of
Education [MOE] 1932) and the Amendment Normal School Regulations (MOE 1947).
In this period, normal universities, teachers colleges and junior colleges, and teachers
schools carried out the cultivation of teachers. Namely only institutes established by the
central government could cultivate in-service teachers. Moreover, the elementary and sec-
ondary teachers were prepared in normal universities or teachers colleges. The govern-
ment estimated the number of teachers needed in different discipline areas at different
educational levels before teacher preparation institutes recruited their candidates so there
was no excess in the number of teachers prepared for employment. All pre-service
teachers were provided with free tuition and living costs. After they graduated, the gov-
ernment arranged for them to each have a teaching job in a public school.

During this time period, there were dramatically increased numbers of public junior
and senior high schools established to cultivate citizens’ literacy levels. For example, in
1915, there were only 3 high schools. In order to prepare new teachers to meet the in-
creased teaching demand for junior high schools after World War II, the Taiwan
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Provincial Teacher’s College was established in Taipei city in 1946. At this time, both a
physical science and general science departments were established to prepare high
school science teachers. By 1950 there were 66 high schools and in 1955, Taiwan
Province Teacher’s College changed the name to Taiwan Provincial Normal University.
The main aim of Taiwan Provincial Normal University was to prepare secondary school
teachers (junior and senior high school teachers).

In 1962, the Taiwanese government intended to enhance elementary school teachers’
competency by extending the three-year normal school to a 5-year junior teachers’ col-
lege program (Grades 10—14) that required a one-year internship teaching in a local
school. In 1963, prospective teachers were selected from high school graduates (grade
9) who had passed a competitive exam to attend a three-year government-supported
normal school (grades 10—12). The Taiwan Provincial Normal University changed its
name again to National Taiwan Normal University [NTNU] in 1967. NTNU continues
to be a leader in educational research and teacher preparation in Taiwan today.

In 1968, the government led by Chiang Kai-Shek implemented a nine-year compul-
sory education requirement that meant all children from ages 6 to 15 must attend pub-
lic schools. In order to match the demand for qualified secondary school teachers, two
other normal universities were subsequently established: one in southern Taiwan and
the other in central Taiwan. Due to the nine-year compulsory education policy in 1968,
the government needs more qualified secondary school teachers, therefore Kaohsiung
Girls’ Teacher School, which mainly prepared elementary school teachers was changed
the name as Provincial Kaohsiung Teachers’ College and started to prepare high school
teachers. The Provincial Kaohsiung Teachers’ College established both chemistry de-
partment and physics department in 1978 to prepare high school chemistry and physics
teachers. In 1989 Provincial Kaohsiung Teachers’ College was renamed as the National
Kaohsiung Normal University [NKNU]J.

In central Taiwan an in-service high school teacher training center known as the
Taiwan Provincial Education College was established in 1971. At this time, a science
education department was established which included a mathematics group. Physics and
biology teacher groups were established in 1972, and a chemistry teacher group was estab-
lished in the science education department in 1973. By 1981, the four teacher groups were
renamed as mathematics, chemistry, physics, and biology departments. This college was
renamed as the National Changhua University of Education [NCUE] in 1989.

By 1987, the government had required all junior teachers’ colleges to be reorganized
into teachers’ colleges with four different departments, including science and mathem-
atics education, social science education, language education, and with elementary edu-
cation programs to help prepare teachers to have a subject specialty. Other
departments focused on preparing teachers who majored in arts, music, sports, early
childhood education, and special education.

By 1989, three national Normal Universities tasked with the major responsibility of
educating all future secondary school science teachers had been established. The ROC
government promoted science teacher preparation by transitioning preparation pro-
grams from high school level, to college and university levels and there by developing
separate individual science discipline areas of physics, biology chemistry, and earth sci-
ence from a general science area. The goal of these three Normal Universities was
mainly to prepare qualified high school teachers with strong subject matter knowledge.



Tuan and LuAsia-Pacific Science Education (2019) 5:15 Page 6 of 22

Science teachers graduated from these universities with a Bachelor in science degree
and after graduation, students could apply for positions as senior high school science
teachers. The government provided financial support to all students enrolled in NTNU,
NKNU, and NCUE. By 1993, there were 699 junior high schools and 90 senior high
schools. Those supported by the government had an obligation to teach in junior (or
senior) high school for at least 5 years. Finally, in 2005, all teachers’ colleges were reor-
ganized into universities for education that included departments of science education.

Pre-service secondary science teacher selection and preparation

Recruitment of pre-service secondary teachers was based on students’ performance on a
high stake entrance exam for university. Students needed to take exams in the areas of
Chinese, English, Mathematics, Chemistry, and Physics or Biology, and an exam to test trad-
itional Confucian knowledge. Based on their entire score and students’ willingness to enroll
in specific universities, students were assigned to certain universities and departments. Only
about 30% of all students seeking admission to university were accepted. Admission to any
of these three normal universities and their science-related departments was only possible
the top 10% of all senior high school graduates. Students enrolled in teacher colleges or nor-
mal universities were all called pre-service teachers and all pre-service science graduates
from normal universities needed to take at least 154 credit hours total, which included at
least 26 credit hours more than science major students in regular universities.

However, requirements for what courses were taken and how many credits per course var-
ied depending on the university and major. For example, an NTNU biology major, in addition
to biology coursework, needed to take 24 additional credit hours in courses like, Introduction
of Education, Secondary Education, Educational Psychology, Teaching Principles, Education
Media, Educational Testing and Measurement, Education and Vocational Counseling, Sci-
ence Education, Teaching Materials and Methods, and Teaching Practice. However, for
NKNU chemistry major, students needed to take more credit hours in teaching practice and
in laboratory teaching. At all universities, most of these courses were offered by professors
from education departments and only courses focused on science teaching materials and
methods and teaching practicum were offered by different faculty in science departments.

Professors in different science department (physics, chemistry, biology) helped pre-service
science teachers to be familiar with junior high school science curriculum and teaching
methods. Pre-service science teachers had to practice teaching in front of their peers in the first
semester and in junior high school classes for 1 month in the second semester. After studying
in a science department for 4 years and following a teaching internship in a secondary (mainly
junior high, 6 credit hours) school for 1 year, all pre-service science teachers were considered
to be well prepared with strong subject matter knowledge and pedagogical content knowledge.

Pre-service elementary science teacher selection and preparation

As mentioned earlier, elementary and secondary teachers were prepared in different in-
stitutes. However, except for the curriculum students took, elementary and secondary
teacher education was governed by similar regulations. Prior to 1963, elementary school
teachers were prepared by normal schools. Historically, the first elementary pre-service
programs required prospective teachers to take general science, chemistry, and physics
for only 3 h per week per course. In total, science courses accounted for less than 9% of
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all coursework. Gradually, starting in 1955, science required coursework began to in-
crease, but still accounted for only about 11% of all courses (Hung 2018, pp. 96—99). By
1978, pre-service teachers had to take 4 h each of biology, chemistry and physics per
week for 1 year. In addition to these courses, an additional 2 credit hour course of sci-
ence teaching was also required.

In the late 1980s, new regulations required that pre-service elementary teachers select a
major subject from among several disciplines, including natural science, mathematics, so-
cial sciences, and language. Pre-service teachers who majored in sciences needed to take
30 credit hours of science coursework (Department of Education, Taiwan Provincial Gov-
ernment 1987a, 1987b, p. 115). The curriculum in this period was revised from an earlier
curriculum framework (MOE 1987) and increased the course requirements for pre-
service elementary teacher education programs to be at least 140 credits, including:
general education courses (70 credits), academic subject education (38 credits), and edu-
cational professional courses (40 credits)(MOE, 1993). Under this curriculum framework,
non-science education major students would take sciences in the general education
courses and science teaching method courses in the educational professional courses. Sci-
ence major students were required to take an additional 38 credit hours in the sciences.

As a result of these many changes, elementary school teachers involved in science
teaching had a considerable degree of scientific training and coursework in science
teaching methods. An assessment of elementary science teachers’ knowledge and teach-
ing attitudes during this period (Lee 1992) found that the vast majority (90%) of pre-
service teachers regarded natural science as important in elementary school, but a
majority of general education teachers were afraid to teach science. General education
teachers reported that their science knowledge was not enough to cope with the science
teaching needs at the elementary level and this study found that pre-service teachers
felt they had insufficient higher-level thinking skills. However, this study found that the
more science courses a pre-service teacher had taken, the more positive their science
teaching attitudes were. Thus, prospective teachers who majored in science and who
had a considerable degree of scientific expertise could play important roles supporting
science teaching and learning in elementary schools. It is important to note that even
though pre-service teachers could have a science focus, their teaching certification was
only as a general elementary educator. This means that in elementary schools, generally
speaking, all teachers — even those with different subject specialties could and were ex-
pected to teach science courses.

Unique features of teacher preparation programs 1945-1993

Because members of Taiwanese society valued education so much, securing a teaching
position was perceived as being a highly coveted position that would guarantee a high
social status in society. In addition, many of the parents expected their daughters to at-
tend Normal Universities because “teaching” was a good job to maintain their future
family and well social being. In this period of time, many students from less wealthy
families chose Normal universities as their first aspiration, so these three normal uni-
versities were able to select from top students and could prepare highly qualified
teachers with strong science subject matter knowledge to serve society. These factors
allowed Normal Universities to be able to recruit high quality students into teacher
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preparation programs (Fwu 1995; Liang and McClain 1991; Lin 1983; Wang and Huang
2016). However, due to the education laws at the time, teacher preparation programs
lacked consistency in program requirements (Cheng 2006).

Although there was some variation among the teacher preparation programs in Taiwan
at that time, they all shared some unique qualities. For example, there was intense compe-
tition to enter one of the three Normal Universities because the government offered free
tuition, free lodging, and were guaranteed teaching positions and competitive salaries after
graduation. After finishing four-years of coursework, pre-service teachers were ranked by
GPAs to determine in which schools and in which counties the teachers would be best
suited to serve. The Department of Education in each county was in charge of distributing
all the prospective teachers into different junior high schools based on GPA and the will-
ingness of the teacher to accept their assignment. Once prospective teachers enrolled in a
high school, they automatically became intern teachers in the schools. Intern teachers had
the same benefits as regular teachers. After a one-year internship, they would receive a
final score from the university. At that time they were considered to have officially gradu-
ated from the normal university and they could continue serving in the same schools
where they had served as interns. As long as the prospective teacher did not break any
school regulations, they could easily pass the internship requirements to become hired full
time and no formal examination was required.

Additionally, until 1991, the ROC government ruled Taiwan under Martial Law so
preparing patriotic teachers was considered to be very important. To support the
development of patriotic teachers, all three Normal Universities implemented character
training programs that required pre-service teachers to wear a uniform and to attend a
flag-raising ceremony each morning. In addition, students needed to participate in extra
curriculum activities at Normal Universities including sports tournaments and drama
competitions staged among different departments. These activities were aimed to culti-
vate pre-service teachers’ character, cooperation, submission, and patriotism, so that
they could become good role models in the high schools and could implement the
ROC government'’s goals for educating future citizens.

An overall examination of the early history of the preparation of pre-service elemen-
tary teachers shows that the Taiwanese government has made significant changes three
times as they have formalized elementary teacher preparation to transition from normal
schools, to junior normal colleges to full universities. In each case, the goal has been to
promote the quality of pre-service teachers both as good role models in schools and as

professionals with improved content knowledge.

The immediate past (IPs): 1994 till 2017

After the government completely ended Marshal Law in 1991, society was becoming
more open and the social atmosphere was changing. The government lifted bans on
publishing newspapers and establishing TV stations and society was able to access mass
media with limited restrictions. As a result, Taiwanese society quickly transformed into
a democratic society. This had an important impact on education too as the govern-
ment abolished old regulations pertaining to normal education and in 1994, enacted a
new Teacher Education Act [TEA] (Teacher Education Act, 2014), which initiated mul-
tiple types of teacher education.
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The TEA allowed other universities, in addition to, teacher colleges and Normal
Universities to prepare K-12 teachers and the law made changes in the methods
for recruitment, training, and employment of teachers. The main historical events
are shown in Fig. 2.

Before 1994, the Taiwanese government adopted a protectionist and centralized phil-
osophy to govern teacher education. This kind of normal education system was con-
centrated on planned, government supported tuition, and government dissemination of
pre-service teachers to schools. After the TEA in 1994, the teacher education system
was transferred to a decentralized, self-financed system for preparation, qualification
and certification of teachers (MOE 2012). All qualified universities with teacher educa-
tion centers could prepare teachers (MOE 1995). Before 1994, there were only three
Normal Universities and nine teachers’ colleges prepared for secondary school and
elementary school teachers. However, after this period, teacher education centers in-
creased significantly. In 2018, the MOE recognized 13 private universities, 19 public
universities and 8 teachers’ colleges for preparing secondary teachers. In terms of pre-
paring elementary school teachers, the MOE recognized 4 private universities, 2 public
universities and 10 teachers’ colleges.

Today more universities have established teacher education programs to prepare high
school teachers, but the three original Normal Universities still play a major role to pre-
pare future science teachers. Additionally, teacher education centers have become an
important channel for providing teacher education programs via universities. This has
led more traditional teacher preparation institutions to become more diverse. Today,
this means that as long as an individual wants to become a teacher, he/she can take ad-
vantage of various opportunities to enroll in teacher education programs.

Changes in teacher certification process

In order to control the quality of pre-service teachers, the government implemented a
new teacher certification examination process (MOE 2012). Under the new TEA
(Teacher Education Act, 2017), all the qualified teacher education centers could
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educate pre-service teachers through programs that generally lasted 2 years and re-
quired 26 credit hours of for secondary teachers and 40 credit hours for primary
teacher education coursework. General courses included, Foundations of Education, Edu-
cational Methodologies, discipline specific Teaching materials and Methods, Teaching Prac-
ticum, and 12 credit hours of elective courses. Many science departments from normal
universities offered courses like high school chemistry inquiry teaching, biology laboratory
teaching, biology teaching theory and practice, and introduction of science education. As a
result, pre-service science teachers had diverse options to choose courses they wanted to
prepare their teaching competency.

However, only science departments from the three Normal Universities or teacher
colleges which had been certified by the MOE as teacher preparation departments
could offer these options courses. For other teacher centers, only general courses for
pre-service teachers could be offered. Regardless of which program prospective teachers
were enrolled, once they completed their coursework, they had to finish a semester of
intern teaching, and then they needed to pass a certification exam to receive either a
secondary or elementary teacher certification. Once a teacher received certification,
they became qualified teachers and needed to search for placements by themselves as
the government no longer assigned teachers to a position and teaching jobs were no
longer guaranteed. The new teacher education system provided many ways to control
teacher quality, including, the elementary and secondary certification systems, intern-
ship evaluations, and assessment of course work. This new reform made the teaching
profession more accessible and attractive.

Impact on teacher certification process

In the 1990s, the National Science Council in Taiwan began financing research in sci-
ence teacher education. Funding for research sparked important areas of work related
to the development of pre-service teachers’ science teaching standards, standards for
science teacher education programs, and evaluation methods for pre-service and intern-
ship science teachers. Other projects focused on using the Internet to improve science
and math internship activities, and the development of distance mentoring systems to
facilitate in-service teacher’s professional development (Tuan et al. 2016).

Due to the TEA’s open-policy, the MOE established a regulation for establishing teacher
education programs. One regulation required that teacher education programs must be
staffed by no less that than five instructors (assistant to full professor levels). In addition,
for those instructors who were in charge of teaching methods courses or internships, they
needed to have teaching experience in schools. As we can imagine, in the old teacher
(normal) education system, all the teaching methods (chemistry teaching methods course,
physics teaching methods course, etc.) as well as internship were covered by instructors
with pedagogical content knowledge in a particular science areas. However, in the new
system, pre-service teachers can only learn general pedagogy in the methods course (for
instance, science teaching methods course or general teaching methods course) and the
content areas instructors need to cover all discipline areas of pre-service teachers, there-
fore they can only supervise or teach them with general pedagogy teaching methods.

In terms of recruiting pre-service science teachers, the TEA required that after study-
ing at the university for the first 2 years, students must take an examination to enroll
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in a teacher education program. For instance, an undergraduate who wanted to be ad-
mitted into a teacher education program required a high GPA or must rank in the top
40% in their homeroom class. This policy ensured that pre-service teacher program
generally maintained a relative high academic quality.

While in the teacher education program, they needed to take 26/40 (secondary/elem-
entary) credit-hour teacher education courses for at least two academic years. Note-
worthy, in elementary teacher education program, non-science majored students were
neither required to take any science courses, nor was science teaching methods listed
as a mandatory course. This allowed students without a science major to teach elemen-
tary science with no proper training. Graduate students interested to enroll in teacher
education programs also had to take an examination and after taking the required
credit hours of the teacher education program, these pre-service teachers needed to
participated in a half-year of intern teaching in the schools in which they wanted to be-
come employed. Each teacher education program director needed to arrange for pre-
service teachers to participate in an internship. After a half-year internship, pre-service
teachers could receive a first-stage teaching certificate. For the second stage certificate
(also called teacher qualification), all pre-service teachers needed to take written exami-
nations offered by the Department of Education in each county or each region (joined
counties). Subjects of the examination are: Chinese competency tests, education princi-
ples and systems, child development and counseling (for elementary major)/adolescent
development and counseling, elementary school curriculum and instruction (for elem-
entary major)/or high school curriculum and instruction (for high school major), and a
mathematical competence test (for elementary school major only) (MOE 2019c).

By 1994, the acceptance rates for elementary as well as high school teachers were
very high, more than 70% of pre-service teachers could be selected as school teachers.
These prospective teachers needed to apply for each school to present their teaching
performance as well as their teaching portfolio. The MOE gradually changed the
screening policy to group schools that needed to select teachers and offer teachers a
unified examination process. Once teachers passed the written examination, they were
offered the opportunities to present their teaching performance in front of the screen-
ing committee. These teachers would choose one science topic in elementary/high
school, and then teach in front of the committee members. Committees consisted of
experience school teachers, principals and university professors.

Development of professional teaching standards

To maintain quality control for teacher education centers, the MOE established 10
teacher’s professional standards indication in 2016 to guide the implementation of
teacher education programs (See Table 1) (MOE 2016).

The MOE uses these standards as a guideline to evaluate teacher education centers,
internship experiences and pre-service teacher education program. Although these
teaching standards were mainly developed by educators to match teachers in all disci-
plines areas, these standards are also well aligned to good science teaching pedagogical
content knowledge (Tuan et al. 2016). Science teachers need to hold strong science
subject matter knowledge, know their students’ science learning characteristics and
learning difficulty, design the lesson to match different learning ability students’ needs.
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Table 1 Teacher professional standards
Standards Criteria

Standard Acquire educational professional knowledge and to catch important education issues.
1

Standard Acquire discipline/content knowledge and content related teaching competency.
2 a. To acquire teaching discipline/content specific knowledge.
b. To acquire teaching discipline/content specific teaching competency.

Standard Acquire curriculum and teaching design competency

3 a. To refer curriculum standards and studestitaracteristics to establish teaching goals, and
implement curriculum and teaching plans.
b. To base on studentearning progress and needs, flexibly adjust teaching design and
materials.
c. To integrate knowledge, concepts and living experience, active content to be taught.

Standard To flexibly implement teaching strategies in order to make effective teaching.

4 a. To apply appropriate teaching strategies and communication skills to help stleteniag.
b. To apply multiple teaching media, information technologies and resources to facilitate
teaching.
c. According to studenttearning performance, accept remedy strategies or to supply in-depth
or wider learning strategies.

Standard To apply appropriate methods to conduct learning evaluation.

5 a. To adopt appropriate evaluation instruments or varied information, to assess students
competency and learning.
b. To apply the evaluation results to give studdataning feedback and to improve teaching.
c. To change the evaluation methods based on studghtgsical and mental characteristics and
special learning needs.

Standard Apply classroom management efficacy to create a supportive learning environment.

6 a. To establish classroom regulation, and to establish learning environment to facilitate learning.
b. To create good teacher student interactive learning situation, establish caring and friendly
learning atmosphere.

c. To control classroom learning condition, handle classroom discipline problem appropriately.

Standard To control studentslifference and conduct relevant counseling.

7 a. To understand studehtsackground difference and interests, guide students to adapt
learning and development.
b. To understand studentsulture, guide student$o establish positive social learning.
c. To respond to different patterns of studéneeds and provide essential support and
counseling.

Standard To consciously responsible for education professional responsibility

8 a. Express enthusiasm for education, caring for studiestsing rights and development.
b. Follow teacher professional ethnic and relative law regulation.
c. Caring for school development, engagement school affairs and meeting.

Standard Devote to teacher professional development

9 a. Reflect professional practice, try to explore and solve problems.
b. Attend teaching research/in-service workshop, continue mastering teaching, and to enhance
student$learning.
c. Attend professional learning community, professional development organization, and enhance
professional development.

Standard Express cooperative and leadership ability

10 a. Attend peer teachérisiteraction, co-develop curriculum and teaching project, express co-
operative and leadership ability.
b. Establish the relationship among parents and community partnership cooperative relationship.
c. To adapt the needs from school, participate in school organization and development work,
develop leadership ability.

In addition, they need to know the school culture and constantly develop their teaching
competency to fit the school and local culture. Most of the MOE's standards were
based on science education research and teaching professional standards reflecting re-
search findings from the past 20 years (Tuan et al. 2016). For instance, Wang (2006)
used the Delphi method to explore elementary school science and math teachers’
professional development standards and identified four major standards: educational
philosophies, subject matter knowledge, teaching and assessment, and professional
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development. Chin (2009) used the Delphi method to investigate 32 science teacher ed-
ucators’ perception of good indicators to evaluate science teacher education programs,
and they found that educators believed the most important program features are the
recruiting process of preservice teachers, providing good internship experiences, the na-
ture of supervision, professors’ competence in teacher education programs, and preser-
vice science teachers’ attitudes toward teaching and teaching competencies.

After the TEA, in 2008, the MOE helped three Normal Universities establish in-service
teaching programs to encourage in-service teachers to promote their teacher professional de-
velopment [TPD]. Tuan et al. (2016) describe how these in-service TPDs should include a
master degree graduate program to encourage in-service science teachers studied in the areas
of educational administration, education or teaching. In 1987, NTNU and NCUE established
graduate institutes of science education offering doctoral program and master’s program. In
these science education graduate programs, graduate students needed to take a science edu-
cation seminar, special issues in science education, theories related to science education, spe-
cific science teaching methods (conceptual change, constructivism, etc.), research
methodologies courses, and thesis writing. Many in-service science teachers applied research
methodologies to examine their science teaching or implement new science teaching.

By 1998, teachers’ colleges established graduate institute of science education master’s
programs and in 2007 established the first doctoral programs. Until 2007, there were
11 Normal Universities and teachers’ colleges offering science education graduate pro-
grams. As a result, many in-service elementary and secondary school science teachers
have been well trained in science teaching as well as in writing. In addition,
certification-programs encourage in-service teachers to study a second major and to at-
tend in-service workshops at local schools to meet local school teachers’ needs. Science
teachers have to take a certain number of credit hours per year (the number varies in
each county) to prove they are working on their professional development require-
ments. Tuan et al. (2016) reviewed research literature in Taiwan on the impact of TPDs
and found that science TPD offerings can be classified into the following areas: enhan-
cing teachers’ constructivist teaching competencies, inquiry-based teaching competen-
cies, and technology competencies. In addition, numerous action research theses have
been produced which shows increased attention on teacher’s reflective practices.

The present and future (PF): 2018 and beyond
In this section, we describe the impact of past changes on the present and we highlight
some challenges to address in the future. Based on the changes under the TEA, we see
that the strengths of teacher education have been increased diversity and quality con-
trol (including the recruiting of pre-service teachers, certification, and program evalu-
ation). However, we have seen a decrease in pedagogical content knowledge
enhancement in the new teacher education system. Due to a lack of instructors with
pedagogical content knowledge in each science discipline area for teacher education
centers, which have different requirements than Normal Universities or teachers’ col-
leagues As a result, some pre-service science teachers may have fewer experiences to
practice and improve their pedagogical content competency.

Unlike the older system, elementary teachers with science majors are not accredited
as “elementary science teachers” and so they are not guaranteed to have the privilege to
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teach science in elementary schools. This change has resulted in teachers who have
majored in topics like physical education or arts education to also have the obligation
to teach science. Unfortunately, many of these non-science major teachers do not take
any science teaching related courses. This has left many elementary students in the
hands of teachers with insufficient science training (Liu and Chen 2013). This change
was seen as a danger to the quality of science teaching in Taiwan. So the MOE initiated
a new policy in 2015 to start recognizing science as a specialized teaching subject in
elementary schools (MOE 2015).

While this has not completely corrected the problem, but has opened a possibility of
improving the quality of elementary science education in Taiwan by having science
courses taught by teachers more competent in science. Tables 2 and 3 demonstrate
how changes in policy have impacted on science teacher preparation over the last 20
years.

Based on the above Table 2 (MOE 2019a), we can see that in 1999, only 5 years after
the TEA was passed, only 4.13% of elementary school teachers and 7.00% of junior
school teachers had a graduate degree. However, by 2011, the percentage of elementary
school teachers receiving graduate degrees was had increased to 35.06% and to 33.39%
for junior high school teachers. By 2017, nearly 60% of all teachers held a graduate de-
gree. This data shows there has been an increase in teachers’ professional development
and that becoming an elementary or junior high school science teacher is harder than
before.

When we examine the data based on gender (Table 3, MOE 2019b), we also see that
science and living technology teachers, at both the elementary and junior high school
levels, are mostly males. However, from 2006 to 2017, the percentage of female science
teachers and living technology teachers in junior high schools has increased. But we
also see that by 2017, the enrollment level for science and living technology has
dropped significantly with only 6692 teachers.

When we examine what percentage of teachers pass the qualification exams in 2015—
2017 (Table 4), we see that a little more than half of all elementary (43.92%—58.28%)
and secondary teachers (49.47%—60.54%) passed the exam. This means that about half
of all pre-service elementary and secondary school teachers can receive their teachers’
qualification certification.

However, most of these teachers cannot be placed in schools (Table 5). In the same
time period, around 10% of qualified elementary teachers, 5% of qualified junior high
school teachers, and 6% of qualified senior high school teachers were employed.

For recruiting science teachers, only around 5% of qualified science teachers were en-
rolled in junior and senior schools (Table 6) in the same time period. This means that

Table 2 Elementary and junior high school teachanth graduate degree

Elementary school teacher Junior high school teachers
Year Number With graduate % Number With graduate %
degrees degrees
1999 98,745 4083 4.13% 50,190 3515 7.00%
2005 101,662 12,351 12.15% 48,797 8101 16.60%
2011 98,559 34,551 35.06% 51,200 17,095 33.39%
2017 94,403 54,017 57.21% 46,770 26,701 57.10%

(MOE20193
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Table 3 Elementary and junior high school science and living technology teapogrdation
Elementary school

Junior high school

Year Total no. of Male teacher (%) Female teacher (%) Total noMzfle teacher (%) Female teacher

teachers teachers (%)

2006 8755 4738 (54.12%) 4017 (45.88%) 7995 4718 (59.01%) 3277 (40.99%)
2007 8728 4727 (54.16%) 4001 (45.84%) 8556 5075 (59.32%) 3481 (40.68%)
2008 8611 4631 (53.78%) 3980 (46.22%) 8484 5033 (59.32%) 3451 (40.68%)
2009 8583 4681 (54.54%) 3902 (45.46%) 8457 4988 (58.98%) 3469 (41.02%)
2010 8393 4626 (55.12%) 3767 (44.88%) 8397 4938 (58.81%) 3459 (41.19%)
2011 8219 4450 (54.14%) 3769 (45.86%) 8207 4803 (58.52%) 3404 (41.48%)
2012 8391 4668 5(5.63%) 3723 (44.37%) 7911 4606 (58.22%) 3305 (41.78%)
2013 7996 4371 (54.66%) 3625 (45.34%) 7889 4561 (57.81%) 3328 (42.19%)
2014 8248 4501 (54.57%) 3747 (45.43%) 7687 4463 (58.06%) 3224 (41.94%)
2015 8133 4359 (53.60%) 3774 (46.40%) 7368 4244 (57.60%) 3124 (42.40%)
2016 7861 4357 (55.43%) 3504 (44.57%) 6944 3975 (57.24%) 2969 (42.76%)
2017 7979 4377 (54.86%) 3602 (45.14%) 6692 3801 (56.80%) 2891 (43.20%)
(MOE2019b)

among the 50% of teachers who qualified for employment, less than 10% we actually
employed. The remaining teachers cannot be officially employed in schools.

Many of these teachers seek positions as substitute teachers in schools or work to de-
velop other careers related to education, but this low employment phenomenon causes
many problems in society and creates obstacle for university students to become
teachers (MOE 2012).

Challenges for the future

Today, the education system has undergone many changes, which bring some chal-
lenges and benefits. In addition to what we have discussed previously, in this section
we will describe some current changes and issues that are impacting on teachers in
Taiwan. Recently, with the trend of educational globalization, the MOE has opened a
door for pre-service teachers who complete all pre-service courses required from for-
eign universities at the bachelor's level or higher to also be recognized by the MOE.
These teachers, who are educated abroad, can receive a Pre-service Teacher Education
Completion Certificate. This will certainly provide a new way to energize and innovate
education in schools, but can cause some inequities in educational opportunities be-
cause not all prospective teachers can afford to study abroad. Another continuing chal-
lenges for Taiwan's education system is the need to continually develop and appreciate

Table 4 Elementary and secondary school teactaralification examination passing rate during

20152017
Year Elementary teacher Secondary (junior +senior high)
School teacher
Examinee Passed Passing rate Examinee Passed Passing rate
2015 2227 978 43.92% 3735 2261 60.54%
2016 2393 1326 55.41% 3954 1956 49.47%
2017 2337 1362 58.28% 4342 2479 57.09%

(MOE2016 2017, 2018



