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Teaching for meaningful understanding:

A school-based science and mathematics teacher development project.

Sea-Yu Patrick Wang, Chorng-Jee Guo, Wu-Hsiung Chiang
and Shiu-Shan Cheng
Graduate Institute of Science Education, National Changhua

University of Education, Taiwan

Abstract This is an ongoing research. The purpose of this study is to
establish a model for school-based teacher development for the secondary
science and mathematics teachers in Taiwan, using an action research
approach with emphases on constructivist perspectives of teaching and
learning, and ideas that teachers are to be taken as researchers and reflective
practitioners. Implementation strategies which were tried out in one of the
participating secondary schools for initiating such a collaborative teacher
developmer{t project will be reported. The professional development of the
participating teachers were studied by collecting data from sources such as
survey, questionnaire and interview. Results from preliminary analysis of the
data collected indicated that while some teachers seemed to benefit a lot as a
result of this collaborative research, there were a few others who still opposed
themselves to the project. Influencing factors for the practicability and
effectiveness of the school-based professional development project will be
discussed. ’
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Teaching for meaningful understanding:

A school-based science and mathematics teacher development project

Sea-Yu Patrick Wang, Chorng-Jee Guo, Wu-Hsiung Chiang and Shiu-Shan Cheng
Graduate Institute of Science Education,
National Changhua University of Education, Taiwan

Background

For decades 1n Taiwan, the aim to equip students with the necessary knowledge and
skills to achieve better scores in the high school entrance exams has dominated
science and mathematics instructions at the secondary school level to the extent that
most students tend to equate the study of these subjects with rote memory of facts and
formulae. Consequently most secondary science and mathematics teachers tend to
believe that providing well-organized teacher-directed instructions and extensive
practices on contrived pencil-and-paper problems seem to be the most appropriate and
effective teaching approaches (Wang, 1998). As a result of such instructions which are
based on objectivist views of teaching and learning, many students have little
experiences participating in >hand_s-on/minds-on learning activities or doing lab
experiments, and often fail to grasp a basic and meaningful understanding of science
and mathematics.

Facing the challenge of a science/technology/information oriented society of the
upcoming century and the national calls for educational reform, means to initiate
systemic change as to how science and mathematics should be taught in schools have
been carried out at all levels from the Ministry of Education down to local schools.
In the past few years, we have conducted a three-year action researck; project aiming to

re-design an on-campus summer professional development program for the in-service

secondary sciences and mathematics teachers (Cheng, et al., 1998). The goals of this



project were to provide participating teachers with a better theoretical understanding
and practical experience of teaching and learning based on constructivist perspectives
(Tobin, 1993), to encourage them to be critical and reflective about their teaching
practices (Schon, 1987), and to support them to carry out classroom action research to
improve their teaching (Elliott, 1991). Results of the previous studies showed that
only a small number of teachers, who had kept close contact with our research team
during a three-year period, were able to not only change their beliefs of teaching and
levaming but ‘also put their beliefs into practice successfully. We also found that
constant and long-term supports from the research team, peer teachers and school
administrators were key elements which contributed to the teachers’ commitment to
change. These findings seemed to recommend it may be the case as Bridges (1993)
argued that a school-based teacher development program running in partnership with
higher education could provide a more effective solution to developing teachers

professionally and producing a more wide-spread changes in the schools.

Purposes of the Study
From our previous studies, the success of those teachers who have improved their
teaching based on a more constructivist viewpoint has drawn a lot of attention of their
principals (Guo, Chiang & Chang, 1997). Through our survey we found that a number
of those principals showed strong interest in having other science and mathematics
teachers in their schools to be able to work with us towards the same direction. With
funds sponsored by the National Science Council, we then decided to work with two
local secondary schools to initiate a school-based professional development project
for science and mathematics teachers. An action research approach was also integrated
into this project so that we could keep track of the progress of this project, analyze

what strategies appear to work for or against our goals, and thereby, to continuously
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identify problems we are facing and to come up with new solutions. The overall
purpose of this study is to build up a school-based professional development model in
reference to Taiwan’s context within which the in-service science and mathematics
teachers would be able to develop professionally. In other words, we need to clearly
address the interactive relationships between the research team and the participating
teachers, the school administrators and the participating teachers, as well as the
research team and the school administrators in order to achieve this goal. In this
respect, the progress and impact of this school-based science and mathematics teacher
enhancement’ project on one of the two participating secondary schools will be

reported in this article.

Methods

An ideal teaching environment for school teachers is one in which their ideas for
education can be practically applied in classrooms. Yet the real world situation in
Taiwan’s schools often presents teachers with a different picture. The teachers are
frequently, if not always, challenged by the contradiction of the real life situation with
the textbook case. Many teachers may opt to compromise with the real world situation
no matter how contradictory it might be (Wang, 1998). It is a considerable yet
important task for the action research to investigate the factors that lead teachers to
make decisions under such pressure and to assist teachers find a negotiable ground to
cope with the pressure and apply their newly learned constructivist teaching
approaches.

As stated, the interactive relationships between the research team, the
participatiné school authority and the participating teachers nee;i to be addressed
clearly before we can make any reasonable suggestions on the real problems about

school-based professional development. We shall describe it as a trilogy of building
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up a Taiwanese style school-based professional development model. It is constructed
by the interaction of the research team, the administrative authority of participating
school and the participating teachers following three explorative steps. In particular,
two main aspects of methodology which would be directly related to the achieving of
the aims have been taken into consideration. They are the drawing up of the
intervention strategies and the developing of data collecting procedures. The
formation of intervention strategies was aiming at constructing a path for the
participating teachers to appreciate the benefits brought about by applying alternative
constructivist épproaches in their teaching. As for the data collection our main concern
was, on the nature of action research, how can we collect data in the ways that provide
us information with urgent needs while not to hamper the willingness of those
participating teachers in continuing to take part in the program.

In this regard, initially a questionnaire survey was conducted in four nearby
junior high schools to evaluate their willingness of taking part in the project. Two
schools showed their intention of joining in. Afterwards a three-day workshop to
introduce the pedagogic ideas with special reference to constructivism to the
paﬂicipaﬁng teachers was held. In the schools all the participating teachers were
suggésted to form three sub-groups according to their specific subjects. Every week
the representative teachers from each sub-group were suggested to apply the ideas
which they learned from the workshop to conduct a demonstrative teaching. Inculding
our research team, the teachers other than the demonstrating one, the principal and
director of the participating school all were invited to attend the demontrations and the
debrief sessions. The overall procedures were recorded by vided cameras. Also a
group of participating teachers were selected to interview during wilich the study was
undergoing in order to let the research team clarify some points they have made at the

demontrations and/or at the discussions or do the follow-up investigations.
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The Proceeding of Trilogy and the Findings

Preliminary Stage

There are a:ouﬁd 30 classes at each grade level and a student population of 4,000 or so
in this participating school. This school has the same curriculum with any other junior
high schools in Taiwan, i.e. mathematics is taught from 7% to 9" grades, biology
taught only in the seventh grade, physics and chemistry, while being integrated into
one subject, is taught in 8" and 9" grades. Being an experienced and well determined
administrator, the principal strongly suggested that in order to implement reforms of
science and mathematics instruction in the school, it’s better sooner than later, all the
science and mathematics teachers of his school should get involved in the collaborated
school-based professional development project. The following excerpt of the speech

made by this principal to his teachers illustrates how the organizational culture might

be shaped by a determined leader.

“We will put the teaching approaches in accordance with constructivism into
practice in our school this year. It’s an irresistible trend...As far as I am concerned
some of you have learned the concepts of constructivism while others haven’t.
Don’t worry about that never have you heard about constructivism. We have got a
few pieces of reading material about constructivism from the NCUE. You may find
they are really helpful. You should know I also learned basic ideas about
constructivism from reading them...In the future, we will strengthen our

cooperative relationship with the NCUE...”

And this might in turn reflect the necessity of the sophisticate step a leader need to
take in order to shake the conventional ideas imbedding in his/her organization.
Since constructivist teaching approaches are strongly emphasized in the newly

released textbooks for the 7M-grade biology and mathematics courses, the principal



decided that those teachers who were then teaching these courses should firstly
participate in this teacher development project. Although the physics/chemistry
teachers would not be using the new textbook until next year, the principal also
announced that the 8"-grade physics/chemistry teachers should also get prepared and
start changing the way they were teaching. It was under these circumstances that there
were 18 seventh-grade mathematics teachers, 7 seventh-grade biology teachers and 18
eighth-grade physics/chemistry teachers who took part in this school-based scienée
and mathematics teacher development project during the 1997 schooll year. The

approaches with which the project was carried out went through the following steps.

Step 1: Inspiring the Confidence for a Fresh Start

The project began with a half-day workshop in the summer of 1997 for each of the
three groups of teachers, respéctively. Each of the workshop was led by science and
mathematics educators who are specializing in the subject matters from our research
team. Basically, these workshops covered topics on current problems of secondary
science and mathematics education, contemporary trends and goals of science and
mathematics education, theory and practice of constructivist teaching approaches,
classroom action researches. It was found that only about one-third of the number of
teachers were able to participate. This might attribute to the reasons that these
workshops were attended on a voluntary basis and were held at the university campus
rather than at the teachers’ own school. The teachers’ less enthusiastic attitude might

be illustrated by the excerpt of statements from a senior mathematics teacher.

’

“Where I live is far away from here [i.e. the National Changhua University of
Education]. Besides I don’t think this sort of courses would help me much in my
teaching. They are too theoretical. What I need is a set of rules that I can

immediately apply in my classrooms...”
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This sort of teachers’ reluctant attitude might reflect a long-term existing problem in
Taiwan’s schpol education. For the past four decades an educational system with
centralised control and standardised curriculum has helped to foster the majority of
teachers a tendency of relying heavily upon prescribed textbooks and teaching
submissively (Wang, 1998). It is a crucial issue for the research team to be able to help
the participating teachers overcome the restriction of conventional bonds.

After these workshops, therefore, we discussed with the school principal on the -
follow-up action that we could carry out in the fall semester of 1997 to help the
teachers try out the new teaching approaches they learned from the workshops.
Accordingly we decided that the participating teachers should firstly form
collaborative teams to figure (;ut how to teach in accordance with the constructivist
viewpoints. Then during the first semester, each team should designate one of the
teachers in their team to use the strategies in the demonstrative teaching in front of an
audience consisted of other teachers in the school and collaborating university
researchers. There were three main purposes for such an arrangement. Firstly, it was
expected to provide an opportunity for the teachers to think seriously about their
teaching and what constructivism can contribute. Secondly, it provided examples for
other teachers who would like to try out the new teaching approaches. Finally, the
research team could provide immediate suggestions and feedback in the debrief
sessions right after their demonstrative teachings.

However, after one semester of the implementation of this approach, the results
did not turn out as what had been expected. For example, teachers complained that
they did not know why they had to change the ways they used to Iteach. Neither did
they display to have acquired the sufficient knowledge and skills about how to teach

in accordance with the constructivist viewpoints. The following excerpts from the
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statements of a representative math teacher may illustrate this sort of concerns.

“To compare with the teaching in accordance with constructivist approaches the
conventional teaching methods [i.e. using blackboard and chalk in whole class
dictation] would be more acceptable [for us] because we are not familiar with the
constructivist approaches. We are worrying our students may eventually “construct”
[emphasised] something wrong if we adopt those constructivist approaches.”

As a matter of fact, some teachers even claimed that they and their students were so
frightened before and during the demonstrative teaching as not being able to
completely realize what is this “new teaching method” all about. Moreover, a few
other teachers expressed that attending the demonstrative teaching simply wasted their
time because there was nothing in the demonstration worth of learning. Because of
these pitfalls, our research team then decided to make some changes to this approach
in the following semester.

Step 2: Establishing a Mechanism of Effective Communication

After discussing with the principal and the representatives of teachers about the
problems we have encountered during the first semester, we believed that we needed
to spend more time to communicate with the participating teachers about the purpose
of this study. Most importantly, we recognized that these teachers were also learners.
Teachers learn, think, and teach, as Shymansky indicated, by using their existing
conceptions of the nature of teaching and learning (Shymansky, 1992). Their
conceptions of what counts as good teaching of science and mathematics were very

difficult to change. In view of the existing literature on students’ conceptual change

(Posner et.al., 1982), we realized that it would take more steps than just point out to

them about the problems and limitations of their current teaching practices and
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recommend sound alternatives based on the constructivist points of view. As a result,
in the spring semester of 1998, the approach for teacher development was
significantly changed. In addition to the arrangement made last semester, the teachers
were asked to attend meetings led by the research team at least a week ahead before
they made the demonstrative teaching. These meetings not only provided an
opportunity for teachers to exchange their concerns with our research team, but also
evoked discussions among the teachers with regards to their teaching practices and
issues related to the planning of their instruction. We also invited the teachers who had
been working with us practicing the constructivist teaching approaches for many years
to join these meetings as well as the follow-up demonstrative teaching. Not only did
they provide suggestions for preparing the demonstrative teaching and feedback in the
debrief sessions, but also they shared their reflections and experiences of how they
went through the change process and why they were doing it. For example, one
physics/chemistry teachers concluded the impact of his participating this research on

the changing of his ideas about teaching as:

“Before studying the ideas of constructivism I originally thought that the status of a
teacher, in terms of teaching, should be sacred and authoritative. After one year’s
experience in learning and teaching in accordance with constructivist concepts, I
would like to modify my teaching styles. Now I realized that there probably be
nothing absolutely authoritative. Not even the established scientific theories. So I
am more tolerable than I have ever been to my students’ alternative ideas. I then
used their alternative ideas, through discussions, as a channel to enhance our

interaction in my classrooms.”

*

Their presence seemed to attract more attention from the participating teachers and

stimulate more in-depth discussions.



Step 3: Improving Teachers’ Skills through On-site Clinical Diagnosis

Following the previous steps we found that we must profoundly explore the factors
behind resisting attitude of some of the participating teachers. It has been found that
some structural and functional factors in Taiwan’s secondary education might have
contributed to the formation of school ecology which mediated the teaching culture of
teachers (Wang, 1998). Our preliminary analysis indicates that this might be the case
the resisting attitude shown by some of the participating teachers also attributed to
these two factors. The structural factor mainly has to do with the school administrative
system and the levels beyond that. There is no doubt that the administrative authority
of the participating school has strong will to push the alternative constructivist
teaching approaches forward. Besides, we can see in recent years, the outside
expectation on the nation’s educational system is moving to a more liberal direction.
In this regard, how will these tendencies have positive impact on the participating
teachers is worth closely examining. We also found, at this stage, that the functional
factor has more to do with teachers’ subjective concepts on education and their value
system than other elements. Therefore we discerned it might be worth trying to change
teachers’ mind by adopting piecemeal steps rather than drastic moves. The discussions
at debrief sessions provide us an ideal platform to materialize this idea. These closed-
door discussions allowed the members of research team applied the approaches of
clinical diagnosis to help teachers identify the practical problems occurred in their
demonstration. The most frequent problems, according to the preliminary analysis,
seem to be the mismatch of the level of students’ cognitive demands with the specific
subject concepts presenting in the demonstrative teaching. This’'gap needs to be
addressed clearly. It is found that teachers may not intend to’resist having the
collaborative teaching/learning practices a trail at the first place. But the outcome

might be counter-productive when they found their students’ performance in
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collaborative learning was not like that they have seen in the mimic performances
conducted by their colleagues in the university’s workshops. This could be a very
frustrating experience for these teachers. It obviously is a pressing issue for the
research team to help teachers be able to connect the concemning theories of
instruction with their classroom practices. Apart from this, an in-depth interview with
the principal of the participating school which is set to explore the detail of the culture

in this educatjonal setting will be conducted at the next step.

Results and Perspectives
As stated, a series of survey, questionnaire and interview with the participating
teachers were conducted to find out their attitudes towards this study and to see
whether there were any changes of their beliefs in teaching ;md learning. Preliminary
analysis of the data suggests that the new approach did reduce a great deal of worries
and doubts of some of the participating teachers. For example, 85% (17 out of 20) of
the number of participating teachers appreciated the necessity of making change in
their teaching. And 60% of the participating teachers admitted that the year’s
participating experience have significant impact on them. However we also found that
a number of teachers still held negative attitude towards this approach and showed
little interest in the idea of establishing a school-based teacher development program.
For instance, 40% (8 out of 20) of the number of participating teachers didn’t think
this action research has impact on them. 55% of the teachers displayed their resisting
attitude on adopting new teaching methods. However, it is interesting to find that
teachers who were interested in enhancing their teaching and $tudents’ learning
expressed that they benefited a lot as a result of pa.rticipating'this collaborative
research. Their unapologetic attitude may need substantial support from every corner

of the school and its community. The principal undoubtedly would be one of the
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influential figures who can make crucial decision and show significant support. The
trilogy of our aim to construct a school-based teacher professional
development model is still on its way. This would never be an easy target to
achieve. However through working closely, the research team, the principal and the
participating teacher have come up with many solutions. As indicated by the principal

of the participating school, that

“I was told what you [i.e. the participating teachers] care about most are the scores,
curriculum pace and pressure from the parents. So you can not adopt alternative
constructivist teaching approaches. I would like to ask you why you encourage your
own children to learn in accordance with constructivist approaches and hesitate to
encourage your students to do so? Don’t worry about the scores and the pressure
from parents. I will take the responsibilities for you...Moreover, we have learned

that the rigid entrance exam systems would be abolished in the near future.”

Our final aim is to train teachers who would be able to use the best approaches they
could to teach their students. It is like the pursuit of a dream which is portrayed by a.

science educator:

“There is much to be done. At best, a very small fraction of learners in our world
are engaged in predominantly meaningful learning practices, whether in schools,
universities, or workplaces...The extent to which learner- and teacher-held
epistemologies influence the quality of learning is still recognized by only a
minority of educators, but this situation appears to be improving rapidly...” (Novak,
1998, p.26)

More detailed results, including the influencing factors of the practicability and

effectiveness of the project will be presented in the annual meeting.”
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