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Introduction

The History of Science, if understood within the framework of post-positivist
epistemologies, helps to clarify contextual aspects of the construction of science and
contributes to its understanding as an element of culture for responsible citizenship.
Including the History of Science in teaching strategies may contribute to the
demonstration of a more realistic picture of the relationships between science,
technology and society and thus to the view of science as a human activity (Hodson
1998; Niaz & Rodriguez 2000). We might remember the History of Science that is
needed in science education, as Monk & Osborme (1997) state: "not a sanitised history
of fully developed ideas, but the history of how those ideas were developed, of the
people who created them and how they impacted on society". It is a History of Science
philosophically reflected upon (Matthews 1990; Jensen & Finley 1995).

What we think about science is influenced by what we learnt both in formal (school)
and informal contexts. In a culture where dogmatic ideas of science are frequently
disseminated, teachers may find it rather difficult to teach young people to have an
understanding of science in line with the contemporary Philosophy of Science. On the
other hand, science teachers themselves frequently conceive their teaching within the
framework of empiricist epistemologies. In Portugal, Praia and Cachapuz (1994),
showed the predominance of empiricist views held by nearly 2/3 of a sample of 464
secondary teachers (irrespective to the teaching subject and professional experience).
Chemistry teachers are no exception and the authors suggest the need for adequate

courses both in pre-service and in-service teacher education.

Aims and hypothesis of the study
The aim of the study was to design, implement and evaluate a model of teacher

education centred in the History of Chemistry which provides chemistry teachers with




an understanding of the educational relevance of post positivist epistemologies of
science in their lesson planning and teaching of the topic “mass conservation in
chemical reactions” (low secondary school, 14/15 year olds).

The main hypothesis of the study was that it is possible to change the images of
science/chemistry transmitted by classroom teachers through adequate in-service
courses centred on lesson planning and reflection on their teaching of a topic with

strong historical roots.

Methodology

The research followed a longitudinal approach (3 years) and the methodology basically
had a case study research orientation. The study consisted in three articulated steps: a
naturalistic step, and two subsequent steps involving the participation of teachers and
researchers working together in an action-research program.

The analysis of teachers” practices was supported by a theoretical instrument previously
developed and based on the framework of the New Philosophy of Science (Paixdo,
1998), (see Fig 1).

The Teacher Education Program based on the History and Philosophy of Science

A key aspects of the approach followed was the choice of an epistemologically relevant
topic from the chemistry syllabus with strong historical roots. In this study the chosen
topic was "mass conservation in chemical reactions", and the historical controversy
which accompanied the establishment of a general theory of chemical reactions, where
the principle of mass conservation guided Lavoisier. At the same time we took in
consideration biographical aspects of Lavoisier in his time (the eighteenth century and
the French Revolution); the scientific community and his direct opponents, particularly
Priestley, the role of his wife in the laboratory, his work as the director of a gunpowder
factory and as a tax controller and collector; his personal fortune and the investment in
special balances and other sophisticated lab material... The way he registered all the
experiments he did and the initial ideas and reflections about the results obtained. Also
his death, when he was only 50 years old, for political reasons related to his professional

activity.




Episternological

Categories

Analysis Dimensions

Teaching Practice Indicators

{examples)

A — Methodological

Explicit references to some episodes of the HS and/or
current aspects of scientific investigation with
relevance to different scientists' working methods.

Discussion of students' ways of working with

III — The human
and social side of

science

scientists and the

scientific community

I- Scientific pluralism clarification of the means of selecting experimental
methodology proceedings and their adequacy and/or limitation (not
recines).
Theoretical considerations before observation and
B — Theory / experiments.
observation / Initial problematic questions and predictions.
experiment relations | Critical report of the Experimental Work orientated
by problematic questions and including critical
assessment of the results
II - The dynamics | C - Scientific Activities exploring historical controversies in the
of scientific discovery: establishment of a respected scientific theory
knowledge Context and structure | (i.e. texts and related questions)
construction
D — Error /truth Intentional valuation and exploration of students'
dynamics ITOTS.
Identification of misconceptions.
Discussion of discrepant Experimental Work results.
E — Images of Explicit references to the human side of scientists.

Opportunities for the students to express their own
ideas and confront them with their colleagues' ideas

and/or with the current scientific version.

F ~ STS interrelations

To begin with a social or a technological problem.
To promote intentional discussions (debate) about
science related questions, showing the relation
between science and technology, and ethical or
environmental questions... with the opportunity for

students to express their established ideas.

Figurel - Instrument of teaching practices analysis




Worthy of note too, is the importance of this theme in the present social and
technological context, in relation to aspects about which the students should form well-
grounded and critical opinions. For example, in Portugal at the moment there is much
discussion about using the co-incineration process for toxic waste in cement factories.
The problem is the eventual toxic gases emission or the remainder toxic particles into
the commercial cement.

The teacher education was structured in three interrelated steps:

The first step, aimed to identify and to characterise difficulties experienced by two
chemistry teachers to integrate adequate epistemological perspectives in their teaching.
The teachers were volunteers; they had different academic training and teaching
experience and came from different schools. The first step consisted of the video-
recording (naturalistic setting) and analysis of classroom practices of the teachers
involved. The results of this step were later explored to support teacher reflection; these
results also helped to establish a comparative analysis of the evolution of each teacher
throughout the program and thus to aid on the internal evaluation of the study.

The second step, aimed to properly educate the teachers through preparation and
discussion of selected teaching materials. It involved the joint work of researchers with
the teachers exploring that part of the History of Chemistry related to the mass
conservation topic and discussing with the teachers relevant aspects of the context of the
discovery, planning the objectives, possible teaching strategies and activities to be
developed with students. More specifically, it included the reading and critical analysis
of texts (adapted or translated from the originals of the time, biographical texts...) the
construction and discussion of questions about the texts, the preparation and analysis of
experimental protocols based on the experiments carried out by Lavoisier and his
collaborators, the preparation of laboratory equipment, simulations, the selection of
relevant bibliography about that time, scientific community controversies...

This planning constituted the core of the training step in the History and Philosophy of
Science. The reference to theoretical authors (Popper, Khun, Lakatos...) and discussion
of main epistemological issues was always made based on teaching contexts. We felt
this strategy helped teachers to appreciate the relevance of epistemology for their
teaching,

The third phase, involved applying (in the following year) the previous planning to the
teaching of mass conservation in chemical reactions (with different students). The

researchers were always available and guided the application of the planning. As in the




first step the lessons were video-recorded (nearly 12 hours for each teacher), transcribed

and analysed by researchers and by teachers aiming to characterise the evolution of each

teacher.

Results and Discussion

Evidence of the evolution of the teachers' practices are synthesised in Fig. 2 according
to the categories of analysis previously defined: scientific methodology; dynamics of
the construction of scientific knowledge and the human and social face of science. The
inferences made by the researchers were complemented with arguments from the two

teachers. For example:

Teacher A:
Until now... I hadn't given much thought to this, or let's say I hadn't thought how really
important it is, the way science has evolved and the work it takes to arrive at the

concepts that you give them there... with nothing else!

All the more so because the pupils, especially in the 8th grade, are used to having
things "served up on a plate"... they don't even imagine the work it took to get that far...
so they will definitely value science much move if they see how it evolved over the years.
So... and... I think that putting science into context, the History of Science, is very

important

Teacher B:

[The pupils realised how difficult it was to change a scientific theory] I think they
realised that. You can see it in the presentation of the final texts when they said that
Priestley himself discovered oxygen or helped to do the work ... and he always defended
the phiogiston... They realised that.

Even concerning the experimental method... the last one (training text) which I thought
was interesting and which I was reading... I think so (...) because the experimental

method, we said that... that sequence, whether it's correct, etc..

The two teachers who participated were unanimous in affirming the education value of

the TEP. Students' opinions were equally positive:



It was a different way of learning

The teacher gave us a lot of handouts even on the evolution of ideas. She didn't just

arrive and tell us what it was.

It wasn't easy for him [Lavoisier] either to arrive at that theory.

Also, we'd never been in a situation like that. This was something that got us more

interested. And it was more... it was different!... And that way we had other methods.

We... even outside, between lessons, after the Chemistry lessons, we talked about that

and... we really talked... and discussed those problems...

Conclusions

The conclusions can be presented in two main related aspects:

(i) - The teachers' epistemological perspectives in the first phase reveal simple realism,
an empiricist tendency to valorise observation and experimentation. They transmitted an
image of science which is neutral, dogmatic, linear, without structure and without
history; scientific knowledge was presented as an absolute non-problematic truth.
Teachers' concerns were centred on the pedagogical aspects of order and discipline in
the classroom, on aspects which, apparently, make the subject advance in the desirable
way.

(ii) — The new epistemological perspectives of the teachers after the training period. The
analysis made of the third phase suggests that the two teachers were able to transmit
more rationalistic science views, emphasising the role and the value of theory,
prediction and experiment. The dynamics of the construction of scientific knowledge
was also highlighted. The History of Chemistry was emphasised as well as the STS
interdependence. Clearly there was an evolution from a simple realist perspective to a
more critical and contextual realism, from empiricist to post-positivist epistemologies.
Thus we may conclude that an epistemological education of teachers, by supporting the
use of the History of Science as a teaching strategy, contributes to a change in the
images of Chemistry transmitted to the students, images which are more in line with the

framework of the New Philosophy of Science.




The teachers realised that the main lines of the approach followed can be extended to
the teaching of other chemistry topics making learning more meaningful for the
students.

As evaluated by the two teachers it is a promising model for in-service teacher

education.
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