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1. Abstract

Despite the fact that many curricula all over the world demand for an inclusion of
history and philosophy of science (HPS), the actual degree of implementation is rather
low. Central problems are a lack of effective and suitable material for teaching and
learning, teachers’ beliefs that HPS is only an add-on to science education, and an
absence of didactical knowledge on how to teach HPS. Student-centered methods like
inquiry learning, experiments with replicas, open-ended discussions or role-play
activities are far from being implemented widely. The EU funded project HIPST (History
and Philosophy in Science Teaching) aims at a contribution to close the gap between
curricular objectives and actual practice of science teaching. Ten partners from all over
Europe collaborate in order to develop and refine case studies for teaching and learning
with and about HPS. Project outcomes will provide an enriched basis for an effective
implementation of HPS. The developmental process is characterized by a symbiotic
strategy where researchers, science teachers and experts from science museums join to
several international and national conferences as well as thematic working groups. Each
of the groups brings their special expertise, knowledge, and resources into the
developmental process. Case studies developed within these groups are tested,
evaluated in practice and modified respectively afterwards. The paper describes the

framework and guiding ideas of HIPST.

2. Introduction

Science educators and researchers have argued for the implementation of history and
philosophy of science (HPS) in science teaching (e.g. Matthews, 1994) for a long time.

The main arguments have been

to foster a better understanding of scientific concepts and methods

- to understand how science is embedded in culture and that scientific content and
method is not given but manmade

- to develop an adequate understanding of the nature of science (NOS)

- to counteract scientism, dogmatism and simplified descriptions of scientific

processes and to understand the philosophical underpinnings of science and doing

science



- to develop a critical reflective position science and its applications.

Although, these benefits for teaching and learning science and about science have been
pointed out, the status of its implementation is poor. Moreover, teachers’ attitudes
towards implementing HPS into their teaching is far from being sufficient. Wang (2002)
e.g. found out in a study that elementary science teachers doubt the usefulness of the
inclusion of history of science into their teaching. Several studies have indicated that
teaching about NOS is not a relevant objective of science teachers’ practice (Abd-El-
Khalick, Bell & Lederman 1998, Reyer, Trendel & Fischer 2004). Furthermore, a
common topic in the discussion about teacher education is their lack of knowledge
about epistemology and history of science (Abell & Smith, 1992; Aguirre, Haggerty &
Lindner, 1990; Hottecke & Rief3, 2007; Irez, 2006; King, 1991, Koulaidis & Ogborn, 1989;
Lakin & Wellington, 1994; Palmquist & Finley, 1997). At least on an explicit level their
understanding of NOS has been indicated as weak (Craven, Hand, & Prain, 2002)
including their understanding of creativity in science. The latter has recently been
shown in a study with primary school student teachers (Newton & Newton, 2009).

On the other hand it is not clear to date, if and how teachers’ epistemological beliefs
shape their teaching practice. A few studies indicate a connection (Brickhouse, 1989,
1990, Kang & Wallace, 2005; Tsai, 2007) while most of the studies at least doubt a
simple relation of teachers’ epistemological beliefs and their classroom-practice
(Lederman & Druger, 1985; Lederman & Zeidler, 1987; Lederman, 1995; Mellado, 1997;
Waters-Adams, 2006). It is hardly surprising that their teaching practice is usually
neither informed by epistemology nor by history of science (Martins, 2007; Wang &
Marsh, 2002). Actually their teaching practice does not take into account NOS aspects
even if they are informed about NOS (Lederman, 1999). Views about NOS often seem to
be conveyed to the students through “backdoors” like teachers’ language (Zeidler &
Lederman, 1989).

All these results fit very well with findings of studies outlining the general attitudes of
science teachers. Research based on video taped physics lessons in Germany showed
that teaching patterns usually are traditional and inflexible (Seidel et al. 2002, Fischler &
Schroder 2003, Reyer, Trendel & Fischer 2004, Tesch & Duit 2004).

In short: from a science teachers’ perspective HPS usually does not matter, which is a
conclusion that also holds for many science textbooks portraying science and its

epistemology often in a distorted and insufficient manner (e.g. Abd-el-Khalick, Waters, &



Le, 2008, Guisasola, Almudi, & Zubimendi, 2005, Irez, 2008, Leite, 2002, Pagliarini &
Silva, 2007).

Monk and Osborne (1997) certificate the state of implementation of HPS in science
teaching as weak. They state that attempts to put history and philosophy of science in
the center of teaching have merely enjoyed marginal success. They conclude that efforts
for implementing this content in school science teaching should not ignore the
perspectives of science teachers themselves, their beliefs about teaching and learning,
their major goals and ideas on science teaching, their epistemological understanding,
and their doubts about the relevance of HPS. But, this deficient view on science teachers
should be balanced by taking into account that teachers are also a source for didactical
creativity towards a more effective implementation of HPS. The project outlined in this
paper called HIPST might be a small step towards the ambitious objective to overcome
limiting factors and boundary conditions of an implementation of HPS (Hottecke, in
print). HIPST roughly spoken follows the strategy to develop and disseminate well-
approved materials for teaching and learning science with HPST. The project integrates

the perspectives and potentials of science teachers into its developmental model.

3. Objectives and guiding ideas of the HIPST project

HIPST is a European project focusing more effective strategies of implementation of HPS
into science teaching. The obstacles mentioned above will be taken into account as far as

possible. There are 10 partners from 8 European countries:

Germany: Dietmar Hottecke, University of Bremen and Kaiserslautern (scientific lead of
HIPST), Falk Riess, University of Oldenburg, Ekkehardt Lang, Deutsche Gesellschaft
fir Technische Zusammenarbeit (GTZ) in Berlin (project management and
coordination)

Great Britain: John Oversby, University of Reading

Greece: Fanny Seroglou, University of Thessaloniki and Dimitris Koliopoulos, University
of Patras

Hungary: Gabor A. Zemplén

Israel: Igal Galili, Hebrew University of Jerusalem

[taly: Paolo Brenni, Istituto Tecnico Toscano e Fondazione Scienza e Tecnica

Poland: Jozefina Turlo, University of Torun



Portugal: Ricardo Coelho, University of Lisbon

An international advisory board of scholars from Brazil (Cibelle C. Silva/University of
Sao Paulo), Germany (Thomas Bethge/Department for the Formation of Public Schools
in Bremen, Georg Trendel/Ministry for School and Further Education of North Rhine-
Westphalia, Anneliese Wellensiek/University of Hamburg), Norway (Marianne
(@degaard/Norwegian Centre for Science Education) and USA (Douglas
Allchin/University of Minnesota) supervises plans, procedures and results of HIPST.

The project specifically aims at the development of teaching and learning material for
learning scientific content as well as about epistemology, processes and contexts of
science. Moreover, science teachers are systematically integrated into the
developmental work in order to advance their attitudes, beliefs, competences and
general professional development. Therefore, our project aims as well at an
operationalization of the high level objectives to learn with and about HPS as well as

NOS.

General objectives

Partners collaborate in order to achieve the following general aims of the project:

- To increase the inclusion of history and philosophy of science in science teaching
for the benefit of scientific literacy.

- To improve strategies for the development and implementation of domain-
relevant materials, teaching and learning strategies into educational practice.

- To strengthen the cooperation and establish a permanent infrastructure of
sustainable networking of involved stakeholders in the field of scientific literacy

and public understanding of science (schools, museums, universities).

Development of case studies for teaching and learning

Best practice examples for teaching and learning with historical case studies will be
collected and newly developed. The concept of teaching and learning with case studies
considers science in a detailed, but exemplary manner in order to highlight general
aspects of science, epistemology, scientific content and the nature of science. A case
study should be confined with a clear beginning and end. It can be exemplified within a
narrative approach focusing on a storyline along a central idea (Stinner, McMillan, Metz,

Jilek, & Klassen, 2003). Furthermore, the concept of case study stresses the active role of



the learner, which is indicated by the expression “study”. General aspects of learning and
motivation like conceptual change, students’ epistemological beliefs, their interests and
general attitudes towards science and science learning (Hodge, 2006, Hoffmann,
Haufller, & Lehrke, 1998; Osborne & Collins, 2001; Osborne, 2003) therefore have to be

taken into account during the design of case studies.

Increasing the availability of materials for teaching and learning with HPS

A major goal of the project is to increase the availability of HPS related teaching and
learning material all over Europe and beyond. Therefore, outstanding case studies
collected and developed in each country will be translated into English and into the
national languages of the participating countries afterwards. Finally, the case studies
will be published widely on different media. Empirical evaluation about the efficacy of
the material will ensure their high quality regarding the learning goals related to HPS
(see Seroglou and others in these proceedings). The project aims at a broad availability
of best-practice case studies on how to teach and learn science as well as about NOS, as
researchers have asked for (Bartholomew, Osborne, & Ratcliffe, 2004; Akerson & Abd-
El-Khalick, 2003).

Considering learners’ perspectives

There is some evidence for positive effects on HPS on students’ interests in science
(Galili, & Hazan, 2001, Howe, & Rudge, 2005, Irwin, 2000, Lin, & Chen, 2002, Lin, Hung,
& Hung, 2002, Mamlok-Naaman, Ben-Zvi, Hofstein, Menis, & Erduran, 2005, Olson,
Clough, Bruxvoort, & Vanderlinden, 2005, Solbes, & Traver, 2003). On the other hand, on
the basis of research results about students’ interests, activities for students have been
recommended like experimenting, making observations and discussing. Low interests
are observed during activities like listening to talks and reading texts (for an overview
see Merzyn, 2008). For an HPS approach to science teaching this is obviously a
challenge. Historical narratives are often presented in talks of teachers while historical
sources are presented in primary source texts. The HIPST-approach therefore strongly
focuses on the development of student-centered activities like experimenting, making
observations, discussing, and role-playing. Thus, a greater variety of creative and open-
ended methods of teaching and learning science will be established. Examples are
presented elsewhere (Henke, Hottecke, Rief3, & Engels within these proceedings).

Fostering these activities will develop the culture of physics teaching in general as well
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as weaken the dominant role of teacher-centered activities. The students’ interest in
discussions fits very well with a further goal of the project, namely that ideas and
procedures of making and evaluating scientific evidence should be discussed and

negotiated among the students in the classroom.

The role of student-centered activities

Student-centered activities for HIPST are based on the mediation of two approaches,
which both have been advised for teaching and learning about NOS by science
educators: Teaching HPS with historical replicas (Heering, 2000, 2003; Hottecke, 2000;
Rief3, 2000) and guided inquiry learning (Schwartz, & Crawford, 2004; Lederman, 2004).
Within our understanding inquiry learning is regarded as a guided approach, since
research has indicated that emphasizing guidance is superior to approaches relying on
minimal guidance (Kirschner, Sweller, & Clark, 2006). Moreover, we do not expect
inquiry learning alone to be a method which necessarily improves students’
understanding of NOS. Instead, activities for explicit reflecting on NOS are regarded as
central means for an enhancement of students’ understanding (Khishfe, & Abd-El-
Khalick, 2002; Lederman, 2004).

Typical activities within the framework of guided inquiry are: Posing questions,
developing ideas, formulating hypotheses, designing experiments, analyzing data, using
evidence, finding conclusions, criticizing scientific practices, and building communities
of practice (e.g. Center for Science, Mathematics and Engineering Education, National
Research Council, 2000). Inquiry learning therefore is a method to allow students a high
degree of control over planning and executing an experiment. We expect to achieve a
greater extent of ownership, relevance and autonomy as central learning dimensions in
science.

Typical activities for an HPS approach enriched with replicated experiments from the
history of science are: Recapitulating the scientific practices (including experiments),
ideas and explanations of scientists of the past, reconsidering arguments, learning about
the context of science, criticizing scientific practices of past scientists, learning about the
material cultures of the past and considering and developing ideas and conceptions.
These two approaches, learning with replicated experiments on the one hand and
inquiry learning on the other, will be mediated as follows: Since we consider the role of
experiments for history of science in science teaching as crucial, students have to make

their own experimental experiences. But as we are working within an HPS framework,
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students have to relate and compare their own experiences with those described by past
scientist. The ideas of scientists of the past can also be used as guidelines for the design
of learning activities or as guidelines for students own inquiry activities.

Another important student centered activity is role-play. The method is used to develop
a better comprehension of NOS in general (BouJaoude, Sowwan, & Abd-El-Kahlick,
2003). Students explore conflicts among scientists and find out more about the reasons
for scientific controversies and ways how to settle them. Moreover, the method enables
students’ empathy with scientists of the past (ddegaard , 2003; Duveen & Solomon,
1994).

4. Symbiotic strategy for developing case studies on HPS

A symbiotic strategy of development and implementation

Our work is based on a developmental model inspired by participative action research
(Eilks, Parchmann, Grasel, & Ralle, 2004) and action research models (Altrichter, &
Posch, 1998, McKernan, 2006). These models consider curricular innovations to be
explored and developed within circles of retrospective understanding and future action.
Ideas, concepts and strategies of teaching are planned, evaluated and reworked in
circles. A strong participation of teachers is characteristic for action research models.
They explore and solve the problems they previously have identified. The model of Eilks
and his colleagues (2004) at the same time stresses the integration of different kinds of
expertise into the developmental process in order to overcome differences of norms,
rewards and working arrangements, which separate the communities of teachers and
researchers from each other (Huberman, 1993). This strategy is called symbiotic (Grasel
& Parchmann, 2004) in order to delineate traditional top-down strategies of
implementation. Top-down strategies are characterized by a high degree of adaptation
of curricular innovation to the objectives of curriculum developers and researchers.
Innovations in this case usually are shaped by results from research and development.
But, the problem of top-down strategies is often a low degree of acceptance among
practitioners. Thus, top-down approaches share the expectation of a high degree of
fidelity. They presuppose that values and commitments implicit in the curricular
innovation match the belief-systems of communities of practitioners in schools (Snyder,

Bolin, & Jungmann, 1992). But, professional teaching skills and content specific



didactical knowledge are needed to teach an innovation successfully. Strong long-term
beliefs about epistemology, general attitudes towards science and general beliefs about
teaching and learning may be in conflict with a curricular innovation. As has been shown
in the introduction, this is generally the case for HPS. A low degree of implementation is

da consequence.

Within a symbiotic approach instead the level of support of practitioners is supposed to
be high. Moreover, the level of professional development of practitioners which they
achieve during the development and exploration of the curricular innovation, increases.
The integration of teachers into the symbiotic developmental model from the very

beginning ensures a high degree of acceptance of the outcome in their professional field.

Researchers and teachers share ideas and perspectives. Both shape the developmental
processes with their different kinds of expertise, knowledge and skills. Researchers
contribute with their knowledge about history and philosophy of science and their
knowledge about research findings regarding HPS for science teaching or students’
preconceptions. They are responsible for structuring the developmental processes and
for defining the key issues of meetings. They organize accompanying research for
evaluation and revision of the developed material.

Teachers on the other hand contribute with their general didactic creativity, knowledge
and skills based on their own teaching practice. They develop ideas and methods for
teaching and learning, provide resources for evaluation and participate in accompanying
research cooperatively. Furthermore, the model ensures that teachers develop
ownership of new teaching practices (Eilks, Parchmann, Grasel, & Ralle, 2004), which
are not yet part of the current culture of science teaching: they have to moderate
discussions and negotiations among students, they guide open-ended inquiry activities

(Valk, & Jong, 2009) and instruct students for several kinds of role-play activities.



A double-cycle developmental model

8) putting case
studies into practice

7) reworking of
4) develop- case studies
ment of new 9) evaluation of
case studies perspectives of all
people involved

5) putting case
studies into practice

6) evaluation of ' 10) final

perspectives of all

people involved 3) collection of existing configuration of

material and case material and
studies translation

2) Sharing ideas and
perspectives;
identifying obstacles
1) constitution and options
of the group

Figure 1: Developmental model of HIPST

For HIPST a double-cycle model has been chosen. It comprises the following systematic

steps (Fig. 1):

A group of researchers and practitioners in the related field is constituted. In the very
beginning they share their ideas and perspectives with each other. Researchers for
instance follow the idea of developing case studies for teaching and learning about NOS
with HPS. They place great emphasis on avoiding to fall into the trap of a whiggish
approach of history (e.g. Butterfield, 1931; Klein, 1972; Cunningham, 1988; Allchin,
2004). This means that “history” is accused to interpret the past in terms of ideas of the
present. One-dimensional stories of scientific success may be a consequence. Therefore,
researchers in the project emphasize portraying science as a human endeavor bearing
controversial and multifaceted ideas, concepts, theories and experimental cultures of

science.

On the other hand science teachers ensure their lessons to be effective and fun for their
students at the same time. They define the scientific content, which has to be taught with
the HIPST-case studies, as well as the amount of time for teaching available. During this
phase researchers and practitioners together start identifying obstacles, boundary
conditions, but also options and potentials of the developmental process. Based on this
preparatory work the group decides for materials and case studies to be developed and
explored in the future.
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Subsequently a first phase of development of the case study follows. During this phase
historical and epistemological issues have to be discussed as well as didactical and
methodological aspects of teaching and learning (for details of the German group see
Henke, Hottecke, Riess, & Engels in these proceedings).

A first test of the case study including an evaluation follows. The tools of evaluation have
to be adapted to the questions the whole group or the researchers have defined before.
Interviews of groups of students or single students, field notes taken from observations
during lessons, interviews with teachers who taught the case study as well as video- or
audiotapes are possible instruments next to others (Altrichter, & Posch, 1998,
McKernan, 2006).

Based on a discussion of the results of the evaluation a reworking phase follows. After a
second test and evaluation the development of the case study will be terminated. During
this second phase of test and evaluation it is highly desirable to invite further
practitioners to test the materials. This procedure accounts for the fact that
practitioners who have been involved in the first phases have developed professional
skills and specific didactical knowledge for using the case studies properly. Inviting
further teachers from outside the project enables the group to learn more about how
teachers use the materials offered to them. This procedure ensures that the material will
finally be adapted in a way to support regular teachers who have not been involved into
HIPST. Obviously, the developmental process will be the more refined the more cycles
the developmental model comprises. But, due to the restricted run-time of the HIPST
project of two years a two-cycle model is a manageable maximum.

The process ends with a final configuration of the material and its translation into
English afterwards. All of the case studies collected or developed within the HIPST
project will be shared among the partners. All partners subsequently translate and
publish a choice of materials in their national languages. In order to coordinate the
process of exchange and translation and to make it run smoothly the partners have
agreed on a common exchange format for the case studies. Finally HIPST will provide a
wide range of different case studies based on a HPS approach available in 8 different

languages.
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5. Structure and management of HIPST

The HIPST project is divided into three major phases (see Fig. 2). The first phase is
concerned with the establishment of the project infrastructure on international and on
national levels. The second phase mainly encompasses the developmental work
described above. It also entails an additional empirical in-depth evaluation of case
studies in order to learn more about the effects of the case studies produced. Data will
be recorded and analyzed about the effects of a selection of case studies on students’
views on NOS, their science related attitudes and values, their interests and motivations
as well as their self-concept in science learning (see the paper of Seroglou, Vleioras, &
Panagiotis in these proceedings). During a concluding phase all necessary steps for an

effective dissemination of project results and experiences will be made.

Phase | Phase I Phase Il

02/2008

o7/20] 0

Establish
project

g}ent of the Know-how transfer,

ructure Development, Adaptation

and Evaluation dissemination, finalization

‘ nternational ‘ nternational International . nternational
Conference Conference . Conference Conference ’

National Conference National Conference National Conference

Figure 2: The structure of the HIPST-project

(AB: advisory board, SC: steering committee, TWG: thematic working group)

Several international conferences ensure an efficient communication and network
building among the partners involved. The members of HIPST provide different
expertise to the project in order to support a high level of knowledge and skill transfer.

The advisory board members attend most of the international meetings. Steering
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committee meetings of the project define project goals, make decisions on the course of

the project and decide on changes regarding its management if necessary.

During three national conferences held in each country the local situation regarding an
implementation of HPS in science teaching in general and project results in particular is
analyzed and supported. Among science teachers and experts from teacher education
and vocational training, experts from museums and science centers as well as from

school science administration are explicitly invited to contribute to the project.

The central working units of HIPST are thematic working groups installed in each
country. They make decisions in close cooperation with the national conferences in each
country on which branch of science, which professional field and which kind of case
study their efforts focus on. The German group for instance comprises 4 researchers
from the Universities of Bremen, Oldenburg and Kaiserslautern next to 6 secondary

school physics teachers and meets about once a month.

Since HIPST is not restricted to the educational field of school science, but also includes
science museums, the thematic groups can also be concerned with the development of
case studies for teaching and learning in museums. This is explicitly the case for the

[talian group at the Istituto Tecnico Toscano e Fondazione Scienza e Tecnica in Florence.

6. Perspectives for HIPST and beyond

HIPST will terminate in July 2010. We expect to have contributed to a more efficient
implementation of HPS on several levels. A wide range of case studies for teaching and
learning science with HPS will be developed and available in several languages. HIPST
also aims at a strong orientation of case studies on the perspectives of learners as well
as teachers and researchers in the related educational field. Therefore, HIPST
contributes to a higher degree of acceptance of HPS as a way of learning and

understanding science among practitioners.

On the other hand we are also aware of some limits of our approach. More research has
to be done on implementation regarding HPS in order to understand the boundary
conditions and limiting factors better, which hamper at least science teachers to accept
HPS as a way of understanding, teaching and learning science. We also have to learn

more about the transformative processes which HPS case studies undergo. Like all
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curricular innovations they are exposed to changes on their way from a curriculum
planned and designed in a workshop to a curriculum carried out and studied in a

classroom.

7. References

Abd-El-Khalick, F., Bell, R.L., & Lederman, N.G. (1998). The nature of science and instructional practice:
making the unnatural natural. Science Education, 82 (4): 417-436.

Abd-El-Khalick, F., Waters, M., & Le, A.-P. (2008). Representations of Nature of Science in High School
Chemistry Textbooks over the Past Four Decades. Journal of Research in Science Teaching, 45 (7):
835-855.

Abell, S. K., & Smith, D. C. (1992). What is Science? Preservice Elementary Teachers’ Conceptions of the
Nature of Science. In S. Hills, The History and Philosophy of Science Education. Proceedings of the
Second International Conference on the History and Philosophy of Science and Science Teaching. 2
Vol,, Kingston, Ontario: The Mathematics, Science, Technology and Teacher Education Group and
The Faculty of Education Queen’s, University, Vol.1, 11-22.

Aguirre, ].M., Haggerty, S.M., & Linder, C.J. (1990). Student-teachers’ conceptions of science, teaching and
learning: a case study in preservice science education. International Journal of Science Education,
12(4), 381-390.

Akerson, V. L., & Abd-El-Khalick, F. (2003). Teaching Elements of Nature of Science: A Yearlong Case Study
of a Fourth-Grade Teacher. Journal of Research in Science Teaching, 40 (10): 1025-1049.

Allchin, D. (2004). Pseudohistory and Pseudoscience. Science & Education, 13, 179-195.

Altrichter, H., & Posch, P. (1998 (3. ed.)). Lehrer erforschen ihren Unterricht. Eine Einfiihrung in die
Methode der Aktionsforschung (Teachers explore their teaching. An introduction to methods of
action research). Bad Heilbrunn: Klinkhardt.

Bartholomew, H, Osborne, J.F., & Ratcliffe, M. (2004). Teaching Students Ideas-About-Science: Five
Dimensions of Effective Practice. Science Education 88, 655-682.

BouJaoude, S., Sowwan, S. & Abd-El-Khalick. F. (2003). The Effect of Using Drama in Science Teaching on
Students' Conceptions of Nature of Science. Paper presented on The ESERA 2003 Conference
Research and the Quality of Science Education,
http://www1l.phys.uu.nl/esera2003/programme/pdf%5C039S.pdf (10.06.2008).

Brickhouse, N.W. (1989). The teaching of the philosophy of science in secondary classrooms: case studies
of teachers’ personal theories. International Journal of Science Education, 11 (4): 437-449.

Brickhouse, N.W. (1990). Teachers’ Beliefs about the Nature of Science and Their Relationship to
Classroom Practice. Journal of Teacher Education, May-June, 41 (3): 53-62.

Butterfield, H. (1931). The Whig interpretation of history. London: Bell.

Center for Science, Mathematics and Engineering Education, National Research Council (2000). Inquiry
and the National Science Education Standards. A Guide for Teaching and Learning. Washington:
National Academy Press.

Craven 1], ]. A, Hand, B., & Prain, V. (2002). Assessing explicit and tacit conceptions of the nature of
science among preservice elementary teachers. International Journal of Science Education, 24 (8):
785-802.

Cunningham, A. (1988). Getting the game right: Some plain words on the identity and invention of science.
Studies in History and Philosophy of Science, 19 (3): 365-389.

Duveen, J., & Solomon, J. (1994). The Great Evolution Trial: Use of Role-Play in the Classroom. Journal of
Research in Science Teaching, 31 (5), 575-582.

14



Eilks, L., Parchmann, 1., Grasel, C., & Ralle, B. (2004). Changing teachers' attitudes and professional skills by
involving teachers into projects of curriculum innovation in Germany. In: B. Ralle & I. Eilks (ed.),
Quality in practice oriented research in science education, Aachen, Shaker, 29-40.

Fischler, H., & Schrdder, H.-]. (2003). Fachdidaktisches Coaching fiir Lehrende in der Physisk. ZfDN, 9, 43-
62.

Galilj, 1., & Hazan, A. (2001). The Effect of a History-Based Course in Optics on Students’ Views about
Science. Science & Education, 10: 7-32.

Grasel, C., & Parchmann, I. (2004). Implementationsforschung - oder: der steinige Weg, Unterricht zu
verdndern (Research on Implementation: The Problems of Changing Teaching and Learning).
Unterrichtswissenschaft, 32 (3): 196-214.

Guisasola, ., Almudj, ]J. M., & Zubimendi, J.L. (2005). The Nature of Science and Its Implications for Physics
Textbooks. The Case of Classical Magnetic Field Theory. Science and Education, 14, 321-338.

Heering, P. (2000). Getting shocks: Teaching Secondary School Physics through History. Science &
Education, 9(4), 363-373.

Heering, P. (2003). History - Science - Epistemology: On the use of historical experiments in physics
teacher training. In W.F. McComas (ed.), Proceedings of the 6th IHPST Conference Denver 2001.
Avaible from the IHPST Group, IHPST.ORG.

Hodge, R. (2006). What Europeans Really Think (and Know) about Science and Technology. Science in
School, issue 3, Winter 2006: 71-77,
http://www.scienceinschool.org/2006/issue3/eurobarometer/ (17.04.2007).

Hoffman, L., Haufler, P., & Lehrke, M. (1998). Die IPN-Interessenstudie Physik. Kiel: IPN.

Hottecke, D. (2000). How and what can we learn from replicating historical experiments? A case study.
Science & Education, 9(4), 343-362.

Hottecke, D. (in print). Learning Physics with History and Philosophy of Science. On Effective
Implementation Strategies for an Old Approach in School Science Teaching in Europe. In N.M.D
Garcia, A Pesquisa em Ensino de Fisica e a Sala de Aula: Articulacdes Necessarias. Sdo Paulo: SBF.

Hottecke, D., & Rief3, F. (2007). How Do Physics Teacher Students Understand the Nature of Science? An
Explorative Study of a Well Informed Investigational Group. Paper presented at the Ninth
International History, Philosophy, Sociology & Science Teaching Conference (IHPST), Calgary,
Canada 2007, June 28 - 31, 2007,
http://www.ucalgary.ca/ihpst07 /proceedings/IHPST07%20papers/124%?20hoettecke.pdf
(20.01.2008).

Howe, E. M., & Rudge, D. W. (2005). Recapitulating the History of Sickle-Cell Anemia Research. Science &
Education, 14(3-5), 423 - 441.

Huberman, M. (1993). Linking the Practitioner and Researcher Communities for School Improvement.
School Effectiveness and School Improvement, 4 (1): 1-16.

Irez, S. (2006). Are We Prepared?: An Assessment of Preservice Science Teacher Educators’ Beliefs About
Nature of Science. International Journal of Science Education, 90, 1113- 1143.

Irez, S. (2008). Nature of Science as Depicted in Turhish Biology Textbooks. Science Education, 93(3): 422-
447.

Irwin, A. R. (2000). Historical Case Studies: Teaching the Nature of Science in Context. Science Education,
84(1): 5-26.

Kang, N.-H., & Wallace, C.S. (2005). Secondary Science Teachers' Use of Laboratory Activities: Linking
Epistemological Beliefs, Goals, and Practices. Science Education, 89(1): 141-165

Khishfe, R. & Abd-El-Khalick, F. (2002). Influence of Explicit and Reflective versus Implicit Inquiry-
Oriented Instruction on Sixth Graders’ Views of Nature of Science. Journal of Research in Science
Teaching, 39(7), 551-578.

King, B.B. (1991). Beginning teachers’ knowledge of and attitudes toward history and philosophy of
science. Science Education, 75 (1), 135-141.

15



Kirschner, P.A., Sweller, ]., & Clark, R.E. (2006). Why Minimal Guidance During Instruction Does Not Work:
An Analysis of the Failure of Constructivist, Discovery, Problem-Based, Experiential, and Inquiry-
Based Teaching. Educational Psychologist, 41(2), 75-86.

Klein, Martin J. (1972). The Use and Abuse of Historical Teaching in Physics. in S.G. Brush & A.L. King
(eds.), History in the Teaching of Physics. Proceedings of the international Working Seminar on the
Role of the History of Physics in Physics Education. Hanover, New Hampshire: University Press of
New England, 12-18.

Koulaidis, V., & Ogborn, J. (1989). Philosophy of science: an empirical study of teachers' views.
International Journal of Science Education, 11 (2), 173-184.

Lakin, S., & Wellington, ]. (1994). Who will Teach the "Nature of Science"?: Teachers’ Views of Science and
their Implication for Science Education. International Journal of Science Education, 16 (2): 175-190.

Lederman, N. G. (1995). The influence of teachers' conceptions of the nature of science on classroom
practice: the story of five teachers. In F. Finley & D. Allchin (eds.), Proceedings of the Third
International History, Philosophy, and Science Teaching Conference. Minneapolis/Minnesota, 656-
663.

Lederman, N. G. (2004). Syntax of Nature of Science within Inquiry and Science Instruction. In L.B. Flick
(ed.): Scientific Inquiry and Nature of Science. Implications for Teaching, Learning, and Teacher
Education. Dordrecht [u.a.]: Kluwer Academic Publishers: 301-317.

Lederman, N. G., & Druger, M. (1985). Classroom factors related to changes in student’s conceptions of the
nature of science. Journal of Research in Science Teaching, 22 (7): 649-662.

Lederman, N. G., & Zeidler, D.L. (1987). Science teachers, conceptions of the nature of science: Do they
really influence teaching behaviour? Science Education, 71(5), 721-734.

Lederman, N.G. (1999). Teachers’ Understanding of the Nature of Science and Classroom Practice: Factors
That Facilitate or Impede the Relationship. Journal of Research in Science Teaching, 36 (8): 916-
929.

Leite, L. (2002). History of Science in Science Education: Development and Validation of a Checklist for
Analyzing the Historical Content of Science Textbooks. Science & Education 11: 333-359.

Lin, H.-S., & Chen, C.-C. (2002). Promoting Preservice Chemistry Teachers’ Understanding about the
Nature of Science through History. Journal of Research in Science Teaching, 39 (9), 773-792.

Lin, H.-s.; Hung, J.-y., & Hung, S.-c. (2002). Using the history of science to promote students' problem-
solving ability. International Journal of Science Education, 24(5): 453-464.

Mamlok-Naaman, R., Ben-Zvi, R., Hofstein, A., Menis, ]., & Erduran, S. (2005). Learning Science through a
Historical Approach: Does It Affect the Attitudes of Non-Science-Oriented Students towards
Science? International Journal of Science & Math Education, 3 (3), Sep 2005, 485 - 507.

Martins, A.F.P. (2007). Histdria e filosofia da ciéncia no ensino: ha muitas pedras nesse caninho. Cad. Bras.
Ens. Fis., 24(1), 112-131.

Matthews, Michael R. (1994). Science Teaching. The Role of History and Philosophy of Science. New York,
London: Routledge.

McKernan, J. (2006). Curriculum Action Research. A Handbook of Methods and Resources for the
Reflective Practitioner. London, New York: Routledge.

Mellado, V. (1997). Preservice teachers’ classroom practice and their conceptions of the nature of science.
Science & Education, 6, 331-354.

Merzyn, G. (2008). Naturwissenschaften, Mathematik, Technik - immer unbeliebter? Die Konkurrenz von
Schulfachern um das Interesse der Jugend im Spiegel vielfaltiger Untersuchungen.
Baltmannsweiler: Schneider-Verlag.

Monk, M., & Osborne, J. (1997). Placing the history and philosophy of science on the curriculum: a model
of development of pedagogy. Science Education, 81(4), 405-425.

Newton, D.P., & Newton, L.D. (2009). Some student teachers' conceptions of creativity in school science.
Research in Science & Technology Education, 27 (1): 45-60.

16



@degaard, M. (2003). Dramatic Science. A Critical Review of Drama in Science Education. Studies in
Science Education, 39, 75-102.

Olson, ].K,, Clough, M.P., Bruxvoort, C.N., & Vanderlinden, Da.W. (2005). Improving Students’ Nature of
Science Understanding through Historical Short Stories in an Introductory Geology Course. Paper
prepared for the Eighth International History, Philosophy, Sociology & Science Teaching Conference
(IHPST), Leeds, UK 2005

Osborne, J. (2003). Attitude toward Science: A Review of the Literature and its Implications. International
Journal of Science Education, 25(9): 1049-1079.

Osborne, |, & Collins, S. (2001). Pupils’ view of the role and value of the science curriculum: a focus-group-
study. International Journal of Science Education, 23(5): 441-467.

Pagliarini, C. de R., & Silva, C.C. (2007). History and Nature of Science in Brazilian Physics Textbooks: Some
Findings and Perspectives. Paper presented at the Ninth International History, Philosophy,
Sociology & Science Teaching Conference (IHPST), Calgary, Canada 2007, June 28 - 31, 2007,
http://www.ucalgary.ca/ihpst07 /proceedings/IHPST07%20papers/2122%20Silva.pdf
(05.03.2008).

Palmquist, B. C., & Finley, F. N. (1997). Preservice Teachers' Views of the Nature of Science during a
Postbaccalaureate-Science Teaching Program. Journal of Research in Science Teaching, 34 (6), 595-
615.

Reyer, T., Trendel, G., & Fischer, H. (2004). Was kommt beim Schiiler an? - Lehrerintentionen und
Schiilerlernen im Physikunterricht. In J. Doll & M. Prenzel (Hrsg.), Bildungsqualitdt von Schule:
Lehrerprofessionalisierung, Unterrichtsentwicklung und Schiilerférderung als Strategie der
Qalitatsverbesserung. Miinster [u.a.]: Waxmann, 195-211.

Rief3, F. (2000). History of Physics in Science Teacher Training in Oldenburg. Science & Education, 9: 399-
402.

Schwartz, R. S., & Crawford, B. A. (2004). Authentic Scientific Inquiry as Context for Teaching Nature of
Science. In L.B. Flick & N.G. Lederman (ed.), Scientific Inquiry and Nature of Science.Implications for
Teaching, Learning, and Teacher Education.Dordrecht [u.a.] : Kluwer Academic Publishers, 331-
355.

Seidel, T., Prenzel, M., Duit, R,, Euler, M., Geiser, H.Hoffmann, L., Lehrke, M., Miiller, C.T., & Rimmele, R.
(2002). "Jetzt bitte alle nach vorne schauen!" - Lehr-Lernskripts im Physikunterricht und damit
verbundene Bedingungen fiir individuelle Lernprozesse. Unterrichtswissenschaft (30), 1. Vj, S. 52-
77.

Snyder, . Bolin, F., & Jungmann, A. (1992). Curriculum Implementation. In. P.W. Jachson (ed.), Handbook
of reseach on curriculum. New York: Macmillan, S. 402-435.

Solbes, ]., & Traver, M. (2003). Against a Negative Image of Science: History of Science and the Teaching of
Physics and Chemistry. Science & Education, 12, 703-717.

Stinner, A., McMillan, B.A., Metz, D,, Jilek, ].M., & Klassen, S. (2003). The Renewal of Case Studies in Science
Education. Science & Education, 12, 617-643.

Tesch, M., & Duit, R. (2004). Experimentieren im Physikunterricht - Ergebnisse einer Videostudie.
Zeitschrift fir Didaktik der Naturwissenschaften, 10, 51-69.

Tsai, C.-C. (2007). Teachers' scientific epistemological views: The coherence with instruction and students'
views. Science Education, 91(2), 222-243.

Valk, T. van der; & Jong, O. de (2009). Scaffolding Science Teachers in Open-Inquiry Teaching.
International Journal of Science Education, 31(6): 829-850.

Wang, H.A., & Marsh, D. D. (2002). Science Instruction with a Humanistic Twist Teachers’ Perception and
Practice in Using the History of Science in Their Classrooms. Science & Education 11: 169—189.

Waters-Adams, S. (2006). The Relationship between Understanding of the Nature of Science and Practice:
The Influence of Teachers’ Beliefs about Education, Teaching and Learning. International Journal of
Science Education, 28(8), 919-944.

Zeidler, D. L., & Lederman, N.G. (1989). The Effect of Teachers’ Language on Students’ Conceptions on the
Nature of Science. Journal of Research in Science Teaching, 26 (9), 771-783.

17



