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Abstract In this paper we discuss the foundations and process of design of a research-

informed instructional unit aimed for pre-service science teacher education. The unit

covers some key ideas on the nature of science (around methodology, theory change,

scientific inference and explanation, values, gender issues) anchoring them in a well-

known episode from the history of science—the ‘discovery’ of radium by the Curies. Such

episode is mainly examined as reconstructed in the 1997 French commercial film ‘Les

Palmes de Monsieur Schutz’. Pre-service science teachers are required to solve three tasks,

individually and in small groups; those tasks are respectively centred around: (1) the

distinction between ‘discovering’ and ‘inventing’; (2) scientific modelling via abduction;

and (3) the extended hagiographic treatment of the figure of Madame Curie. Plenary

debates around the tasks aim at acquainting pre-service science teachers with some

powerful concepts of twentieth century philosophy of science.

A preliminary, much shorter, version of this paper was published (Adúriz-Bravo and Izquierdo-Aymierich
2004) in the CD-ROM proceedings of the 7th IHPST Conference, held in Canada in 2003.
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1 Introduction and Aims

The need to develop knowledge and understanding of the nature of science in pre- and in-

service education of science teachers for all educational levels (from kindergarten to

university) has been thoroughly supported by many authors in didactics of science (i.e.,

science education as a discipline).1 The urgency of this need directly derives from recent

curriculum recommendations all over the world, which emphasise knowledge about sci-

ence as a major component of scientific literacy.2 Nowadays society considers that a

scientifically educated citizen is someone who at the same time is familiar with the sci-

entific content, scientific reasoning, and can give an informed and supported answer to the

epistemological question of how we know what we know (Adúriz-Bravo 2005b; Seroglou

2006). This places an additional requirement on science teacher education, with new

‘competencies’ that until relatively recently were not present in their professional devel-

opment (Adúriz-Bravo and Perafán 2002).

It is known that the so-called meta-sciences (among which we focus on the philosophy

and history of science) can make important contributions to science teacher education—

and subsequently to their practice—along at least three complementary lines:

1. The philosophy and history of science provide curriculum content that teachers must

teach in their own science classes, since—as we have stated—an outstanding aim of

scientific literacy for all is that citizens learn about what characterises science as a
human endeavour (McComas 1998; Matthews 2000).

2. The philosophy and history of science help teachers find new, better methods of

teaching scientific content. Thus, meta-sciences can inform pedagogy in several useful

ways (Matthews 1994; Sensevy et al. 2008).

3. The philosophy and history of science provide teachers with a critical, ‘second-order’,

meta-cognitive perspective that may favour their autonomy, self-regulation and

professionalisation (Adúriz-Bravo 2002; Flick et al. 2004).

In previous publications3 we have presented a theoretical framework that identifies and

organises what we call key nature-of-science ideas, those that specialists often recommend

teaching to pre- and in-service science teachers. Within such framework, we have devised

the construct of ‘structuring theoretical fields of the philosophy of science’ (or more

briefly, strands) to refer to compact thematic clusters of those key ideas that organise them

against the background of a ‘bigger picture’. So far, we have proposed seven possible

strands,4 covering a range of classical philosophical issues such as realism, scientific

rationality, theory structure, methodology, modelling, scientific evolution and progress,

1 See for instance the work of Duschl (1990), Matthews (1994), McComas (1998), Flick et al. (2004),
Izquierdo-Aymerich et al. (2004), Adúriz-Bravo (2005b), Lederman (2006), Seroglou (2006), Develaki
(2007), Koponen (2007), and Zemplén (2009).
2 See for instance: Project 2061 of the American Association for the Advancement of Science; the ‘national
science education standards’ of the US National Academy of Sciences; the initiatives of the British
Association for the Advancement of Science; the project La main à la pâte from the French Académie des
Sciences; UNESCO-OREALC’s programme of scientific education for Latin America and the Caribbean; or
the Argentine project of primary scientific literacy (PAC) from the Ministry of Education.
3 Adúriz-Bravo (2001a, 2004, 2006, 2007a, b), Adúriz-Bravo and Izquierdo-Aymerich (2001), Adúriz-
Bravo et al. (2001), Adúriz-Bravo et al. (2001, 2002).
4 The names of the seven strands are: correspondence/rationality, representation/languages, intervention/
method, context/values, evolution/judgement, demarcation/structure, and normativity/recursion (see Adúriz-
Bravo 2004).

1178 A. Adúriz-Bravo, M. Izquierdo-Aymerich

123



evaluation of scientific claims, linguistic aspects of scientific representation, values and

ethics in the scientific enterprise, demarcation between science and other activities, and the

second-order and normative nature of meta-sciences.

In addition to this proposal, we have suggested that key nature-of-science ideas can be

taught to science teachers using the history of science as a meaningful vehicle. It has been

shown that selected historical episodes, carefully reconstructed, can work as ‘settings’ that

give meaning to rather abstract epistemological notions and promote their transference to

other situations.5

It can be argued that, since it is important to know what science is and how it works, the

ways in which it evolves through time, and how it relates to society and culture (Adúriz-

Bravo 2005b), nature-of-science models involved in such knowledge are better understood

when ‘anchored’ in actual scientific episodes. The history of science is a source of such
episodes, but it needs to be ‘read’ from a philosophical perspective.

This paper presents an instructional unit (i.e., a sequence of teaching activities) directed

to pre-service science (physics, chemistry, biology) teachers that was designed following

the guidelines of our theoretical framework, and taking into account contributions from

other authors. The unit can be thus considered as research-informed teaching material (cf.,

Millar 2002; Méheut and Psillos 2004). The aim of the paper is to discuss the theoretical

foundations the unit and to indicate its design, rather than presenting empirical results of its

actual implementation in the classrooms. Nevertheless, we have been collecting some data

regarding the usefulness of the unit in terms of its contribution to changing pre-service

science teachers’ ideas on the nature of science. Such data has not been formally analysed

so far, but we will comment, in the last section, some informal, preliminary results around

teachers’ argumentative processes fostered by our work.

The unit ‘The discoveries of radium’ (Adúriz-Bravo 2005a) was originally designed in

2002 for pre-service secondary science teachers taking an introductory, one-semester

course on didactics of science as part of their education.6 Since then, and after multiple

adaptations and corrections, it has also been used with in-service secondary science

teachers as part of postgraduate education or professional development programmes. Its

use has also been extended to teachers for other educational levels (primary and tertiary,

including university); we have also explored its value in inter-disciplinary projects

bringing together science, maths, language, social science, humanities and arts. Up till

now, the unit has been tested with over 200 pre- or in-service science teachers in five

countries.

In our unit, the ‘discovery’ of radium by the Curies (c. 1898), as it is fictionally

reconstructed in the French commercial film entitled ‘Les Palmes de Monsieur Schutz’

(released in 1997), is revisited in order to discuss three important nature-of-science topics:

1. The difference between ‘discovering’ and ‘inventing’, mainly focusing on the strand

that we have labelled ‘intervention/method’. This topic involves examining the

theoretical content and assumptions of empirical intervention in science and the

construction of scientific facts and scientific evidence.7

5 See Monk and Osborne (1997), Irwin (2000), Stinner et al. (2003).
6 The text of the unit has been published in Spanish (Adúriz-Bravo 2005a), Catalan (Adúriz-Bravo 2001b),
and Greek (Seroglou and Adúriz-Bravo 2007a).
7 See Izquierdo-Aymerich (2000), Koponen and Mäntylä (2006), Koponen (2007), Mäntylä and Koponen
(2007).
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2. The internal logic of the classical ‘context of justification’ of scientific knowledge,

focusing on scientific reasoning, a powerful meta-concept that traverses many of our

strands (correspondence/rationality, representation/languages, intervention/method,

and demarcation/structure). Reasoning mechanisms in science have usually been

examined from too narrow a logical perspective, mainly relying on the use of

deductive and inductive patterns; our aim is to introduce teachers into an

understanding of the processes of modelling as they are seen in some contemporary

philosophies of science that can be characterised as representational, semantic, model-

based, and cognitive (cf., Adúriz-Bravo 2002, 2004, 2005b; Adúriz-Bravo 2009). In

these philosophies, abduction and analogy are other inferential devices that are

deemed important for a better understanding of how science works (cf., Hanson 1958;

Giere 1991; Samaja 1994).

3. The role of contexts and values in science (our fourth strand), specifically regarding

the figure of Madame Curie as an epitome of women in science. Maria Skłodowska-

Curie (1867–1934) is undoubtedly one of the most visited figures in the history of

science, both by scholars and by the realm of popularisation; several, often

hagiographic, images have been constructed at her expense. We consider that such

extensive treatment provides a fertile arena for science teachers to examine the human

aspects of science-in-the-making as seen by scientists themselves, by science

educators, and by the general public.8

During the activities of this unit, pre-service science teachers are encouraged to use

theoretical concepts such as ‘contextualism’, ‘abduction’ (i.e., inference to the best

explanation: Lipton 2001) and ‘hagiography’, among some others, in order to perform a

meta-analysis on a well-known example of a scientific accomplishment.

In the following two sections we show the different models, ideas and concepts from the

nature of science that the unit seeks to develop in class with our pre-service science

teachers though a variety of pedagogical devices, including formalisation of reasoning

patterns, multiple-choice items, argumentation, search of historical information, critical

comparison of sources, analogies, debates, and guided readings. Some of these devices are

supported on research in the contributions from the philosophy and history of science to

science education.

We then provide an English translation of the worksheet that we use when putting the

unit into action, and we describe the ways in which this worksheet, together with a set of

accompanying materials, is infused in our science teacher education proposals. The last

section is devoted to: first, highlighting the pillars of the design in terms of its coherence

with the theoretical framework constructed through research processes; and second,

sketching some notes on the implementation of the unit.

2 Nature-of-Science Ideas for Pre-Service Science Teacher Education

Within didactics of science, there have been various attempts at determining which are the

‘core’ meta-scientific questions, topics, ideas, or constructs that should constitute the so-

called ‘nature of science’ (NOS) understood as content to be taught to different target

populations, including students and teachers (cf., Alters 1998; McComas 1998; Clough

8 See Solsona (1997), Seroglou and Adúriz-Bravo (2007a), Seroglou and Adúriz-Bravo (2007b), Scandroli
(2008).
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2007).9 Although intense debate around this issue is still ongoing, the community appears to

have reached some emerging consensus on a few epistemological notions that hold great

value both in science teaching and in science teacher education. The topics (i.e., scientific

discovery, reasoning, and values) that we intend to teach to our target audience—pre-service

secondary science teachers—with the unit that we present here could be located among those

that are usually ‘short-listed’ as good candidates for key nature-of-science cornerstones.

Nevertheless, not all the available proposals seek to teach these notions from the same meta-

theoretical perspective; our own approach chooses a model-based view of science.10

Another feature to be noted in our work—and in particular in the instructional unit

under discussion—is that, although we resort to contemporary philosophy of science,

mainly profiting from Giere (1988, 1991) cognitive model of science, we perform an

eclectic selection of philosophical concepts, going as far back as to logical positivism. Our

aim is to present our pre-service science teachers with the spectacular transformations of

this discipline during the twentieth century.

A third trait of our nature-of-science proposals for pre-service science teachers, which is

well exemplified in the unit object of this paper, is that the key ideas that we deem valuable

have been ‘constructed’ as a result of various investigations within an on-going research

programme. Such investigations aimed at: (1) identifying notions from the philosophy of

science that have bearing on teachers’ practice; (2) creating presentations (i.e., the so-

called didactical transpositions) of these ideas that are suitable for our target population;

(3) linking the different philosophical issues to be taught in a coherent framework, a

model-based view of science; and (4) finding in the literature of didactics of science,

suitable pedagogies to teach the content thus constructed.11

The idea of scientific explanation has been a major theoretical concern during the

history of the philosophy of science (cf., Hempel 1965; Giere 1991; Rosenberg 2000);

consequently, scholars within didactics of science have repeatedly suggested exploring it in

depth with science teachers (cf., Duschl 1990; Jiménez Aleixandre 1996). Our designs for

pre-service science teacher education focus on the role of explanation (together with

argumentation and justification) in scientific methodology, theory choice, theory change,

and the communication of science.

Along the line of working with teachers’ (mis)conceptions on the dynamics of scien-

tists’ explanations, we are interested—among other aspects—in common-sense, stereo-

typical uses of the terms of ‘discovering’ and ‘inventing’, related to naı̈ve or outdated

stances on realism and rationality (cf., Adúriz-Bravo 2005b). In our opinion, a moderate,

contextualist view on science, which takes into account in a more balanced way the

internal and external factors affecting scientists’ choices between competing pieces of

knowledge (cf., Giere 1988, 1991), can foster more robust understandings of how scientists

select, transform and connect facts, construct and use evidence, hypothesise, explain, and

utilise and create theories and models.

Some of the theoretical elements that we suggest to introduce for this nature-of-science

discussion around explanation are the concepts of theory-ladenness of observation (Hanson

1958), anomaly (Kuhn 1962), radical conceptual change (Nussbaum 1983, 1989) and

9 While the expression ‘nature of science’ is utilised with different denotations within the community of
didactics of science (cf., McComas 1998; Adúriz-Bravo 2008), the use of the acronym ‘NOS’ is undoubtedly
widespread when talking about a curriculum component, i.e., content to be taught in the classroom.
10 See Izquierdo-Aymerich and Adúriz-Bravo (2003), Develaki (2007), Koponen (2007).
11 See Adúriz-Bravo (2001a, 2004, 2006, 2007a, b), Adúriz-Bravo and Izquierdo-Aymerich (2001), Adúriz-
Bravo et al. (2001), Adúriz-Bravo et al. (2001, 2002).
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written reconstruction of the experiment (Izquierdo-Aymerich 2000). As we have said, we

also want to emphasise the relative conventionality of the verbs ‘discover’ and ‘invent’,

and to introduce ‘alternative’ terms that depict complex cognitive procedures that are

paradigmatic when doing science, e.g., postulate, infer, suggest, make a hypothesis, pro-

pound, deduce, identify, make an analogy, recognise, characterise, etc.

A second nature-of-science issue that we have inspected in our research, and included in

our instructional units, is that of the internal logic of the traditional Reichenbachian context

of justification. As we have stated, we work from a semantic perspective; we resort to what

we have called cognitive model of school science (Izquerdo-Aymerich and Adúriz-Bravo

2003). We consider that the solution of a theoretical problem in science usually arises from

a process of modelling; our reconstruction of such process is formalised by means of an

abductive reasoning pattern (i.e., what is usually known as an ‘inference to the best

explanation’). For this purpose, we use Charles Sanders Peirce’s canonical contrastive

presentation of the relevant patterns (deduction, induction and abduction sensu stricto), in

the adaptation and Spanish translation created by the Argentine philosopher of science

Juan Samaja (1994).

In our opinion, some of the theoretical concepts that can be introduced for the purpose

of analysing reasoning in science with pre-service science teachers are: scientific judge-
ment, abduction, theoretical models and hypotheses (à la Giere), and modelling. We also

inspect the role of analogy, creativity, serendipity, and cultural constraints in scientific

inquiry.

We have also found very useful using the Peircian formulation of an abductive ‘ascent’

(i.e., abduction sensu lato, any ampliative inference that produces or activates hypotheses):

The surprising fact, C, is observed.

But if the hypothesis A were true, C would be a matter of course.

Hence,

There is reason to suspect that A is true.

With such formulations, our pre-service science teachers can reconstruct various

‘famous’ discoveries as ‘reverse’ deductive schemas (Adúriz-Bravo 2005b), formally, but

not semantically, equivalent to a fallacy of affirming the consequent (Adúriz-Bravo 2004).

A third important aspect of the nature of science that we have worked on is the issue of

values (both epistemic and ethical) in science. In our instructional units, we want pre-

service science teachers to critically revise the images of science and scientists that are

constructed in society, in scientific, historical, and popular literature, in mass media, and at

school. These images are usually Whiggish, hagiographic, and élitist, with a strong gender

bias (cf., Solsona 1997; Evans 2004; Adúriz-Bravo 2008).

Common-sense conceptions of the scientific enterprise, and of those who perform it,

tend to overemphasise heavily idealised epistemic (e.g., superhuman intelligence) and

ethical (e.g., extreme unselfishness) traits. These distorted views of science and scientists

also involve an asymmetric consideration of men and women. Hence, a robust under-

standing of the nature of science would need to tackle these issues and their influence in the

‘internal affairs’ of scientific development.

For the purpose of this third reflection with pre-service science teachers, we have

inspected the usefulness of several scientific episodes and characters (cf., Izquierdo-Ay-

merich 2000; Adúriz-Bravo 2005b; Seroglou and Adúriz-Bravo 2007b). Among the latter,

Madame Curie undoubtedly yields great value due to the volume and variety of materials

available and the intense appeal that it has on the general public.
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3 The Unit ‘The Discoveries of Radium’

Our subjects are students who take undergraduate courses leading to degrees in science

teaching (physics teaching, chemistry teaching, and biology teaching) at the Universidad

de Buenos Aires (Argentina). People graduating from these courses receive a qualification

approximately equivalent to a master in science education in Europe or North America.

The unit is designed to be performed in the courses Didactics of Physics I, Didactics of

Chemistry I, or Didactics of Biology I, compulsory one-semester courses in the 50 year of

the career. The activities of the unit are estimated to cover one class of 5 h.

Our ‘radium unit’ pivots on the remarkable film ‘Les palmes de Monsieur Schutz’,

directed by Claude Pinoteau, and starring Isabelle Huppert as Maria Skłodowska/Marie

Curie, Charles Berling as Pierre, and Philippe Noiret as the scheming Professeur Schutz.12

The film—written by the French playwright Jean-Noël Fenwick based on a his own award-

winning theatre piece of 1989—freely depicts the life of the Curies starting with Maria’s

arrival to the École Municipale (today Supérieure) de Physique et Chimie Industrielles in

Paris until the ceremony when she and Pierre are awarded the Nobel Prize in Physics

together with Henri Becquerel (i.e., 1894–1903).

The film is historically quite accurate, with a very careful reconstruction of facts, people

and places. Some events and characters, though, have been freely altered for rhetorical and

didactical purposes.13 A few anachronisms—especially in the language used, and in the

treatment of the icon of Madame Curie—have been highlighted by specialised critique (cf.,

Quinet et al. n.d.); nevertheless, we think that most of these are intended to construct more

robust and interesting characters. In our opinion, the film rhetoric generates a powerful

image of science as a human activity, much less distorted than it is usual in the genre. In

particular, the figure of Maria Skłodowska-Curie is extremely rich, and far away from the

usual macchietta of the perfect researcher, woman, wife, mother, nurse, and teacher. In the

Fenwick-Pinoteau-Huppert construction of the character there are many facets of Maria’s

life in dialogue with each other: her desire to be integrated into the highest levels of the

French academic world, her commitment to the Polish cause against the Tsars, her

Comtian-positivistic ideas on the role of science for society, her incompetence in domestic

affairs, etc.

The following is a short synopsis of the film written for educational purposes (VCU

French Film Festival 1999, p. 3):

At the end of the nineteenth century, Pierre Curie (…) would have been able to spend

his days relaxing and studying in his laboratory at the Institute of Physics and

Chemistry in Paris, with his colleague Gustave Bémont (…), if the director of the

school, Mr. Schutz (…), obsessed by his own glory, had not been putting so much

pressure on the young Pierre to release his findings to the Academy of Sciences, that

12 Information in English on the film is available at the following web-pages: http://www.imdb.
com/title/tt0119855/, http://movies.nytimes.com/movie/154828/Les-Palmes-de-Monsieur-Schutz/overview,
http://filmsdefrance.com/FDF_Les_Palmes_de_M_Schutz_1997_rev.html, http://www.allmovie.com/work/
palmes-de-monsieur-schulz-154828. See also http://www.premiere.fr/film/Les-palmes-de-monsieur-schutz,
and http://fr.wikipedia.org/wiki/Les_Palmes_de_M._Schutz_(film,_1997) (both in French).
13 For instance: the first radioactive metal discovered by the Curies in the film is radium instead of
polonium; the French chemist Gustave Bémont (1857–1937), co-author of the paper on radium presented to
the Académie des Sciences (Curie et al. 1898), is depicted in the film as an entrepreneur who wants to profit
from technical patents; the actual Director of the École when Maria arrives, but not when she discovers
radium, was the Alsatian chemist Paul Schützenberger (1829–1897).
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they bestow on the honourable director (…) the prestigious Academic Palm Award.

Schutz’s latest scheme to accelerate the work in the lab is to bring in a young polish

student named Marie Sklodowska (…). Pierre is obliged to accept her to his team.

Marie quickly makes short work of the timid, honest and reserved young scientist.

Before even realizing what is happening to him, Pierre finds that his lab has been

transformed into a kitchen where simmer Slavic dishes, that makes dynamite des-

tined for the Polish resistance, and where steeps a spiced vodka that pacts almost as

much of a punch as the dynamite. Through their exploits, Pierre discovers in Marie

the scientific genius to not only satisfy the whims of Schutz, but to meet the greatest

challenge the faces the scientific community of their day. Pierre and Marie will

accept this task and successively discover radioactivity, radium, and through the

course of it all… true love.

Our pre-service science teachers watch the whole film at home, or in a special session, or

during the timeslot of the previous lesson in the course. The film is available both in French

with subtitles and dubbed into Spanish. They then watch three selected fragments, which

constitute the raw material for discussion and will be commented below. We chose these

fragments because they constitute a continuous argumentative thread around the event of the

‘discovery’ of radium; in them, all other storylines—which might be potentially confusing for

this exercise of nature-of-science reflection—are more or less kept in the background.

Other instructional materials for the unit include: the worksheet of paper-and-pencil

tasks, which we present below translated into English; a booklet with the Peirce-Samaja

presentation of reasoning patterns; historical material on the ‘discovery’ of radium

(including Pierre Curie’s 1905 Nobel lecture: Curie 1967); different ‘versions’ of Maria

Skłodowska (documentary and fiction films, articles, books…); the two-page introduction

to Marie Curie’s biography written by her daughter Ève (Curie 1940); and an overview of

all the activities that pre-service science teachers are supposed to perform during the class.

3.1 Aims of the Unit

The various activities of this unit work simultaneously on two discursive planes, which we

call the conceptual and the meta-conceptual plane. The conceptual plane refers to content

from the philosophy of science per se, that is, the nature-of-science ideas that pre-service

science teachers are supposed to examine during the tasks. The meta-conceptual plane is a

critical reflection on how such ideas—and meta-scientific content in general—can work as

theoretical input in order to improve these teachers’ future practice in science classrooms.

Our main aims on the conceptual plane are:

1. Working on a concrete example of the introduction of meta-theoretical contents in

science teaching.

2. Discussing three specific aspects of the nature of science which are considered central

by specialists: scientific discovery, reasoning, and values.

Our main aims on the meta-conceptual plane are:

1. Examining the advantages and disadvantages of introducing the philosophy and

history of science in science teachers’ preparation and practice.

2. Reviewing theoretical positions and recent literature on this issue.14

14 For instance the work by scholars such as Michael Matthews, William McComas, and Mercè Izquierdo-
Aymerich.
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3.2 Translation of the Worksheet Directed to Pre-service Science Teachers

In the first phase of the unit, mainly focused on the conceptual plane, pre-service science

teachers are presented with a worksheet containing three paper-and-pencil tasks, as fol-

lows. Such tasks are to be solved individually in the first instance, and then discussed in

small groups and plenary.

3.2.1 Exercise 1

1. What epistemic (i.e., related to the internal logic of scientific knowledge itself) and

non-epistemic (i.e., external) elements allow the Curies to explain the phenomenon of

radioactivity and to ‘discover’ radium? Mention those elements that you think are

suggested in the film. If you know something more about the historical episode, you

can add more elements.

2. When would you say that the Curies ‘discover’ radium? Identify the moment in the

film and support your choice.

3.2.2 Exercise 2

Working with the Peirce-Samaja version of the abductive reasoning pattern, reconstruct the

episode of the discovery of radium as an instance of abduction. What is the theoretical

model? Which are the theoretical hypotheses?

3.2.3 Exercise 3

How is Madame Curie portrayed in the film? Compare with the characterisation made by

Ève in her biography of her mother. Compare with other materials available.

3.3 Structure of the Unit

The first phase of the unit (circa 3 h) is more devoted to the conceptual plane (reviewing

the key nature-of-science ideas that we have introduced above). The second phase, which

we will not examine in depth here, is destined to going into the meta-conceptual plane (i.e.,

reflecting on the contributions of meta-sciences to the professional practice of science

teachers). The first phase comprises the three paper-and-pencil tasks presented in the

previous section, which should be solved first individually and then in small groups (three

to four students in each). As mentioned before, the tasks are designed to be ideally covered

in one lesson of a course on didactics of science.

As primary sources for nature-of-science discussion, we have selected three fragments

of the film, of around 15 min each, which constitute a compact unit of meaning:

1. Radioactivity. Study of the then-called ‘hyper-phosphorescence’ of uranium by means

of Pierre Curie’s piezoelectric quartz electrometer. Discovery of the ionising power of

uranium salts. Hypothesis on the constancy of radiation emission. Presentation of

results at the Académie des Sciences in Paris.

2. Pitchblende. Publication in Cambridge of a paper talking about the exaggerated and

irregular radioactivity of the pitchblende (uranium ore) from Bohemia (today in the

Czech Republic). Discovery therein of a new, very active radio-metal, chemically

related to barium. Purchase of two tons of pitchblende residues.
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3. Radium. Treatment of the residues by means of solution and fractionated crystalli-

sation. Isolation of pure radium salts. Bestowment of the Nobel Prize in Physics.

These three fragments should be seen before solving the exercises, but some more

general meta-theoretical issues can be addressed at the beginning of the unit and after each

fragment of the film is viewed. Such lesson structure responds to the instructional objective

of communicating the aims of the activity.

3.4 Content of the Unit

Pre-service science teachers take one previous lesson in their course that deals with a

general introduction to the relationships between the philosophy of science and science

education; in this lesson, we discuss concepts such as epistemic element, contexts of
discovery and justification, internalism and externalism, abduction (as opposed to

deduction and induction), and Whiggism in the historiography of science.15 The discussion

is supported with vignettes from the history of science, and also deals with the educational

implications of these rather abstract concepts.

The first two exercises of our ‘radium unit’ are organised around the ‘structuring idea’

of scientific explanation, which works as nature-of-science focus. Exercise 1 goes into

scientific methodology: pre-service science teachers critically analyse their own concep-

tions on the meta-concepts of ‘discovering’ and ‘inventing’. The task requires them to

identify the very moment in which the Curies can be said to discover radium, and to argue

in favour of their own answer. In this first task, pre-service science teachers put into action

a contextualist view on science that sees discovery/invention as a complex process in

which intervention on the world, theoretical recognition of novelty, and community aspects

interplay.

In the film, some external, non-epistemic, elements prompting the ‘discovery’ are

shown: the availability of a new instrument (the Curie electrometer); the shift in the

problem focus (i.e., the identification of radioactivity as a phenomenon of atomic

disintegration); the ferocious competition between two rival laboratories; the need for

explaining to a novice (little Ève Curie’s nanny, Georgette) a highly theoretical

problem.

During plenary discussion, students are given a list of possible ‘moments of dis-

covery’ (chronologically arranged from 1898 to 1910): postulation of the existence of a

new radioelement, named radium after the Latin word ‘radius’, ray; first use of the

newly-coined term in a scientific journal; attempt of chemical characterisation of this

element; identification of new spectral lines; identification of its atomic weight; iso-

lation of radium chloride; public acknowledgement from the scientific community

(Nobel Prize); preparation of metallic radium (together with the French chemist André

Debierne).

Exercise 2 is devoted to examining the internal functioning of the justification of the

statement of the existence of radium. Pre-service science teachers attempt at reconstructing

the ‘discovery’ of radium as a reverse deduction (abduction sensu stricto) using the

Peircian pattern that we presented above. Ideally, the result is as follows:

15 As most of our pre-service science teachers have taken a compulsory one-semester course on the
philosophy of science, this previous lesson is devoted to comment on the philosophical concepts that they
are supposed to be familiar with. Nevertheless, it is usually the case that our students declaratively ‘know’
this meta-content but are not able to apply it to historical events, or fail to see the connection with
educational issues.
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If there were a new, extremely active radiometal as a trace in Bohemian pitchblende,

the residues would be more active than the same weight of uranium oxide.

The residues are in fact more active than the same weight of uranium oxide.

Hence.

[There is reason to believe that] there is a new, extremely active radiometal as a trace

in Bohemian pitchblende.

In this reconstruction, the first statement would work as a theoretical hypothesis with

empirical content, which can be confirmed or disconfirmed to some extent. The model is

that of radioactivity in metals, not yet fully understood by the time of the events. This

hypothetical reconstruction of how the Curies might have reasoned can be profitably

contrasted with the historical records:

I was struck by the fact that the activity of uranium (…) compounds appears to be an

atomic property of the element (…). The activity is not destroyed by either physical

changes of state or chemical transformations.

I measured the activity of a number of minerals; all of them that appear to be

radioactive always contain uranium or thorium. But an unexpected fact was noted:

certain minerals (pitchblende, chalcolite, autunite) had a greater activity than might

be expected on the basis of their uranium or thorium content. Thus, certain pitchb-

lendes containing 75% of uranium oxide are about four times as radioactive as this

oxide (…). This conflicted with views which held that no mineral should be more

radioactive than metallic uranium (…).

I then thought that the greater activity of the natural minerals might be determined
by the presence of a small quantity of a highly-radioactive material, different from
uranium, thorium and the elements known at present. It also occurred to me that if

this was the case I might be able to extract this substance from the mineral by the

ordinary methods of chemical analysis. (Curie 1966, n/p; emphasis added).

The third and last exercise is devoted to the issue of values in science. We work on the

‘social’ images of Marie Curie that circulate today, and how these are ‘epiphenomena’ of

deeply entrenched images of science (Seroglou and Adúriz-Bravo 2007a). We compare the

‘hagiographic’ view generated by Ève Curie in the thirties with more recent approaches to

the figure—including, apart from ‘Les palmes’, three novels, a comic strip, a film, a TV

documentary and an episode from The Simpsons—for this, we enter into the debate on the

role of women in science and the problem of the individual scientist versus the community.

We provide here for the readers an example of the kind of kitsch, pseudo-historical

reconstruction that our pre-service science teachers are encouraged to discuss and contest:

Yes, these four heroic years were, not the happiest of Marie Curie’s life, but the most

perfect in her eyes, the nearest to those summits of the human mission toward which

her gaze had been trained. When one is young and solitary and swallowed up in

study, one can ‘not have enough to live on’—and yet live to the fullest. An immense

enthusiasm gave this girl of 26 the power to ignore the trials and privations she

endured, to magnify her sordid existence into magic. Later on, love, maternity, the

worries of a wife and mother, the complexities of crushingly hard work, were to

restore the visionary to real life. But in the enchanted moment when she was poorer

than she was ever to be again, she was as reckless as a child. She floated lightly in

another world, that which her thought was to regard always as the only pure and true

one (Curie 1940, p. 117).
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4 Discussion on the Design and the Implementation of the Unit

In this paper, we wanted to focus on the coherence between our theoretical framework and

the teaching materials that we derive from it, centring the argumentation on the particular

unit ‘The discoveries of radium’. Thus, the aim was to provide an example of the process

of research-based and research-informed designing of instructional units, which is now a

central issue under consideration within the community of didactics of science (cf., Sen-

sevy et al. 2008; Tiberghien 2008). We were consequently not concentrating here on the

assessment of the implementation of our proposals, units and materials in different settings.

In this last section, we sketch some notes on these two constitutive aspects of any eval-

uative science educational research.

As for the process of design, the central features to be noted are:

1. We identified the strands, topics, and key ideas that form the backbone of our unit

through iterative processes in which we focused on the question of which nature of

science is most valuable for science teachers (cf., Adúriz-Bravo et al. 2001; Adúriz-

Bravo 2007a).

2. We then chose concrete philosophical frameworks as ‘resolutions’ for the still rather

vague constraints of step 1. In this sense, we made decisions on which schools,

authors, texts, models, and constructs could better serve the purpose (cf., Adúriz-Bravo

2004).

3. At the same time, we pinpointed the historical episodes and characters serving as

setting for the unit, capitalising previous investigations on which are the most salient

‘histories’ that support nature-of-science education.

4. When it comes to the pedagogy utilised, we chose those methodological approaches on

which there is growing consensus: argumentation, debate, analogy, case study, etc.

Some of these have the additional value of being recommended competencies from the

point of view of the nature of science.

It could nevertheless be argued that the aforementioned operations do not linearly

guarantee the effectiveness of the unit. The fact that a practical proposal in science edu-

cation is research-based or research-informed does not automatically make it succeed in

‘real’ environments; in the worst scenario, it may not even constitute an actual improve-

ment relative to previous, non-research-based attempts. This is the case because there are

many variables to be taken into account, among them: the sheer volume of research that

must be simultaneously considered, many times coming from different theoretical per-

spectives; or the need for teachers to articulately use a broad spectrum of complex,

innovative strategies in order to implement the proposal.

In addition to this, the particular case of the nature of science poses further obstacles:

there is extensive evidence that students have significant misconceptions that get in the

way of meaningfully learning this content (cf., McComas 1998; Lederman 2006); it is then

only reasonable to expect that substantial time and effort are required to help students or

teachers learn more robust nature-of-science notions. Therefore it is at least doubtful that a

single lesson on these complex topics can have a lasting impact on pre-service science

teachers’ understanding.16 All these objections make it necessary to cyclically introduce

corrections to the process, to orchestrate carefully planned evaluative tools to generate

16 We are grateful to an anonymous reviewer of our manuscript for their suggestion to include this dis-
cussion and their analysis of possible difficulties in the implementation of research-based designs.
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evidence of the unit’s results, and to be very cautious when pondering the degree of success

achieved.

Along the line of assessing the robustness of our design, qualitative data gathered in

three successful sessions of enactment of the unit (cf., Adúriz-Bravo 2007a, b, 2006)

permit us to recognise, to a certain extent, that our proposal has value in meaningfully

introducing important operations (e.g., arguing) and concepts (e.g., evidence) from the

nature of science to pre-service science teachers. Nevertheless, we still need to design

further, rigorous evaluative investigations in order to ascertain the results of our inter-

ventions in pre-service science teacher education.

The main corpus of data that we have gathered so far to assess our proposal is con-

stituted of pre-service science teachers’ written productions in which they were asked to

argue around issues of physics, nature of science, and science teaching. We have partially

analysed the collected texts using a framework aimed at teaching, fostering, and assessing

what we call school scientific argumentation (cf., Adúriz-Bravo and Revel Chion 2005;

Adúriz-Bravo et al. 2005). In our framework, we consider that good school scientific

arguments comprise in a balanced way four recognisable components: theoretical (scien-

tific model used), logical (syntactic structure), pragmatic (adequacy to the audience), and

rhetorical (linguistic resources used to convince).

When analysing teachers’ argumentation, we developed the following three categories:

(1) proto-argument, where the theoretical model is still week; (2) quasi-argument, where

there is a distinct model and a robust syntax, but the pragmatic and rhetorical resources are

still poorly mastered; and (3) pseudo-argument, where there are important logical faults

under a seemingly complex syntactic structure.

One of the tasks that we proposed in our unit was to write a dialogue between the nanny

Georgette—a character in the film—and another lay person, namely, a friend at the market.

A quick examination of some of the teachers’ productions shows that: (1) initially, texts are

often not properly argumentative; (2) later on, after discussion and reflection, teachers tend

to produce quasi-arguments and pseudo-arguments (proto-arguments are much rarer, since

this target population grasps the scientific content involved); (3) their final, agreed-on

productions in small groups have advances in the four components. A typical example of a

‘satisfactory’ production recognises the nature of the addressee, and uses rich linguistic

tools to explain and convince:

Do you know, my friend, what radioactivity is? I didn’t know either until Madame

Curie explained it to me. (…) It is as if matter sent invisible rays (…).17

This improvement is, in our opinion, a result of the scaffolding processes generated in

small-group co-construction of the arguments, supported by our requirement that pre-

service science teachers apply the same text typology to different situations with increasing

degrees of complexity (cf., Adúriz-Bravo and Revel Chion 2005).

As for gains in nature-of science understandings, before the intervention with the unit, pre-

service science teachers tend to unproblematically apply the verb ‘discover’ to the object

‘radium’, since, as they say, ‘‘it was there before’’, ‘‘it existed in reality whether we knew it or

not’’, ‘‘the Curies found it in pitchblende’’. After Exercise 1, teachers recognise that things

might be much more complex than they thought: ‘‘the Curies postulated the existence of

radium before even having it in their hands’’, ‘‘there was an intermediate step when they

17 Pre-service science teachers’ quotations come from observation notes taken on the dialogues occurring
during the classes, and from their own written productions. All of them have been translated from Spanish
by the authors of this paper.
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talked about radiferous barium’’, ‘‘somehow we can say that Madame Curie invented

radium’’, ‘‘we cannot say they discovered radium until their colleagues acknowledge them as

the discoverers’’.

Regarding pre-service science teachers’ images of science and of scientists, there also

appear to be some gains, but these need to be carefully examined in terms of their pro-

fundity and permanence in time. A typical ‘satisfactory’ answer after discussion around the

multiple Madame Curies that exist is the following:

The scientist is not an altruistic being, caring for the well-being of mankind, but a

person just like any other, who cannot be one hundred percent objective in their

observations and deductions, with personal pursuits such as acknowledgement,

reputation, or profit.

Summarising, in terms of enhancing pre-service science teachers’ motivation and

participation, and of ‘activating’ some new issues for discussion, the unit seems to work

very powerfully, and it has indeed improved through its different implementations (we

continue introducing modifications both in the materials and in classroom management).

Nevertheless, we think that, based on the analysed data, it is too early to state that our

preliminary results are incontestable evidence of conceptual changes in the unit’s target

population.
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1190 A. Adúriz-Bravo, M. Izquierdo-Aymerich

123
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