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Abstract

Teachers have to know students’ alternative conceptions, their learning difficulties, and how to organise, sequence, and present the subject matter. Skilful teachers transform subject matter into forms that are more accessible to their students, and adapt it to the specific learning context, developing thereby pedagogical content knowledge (PCK). This paper documents and portraits PCK of the topic ‘particulate nature of matter’ from a set of sixteen high school teachers from two different countries (Mexico and Argentina) working with three different syllabi. This study has gathered a consensus version of the Content Representation (CoRe) of each one of the three high school systems’ teachers, which is compared with a previously reported CoRe from Australian teachers. Once each group was informed of the results of the other two, the authors have reached a new consensus version of the seven central ideas considered as such for the whole universe of 16 teachers. Finally the Pedagogical and Professional Experience Repertoires (PaP-eRs) that the researchers consider as the most representative samples of teachers’ PCK are also presented in three appendixes. Each one of these has been developed primarily by one of the teachers of each system. This study concludes that a) PCK can be documented in spite of its complexities; and b) It seems to have a local component revealing the curriculum characteristics and the professional experience of the set of teachers interviewed, mainly present in the particularity of the developed PaP-eRs.

Introduction

Shulman (1986, 1987) coined the phrase pedagogical content knowledge (PCK) as one type of knowledge teachers should possess. They do not only have to know and understand the subject matter knowledge (SMK), but they also must know how to teach that specific content effectively. Shulman and Sykes (1986, p. 9), say that well-developed pedagogical content knowledge (PCK) enables teachers to answer such questions as: “What are the aspects of this topic that are most difficult to understand for students? What analogies, metaphors, examples, similes, demonstrations, simulations, manipulations, or the like, are most effective in communicating the appropriate understandings or attitudes of this topic to students of particular backgrounds and prerequisites? What student preconceptions are likely to get in the way of learning?” 

PCK is like a mixture of content knowledge and pedagogy to prepare the lessons to be taught to enhance the quality of the questions asked by students and the explanations offered by the teacher (Barnett & Hodson, 2001).

Several studies have indicated that PCK is acquired mainly by experience while teaching (Gess-Newsome & Lederman, 1999). Fortunately, regarding science teacher education programs, a growing attention to the development of SMK and PCK can be indicated (De Jong, Korthagen & Wubbels, 1998). De Jong & Van Driel (2004) have explored the results on PCK developed by student teachers in “learning from teaching” activities, particularly on the difficulties in teaching and learning the multiple meanings of some chemical reaction topics. 

It is necessary to document and portray science teachers’ PCK in an increasing number of topics (De Jong, Veal and Van Driel, 2002). It is also important to know whether PCK is relatively independent or not to the teachers’ professional background and the curriculum they have to use in their institution.
The general research question guiding this investigation was: What content of PCK can be identified with experienced science teachers from different institutions, using different types of curricula regarding the topic of the particulate nature of matter?

Methodology 

It is clear that to recognise and articulate PCK is a difficult and complex process. There are numerous reasons for this, among them (Baxter and Lederman, 1999; Loughran et al., 2001a):

· PCK is not associated with the delivery of a particular lesson. Good teaching activities may contribute to PCK but are not usually expansive examples of PCK on their own. When attempting to study a teacher’s knowledge of ‘best examples’ we cannot rely exclusively on observational data as a teacher may use only a small portion of his/her accumulated baggage of examples during a particular teaching episode.

· PCK is a complex notion often only recognisable over an extended period of time; perhaps the time needed for the teaching of a full unit of work. Maybe sometimes the teacher will not use all of his/her ‘battery’ with a given group of students.

· PCK is often held unconsciously. It is partly an internal construct; it is tacit and therefore difficult for individual teachers to recognise and express. It involves knowledge of common student’s difficulties with specific topics, something that is not commonly expressed in a loud voice by teachers.

The methodology that we used to document and portray science teachers’ PCK was taken from Loughran, Mulhall and Berry (2004), viz. Content Representation (CoRe) and Pedagogy and Professional experience Repertoires (PaP-eRs). More about these topics is included in the “Data analysis and results section”.

The Sample

Our sample consisted of three sets of high school science teachers (16 in total; 13 females and 3 males), with an average teaching experience of 15 years from the following institutions:

Five of the females work at the high school public system of the National University of Mexico, where they teach an STS type of curriculum. The names of their institutions are ‘Escuela Nacional Preparatoria’ [National Preparatory School] (ENP, 2005) and ‘Colegio de Ciencias y Humanidades’ [Sciences and Humanities School] (CCH, 2005). All of them are studying for a Master Degree in Chemistry Education. They were selected on the basis of having the highest Subject Matter Knowledge in the Master’s selection examination. This is the youngest group of teachers (36 years old is their average age). Their teaching experience spans from 2 to 12 years. We will identify this group by MADEMS, the acronym of the postgraduate course they attend (‘Maestría en Docencia para la Educación Media Superior’).

Five (2 females and 3 males) came from the ‘Instituto de Educación Media Superior del Distrito Federal’, México City, a public institution that works within a constructivist approach where, besides the objective of learning knowledge, it is also emphasised the development of skills and attitudes. Their colleagues acknowledge the selected teachers as people who work with a clear constructivist vision. They have experience as teachers between 12 and 18 years. We will call this group IEMS, the acronym of the institute.

Six other females, work in the ‘Polimodal level’ of public and private high schools in Argentina (a bridge between primary school and college, which involves three years of study). They have been participating on national programs with faculty members of the National University of Quilmes to improve teaching and learning of secondary students. They work with a problem solving curriculum emphasis. They are considered by students and authorities as ‘excellent’ teachers, and have taught chemistry for an average of 19 years. Five out of these six teachers have got a University Degree, which it is not usual in Argentinean teachers’ characteristics. We will refer to this group as NEP, for the name of the level of this system in the province of Buenos Aires (Nivel de Educación Polimodal [Polimode Education Level]). 

In the following paragraphs we present several of the main characteristics of the three groups of Latin-American teachers involved in this study, their institutions and the type of curriculum they offer.

MADEMS’ teachers teach whether at the ‘Escuela Nacional Preparatoria’ or at the ‘Colegio de Ciencias y Humanidades’. These are two subsystems that offer senior high school education to about 100,000 students at the National University of Mexico (UNAM). 

In the latter, whose educational principles are “learn to learn, learn to do, and learn to be”, two compulsory one semester chemistry courses are given during the first and the second semesters. Its last syllabi revision dates from 2003. Each one has a theoretical-practical nature and is five hours long imparted in a laboratory-classroom to a maximum of 30 students (a small number by Mexican public education standards). Its syllabus has a clear Science-Technology-Society orientation, with five units that develop the themes mentioned at Table 1. At the syllabus it is mentioned that the Experimental Sciences area contributes to the basic culture of the student by promoting learning that “...will allow them: 

a) To develop a flexible and critical thinking, with higher intellectual maturity, by means of the basic knowledge that may lead them to understand and discriminate the information that everyday is presented with scientific content; 

b) To understand natural phenomena that happen in the students’ entourage or in their own body; 

c) To elaborate rational explanations of this phenomena; to value the technological development and its everyday application; as well as 

d) To understand and value the environmental impact derived from the human-science and technology-nature relationships”. 

Table 1. Themes from the five units of the syllabi of the one semester courses ‘Chemistry I’ and ‘Chemistry II’ at CCH.

Chemistry I

First Unit: Water, indispensable compound.
Second Unit: Oxygen, active air component.
Chemistry II

First Unit: Soil, source of plant’s nutriments.
Second Unit: Food, provider of essential substances for life.
Third Unit: Medicines, chemical products for health. 

In respect to Escuela Nacional Preparatoria, it also offers since 1996 two mandatory annual chemistry courses during the first and second years of senior high school. Each course is composed by two hours of theory and one of laboratory; also with a STS type of curricular structure but with different contents to that of CCH’s (see Table 2). STS nature of the course is revealed in its syllabus when it says that chemistry:

“Constitutes one basic subject that contributes to the integral student formation as well as to the acquisition of a scientific culture that helps them to take reasoned decisions in which risks and benefits from the application of science and technology in everyday life and in them entourage are evaluated.”

Table 2. Themes from the six units of the syllabi of the annual courses of ‘Chemistry I’ and ‘Chemistry II’ at ENP.

Chemistry I

First Unit: Chemistry and you.
Second Unit: Matter manifestations.
Third Unit: The discontinuous nature of matter.
Chemistry II

First Unit: Water, solutions and chemical reactions.
Second Unit: Burning of combustibles.
Third Unit: Electrochemistry.
At IEMS (2005) two mandatory chemistry courses are taught since 2001 in semesters 3rd and 4th of senior high school. The first one has three hours a week of theory, one of laboratory, half an hour of tutor advisory and six hours of study (nine and a half hours in total). The second one has two hours a week of theory, two of laboratories and four hours of study (eight hours in total). IEMS’ teachers take pride in applying a learning constructive perspective. There are not enough documented pedagogical strategies, however it seems that Institute applies one similar to Driver and Scott’s (1996), which Duit (1999) calls “teaching constructivist sequence” and that was developed as part of the project Children Learning in Science, CLIS (Wightman, Johnston and Scott, 1987). In general, the teaching sequence begins by eliciting students’ ideas about the theme to be treated; afterwards some activities are developed that help students revise, restructure and complement their ideas, and finally students are provided with opportunities to review and consider any resulting change in their conceptions.
It is indicated at the syllabus “It is considered important to observe in the chemistry courses’ aims the historical, social and philosophical contexts in which scientific theories are developed, as well as to recognise the contributions and limitations of each one of them”. The syllabus also says: “Nowadays, Chemistry is a science present in our daily life because of all the products it provides, in such a way that two aspects of chemistry can be handled: by one hand, it contemplates the theoretical knowledge and by the other the technological applications of which theoretical basis are not necessarily known to perfection”. Considering what has been mentioned above, it can be said that this senior high school system works with a combination of curricular emphasis “Chemistry, Technology and Society” (CTS) and “Knowledge Development in Chemistry” (KDC), (van Driel, Bulte and Verloop, 2005). The IEMS’ syllabus objectives are included in table 3.

Table 3. Objectives included in both IEMS’ Chemistry syllabi. 

CHEMISTRY I. Students will:

	1
	Value Chemistry as a branch of science that has allowed us to know and to transform the world that surrounds us.

	2
	Recognise and discern that matter properties allow us to identify it.

	3
	Value the importance of models for Chemistry, in particular, the kinetic-molecular model to explain the three states of matter.

	4
	Analyse mixtures as the most common manifestation of matter and its separation into pure substances.

	5
	Recognise the atomic theory of Dalton as a tool to represent elements and compounds, comprehending chemical changes as a new accommodation of atoms.

	6
	Value the necessity of a specific language for Chemistry.


CHEMISTRY II. Students will:

	1
	Identify the structural models of matter that contributed to the development of atomic theory.

	2
	Recognise the importance of the periodic law of the elements based in the modern concept of atom.

	3
	Identify external atomic electrons as responsible of bond formation and its characterisation by the difference of electronegativities of the bonded atoms.

	4
	Recognise ions formation and its existence in solutions.

	5
	Value the existence of acid and basic substances, the reactions between them and its importance in everyday life.

	6
	Analyse oxidation-reduction reactions, identifying its applications in everyday life.

	7
	Characterise carbon representative covalent compounds to recognise the diversity of properties of these chemical species.


In relation to NEP, the web page of the ‘Dirección de Educación Polimodal’ [Polimode Education Direction] (DEP, 2005) says that the curriculum tends to teach students to solve problems. “The school must also teach students to think how to solve problems, to discuss the different viewpoints that one may posses about the problems, and to present a responsible attitude in face of the different situations in their working and civic life”. Teaching has an important component of “know how”, not disregarding the conceptual aspects of “know” and those of an integral formation in the “know to be”. It is pretended to form citizens prepared for the world of work. In this institution mandatory courses of chemistry are offered during the two first years of senior high school, with three hours classes per week. NEP’s syllabi were developed in 1998.

In table 4 the NEP syllabi contents related to the “structure of matter” theme are presented.

Table 4. Contents of NEP syllabi related with ‘structure of matter’.

Chemistry I

Structure of matter. Proposes the reaffirmation of the concept of matter discontinuity, showing the historical evolution of the different theories around the structure of matter.

Chemical transformations. Proposes the application of the law of conservation of mass and the kinetic particulate model of matter. From this point of view the study of chemical reactions as transformations that happen by bond reordering and particles transference is pretended. 

Chemistry II

Structure of substances and materials. Relationships among structure properties and interactions between chemical species. 

Chemical reactions. Reaction speed; factors that modify it. Catalysis. Theory of collisions between particles.
In short, we have chosen three educational institutions that make emphasis in different curricular purposes: in MADEMS STS approach; in IEMS the combination CTS-KDC with a constructivist perspective; and in NEP problem solving. Therefore, we will be able to compare the PCK of the three groups of teachers in order to analyse whether the curricular structure and the professional experience have any influence on it, or not.

Data analysis and results

In each one of the three groups of teachers personal interviews with each one of its members were developed to orientate them to elaborate what Loughran, Mulhall and Berry (2004) call ‘Content Representation’ or individual CoRe. This way they would develop and write their own vision on how to teach the topic of ‘the particulate nature of matter’. After the interview, all teachers received a CoRe questionnaire to write explicitly the central ideas for presenting the topic, followed by eight questions about teaching each central idea, viz.

Table 5. Questions regarding each one of the central ideas for teaching the topic.

1. What you intend the students to learn about this idea?

2. Why is it important for students to know this?

3. What else do you know about this idea? (That you do not intend students to know yet.)

4. What difficulties/limitations are connected with teaching this idea?

5. What do you know about students’ thinking, which influences your teaching of this idea?

6. What other factors influence the teaching of this idea?

7. What teaching procedures do you use to engage with this idea? (Give particular reasons for these.)
8. What specific ways do you use for ascertaining students’ understanding or confusion around this idea? (Include likely range of responses.)
CoRe sets out and discusses science teachers’ understanding of particular aspects of PCK, such as:

a) Central ideas of a topic; 

b) Knowledge of alternative student conceptions; 

c) Problems that commonly appear when learning;

d) Effective sequencing of topic elements; correct use of appropriate analogies and examples; 

e) Insightful ways of testing for understanding; 

f) Important approaches to the framing of ideas, among others. 

Afterwards, the teachers of each institution were joined in a collective effort of discussion in order to arrive to a consensus version of the CoRe central ideas, and invited to rewrite their answers collectively to the CoRe questionnaire. It was necessary a couple of sessions of two to three hours to complete this task.

It is crucial to emphasise that CoRe is both a research tool for accessing science teachers’ understanding of the content as well as a way of representing this knowledge. Therefore, we used CoRe as an interview tool with groups of science teachers to elicit their understandings of important aspects of the content under consideration and its teaching, as well as then using the outcomes of these interviews as the representation itself.

Comparison of central ideas exposed by four groups of teachers in their consensus Content Representations (CoRe).

The central ideas expressed by the three groups of Latin American teachers have been joined by affinity in table 6, where the Australian science teachers interviewed by Loughran et al. (2001a) have also been presented. It is important to characterise now the Australian teachers. They were “(high school teachers who were teaching general science in Years 7–10 and had a senior science [Years 11 and 12] —the last 2 years of high school in Australia, with specialisation in biology, chemistry, or physics) clearly had a very good working knowledge of their teaching.” 

Table 6. Sets of central ideas from the three Latino American high school systems’ science teachers and the Australian science teachers gathered by their similarities.

	
	MADEMS
	IEMS
	NEP
	Australian Teachers

	1
	 Matter is made up of small particles
	Matter is made up of particles
	Atom divisibility
	Matter is made up of small bits called particles

	2
	 The space among particles is empty
	Discontinuity
	Discontinuity of matter
	There is empty space between particles

	3
	Particles are constantly moving in a random way 
	Particles are moving 
	
	Particles are moving (their speed is changed by temperature) and that they appear in a certain arrangement

	4
	
	
	
	Particles of different substances are different from one another

	5
	
	
	
	There are different kinds of particles that, when joined, are different again. There are different ‘‘smallest bits’’

	6
	Applications of the structure of matter in solids, liquids and gases; its changes of state, its energetic changes, vapour pressure, surface tension, temperature, etc. 
	Macro-micro relations
	Relation between structure and physical and chemical properties 
	

	7
	
	States of aggregation of matter 
	
	

	8
	
	Existence of a relation among pressure, volume and temperature 
	
	

	9
	Particles are linked together through bonds 
	
	Chemical bonding 
	

	10
	Properties observed in substances are result of the interactions among particles and not properties of each individual particle 
	
	
	

	11
	Dimensions of particles are constant, independently of the state of aggregation. 
	
	
	

	12
	
	Models are very important in chemistry
	
	The concept of a model is used to explain the things we observe.

	13
	
	Scientific theories and models evolve constantly 
	
	

	14
	Conservation of matter 
	
	
	There is conservation of matter. Particles do not disappear or get created; rather, their arrangements change

	15
	
	
	Relation between matter and energy 
	


The five first rows of table 6 show the five central ideas related to particles. The three sets of Latin-American teachers share the central idea of matter discontinuity or the existence of particles or empty space among them (those showed in rows 1 to 3). However, the teachers from NEP (as a consensus decision) do refer explicitly as central ideas neither the concept of ‘particle’ nor the one of its ‘movement’. Even though at the beginning of the study a couple of NEP’s teachers explicitly refer to these concepts. By example, one of them expresses the following as central idea: “Existence of particles that form the matter, idea of atom and its structure...”.

In relation to these five central ideas, two of them belong only to the Australian teachers (rows 4 and 5) and have to do with particle properties constituents of different samples of substances and with its combination; something that didn’t call the attention of Mexican and Argentinean teachers.

Another three central ideas (rows 6 to 8) have been grouped because they have to do with the microscopic explanations of bulk properties of substances, aspect that result common in the three Latin-American groups but that doesn’t appear in the Australians. It is evident the importance of showing this macro-micro relation to explain the properties, that is, the relevance of the applicability of kinetic-molecular model.

The ninth central idea refers to chemical bonding and is shared by teachers from MADEMS and NEP. It is without any doubt a theme of great importance but that has to be developed in class weeks after boarding the fundamentals of the particulate nature of matter.

Central ideas 6 to 8 have to do with the other two that have been grouped (10 and 11). It has to be mentioned that they are not central themes of the content, but rather aspects that have to be taken into account when teaching the topic. Central ideas 10th and 11th refer to the most frequent alternative conceptions of a ‘sustantialist’ perspective of the matter, mentioned as such by Martín del Pozo (1998): “it explains substance properties in function of a translation motion of those same properties to the microscopic level”. It may be explainable that MADEMS’ teachers consider important these two central ideas because they have just studied ‘Didactics of Chemistry’. In this course the topic of students’ alternative conceptions as one of importance to the development of PCK was included. 

The two following grouped central ideas (12th and 13th) relate to aspects of modelling in science and were mentioned by IEMS and by Australian teachers. Without any doubt this is a good moment to make emphasis in science’s characteristic of working with models. It is inappropriate to ignore it in a course in which scientific inquiry is a main topic, an aspect that seems only important to IEMS’ teachers among Latin-Americans. This fact may be a result of the relevance that has acquired the ‘Nature of Science’ as part of the constructivist scheme, an explicit content to incorporate in science teaching.

Central idea 14th related to matter conservation, is shared by teachers from MADEMS and by Australians. Finally, central idea 15th that has to do with the matter-energy relationship only worried to NEP’s teachers.

If something can be appreciated as particular in NEP’s teachers is their preoccupation for the relationship of chemistry’s basic concepts and its applications (matter discontinuity-divisibility, structure-properties, matter-energy, and bonding-properties). 

Once the teachers of each one of the three Latin-American groups answered collectively the CoRe questionnaire, the central ideas’ set of the other two groups were shown to each one in order to see whether they reconsidered their initial opinion. That way, by information exchange among the authors of this study, the three Latin-American groups adopted by consensus the seven central ideas shown in table 7 for teaching the particulate structure of matter. We didn’t pursue the corresponding work of answering the eight questions of the CoRe in table 5 because the teachers had already answered them in two previous occasions.

Table 7. Seven central ideas obtained by consensus by the teachers of the three systems of Latin-American high school.

I. Matter is made up by small particles.

II. Space among particles is empty. 

III. Particles are in random motion constantly and their speed changes with temperature. 

IV. Particles interact among them by means of electrostatic nature bonds. 

V. There is a relation between structure of matter and its physical and chemical properties. 

VI. There is matter conservation in the processes where it takes part. Particles do not disappear nor are created, they only change their combinations. 

VII. Models in Chemistry are very important, no matter its limited value.

Comparison between the Latin-American teachers’ central ideas and the Australians’
Table 6 shows the remarkable difference existing among the central ideas of the four teacher’s groups analysed. Nevertheless, considering as reference the consensual version of Latin-American teachers in table 7, we realise that extensive coincidences are found between their ideas and those of the Australian teachers. Five from seven central ideas (I, II, III, VI and VII) coincide with five central ideas (1, 2, 3, 12 and 14) from the last column in table 6; even though central ideas of rows 4th and 5th from Australian teachers are not found among those of Latin-American teachers. We think that both ideas are crucial to the further development of the Chemistry course, because arriving soon to the conclusion that “particles of different substances are different from one another” implies having reached a clear microscopic appreciation of the substance concept. Reaching the point that “There are different kinds of particles that, when joined, are different again”, that is chemical combination produces different particles, leads to understand the particulate nature of the chemical reaction with its characteristics bond breaking and forming.
CoRes comparison
The related ideas of the three Latin-American proposals are grouped by topic (see table 5) and the most important points connected with them are discussed. We write in bold type the topic approached in the analysis.

The main idea behind what is aimed at with students and why this turns out to be important for them is that they should apply the particulate model to the understanding of matter properties:

The Argentinean teachers from NEP reveal that what is aimed at with students is that they perceive:

In matter there is empty space.

And, why is it important that students know this?

a) Because first impressions are common sense and that is not enough.

b) In order to explain the diversity of substances.
MADEMS’ teachers state that what is aimed at with students is to understand:

a) That there exists a dynamic interaction between particles 

b) Talking with them about collisions. 

c) Those particles are in constant movement, independently form their aggregation state. 

d) The existence of vacuum and matter discontinuity.

And, why is it so important for students to know this?

a) It is important that they can differentiate between “two levels”: a macroscopic one, in which they can notice the existence of objects that seem a continuum, and another, the submicroscopic one, where discontinuity exists. It is such a small world that we don’t realise it.

b) For them to know this explicative model about the substance properties (state changes, dissolution, diffusion, pressure, temperature, internal energy, chemical reaction and chemical equilibrium, etc.). 

c) For them to understand what it is this explicative model used for and to what extent. 

d) In this way they would be able to understand that the submicroscopic world is dynamic and not static.

Teachers from IEMS point out that what it is aimed at with students is that they notice:

a) That all matter is composed of elemental units called particles.

b) The question of what has to be considered discontinuous.

c) The difference between continuous and discontinuous.

d) That matter isn’t continuous and among particles there are empty spaces.
And, why is it so important students to know this?

a) Because we only approach the world from a macroscopic point of view and there are other forms (like the microscopic one) to do so; with which different matter behaviour can be explained. Discontinuity is a basic aspect in the structural conception of matter.

b) Because movement is very important when explaining the behaviour of gases -their pressure and temperature is determined by movement- as well as the explanation of other phenomena.

In the CoRe’s body, though not in their central ideas, Latin-American teachers make reference to the utilisation of models in teaching. However we have to state that those who refer more clearly to the topic are teachers from IEMS, surely due to the constructivist nature of their curriculum, with an emphasis in scientific inquiry. 
For example, Argentinean teachers from NEP tell us that regarding the model construction, generally, it is intended that students learn:

How a model is built out from experimental data and how it is verified.
And then, as part of their teaching procedures:

a) To make a bibliographic search for the different atomic models. 

b) To work in the construction of different atomic models and try to understand and compare them.

Whereas teachers from MADEMS tell us:

That matter is discontinuous, and that it is composed of particles, which is a model that makes possible the explanation of different phenomena, due to its predictive and explicative scope. Students will shift from a continuous conception of matter to a discontinuous one.

Those from IEMS state:

a) Models are a way of representing a group of experimental evidences. 

b) Each model has its contributions but also its limitations. 

c) Models serve to express what is observed for others to understand it. 

d) Students have to know clearly that a model is a representation of a concept or a process and that we are working with models all of the time. They should connect their perceptions with the models.

The proposal of using the topic of “models” to develop a black box activity is very common. Regarding their teaching procedures MADEMS’ teachers tell us:

It is important to propose an activity that resembles model construction, such as the black box. This activity stresses the need for the construction of a model that allows the description and explanation of the observed phenomena, given the limitations in touching and directly watching matter constitution.

One of the PaP-eRs that we have prepared for this study has to do with the previous point. We have entitled it “Elaborating a model” (appendix 1).

Teachers from IEMS place the following phrase in their specific evaluation techniques:

The construction of a black box with several objects inside it is proposed. In this way, with the information that our senses give us (smells, textures, sizes, sounds, etc.), an approximation is made to what we cannot see. This exercise is accompanied by a series of questions that work as a guide to approach the answer.

Teachers notice a whole series of alternative conceptions from their students and point them out as limitations in teaching.

For example, teachers from NEP mark as difficulties:

a) Working with very small dimensions.

b) Abstract thought.

c) Vacuum concept.

d) Ignorance of the meaning of certain physical properties (surface tension, viscosity, vapour pressure, volatility, refraction index, etc.)

e) Disregard of the concept of model and its provisional nature. Students tend to look for absolute truths, without any possibility of change.

Teachers from MADEMS, who have recently studied these alternative conceptions topic in their Master studies, show us a vast knowledge on this point:

a) The biggest problem is that one has to talk about, imagine and understand something that cannot be seen. When students observe their surrounding world, they perceive a continuum in it; that is why it is difficult for them to accept the actual existence of discrete particles in constant movement. The size of these particles makes them doubt of their existence.

b) The research studies about alternative conceptions show that students have great difficulty in understanding the particulate nature of matter. 

c) The kinetic-molecular model implies a different vocabulary with very specific meanings. Scientific language is abstract.

d) The Aristotelian horror to vacuum is in fact a reality in students’ minds. Students cannot understand that if everything is composed of atoms and that these atoms are mainly empty space, how come a mountaineer climbs rocks (made of atoms) and safely secures his gear on them?

e) In the case of gases, because they can’t see them, they don’t conceive the presence of particles.

f) Students think that properties like colour, smell, magnetism, hardness, reactivity, etc., are attributable to isolated atoms in a substance (lead atoms are grey and solid, hydrogen atoms are flammable and gaseous, neon atoms are fluorescent, etc.).

IEMS teachers say about this point:

a) In everyday life most materials are seen, at first sight, as compact materials (at least liquids and solids). Gases cannot be seen, “so they aren’t matter”.

b) In very few occasions students have the chance to think about the concept of vacuum.

c) Students perceive matter as static. In few cases they believe that the movement of particles cannot be observed.

d) Students can’t conceive the idea of vacuum.
In relation to the educational strategies that have to be employed when explaining students the particulate nature of matter, there are varied approaches.

Teachers from NEP mention:

a) Electrolysis experiments.

b) The modern microscopic techniques and showing students the best pictures of atoms and molecules.

c) To make games with group dynamics.

d) Carrying out a bibliographical search for different models.

e) To elaborate questionnaires, experimental work, and lab reports. 

f) Having group discussion about the results.

g) To use everyday life examples, in order to relate matter properties with their structure and stimulate problem solving ability and critic thought.

The second PaP-eR that we have prepared for this study has to do with point b) in the previous list and we have entitled it “Using microscopy to teach structure of matter” (appendix 2).

Teachers from MADEMS indicate us:

1) Short experiments and class demonstrations that suggest presence of particles such as Children’s Learning in Science project (Wightman, Johnson and Scott, 1987))

2) Encourage the use of imagination. Utilise for this purpose the “magic glasses” that are good for “seeing” the microscopic detail (consider as examples for the introduction of this trick the following quotations (Berkheimer et al., 1988; Nussbaum, 1985()

3) That they should take a paper and cut it in very small pieces, the smallest they can. Ask them: what if we keep on cutting one of it a 1000 times more, is there a limit?

4) To make them understand the size of molecules it is better to explore the magnitude of Avogadro’s constant with some examples.

Teachers from IEMS propose as alternatives:

a) To make students perform a whole series of activities on the concept of “model”.

b) Suggesting readings about physicists’ work on kinetic theory and the philosophical conception of an indivisible particle.

c) To highlight through microscopic observation the fat drops in milk or cream and to see the movement of something that is apparently static.

d) To make experimental activities with gases: diffusion, solubility, compression, etc. (for example the penetration of dye through ice or the deflation of a balloon containing hydrogen).

e) To perform diffusion experiments, such as spreading and smelling perfume inside the classroom or pouring a drop of ink in a glass of water, that allow students to grasp the idea that particles are moving.

f) To carry out experimental activities such as those with syringes containing air and water by applying different pressures on them to observe a change in volume, or not.

g) Heating a laboratory flask that has a balloon in the rim, therefore observing that the balloon blows up.

The third PaP-eR that we present in this study has to do with point d) in this list. We have entitled it “Other ways to see the world” (appendix 3).

Finally, in relation to the ways to assess learning a whole series of proposals is also provided:

For example, teachers from Argentinean NEP tell us:

a) To make a list of simple but everyday substances and make students investigate and discuss how they are formed.

b) To do guide answer activities, true-false exercises with justifications and examples.

c) Construction of concept maps.

d) Developing cases’ studies.

e) To present study guides, questionnaires, activity guides, crosswords, coupling or multiple-choice activities.

Teachers from MADEMS propose:

a) To ask students to perform experimental activities similar to those introduced during the presentation of the topic.

b) To ask them to make pictures and posters, and to comment the others explanations and schemes.

c) To use questionnaires with open or closed questions containing schemes and drawings.

d) To ask students to state how they would explain to someone else what they have learned that day.

e) It is advisable to deploy some time to the analysis of the fuzzy limits between granulated solids and powder solids, and liquids. It is important to make activities such as pouring liquids and solids from one container to another and then comparing the common aspects of both. Observe tiny crystals of powder under a magnifying glass, talcum, salt, sugar and arrive to the conclusion that in liquids those particles cannot be seen, though they have a similar behaviour. This may help to interpret the existence of very little particles in liquids.

Finally, teaches from the IEMS tell us:

a) To pose a practical problem and have students solve it with a theoretical-mathematical background, and make them “shred it” to find a relation of the different learned aspects.

b) Constructing conceptual maps.

c) Answering multiple-choice questions.

d) Instruments that include not only theoretical-conceptual aspects, but also experimental. For example, to incorporate an experimental activity where condensation and evaporation are analysed and contrasted.

e) A questionnaire with different ordinary situations, such as: why does a gas tank explode when it is overheated?
We have found a great variety of points of view or ways to approach the topic of corpuscular structure of matter in the three groups of Latin- American teachers, though we may say that these views could be considered complementary to each other. As Loughran, Mulhall and Berry (2004) comment, “a CoRe derived from one group of science teachers should not be viewed as static or as the only/best/correct representation of that content. It is a necessary but incomplete generalisation resulting from work with a particular group of teachers at a particular time.”

PaP-eRs developed in this study

PaP-eRs offer a way to apprehend PCK’s holistic nature and complexity. They have the ability to express a “discursive whole” by explaining in a text what a teacher considers as primordial actions when teaching.

PaP-eRs are narrative essays developed from detailed descriptions offered by individual teachers, either in classroom observations or in interviews. A PaP-eR must allow us to look inside a teaching/learning situation where it is the content that shapes the pedagogy. PaP-ers therefore tend to be linked to only one or two of the central ideas of the CoRe. Therefore they reflect the richness of the teacher’s PCK (Loughran et al., 2001b).

The three PaP-eRs developed in this study are listed in table 8, where the CoRe question to which they correspond is mentioned among those of table 5; and the central idea where they were used from the Latin-American consensus table 7. All three PaP-eRs allow us to visualise more profound aspects of teachers’ thought, when boarding some specific points in teaching the corpuscular nature of matter; such as how they reflect and act when finding students’ difficulties and alternative conceptions. A set of PaP-eRs inserted in a consensus CoRe allows us to describe in a more complete way a particulate nature of matter teaching’s PCK.

Table 8. List of the three PaP-eRs developed in this study, its situation inside the CoRe and appendixes where they can be found.

	PaP-eR
	CoRe question
	Consensus central idea
	Appendix

	“Elaborating a model” 
	8
	VII
	1

	“Using microscopy to teach structure of matter”
	7
	I
	2

	“Other ways to see the world” 
	7
	I
	3


The first PaP-eR refers to a chemistry models’ theme evaluation activity. It is not pretended in it that students find out the exact contents of the “black box”, but rather to infer the nature of the objects that seem to be inside. It is intended also to generate arguments to validate the asserted conjectures and finally to make reasoned predictions. The formation of an inquiry attitude during the exercise is more important than contrasting the reached model with reality. That is why it is insisted as a condition “not to ever open the box”.

The second PaP-eR talks about the information that may be obtained by using images of scanning tunnelling microscopy (STM). This is a technique that was reached by Binnig et al. (1982a) at IBM Research Laboratory in Zurich, and that was worth the wining of 1986 Physics Nobel Prize to Gerd Karl Binnig and Heinrich Rohrer. These scientists devised this technique after obtaining forceful results (Binnig et al., 1982b) that showed that the magnitude of the electric current flowing between a small tungsten tip and the surface of platinum near which it had moved, was very sensitive to the distance between the tip and the surface. They recognised that this circumstance would allow the study of the metallic surface. To show how is STM conformed and the images taken with it give certitude and confidence to students about the existence of atoms and molecules. In this way the difficulties of working with very small objects and with the concept of vacuum are faced, which require a high degree of abstraction.
The third PaP-eR has to do with the way in which students see the world and try to show them other ways of doing it. It is pretended that they perceive that there are many other ways to conceive the world, not only one, which opens to them the possibility to explore. The PaP-eR has six experiments that manage to show that matter is formed by small particles separated by empty space. The six experiments are not original, with the exception perhaps of the KMnO4 crystals on the ice surface, which the authors have not found reported in the literature. 

Conclusions and implications

Perhaps the first conclusion of this paper is to report that the technique proposed by Mulhall, Berry and Loughran (2004) is a recommended way of documenting a set of teachers’ PCK. The CoRe reveals several issues contained in PCK, relatively easy to gather with a short questionnaire that can be applied first individually and then in a set of sessions to the complete group. On the other hand, PaP-eRs discover the precision of the way a teacher act in the classroom, and can be recovered with his/her primary notes, complemented afterwards with those of the researchers during the class observation.

Initially, central ideas expressed in the CoRe by the three groups of Latin-American teachers were strictly different. Nevertheless, when each one of the groups received the results of the other two, seven central ideas were reached, which five of them are very similar to those of Australian’s teachers. These five ideas are the ones that have to do with particles, science modelling and matter conservation. Emphasis has to be made in the fact that a consensus CoRe of the sixteen Latin-American teachers’ could have been reached. In this process in whichever one would concede in face of the arguments of the others, the knowledge, impressions, didactic and evaluation strategies from all the participants could be summed up. The latter does not imply that a correct or better CoRe would have been reached, because as Mulhall et al. (2003) asseverate it can be more than one valid CoRe for each topic. With this extended application of the CoRe perhaps several PCK’s features, mainly those of local importance, would had disappeared in the way. 

However, greater coincidences in the answers to the three first questions of the interview (table 5) may be appreciated. They correspond to the merely subject matter part and have to do with the curricular decision making activities. Meanwhile, greater diversity in the answers to questions 4 to 8 is found, which have to do mainly with instructional decisions. 

It can be said that teachers’ PCK depends on their personal and professional experiences as well as on the curricular emphasis used in their institutions. Perhaps for this reason IEMS’ teachers insist on their ideas about models, or MADEMS’ on their profound knowledge of the alternative conceptions or NEP’s on their preoccupation with problem solving and the relationships among different scientific concepts.

The three PaP-eRs included in the appendixes show clear examples of what teachers with a developed PCK may present in action with their students. It is important to note that one PaP-eR alone is not enough to depict the complexity of the knowledge around a given content, but showing a collection of PaP-eRs of CoRe related areas becomes crucial to enhance some of the different mixed ingredients of PCK in this field.

Although the present study is restricted to the topic of the particulate nature of matter, the results support the importance of paying attention to the richness and individuality of teachers’ PCK, particularly when designing and enacting in-service courses for science teachers in any topic. In this case the teachers participating in this study, although expert and successful in their classes, had the opportunity to reflect about what they considered more appropriated and effective for high schools students learning of this topic. 
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APPENDIX 1: “Elaborating a model” (Haber-Schain et al., 1976).

A repertoire that describes an experimental activity that promotes the understanding of what a model is (taken from a task of Maria de Lourdes García-Jiménez, MADEMS student from UNAM). 

	Elaborating a model.
	In a box, put diverse objects such as bobbing thread, screws and nuts, etc. 

Wrap the box with black wrapping paper using adhesive tape.

This time students begin asking questions about the possible content of the box, in other words they do representations (that afterward they could draw on their hypothetically built model). The point is to guess what is in the box, turning it up and down, listening for sounds, feeling the inside movements, weighting it, inferring if the items are heavy or not, how many could be, etc. 

Do not ever open the box is a prime condition

Two or three boxes may be elaborated that contain objects of different sizes and diverse weight. Three or four different hypothesis must be elaborated about the same box and on the nature, size and shape of the objects inside. Students can offer arguments to justify their hypothesis to match them with the experimental facts.

It is of paramount importance not to reveal the content of the box at any time

The relation of this experiment with the particulate theory of matter.

It is not possible to know strictly with the use of the senses the composition of matter, that is, the nature of particles and its structure. We can only make experiments and hypothesis intending to confirm them with further experiments. Our hypothesis can be wrong, but there is always the possibility of doing more questions in a direct or indirect way and eventually reaches a more complete description of matter. We do not have an exact knowledge about those particles that we cannot see, although a model of them can be elaborated.


Aim: To make a “black box” model, closer to real life, starting from a hypothesis about the nature, size, shape, and distribution of the objects inside the box.

Procedure

Teacher’s initial activity:

Use an empty shoes, cookies or oatmeal box 

Insert through the box three “knitting needles,” two parallel along the box, separated approximately 10 cm from each other, and the third one perpendicular to the other two (at the middle part of the box and interweaving with the parallel ones, see drawing)

· In one of the parallel needles, insert a marshmallow, a big clip, a metallic rolling object, a small clip, etc, in such a way that the objects do not slide freely from the needle
· In the other parallel needle, insert two or three no metallic objects. 

· Place inside the box diverse objects such as bobbing thread, screws, pencil sharpener, soft drink cap, etc. (not only metallic objects).

· Close the box with adhesive tape, wrapping the box is optional; the important thing is to conceal its content.

· Have ready various identical boxes and hand out two for each team (write a number on each one).


Students activities

An important condition is: do not ever open the box

· Initially, students tend to ask questions and stare at slyly; so it is possible to:

· stir the box carefully;

· move it from side to side in different directions; 

· listen with care the sounds produced; 

· sense the movements inside the box; 

· weight it; 

· infer if the objects are or not very heavy; 

· how many could be; 

· which is its distribution; 

· move the needles (without removing them); 

· use a magnet, etc.

· Imagine the box content, and take notes on the observations to compare them with your classmates’ notes and generate arguments that justify the stated conjectures and make predictions to elaborate a model versus experimental facts.

· Ask the other pupils to describe the objects from the properties that have been experimented. Reach representations; draw the model that they built mentally.

· A relevant validation is the formulation of inferences. Until the model is drawn, the question will rise “what will happen if a certain needle is withdraw (1, 2, or 3) and how it will influence the tests initially done and to the representation of the proposed model.

· Record the predictions and intent to probe them. It is not the same thing to withdraw one needle or the other, this situation modifies the inferences, and thus it is important to use a box to corroborate each one.

· After corroborating or not the inferences, it is the moment to modify the proposed model until reaching the most truthful one.

· Finally, students are asked to propose another way to obtain much more information from the box or if the model could be modified.

It is fundamental not to show the box content 

An important closing of the activity could be to reach an agreement with the students about what a model is:

· A provisional and modifiable representation, its importance relies on its explicative and predictive power. 

· More than one model may be used to explain the same phenomenon. 

· A theoretical explanation of something that cannot be known in direct and total way but that could be developed until obtaining other methods to analyse what is unknown.

In physics and chemistry some models have been generated such as that one of matter particles, to offer a better comprehension on the nature of matter. We are unable to know the composition of matter, the nature of particles and its structural units. We can only perform experiments and make conjectures confirming them or not, when probing them. But always with the possibility of doing more questions, to experiment, to measure, and to evaluate, in direct or indirect way hoping to approximate to the truth, making each time an advanced version of our model.

APPENDIX 2: “Using microscopy to teach structure of matter”
A repertoire made by Diana Roncaglia, teacher of Argentinean NEP.

Discontinuity, I believe, is the most relevant among the greatest ideas and scientific concepts subjacent when teaching structure of matter. The existence of empty spaces and its implications is possibly one of the most eminent aspects that I try my students to understand, because in this way we can keep on studying the diversity of substances and its properties. My knowledge on classic physics and quantum mechanics, gave me elements to seek alternatives, which I think valid, to comprehend these ideas.

A resource that I mention is the use of information that can be obtained by tunnel effect scanning microscopy. The image obtained in a conventional experiment with this equipment (by example, a well polish metal or an alloy surfaces, on which atomic electron densities are observed), permits to show students the actual presence of what is defined as a unit of matter, the atom.

For a better understanding, I firstly explain them the kind of microscope, which is one of the instruments called nanoscope because it permits “to see”, objects of nanometric or even smallest sizes. It is known as scanning tunnelling microscope (STM) and was introduced by Binning and Rohrer in 1982. They received the Nobel Prize in Physics in 1986 for this discovery. 

For give them a better idea about the sizes we are talking about when we are referring to atoms, we compare some values in the following table, by example:

	Object/unit
	Size

	Ant
	1 cm or 1000 micrometers

	Micrometer
	One millionth of a meter

	Human red globule
	5 micrometers or 5000 nanometers

	Nanometer
	6.366 carbon atoms

	Atom
	From 1 to several nanometers


These instruments permit to built images at the atomic scale, of solid crystalline conductors surfaces, and to observe in real time, the physical processes in “ultra clean” vacuum conditions.

STM is a device in which a metallic tip of small dimensions is put at 10 Å (10-7 cm) distance from the surface of a conductor sample, in other words, very close but without touching it. To reach this, the tip is placed on a piezoelectric (material that, with a small variation of electric tension, expands or contracts in decimal parts of an Å). Between the tip and the sample a current is measured, that is called tunnelling current, It. In a common way of operating the apparatus, the value It is kept constant, and the tip is displaced to z direction. From the tip displacement to (z) direction during the scanning in (x, y) a tri-dimensional image is built on the surface of the sample under study. The scanning and the position, the current control and the image construction are made using a personal computer.

An equipment diagram is shown in figure 1.
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Figure 1. A scheme of an STM apparatus

Some images that we analyse with the students are presented in figures 2 to 5.
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Figure 2. An image of a silicon surface. On this case the metal surface will show the spheres that corresponds each one to an atom.
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Figure 3. We may name this image as an IBM nano—abacus. (Image taken by SMT)
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Figure 4. Topographic image of three atoms of gadolinium on the surface of niobium superconductor. (IBM photo).
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Figure 5. Oriental calligraphy made with iron atoms over a Cu substrate. (Image taken with a STM).

I consider that you only need some images (that include, if possible, a scale) to measure the approximate spheres diameter. Of course, it is not necessary to have the equipment, only to learn the basic principles of the technique.

The idea that the atom is an indivisible particle becomes true until certain extent, since we cannot observe it directly with our eyes, but only through these kinds of experiments.

In general, I complete the presentation of these images with 

a) A description and analysis of Rutherford experiences.

b) An analysis of the emission spectra of simple atoms.

a) Description and analysis of Rutherford experiences: 

Analysing Rutherford initial experience from which nuclear atom model was built at the beginning of XX century, it is interesting to include the apparatus photograph and the experiments.

This permits us to follow the same path (at least mentally) of those that developed STM. Students may be aware that the apparatus was not sophisticated, but simple artisanship that was more ingenious that current technology (poorly developed at that moment). Within this same experience there are still some questions that were answered later on: What is radioactivity? What kind of particle uranium emits? I believe that is useful to realise that science development is not lineal at all.

b) Lines of spectra of simple atoms 

It is about an experiment which result (lines of spectra) needs more abstract analysis, however, once the nuclear nature of the atom is posed and the electrons are distributed at different energy levels, the association of the lines of spectra with the electron transition it is not difficult nor esoteric. 

To each transition corresponds a line, and have associated an energy that was liberated or absorbed in agreement with the type of experiment that is carried on (emission or absorption). The energy is liberated as light or heat. It is very important that students realise what kind of experiments permit to compare and interpret the theoretical hypothesis. 

The atomic spectra are the experiments that permit students to approach to the idea of “energy quantization” because they can “see” the electronic “jumps” and it is a way to introduce the notion of electromagnetic spectrum with its different regions. Also the common and simple experiment of visible light diffraction can be performed, using a conventional low cost acrylic prism.

There are also some eyeglasses that are sold for didactic uses in which focusing the light (the sun, by example) one can observed its spectral lines on the visible zone. The solar spectra can be used to tell the anecdote about the helium discovery.

This way I try to face the difficulty that implies to work with objects with very tiny dimensions, the abstract thought, and the idea of emptiness or vacuum, that require high amount of abstraction.

It also includes the way to handle with alternative conceptions students bring to the classroom, such as:

· The identification of matter with everything that occupies a place in space, has mass, can be perceived by the senses and is impenetrable; 

· Also they believe that atoms can be observed through an ordinary microscope or another relatively simple device.
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APPENDIX 3: “Other ways of seeing the world”.

This Pap-eR is based on an interview and on a questionnaire posed to María de Lourdes Juárez, a high school teacher of IEMS; it is dedicated to a series of activities with the aim of working on the concepts of particles and discontinuity, with a 11th grade group. The teacher explains how these activities are carried out and their importance.

FIRST PART. The interview

This set of activities are related to the ways students see the world; how they approach the world mainly through their sight; it is against their ideas that matter is formed by particles, it is something absolutely in opposition to their way of thinking. A student says, for instance:

“It is not possible that you tell me that this table is formed by corpuscles, when I see that is solid, for my eyes is totally solid”

Then, these two visions about the world from two opposite levels give a bit of trouble to students. That is precisely why I think that the tendency to force the model, that is, to insist that matter is formed by particles, may have misunderstandings as a consequence. Students, through the idea of particles, do not perceive all processes related to diffusion, by example; for them explanations are totally different. Climate change, trying to understand those movements of air masses going from one side to the other, is unthinkable in terms of particles; or why suddenly it is hot or cold, they will never correlate it with particles, a situation so far away from them. It is very far from students’ feelings that gases have its characteristics due to the fact that are formed by particles.

Generally I focus the attention on gases because it was the first state of matter where the evidence of particles was proposed. Transfer it to liquids or solids is really difficult. I think that the problem is because the presence of particles in liquids and solids is against all their conceptions. As they cannot see gases, they say:  

“I do believe what you are saying, I have the evidence, and I am convinced”.

But in solids or in liquids it is opposite to common sense. Then, basically they have to acquire the idea that to think that matter is formed by particles is going to help them justly to see that there is not only one way to conceive the world. This thought will broaden precisely their mentality: “do not close your eyes to only one way of seeing the world”. We have to convince them that “Not because I only see this, which is what exists, I should accept that there are other ways to see it”, of course one has to gather evidences, that is, to develop the analogical—deductive thought. 

These new ways to approach these concepts have strengthened another vision of the world. Finally the students find out that there are other ways to see the same problem, it is what opens for them the possibility to explore, which is the most important thing, that the teacher offers them that opportunity. For these evidences is that over this outline we are going to work, it is not that is something strictly dogmatic, because there is a reason to reach this idea.

In practical work, experimental activities are carried out with gases—diffusion, compression, solubility; different activities that can permeate, that permit to think that there are interstices among particles. The penetration of a dye through ice or any other solid; in new motorcars that work with hydrogen, how do you manage to adsorb hydrogen into palladium? Which it said to absorb 4 or 5 times its weight in hydrogen, but how hydrogen enters there? When a balloon full of hydrogen is deflated, what happens? Why is the volume reduced? We try to induce these ideas; gases behaviour is furnished with higher opportunities for us, although liquids and solids also in the diffusion process.

The activities performed depend on the laboratory conditions, these could be the limits to know if something can be done or not. 

SECOND PART. The experiments

The first two experiments are related to the gaseous phase, students have to observe and explain the phenomena through drawings.
EXPERIMENT 1

Remove the perfume atomiser; place it 50 cm from your nose:

a) Record the time the essence reaches your nose

b) How does the smell reach your nose?

c) Explain the experiment through drawings.

EXPERIMENT 2

Using the atomiser, spray heavily with perfume a coffee filter paper; place it 50 cm away from your nose.

a) Record the time the essence reaches your nose.

b) How does the smell reach your nose?

c) Explain the experiment through drawings.

Experiments 3 and 4 are related to liquid phase and the temperature effect, students have to observe and explain the phenomena through drawings, apart of trying to extent the comprehension of the phenomena to other situations 

EXPERIMENT 3

Pour into three beakers the same amount of water (200 mL approximately), at different temperatures: cold (use ice cubes), at room temperature, and hot (use an electric hot plate). Carefully remove the ice cubes and the electric hot plate, and measure its temperature. Record it on the notebook. 

Add simultaneously to each beaker 2 or 3 KMnO4 crystals carefully poured into it.

a) What happened to the crystals?

b) Draw what happened into each beaker.

c) Once the water is coloured, is it possible to recover the KMnO4 crystals? What method could you use?

EXPERIMENT 4

Pour into three beakers the same amount of water (200 mL approximately) at different temperatures: cold, at room temperature and hot. Measure the temperature in each beaker carefully and record it on the notebook.

Place 2 or 3 KMnO4 crystals in each one of three empty tea bags or inside folded pieces of coffee filter paper simulating a bag, drop the three bags simultaneously into each beaker and let them hang on its surface.

a) What happened to each bag?

b) Record the time that takes the colour to go from the water surface to the beaker’s bottom. 

c) Draw what happens into each beaker.

d) What is the influence of temperature in the KMnO4 dissolution and diffusion?

e) What do you expect if you place some KMnO4 crystals on an ice cube?

Experiment 5 uses prediction (last question in experiment 4), observation and phenomenon explanation. 

EXPERIMENT 5

Place some KMnO4 crystals on an ice cube surface. Let it stay there for five minutes. Observe.

a) Draw what happens

b) What do you think is the reason for such behaviour?

In the last experiment an evaluation of the learning until now, is carried out

EXPERIMENT 6

Take a sheet of writing paper and cut it until you get a very tiny piece.

a) Which could be the smallest piece of paper we could see?

b) What size could be the smallest piece of paper?

c) Draw a representation of the smallest particle or particles that form the last piece of paper.
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Note: It is advisable to do some testing, because there are some variations in the objects arrays and needles, which may take us to substantial inferences according to didactics interest, of time and students characteristics.
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