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1) Background, Framework, and Purpose


The importance of teaching history of chemistry in general or specific courses has been widely accepted. For example recently Wandersee (2002) considers:

We think the history of chemistry can help chemical educators to develop, use, and investigate materials and strategies that promotes learning in chemistry that is both meaningful and mindful. We agree with D.B. Gowin’s definition that learning is a change in the meaning of experience. The overall objective of chemical education is to help students to construct a meaningful and mindful understanding of the nature of matter and changes in matter. If this is so, then knowing from whence these ideas came, how they were constructed over time, how the record of human `struggles to understand’ can illuminate how we know what we know today, will only help learners. They will be enabled to link newly-learned chemical concepts and principles both to their prior knowledge and to the collective historical knowledge of the global chemistry community.


However the way to help students to construct a meaningful and mindful approach to chemistry’s history has been difficult, to say the less. In a traditional course there are many and different kinds of obstacles to confront, some deeply rooted in chemistry`s teaching practices. As Niaz (2000) recognized:

According to Schwab), scientific inquiry tends to look for patterns of change and relationships, which constitute the heuristic (explanatory) principles of our knowledge. A fresh line of scientific research has its origins not in objective facts alone but in a conception, a deliberate construction of the mind – a heuristic principle. This tells us what facts to look for in the research and what meaning to assign. Chemistry textbooks and curricula have ignored Schwab’s advice, which leads to a lack of an epistemological distinction between the methodological (experimental) and interpretative (heuristic) components.

The Vee heuristic developed years ago by Gowin (Novak, 1984) is an attempt to help students (or teachers, or researchers) to understand their research within a constructivist framework (Doran, 2002). This instrument has been widely used for understanding knowledge and facilitate answer’s argumentation however the left side became difficult because it is not clear for all the users (and also the experts) the relationship among theories, models, laws and philosophies (Giere, 1999). Here a modification was introduced following Toulmin’s philosophical approach.

The English philosopher S. Toulmin (1972) defines a concept through the historical-social interaction: 

Each of us thinks his own thoughts; our concepts we share with our fellow-men

Science is not a static enterprise; rather its concepts, interest, presuppositions, and theories are dynamically evolving. It is also complex (1972):

In order to do proper justice to the ‘complexity’ of scientific concepts, we must distinguish three aspects, in the use of those concepts: namely (i) the language, (ii) the representation techniques, and (iii) the application procedures of science. The first two aspects or elements cover the ‘symbolic’ aspects of scientific explanation –i.e. the scientific activity that we call ‘explaining’ –while the third covers the recognition of situations to which those symbolic activities are appropriate. The ‘linguistic’ element embraces both nouns –technical terms or concept-names- and also sentences, whether natural laws or straightforward generalizations. The ‘representation techniques’ include all those varied procedures by which scientist demonstrate –i.e. exhibit, rather than prove deductively- the general relations discoverable among natural objects, events and phenomena: so comprising not only the use of mathematical formalism, but also the drawings of graphs and diagrams,.. etc.

Toulmin´s analysis is concerning the growth or evolution of concepts and their collective use by disciplines and indirectly the growth of scientific knowledge. For him the continuity of science rests in the problems by which successive generations of scientist (from any specific discipline) were faced… and problems like the Vee heuristic considers, starts with questions.

Toulmin´s influence in science education has been recognized recently (Chamizo, 2007a). Here a new heuristic diagram as an improvement of Gowin’s Vee heuristic is proposed (Chamizo, 2007). Now the left side agrees with Toulmin’s concepts (language, models as representation techniques and application procedures) related with two different times: past and present. The events or facts that induce the question must be recognized through literature references and the answer to the question must be explicit, Figure 1.
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Figure 1. Heuristic diagram

This paper presents a study dealing with the design and evaluation of the heuristic diagram devoted to help students to improve the understanding of the history of chemistry. 

2) METHODS

The sample was five chemistry teachers coming from two different Mexican high schools engaged in a History of Chemistry course inside a master degree syllabus. Along 16 weeks they pursued a process of continuous iteration in their development and research. The first step was devoted to clarify the questions that guide the specific research of each student related with the history of chemistry curriculum (here about Chemistry Nobel prize winners at the beginning of 20th century) and the use of Gowin’s Vee. After they produced their first Vee, the heuristic diagram was introduced and the second step required the construction of one of them. A scoring system adapted from Novak and Gowin (1984) has been used where the main idea was to relate the five sections among them (Figure 2) and also students self assessment. In the third step the students analyzed their diagrams and finally in the last step the definite form of the diagram was again evaluated.

	Points
	Characteristics

	FACTS

	0
	No facts

	1
	Some facts are recognized

	2
	Facts are recognized and some concepts 

	3
	Facts and concepts are recognized and also some methodological aspects

	QUESTION

	0
	No question

	1
	There is a question related (supported) with facts

	2
	There is a question related (supported) with facts that includes concepts 

	3
	There is a question related (supported) with facts that includes concepts and suggests some methodological aspects

	METHODOLOGY

	0
	No methodology

	1
	There is a procedure that allows data collection

	2
	Data processing (tables, graphics)

	3
	A conclusion has obtained through data processing

	ConcepTS

	0
	No concepts

	1
	Applications are identified

	2
	Applications and language are identified

	3
	Applications and language are identified and also models capable to explain the question 

	ANSWER 

	0
	No answer

	1
	Answer is quite similar to methodology’s conclusion

	2
	Answer besides methodology’s conclusion includes facts 

	3
	Answer besides methodology’s conclusion includes facts and concepts (models particularly)

	ReferenCES

	0
	No references

	1
	There are references related only to facts, concepts or methodology

	2
	There are references related to facts, and concepts or methodology

	3
	There are references related to facts, concepts and methodology 


Figure 2. Scoring rubric for heuristic diagrams

To have an idea of students’ attitude towards the heuristic diagram, a semantic differential scale without neutral or middle selection was designed (Robson, 2002). It means that a person must choose, to a certain extent, one or the other adjective. Ratings on bipolar adjective scales tend to be correlated, and three basic dimensions of response account for most of the co-variation in ratings. Items belonging to previously identified three dimensions (or scales), which have been labelled Evaluation, Potency, and Activity (EPA) has been selected (Heise, 1970). A 15 items scale has been tested previously with another chemistry teachers group (pilot study). The reliability of instrument was calculated as Cronbach alpha (  final an improved 12 items version was answered by the students that participate in our research.

3) RESULTS


Graphic organizers, like the heuristic diagram, have been introduced as a research tools few years ago (Trowbridge, 1998). In relation with the Vee diagrams (that could be applied also to the heuristic diagrams) these authors considers:

Vee diagrams may at first be tedious to construct because of the need to identify all the elements of the investigation. Many times these elements are implicit or missing. However, the basic steps to construct a Vee diagram are surprisingly simple and easily taught. When constructing a Vee diagram stat with the focus question and the decide upon the events you must study, elaborate the methodological or “doing” side” of your study. Next, develop the theoretical side and you will be able to see how theory (concepts) affects and modify practice. However, once the research is done you will be able to see even more how doing or practice affects theory and vice versa.


Besides this related with the history of chemistry course another difficulty or better a challenge appears. The relation between a specific concept (language, models as representation techniques and application procedures) at different historical times. However with the aid of the scoring rubric, very satisfactory heuristic diagrams has been produced (Figure 3).  

	TITLE: HABER´S AMMONIA SYNTHESIS
	Pts

	FACTS: In 1909 F. Haber synthesized 80 g of ammonia per hour from H2 and N2 to a pressure of 175 Bar, and 600ºC with osmium finely distributed as catalyst. (1). In 1913 C. Bosch and A. Mittasch produced the first industrial unit (3 to 5 ton) of ammonia to a pressure of 200 atm and a temperature between 500 and 600ºC with iron as catalyst (2).
	3

	QUESTION: Which is the reason in order that F. Haber in 1909 uses osmium as catalyst in ammonia’s synthesis and Bosch and Mittasch propose not iron as it later in 1913? 
	3

	Concepts
	MetHODOLOGY
	0

	Past
	present
	
	

	Applications

Fertilizers’ industry 

Explosives’ industry
	Fertilizers, explosives, plastics, refrigeration, pharmaceutical and metallurgical

industry, among others (1)
	Data collection

Haber`s Nobel Prize conference Documents on Fritz Haber and the synthesis of the ammonia (1) (4) Documents on Bosch and the synthesis of the ammonia. (2 )  Documents on current catalyses and of the epoch. (4)(5)
	3

	Language

Catalyst. Substance that changes the speed of a chemical reaction given without modifying the energetic factors of the reaction. 


	Catalyst. A substance that increases the speed of a reaction without modifying the global change of Gibbs’ free energy. It is so much a reagent and a product of the reaction. (3)
	Data processing

Catalyst

Yield

Conditions

Fe, Mn

Low

750ºC, ordinary P
Fe, Mn

Low

T>700ºC, 200 atm
Cr, Mn, Fe, Ni

Med

T<600ºC,  200 atm
U, Os

High

600ºC,  

175-200 atm
Haber only Fe as catalyst. Bosch-Mittasch, a mixture of Fe, Al2O3, CaO and K2O
	3

	Models

Of the intermediate reactions (Clement and Desormes). Stocks on the participation of the catalyst in the reaction that really happens, but in which the catalyst does not turn out to be involved, though the partial reactions have to the catalyst as a chemical principal component of the process (5)
	Surface reactions. The chemical nature of a surface determines its skill to act as catalyst for a certain type of reaction
	Conclusion

Of all the catalyst tried by Haber under the conditions necessary for the production of ammonia, pure Iron was not a good catalyst in comparison with Osmium or the mixture used later by Bosch and Mittasch.

.


	3

	ANSWER. According to his experiments Haber concludes in 1909 that to obtain high yields of ammonia in his synthesis are necessary certain conditions of temperature and pressure (500-600 ºC and 175-200 atm), besides a catalyst. Of tried by him U and Os are those who have a better catalyst action in comparison to pure Fe with the one that realized his experiments. The mixture that contains Fe, oxide of aluminium, oxide of calcium and potassium like it they did Bosch and Mittasch had obtained similar yields. That is to say, the pure Fe is not a good catalyst.
	2

	References: (1) Modak, J. Haber Process for ammonia synthesis in Resonance. August 2002, pp 69-77. (2) Perutz, M.. Friend or foe of mankind? in I wish I’d made you angry earlier: Essays on science and scientists. Cold Spring Harbor Laboratory Press, 2002. (3) IUPAC. Compendium of Chemical Terminology, 2nd ed. (the "Gold Book"). Compiled by A. D. McNaught and A.Wilkinson. Blackwell Scientific Publications, Oxford (1997). (4) Haber, F. Thermodynamics of technical gas-reaction. Longman Green and Co. London, 1908. (5) Nobel Lecture. Wilhelm Ostwald, The Nobel Prize in Chemistry 1909. Dieciembre 1909. http://nobelprize.org
	3

	Self assessment (addition of all points)/21
	20


 Figure 3 An heuristic diagram about Haber´s ammonia synthesis

Related with the student’s attitude caution needs to be taken when interpreting the data due to the relative small sample size. However overall, participants were positive about the value of the heuristic diagram, with a mean of 4.5 (scored 1 for inactive negative or undesirable boundary to 6 for active, positive or desirable boundary). Eleven of the chosen adjective pairs, have values higher than 3 and only one (difficult-easy) has an average less of 3 (however their interpretation is complex). Besides the EPA analysis gave a detailed picture of the heuristic diagram. Evaluation is associated with the adjective contrasts: good-bad, helpful-unhelpful, nice-awful, and favorable-unfavorable. Their mean value was 5.0 (SD = 0.2). Hence the value of the instrument as a tool to understand an specific event in the history of chemistry is without doubt. The scales that define the Potency dimension (obtained mean value 4.7 with an SD of 0.3) are strong-weak, powerful-powerless, deep-shallow and scientific-artistic. Again the importance of the heuristic diagram appears to be high. Activity scales refer to the extent to which the heuristic diagram is associated with action. They are active-passive, exciting-boring, difficult-easy and fast-slow. Their value was 3.9 (SD = 1.14). This dimension is more difficult to interpret than the other two, particularly the scales easy-difficult and slow-fast. In general Evaluation scales always are found to be more reliable than Potency or Activity scales (Heise, 1970). 

4) CONCLUSIONS 

In agreement with the obtained results, the new instrument called heuristic diagram, where Toulmin’s concepts have been introduced and also his main idea of science development helps to improve the understanding of the history of chemistry.
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