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	Abstract
	The construction of submicroscopic representation has been pointed as a source of alternative conceptions by college students as well as basic education. Besides the algorithmic procedures, the difficulties are related mainly to the nature of submicroscopic events that require conceptual abstraction. This paper aims to access details about the construction of submicroscopic representation in undergraduate students based on Conceptual Fields Theory Gerard Verganud. We prepared an instrument that students should position themselves in relation written about Chemical Equilibrium and Electrochemical Processing. In a second time, were invited to present their arguments orally freely. Data were recorded on video and submitted to Textual Analysis Discursive with the help of software Transana. Were extrapolated six operational invariants for the chemical-equilibrium state without three shared with the situation that was about electrochemistry. The data suggest that good performance at this level of representation should not be understood as disconnected nature of the topics in question - chemical or electrochemical balance - but the operative quality of the justifications used by the subjects. We understand how those justifications operative associated with the concepts-in-action within the meaning of Vergnaud.



	Summary
	Introduction and Objectives
The construction of submicroscopic representation has been pointed as a source of alternative conceptions by college students as well as basic education. Besides the algorithmic procedures, the difficulties are related mainly to the nature of submicroscopic events that require conceptual abstraction (Niaz, CHACÓN, 2003). Ogude and Bradley (1994) observed that many students can solve quantitative problems in electrochemistry, however, few were able to answer questions qualitative mobilizing more elaborate conceptual knowledge (SANGER, GREENBOWE, 1997). Similarly like in the case of changes in the Chemical Equilibrium. Bergquist and Heikkinen (1990), and Quilez Solaz (1995) relate to some conceptual errors committed as not differentiate between amount and concentration; design the chemical equilibrium as static; separation of products and reactants via process chambers.

It can be affirmed that electrochemistry and chemical equilibrium have a common element between them, the need of submicroscopic construction signals, inherent to non-algorithm problem solving.

Vergnaud (2009) takes the concept of Piagetian schema as organizer of thought and is activated when subjects interact with a task. Thus, the resolution of tasks requires the activation of a particular set of schemas that include goals and anticipations, rules of inference action possibilities, operational invariants (theorems-in-action and concepts-in-action).

The operational invariants assume a central role in the action as they determine the nature of the concepts themselves. Interested in how students construct submicroscopic representations during the actions, this study aims to access basic cognitive elements (operational invariants) implicit in the arguments developed by undergraduate students for the changes in electrochemical and chemical equilibrium state.

Methodology
This research involved 08 students who had attended General Chemistry at Universidade Federal do ABC. Five questions were developed in order to access the concepts of equilibrium chemical and electrochemical (subgroup analysis of 3 students who tended to use the submicroscopic representation). Students should describe, primarily through drawings and later by a text, how particles behave in the synthesis of ammonia and also during the operation of an electrochemical cell.

The semi-structured interviews were recorded on audio and video material for constituting the Textual Analysis as proposed by Galiazzi and Moraes (2006) and performed with the Transana software (Woods, 2012). These authors propose the fragmentation of the text in manageable subsets, called units of meaning. The assigning meanings to these units were made based on criteria organized into three dimensions: conceptual, arguments and gestural features. The conceptual dimension was categorized according to the definitions proposed by Vergnaud (1996) for operational invariants (theorems-in-action and concepts-in-action). Already a dimension related to the arguments was based on the model of argumentation of Toulmin (Toulmin, 1958; Sa and Queiroz, 2007). Finally, the categorization of gestural resources is on the field of linguistic studies conducted by McNeill (1992). Table 1 shows the structure adopted for data analysis.

Table 1– Dimensions and categories adopted in the data analysis.

**** insert table 1 here ****
Results
Information were accessed via Textual Analysis Discursive about 08 students who had to explain orally tasks involving the state-Chemical Equilibrium, initially inferred invariant six-operative for this topic. Later, from the argument of a subgroup of three students, were accessed concepts-in-action on electrochemical transformations, as shown in Table 2.

Tabela 2: Operational invariants (concepts-in-action) to the chemical equilibrium state

**** insert table 2 here ****
Figure 1 shows a diagram generated for the student (S2) with the aid of software Transana.

 

**** insert Figure 1 here ***

 

Figure 1: Transana´s diagram - S2 explain about chemical-equilibrium

This student uses the idea of ??collisions between molecules, but paradoxically does not refer to the free molecular cause of these collisions. The idea of collisions comes together with a justification of product formation, making it clear that the presence of this invariant is required for viewing the formation of products. Shortly after the student also concludes with a metaphorical gesture (indicating some degree of submicroscopic construction) that presumes the concurrence of events in equilibrium. As it is not mentioned the molecular motion, only that they are broken and colliding, may indicate that the student does not display a gradual process until the reaction reaches steady state and only remembers such operational invariants from knowledge base.

**** insert Figure 2 here ***

Figure 2: Transana´s diagram - S2 explain about an electrochemical process.

However, to argue about a transformation electrochemical this same student uses the idea of free molecular motion before missing now  appears with instrumental value (coupled with justifications) and allied building a representation submiscroscópica, arriving at a coherent explanation.

Conclusion
Although still incomplete, the data suggest that the construction of submicroscopic representation is contingent on the nature of the situations in which they are inserted. The good performance at this level representation should not be understood as disconnected nature of the topics in question - electrochemistry and chemical balance or rather the quality of operative justifications used by the subjects. We understand how those justifications operative associated with the concepts-in-action within the meaning of Vergnaud.
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table 1

[image: image1.jpg]Dimension

Definition

Categories

concepts and theorems are implicit

Concepts or explicit in the act triggered the Concepts-in-act or Theorems-in-act
development of the situation.
action rules that determine the Data (D), justification (J), basic
Arguments  sequence of the actions of the knowledge (B), qualifier (Q), rebuttal
student. (R) and inference (C).
Gestural movements demanded by subjects Statement (DE), beat (BA), cohesive
Resources in action, carrying meanings (Con), iconic(IC) and metaphoric (ME).





table 2

[image: image2.jpg]Operative Invariant

Definition

CE-ET Free molecular motion  The view that the molecules are in constant mofion.
CE Collisions The preview of the event of collisions between
‘molecules during the reaction
CE-ET System Consider the reaction to a system, a single set where the
events take place
CE Presence of products  The idenfification of the presence of products even
before equilibrium when the concentrations of reactants and products
change
CE-ET Simultaneity of events  Concomitance of events relating to products and
reactants.
CE Molecules participants  The identification of the existence of particles that are
and spectator directly participating in events during the steady state
chemist, while others are only present without active
participation.
ET Electrons associated _ Electrons as beng fundamental constituents to

with the formation and
breaking of chemical

Dbonds

chemical bonds and not just formal charges.

*CE - Chemical Equilibrium ET - Electrochemistry
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