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Abstract

This study makes use of a reading of Prieto’s semiotics with the aim of shed-
ding light on semiotic elements that occur during the discursive process in the
classroom. Taking as reference an overview of this author’s theories in the
context of science education, the paper focuses on the semiotic element of
circumstantial indications. Circumstantial indications are a collateral and not
always explicit type of sign in the teacher’s communication that assist the
meaning of messages conveyed by signals. Compared with indications, signals
are signs transmitted explicitly and openly that constitute the main axis of the
discourse. In the course of classroom communication, teachers emit circums-
tantial indications in parallel with the transmitted signals. The signals refine
the understanding of the messages of the scientific concepts being taught in
order to make them more meaningful. This study investigates one Physics
teacher’s class in a lab in which an empirical activity is guided at various mo-
ments through discursive activity based on problem-solving methodology.
The paper identifies and qualifies some types of circumstantial indications
emitted by the teacher, contextualizing their role in the discursive process
during teaching.
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1. Introduction

The extensive and influential tradition of research about the model of conceptual

change in the eighties and nineties (Duit, 2003) set itself the challenge of con-
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fronting the preconceptions of learners and supplanting them with scientific
concepts. However, its theoretical elaborations directed to this end were limited
when trying to promote significant improvements in this direction (Hubber et
al., 2010: p. 5). Later works have both questioned and supplemented the exclu-
sively conceptual orientation of learning in this research field. Regarding the lat-
ter, research in science and mathematics education has begun to use semiotic
studies in order to shed light, for example, on the question of the various dis-
courses and their representations in teaching (Lemke, 2003; Prain & Waldrp,
2006; Laburu & Silva, 2011), on the cognitive and expressive role of signs in the
form of gestures (Roth, 2001; Radford, 2009), or appropriating Peirce’s theory to
establish analytical guidelines for teaching and learning (Manechine & Caldeira,
2010; Almeida, Pessoa da Silva, & Vertuan, 2011; Wartha & Rezende, 2011).

A key object of interest in semiotic studies concerns the noesis and semiosis
relationship, that is, the formation and acquisition of concepts that are processed
alongside signic production and emission, respectively (Duval, 2004: p. 14).
Merely skimming the general nature of this cognitive theme, this work is more
concerned with the signs transmitted during the communication of scientific
discourse by the teacher. In particular, the signs dealt with here are those that act
in a collateral and indirect manner in the narrative, but which present a contex-
tual and complementary role, supporting and enhancing the understanding of
the subject narrated. For the sake of clarity, the gestures and body language al-
luded to (Kendon, 2005) are examples of signs that often take on this role.

While such types of signs are able to assist learning, given their supplementary
and circumstantial place in the discourse (op. cit., p. 1), it is not difficult to im-
agine that they can, like any other sign, lead the learner to misconceptions that
are often erroneously identified with issues of content directly taught such as
facts, ideas, terminology, specific procedures, and so on. Of course, the latter are
mainly trivial cases of misunderstandings, since they are easily spotted and cor-
rected. However, many deep and incorrect understandings appear from under-
lying educational rules that exist in the classroom (Edwards & Mercer, 1993: p.
60) or resulting from the misinterpretation of signals emitted subliminally and
adjacent to the main discourse conveyed by the teachers.

Given what has been stated, and as will become clearer in the presentation of
this work, we propose to investigate possible signs, called circumstantial indica-
tions, that the teacher makes when delivering the message of the scientific narra-
tive being taught. During their classes it is common for teachers to emit, whether
in a programmed manner or not, signs of a circumstantial nature that has the
role of contextualizing and complementing the message. The contextualizing
aspects of circumstantial indications enable a better understanding of the con-
cepts of the narrative. Therefore, identifying and characterizing possible signs of
the circumstantial indication kind arising in the instructional process is a rele-
vant issue that occurs in the context of learning. Studying these indications may
help us recognize students’ misconceptions, and, more especially, to recognize

that they may constitute important elements of stimulation of the learner’s ref-
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lective process when planned by the teacher to act in this way.

Before continuing the exposition that will give a clearer understanding of the
problematic posed, two prior clarifications are required. First, in the light of the
different nuances of the theoretical objects and ideological assumptions of many
semioticians to be presented, we risk confusing those that rigorously preserve
the terminology of each theoretician. The most important commitment of this
work lies in the transposition of the theoretical framework of their theories of
signs to scientific education. Subsequently, we allow ourselves to expand and
extrapolate new interpretations of the concepts, taking into account the induc-
tion of productive and consistent instructional implications. Consequently, the
pursuit of possible improvements in teaching and learning mechanisms or in
discourses and approaches alternative to those that exist in the literature, is given
far more importance than any differences. Additionally, theoretical assumptions
on the surface, might lead to tensions between authors or fidelity to their ideas.
Thus, a free reading will be present every time these concerns demonstrate rela-
tive relevance for such purposes. Therefore, we are aware that the gain with the
transposition into science education corresponds to inevitable losses with regard
to a greater theoretical austerity when the concepts of the various semiotic ex-
perts are invoked and juxtaposed, in addition to the fact that they are focused on
another area of expertise.

The second clarification concerns the terms emitter and receiver to be used
in the light of communication theory. Contrary to what it might seem at first
glance, they are far from being identified with a traditional objectivist teaching
style based on the exclusivity of information transmission (Davis, 1993). The
way the language is used may at times lead in a misleading way to that under-
standing, the active role of the learner and the mediation of the teacher in the
construction of the students’ knowledge are, on the contrary, explicit in educa-
tional activities conducted both through the discursive process and the me-
thodology of problems specified. The learner, therefore, is far from being qual-
ified as a passive being, as an objectivist education advocates (op. cit.). There-
fore, the use and choice of the referent semiotics language has, first of all, to
offer a support that is logical and molded to understanding the cognitive im-
provement of the learner. Secondly it notes consequent actions of the teacher
in the classroom, in order to inspire educational activities with greater signi-
ficance, without a loss of identification of the original theoretical sources be-
hind this endeavor.

The discussions below are structured as follows. In the theoretical section, the
general semiotic frameworks that support the work are located and developed,
leaving a subsection to the central theme of the article that relates the need to
contextualize the message of a signal and the function of the circumstantial in-
dication sign in that process. Then, a section discusses the research object and
situates its problematic. From this, the sections of the methodology used and the
data analysis are presented. In the final section we close the article presenting the

conclusions.
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2. Theoretical Foundation

To satisfy certain requirements of social life, the members of a human group
need to transmit messages to each other. To do so, they must perceive, distin-
guish, select and relate classes of messages and their associated signals. However,
the direct experiences of each individual with respect to the same object or signal
can differ significantly from the situation. Despite this, the curious thing is that
individuals may share similar understandings of the same experience or mes-
sage. This happens even though there are no two behaviors or two identical
states of consciousness. Even so, speakers are able to recognize states of con-
sciousness one from the other by means of signs that transmit messages. By
signs, we wish to refer to recognizable signal-based entities that make up a class
of operations that can be performed and that are intended to make known a
state of consciousness (Prieto, 1973: p. 10).

A person who wants to communicate a state of consciousness only has availa-
ble a culturally predetermined set of abstract signs to constitute the message and
which should, at the end of this, lead to a behavior. Recognition of the signific-
ance of the message, by the person for whom the communication is intended,
takes place via abstraction of its functional elements. In general, individuals can
decide what the other person means by a particular sign, and are able to under-
stand the degree to which two meanings are identical or different. In turn, they
can affect the behavior with the performance expected by the agent of the inter-
locution. This occurs when similar relationships of meaning are maintained, for
both the one and the other, thus permitting a sign to acquire shared under-
standing. However, when the relationships in question differ, the meaning of the
sign for each individual also differs. Since the relationships mentioned above
may present different natures, with regard to their composition, their hierarchy
or their connections etc., in practice the determination of meanings is difficult.
Additionally, the differences in the use of signs by people even from the same
social group can be quite large. Hence, the reason flaws in the reconstitution of
the state of consciousness of whoever communicates it and makes it similar to
that of the recipient.

Buyssens (1974) claims, in other terms, that the communication process in-
volves knowing how to abstract and concretize meanings. However, for a person
who receives the communication, such a process is never perfect because mean-
ing is conventional, establishing itself by discovery, by approximation to what it
has in common with the acts of consciousness of those who communicate.
Hence, the reason why the conventional character of every sign transmitted in a
discursive composition is incomplete, including, at any time, the opportunity
existing to complete its significance by resorting to other signs of the same re-
presentational nature or through different representations (Lemke, 2003; Prain
& Waldrip, 2006).

In addition, since our relationship with the world is not direct, but mediated
by signs as Vygotsky says, the development of higher mental functions (e.g., vo-

luntary attention, logical memory, verbal and conceptual thought) is processed
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by the internalization of systems of signs produced culturally (Freitas, 1995). For
Vygotsky, the signs fulfill a cognitive role to the extent that they function as a
support for memory and a powerful instrument of language mediation, devel-
oping thinking and expanding our capacity for action on the world (Oliveira,
1993). Without the possibility of characteristic and permanent exterior signs, in
support of memory, a substitute of own individual representations that are
harder to distinguish and handle, there would be no higher spiritual life, not to
mention science (Husserl apud Fidalgo, 1998: p. 45). Kubli (2005: p. 504) says
that individual consciousness is nurtured through signs, with its growth being
derived from them. For Peirce (apud. Eco, 2003: p. 146), every time we think we
have present in our consciousness some feeling, image, design or other repre-
sentation that serves as a sign. According to him, man can only think in words
or other external signs. And since “every thought is a sign, then man is a sign’.
Through this metaphor the author highlights the vital importance of the sign for
the characterization of the person and complements its position. He further
states “both man and words or other external symbols educate each other reci-
procally, since each enrichment of human information involves—and is sur-
rounded by—a corresponding enrichment of word information” (Eco, 1985: p.
146).

In more synthetic terms, the human and the symbolic cannot be separated,
and as Kubli (2005: p. 507) noted, meaning itself is inseparable from the realm of
signs exchanged between members of a community, not being restricted to an
individual mind. Vygotsky (2003) adds an important complementary element in
these ideas when he recalls the mediating role of the other more “expert” in the
process of appropriation of meaning during the construction of new knowledge
by an individual less “expert” in that knowledge. Thus, it is up to the “expert” to
assist in moving from the actual level of development to the level of proximal
development of the individual. It is important to say that this author recognizes
the fundamental relationship between giving meaning to the students’ previous
knowledge and knowledge (Putney, 2007). In this case, this relation participates
both on the side of the signal, on the aspect of sense, as on the circumstances, or
rather, on the circumstantial indication, in the aspect of previous knowledge.

It is worth clarifying that the notion of semiotic representation addressed here
goes beyond the nature of a full language such as words, designs, diagrams,
photos etc. It can also express a mere gesture to run to catch up with someone,
any physical event, a situation, an object shown, a simple emotion or any feeling
connected to the vague quality of feeling tenderness, desire, anger, pain, among
others. Therefore, when emotions, actions, reactions, among other experiences
are externalized, they embody the thoughts (Santaella, 2005: p. 10), producing
meanings, therefore also presenting semiotic nature.

As mentioned, to cope with social life, people need to transmit messages to
each other through signs. They must also be able to distinguish classes of mes-
sages and signals, in addition to establishing correspondence between the two,

otherwise they will not achieve the purpose that they intended. The subjects
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must be in agreement as to the classes to distinguish and the correspondence to
be established between them. Prieto (1973) states that everything that is in the
universe and is of significance to human beings passed through the meaning of
signs and was ordered by them. When sign-function exists, that is, when a code
associates an expression with content, the signals are considered signs. Deprived
of such a function, a sign does not mean anything; it is a mere stimulus (Eco,
2003: p. 15). By relying on the meaning of signs, human beings conceive the out-
side world and this makes it possible to transmit messages (meanings), exerting
influence on other members of the social group. In the process of conveying a
message, the sender of a signal establishes one of the social relations of “infor-
mation”, “interrogation” or “order”, causing what is called a semic act (Prieto,
1973: p. 15).

Communication and circumstances

We cannot think of understanding signs without seeing them in some way
characterized by their own contextual destinations. This is the way one can ex-
plain why someone succeeds in appropriating a certain linguistic act. In the light
of this, the pragmatist philosophical current initiated by Peirce paid special at-
tention to the relationship between signs and their users. His pragmatism un-
derstands that beyond the syntactic and semantic dimensions in the analysis of
the sign process exist a cyclical dimension, i.e., the sign does not exist indepen-
dently of the context of its use. This means that the meaning of signifying forms
passes through syntactic analysis, through the consideration of semantic values
and through the induction of the conditions and situations of its use (Fidalgo &
Gradim, 2005: p. 99). Then, common to all communication is a double, interde-
pendent and inherent aspect that should be considered: it has no complete signi-
ficance on its own and neither does it occur in isolation, but remains dependent
on various sources of information and a contextual domain of social experiences
and meanings (Jaipal, 2010: p. 52). Thus, a specific message that the sender tries
to convey needs to be favored among other various and different messages,
which can be possible through the indication of a signal and the circumstances
that direct the receiver’s attention (Prieto, 1973: p. 19). Prieto defines circums-
tances as any act that should be recognized by the receiver at the time of occur-
rence of any semic act.

Furthermore, this fact belongs to a context previously known by him prior to
the emission of the signal of a semic act and specifies the message of the signal
within several possible messages that carry the same sign. In other words, the in-
dication arising from the signal is insufficient for the receiver to assign a partic-
ular message, because the number of different messages admitted by a sign is
practically endless. Thus, the indication provided by the circumstance, known as
circumstantial indication, favors the messages admitted by the signal differently.
Further, it enables the receiver to determine that the message the sender trans-
mits is, among all messages admitted by the signal, the one that the circums-
tances most favor (Prieto, 1973: p. 18). A teaching example to illustrate what is

meant would be use of the same signal attached to the words “sense” or “force”
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leading to different messages, depending on whether the conceptual field re-
ferred to Physics or to everyday life. The context of each emission of each word
determines the specific messages of their signals. Therefore, the receiver can se-
lect a given message from the signal because this is always produced in specific
circumstances already known by the receiver at the time of the semic act, and
which provides supplementary indication independent of that act.

As can be seen, all communication makes assumptions about what the reci-
pient should know, taking them as a basis for further interpretation. Grize (op.
cit Duval, 2004: p. 91) states that there can be no discourse the development of
which does not take into account the real or supposed representations of their
present or virtual recipient. Thus, the message receiver is continually anticipat-
ing the expressions of another, filling in empty spaces in utterances, texts and
tasks, predicting or assuming words what the speaker will say or should not have
said or may never even say (Eco, 2003: p. 124). Simple propositions admit more
than one sense, because the status that determines their place in the discursive
organization of a set of propositions, or the role they play in the discursive ex-
pansion, depends on the context of enunciation (Duval, 2004: p. 97).

Therefore, whoever performs an interpretation of a communication takes a
different path to the meaning (Lemke, 2003). Individuals do not interpret a text
in a similar way because they start from different initial conditions of knowledge,
experiences and perspectives. Evidently, the effect on a subject due to a sign, this
being understood in its broad sense of a concept or even a scientific theory, de-
pends on the history of the individual, responsible for generating an interpreta-
tion. A given idiosyncratic interpretation has to do with the context that affected
the person in the past and it becomes, thereafter, a recurring experience for him
(Ogdan & Richards, 1989: p. 55). So, any interpretation is part of a certain type
of psychological context through which the individual passes or has passed. A
context is constituted by a set of mental events, which can be tremendously nu-
merous, accidental and separated in time. Thanks to this temporal separation,
connections with new contexts can be made, with new recurrences and partial
uniformities emerging, allowing creative predictions, inferences, acknowledg-
ments, inductive generalizations, knowledge or opinions (ibid., p. 56). It may be
concluded from these ideas that communication is a complex undertaking. In
addition to indications emitted by signals, complementary circumstantial indi-
cations that both the emitter and the recipient need to know, about more or less
encoded events and entities. The semantic assumptions of such events partici-
pate in the meaning of the expression, often find themselves implicit and analyt-
ically included, but which require the recipient to recognize them.

Prieto (1973: p. 20) states that the essential precondition for verifying an indi-
cation is that there is some uncertainty as to a fact in relation to others. On ac-
count of the various possibilities among which it is not known which is effec-
tively carried out, to reduce this uncertainty. The index aims to dispel uncer-
tainty totally or partially since “it always indicates a class of possibilities, to

which belongs the possibility that is effectively carried out and which is consti-
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tuted among those possibilities that the index does not eliminate” (ibid. p. 22).
Prieto gives an example, saying that the relatively large size of traces of animal
tracks with a horseshoe shape indicates that the possibility that is effectively car-
ried out belongs to the class of horses and not to any other animal or equine
beast. Thus, the class of the possibilities effectively carried out is logically op-
posed to the class of possibilities that is not effectively carried out. The set of
both possibilities at stake in the indicating plane is called the universe of dis-
course. The index as a member of this universe acts in a non-isolated manner to
provide an indication (7bid., p. 24, 28).

In short, the receiver of a semic act is obliged to know the purpose of the
sender when the latter transmits a particular message. This purpose is identified
in the information provided by both the production of the main signal and the
circumstantial collateral indications that accompany this production. And in
order for the semic act to be successful, which means to say that a “good under-
standing” exists, the message that the sender intends to transmit and the mes-
sage that the receiver attributes to the signal should be one and the same mes-
sage.

However, what is to be expected when a semic act fails, that is, when the mes-
sage transmitted and the message received do not match? This situation is cha-
racterized as a failure of understanding. Essentially this happens for two reasons
(Prieto, 1973: p. 52). A so-called “mis-understanding” which occurs at the time
that the message the sender seeks to transmit and the message that the receiver
attributes to it are not one and the same. Provided the receiver does not fail to
attribute a message to the signal, however, there is understanding of something,
albeit different from what the sender intended. Another different failure occurs
in the event that the receiver is unable to assign to the signal a particular mes-
sage because there are two or more equally favored messages for the same cir-
cumstances. In this case there is “no understanding” because no message is allo-
cated to the signal. In the mis-understanding the uncertainty disappears entirely
because the receiver believes he has identified it, even if incorrectly, in the
second case the ambiguity of the message conveyed by the sign does not disap-
pear completely and uncertainty remains.

When failure of the semic act occurs, the main preoccupation that strikes the
science teacher is to recognize the source of this failure so as to take any possible
action to overcome it. Prieto (1973: p. 54) offers guidance to that effect by ex-
plaining that failure results not only from a false assessment of the circumstances
in which the emitter’s signal occurs, but also in believing that the receiver recog-
nizes the circumstantial indication as being supposedly significant both in rela-
tion to the signal emitted and the circumstances that should favor the meaning
of the signal. Thus the semic act fails because the message that the signal admits
from the emitter’s point of view, and imagined by him to be the most favored by
the circumstantial indications, actually fails to be so from the receiver’s perspec-
tive. Therefore, the false assessment by the emitter of the circumstantial indica-

tions, imagined as a fact known by the receiver at the moment of the semic act,
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does not really constitute a circumstantial indication. Only when the indication
of the signal together with the circumstantial indications is meaningful to the
receiver, can the latter realize that the received message belongs to the universe
upon which the discourse is focused.

In particular, considering the instructional environment, the teacher’s emis-
sion of possible signs with circumstantial indication role is a supportive element
that promotes the understanding of signal messages during scientific communi-
cation. The state of understanding when achieved by the learner through the
input of circumstantial indications tends to be significant, since deep, this is be-

cause they are autonomously appropriated by active reflection.

3. Object of the Research

Based on the overview of the theoretical semiotic elements outlined above, and
adapting them to a reading of the teaching and learning situation, the role of the
teacher is defined, as the emitter of knowledge. This role then, enables the stu-
dent, the receiver of knowledge, to appropriate the scientific messages, assigning
to them the intended scientific meanings. In the role of mediator of the emission
of the signals of scientific messages, the former is the protagonist of this action.
By making use of circumstantial indications, the teacher seeks to enhance the
scientific significance of messages conveyed by the signals to the students. In
order to adapt the terminology that will facilitate the proposed reading, hence-
forth signals are understood to be those sign constituents that shape and struc-
ture the primary plane of the discourse. They constitute the most obvious back-
bone of the discourse in which the teacher’s main ideas appear. They are identi-
fied by the communicative elements transmitted by him immediately, directly,
openly, explicitly and bluntly during the exchanges with the students.

In turn, concomitant with the signs, and on specific occasions, the teacher
may make use of circumstantial indications to support the message communi-
cated by the signals. In contrast, circumstantial indications are sign constituents
transmitted indirectly and obliquely, and which are characterized by avoiding,
an immediate direct, ready-made response or information from the teacher.
Through the mediation of circumstantial indications, the teacher wants to sti-
mulate the students’ inference mechanisms so that they arrive at the information
or answer, or idea or desired conclusion. With the responsibility to clarify, nar-
row down and illuminate the meaning of the signals, the circumstantial indica-
tion is intended to allow the meaning to take on or increase its relevance to stu-
dents. As secondary signs in action, the circumstantial indications enter the dis-
course in a suggestive or covert way, seeking to support it in order to facilitate
and supplement the messages of signals to enhance their meaning.

This paper has established and justified the subsidiary importance of cir-
cumstantial indications for the convergence of attention and understanding of
the learner toward the meaning of signs through the reduction of ambiguity and
the demarcation of the scientific universe of the discourse of the scientific con-

cept being taught, this paper presents the results of a study that focuses on emis-
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sions of these types of signs by a teacher when in dialogic process with his stu-
dents. The research focused on identifying the circumstantial indications and on
the description of them as they appear in the discursive context.

In short, the problem that the article presents is to identify and characterize
semiotic elements in a teacher’s speech when a strategy of dialogic teaching is
placed in the classroom. It will be shown that the use of the semiotic element
based on the sign circumstantial indication is an attempt of the teacher to sti-
mulate that the students reflect and overcome in an autonomous way the under-
standing of the scientific concepts. With this, teaching has the potential to be-
come more meaningful to students than a traditional teaching conducted
through information transmitted directly to the student.

This proposal rescues elements of the semiotics of Prieto (1973) and promotes
an original didactic transposition of this framework for the teaching of sciences
with educational objectives to improve students’ understanding during the

teaching of scientific contents.

4. Methodology

The nature of this research is interpretative qualitative, case study type, in that a
regular class of a state university in Brazil in the Instrumentation discipline for
the degree of Physics Teacher course was filmed and subsequently analyzed. The
one year discipline consists mostly of experimental classes in which proposals
for experiments in High School are presented and studied. During the three-
hour class the professor presented an experiment on the volumetric expansion of
fluids. Ten students (7 males and 3 females) were divided into four groups of
two or three. The objective of the experiment was to investigate whether the vo-
lumetric coefficient of expansion of water depended on the temperature and to
determine its average value over the temperature range studied. The material
used consisted of a test tube filled with water and sealed with a rubber stopper.
The stopper was pierced by a transparent ballpoint pen tube and a thermometer
to measure the temperature of the liquid. The water level, which due to the
pressure of the stopper also partially filled the straw, was adjusted to appear at
the point where it emerged from the stopper. This adjustment was made possible
by means of a 5 ml hypodermic syringe the needle of which passed through the
stopper until it appeared within test tube. A volumetric scale covering the length
of the straw using a strip of graph paper was used to measure changes in volume
as the temperature of the liquid rose.

The experiment consisted of gradually heating the experimental apparatus in a
container with previously heated water. The experiment was designed to obtain
measurements of variations in volume of the expanded liquid and the corres-
ponding temperatures at which this occurred. In addition to the experimental
apparatus, the vessel with heated water, a sheet of millimetric graph paper to
manually plot changes in volume with temperature, a calculator and a ruler were
available, along with a 100 ml beaker used to obtain the initial volume (V) of

liquid for determining the average coefficient of expansion, since the coefficient
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[7average =(V, )71 (AV/AT )J is temperature dependent. The average value of the

coefficient of expansion ( ) is obtained from the average value of the vo-

Y average
lume change by the temperatuse variation (AV/AT). Since the latter is equiva-
lent to the curve slope at its respective temperature, its value is determined by
averaging the tangents assessed on the constructed graph (tg6 = AV/AT).

The class was primarily aimed at teaching laboratory instrumentation, for
much of the teaching time students were involved in experimental practices.
Therefore, the research concentrated its attention on those times when the
teacher held collective discussions with the class. Video recording took place ex-
clusively at those times, with the discussions with individual and isolated groups
not being recorded, likewise those moments of activity when the students were
performing the experiment, which occupied more than half the class time. The
video material and the analyses carried out by the researcher were presented, ex-
plained and clarified to a group of eight independent researchers in order to re-
duce subjectivity and thus seek a more objective consensus on the interpreta-
tions of observations. Fundamentally, the protocol of analysis was devoted to
differentiate the issuance by the teacher of signs of type signs of the type signs
circumstantial indications.

In the class analyzed, the teaching methodology used by the teacher focused
on the open issues of Gil & Castro (1996), with adaptations of Laburt (2003),

which involved discussions and questions sustained throughout the activity.

5. Analysis and Discussion of Data

In the particular teaching episode investigated during the discursive activity with
the whole class, five circumstantial indications emitted by the teacher could be
identified. The first occurred shortly after the teacher outlined the problem re-
ferring to evaluating whether the coefficient of volumetric expansion of water
depends on temperature. In the event, before the students began the experimen-
tal activity and having perceived a level of difficulty in tackling the problem, the
teacher, to help them overcome this difficulty, emitted a circumstantial indica-
tion that can be appreciated in the following excerpts from his utterance: “Pay
attention, I'm going to give you a clue. Now look, the reasoning goes like this.
Suppose, from the experimental data you have gathered, that you obtain a
curved graph or perhaps a linear one like this (draws side by side a curved and
linear graph), because anything is possible, we do not know what will occur,
what type of graph. Observe that the abscissa and ordinate axes represent (re-
spectively) the changes in volume and temperature that you will measure ...”;
“Compare the graphs and the coefficients of volumetric expansion using this
formula here (points to the y =tg6-(V, )71 written on the corner of the black-
board) ... Well ... I think now you have to give an interpretation as to whether
the coefficient of expansion depends on the temperature or not’.

As noted, realizing the students’ difficulty with the problem posed, the teacher
begins by delivering some explicit comments. Linked to these direct signals, he

emits a circumstantial indication given through the drawing of the two graphs

K2
035: Scientific Research Publishing

1349



C. E. Laburu et al.

with the intention of directing the students’ appreciation. In this case, the
graphical situation is intended to function as an indirect and parallel indication
to the signal (problem and explicit statements) communicated in order to sup-
port it. Thus, this circumstantial indication sought to direct the decision of the
students with respect to the problem of the dependence of the coefficient of ex-
pansion on temperature. In other words, the teacher offered the circumstantial
indication concretized in graphical form. He trusted that the students would
come to recognize, on their own, the circumstances that should provide the in-
dication of the signal, which incorporates the message whether or not the coeffi-
cient of expansion depends on temperature.

The second circumstantial indication came in response to the previous indica-
tion; due to the fact the teacher had noticed the limited suggestive effect in com-
pleting the understanding of the students. This consisted of gestures used by the
teacher following on from the graphical resources. More precisely, this statement
occurred immediately following the teacher’s utterance that sought to direct the
attention of students to the message of the signal as follows: “Pay attention now
to try to grasp what I want you to understand’. Without saying another word
after this utterance, the teacher brushed the graph with the side of his hand and
touched several parts of it with his fingers open and shut. He replaced these ges-
tures with a ruler which struck the graph hard to make a noise, and in the same
places where he had placed his hand. In this way, substituting and repeating the
initial hand gestures.

Thus, at this point in time, dispensing for a few seconds with the oral resource
in favor of gesticulations, the circumstantial indication emitted is performed by
use of the hand that waves a ruler and also by the direct use of that instrument
itself. With both media, the goal was to touch the side of the graphs drawn at
various temperatures and, in this way, attract the concentration of class, includ-
ing making use of the loud noise from beating the ruler on the frame. Then, the
teacher sought indirectly, to indicate that the possibility that should be accepted,
referring to the coefficient of expansion varying with temperature, should be the
one constituted by the possibilities of the varying tangents (tg@ = AV /AT that
is proportional to y). With both possibilities at stake at the indicating level, the
teacher sought via his gestures to encourage the students to infer, from the un-
iverse of the discourse expounded, that the variations in the tangents are equiva-
lent to the variations in the coefficient of expansion (AtgH ~ A;/) , thus favor-
ing, the message admitted by the signal. In this way, he intended the students to
conclude that the message was, out of all messages admitted by the signal (the
problem posed, the sum of the visualization of the formula y =(V, )1 (AV/AT)
and the statements related to it), that the circumstantial indications emitted by
the gestures centered on the charts would most favor. With this second attempt,
again the teacher aimed to direct the decision of the students with respect to how
to solve the problem by providing clues or “hints” which, basically, by their na-
ture, qualify as a gestured circumstantial indication, in this case, linked to a

graphical object.
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The third circumstantial indication was characterized by the use of the re-
source of a second questioning following immediately on from a question posed
by the learner. As has been known for some time, questions during lesson time
have varied functions ranging from simple attention seeking by students, a check
on what they are learning, or an important stimulus of thought, of critical
thinking, or to control the discussions in the class room (Edwards & Mercer,
1993: p. 46; Kawalkar & Vijapurkar, 2013). In school life the learner learns and
grows accustomed to the rituals inherent in this environment. One of these is
that when the teacher, in his role as evaluator of the learning process, asks a
second question immediately after a first question, it indicates that the previous
answer was incorrect or is not the one desired by him (Edwards & Mercer, 1993:
p. 47).

Taking this into consideration, it was found that the teacher used the device
mentioned at some points in the discursive activity, since certain students, rea-
lizing the unsatisfactory answer they or their colleagues had given, tried to re-
work the answer or the teacher’s own question, following the indication of a
second questioning from the teacher. Thus, in continuation of the earlier cir-
cumstantial indications and trying to check if students had grasped the problem
that led to the previous circumstantial indications, the third circumstantial indi-
cation was identified as follows.

The teacher commenting on water’s anomalous behavior in the range of 0°C
to 4°C', began with a question in order to determine whether students had un-
derstood that the behavior of the coefficient of expansion can be observed from
the tangents of the graphs (volume by temperature) and whether they could ap-
ply this concept to the anomalous case of this temperature range, as follows:
“And this chart now (of the water in the range of 0°C to 4°C drawn on the
graph), how would you assess the expansion? That is, here, from 0°C to 4°C
(pointing at the graph) does the volume of the water increase or decrease?” One
student replied: “The volume increases ..., the coefficient changes because it is a
curved graph, like the example in the previous graph”.

The teacher, then knowing the answer to be incorrect, asks a second question:
“The volume increases (repeating what the student said), you see that in this
temperature range water has an anomalous behavior, as I said before, the expan-
sion coefficient is negative. Look at this direction in which the temperature de-
creases and not this which I m asking about. Here it goes from 4 to 0 degrees, the
temperature decreasing. If s the same as a full PET bottle in freezer? The tem-
perature there is also decreasing and what happens to the PET bottle?” One stu-
dent replied: “It bursts”. The teacher continues to probe: “So what happens
when the temperature increases in this direction?” Another student then added:
“The volume decreases, doesn't it, sir?”

As shown, the teacher’s second question is noted to be a circumstantial indi-
cation meant to reinforce the meaning of the desired message of the original

signal for the first question, that is, that the volume decreases with the increase

'The interval of the water temperature in which the coefficient of dilation of the water is negative.
Consequently, the volume increases despite the decrease in temperature.
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in temperature.

Another occurrence of circumstantial indication of a similar nature to the
previous one, was observed during the experimental activity. This happened
when the teacher noticed in one of the groups that the equipment was leaking
due to careless handling, because the stopper was not tight enough in the test
tube. From this evidence the teacher asked, “Did you check if there was a leak?
Did you push the stopper in tigh?” Continuing to take measurements, a student
from the group answered “yes (we checked)” while the others in the group
stopped what they were doing and were looking at the teacher and the equip-
ment. With the aim of encouraging the group to check this and realize the prob-
lem, because the answer was wrong and measurements were incorrect, the
teacher again asked: “ What is the volume reading at this temperature now?” One
student from the group answered, “15.5 degrees”. And the teacher continued the
questioning: “If it is not leaking a few seconds from now, without doing any-
thing, the volume should read wha?” Two students in the group responded al-
most simultaneously: “7The same (1 student)”, “15.5 (student 2)”. The teacher,
walked away from the group, saw that the students were conferring and that they
had concluded that there was leakage and began to take new measurements once
the equipment was sorted.

It can be seen that the questions subsequent to the first one functioned as cir-
cumstantial indications emitted by the teacher and related to the signal (first
question). The teacher hopes that the message of these circumstantial indica-
tions would carry the meaning about the leak not having been checked. There-
fore, the emission of additional questions to the first is a type of circumstantial
indication that seek, by way of continuity, to assist in the revelation of the
meaning of the original signal. As noted, the circumstantial indication provided
by the subsequent questions is distinguished by its subjacent character to the
signal. It works indirectly so that the message of the signal may be clarified and
understood. The employment of such an indication acts in the sense of nudging
the learner towards a moment of awareness that their first response are unsatis-
factory and, therefore, aims to redirect his thinking to the message it is desired
they should understand. Like any circumstantial indication, it operates in the
sense of requiring an intellectual effort from the student themselves. It is op-
posed to those indexes issued directly, clearly, that is, to signs that could be typi-
fied by a curt reply from the teacher to the students merely to sort out the leak-
ing equipment and repeat the experiment without the need for a greater reflec-
tive act.

Finally, the fifth circumstantial indication occurred in the following context.
Having completed the discussions, the teacher asked the class what else was re-
quired to obtain the measurement of the coefficient of volumetric expansion, in
accordance with the average graph tangent discussed (tg0:AV/AT) at the
same time highlighting once again the formula [7/ =(V, )1-(AV /AT )] to de-
termine this coefficient. Many students, studying the formula, responded

promptly that the initial volume of the water was required (V). As a result, the
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teacher asked “How do we measure this value?” As the students remained silent,
showing that they did not know the answer, the teacher instead of emitting
another sign such as “use the beaker”, thus simply handing them the answer to
the problem, chose to complement the question (signal) by inquiring, “ What
item, only considering the items available on your desks (groups), could be used
to measure the volume of water?” Some students indicated or answered pointing
to the 100 ml beaker, an item of equipment that had not yet been used by stu-
dents and had not entered into the experimental procedures and discussions up
to that point.

From this discursive interactive process, it was noted, together with the ques-
tion posed (emission of the signal “how to measure this value (V,)?”), the real,
but also symbolic presence visibly shown by the beaker and indirectly prompted
by further asking (“What item, only considering the items available on your
desks (groups), could be used to measure the volume of water?”), among various
items on the workbenches, constituted a manifestation of circumstantial indica-
tion in order to understand and respond to the question posed. The circumstan-
tial indication that the idle beaker represents, among all the existing objects and
within all the possible possibilities of being realized, is the most likely possibility
of satisfying the transmitted signal (“to measure the initial volume (V,)”). The
context of educational discourse has invested the beaker with the category of
circumstantial indication. Thus it is through the beaker’s symbolic role that it
functions in helping to define the understanding of the signal message which, in
this case, was about the desired solution. It should be noted, as a counterpoint,
that if the teacher had just said “use the beaker” the emission of such an index
would qualify as only a signal, the semic act of which being in the nature of an
order would not have required further reflection by students, merely com-
pliance. It should be noted also that the cylinder instrument, like any cultural
object, has symbolic nature and communicative effectiveness (Laburu & Silva,
2011a; Volli, 2012: p. 193), because the affordance presented in this object has its
own morphology (matter, form, size, milliliter scale, suitable nozzle to pour liq-
uids) which “invited” the intended use (Volli, 2012: p. 194).

Although it was not the object of study to investigate whether the circumstan-
tial indications were successful, even though that was the intention of the teach-
er, the third, fourth and fifth circumstantial indications demonstrated that this
happened. Their success can be explained because the teacher had judged cor-
rectly that students could likely benefit from circumstantial indications as sup-
posedly significant to the transmitted signal. As an illustration, we have the fifth
case, an example showing that the circumstantial indication in play, provided by
the beaker, was successful. The same proved capable of being evaluated by stu-
dents because they already knew its purpose and knew that it was the only in-
strument that had not been used in class, and therefore, strongly suggested that
it might be there to measure something. So, the teacher’s view that students
would be able to appropriate the sign’s message through the help of circumstan-

tial indication proved to be correct since the indication fulfilled its role as a sup-
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plement and clarified the meaning of the message to them.

Finally, with regard to the classification of circumstantial indications, it was
observed that they manifested themselves in different more predominant repre-
sentational forms. According to Prain & Waldrip (2006), the first presented in
graphical form, the second in gestural mode and the third and fourth in the ver-
bal mode. As for the fifth, it could be qualified as in the 3D representational
mode (Prain & Waldrip, 2006: p. 1844; Waldrip et al., 2010: p. 66; Laburu &

Silva, 2011a) i.e. that relies on objects or models by way of example.

6. Conclusion

This paper described and showed the occurrence of a particular type of sign with
important implications for learning and that might be fostered by the teacher in
the classroom during the discursive process. Called circumstantial indications,
these signs accompany the messages of the signs in order to contextualize them
and assist them in their meanings. Four indications were revealed in a class ex-
tract, displaying various representational forms of manifestation and teaching
context that justify their attributions during the teacher’s dialogue with his stu-
dents. Because it was essentially a laboratory class, which occupied most of the
students’ time in experimental tasks, the investigation focused its attention on
discussion moments. However, moments of private discussions between teach-
er-student or teacher-group in an isolated way in a traditional classroom are also
potential moments of emission of circumstantial indications that can be investi-
gated in future researches.

Certainly the context of emission of these signs is optimized and the more
progressive and open educational approaches (Edward & Mercer 1993, p. 2, 35)
are present, insofar as the methodology used can provide and promote. In this
sense, since the circumstantial indications concur with the aim of sharpening
and enhancing the development of the meanings of the messages transmitted by
the teacher’s signs, their use cannot be dissociated from this type of educational
approach, since it admits activities of active reflection on the part of learners
themselves. Viewed in the context of a proposed sharing in the construction of
knowledge and learning with meaning, it appears that the use of circumstantial
indications supports the cognitive property of thought processes based on our
abductive, deductive and inductive inferences. This is so, since the student is
encouraged by them to search for a position on what was handed to him along
with these forms of inference. Consequently, a higher prerogative is given to the
student’s autonomous construction and search for knowledge, compared to a
passive reception of information and the provision of immediate and direct an-
swers by the teacher.

As was quickly possible to show in the last example analyzed, the circumstan-
tial indication succeeded in its provocation. Although the aim of examining the
effect caused by circumstantial indications on learning exceeds the limits pro-
posed by this study, nevertheless, this test is the main goal of the dialogue

process. Thus, future research could focus on the consequences of the indica-
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tions for learning. And as mentioned in the introduction, in the case of circums-
tantial indications occurring almost subliminally to the student or, perhaps
emitted by the teacher in an unplanned manner or without even being aware of
having done them, it is possible to imagine that they might fail in their role of
contributing to enlighten students’ thinking. It is possible that its most unex-
pected effect acts in a misleading manner for the understanding of the meaning
of the message, leading the learner to misunderstandings. Therefore, a more
systematic research project in this direction would seem relevant.

In any event, we think that this study revealed an important semiotic element
belonging to the discursive sphere which the teacher can make use of in dialogue
with his students, provided he is committed to a more reflective teaching and

learning experience with greater meaning.
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