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Abstract
The role of peer and teacher mediation in discussions about two original
scientific texts in the final year of high school in Brazil is explored in this
study. A text by James C Maxwell, deals with the characterisation of light as
an electromagnetic phenomenon, and refers to the continuous manner of the
distribution of energy by radiation in space. The other, by Ludwig
Boltzmann, is about thermodynamics in its probabilistic conception and
some of its consequences for the comprehension of the nature of heat. We
analyse some of the students’ interpretations using a version of discourse
analysis, developed in Brazil following the French tradition of Michel
Pêcheux. We highlight interactions that contribute to the reading of the texts
and the mediations of both the teacher and peers that promote the
establishment of relevant meanings about physics concepts. The
appropriation of their statements about the content is observed in this
communicative approach. We contribute to the investigation of physics
teaching using strategies informed by a humane scientific and cultural
educational perspective in high schools.

Keywords: original text, mediation, discourse analysis, science teaching,
dialogical approach

1. Introduction
Science teachers in Brazil have been investigat-
ing approaches that promote the acquisition of
scientific concepts while retaining the interest
of students at all levels. This perspective values
scientific education as a cultural and humanely

directed endeavour that can also be enriching for
those who will not use scientific knowledge dir-
ectly in their professional lives.

The activity analysed here was part of a larger
project, in which a teaching sequence was planned
to introduce the initial ideas of quantum physics,
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starting with the problems at the frontier of clas-
sical physics at the end of the 19th century [1].
This teaching sequence explored the reading of
original scientific texts by high school students.
Some of these texts are characterised by dialogue
between the scientist and his peers.

We build on previous studies of teaching in
Brazil, in which original texts of scientists were
used, including Barth [2], Almeida and Sorpreso
[3], Zanotello [4], and Batista et al [5]. In this
study, the students read and discuss the texts of
Maxwell [6] and Boltzmann [7]. We used dis-
course analysis (DA) to analyse the classroom dis-
cussions. Our research question is: how do the
mediations of the researcher/teacher (R/T) and
class peers contribute to students’ meaning pro-
duction?

2. Some cultural dimensions of the
reading
Our presupposition is broader than an instru-
mental vision of scientific knowledge. This view
understands physics, and other sciences, as work
performed by people in cultural, historic, and
social contexts, influenced by specific philo-
sophies. The interaction of scientists with each
other involves understandings of the activities—
observation, experimentation, abstractions into
concepts, laws, and theories and relationships—
which overlap with technological developments.
Scientific work, when examined in a historical
context, provides an opportunity for the inclu-
sion and recognition of numerous subjectivities. A
good example is the discourse of Henri Poincaré,
a scientist who has workedwith physics andmath-
ematics in his research. He argues that:

…when it becomes rigorous, the
science of mathematics assumes
an artificial character which sur-
prises everyone; it forgets its his-
torical origins; look at it as if the
questions can solve themselves,
one does not see how or why they
appeared. This shows us that logic
is not enough, the science of the
demonstration is not all of the sci-
ence, and that intuition should pre-
serve its role as a complement, one

can almost say as a counterweight
or antidote of logic [8].

We believe that reading favours the vision of
the students. Almeida [9], after analysing the dis-
courses of the students who read passages of an
original text, verified that:

…while they position themselves
as readers, students whose atten-
tion is frequently distracted in
physics classes, which use formal
language that impedes understand-
ing, are engaged [9].

3. Theoretical background and
methodology
This study employs DA, in the French tradition
of Michel Pêcheux. Language is not considered
transparent or merely a support for thought; rather
it is:

…mediation necessary between
mankind and the natural and social
reality. This mediation, which is
the discourse, becomes possible as
well as the permanence, continu-
ity, dislocation, the transformation
of man, and the reality in which he
lives [10].

In this perspective, discourse is understood
as an effect of meaning between speakers. In the
search to understand how it was formulated, the
considerations of the immediate conditions and
situations appropriate for the discourse, and ques-
tions that refer to the exteriority are of funda-
mental relevance. When we ask ourselves how
such words and writings were formulated, we are
referring to the production conditions of these
words; the conditions in which ‘[…] history has
its realness affected by the symbolical’ [10].

The reading activities and mediated dis-
cussions were collected using audio record-
ings, later transcribed and supplemented with
students’ written answers. It is important to
inform that this study was carried out in accord-
ance with ethical principles and it had approval
of university ethics committee (available at
the full study [1], http://repositorio.unicamp.br/
jspui/handle/REPOSIP/276900). All names used
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are fictitious and participants consent was
obtained. Any identifiable individuals are aware
of intended publications.

The classroom activity incorporated the prin-
ciples of Lopes et al [11] of fully revealing the
tasks at the beginning and allowing sufficient
time for reflection. The students’ tendency to seek
immediate answers was replaced with a quest for
meaning, and the design of the activities facilit-
ated several mediations. The texts of Maxwell and
Boltzmann were selected to explore the funda-
mentals of electromagnetism and thermodynam-
ics, respectively.

We divided the group in half, giving each one
of the texts so that a general discussion could later
be held. We aimed to provoke mediation between
peers, in addition to interactions between the R/T
and the whole group. The students were encour-
aged to read and discuss the texts in pairs and to
formulate a written question based on the follow-
ing instruction:

You have just finished reading a
text by Boltzmann or Maxwell.
Imagine that you are back in that
time. Write a question to one of
these scientists about something
that you would like to clarify or
know more about.

4. Analysis of the discussions
Some of the students asked the R/T for help
with understanding the texts and with formu-
lating a question. They were challenged to be
more investigative, or to elaborate on a question.
Many students expressed doubts and even asked
if the question that had been written was cor-
rect; a typical question arising from a framework
in which work is ‘right or wrong’. When it was
evident that time was running out, the R/T rein-
forced the necessity for completion of the writ-
ten question. This intervention was the catalyst for
a dialogue:

Aline: It is difficult.
R/T: Is it not possible that there is
something in the text that you want
to ask about?

Aline :No, it is because that way…
at first it seems difficult but then,
after all, what we read is kind of
logical…
R/T: You can also ask a ques-
tion to which you already know the
answer… then it can be useful for
us to use when discussing the text.
Sarah: I wanted to ask if there was
something in the medium…
R/T: Possibly…
Aline to Sarah: Is there some-
thing between the bodies? Yes, it
is called the medium! (they both
laugh)
Sarah: Air!
R/T: But that is an excellent
question because he (Maxwell)
talks about the different mediums
between the bodies…
Sarah to Aline: See?!
Aline to Sarah: Wow… excellent
question! Congrats!!! (they both
laugh)

Aline’s initial comment conveyed her diffi-
culty, and she responded to the questioning of the
R/Twith a hesitant negative. Themediation, refer-
ring to the text, resulted in the apprehension that
it was no longer be difficult and had become all
logical. TheR/T directed her to something that she
already knew.

This mediation was a catalyst for the genera-
tion of new thoughts about the activity of forming
a question and encouraged her partner to contrib-
ute. Themediation specifically referred to the text,
which Aline had tried to avoid. Sarah manifes-
ted an interest in ‘the medium’ in a general way.
Although Sarah’s interest had been piqued, her
peer faced a subject in the text that had been read
for the first time. Humour was employed to sim-
ulate an answer to the question, possibly obvious
to both. Given that Maxwell points out the import-
ance of the material medium for one of the theor-
ies, regarding the propagation of light energy, it
is evident that this dialogue generated conceptual
meaning.
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The affirmation of the R/T sustained the
meanings that the students produced and facilit-
ated a link to a new concept. Sarah’s statement
validated her question for her peer and signalled
the relevance of her initial concern about the
medium. Aline validated her elaboration, repeat-
ing the words of the R/T.

This example shows us the possible contri-
bution of mediation in the classroom, to encour-
age the students to elaborate on the meanings they
discover about physics concepts, stimulated by
the reading of an original text. The approach of
reading in science teaching, combined with medi-
ation, promotes the possibility for new relation-
ships with the knowledge. We understand that
while those ‘…who do not feel secure in the use
of mathematic language also do not feel able to
learn physics, … the voice of scientists will have
little space in a school environment’ [9]. Medi-
ation assists in overcoming this obstacle.

A discussion with the whole group was held
at the end of the second lesson. With encourage-
ment from the R/T, Laís raised a principal point
about her understanding of Boltzmann’s text:

R/T:…What are the principal top-
ics you have learnt from the text?
[…] Let us begin with the thermo-
dynamic text…
Laís: It deals with the movement of
the molecules of the bodies.

First, the R/T encouraged Laís to continue
explaining her notes and she was direct and syn-
thetic in her response. Then the focus was adapted
to direct the students to the examples in the text.
Rodrigo intervened, specifying notions of phys-
ics, without making references to the principal
theme: the existing differences in the transform-
ation of heat in other types of energy.

R/T:Movement of the molecules of
the bodies.
Laís: That they have continuous
movement.
R/T: He gives many examples in
the text, does not he? What does he
use most as an example?
Rodrigo: That kinetic energy and
work are modified… they are mod-
ified into different types of energy.

The R/T discussed the ideas raised by these
two students, who had worked in a pair. He reiter-
ated the inquiry with the whole group. Once again,
Rodrigo and Laís were the protagonists:

R/T: He talks about energy modi-
fication… work and kinetic energy
in other types, within this molecu-
lar movement. Was there a prac-
tical example that he gave, that
caught your attention?
Some students: The little balls…
Yes, the balls…
R/T: The mixed balls? What did
you think about this example? …
Rodrigo: A lot of little black and
white balls that are moving and
after a while, they stay together,
and… mixed in some determined
pattern…
R/T: But they become mixed…
They do not separate as they were
in the beginning.
Rodrigo: No…
R/T: Is there any way that we can
stir or mix them so that they return
to how they were—separated?
Laís: No, the probability of this
happening is slight.

In Boltzmann’s text, many physical phenom-
ena are used to illustrate his views about the distri-
bution of thermal energy. He argues that the con-
stituents of a body are determined by the prob-
ability of the system configuring itself into such
a state. However, the only example, which is not
reliant on microscopic concepts, was mentioned
by some students, showing a distinction from the
others explored by the scientist. It is possible
that the meaning attributed by the students in the
example of the little balls, was directly connected
to something concrete, that can be accessed in the
macroscopic world. Therefore, the examples left
aside—those in which the scientist makes direct
reference to the dynamics of the microscopic con-
stituents of the bodies and the physical quantities
implicated—possibly had no existence in the stu-
dents’ imaginations.

We noted that Laís made a unique contri-
bution to the discussion, in which she justified
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her answer by bonding the concept of probab-
ility to the distribution of the mixed colours of
the little balls, even though directed, by the R/T,
about the (im)possibility of being able to return
to the state of colour separation that was observed
at the beginning. On the contrary, after initially
only being able to describe the example of the
little balls to the other group, Rodrigo raised
some questions, following synthesis of some of
the ideas discussed previously by the R/T. In this
sense, we understand that the student assumes
a more investigative position and engages in
improving his meaning production:

R/T: So, he compares the molecu-
lar movements with the mixed
balls. White and Black. […] The
other text mentions the molecu-
lar movement, of the gases, for
example. So, he compares this to
a mixture of white balls in a sack
with black balls. Once they are
mixed, they will continue to be
mixed, never separating as they
had been before…
Rodrigo: But the balls have the
same properties, only the colour is
different.
R/T: So, only the colour changes…
Rodrigo: Like so… one hot body
and a cold one has other different
properties.
R/T: OK, I understand… cold and
hot bodies can be different, black,
and white balls are the same, only
the colour is different. So, how can
we better describe this example?
Or… do you think it is limited?
Rodrigo: Yeah, I think that besides
the temperature, it is the colours
of the balls; there should be other
properties that have an influence.
R/T: Yes! I think that he tries to
explore this in the text, does not
he? He mentions the temperature
and afterwards he talks about the
energy too? So, we should discuss
these two properties more…how
these bodies, that have differ-
ent temperatures and energies, get

mixed in such a way that we can
compare them with the case of the
black and white balls.

Rodrigo tries to make a direct association
between the physical quantity and the property
that he identifies as analogous in the compar-
ison used by the scientist. He did not focus on
the probabilistic principle proposed by the sci-
entist, which is the centre of the analogy, and
guides not only the configuration of colour dis-
tribution when mixed, but also the distribution of
molecular velocities when a hot gas mixes with
a cold one. However, dealing with the impossib-
ility of such a direct association being valid, the
student recognised that other properties influence
the phenomena. Even without naming them, his
discourse is marked by the possibility of a deeper
understanding of the other properties, and the
establishment of relations between them, which
might explain the distribution of heat between the
molecules. We can also discern within this dia-
logue the movement between authoritative and
dialogic discourse by the R/T that Scott et al [12]
describe. In their perspective, shifts like these cre-
ate support for meaningful learning in commu-
nicative approaches, as evidenced by Rodrigo’s
reflection.

5. Some considerations
The activity of reading original texts of scientists
at school creates possibilities for the teaching of
sciences that meet what Sodré [13] calls the neces-
sity for pluralism of knowledge at school. It allows
for the construction of aspects of reality in con-
junction with the ‘life story of each subject’.

We have shown that the mediation of dia-
logue between pairs of students, which was val-
ued by the R/T, promoted the possibility for the
articulation of students’ questions about the read-
ings. We explored the findings of Smith et al [14]
that peer discussion enhances conceptual under-
standing of questions. We also demonstrated that
the students’ doubts can be allayed by discuss-
ing their point of view with the group and consid-
ering the main topics of the texts. This supports
the view of Rivard and Straw [15] regarding the
importance of talk when learning science. Talk-
ing plays a decisive role in sharing, clarifying, and
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distributing knowledge among peers. The open
discussions facilitated a deepening of meanings
for some students. They went beyond descript-
ive bounds, with direct references to the topics of
the texts they read, to explore explicative bounds.
Our results indicate that the promotion of suitable
conditions, and the provision of appropriate medi-
ation, made it possible for the students to estab-
lish their meanings about physics, by appropriat-
ing their discourses about the content.
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