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Abstract: In this study, we engaged four
undergraduate students of a physics course
in a set of activities using the documentary
Cave of forgotten dreams, produced and
directed in 2010 by Werner Herzog. In these
activities, we discussed how the carbon-14
dating of the cave paintings depicted in
the documentary has influenced the field of
archaeology. In addition, we problematized
some aspects of the students’ interpreta-
tion of the images and narrative of the
documentary. The information analyzed was
collected through video recordings and the
written production of the undergraduates.
The analysis was based on the concepts and
principles of Discourse Analysis as appear
in texts of Eni Orlandi published in Brazil.
We noted that, in the students’ view, the
use of documentaries in the classroom is
associated with the idea of visualization,
reinforcement, and illustration. During the
activities, however, we observed their inten-
tion to interpret critically the images and
narrative in the documentary.
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Resumo: Neste trabalho desenvolvemos
um conjunto de atividades com quatro
licenciandos de um curso de fisica uti-
lizando o documentédrio A caverna dos
sonhos esquecidos, do diretor aleméao
Werner Herzog, produzido em 2010. Nes-
sas atividades, discutimos por que o uso
da datagdo por carbono 14 nas pinturas
rupestres retratadas no documentario cau-
sou impacto na érea arqueoldgica. Além
disso, problematizamos alguns elementos
da leitura de imagens e a narrativa desse
documentario. A coleta de informacgdes
se deu por meio de gravagdes em video
e da producéo escrita dos licenciandos. A
anélise foi realizada a partir de principios
e nogdes da Analise do Discurso, princi-
palmente através de textos de Eni Orlandi
publicados no Brasil. Durante a realizagdo
das atividades destacamos a intenc¢do dos
licenciandos de realizar leitura critica de
imagens em movimento e da narrativa
contida no documentario utilizado.

Palavras-chave: documentario; formag&o de
professores; datagdo por carbono; analise
de discurso; caverna de Chauvet.
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It is current consensus that research aimed at introducing Modern Physics
(MP) topics to Secondary Education (SE) students should not be elaborated
in the same way as Classical Physics (CP) is treated in this education level*?.
One aspect that we find important to discuss during classes is how MP has
influenced and was itself influenced by other knowledge areas and disciplines,
like chemistry, biology, archaeology, arts, etc.

Since MP is a current topic with applications that are present in our daily
lives, MP applications are often remembered in Science Documentaries (SD).
Recent studies, however, finding that when these resources are utilizing in
the classroom contexts they have the purpose of motivating, illustrating and
reinforcing the apprehension of scientific topics®. We consider that SD use in
the classroom should go beyond these goals to discuss, for example, how such
scientific topics are transmitted. Additionally, researchers have identified the
potential of this kind of resource to discuss questions related to the nature
of science and to further social and scientific debates in SE science classes®®.

The relationship between science documentaries and its classroom use
enables the creation of a space of discussion that can contribute to a more
comprehensive analysis of the scientific process and the process of knowledge
building”.

In this study, we investigate the process of production of meaning of four
physics undergraduate students during learning activities using the documentary
Cave of Forgotten Dreams®, produced and directed in 2010 by the German director
Werner Herzog. The guiding question of our study was: how the learning activi-
ties performed using the documentary can contribute to develop and broaden
the students’ perception about the introduction of physics topics in secondary
education. In this case, carbon-14 dating.

Herzog’s documentary begins relating the discovery of a cave in southern
France, in December 1994, by three speleologists: Jean-Marie Chauvet, Eliette
Brunel, and Christian Hillaire. Today the cave is known as Chauvet Cave, hon-
oring the first discoverer. Inside the cave, researchers found a series of wall
paintings, approximately 400 in all. One aspect responsible for the importance
of the discovery was the controversy over the paintings dating.

[...] while the age estimate of its magnificent paintings, made by Jean Clottes
shortly after its discovery, based on the first stylistic data obtained, situated them
in the Solutrean (21,000 to 18,000 years before present), direct radiocarbon dat-
ing of one of the most spectacular drawings — the rhinoceros combat — indicated
results of 31,000 years before present. The difference was of the magnitude of
10,000 years!®

The technique of carbon-14 dating caused a significant change in archaeol-
ogy fieldwork methods and, in the case of Chauvet Cave paintings, surprised
archaeologists because of the 10,000 years discrepancy with the first dating
using traditional archaeological methods.
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One important point that motivated us to choose Herzog’s documentary
is that it does not follow the classic SD scheme. Its narrative does not just aim
to inspire the viewer to search for “scientific truth”, but also aims to leave the
viewer in a state of constant reflection on the consequences of the discoveries
made in the cave. As pointed out by Leao", the interviews made do not high-
light just the scientific content.

The director’s choices make it clear that the scripting of each story goes beyond
a mere technical explanation of the subject: there is a search for an intimate view
of history and of the singularity of each topic, and how this trait can contribute
to illuminating the whole of what is being researched.

In fact, the narrative, the interviews, the dialogues, the framing of images,
the soundtrack, etc, evoke discussions and debates that surpass the explanations
of the scientific concepts underlying the cave paintings discovery. Of course, we
would not know much about the paintings without scientific procedures. Using
imagination and creativity, however, we can learn a lot more beyond its age, as
determined by carbon-14 dating technique. Herzog’s documentary can help bringing
to the classroom a critique of the classical method of scientific explanations that"

tends to reduce the knowable to the manipulable. Today, it’s necessary to strongly
insist on the usefulness of a knowledge that can serve reflection, contemplation,
discussion, and apprehension by everyone, each one with her own knowledge,
experience, and life.

Besides reflecting upon the carbon-14 dating technique impact on the dat-
ing of the paintings in question, we also discussed with the undergraduates how
the relationships between science and art appeared in this audio-visual resource
by analyzing the elements present in the documentary’s imagery and narrative.

In this study, we based our theoretical and methodological approach on
Discourse Analysis (DA) methods and discussions. We relied mainly on works
published in Brazil by Eni Orlandi. Coherently with this approach, we consid-
ered the principle of non-transparency of language and the following concepts:
anticipation mechanism, repetition, discursive memory and authoritarian and
polemic discourse.

The principle of non-transparency of language states that looking for a
single meaning in an [audio-visual] narrative is an illusion. The narrative will
always be traversed by other meanings, informed by history, social context, and,
hence, by ideology and the unconscious.

In the case of the anticipation mechanism, the subject assumes the in-
terlocutor’s place, predicting how the other will “interpret” his words. The
subject anticipates the meanings that the interlocutor will attach to her words.
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This mechanism regulates the discussion, since it restricts what is being
said, that is, it silences some statements by formulating others, depending
on the interlocutor position, ranging in the spectrum from complicity to
absolute antagonism'.

Another concept used by us is of repetition, of which Orlandi® distinguishes
three interpretative modes or kinds: empirical repetition — mnemonic exercise
that does not historicize what is being said; formal repetition — a technique for
producing sentences, a grammatical exercise that also does not historicize, just
organizes; historical repetition — a formulation that produces a meaning among
the others in the discourse, inscribing what is being said on the constitutive
memory, what is being said is historicized by means of examples and the rela-
tionships between the spoken and the unspoken.

We also used the concept of discursive memory. The discursive memory
makes it possible to enunciate, as the memory recovers what was already said —
trough a pre-built formulation — and which is subjacent to what is speakable'.
It is the discourse analyst role to search for indications that the immediate
production conditions do not determine exclusively what is said, but also how
memory appears in speech.

The concept of authoritarian discourse refers to the discourse in which
the polysemy is restrained, the referent is obscured by the kind of language
exchange that is established, and the speaker puts herself in the position of an
exclusive producer of meanings and significations.

As to the polemic discourse, the polysemy is controlled and the referent is
disputed by the interlocutors, which maintain themselves active in the exchange,
in a relationship of tense dispute for meaning'>'°.

We believe that, by adopting this theoretical and methodological approach,
we can develop learning practices that enable teachers to decentralize their roles
as producers of meaning in the classroom, by prioritizing polemic discourse
between them and the students in the classroom.

In our analysis of the undergraduates’ discourse about the documentary’s
images and narrative, we used the works of Xavier'’, Bruzzo'®, Dijck" e Leon®.

The way we planned the activities using Herzog’s documentary (including
the choice of the documentary itself) was inspired by discussions in the field of
science teaching about furthering a closer relationship between science and art
in education®**. We consider that science education can be more meaningful
to students by discussing in class the relationships between science and other
cultural systems®, like literature, music, cinema, theater, etc.

The context of the production conditions was as follows: the interviews ana-
lyzed in this study took place during the second half of 2012 in a public university
of the State of Sao Paulo, in the course of Physics Teaching Practices II, part of
the undergraduate in Physics degree program. The four undergraduate students
interviewed were enrolled in the course, at the time attending the sixth semester
of the program and the teacher responsible for the class is the first author of
this study.
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The readings required in the course aimed to present to students the
concept of documentary language and its relationship to learning activities in
the classroom. Among other texts, the students read a paper by Bruzzo** that
questions the idea of a documentary as a faithful portrait of reality. We also
read a work by Léon® that discusses some features of science documentaries.

Information gathering for our analysis took place during three sessions of
activities, each taking around one hour and twenty minutes of duration. Our
methodological approach involved the following activities: a) the reading of two
texts on the topics discussed in the documentary; b) to watch the documen-
tary; ¢) answering a questionnaire about the documentary; d) discussing the
documentary content; and e) the students preparing their own set of questions
about the subject of the documentary.

The texts mentioned in the item “a” were “A quimica do tempo: carbono-14”
(The chemistry of time: carbon-14), published in the journal Quimica Nova na
Escola®®, and “A caverna onde a arte nasceu” (The cave where art was born),
from the magazine Scientific American Brasil’’. Both articles were assigned to
extra-class reading a week before the documentary exhibition. The first one
describes how carbon-14 dating technique works and shows some of its appli-
cations. The second one discusses the importance of the discovery of Chauvet
Cave and its paintings for the field of archaeology.

Carbon occurs in nature in three isotopes: C (98,89%), *C (1,11%) e "C
("C/"C = 12" in living beings), of which only the last one is radioactive. Car-
bon-14’s half-life is estimated at 5,730 years, that is, it is the time that a certain
amount of it takes to reduce to half. In 1949 Willard Frank Libby (1908-1980)
and colleagues measured the decaying rate of carbon-14 in samples of wood
and marine shells fre shly collected at different parts of the earth and verified
that results were almost equal for all of them. This showed that the amount of
carbon-14 in living beings remained constant, regardless of their location®. In
plant tissue, for example, carbon-14 is incorporated by photosynthesis, through
the conversion of CO, in organic compounds. Since the carbon exchange between
plants and environment ends with their deaths, the amount of carbon-14 in the
dead plant begins to diminish, following the half-life of this radioactive element.
If we start a stopwatch at the time of a plant’s death, from that moment on the
amount of carbon-14 will begin to decrease as follows: by half after 5,730 years;
by one quarter after 11,460 years, and so on. We must keep in mind that the
technique is only effective for the interval of 40,000 to 100,000 before present,
due to the carbon-14’s 5,730 years halflife. This interval comprises the dates
found in Chauvet Cave paintings. The dating was obtained by analyzing charcoal
fragments contained in the paint used by the prehistoric painters.

In the class following the texts reading, we watched the documentary and
then each student received five questions to be answered at home and handed
back the following class. After receiving the answered questions, we had a 1 hour
and 20 minutes long session of general discussion about the documentary. At the
end of the discussion session, we asked the undergraduates to plan a learning
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activity about the documentary, aimed at SE students. We asked them to reflect
upon how they would use this audio-visual resource in an activity with their
SE students. What kind of questions they would pose to or discuss with them?

We selected the answers that we considered most relevant to address the
questions posed by this study. All the undergraduates’ names were changed. The
first question was about the language used in the documentary: Do you consider
that the language used in the documentary is suitable for the age group of secondary
education students? Justify your answer. Undergraduate Larissa answered that:

The language used in the documentary, despite the presence of technical terms
in some parts, I consider it suitable to use in secondary education, because it’s a
way to introduce them to terms and words used in science. We must stress that
some students have difficulty to differentiate between fiction and documentary,
so I suggest that it is made explicit that the cave is real and the documentary
is truthful and that the 32,000 years dating is reliable because it could cause
disbelief in the students. (Larissa)

In the first part of her answer, Larissa talks about the fact that the
documentary language includes technical terms. She stresses the suitableness
to SE students because it introduces them to scientific language. The second
part of her answer, however, alludes to a one-way production of meaning;
first, by proposing a strict distinction between what is real and fiction in a
documentary film by categorizing it as the truth. The immediate production
conditions, that included not only the Herzog’s documentary related activi-
ties, but also the readings done in the course Physics Teaching Practices II,
also included a critical discussion of the concept of documentary, particularly
by reading and discussing the already mentioned text by Bruzzo, in which
she analyzes the distinction between reality and fiction, and concludes that:
“Without a doubt it is important to do not have any illusion about the verac-
ity of documentaries, of all kinds of movies, but it does not mean, however,
that the director is a liar”®.

By taking a position about the reality and fiction dichotomy in documentaries,
we believe that Larissa ends taking a position about science itself; if one consid-
ers the documentary a truthful expression of reality, the science presented in it
should also be considered an expression of reality. According to her, when using
this resource with SE students, we should state since the beginning that “the
32,000 years dating is reliable because it could cause disbelief in the students”.
If we argue for a teaching practice that promotes the discussion of controversies,
dislocating the teacher’s discourse of authority towards a polemic discourse, in
which the student’s act of taking a position is crucial, it is exactly the disbelief,
in the sense of expressing curiosity, that we would seek to promote in physics
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classes in secondary education. Moreover, in the case of the paintings of Chauvet
Cave, there still are controversies about its age, with carbon-14 datings being
contrasted with datings obtained using the stylistic method, which is based on
comparisons between the styles of Chauvet paintings and others already known.

That Larissa points out the necessity of stating that the cave is real, the
documentary is truthful and the 32,000 years dating is reliable may be related
to her discursive memory of documentary viewer. Many of these audio-visual
resources, especially the ones produced in the last decade, make use of spe-
cial effects and computer generated graphics in order to transmit a sense
of “reality” and “truthfulness”. Many of them tend to use various kinds of
special effects, enabled by advances in computer graphics, not necessarily
associated with a referent in the real world®. This tendency aims to clarify
and illustrate abstract scientific theories. In relation to the term “truthful-
ness” used by Larissa, we emphasize another feature of current documentaries
related to narrative mode: the interviews with renowned researchers in the
field under discussion. The ways these interviews are made or shown often
serve to legitimize the scientific content being presented. In the case of the
documentary Cave of forgotten dreams, if Herzog were to use this technique, all
the researchers interviewed would have to confirm the same dating for the
paintings discovered, thus giving the viewer a sensation of the truthfulness
of the information presented. That is not the case here, however, since we
can perceive that the aesthetic concerns of the director and his care in gath-
ering and presenting different views and opinions prevail over the “purely”
scientific elements of the narrative.

We used the second question in our questionnaire to investigate the pro-
duction of meaning related to the visual resolution of the documentary and
to inquire if this is a relevant issue in interpreting the paintings showed. The
question was: Do you consider the fact that the documentary was filmed in high defini-
tion important in a classroom context? Justify your answer. As expected, the answers
were similar, but the justifications had their own nuances.

Yes. A documentary with a high quality (of images) makes the student more
interested than lower definition documentaries because in the lower definition
ones the images are less clear and consequently less capable of retaining the
students’ attention. (Fernanda)

I consider that high definition images are attractive in any context, a low-resolution
image would interfere with perceiving the details of the paintings, for example,
the legs of the horses simulating movement. (Larissa)

Yes. I believe that by itself [the high-definition image] engenders a kind of
comfort and well-being. Imagine that you are seated in a chair that’s already
not very comfortable, watching something that maybe doesn’t attract your
attention, and the video is distorted due to its low quality. Moreover, many
scenes are located in a dark environment, so the quality of the video is very
important. (Marcio)
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Yes, because it transmits a sensation of greater reality, since the documentary is
about paintings and images it would be bad if it didn’t have enough quality to
retain the students’ attention. (Breno)

One important point to consider in analyzing the answers for this ques-
tion is the adherence by all undergraduates to the idea that the quality of
the documentary’s image resolution is associated to “retaining” the students’
attention. Another aspect pointed out by Larissa, is the association between
quality of image and comprehension of what is being presented, emphasizing
that “a low-resolution image would interfere with perceiving the details of the
paintings, for example, the legs of the horses simulating movement.” The image
mentioned by the undergraduate appears in a scene of the documentary and
is shown here in two “versions™ high quality and low quality.

B e

W 8

Figure la: “High quality” or
lution image.

g @

high-reso-

Figure 1b: “Low quality” or low-

-resolution image.

Source: screenshot excerpt from Herzog's

We can observe that the high-quality image enables other interpretations
of the same referent, by representing another reality. In a classroom context,
teacher mediation is important to critically discuss and negotiate meanings. One
possible interpretation of Figure la involves the idea of movement; however,
by framing another field of vision, the same image produces another reading:

the idea of escape (Figure 2).

Figure 2: Under an enlarged framing, the image in Figure 1* transmits
the ideas of escape and of representation of reality by Paleolithic man,
32,000 years ago.

Source: screenshot excerpt from Herzog's documentary,

in high definition®2,

documentary in high (1080p) and low (240p)

quality, respectively®'.
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Figure 2 refers us to other significations, other interpretations, besides the
idea of movement, already represented in Figure la. In it, we get an impression
of escape, as if the animals at the front of the band were running from the
ones behind, the lions. The choice of a particular field of vision alters how the
image functions in the classroom, stressing the importance of the teacher as a
mediator and negotiator of meanings in the classroom®.

In light of such faith in images, our first task is reversing the process and draw atten-
tion to the frame, to the relationship between the photograph and its surroundings,
to the fact that the meaning is woven from the relationships between the visible and
the invisible in each situation.

When talking about how cinema and director, by making a choice that
produces the silencing of another, create ideologically the framing of images
in movement, Xavier goes on:

The image that I receive is part of a world filtered by a perspective exterior to
me, which organizes the appearance of things, establishing a bridge, but also
interposing itself between the world and me. It is a perspective prior to mine,
whose circumstance does not get confused with mine inside the projection room®.

Figure 2, also in high resolution, has the potential to reveal details and dif-
ferent perspectives of the Chauvet Cave paintings, like the realization that humans
in the Paleolithic, 32,000 years ago, were already using the relief of cave walls to
represent the impression of depth and movement, in other words, the idea of 3D
representation of images. According to Herzog, who is still averse to adopt 3D film-
ing in his movies, allowing this kind of enhanced perception of the paintings was
one of the reasons that led him to film the documentary using the 3D technique™.

The third question purpose was to induce the undergraduates to search
for MP concepts in the documentary and to engage them in discussions about
the development of a learning activity using this resource aimed for a secondary
education physics class. The question was: Dates of events in the past are mentioned
in the documentary. a) How do you think scientists know about these dates? b) What
Physics has to do with it?

As expected, the undergraduates’ answers to the item « mention carbon-14.
As to the item b, they mention not only carbon-14 but also other MP concepts
found in the documentary. Fernanda, for instance, affirms:

Physics, or more specifically, modern physics, relates to it because it studies ra-
dioactive decaying. Besides other points in the documentary that also relate to
physics, for example: light, lasers, etc. (Fernanda)

Marcio historicizes his answer by adding information about the technique
and its development:

The carbon-14 dating is based on the halflife of this element, that is, the time
in which half of the sample decays, thus emitting radiation. These processes
are phenomena studied in physics. The techniques that ascertain the amount of
carbon-14 also pertain to the field of physics. (Marcio)

33. XAVIER, Ismail. O
olhar e a cena, op. cit,,
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35. KLINGER, Barbara.
Cave of forgotten dreams:
meditations on 3D. Film
Quarterly, Oakland, v.
65, n. 3, p. 38-43, 2012.
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The purpose of the third question was to the undergraduates to relate the
MP concepts mentioned in the documentary, which, in any way, have contributed
to the comprehension of aspects of the paintings or the cave.

After the undergraduates answered the questions proposed by the teacher,
we asked them to prepare a set of questions aimed at their future students in
a hypothetical learning activity in SE. The only requirement was that the ques-
tions had to relate to Herzog’s documentary, if possible taking into account the
MP concepts presented in it.

We selected below a question proposed by one of the students, which
problematizes the perception of images and their possible representations. It
is interesting to note the undergraduate’s intention of proposing reflections of
a multidisciplinary nature, relating physics and culture.

Question 5. In the beginnings of history, man made his drawings on the walls
of caves, today in various parts of the city we see drawings like the ones showed
in Figure 3, on a wall in the city of Sorocaba, this art is called graffiti. What
are the similarities between these two drawings? What necessity led these two
individuals to make their drawings? (Larissa)

SIS I bk b 5
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Figure 3: Left, paintings depicting rhinoceros in Chauvet Cave. Right, graffiti
made by Will Graffiti, located in Juscelino Kubitschek Avenue, Sorocaba (SP)

The undergraduate shows a concern to discuss questions that have the
potential to produce a dislocation of the authoritarian discourse towards a polemic
discourse, enabling polysemy in SE physics classes. Questions of this kind promote
a critical reading of images, static or in movement, by leading SE students to
historicize their discourse, as they search for elements, both in immediate and in
socio-historical production conditions, to respond to them. This question stresses
the presence of discursive memory, since the teacher has neither presented nor
discussed issues relating aspects of past and present in his immediate production
conditions. We can associate it to a kind of historical repetition, in which, ac-
cording to Orlandi*, “we have a student that engages in a real work of memory:
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he inscribes thus what is said in his discursive knowledge, which enables him to
not only just to repeat, but to cause dislocations, drifting effects in what is said”.

Teacher and undergraduates discussed the documentary in a session of around
50 minutes. Early in the session, when we asked them if they would use the docu-
mentary in a class with their future SE students, Breno was the first to respond:

I'd like to use this documentary. But I'd first discuss the subject of carbon-14,
then I'd show the documentary without mentioning that it’s related to the subject
studied to see if they... (Breno)

Would you show the documentary after teaching the subject? (Teacher)

After teaching the subject of carbon-14, even if I were to discuss the subject in
depth, but first I would situate them in this kind of subject. (Breno)

In Mircio’s opinion, showing the documentary before and discussing the
concepts later would be more appropriate. Moreover, he extended the applica-
tion of the documentary to other possible subjects in the field of MP:

I would make clear in the [expected] outcome not only the relationship with
carbon-14 but would... I would ask them to pay attention to possible concepts
related to physics. What could they see of physics in the documentary? (Marcio)
Would you present this question before showing the documentary? (Teacher)

Yes. First thing. And then I would discuss the concept they would need. Because
in this way... Besides carbon-14 it mentions cold light, laser, so [there are] many
concepts to discuss. (Marcio)

In this case, the documentary seems to function as a catalyst to discuss
possible topics of physics. Before showing it to the students, Marcio would pose
an initial question to help them look for physics related concepts. According to
him, it is possible to discuss other topics beyond carbon-14 dating, for example,
cold light and laser. He also points out the importance of “looking for the
physics” in the documentary, highlighting that this resource may be a means
to introduce MP related concepts in SE physics classes.

As we pointed out earlier, one of the uses of documentaries in classroom
pointed out by secondary education teachers is to arouse in the students the
curiosity and the interest to learn more about the subjects under study. When
we asked the undergraduates about this, the response was unanimous:

Do you think that this kind of activity that we did here using documentaries [...] arouse the
curiosity to learn more about that subject later on? Let’s suppose that you, as a secondary
school teacher, go to discuss the subject of radioactive decaying. What do you think is more
“effective” to arouse a possible curiosity in the student, a taste for the subject: to approach
this subject in depth mathematically or talk about it like we did here? (Teacher)

By doing activities like this one that we did here. The less mathematics the bet-
ter. (Fernanda)

I agree. (Breno)

Me too. (Marcio)
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It is possible that the undergraduates used the anticipation mechanism here,
since the question was rather inducing: they responded what the teacher would
like to hear. When asked about why teachers in secondary school do just the
opposite, i.e. to favor mathematics over other teaching strategies, they answered:

It’s more convenient, it’s easier, it was always [done] like this. (Fernanda)
Nobody does this kind of activity like [the one] the teacher did here in undergrad
courses. Nobody discusses this in undergrad programs. So the teacher doesn’t
know what to do in this kind of situation. He only sees calculations and then
does the same in secondary education. (Breno)

It’s more convenient for him to teach what is already there in the book. (Fernanda)

The undergraduates’ opinion agree with some research results in the field
of science teaching, by pointing out that despite significant curricular changes
that took place in the final semesters of undergraduate programs of teacher
training:

teachers’ practices are still based, due to the lack of alternative theoretical references,
on the training models that they experienced in undergraduate education, and also
on the practices that are, in some way, hegemonic in the field. In other words, despite
the changes that altered curricular structures, the training models adopted by most

teachers continue to be very close to the fragmented model that emphasizes trans-

mission, memory, and content, now considered outdated/inadequate to our time®”.

In this sense, we believe that the teacher is the main agent able to con-
tribute to promoting discussions in the classroom, enabling students to practice
and express their reasoning and to produce alternative readings of audio-visual
narratives. Thus, it is necessary that the teacher understand the modes of
production, functioning, and circulation of audio-visual discourse in society®.

This study provided us with evidence that documentaries can contribute
to decentralize the role of teachers as producers of meanings in the classroom.
Since this result agrees with the theoretical perspective adopted, concerning
the dislocation of authoritarian discourse towards to a polemic one, we believe
that our approach contributes to encouraging future physics teachers to reflect
upon their role in class, by asking them to create learning activities for sec-
ondary education using documentaries. We believe that this approach helps to
promote a more democratic education, in which student and teacher produce
knowledge about physics, and not just reproduce the metalanguage proper to
this subject, forged in research institutions and universities.

We also identified various concerns with not using the documentary just
to illustrate or reinforce subjects, but also to promote teaching strategies more
aligned with models that see the teacher’s role as a promoter of reflection.
This finding is clear in our analysis of the questions about the documentary
proposed by the undergraduates, particularly in the case of Larissa’s questions.
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We point out, however, the necessity to research further how teachers
would use documentaries in their classes after participating in activities like
the ones described in this study. Our goal was to investigate potential uses of
these resources beyond illustration, motivation, and reinforcement of learned
content, so we adopted a perspective of bringing together science and art, as
we see in the documentary. We did not follow the future teachers interviewed
in this study in their professional activities, however, in order to investigate how
significant this experience was to them and, thus, to their students.
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