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Abstract

With the advancement of digital technology, the roles of teachers and students are slowly changing. The classroom is on
the verge of becoming a new, more open place, one with fewer barriers to the rest of society. Our purpose in this paper
is to discuss how the creation of videos with mathematical content may contribute to this process of rendering the class-
room borderless, as well as how this activity can become a teaching and learning tool. We ground our discussion in social
semiotics, a theory that considers the context of production and the negotiations between actors to analyze the meanings
produced. We report on the production of videos by middle school students and the steps involved: discussion, editing and
dissemination. At each step, data were produced and collected. We focus our analysis on the question of how the production
of videos in the classroom can help in the communication of mathematical knowledge and in the change of the dynamics
of the classroom. We find that video production provides a classroom dynamic in which students can become protagonists
in the teaching and learning process, with teachers mediating this activity. We argue that video production is a different
way to express mathematics, and it is particularly well-suited to expressing what students have understood. Using videos, a
new kind of mathematics can emerge in the classroom, joining its traditional symbolic language with other modes, such as
language, gesture, image and music.
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1 Introduction subject of combinatorial analysis in high school. Similar
behavior—searching for explanations in other media, with
other teachers—is becoming more and more common among
students in classrooms around the world. What is beginning
to happen in some classrooms is a type of blended learning
in which video is used as a ‘backup’ for the teacher’s expla-
nation of a topic that was missed by a student, as illustrated
by the excerpt above: from the student’s question, the teacher
could once more review concepts related to combinatorial
analysis and reflect on the student’s doubt along with all the
other students. Some previous research has described and

This dialogue took place between one of the authors of  incentivized this kind of blend of online and face-to-face
this article and one of her students while explaining the classroom studies (Borba et al. 2016; LaFee 2013; Owen
and Dunham 2015). Borba et al. (2016) cited several uses of
technology in the classroom that generate blended learning.
However, in these papers, when videos are discussed, the
emphasis is on the use of videos already found on the Inter-
net. In this paper, we explore the process of video production
by students and teachers.

Student: Teacher, could you explain how I can calcu-
late the chances of winning in a lottery game?
Teacher: That has to do with combination. In the last
class we only explored the fundamental principle of
counting, remember?

Student: I missed the class, but I searched for videos
to help me understand what you explained, and I was
not sure about this example.
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(2014). There is an increasing number of students who look
for videos with mathematical content on platforms such as
YouTube to answer questions generated in the classroom or,
in the case of online education, to supplement the lack of a
physical teacher (Borba et al. 2018). These cases illustrate
how the classroom is transforming with the integration of
the Internet. Content is no longer presented in a strict linear
order, because the questions of the students transcend the
textbook and its organization, making the process of teach-
ing and learning more dynamic and student-centred. In the
case explored above, if a strict linearity were followed, the
teacher would explore the fundamental principles of count-
ing, permutation, arrangement and combination, in that
order. However, the student’s doubt reversed the order of
presentation, and was used as a catalyst to discuss examples
and concepts of combinatorial analysis.

We can see this as an emergent facet of education, in
which the student searches for content outside the class-
room, usually through videos, and brings his or her doubts
about and understandings of these videos into the classroom,
reflecting with their teacher and colleagues about the con-
tent. This recalls Freire (1970) idea of a dialogical educa-
tion, in which students learn from teachers, but teachers also
learn from students. Students are ‘native’ in digital technol-
ogy and may combine digital videos and mathematics educa-
tion in ways teachers—usually older, non-native or ‘not as
native’—may not think of. With Freire’s notion of dialogical
education on one hand, and the changes provided by digi-
tal technology, particularly regarding digital videos, on the
other, in the last few years our research group has developed
a research project driven by questions such as the following:
in an education in which the student has a protagonist role,
why not allow them to produce their own videos? Is there a
change happening in mathematics that is expressed through
videos? With this activity, is there a change in the dynamics
of the classroom?

We can separate the use of digital technology in the math-
ematics classroom into four phases (Borba et al. 2016). The
first phase was characterized by the use of LOGO software
and of programming. The second phase was marked by the
creation of computer labs in schools and the use of software
programs which allowed visualization and experimentation
with mathematical demonstrations. The third phase began
with the creation of the Internet, which made it possible
easily to disseminate online courses. The fourth phase began
with the advent of high-speed Internet and is characterized
by the use of videos, dynamic software, and collaboration
activities, among others.

It is this fourth phase in which education has been situ-
ated for the past few years: most students have access to a
variety of information, and can view, experiment with, and
conjecture about information that could only be read and
accepted before. Now, they can create their own videos
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and tools to explore subjects that interest them. Despite
these developments, production of videos with mathemati-
cal content by students themselves is not a very frequent
practice in the classroom, although some research pro-
jects have encouraged student video production, such as
the project ‘Digital Videos in Distance Learning Math-
ematics’, coordinated by one of the authors of this paper
and financed by Brazil’s National Council for Scientific
and Technological Development (CNPq). Several research
studies have originated in this project, with the produc-
tion of videos by students in basic education (middle and
high) schools (Oechsler 2018; Oechsler and Borba 2018;
Oechsler and Borba 2017; Oliveira 2018), as well as in
undergraduate courses in mathematics, in both face-to-face
(Souza 2017) and distance learning (Fontes 2019; Neves
and Borba 2017; Silva 2018).

Borba and Oechsler (2018) conducted a survey on the
use of videos in the classroom. In their analysis, they sep-
arate the use of videos in the classroom into three types:
(1) recording lessons for later analysis of the teaching and
learning process; (ii) using videos available on educational
platforms or social media as didactic material; (iii) video
production by students and teachers in the classroom. Type
(1) is very commonly used in academic research, to analyze
teachers’ practices and students’ learning processes. Much
of this research is developed outside Brazil (see, e.g., Barlow
et al. 2014; Coles 2015; Huang and Li 2009; Jaworski and
Huang 2014; Johansson et al. 2014; Rowland et al. 2014).

Types (ii) and (iii) have educational objectives, rather
than research objectives, although there are different types of
research associated with them. In modality (ii), students use
videos available in social media and educational platforms to
answer questions, review content, and study content lost in
the classroom (Kolikant and Broza 2011; Saxe et al. 2013).
These videos are usually produced by teachers (who are not
the teachers of the students accessing them) and posted on
educational platforms or social media channels. Often, they
are teachers who produce these channels full-time. This can
be seen as the external environment being introduced into
the classroom.

The activities reported in this paper fall under type (iii),
which explores the production of videos, both by students
and by teachers. The focus of this paper is on the produc-
tion of videos with mathematical content by students in the
classroom. Many students already produce and share videos
for the purpose of entertainment. This research expands this
immanent activity to videos with a mathematics education
perspective.

We discuss research results focusing on the following
research question: How can video production become a
teaching and learning tool for the students? Based on Social
Semiotics, we analyze how the production of videos in the
classroom can help in the communication of mathematical
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knowledge and in the change of the dynamics of the
classroom.

2 Social semiotics and humans-with-media:
a discussion of video and knowledge
production

According to Borba and Oechsler (2018), student video pro-
duction in mathematics classes is not a common practice.
Nonetheless, it has been growing in recent years, such as
with video production festivals like the Math Performance
Festival in Canada (Borba et al. 2014) and the Festival
of Digital Videos and Mathematical Education in Brazil
(Domingues and Borba 2018).

Because student video production in mathematics class
is not yet an established practice, there is no standardized
methodology for classifying and analyzing student produced
video. Festivals typically use criteria such as the nature of
the mathematical idea, creativity and imagination and artis-
tic-technological quality (Domingues and Borba 2018) to
analyze students’ videos. These criteria help in the evalua-
tion of the video. But how can we tell if the production of
video helped in communicating the mathematical knowledge
of those involved? What negotiations between the actors
resulted in a reorganization and production of mathemati-
cal knowledge? With the final video alone, we cannot answer
these questions. To this end, we seek to anchor our research
on the process of video production and analysis in social
semiotics. Under the theory of social semiotics, in order to
analyze a given sign, the context must be understood as well.

A primary focus of social semiotic multimodal analy-
sis is on mapping how modal resources are used by
people in a given community/social context, in other
words sign-making as a social process. The emphasis
is on the sign-maker and their situated use of modal
resources. This foregrounds the question of what
choices people make (from the resources available to
them) and the non-arbitrary and motivated character of
the relationship between language and social context.
There is therefore a strong emphasis on the notion of
context within social semiotic multimodal analysis.
The context shapes the resources available for mean-
ing-making and how these are selected and designed.
(Jewitt 2009, p. 30).

Under Social Semiotics, by knowing the context of
production, it is possible to understand the choices made
by the sign-maker, and how these choices influenced the
reorganization of his or her thinking and the production of
meaning. Social semiotics is based on the ideas of the lin-
guist Michael Halliday, who gives a critical reading of the
works of Saussure, Peirce and Voloshinov. Traditional or

“pure” semiotics as explored by these authors “emphasizes
structures and codes, at the expense of functions and social
uses of semiotic systems, the complex interrelations of
semiotic systems in social practice, all of the factors which
provide their motivation, their origins and destinations,
their form and substance.” (Hodge and Kress 1988, p. 1).
In the framework of social semiotics, though, meanings
are not the same for all users, and they must be studied at
the level of social action, along with their effects in the
production of meaning (Hodge and Kress 1988).

Social semiotics is an attempt to describe and under-
stand how people produce and communicate mean-
ing in specific social settings, be they settings such
as the family or settings in which sign-making is well
institutionalized and hemmed in by habits, conven-
tions and rules. (Kress and Van Leeuwen 2006, p.
266).

Social Semiotics has two central categories: sign and
mode. Signs are elements by which people interpret and
express meaning for communicative purposes. An example
might be the color red, which is a sign in many cultures
for danger. Modes are means of making representations of
elements (sounds, images, among others). Some potential
modes include image, sound, speech, gesture, writing. In
the production of videos specifically, some modes are more
characteristic, such as frames, camera position, sound and
particularly moving picture, which is the characteristic mode
of cinematographic language (Aumont 1992; Metz 1991).
Because social semiotics concerns not only the sign itself,
but also the process of producing its meaning, we adopt this
theory in the data analysis in order to understand the process
of production and reorganization of thinking during video
production. This involves analyzing not only the mathemati-
cal signs and the design presented in the videos, but also the
negotiation process between the sign-makers in the construc-
tion of these signs: “In a Social Semiotic theory, signs are
made—not used—by a sign-maker who brings meaning into
an apt conjunction with a form, a selection/choice shaped by
the sign-maker’s interest” (Kress 2010, p. 62).

The video production analyzed in this paper has math-
ematical content as its central theme. Just like video, math-
ematics has its own characteristic modes: language, sym-
bolism and visual representation (O’Halloran 2000, 2005).
According to the interest of the sign-maker, several of these
modes can be used together; this is known as multimodality
(Bezemer and Kress 2016; Jewitt 2009). The goal of multi-
modality in the present context is to assist in the presentation
and learning of mathematical concepts.

In mathematics, the language mode refers to both speech
and writing. This mode is often used to present, contextual-
ize and describe a mathematical problem. In order to com-
municate the problem, the speaker needs to organize their
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mathematical ideas through their language, whether oral or
written.

Symbolism, another characteristic mode of mathematics,
has as one of its functions the translation into a symbolic
language of what was initially expressed in oral, written
or visual language: “The underlying premise is that math-
ematical symbolism developed as a semiotic resource with
a grammar which had the capacity to solve problems in a
manner that is not possible with other semiotic resources”
(O’Halloran 2005, p. 15).

Once the problem has been explained, it is possible to
create a visual representation of the ideas, such as in the
form of graphs or diagrams. Such a visualization has the
goal of helping in the organization of ideas that were initially
explained in language or in symbolism.

We agree with O’Halloran (2000) that mathematics is
multimodal “because the linguistic, visual and symbolic
semiotic systems differentially contribute to the meaning of
the text” (p. 300). In our case, the combination of math-
ematics multimodality and the various video modes multi-
plies the modes’ potential (Lemke 1998), contributing to the
communication of mathematical content and to the reorgani-
zation of the signmaker’s thinking. The function of social
semiotics is to describe the potentials of each mode and how
these potentials can be multiplied when used together.

It is important to consider that signs are produced
(according to the interest of the sign-maker) in a collec-
tive of actors. Borba and Villarreal (2005) regard knowl-
edge as something produced by a collective of human and
non-human actors, called humans-with-media, in which each
actor plays a central role. Thinking about education situated
in the fourth phase of technological development, the collec-
tive of human actors is composed of the students, teacher,
family, society, and other humans that can participate in
students’ discussions and reflections. Non-human actors are
numerous and varied, from material technologies (such as
computers, cell phones, cameras, among other instruments
and tools) to immaterial technologies (orality, writing, com-
puter science, thought) (Borba 1999).

The collective of humans-with-media, through interac-
tion, negotiation, and reflection, is able to produce knowl-
edge. From this perspective, “humans are constituted by
technologies that transform and modify their reasoning
and, at the same time, these humans are constantly trans-
forming these technologies” (Borba and Villarreal 2005,
p- 22). This is the notion of the intershaping relationship,
which is one of the main notions associated with humans-
with-media as a theoretical construct: human beings and
media influence and shape each other, contributing to the
reorganization of thought and the production of new prac-
tices and knowledge (Borba 2012). According to Borba
and Villarreal (2005) and Borba (2012), the collective of
humans-with-media should be considered as the minimum
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unit of analysis. There can be no production of human
knowledge without the influence of media, nor can any
media be developed without the influence of humans.
When humans interact with media, they reorganize their
thinking according to its affordances (Souto and Borba
2016).

Research conducted by the Informatics, Other Media and
Mathematics Education research group (GPIMEM) has led
us to the conclusion that the use of different media will result
in different ways of expressing mathematical ideas (Borba
2012). As an example, we can imagine the mathematical
language used in an online chat. In this case, one needs to
write in language what one wants to explain in symbolic
language, because most chat programs still do not permit the
use of the symbolic language of mMathematics. For exam-
ple, the derivative symbol (%) cannot be inserted directly,
and must be spelled out as ‘derivative’. On the other hand,
in a video (depending on the medium used to record and the
other materials available), we can not only use mathematical
symbolic language, but we can also use other modes, such as
gestures and facial expressions, beyond mathematical sym-
bolic language. This alters the possibilities of mathematical
production (Borba 2012), because we can use new modes
to produce meaning. Gestures and moving images can help
to explain some content that, in a static way, or in a written
mode, was not understood by the student.

In mathematics class, when solving traditional problems,
the student’s way of expressing his or her knowledge is often
through the use of symbolic language. However, the sym-
bolic language cannot convey the student’s thoughts during
the solution, nor what knowledge was necessary to solve
the problem. When preparing a video, though, in order to
explain the problem-solving process, the student needs to
expose these reflections. These negotiations are often per-
ceived during the video production process, as students
choose the theme and the approach to be used, and study
what they will explore. Following this process allows the
teacher to understand students’ difficulties, solutions, and
the choices they make in the production of video. By having
access to this context of production, it is possible to under-
stand whether or not the students have learned the content,
as their negotiations and their reorganizations of thinking
are analyzed.

In the video production task, students interact with sev-
eral actors, both human and non-human. In this interaction,
they must reflect on the affordances of each medium used,
they must decide what modes they will use, and they must
decide what type of video they will produce. Thinking of
this interaction as an activity system, we can see that tech-
nology is not only an “artifact” used by the students, but also
plays the role of “subject” and “community” and changes the
“rules” and the “division of labor” (Souto and Borba 2016),
contributing to the production of meaning.
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In other words, in a collective of humans-with-media,
human and non-human actors both have agency (Borba
2012), because non-human actors are not just tools that
humans use (de Freitas et al. 2017). They act and interact
together, distributing the nature of the agency between the
actors, producing a reorganization of thinking that contrib-
utes to a production of knowledge. Humans are shaped by
technology and technology is shaped by humanity (Borba
2012). In video production with mathematical content, mem-
bers of such a collective work together to produce meaning
related to mathematical learning in a video format. Social
semiotics assists in the analysis of this meaning, taking into
account not only the video produced, but also its production
process and the negotiations among actors in a collective of
humans-with-media. This analysis of the context can help
in the discussion of the production of the knowledge by the
sign-maker.

We can call the sign produced by the sign-maker a sign of
learning (Bezemer and Kress 2016; Kress 2010). According
to Bezemer and Kress (2016):

All signs are signs of knowing and learning, regardless of
the mode in which they are made. The affordances of each
mode entail that the sign-makers learn and demonstrate dif-
ferently. The wider the range of resources made available to
learners in environments of learning, the wider the range of
‘evidence’ available to the learner, and the wider the range
of their inroads into learning (p. 50).

In the framework of social semiotics, learning occurs
through engagement with the world. In traditional frames
“[...] learning is what happens in schools of some kind,
with teachers and a curriculum. In our frame, learning is the
inevitable outcome of any and every engagement with the
(socially made) world.” (Bezemer and Kress 2016, p. 37).

In addition to the theories of social semiotics and mul-
timodality, we adopt Borba and Villarreal (2005) idea that
learning is collective, permeated by non-human actors
(in the case of this research, video media production) and
human relations. All of these actors influence the focus of
the individual, because what happens on TV, what happens
on social networks, what happens at home before going to
mathematics class, and the opinions of colleagues, for exam-
ple, all contribute to the reorganization of the individual’s
thinking. In this way, we can look at individuals and seek
indications of their learning through their interaction with
human and non-human actors, since, in the same classroom,
in the same activity, different people will be learning differ-
ent issues at different rates.

In the next section, we explain the research methodology.
Then we explore the work of collectives of humans-with-
media during the production of videos with mathematical
content, based on a social semiotics analysis.

3 Methodology: video production
in the classroom

The research was conducted with middle school students in
three municipal schools situated in the city of Blumenau (in
the state of Santa Catarina, in the South of Brazil): EBM!
Felipe Schmidt, EBM Quintino Bocaitiva and EBM Wilhelm
Theodor Schiirmann. In municipal schools, students range
in age from 6 to 14. Students aged 13—14 were chosen to
participate in the research, because their teachers and the
researchers believed they could explore more mathematics
content because they had already studied various content
previously. In two schools, students were able to choose the
mathematical content to explore in their videos. In one of
the schools, the teacher asked them to create a video with the
content of functions, which was a theme they were studying
in that quarter.

In each school, students were divided into groups (they
chose the group members according to their existing friend-
ships). Each group produced a video with mathematical
content using their chosen approach (including video les-
son, animation, role play, and so on). In all, 19 videos were
produced.

To create data, we looked for a methodology for the
production of classroom videos, but we did not find an
extant systematization for data production. As a result of
our experience, we believe that classroom video production
can be divided into six steps: (i) Conversation with students
and presentation of video types; (ii) choice of a theme and
research about the topic; (iii) formulation of the script; (iv)
Video recording; (v) video editing; and (vi) dissemination of
the videos (Oechsler and Borba 2017; Oechsler et al. 2017).
In all schools, the steps involved in the video production
were the same, other than the school in which the teacher
pre-selected functions as the topic. In this school, the steps
were followed as described, including researching the topic,
except that the topic had been chosen in advance. Each of
these steps was part of the data collection for this research.
Each step was recorded in audio and video. These record-
ings, along with the field diary, interviews, and the videos
produced, constituted the research data. The researcher fol-
lowed all the steps in the classroom, along with the teacher.
At times, the researcher was an observer of the negotiations
between the students. At other times, researchers were asked
to participate in the discussions themselves and ask ques-
tions about mathematical content or video recording tech-
niques. This aspect characterizes the methodology as action
research.

The production of these data used the triangulation tech-
nique, which involves using multiple different procedures

! Acronym meaning Municipal Elementary School.
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Fig. 1 Conversation between
the researcher and the students
during the class when they were
producing the script. Source:
survey data ()

2 3
Researcher: 5 + 7 how would you do it?
Student 1: I woulddo 2 + 3 and 5 + 7.

Researcher: Ok. Look, what are you guys going to do? What are you going to work on as a

fraction?

Student 1: We are going to work on the fraction and the number.

Researcher: Ok. And what does 3/5 mean? [conversation between the researcher and the students
that produced the “Sum of Fractions” video. We can see that, when summing the fractions, the
student adds the numerators and the denominators, which is incorrect. To highlight this, the
researcher asks the student questions about the meaning of the fraction.]

for producing data. According to Lincoln and Guba (1985),
this technique helps in the interpretation of the data, thus
leading to greater credibility when data are analyzed. This
is a qualitative methodology, in which the main focus of
analysis is the process involved in the production of the vid-
eos, highlighting the choices made by the producers of the
materials (Oechsler and Borba 2017). As stated above, under
a social semiotics framework, it is not enough just to analyze
the final version of a video—it is necessary to follow the
production process in order to understand the discussions
and negotiations of the producers throughout. By analyzing
the process, it is possible to notice that some discussions and
negotiations are repeated, allowing one to infer that the data
observed in this research would also be observed in other
video production processes.

In the next section, we explore and analyze the process
of the video production, based on social semiotics and the
views we present above regarding media and mathematics
education. As a case study, we chose the video “Sum of
Fractions” (produced by a group of students at EBM Quin-
tino Bocaitiva) because it highlights important elements
for the discussion of how the production of videos in the
classroom can help in the communication of mathematical
knowledge and in changing the dynamics of the classroom.
Analyses of other videos produced in the research can be
found in publications by Oechsler and Borba (2017, 2018).

4 Video analysis under social semiotics

In this section we look at the video production process, tak-
ing the video “sum of fractions” as an example. However, it
should be noted that discussions and negotiations similar to
those that took place in the group that made “sum of frac-
tions” were also observed in other groups, allowing us to
find common characteristics across different groups.
Before starting the video production process, students
had to choose the mathematical content that they wanted to
explore, and decide how they would explore it in the video.
In the “sum of fractions” video, students opted to explore the
sum of fractions because they believed it would be an easy
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topic to explain in a video. The students in question were
13-14 years old, and the first time that they had had contact
with fractions content was at 9-10 years old, which led them
to believe that it would be an easy topic to explain. Other
groups opted for other content, such as equations, potentia-
tion and percentage. What we observed was that, generally,
the choice was based on the affinity they thought they had
with the content—students chose topics that they thought
would be easiest to explain.

At the second stage of video production, students needed
to ‘research’ the subject. A very important ally in this pro-
cess was the Internet. Students used this non-human actor to
search for content, finding definitions, examples, and appli-
cations. When bringing this research to the classroom, they
confronted their knowledge and discussed ideas with both
the class teacher and the researcher. This was an opportunity
for the adults to perceive the students’ difficulties directly.

In the case of this video, they had chosen fractions as
their topic, and needed to study it in order to delimit what to
explore in the video. Figure 1 presents a conversation that
took place in the classroom between the researcher and the
students during the development of the project.

After this discussion, students noticed their difficulties
in the content and got back to the ‘research’. With the help
of the researcher (a human actor), as well as Internet search
and textbooks (non-human actors), they observed that they
were mistaken about the procedure for summing fractions.
After this, they decided that they would explore the fraction
sum algorithm because, as they had done, several students
mistakenly used the procedure of summing numerators and
denominators.

Other groups also came to realize their difficulties when
choosing the theme of the video. Some chose to explore
potentiation, but did not know how to explain why any
number raised to zero, except zero, results in the number
one. Problems with properties of square rooting and solving
equations were also found in other videos. In these discus-
sions between students and between students and teacher,
it was evident that many students chose content that they
initially thought was easy, but when exploring their defini-
tions and properties, difficulties appeared, as in the case of
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Table 1 Image from the video of the EBM Quintino Bocaitva group computing the Sum of Fractions. Source: survey data

2
Now let's add the fractions. Is equal to...g. But is it right?

Fig.2 Images of the video of the EBM Quintino Bocaitiva group as the student was solving the sum of fractions. Source: survey data

the sum of fractions with different denominators, or when
solving a first-degree equation, where students insisted that
unknowns needed to be on the first limb, or that numbers
‘pass the other side of equality’ with the ‘opposite sign’,
regardless of additive and multiplicative properties.

Difficulties like these, involving core concepts relating
to the content, would not be perceived by the teacher in an
examination, because students would not verbally express
their actions in solving the problem. They would solve the
equation or operation presented to them and would often get
the result right, but they would not know why to perform a
particular operation. By externalizing their actions in the
video, the students’ difficulties become visible, allowing
the teacher to explore them during the process. This is one
of the advantages of following the production process, an
aspect supported by social semiotics, since, in negotiations
and discussions among students, it is possible to realize their
difficulties and explore them; it is possible to understand the
social process that generated the video (for example).

After the research and discussion stage, students began to
negotiate how to explore their chosen content in the video.
Will we do a video lesson? An animation? Will we use any
software? In the case of the video “sum of fractions”, they
decided to make a video lesson, using a picture and frac-
tion disks. The video featured an introduction with a student
explaining the parts that make up the fraction (numerator
and denominator) and the sum of two fractions. In this expla-
nation, students decided to explore the error itself, adding
the numerators and denominators of the fractions together,
as we can see in Table 1.

The student did the operation, pointing to what she
was doing, and, when asking about the veracity of the
answer, looked at the camera and made a facial expression
of doubt, along with a gesture of opening the arm with the
palm of the hand facing up, which also characterizes doubt
(Fig. 2). In this section of the video, we observe the use of

different modes, such as mathematical symbolic language
(in the writing of the fractions), moving image, gestures,
facial expression, and orality. The combination of these
modes was intended to explain the fractional sum proce-
dure and lead the viewer to reflect on the action taken, by
asking if what was displayed was right. In a written pres-
entation of this problem, students are expected to present
the correct answer, without making the error. With video,
on the other hand, they can combine different modes (writ-
ing, speaking, gestures and facial expression) to highlight
a common problem in the solution, leading the viewer to
reflect on it. They can exploit this error by arguing that
the sum of fractions must be performed from equivalent
fractions. Thus, they explore not only the operation/calcu-
lation, but also more general concepts of fractions, reor-
ganizing their thinking and expanding the production of
knowledge.

After questioning the initial, incorrect answer, students
used fraction discs to explore the equivalent fraction con-
tent and solve the proposed problem. Fraction discs were
chosen by the students to visually illustrate the concept of
equivalent fractions, which plays a role in the algorithm used
in the addition and subtraction of fractions with different
denominators. The sign-makers knew that other students
had difficulties with this subject, just as they had, and they
decided that a visual representation, coupled with an oral
explanation, could help other students understand the prob-
lem (Table 2). Typically, this exploration is accomplished
through symbolic mathematics in the classroom, and the
fractions are converted to the lowest common multiple to
solve the problem. However, doing these same operations
in the video was not considered by the students. In their
view, this method did not help them to understand the sum
of fractions. For this reason, they chose to use modes other
than symbolic language to explore the concept of equivalent
fractions and solve the problem. According to them, this
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Table 2 Images of the video of the EBM Quintino Bocaitiva group using fraction discs to find fractions equivalent to given fractions. Source:

survey data

1
Of these parts, how many represent? g? No. Let's add another.

Then.

1 1 1 4
And for ? Let's think the same way. g plus g, plus gand plus g. Equal to g.

Now that we have fractions with the same denominator, let's add up.

2 4
Then let’s add. §plus gequals 1,2, 3,4, 5, 6eighths.

Table 3 Images of the video of the group of EBM Quintino Bocaitva effecting the Sum of Fractions with equivalent fractions. Source: survey

data

1 4 1 2
So let's add. 5 is equal to g. Adding with 7, that is equal to g.

6 1 1
Adding these two fractions ... The result is g. Then 3 + 7 is equal to g.

6

helped them to understand the calculation and could help
the viewers as well.

As shown in Table 2, the student used fraction discs
as a visual representation of the fractions explored in the
video; mathematical symbolism in the exposition of the

@ Springer

equivalent fractions (i = % and % = %); and spoken lan-
guage explaining exactly what is displayed in the moving
image and the gesture, emphasizing the explanation. After
this action, the students returned the image to the table and
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Fig.3 Interview with the stu-
dents about what they learned
producing the video. Source:

survey data about fractions.

Researcher: What did you learn [with the video production]?
Student 2: For me, [my knowledge] has improved a lot, because I understood almost nothing

Researcher: Ok. Did you learn something?

Student 2: Yes.

Student 1: So, I learned a little too. So, we remembered, because we had already studied fractions.
Then some of us still remembered a little of what we had studied before. It helped a lot.
[conversation between the researcher and the students that produced “Sum of Fractions” video
about what they learned during the activity.]

the student used the equivalent fractions found with the aid
of the manipulative material to solve the problem of the
sum of fractions on the whiteboard (Table 3).

Again, the student made use of mathematical symbols
(fraction, plus, and equality) to show her computation;
orality, to explain what she was writing in the form of
symbols; and gestures, to emphasize what was said orally
in the explanation, trying to show the viewer what was
done in the resolution of the operation.

In all of the scenes of the video, we can see the use of
several modes such as writing, symbolism, orality, ges-
tures and facial expression to explain and emphasize the
sum operation, used in a combined way, characterizing
multimodality. Orality, connected with gestures, helps the
viewer understand what the student was writing (in the
symbolic mode) in the board. Facial expressions empha-
size that there was a problem with the initial solution.
Together, these modes draw the attention of the viewer to
the mistake that was made (intentionally) in the solution.
In the video sequence, didactic material allows for visuali-
zation of the equivalent fractions, emphasizing that, when
adding fractions with different denominators, it is neces-
sary to use equivalent fractions. In this example, we can
see that the sign-makers explored the affordances of the
mode to produce meaning. If they opted for another type
of video, using slides or even just writing on paper (as we
do when we solve a test), the mathematical communica-
tion would be modified, potentially increasing or reducing
the options for explaining the content and thereby altering
the final result. Here, due to the affordances of the video
modality, we see a mix between mathematical language
(O’Halloran 2000, 2005) and cinematographic language.
Each mode was used to achieve a common goal: to com-
municate the mathematical content. The combined use of
these modes multiplies their potentialities (Lemke 1998),
aiding in the production of mathematical knowledge. The
affordances of the technology have agency, as the plastic-
ity of video, and its ‘multimodal character’ allow students’
ideas to be communicated in a dynamic, multimodal way.
This implies the reorganization of thinking (Borba and
Villarreal 2005; Borba et al. 2018).

Source: survey data

The monitoring and analysis of the video production pro-
cess allows the teacher/researcher to understand the reflec-
tions and negotiations of the students during the process.
The emphasis given to the process of production by social
semiotics helps the teacher understand students’ doubts and
to identify the reorganization of thought for the production
of meaning (Fig. 3).

It should be noted that student 1, who, in the excerpt
above, says that she learned a little, did not know how to
compute the sum of fractions at the beginning of the video
production process. When asked about the sum L ;, she
answered . Then, in the video, it was this student who
explored the fraction sum in the frame. Bezemer and Kress
(2016) argue that communication and learning are intercon-
nected, since the individual communicates what has made
sense to him or her. This allows us to identify signals of the
individual’s learning of the communicated content. The stu-
dent’s exploration of the content with which she previously
had difficulty indicates a learning signal (Bezemer and Kress
2016; Kress 2010) in communicating the mathematical con-
tent. The observation process allowed us to understand the
reorganization of mathematical thinking in the interaction
of producers with a collective of human actors (colleagues,
teacher, researcher, etc.) and non-human actors (e.g., Inter-
net, books, fraction discs and video itself). It also allowed
us to understand the choice of the modes, and how video
signals the learning of these students (Bezemer and Kress
2016; Kress 2010), who, in producing it, came to understand
the procedure of adding fractions.

Kress (2010) explores the meaning of a particular theme
for an individual by describing the activity of producing a
map by visitors to a museum in London. Semiotically and
communicatively speaking, maps are the answer to a request.
Pedagogically speaking, maps are signs of learning (Kress
2010). We can draw parallels between the work of Kress
(2010) and the analysis of videos produced by the students
in our study. Semiotically and communicationally speaking,
videos were the response to a request made in the classroom.
Pedagogically speaking, videos reflect students’ learning
signals: what they understood about the content and what
they are communicating.
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Fig.4 Students’ talk about
video content reporting. Source:
survey data

| had to first understand the

subject, right? [student of
EBM Wilhelm Theodor
Schiirmann]

Because you have to study
before you speak, you have to
understand the subject more
to speak to others. Then, you
understand better. [student
of EBM Wilhelm Theodor
Schirmann]

At the end of the research, we conducted interviews
with each of the video producer groups. Our intention was
to identify what the students learned from the activity. In
Fig. 4, we present some students’ comments, recorded dur-
ing the research, which expose their conceptions about what
was reported in their videos (Fig. 4).

As noted in the comments from the group that made the
video “Sum of Fractions” (Fig. 3), other student groups
emphasized that, to explain the subject in the video, they
had to study and understand the content. They could not just
talk about content—first, they needed to understand what to
communicate. This can be construed as a sign of learning
(Bezemer and Kress 2016; Kress 2010): the video produced
is the result of students’ learning about the content being
explored. The students who created the video “sum of frac-
tions” also highlighted the need to study in order to explain
the subject in the video.

At the end of the process, when all the videos had been
produced, they were presented to the rest of the class, which
generated discussions about the production. After watching
the “sum of fractions” video, one student from the class
indicated that he did not understand why i = % Another
student in the class, whose group had produced a video on
fraction classification, explained that these are equivalent
fractions, as he had explained in his own video. The process
of producing a video on the subject helped this student to
understand equivalent fractions (Oechsler and Borba 2017).
In addition, the discussion during the screening allowed this
concept to be explored with the class and not just with the
groups that used it in the videos.

In fact, the videos can even go beyond the original class-
room: once produced, they can be posted on video hosting
platforms and other social media. These and other videos
can then be viewed by other students, and used by other
teachers in their own classrooms. This represents a change
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In the video, we explain
something, right? We really do.
Because there, whether you like

it or not, we're the ones who
are making the video. [student
of EBM Felipe Schmidt]

It’s just that, like, you have to
know how to explain.
Because if not, the person
who watches will not
understand anything. So you

have to ... pay close attention
so we can explain it properly.
[student of EBM Quintino
Bocaitiva]

For you to record the video,
you have to understand the
topic. [student of EBM

Wilhelm Theodor
Schiirmann]

in the dynamic of the classroom: the teacher is no longer the
sole holder of knowledge. Students can now express their
mathematics ideas through videos and find other videos to
help them understand the content. The teacher serves as a
mediator, assisting the student in the search for learning,
reflecting on the communication in the video and search-
ing sites for the improvement of ideas. In this way, video
production creates a dialogue between teacher and student
in the search for knowledge. Teacher, students, media, video
production equipment, Internet, books, and so many other
actors, in a humans-with-media construct, act together in the
production of knowledge (Borba and Villarreal 2005). To
produce mathematical videos, students need to understand
the content deeply. Otherwise, they could make a conceptual
or operational error. This motivated them, as seen in the
excerpts in Fig. 4, to study and really understand what they
had chosen to explain, producing knowledge.

5 Conclusions

More than a decade ago, Borba (2009) speculated that with
the development of software and hardware, most problems
that are usually addressed in the classroom could easily be
solved if the Internet were allowed in the classroom. As a
matter of fact, if the Internet is allowed in the classroom, and
the collective of humans-with-media includes the Internet,
many types of traditional problems can no longer be con-
sidered ‘problems’ at all. In other words, a problem also
depends on what media (paper and pencil, Internet, etc.) are
allowed in the educational process of solving it. At the time
of Borba (1999) writing, one-response textbook questions
and exercise lists could be trivially solved by WolframAl-
pha, and these days they can be solved by software such
as Photomath. Borba predicted that digital mathematical
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performance (Scucuglia 2015) and modeling activities
would survive, while these trivial exercises would fade away.
Over the years, it has grown more and more clear that the
classroom can no longer fit into four walls, one ceiling and
one floor. The Internet, and especially the mobile Internet,
has changed this geometry. Videos produced by collectives
of humans-with-digital-technologies is produced inside and
outside the traditional classroom, and when it is posted on
video sharing sites like YouTube, it is also presented inside
and outside the classroom.

In the research reported in this paper, we observe a
distinct change in the dynamics of the classroom through
the production of videos. The student is not just a passive
receiver of information, or, to use Freire (1970) analogy, the
student is not a bank account to receive deposits. Instead,
the student can become a protagonist, able to decide how
the content will be explored and how it will be shown to
colleagues. It should be noted that, throughout the activity,
students were always concerned with producing knowledge
through their videos. For them, it was always necessary
for the viewer to understand what was being explored. For
example, in the video we discussed in this paper, the pro-
ducers themselves, prior to the production of the video, had
difficulty with the concept of adding fractions. They argued
that, like their experience, there were several students who
had the same difficulty—so why not explore this difficulty
in the video, initially showing the wrong solution and then,
from there, discussing the correct way to solve the sum of
fractions? They opted for that approach so that other students
could understand the subject the way they did, perceiving
the error, and analyzing the use of equivalent fractions. We
can thus see video as a teaching tool, with students teach-
ing viewers through knowledge production, discussing and
reflecting on the error, and searching for a solution in dif-
ferent modes.

In order to produce the video successfully, the sign-
makers needed to interact with various actors who helped
them reflect on the operation in question. This interaction
of students with other humans and media allowed them to
reorganize their thinking according to the affordances of
the media (Souto and Borba 2016). In the video explored
in this paper, the students interacted with each other and
with the researcher and the teacher (human actors), as well
as with the Internet, textbook, camera, fractional didactic
material, and editing software (non-human actors). Through
these interactions, students reflected on the content to be
explored (summing fractions) and opted to produce a video-
lesson that mixed image and didactic material. The com-
pleted video, which was created as a result of collectives of
humans-with-media, then becomes another member of the
collective, with its own agency.

The agency of sign-makers and the actors they interact
with can influence the meaning that they produce. It is thus

important to be aware of all of the negotiations, reflections
and discussions of the sign-makers in order to understand
their choices and how these can influence the meaning
and knowledge produced (Bezemer and Kress 2016; Kress
2010). With this activity, we can see that video changes
how mathematical content is communicated, because the
sign-makers can use other modes than just mathemati-
cal language to explore and explain what they are doing.
This allows a reorganization of the sign-makers’ thinking,
exploring the affordances of the media.

This reorganization of thinking can lead to the produc-
tion of knowledge (Borba 2012). Such reorganization can
be seen in a new light if we consider the work of Kress
(2010), who indicated that the production of a map by stu-
dents is a sign of their learning. In much the same way, we
have seen that the videos produced by students are signs of
their learning: through video production, they show their
understanding of the content. In other words, video is the
meaning and the knowledge produced by sign-makers
as they interact in a collective of humans-with-media.
Through this activity, the students themselves became
aware of their difficulty and sought ways to overcome it.
In this way, video production can be considered a teaching
and learning tool, through encouraging students’ discus-
sion and reflection about content and its exposition so as
to produce meaning. After all, one can communicate only
what knowledge one has produced.

In addition to allowing differentiated communication of
mathematical knowledge, by encouraging the use of modes
beyond mathematical language, the production of videos
promotes a change in the dynamics of the classroom, and
contributes to breaking the barrier between the classroom
and the outside world. The videos that were produced can
be released outside the classroom (on social media and
video hosting platforms, at festivals, and so on) and assist
other students, teachers, and members of society in general
in understanding a given subject. Just as videos available
in the media can enter the classroom through the ques-
tions of a student (as shown at the beginning of the paper),
videos produced in the classroom can spread beyond the
classroom when they are posted in the media for any user
to access. In this sense, videos, posted on social networks
‘break the walls’ of the ordinary classroom.

Let us return to the example we gave at the beginning of
the paper, about the student who searched for an Internet
video to study the content explored by the teacher on the
day he missed the lesson. Later that semester, the teacher
requested that the students produce a video about prob-
ability and/or combinatorial analysis. Connecting with
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his previous question, this student and his group chose to
produce a video about the probability of winning a game
of the Mega Sena,” a Brazilian lottery, demonstrating the
students’ learning about the content that was found on
the Internet and discussed in the classroom. This episode
reinforces the presence of the Internet and other media
in the classroom, reorganizing the school space: from a
question generated by an Internet video (about content
previously explored in the classroom), discussions were
carried out and, through video production, new signs of
learning emerged. This video was later sent to the Festival
of Digital Videos and Mathematics Education in 2018,
which allowed the student’s learning to propagate outside
the school space and reach other environments. No doubt
this video could also generate questions in another viewer,
who could then take it to another classroom and generate
new discussions, reflections, negotiations and new videos.
Here, the Internet is serving as an ally of education as it
breaks the boundaries of the classroom. It promotes the
reorganization of thinking through a collective of humans-
with-media, involving both human and non-human actors.
This interaction allows the production of mathematical and
technological knowledge, as seen in the videos produced.
A video is a product of collective of humans-with-media
and may become part of a new collective. This is a new
frontier for education. How can we keep up with it, and
how can we go further, fostering more change that brings
the mathematics classroom closer to the rest of our lives?

Acknowledgements We would like to thank CNPQ (Grant Nos.
400590/2016-6, 303326/2015-8 and 142290/2016-5) for their partial
support of this research. We also would like to thank the Department
of Education of Blumenau, Brazil for their support of our research.

References

Aumont, J. (1992). Aesthetics of film. Texas: University of Texas Press.

Barlow, A. T., Burroughs, E. A., Harmon, S. E., Sutton, J. T., & Yopp,
D. A. (2014). Assessing views of coaching via a video-based tool.
ZDM - The International Journal on Mathematics Education,
46(2), 227-238.

Bezemer, J., & Kress, G. (2016). Multimodality, learning and com-
munication: a social frame. London: Routledge.

Borba, M. C. (1999). Tecnologias Informaticas na Educagio
Matematica e Reorganizacdo do Pensamento [Computer technolo-
gies in mathematical education and reorganization of thinking]. In
M. A. V. Bicudo (Ed.), Pesquisa em educagdo matemdtica: con-
cepgoes e perspectivas (pp. 285-295). Sao Paulo: Editora UNESP.

Borba, M. C. (2009). Potential scenarios for internet use in the math-
ematics classroom. ZDM Mathematics Education, 41, 453—465.

2 The Mega Sena is a Brazilian lottery game in which the bettor must
choose 6 numbers out of 60. The bettor who hits the six numbers
drawn wins the prizes.

@ Springer

Borba, M. C. (2012). Humans-with-media and continuing education for
mathematics teachers in online environments. ZDM - The Interna-
tional Journal on Mathematics Education, 44, 802-814.

Borba, M. C., Askar, P., Engelbrecht, J., Gadanidis, G., Llinares, S., &
Aguilar, M. S. (2016). Blended learning, e-learning and mobile
learning in mathematics education. ZDM Mathematics Education,
48, 589-610.

Borba, M. C., de Chiari, A. S., & de Almeida, H. R. F. L. (2018).
Interactions in virtual learning environments: new roles for digi-
tal technology. Educational Studies in Mathematics. https://doi.
org/10.1007/s10649-018-9812-9.

Borba, M.C., & Oechsler, V. (2018). Tecnologias na educagio: o uso
dos videos em sala de aula. [Technologies in education: The use of
videos in the classroom] Revista Brasileira de Ensino de Ciéncia
e Tecnologia, 11.

Borba, M. C., Scucuglia, R. R. S., & Gadanidis, G. (2014). Fases das
tecnologias digitais em educagdo matemdtica: sala de aula e
internet em movimento. [Phases of digital technologies in math-
ematical education: classroom and the Internet on the go]. Belo
Horizonte: Auténtica.

Borba, M. C., & Villarreal, M. E. (2005). Humans-with-media and the
reorganization of mathematical thinking: Information and com-
munication technologies, modeling, experimentation and visuali-
zation (Vol. 39). New York: Springer.

Coles, A. (2015). On enactivism and language: towards a methodology
for studying talk in mathematics classrooms. ZDM Mathematics
Education, 47, 235-246.

de Freitas, E., Ferrara, F., & Ferrari, G. (2017). The coordinated
movements of a learning assemblage: secondary school students
exploring wiigraphing technology. In E. Faggiano, F. Ferrara, A.
Montone (Eds.), Innovation and technology enhancing mathemat-
ics education. Mathematics education in the digital era (Vol 9).
Cham: Springer.

Domingues, N. S. (2014). O papel do video nas aulas multimodais de
Matemadtica Aplicada: Uma andlise do ponto de vista dos alunos
[The role of video inmultimodal classes in Applied Mathematics:
An analysis from the students’ point of view] Master’s degree
dissertation. Sao Paulo State University.

Domingues, N. S., & Borba, M. C. (2018). Compreendendo o I festival
de videos digitais e educagdao matematica [Understanding the I
festival of digital videos and mathematical education]. Revista
da Sociedade Brasileira de Educa¢do Matemdtica—Regional Sdo
Paulo, 15(18), 47-68.

Fontes, B. (2019). Video, Comunica¢do e Educacio Matematica:
um olhar para a producdo dos licenciandos em matematica da
educagdo a distancia [Video, communication and mathemati-
cal education: A look at the production of distance educa-
tion mathematics graduates]. Master’s degree dissertation,
Sédo Paulo State University.

Freire, P. (1970). Pedagogy of the oppressed. London and New York:
Continuum.

Hodge, R., & Kress, G. (1988). Social semiotics. New York: Cornell
University Press.

Huang, R., & Li, Y. (2009). Pursuing excellence in mathematics class-
room instruction through exemplary lesson development in China:
a case study. ZDM - The International Journal on Mathematics
Education, 41(3), 297-309.

Jaworski, B., & Huang, R. (2014). Teachers and didacticians: key
stakeholders in the processes of developing mathematics teach-
ing. ZDM - The International Journal on Mathematics Education,
46(2), 173-188.

Jewitt, C. (2009). Different approaches to multimodality. The Routledge
handbook of multimodal analysis (pp. 28-39). London: Routledge.

Johansson, M., Lange, T., Meaney, T., Riesbeck, E., & Wernberg, A.
(2014). Young children’s multimodal mathematical explanations.


https://doi.org/10.1007/s10649-018-9812-9
https://doi.org/10.1007/s10649-018-9812-9

Mathematical videos, social semiotics and the changing classroom

ZDM - The International Journal on Mathematics Education, 46,
898-909.

Kolikant, Y. P., & Broza, O. (2011). The effect of using a video clip
presenting a contextual story on low-achieving students’ math-
ematical discourse. Educational Studies in Mathematics, 75(1),
23-47.

Kress, G. (2010). Multimodality: A social semiotic approach to con-
temporary communication. New York: Routledge.

Kress, G., & Van Leeuwen, T. (2006). Reading images: the grammar
of visual design (2nd ed.). London: Taylor & Francis e-library.

LaFee, S. (2013). Flipped learning. The Education Digest, 79(Novem-
ber Issue), 13-18.

Lemke, J. (1998). Metamedia literacy: transforming meanings and
media. In D. Reinking, L. Labbo, M. McKenna, & R. Kiefer
(Eds.), Handbook of literacy and technology: transformations
in a post-typographic world (pp. 283-301). Hillsdale: Erlbaum.

Lincoln, Y. S., & Guba, E. G. (1985). Naturalistic Inquiry. Sage
Publications.

Metz, C. (1991). Film language: a semiotics of the cinema. Chicago:
University of Chicago Press.

Neves, L. X., & Borba, M. C. (2017). Multiple representations in the
study of analytic geometry: production of videos in the distance
learning mathematics. In Proceedings of Delta Conference,
Gramado.

O’Halloran, K. L. (2000). Classroom discourse in mathematics: a mul-
tisemiotic analysis. Linguistics and Education, 10(3), 359-388.

O’Halloran, K. L. (2005). Mathematical discourse: language, symbol-
ism and visual images. London: Continuum.

Oechsler, V. (2018). Comunicag¢@o Multimodal: produgdo de videos
em aulas de Matemética [Multimodal communication: Video
production in mathematics classes]. Doctoral dissertation,
Sao Paulo State University.

Oechsler, V., & Borba, de C. (2018). Por tras das Cameras...
Matematica, Videos: um olhar a partir da Semiética Social
[Behind the cameras... mathematics, videos: A look from social
semiotics]. In: Proceedings of International Research Seminar on
Mathematical Education (pp. 1-14). Foz do Iguagu.

Oechsler, V., & Borba, M. C. (2017). Production of videos with math-
ematical content: a look through social semiotics. In: Proceedings
of Delta Conference. Gramado.

Oechsler, V., Fontes, B. C., & Borba, M. C. (2017). Etapas da producao
de videos por alunos da educago bésica: uma experiéncia na aula
de matematica [Stages of video production by primary school

students: an experience in Mathematics class]. Revista Brasileira
de Educagdo Bdsica, 2(1), 71-80.

Oliveira, L. P. F. de. (2018). Paulo Freire e produgdo de videos em
Educacido Matematica: uma experiéncia nos anos finais do ensino
fundamental [Paulo Freire and video production in mathemati-
cal education: an experience in the elementary school]. Master’s
degree dissertation, Sdo Paulo State University.

Owen, H., & Dunham, N. (2015). Reflections on the use of iterative,
agile and collaborative approaches for blended flipped learn-
ing development. Education Sciences, 5(2), 85-105. https://doi.
org/10.3390/educsci5020085.

Rowland, T., Turner, F., & Thwaites, A. (2014). Research into teacher
knowledge: a stimulus for development in mathematics teacher
education practice. ZDM - The International Journal on Math-
ematics Education, 46(2), 317-328.

Saxe, G. B., Diakow, R., & Gearhart, M. (2013). Towards curricular
coherence in integers and fractions: a study of the efficacy of a les-
son sequence that uses the number line as the principal representa-
tional context. ZDM - The International Journal on Mathematics
Education, 45(3), 343-364.

Scucuglia, R. R. S. (2015). The pedagogic role of the arts and digi-
tal media in the practice of the Ontario mathematics curriculum.
Bolema: Boletim de Educag¢do Matemdtica, 29(53), 1043-1065.

Souto, D. L. P., & Borba, M. C. (2016). Seres humanos-com-internet
ou internet-com-seres humanos: uma troca de papéis? [Humans-
with-internet or internet-with-humans: is it a role exchange?].
Revista Latinoamericana de Investigacion en Matemdtica Edu-
cativa, 19(2), 217-242. https://doi.org/10.12802/relime.13.1924.

Souza, M. B. (2017). Integrando software, video e demonstragao
matematica [Integrating software, video and mathematical demon-
stration]. In: Proceedings of international congress of mathematics
teaching. pelotas.

Silva, S.R.P. da. (2018). Videos de contetido matematico na formacao
inicial de professores de Matematica na modalidade a distancia
[Videos of mathematical content in the initial education of Math-
ematics teachers in a distance-education modality]. Doctoral dis-
sertation, Sdo Paulo State University.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.3390/educsci5020085
https://doi.org/10.3390/educsci5020085
https://doi.org/10.12802/relime.13.1924

	Mathematical videos, social semiotics and the changing classroom
	Abstract
	1 Introduction
	2 Social semiotics and humans-with-media: a discussion of video and knowledge production
	3 Methodology: video production in the classroom
	4 Video analysis under social semiotics
	5 Conclusions
	Acknowledgements 
	References




