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ABSTRACT

Background: The interactions in the classroom are of particular interest to the
teaching and learning processes. Objectives: This study examines nonverbal
interaction in mathematics classrooms, and how different modes of nonverbal
behaviour, contributed to the engagement in lessons. Design: A quantitative study.
Setting and Participants: 30 randomly selected students wore mini camera-mounted
eyeglasses in their mathematics and English lessons. Approximately 45 hours of video
recording were made from these cameras (from a first-person’s perspective) to analyse
and compare the nonverbal interaction in mathematics and English lessons. Data
collection and analysis: In Google Images, we objectively searched and statistically
analysed frames in which the class teachers appeared within the students’ visual field.
Results: The results show that how students are visually engaged with the teacher
depends on a set of proxemics. Differences were found related to visual attention both
regarding the subject matter and the different proxemics of the student in relation to the
teacher, pointing out that students are more visually involved with the teachers’
instructions when at a proxemic of 1.20 to 3.70 meters. Furthermore, we report
differences between boys and girls and how they are visually engaged in their
mathematics classrooms. Conclusions: Finally, we report how teachers pointing
gestures can serve as a tool to recapture students’ visual attention in mathematics
classrooms.
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Interagao Nao-Verbal e Envolvimento Visual dos Estudantes nas Aulas de
Matematica e Inglés

RESUMO

Contexto: As interacdes em sala de aula sdo de particular interesse para os
processos de ensino e aprendizagem. Objetivo: analisar como os diferentes modos de
interacdo ndo-verbal contribuiram para o envolvimento visual dos alunos nas aulas de
matematica e inglés. Design: estudo quantitativo. Ambiente e participantes:
selecionou-se, aleatoriamente, quinze alunos do sexo masculino e quinze do sexo
feminino, os quais, usavam uma minicdmara acoplada em oculos de lente que gravou
quarenta e cinco horas de videoaula. Coleta e analise de dados: usando o Google
Images, buscou-se de forma automatica e objetiva registros das gravagdes em que 0s
professores da turma apareceram no campo visual dos alunos, as quais foram analisadas
estatisticamente. Resultados: os resultados mostram que a maneira pela qual os alunos
estdo visualmente envolvidos com o professor depende de um conjunto de proxémicas.
Por um lado, encontraram-se diferencgas relacionadas a atengdo visual tanto em relagdo
a disciplina que os alunos estdo aprendendo quanto as diferentes proxémicas do aluno
em relacdo ao professor, apontando que os alunos estdo mais envolvidos visualmente
com as instrugdes dos professores a uma proxémica de 1,20 a 3,70 metros. Por outro
lado, relatam-se diferencas entre meninos ¢ meninas ¢ como eles estdo visualmente
envolvidos em suas aulas de matematica e inglés. Conclusdes: conclui-se que os gestos
de apontar realizados pelos professores podem servir como uma ferramenta para
recuperar a atengdo visual dos alunos nas aulas de matematica e inglés.

Palavras-chave: interacdo nio-verbal; atengdo visual; proxémica; aula de
matematica e inglés; minicdmara de video.

INTRODUCTION

Classroom interactions are particularly interesting, especially in
science, technology, engineering, and mathematics teaching and learning
(STEM) (O’Halloran, 2005; Rosa & Farsani, 2021). Studies carried out by
Planas and Iranzo (2009) and Falsetti and Rodriguez (2005) focused on
analysing how interactive processes occur in mathematics classes. In this
article, we examine different dimensions of interaction, particularly those of
non-verbal nature, such as proxemics, which traditionally receive less attention
in educational research. Albert Mehrabian, an Iranian-American of Armenian
descent, was the first theorist to study the meaning of non-verbal characteristics
of communication in an interactive process. During the 1960s and 1970s,
Mehrabian (1971) examined verbal (what is said), vocal (how something is
said), and visual (gestures, space, and other nonverbal characteristics)
communication and how each of these aspects contributed to creating meaning
between interlocutors.
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Over the past two decades, researchers have focused on classroom
interactions, particularly on social semiotic modes such as writing, drawing
(Kress & Van Leeuwen, 1996), and colour (Kress & Van Leeuwen, 2002).
Special attention was given to the non-verbal aspects of communication in the
processes of meaning creation, including examining multimodal processes
(Adami & Swanwick, 2019) of gestures and movements (Farsani, 2015a;
Radford, Edwards, & Arzarello, 2009; Kress et al., 2001), posture (Brey &
Shutts, 2015; Inagaki, Shimizu & Sakairi, 2018; Zahry & Besley, 2019), gaze
(Araya, Farsani, & Hernandez, 2016; Farsani & Villa-Ochoa, 2022; Holsanova,
Rahm, & Holmgqvist, 2006), nod (Smith-Hanen, 1977), and shoulder orientation
(LaCrosse, 1975). However, few studies have focused on proxemics in
classroom research (Collier, 1983), particularly in mathematics classes
(Farsani, Breda, & Sala, 2020). Furthermore, few methodological tools have
been developed to measure and evaluate students’ visual engagement
objectively. This article will pay special attention to the importance of the first-
person point of view. By installing micro cameras in the students’ glasses
(Figure 1), we can calculate and obtain a better perspective of the interaction in
the classroom from students’ direct observation.

Figure 1

Mini camera mounted on students’ glasses.

This article explores the subtle changes in teachers’ non-verbal
behaviours that affect students’ visual engagement. In particular, we propose to
examine where in the classroom and at what specific distance students are likely
to be more or less visually engaged with the teacher. We also want to explore
the differences between these variables for boys and girls and math and English
classes. Finally, we examined how teachers’ instructions using pointing
gestures affect student engagement in math classes. To our understanding, there
is a gap in the literature. Zahry and Besley (2019) recently noted that future
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research needs to respond to identifying visual cues (e.g., gaze and space) that
most attract students’ attention.

LITERATURE REVIEW

In the following subsections, we present the literature on gestures —
mainly pointing gestures— and the notion of proxemics, the personal space of
individuals in a social environment.

2.1. Pointing gesture

Gestures were categorised into four groups: iconic, metaphorical,
tapping, and pointing. Each form of gesture has a different function in human
communication (see McNeill, 1992; Khatin-Zadeh, 2022a; 2022b). Pointing or
performing deictic gestures are one of the basic categories defined by McNeill
(1992) that are manifested by the spatiotemporal movements of the body.
Pointing gestures are used when interlocutors connect the verbal to the visual,
indicating objects, locations, and inscriptions that are present or not in the
environment. These gestures do not convey perceptual or action information
and can be produced independently of their speech unit (Norris, 2011). Pointing
can be performed in different ways and use different types of materials. For
example, pointing gestures are often made with an extended index finger,
whereas they can sometimes be made using an object (for example, a pen or a
laser pointer).

Interestingly, different body parts can also be used for pointing, such as
the head, lips (Enfield, 2001), and eyes (Wilkins, 1999). The pointing gesture
can also be made using an open hand gesture, with the hands up or with a
vertical palm. In all cases, each gesture has a distinct meaning in speech
(Kendon & Versante, 2003; Kendon, 2004). The open-hand gesture and palm-
up are perceived as non-threatening (Givens, 2016), while pointing is often
considered threatening and seen as “highlighted” (Andersen, 1999). Pointing
fingers are often used to “command or accuse”; in contrast, palm-up open hand
gesture “constitutes a surface rather than a line, a gift or an offering. They are
polite rather than imperative designations” (Calbris, 1990, p. 128).

Teachers also use pointing gestures in class as a pedagogical tool. In a
study, Azaoui (2015) reported two French teachers’ pointing gestures to
organise the classroom environment. In another study, Farsani (2015b)
examined students’ verbal answers when a teacher used pointing gestures and
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compared them to when the teacher used hands-up open hand gestures. The
students’ answers were longer when the teacher used the open hand gesture,
while students’ answers were reduced to a simple “yes” or “no” (or even a
shrug) when the teacher pointed with his finger.

In recent years, there has been increasing attention to deictic gestures
concerning spoken language, both outside (Norris, 2011) and inside the
classrooms (Farsani, 2015a). For example, Farsani (2015a) studied two
mathematics teachers working with first and second-generation British-
Iranians in the UK. He observed how interlocutors made mathematical sense in
multilingual classrooms using deictic gestures. For example, when imparting
the mathematical concept of “isosceles” triangles to students with limited
English proficiency, teachers pointed both index fingers toward the eyes while
saying “isosceles”. Therefore, his pointing gestures served as a mnemonic
device, not only to help remember the technical mathematical term ‘isosceles’
but also to reinforce the concept that there are two equal sides and two identical
angles (just like the eyes) in an isosceles triangle. Therefore, the teachers’ use
of deictic gestures in the instruction not only added clarification and richness
to the spoken discourse but also promoted the memory of a mathematics record
in the English language.

Because pointing gestures are ubiquitous and we interpret them so
casily, pointing can be considered a trivial phenomenon (Kita, 2003).
Therefore, this article aims to pay special attention to the teachers’ pointing
gestures. In particular, we will see how students react to these non-verbal
messages. To our knowledge, no previous studies have reported how a math
and English teacher’s pointing gestures can affect students’ visual engagement.
Therefore, this study will explore the teachers’ use of pointing gestures in
different proxemic categories. We will now discuss what proxemics is and its
four categories.

2.2. Proxemics

Proxemics, the silent study of communication, is often defined as “the
science of using human space” (Hockings, 1995, p. 509) or how “people
regulate themselves in space and how they move in space” (Collier, 1995, p.
235). The field of proxemics encompasses the perception, use, and framing of
space. Historically, E.T. Hall (1963, 1966, 1973) and Sommer (1959, 1961)
were the first to study proxemics and personal space, and their ideas reflect
their theoretical background. This concept has attracted many contemporary

5 Acta Sci. (Canoas), 24(5), 1-26, Sep./Oct. 2022



anthropologists, psychologists, and educators. The term proxemics was coined
by the American anthropologist Edward T. Hall (1963), who examined the
proxemics of interpersonal communication in different cultures. He classified
people’s use of space and the distance they maintain with others into four
categories: intimate space (up to 45 cm), personal space (up to 1.20 m),
social/professional space (up to 3.70 m) and public space (more than 3.70 m).
Araya and Farsani (2020) renamed them private, personal, professional, and
public spaces because they refer to interactions in professional educational
contexts. In this article, we will examine and raise awareness of which of the
four spaces has the most significant effect on students’ visual engagement in
their math and English classes.

The intimate space (mothers and babies; lovers) is usually inhabited by
the intimate distance presented by Hall (1963), from zero to 30 cm, where
touch, smell, body heat and even faint sounds are perceived, but vision is
distorted. Hall (1963) made an interesting observation regarding personal,
professional, and public space. He realised not only that “space speaks” but also
that people from different cultures use space in different ways in their social
communicative encounters. As verbal language varies from culture to culture
(Farsani, 2022), the use of space between social dyads also changes. For
example, one of the authors of this article lived in three very different countries,
each on a different continent (Iran, the United Kingdom, and Chile), with
diametrically opposed sociocultural norms and mentalities. He immediately
realised that the British, Iranians, and Chileans have fundamentally different
systems of proxemics in their social and communicative encounters. What is
considered a socially acceptable personal distance between social dyads in the
UK may be seen as rude or even offensive in Chile.

In England, for example, it is socially acceptable to be approximately
one meter (90 cm or approximately an arm’s length) away from other
interlocutors. In Iran, this distance is somewhat smaller (Mehrabian, 1972),
while in Chile, interlocutors are even closer during their interpersonal
communication. In England, the closeness between interlocutors and any
gestural performance, from the “crossing of arms” to the verbal expression
“turn your face away from mine”, can cause individuals to show signs of
discomfort. It is possible to state that the sociocultural norm of proxemic
behaviour varies considerably in Iran and Chile compared to the United
Kingdom. In Iran, as the interpersonal space between social dyads increases,
many Iranians express their discomfort through phrases such as “I cannot feel
the scent” or “I cannot feel your scent”. This simply means, “I cannot feel your
scent, and you cannot feel mine, so let us get closer”. Due to sociocultural
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norms and warm Latin American culture, personal space is closer in Chile than
in Iran. In Chile, it is socially rude and bad practice to keep your distance
between social dyads. In such circumstances, Chileans become more aware and
show discomfort when saying, “I don’t bite!”. This phrase probably reflects
how close Chilean interlocutors expect each other to behave in social
interactions. [ Interestingly, the notion of proxemics varies not only across
cultures but also across individuals and situations. For example, people
worldwide tend to be closer to each other on underground trains or elevators.
Interlocutors also tend to get closer in noisy environments.

Particular attention has been paid not only to the role of cross-cultural
communication but also to how proxemics is used in diverse public settings:
transportation terminals (Remland et al., 1995), outdoor benches (Leibman,
1970), playgrounds (Scherer, 1974), sidewalks (Sobel & Lillith, 1975), queues
for movie theatres and banks (Kaya & Erkip, 1999) and shopping centres
(Brown, 1981). However, there are few studies on the notion of proxemics in
the school environment, which can raise important questions to think about
teacher/student interactions and the role of those interactions in teaching and
learning processes.

Proxemics can be seen as a resource that teachers can use as a form of
disciplinary observations of unconscious and non-verbal behaviour (Farsani et
al., 2021). Other researchers have examined the effects of different languages
spoken by bilingual learners and the subsequent changes in their proxemics and
nonverbal behaviour (Collier, 1983; Farsani, 2015a). For example, Collier
(1983) showed a proxemic study demonstrating that interpersonal distance is a
significant factor in classroom interaction. His detailed analysis of a video
recording of a Chinese-American class showed that the medium of instruction
determined particular patterns of proxemics and interpersonal space. Cantonese
not only provoked a closer proxemic space between the interlocutors but also
allowed significantly more turning angles (body orientation) between the
students and the teacher. This created a more engaging atmosphere and
increased students’ attention. Students were also more likely to communicate
about class-related topics.

Farsani (2015a) took this idea a step further and analysed proxemic
behaviour among boys and girls of Persian descent in the UK. He looked into
the multimodal mathematical messages that British-Iranian students
subconsciously send and receive. In addition, he examined the ways different
languages (English and Persian) affected students’ body orientation and
proxemic behaviour in classroom interaction. Students often employed English
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to advance the task and spoke in Persian to make jokes, manage behaviour, and
engage emotionally. Therefore, Persian was a verbal trigger to increase the
turning angle among students. It is possible to think about how proxemics vary
according to the different roles of language in interaction. These proxemics can
also be observed in relation to cultural differences between the sexes. In this
regard, Farsani (2015a) observed that the girls kept closer, with a greater
turning angle, while discussing ideas/tasks. The boys, in turn, maintained
greater personal distance, less turning angle and less eye contact with each
other. Although previous studies have shown the different effects of non-verbal
language, no studies have examined so far which categories of space are likely
to have the most significant influence and the strongest effects on students’
visual engagement in math classrooms. Furthermore, in this article, we want to
explore the differences between those variables between boys and girls and
compare how they engage visually in their math classes.

METHODOLOGY

In the next subsections, we present the instruments and methodological
tools used for data collection and analysis.

3.1 Instruments and methodological tools

While video recordings are relatively new in research, visual methods
have been a part of it for a long time. Darwin (1872) was one of the first
researchers to incorporate visual methods to explore areas of non-verbal
communication. He used a photographic camera as a tool and method for
registering facial expressions in men and animals. While a video (a collection
of moving images) is an extension of still images, the data captured by video
recording offers the researcher a unique opportunity to understand dynamic
events in a spatio—temporal context. In addition, reproduction of what was
captured in a video recording has the advantage of reviewing materials, slowing
down observations, features that can improve focus on a variety of dynamic
events (Webber, 2008). This may include the study of proxemics (Collier, 1983;
2001), kinesics —the study of communication and body language— (Hockings,
1995), and conversation analysis (Goodwin, 2001).

Recent research has shown special attention to new methods for
studying visual communication and multimodal integration (Holsanova, 2012).
For example, the use of eye tracking devices from the readers’ real interaction
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with a newspaper (Holsanova, Rahm & Holmgqvist, 2006). However, these
studies point to disadvantages in the use of eye tracking devices. To perform
medium-large samples, eye tracking devices can be expensive. For the current
research, 30 selected students (15 girls and 15 boys) used mini glasses-mounted
video cameras in math and English classes. In total, we obtained 45 hours of
interactive recordings. It is worth mentioning that these mini video cameras
mounted on students’ glasses do not have the same effect as eye tracking
(Boeriis & Holsanova, 2012). However, as the glasses are inexpensive and
accessible, they are ideal for survey implementations, especially for medium-
large sample sizes.

Those students had already used the cameras as a test to ensure that the
experiment did not seem strange to them and, therefore, could occur naturally.
The participants were 10.5 years old on average. Capturing live interactions
through the mini camera mounted on the students’ glasses allowed capturing
their routine interactions and meaning-making practices from their
perspectives. The original lenses have been removed to reduce weight and
facilitate the original vision. Each class lasted 90 minutes, and each student had
to wear glasses throughout the class.

Using the gaze to analyse learning processes interests many researchers
(Araya, Farsani & Hernandez, 2016). In particular, previous studies have
analysed the relevance of such a method when it comes to creating meaning in
different social interactions, cultural contexts, and classroom practices. Visual
attention is one of the most critical aspects of non-verbal communication and
plays an extremely significant role in student engagement and learning (Araya
& Farsani, 2020). However, to date, few methodological tools have been
developed to objectively and automatically measure visual attention to measure
and evaluate students’ visual engagement. In this article, we will pay special
attention to the importance of the first-person point of view, which is not
traditionally done. By mounting cameras on the students’ eye-glasses, we could
calculate and obtain a better perspective of the lesson interaction directly
through the eyes of the students themselves (Araya, Farsani & Hernandez,
2016).

The recordings were downloaded to a computer manually at the end of
each day. Video cameras had a recording quality of thirty frames per second (30
fps); for each video, one frame was sampled every second and processed to
detect the presence of the teachers’ faces. In total, the 30 students produced
162,000 frames. In this article, each frame represents a second. In other words,
each frame represents a photo, a “reality impression” (Jewitt, 1999, p. 21),
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which allows us to participate in specific moments from the students’
perspective in their interaction in the mathematics and English classrooms. Of
the 162,000 frames, only 6,278 contained the teachers’ faces or closeness in the
frames. Some frames were rejected for poor quality, but mainly because they
did not include the teachers’ faces (as we wanted to explore who was looking
at the teacher and visually engaged). In this article, we considered only 6,278
frames for analysis.

All sampled frames (each representing a second) were sent via the
Google Images software. The photos on Google were used to detect the
presence of faces. We have inserted photos of the classroom teacher, and
Google Images automatically and objectively identified all frames that showed
a teacher’s image captured by the students.

We were primarily interested in cases where students kept visually
engaged with the teacher. Sometimes, there were more than two faces in the
same frame, for example, the teacher and another person who had just arrived
late to class, in which case, we decided to discard the frame, as the student’s
visual attention may have been engaged elsewhere. Other times, we
deliberately discarded the frames, not analysing them mainly where the frames
were not very accurate or blurred, making it impossible to discern whether the
teacher was looking at the student. Implementing all these stringent measures
has made our interpretation of frame analysis more effective.

After Google Images detected a teacher’s face on a frame —captured
by the students’ glasses— this board received a unique identification number.
Next, it was manually examined through Excel to observe some non-verbal
variables (Figure 2).
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Figure 2

Examining non-verbal variables with the aid of Excel.
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1
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This manual process was performed in Excel, entering Os and 1s
(whether it did not happen versus whether it did happen), and then statistical
analysis was performed to measure its importance. Besides the non-verbal
variables mentioned, we also considered other non-verbal variables such as
whether the teacher was using the desk as a barrier between him and the
students, writing on the board, walking or standing still in the classroom. For
example, we looked at frame numbers 420 and 427 taken from one student.

Figure 3

Watching the teacher while gesturing.

| [ oo
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Figure 3 represents the quantitative description of frame 420 and Figure
4 of frame 427. In frame 420, we see that the teacher a) turns his body toward
a specific student, b) looks at the student and c) makes gestures. In frame 427,
the teacher does not seem to be looking straight at the student or leaning toward
the student but pointing at something. In this work, we analysed and wrote
descriptive reports of 6,278 frames, taking into account that the data gathered
is primarily from a first-person perspective.

Figure 4

Watching the teacher while pointing.
2012-06—24 :55:46

,»‘:7

We concluded the analysis by searching those specific frames to
identify the agent (which student was looking at the teacher), the proximity
(distance between the student and the teacher), and the period (the minute it
occurred during the lesson). All those data based on the students’ gaze toward
the teacher were then put in binary format into Excel for quantitative analysis.

3.2. Measuring the proxemic space of the classroom

Traditionally, in the study of proxemics, Hall’s proxemic scales are
used to estimate distances between interlocutors in different social spaces. For
example, to measure the distance between participants in environments such as
playgrounds (Aiello & Jones, 1971) or doctors’ surgery rooms (Noesjirwan,
1977). Video recordings allow for greater accuracy in distance measurement
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using predetermined calculations; for example, the distance between
participants’ heads and torsos was estimated at three-inch intervals (Remland,
Jones, & Brinkman 1995). Other methods, such as calibrated grids, have been
used in several studies to code the settlement of distances (Madden, 1999).
Likewise, photographs taken in environments such as shopping malls and
sidewalks were projected onto a calibrated grid to estimate the distance between
people (Burgess, 1983). While slow motion video recordings and digital
counters provide more accurate distance estimates than paper and pencil
registers, other problems can occur when measuring distances (e.g., angle of
participants in relation to the camera). Scherer (1974) developed
photogrammetry, a mathematical formula to explain coding errors in relation to
distance measurement, resulting from the angle of participants in relation to the
camera. Recently, proxemic studies have been conducted with robots (Mumm
and Mutlu, 2011; Van Oosterhout & Visser, 2008) and in virtual environments
(Llobera et al., 2010).

To the best of our knowledge, there are no reports of any empirical
studies measuring proxemics in real-time classroom contexts. In the proxemics
analysis, we measured how far from the observer the teacher was standing or
sitting (student participant). Our approach was to go back to the classroom and
physically measure the distance between the side and sagittal tables (left to right
and front to back, respectively). As a result, we observed that the tables were
one meter apart (left to right) and 90 cm between each row (front to back).
Sitting at their desks, each student used approximately 1.10 meters of space in
total (front to back). Therefore, if the observer (student) were seated in the
second row, in the same column as the teacher, the distance between the
observer and the teacher would be approximately 2.20 m. The Pythagorean
theorem was used to identify the distance between the observer (student) and
the teacher and whether the teacher was standing (or sitting) in a different
column than where the observer (student) was sitting. Having obtained a rough
estimate of how far the observer was from the teacher, we classified each frame
in terms of proxemics: private, personal, professional, and public space (Figure
5).
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Figure 5

Measuring proxemics in the classroom.

ANALYSES AND RESULTS

Figure 5, presented in the previous section, shows the students’ visual
engagement in different categories of space. Although the students were
expected to engage more in the class, from a visual perspective, when they are
closer to the teacher, the results were quite different. As Farsani et al. (2020)
observed, the students pay more visual attention to the professional space (P3),
followed by the public space (P4), then the personal space (P2), and the private
space (P1), respectively. It may not be surprising that students’ visual
engagement tends to decline because they may feel uncomfortable about their
location in the classroom environment. Of the 6,278 frames, 3847 came from
P3, which represents 61.3% of all frames. Subsequently, 1,624 frames appeared
in P4, representing 25.9% of all frames. P2 and P1 were responsible for 597
and 210 frames, constituting 9.5% and 3.3% visual engagement, respectively
(Figure 6).

Although students’ engagement span improves with age, little is known
about the factors and strategies for developing their competence to engage
during classes (Merritt et al., 2007). In addition to the result presented in Figure
6, we were also interested in examining the extent to which the student’s gender
influenced their visual attention across all categories of space. Figure 7 shows
an interesting pattern of visual engagement from these 30 students. It seems
that, regardless of gender, boys and girls are equally and actively engaged,
watching the teacher in the professional (P3) and public (P4) spaces. Notably,
13 frames showed that, in the professional space (P3), boys were more engaged
than girls. Oddly enough, this graph also shows that girls were more engaged
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in closer proxemic spaces with their teachers than boys. Boys seem to be better
involved visually in spaces larger than 1.20 meters.

Figure 6
Students’ visual engagement in different categories of space.
4500
4000
3500
3000
2500
2000
1500
1000
500
) - W
Proximity P1 p2 p3 p4
Figure 7
Differences between boys’ and girls’ visual engagement.
2500
2000
1500
1000
500 I I
O — — .
P1 p2 p3 p4
W boys M girls

There is much debate about gender differences in visual attention skills,
with women showing less visual engagement than men (Merritt et al., 2007).
In this research, gender differences in visual attention have been shown to be
related to cognitive gender differences between women and men in subjects
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such as mathematics (Good, Aronson, & Harder, 2008). However, our results
do not show a significant difference in visual engagement between boys and
girls.

Now, we want to focus on the extent to which the nature of the
discipline (mathematics versus English) affects students’ visual attention (or
visual engagement). Figure 8 illustrates boys’ and girls’ visual engagement in
different subjects (English and Mathematics), each in different categories of
space. Students seem to be more visually engaged with the math teacher in more
proxemics than with the English teacher. Overall, more students were visually
engaged in math class than in English class. Of the 6,278 frames, 4,504 (71.7%)
were taken in math classes, while only 1,774 frames (28.3%) were generated in
English classes.

Interestingly, in private space (P1), only 1% and 99% of the frames
were taken in mathematics and English, respectively. In personal space (P2),
71.5% and 28.5% of the frames emerged from mathematics and English,
respectively. In the professional space (P3), 69.5% and 30.5% of the frames
emerged from mathematics and English, respectively. Finally, in the public
space (P4), 86.3% and 13.7% of the frames were from mathematics and
English, respectively (Figure 8).

Figure 8

The effects of subject matter on students’visual engagement.
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Lastly, we want to discuss the extent to which the teacher’s pointing
gestures attracted the students’ visual attention in mathematics classrooms.
Furthermore, we ask: are there critical distances at which students can benefit
from the pointing gestures performed by mathematics and English teachers?
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Figure 9 illustrates teachers’ execution of the finger-pointing gesture in
different proxemic categories, both in mathematics and English classes. In P1,
there are only 32 frames with pointing gestures, all in English classes. In P2, of
the 334 frames that show the teacher is pointing, 312 were in mathematics and
22 in English classes. In P3, 1,702 of the 2,048 pointing gestures (83.1%)
captured engaged students visually in their math classes. Finally, in the P4
space, 938 of the 981 pointing gestures (95.6%) captured students’ visual
engagement in their math classes. It seems that teachers’ pointing gestures can
be a tool to increase students’ visual engagement in math classes, particularly
at a distance of 1.20 m or more.

Figure 9
Teachers’ pointing gesture and its proximity to students’visual engagement.
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CONCLUSIONS

This article describes a study carried out in a primary school in Chile,
where a sample of 30 students (15 girls and 15 boys) attended specific classes
wearing glasses with a mini video camera mounted on them to verify their
visual engagement and compare them based on the teachers’ gestures. Our
results show that students’ visual engagement with the teacher depended on a
collection of proxemics. We also found differences in students’ visual
engagement between specific variables both in the subject matter (English
versus mathematics) and the different proxemics between the students and the
teacher. We conclude that there are prominent visual engagement patterns,
particularly at student-teacher distances of 1.20 meters or more. We also
analysed how teachers’ pointing gestures could affect a student’s visual
engagement. Apparently, in math classes, students learn more with the teacher’s
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pointing gestures, especially in professional (P3) and public (P4) spaces. These
results corroborate the results found in Farsani, Breda, and Sala (2020) and
Farsani and Villa-Ochoa (2022).

As educators, we firmly believe that, regardless of a teacher’s
experience, it is always worth questioning the forms, styles, and quality of
messages conveyed verbally and non-verbally during teaching processes. We
believe that optimising these very subtle and silent non-verbal messages can
positively impact students’ visual engagement and the teaching and learning
process. One recommendation and practical application is to incorporate non-
verbal training in teacher training courses, both for future teachers and in-
service teachers. The training of teachers in this perspective can increase
knowledge and skills to reflect on the communicative function of non-verbal
language in interaction in the classroom and, consequently, lead to the
improvement of mathematical instruction processes. (Breda, 2020; Breda,
Pino-Fan & Font, 2017).

This study has a limitation due to its realtively small smaple size (30
students) and the specific context (Santiago de Chile). Therefore, we
understand that it is necessary to foster more cross-cultural research on
multimodal non-verbal interaction to examine the multimodal visual and non-
verbal exchanges in the classroom more deeply.

ACKNOWLEDGEMENTS

The authors are grateful for the support to the projects PPAI 77200008,
ANID/PAI 77200008, PGC2018-098603-B-100 (MINECO / FEDER, EU),
PID2021-127104NB-100 (MINECO / FEDER, EU) and.

AUTHORSHIP CONTRIBUTION STATEMENT

Conception, D. F.; Literature review (state of the art), D. F.;
S.; Methodology, D. F.; Data analysis, D. F.; AB; G. S.; Results, D. F.;
S.; Discussion and conclusions, D. F.; A. B.; G. S.; Draft (original draft),
Final proofreadings, A. B.; Project design and sponsorships, D. F.

B; G.
B; G.
A.B.;

A.
A.

b

Acta Sci. (Canoas), 24(5), 1-26, Sep./Oct. 2022 18



DATA AVAILABILITY STATEMENT

The data supporting the results of this study will be made available by
the corresponding author, [D. F.], upon reasonable request.

REFERENCES

Adami, E., & Swanwick, R. (2019). Signs of understanding and turns-as-
actions: a multimodal analysis of deaf—hearing interaction. Visual
Communication. https://doi.org/10.1177/1470357219854776

Aiello, J. R. & Jones, S. E. (1971). Field study of the proxemic behavior of
young children in three subcultural groups. Journal of Personality
and Social Psychology 19, 351-356.
https://doi.org/10.1037/h0031433

Andersen, P. A. (1999). Nonverbal communication: Forms and functions.
Mayfield Pub.

Araya R., & Farsani D. (2020). The Effect of Teacher Unconscious Behaviors
on the Collective Unconscious Behavior of the Classroom. In: Hernes
M., Wojtkiewicz K., Szczerbicki E. (eds) Advances in Computational
Collective Intelligence ICCCI 2020 (pp. 529-549). Communications
in Computer and Information Science series, vol. 1287. Springer.
https://doi.org/10.1007/978-3-030-63119-2_43

Araya, R., Farsani, D., & Hernandez, J. (2016). How to Attract Students’
Visual Attention. In: Verbert, K., Sharples, M., Klobucar, T. (eds)
Adaptive and Adaptable Learning EC-TEL 2016. Lecture Notes in
Computer Science series, vol 9891. Springer.
https://doi.org/10.1007/978-3-319-45153-4 3

Azaoui, B. (2015). Polyfocal classroom interactions and teaching gestures. An
analysis of nonverbal orchestration. Proceedings of “Gestures and
speech in interaction (GESPIN)”, Nantes, 2-4 September 2015.

Boeriis, M. & Holsanova, J. (2012). Tracking visual segmentation: connecting
semiotic and cognitive perspectives. Visual communication, 11(3),
259-281. https://doi.org/10.1177/1470357212446408

Breda, A. (2020). Caracteristicas del andlisis didactico realizado por
profesores para justificar la mejora en la ensefianza de las

19 Acta Sci. (Canoas), 24(5), 1-26, Sep./Oct. 2022


https://doi.org/10.1177/1470357219854776
https://doi.org/10.1037/h0031433
https://doi.org/10.1007/978-3-030-63119-2_43
https://doi.org/10.1007/978-3-319-45153-4_3
https://doi.org/10.1177/1470357212446408

matematicas. Bolema, 34(66), 69-88. http://dx.doi.org/10.1590/1980-
4415v34n66a04

Breda, A., Pino-Fan, L. R., & Font, V. (2017). Meta Didactic-Mathematical
Knowledge of Teachers: Criteria for The Reflection and Assessment
on Teaching Practice. EURASIA Journal of Mathematics, Science and
Technology Education, 13, 1893-1918.
http://dx.doi.org/10.12973/eurasia.2017.01207a

Brey, E. & Shutts, K. (2015). Children use nonverbal cues to make inferences
about social power. Child Development, 86(1), 276-286.
https://doi.org/10.1111/cdev.12334

Brown, C. E. (1981). Shared space invasion and race. Personality and Social
Psychology Bulletin 7, 103-108.
https://doi.org/10.1177%2F014616728171016

Burgess, W. J. (1983). Developmental trends in proxemic spacing behavior
between surrounding companions and strangers in casual groups.
Journal of Nonverbal Behavior 7, 158-1609.
https://doi.org/10.1007/BF00986946

Calbris, G. (1990). Semiotics of French Gesture. Indiana University Press.

Collier, J. (1995). Photography and visual anthropology. In P. Hockings (ed.),
Principles of Visual Anthropology, second edition (pp. 235 -254).
Mouton.

Collier, M. (1983). Nonverbal Factors in the Education of Chinese American
Children: A Film Study. Asian American Studies, SFSU.

Collier M. (2001). Approaches to analysis in visual anthropology. In T. van
Leeuwen, & C. Jewitt, (Eds.), Handbook of visual analysis (pp. 35 —
60). Sage.

Darwin, C. (1872). The expression of the emotions in man and animals. John
Murray.

Enfield, N, J. (2001) Lip-pointing: A discussion of form and function with
reference to data from Laos. Gesture, 1, 185-211.
https://doi.org/10.1075/gest.1.2.06enf

Falsetti, M. C. & Rodriguez, M. A. (2005). Interacciones y aprendizaje en
matematica preuniversitaria: ¢Qué perciben los alumnos? Revista

Acta Sci. (Canoas), 24(5), 1-26, Sep./Oct. 2022 20


http://dx.doi.org/10.1590/1980-4415v34n66a04
http://dx.doi.org/10.1590/1980-4415v34n66a04
http://dx.doi.org/10.12973/eurasia.2017.01207a
https://doi.org/10.1111/cdev.12334
https://doi.org/10.1177%2F014616728171016
https://doi.org/10.1007/BF00986946
https://doi.org/10.1075/gest.1.2.06enf

Latinoamericana de Investigacion en Matematica Educativa, 8(3),
319-338.

Farsani, D. (2015a). Deictic gestures as amplifiers in conveying aspects of
mathematics register. In: Proceedings of the 9" Conference of
European Society for Research in Mathematics Education, Prague,
Czech. (pp. 1382-1384).

Farsani, D. (2015b). Making Multi-Modal Mathematical Meaning in
Multilingual Classrooms. Unpublished PhD thesis, University of
Birmingham.

Farsani, D. (2022). The name game: the role of cultural affordances in
learning probability. For the Learning of Mathematics, 42(2), 17-18.

Farsani, D., Breda, A., & Sala, G. (2020). ;Cémo los gestos de los maestros
afectan a la atencion visual de las estudiantes durante el discurso
matematico? REDIMAT — Journal of Research in Mathematics
Education, 9(3), 220-242.
https://doi.org/10.17583/redimat.2020.5185

Farsani, D., Radmehr, F., Alizadeh, M., & Zakariya, Y. F. (2021) Unpacking
the black-box of students’ visual attention in mathematics and English
classrooms: Empirical evidence using mini-video recording gadgets.
Journal of Computer Assisted Learning. 37(3), 773-781.
https://doi.org/10.1111/jcal.12522

Farsani, D., & Villa-Ochoa, J. (2022). Analyzing students’ visual attention
through spy glasses. Uniciencia, 36(1), 1-17.
https://doi.org/10.15359/ru.36-1.34

Givens, D. B. (2016). Reading palm-up signs: Neurosemiotic overview of a
common hand gesture. Semiotica, 2016(210), 235-250.

Goodwin, C. (2001). Practices of seeing: Visual analysis: An
ethnomethodological approach. In T. van Leeuwen, & C. Jewitt
(Eds.), Handbook of visual analysis (pp. 157-182). Sage.

Good, C., Aronson, J., & Harder, J. A. (2008). Problems in the pipeline:
Stereotype threat and women’s achievement in high-level math
courses. Journal of Applied Developmental Psychology 29(1), 17-28.
https://doi.org/10.1016/j.appdev.2007.10.004

21 Acta Sci. (Canoas), 24(5), 1-26, Sep./Oct. 2022


https://doi.org/10.17583/redimat.2020.5185
https://doi.org/10.1111/jcal.12522
https://doi.org/10.15359/ru.36-1.34
https://doi.org/10.1016/j.appdev.2007.10.004

Hall, E. T. (1963). A system for notation of proxemic behavior. American
Anthropologist, 65, 1003— 1026.
https://doi.org/10.1525/3a.1963.65.5.02a00020

Hall, E. T. (1966). The Hidden Dimension. Doubleday.

Hall, E. T. (1973). Handbook for Proxemic Research. Society for the
Anthropology of Visual Communication.

Hockings, P. (ed.) (1995). Principles of visual anthropology [2nd edition].
Mouton.

Holsanova J (2012). New methods for studying visual communication and
multimodal integration. Visual Communication 11(3), 251-257.
https://doi.org/10.1177%2F1470412912446558

Holsanova, J., Rahm, H., & Holmqvist, K. (2006). Entry Points and Reading
Paths on Newspaper Spreads: Comparing a Semiotic Analysis with
Eye-Tracking Measurements. Visual Communication, 5(1), 65-93.
https://doi.org/10.1177%2F1470357206061005

Inagaki, K., Shimizu, T., & Sakairi, Y. (2018). Effects of posture regulation
on mood states, heart rate and test performance in children.
Educational Psychology, 38(9), 1129-1146.
https://doi.org/10.1080/01443410.2018.1504003

Jewitt, C. (1999). A social semiotic analysis of male heterosexuality in sexual
health resources: The case of images. International Journal of Social
Research Methodology: Theory and Practice, 1(4), 263-280.
https://doi.org/10.1080/13645579.1998.10846880

Kaya, N. & Erkip, F. (1999). Invasion of personal space under the condition
of short-term crowding: A case study on an automatic teller machine.
Journal of Environmental Psychology, 19, 183-189.
https://doi.org/10.1006/jevp.1999.0125

Kendon, A. (2004). Gesture: Visible action as utterance. Cambridge
University Press.

Kendon, A. & Versante, L. (2003) Pointing by hand in Neapolitan.In: S. Kita
(ed.), Pointing: Where Language Culture and Cognition Meet (pp.
109-138). Lawrence Erlbaum.

Khatin-Zadeh, O., Farsani, D., & Banaruee, H. (2022). A Study of the Use of
Iconic and Metaphoric Gestures with Motion-Based, Static Space-

Acta Sci. (Canoas), 24(5), 1-26, Sep./Oct. 2022 22


https://doi.org/10.1525/aa.1963.65.5.02a00020
https://doi.org/10.1177%2F1470412912446558
https://doi.org/10.1177%2F1470357206061005
https://doi.org/10.1080/01443410.2018.1504003
https://doi.org/10.1080/13645579.1998.10846880
https://doi.org/10.1006/jevp.1999.0125

Based, Static Object-Based, and Static Event-Based Statements.
Behavioral Sciences, 12(7), 239. https://doi.org/10.3390/bs12070239

Khatin-Zadeh, O., Farsani, D., & Reali, F. (2022). A study of using
metaphoric and beat gestures with motion-based and non-motion-

based metaphors during retelling stories. Behavioral Sciences, 12(5),
129. https://doi.org/10.3390/bs12050129

Kita, S. (ed.) (2003). Pointing: Where language, culture, and cognition meet.
Erlbaum.

Kress, G., Jewitt, C., Ogborn, J., & Tsatsarelis, C. (2001). Multimodal
teaching and learning: The Rhetorics of Science Classroom.
Continuum.

Kress, G. & Van Leeuwen, T. (1996). Reading Images: The Grammar of
Visual Design. Routledge.

Kress, G. & Van Leeuwen, T. (2002). Colour as a semiotic mode: notes for a
grammar of colours. Visual Communication 1(3), 343-68.
https://doi.org/10.1177%2F147035720200100306

LaCrosse, M. B. (1975). Nonverbal behavior and perceived counselor
attractiveness and persuasiveness. Journal of Counseling Psychology,
22, 563- 566. https://psycnet.apa.org/doi/10.1037/0022-0167.22.6.563

Leibman, M. (1970). The effects of sex and race norms on personal space.
Environment and Behavior 2, 208-246.
https://doi.org/10.1177%2F001391657000200205

Llobera, J., Spanlang, B., Ruffini, G., & Mel Slater, I. (2010). Proxemics with
multiple dynamic characters in an immersive virtual environment.
ACM Transactions on Applied Perception, 8(1), article 3.

Madden, S. J. (1999). Proxemics and gender: Where’s the spatial gap? North
Dakota Journal of Speech and Theater, 12, 1-8.

McNeill, D. (1992). Hand and mind: What gestures reveal about thought. The
University of Chicago Press.

Mehrabian, A. (1971). Silent messages. Wadsworth.
Mehrabian, A. (1972). Nonverbal communication. Aldine-Atherton.

Merritt, P., Hirshman, E., Wharton, W., Stangl, B., Devlin, J., & Lenz, A.
(2007). Evidence for gender differences in visual selective attention.

23 Acta Sci. (Canoas), 24(5), 1-26, Sep./Oct. 2022


https://doi.org/10.3390/bs12070239
https://doi.org/10.3390/bs12050129
https://doi.org/10.1177%2F147035720200100306
https://psycnet.apa.org/doi/10.1037/0022-0167.22.6.563
https://doi.org/10.1177%2F001391657000200205

Personality and Individual Differences, 43(3), 597—609.
https://doi.org/10.1016/j.paid.2007.01.016

Mumm, J. & Mutlu, B. (2011). Human-Robot Proxemics: Physical and
Psychological Distancing in Human-Robot Interaction. In:
Proceedings of the 6th ACM/IEEE Conference on Human-Robot
Interaction. Lausanne, Switzerland.

Noesjirwan, J. (1977). Contrasting cultural patterns on interpersonal closeness
in doctors: Waiting rooms in Sydney and Jakarta. Journal of Cross-
Cultural Psychology, 8, 357-368.
https://doi.org/10.1177%2F002202217783008

Norris, S. (2011). Three hierarchical positions of deictic gesture in relation to
spoken language: a multimodal interaction analysis. Visual
Communication, 10(2), 129-

147. https://doi.org/10.1177/1470357211398439

O’Halloran, K. L. (2005). Mathematical Discourse: Language, Symbolism
and Visual Images. Continuum.

Planas, N. & Iranzo, N. (2009). Consideraciones metodolodgicas para la
interpretacion de procesos de interaccion en el aula de matematicas.
Revista latinoamericana de investigacion en matematica educativa,
12(2), 179-213.

Radford, L., Edwards, L., & Arzarello, F. (2009). Introduction: beyond words.
Educational Studies in Mathematics, 70(2), 91-95.
https://doi.org/10.1007/s10649-008-9172-y

Remland, M. S., Jones, T. S., & Brinkman, H. (1995). Interpersonal distance,
body orientation and touch: Effects of culture, gender, and age. The
Journal of Social Psychology, 135, 281-297.
https://doi.org/10.1080/00224545.1995.9713958

Rosa, M., & Farsani, D. (2021). Two fish moving in their seas: How does the
body language of teachers show itself who teach mathematical
equations? Acta Scientiae, 23(4), 141-168.
https://doi.org/10.17648/acta.scientiae.6391

Scherer, S. E. (1974). Proxemic behavior of primary school children as a
function of their socioeconomic class and subculture. Journal of
Personality and Social Psychology, 26, 800— 805.
https://psycnet.apa.org/doi/10.1037/h0036190

Acta Sci. (Canoas), 24(5), 1-26, Sep./Oct. 2022 24


https://doi.org/10.1016/j.paid.2007.01.016
https://doi.org/10.1177%2F002202217783008
https://doi.org/10.1177/1470357211398439
https://www.designsforlearning.nu/articles/10.16993/dfl.72/main-text-B29
https://doi.org/10.1007/s10649-008-9172-y
https://doi.org/10.1080/00224545.1995.9713958
https://doi.org/10.17648/acta.scientiae.6391
https://psycnet.apa.org/doi/10.1037/h0036190

Smith-Hanen, S. S. (1977). Effects of nonverbal behaviors on judged levels of
counselor warmth and empathy. Journal of Counseling Psychology,
24(2), 87-91.

Sobel, R. S. & Lillith, N. (1975). Determinants of non-stationary personal
space invasion. Journal of Social Psychology, 97, 39-45.
https://doi.org/10.1080/00224545.1975.9923310

Sommer, R. (1959). Studies in personal space. Sociometry, 22, 247-260.
https://doi.org/10.2307/2785668

Sommer, R. (1961). Leadership and group geography. Sociometry, 24, 99—
110. https://doi.org/10.2307/2785932

van Oosterhout, T., & Visser, A. (2008, February). A visual method for robot
proxemics measurements. In Proceedings of Metrics for Human-
Robot Interaction: A Workshop at the Third ACM/IEEE International
Conference on Human-Robot Interaction (HRI 2008). (pp. 61-68).
Citeseer.

Webber, S. (2008). Visual images in research. In L. G. Knowles, & A. Cole
(Eds.), Handbook of Arts in Qualitative Research. (pp. 41-53). Sage.

Wilkins, D. (1999). What's 'The Point'? The significance of gestures of
orientation in Arrernte. Presented to the Central Australian
Linguistics Circle, Alice Springs. Nijmegen.

Zahry, N. R. & Besley, J. C. (2019). Warmth Portrayals to Recruit Students
into Science Majors. Visual Communication.
https://doi.org/10.1177/1470357219871696

25 Acta Sci. (Canoas), 24(5), 1-26, Sep./Oct. 2022


https://doi.org/10.1080/00224545.1975.9923310
https://doi.org/10.2307/2785668
https://doi.org/10.2307/2785932
https://doi.org/10.1177/1470357219871696
https://doi.org/10.1177/1470357219871696

