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This study presents partial results of a research that aims
to analyze the contributions that an educational product,
built from photographic images, can provide to elementary
school mathematics teachers, in continuing education, in
the construction of geometry concepts. We used the
methodological approach of Educational Design Research
according to McKenney and Reeves (2019). This approach
involves three phases: analysis and exploration of the prob-
lem; design, construction and application of an educational
product; evaluation and reflection on the whole process.
From a Math Trail carried out in the city's streets and cathe-
dral, images were obtained that were used to design the
activities that made up the educational product. Data was
collected by means of video recordings, a questionnaire
applied to the teachers taking part in the research and ma-
terials created by the teachers. From the evaluation and
reflection, the following design principles were defined: a)
the use of photographic images and the use of technolog-
ical resources facilitate the understanding of geometric
concepts; b) relating art and mathematics enhances visu-
alization and facilitates the exploration of the geometric



properties of flat figures; c) activities designed to take into
account the local reality and its cultural aspects are moti-
vating for the teaching of geometry.
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The subject of the qualifications of teachers who teach mathematics
and their difficulties is a recurring one and has been the subject of
research in the literature at national and international level in recent
times. These studies include the work of Lorenzato (2015) at a national
level and, at an international level, the work of Rodrigues and Ponte
(2020), among others. According to these authors, different paths are
listed that can contribute to the qualification of teaching, among
which are the updating of curricula and the development of projects
that seek innovation, both from the point of view of content, method-
ologies or the organization of teaching-learning activities. According
to Van den Akker (1999) and Van Driel et al. (2005), much of the ex-
isting research is dedicated to studying the role of teachers, new
strategies for teaching specific content, the use of digital tools and the
actual work carried out with students in the classroom. When dealing
with strategies for teaching mathematics, it is essential to reflect on
how to teach the content.

This article describes the results of a study carried out with a group of
elementary school teachers on the teaching of Plane Geometry in
elementary school, using the Educational Design Research (EDR)
methodological approach. The research problem that motivated this
work was defined as: How can photographic images contribute to the
teaching of Plane Geometry concepts? Based on this question, the
central objective of the research was defined, which is to investigate
how photographic images foster the construction of Plane Geometry
concepts with teachers who teach mathematics in basic education.
The study problem was identified after an interview with teachers
who taught mathematics to students in the final years of elementary
school. They were asked about a problem that distressed them, i.e.
some content that they found most difficult to work on with their
students. The answer was unanimous: "Plane Geometry content", and
they explained that it was very abstract. They reported that they had
difficulties locating themselves in the plane and in space, as well as
using technology in their classes, visualizing geometric objects, estab-
lishing connections between mathematical content and everyday life
and relating what was being worked on to the social context and the
student's reality. Once the problem had been defined, we went on to
discuss a proposal to build an educational product that would be
meaningful to the group of teachers for future work with their stu-
dents.



With this in mind, the idea was to create an educational product with
the characteristics of didactic curricular material, in other words, a
didactic sequence of activities that would enhance the learning of
these teachers and, at the same time, contribute to their classroom
work with their students. The proposal was therefore to build a teach-
ing and learning sequence based on photographic images taken dur-
ing the "Math Trail" dynamic in the streets of the city of Santa Cruz do
Sul - RS, Brazil. Starting with a previously defined route, the partic-
ipants were instructed to take photographic images of objects that
could involve geometric concepts. The collection of images was the
starting point for creating problems and building concepts of Plane
Geometry. According to Vale and Barbosa (2015), Mathematical Trails
promote concrete learning experiences, creating an atmosphere of
adventure and exploration and enhancing the development of prob-
lem solving and formulation, communication, establishing connec-
tions and applying mathematical concepts to real situations. Using
this dynamic, teachers "can learn mathematics in the environment
and see its applicability" (Vale & Barbosa, 2015, p. 331). Therefore,
the participating math teachers were instructed to observe the
streets, buildings, traffic signs, gardens and squares and to photo-
graph everything they thought they could relate to mathematics.

In addition, we chose EDR to address the problem, as it is a suitable
research genre to address complex educational practice, such as ge-
ometry in primary school. According to Kneubil and Pietrocola (2017),
EDR refers to a new, interventionist methodological approach that
aims to combine theoretical and practical aspects of educational re-
search. The authors argue that, in the field of science education re-
search, it has been used to plan, implement, and evaluate teaching-
learning sequences that address specific content.

In order to understand the importance of the proposed problem, we
investigated some factors that allowed us to establish that this was, in
fact, a systemic problem?, and not just for this group. Initially, we
searched for information in the PISA documents, known in Brazil as
the Program for International Student Assessment, as well as infor-
mation contained in the reports provided by the Ministry of Education
(MEC) on students' proficiency levels. Based on these elements, we
researched the results of the average performance in mathematics
and the proficiency levels of participating students in Brazil and the
Organization for Economic Cooperation and Development (OECD), as
well as the performance of Brazilian students in the content category,
Space and Shape, of the mathematics subject.

The research highlighted that of the 78 countries participating in PISA
2018, in the world ranking in mathematics, Brazil appears in the last
places, occupying the 70th position. In this assessment, students are
divided into 6 (six) levels of proficiency. The percentage of students in
each country who reach good levels, such as proficiency levels 6, 5 or

1Systemic are all the necessary interconnections (Capra, 1997) that allow us to
see the system as a whole, in a broader way.
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4, indicates how well these countries manage to foster sublimity in
their education systems. Among the four categories of mathematical
content (Variations and Relationships; Space and Shape; Quantity;
and Uncertainty and Data) that were assessed, the area with the most
critical performance was Space and Shape, which involves geometry,
in which 70.9% of the Brazilian students assessed are at level 1 and
below in this category. As such, according to the MEC, the Space and
Shape category is considered the lowest in the PISA performance in-
dex.

After analyzing the performance that Brazilian students have been
showing, specifically in geometry, we checked whether these contents
are being covered in the basic education curriculum. To do this, we
had to check what the National Curriculum Parameters (PCNs) (Brasil,
1998) and the National Common Curriculum Base (BNCC) (Brasil,
2017) say about this category and this content. In the PCNs (Brasil,
1998), the content category includes the name Space and Shape,
which highlights classical, axiomatic geometry and its internal rela-
tionships, and also "presupposes that the mathematics teacher ex-
plores situations in which some geometric constructions with rulers
and compasses are necessary, such as visualization and application of
properties of figures, in addition to the construction of other relation-
ships" (Brasil, 1998, p. 51).

In Brazil, the document developed to guide teaching, the current
BNCC, promulgated by the Ministry of Education (MEC) in 2017, spec-
ifies, in the area of mathematics in the final years of elementary
school, that the contents relating to classical geometry are still
present. Furthermore, in the area of mathematics in the final years of
elementary school, the BNCC (2017) states that pedagogical decisions
should be oriented towards the development of "competences and
skills" (Brasil, 2017, p. 15). These guidelines are in compliance with an
international trend coming from countries that performed better in
the 2018 International Student Assessment Program (Brasil, 2018),
because they have effective national guidelines for designing their
curricula and refer to the development of competencies, such as
South Korea and Finland.

Thus, in the context of the BNCC, the idea of competence is used in
the sense of the application of school knowledge, understood broadly,
such as concepts, procedures, values and attitudes. In this way, being
competent means being able, when faced with a situation or problem,
to make connections and use the knowledge built up.

In Brazil, D'Ambrdésio (2004) describes that the teaching of mathemat-
ics should be based on the relationship with everyday life, contextu-
alized, making the subject capable of apprehending, understanding,
explaining and dealing critically with new situations and the reality
that surrounds them. In this sense, the aim is for teaching to be geared
towards giving students greater mastery and cognitive ability to make
social use of their mathematical knowledge, both inside and outside
school.

This perspective allows us to say that mathematics is much more
present in our daily lives than we realize. According to Lorenzato
(1995), geometry is part of our daily lives. In view of this, even though
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we know that in teaching the category of Space and Shape, i.e. geom-
etry, is so essential, Almouloud et al. (2004) state that Space and
Shape is one of the categories of mathematical content that receives
the least attention in class. The authors justify this because of the
difficulties identified in our education system, which defines educa-
tion policy "with general recommendations and guidelines on meth-
ods, content and how to do things, leaving each school to define the
content it deems important for the education of its students, which
means that geometry is often forgotten" (Almouloud et al., 2004, p.
99). In this case, it is pointed out that this neglect of geometry is also
linked to the precariousness of teaching related to teacher training.

We can point out, in relation to teacher training, that it is
very precarious when it comes to geometry, since initial
training courses do not help them to reflect more deeply on
the teaching and learning of this area of mathematics. On
the other hand, continuing education still doesn't meet the
expected objectives in relation to geometry (Almouloud et
al., 2004, ibid.) (our translation).

As a result, it is worth pointing out that Brazil has a large territory and
it is difficult to define and implement a curriculum that is national and
unique for all educational establishments. This situation is recognized
by the Law of Guidelines and Bases (LDB No. 9394/96), which gives
education systems the autonomy to define their own curricular pro-
posals, as long as they are in line with federal regulations. Faced with
this description and the need to put curricula into effect, the educa-
tion systems have been drawing up their own proposals and curricular
guidelines.

According to Pavanello (1989), the difficulties pointed out in relation
to curriculum organization, together with teachers' lack of prepara-
tion in working with geometric concepts, especially in basic education,
mean that they fail to comply with the subject's syllabus. The author
states that:

[...] Among those teachers who included geometry among
the topics to be developed in the classroom, many said that,
due to lack of time, they couldn't even partially cover it.
When asked about the time of year set aside for this subject,
they invariably replied that it was the last term, or at best
the last quarter of the school year, which seemed to indicate
that, consciously or not, lack of time was being used as an
excuse for not working with geometry. (Pavanello, 1989, p.
6) (our translation).

Despite this, Lorenzato (1995) points out that there are numerous
causes for this neglect and abandonment of geometry in Brazilian
schools, pointing out two of them that are directly linked to the class-
room. The first reinforces "that many teachers do not have the geo-
metric knowledge necessary to carry out their pedagogical practices"
(Lorenzato, 2015, p. 3) and, above all, considers that "the teacher who
does not know geometry also does not know the power, beauty and
importance that it has for the formation of the future citizen, so ev-
erything indicates that, for these teachers, the dilemma is to try to
teach geometry without knowing it or else not to teach it" (Lorenzato,
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ibid.). The second cause of the omission of geometry "is due to the
exaggerated importance that the textbook plays among us, either
because of the poor training of our teachers or because of the ex-
hausting working hours to which they are subjected" (Lorenzato,
ibid.).

Pavanello (1989, p. 9) investigated the relationship between the fail-
ure of geometry teaching and teacher unpreparedness, stating that,
"although this teaching has proved problematic not only in Brazil, but
also in the rest of the world - so that it has been the subject of much
debate and research, this research, it seems to me, focuses on 'how'
to teach this content". According to the author, the central points that
point to the decline of geometry in school are the problems with
teacher training and the omission of geometry from textbooks. Pa-
vanello (1989) also stresses that these problems have persisted until
the new generations and these causes certainly contribute to the fail-
ure, neglect and abandonment of geometry and, consequently, to the
low performance of students.

All these issues and others that have followed over the years
have generated controversy and helped to highlight the ab-
sence of geometry in schools, the repercussions of which to-
day interfere with the knowledge of current teachers. There-
fore, it can be said that content that has not been learned by
teachers will not even be transmitted, let alone interacted
with - creating a vicious circle - which consequently affects
generations of students who do not learn geometry (Pereira,
2001, p. 7) (our translation).

In Pavanello's (1989) work, the author adds that in order to improve
the teaching of geometry, it is necessary to invest in new studies, in-
cluding successful teaching and learning experiences with students
and in teacher training. According to the author, it is also essential to
develop materials that encourage the use of geometry and to train
teachers to use them.

The search for alternatives to qualify work in this area has intensified
in recent times. We would especially like to highlight the studies by
Santos and Nacarato (2014) and Flores (2007), which showed that
images and drawings of geometric figures are essential for the devel-
opment of geometric concepts. In addition, we would highlight re-
search by authors who have investigated and discussed questions
about connections with images linked to the teaching of mathemat-
ics, reinforced in the studies by Flores (2007), Feldman-Bianco and
Leite (1998), Martins and Tourinho (2013), Santaella (2012) and
Manguel (2006). These works are the result of research that refers to
the study of images as an object in the academic field, as well as to
visual perception and thinking, which aims to link images to the teach-
ing of mathematics, presenting the difference in using them in the
classroom, specifically as an artifact.

According to Giroux and McLaren (1995), the world is totally domi-
nated and surrounded by images, especially those generated by tech-
nology. When you look at the television, a magazine, a book, go to the
movies, access the internet on your cell phone or computer, or see a
billboard, you experience, inside and outside your home, immersion
in the world of images.



Increasingly, we are seeing this expansion of images, mainly
due to the exacerbated use of social networks, where users
share a multitude of images, including photographs, videos,
cartoons and drawings. In this scenario, we understand how
necessary this reflection on the image is, both in terms of
unveiling the representation of the world that it carries, and
in terms of the potential it has to guide human thought and
action (Carlos, 2012, pp. 222-223) (our translation).

In this context, we agree with Santaela (2012) when he says that
schools need to be transformed in order to enable the presence and
proper use of these resources, so that students can interact with these
media and educate themselves. In this sense, the choice was made to
use images taken in the environment in which the research partici-
pants live, because it is understood that this can help in the process of
learning content, especially geometry, as well as making it possible to
understand their reality.

According to Martins and Tourinho (2013, p. 90), images can be used
in schools because "[...] they make it possible to incorporate issues
that have been outside the area of interest of school education, es-
pecially the effects that forms of education have on the construction
of the subjectivity of boys, girls, young people and adults".

In this sense, teaching mathematics using images can help us under-
stand that they are not only used to inform and illustrate, but also to
educate and produce knowledge, as Manguel (2006, p. 21) states
when he points out that "images, like stories, inform us" and can
therefore become an "excellent teaching resource" designed to
arouse students' interest.

"Reading" images enables students to learn about mathematical fun-
damentals in another language, in which mathematical concepts, pro-
cedures and representations are naturally identified. According to
Kossoy (2001, p. 153), "[...] the image informs about the world and
life, but in its own expression and aesthetics, because there is a plas-
tic thought, just as there is a mathematical thought or a political
thought".

Referring to the pedagogical issue of teaching mathematics, the im-
age, in general, and "photography, in particular, has played an increas-
ingly important role in dealing with the contents of this discipline"
Kossoy (2001, p. 153). The author also states "the fact that the pho-
tographic image can perform various functions, including illustrative,
communicative, decorative and epistemic, and these functions will
contribute pedagogically to the teaching and learning process of the
subject".

The use of photographic images as a didactic resource in math classes
is useful and can help explore various concepts. According to Caval-
cante et al. (2014):

As a teaching tool, photography is useful for explaining, ex-
emplifying, raising awareness, provoking doubts and ques-
tions. In this way, it can be used as a teaching methodology
in different ways in different areas of study, depending on



the needs of each teacher (Cavalcante et al., 2014, p. 11)
(our translation).

In this sense, Carlos (2012, p. 260) believes that the use of other lan-
guages, such as images, "[...] can resize and revitalize the teaching-
learning process, improve students' self-esteem, reduce school
dropouts and challenge educators to promote other pedagogical ac-
tivities".

In addition, people better understand what is visualized, as they often
have great difficulty assimilating abstract or even surreal objects.

Photography and drawing allow meanings to be penetrated
through spatial memory and the association of images. The
exercise of analyzing images stimulates visual perception
and makes one accustomed to seeing an X-ray with sugges-
tions of invisible meanings that go beyond the framework of
two dimensions (Feldman-Bianco & Leite, 1998, p. 43) (our
translation).

Images with a greater density of information bring up the need to
think and analyze descriptive possibilities. In this way, Martins and
Tourinho (2013, p. 92) state that working with images in the classroom
"makes it possible to build exciting projects so that everyone (with
different differences and positions) can find their place to learn mean-
ingfully and build experiences of knowledge that allow them not only
to interpret the world, but also to act in it".

The text of the PCNs (Brasil, 1998) recommends the use of graphical
information in the teaching of mathematics as an indispensable ped-
agogical resource in any learning process:

Reading graphical information in mathematics is an impor-
tant aspect, as it helps to understand concepts and develop
graphic expression skills. The availability of modern re-
sources for producing images imposes the need to update
mathematical images in accordance with technological and
artistic trends, incorporating color, graphics and photogra-
phy, as well as the importance of teaching students how to
use these resources (Brasil, 1998, pp. 45-46). (our transla-
tion).

Our study is aimed at analyzing the contributions that an educational
product, built from photographic images, can provide to elementary
school mathematics teachers, in continuing education, in the con-
struction of geometry concepts.

In this study, we adopted the EDR approach as a research option in
order to respond to the purposes of the study. Among the different
conceptions of EDR that exist, we adopted the one created by McKen-
ney and Reeves (2019), Figure 1, with three main phases: (phase 1)
analysis and exploration, (phase 2) design and construction and (phase
3) evaluation and reflection, which guide the understanding and de-
velopment of the intervention.
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Figure 1. Model for conducting educational design research, sug-
gested by McKenney & Reeves (2020, p. 86)

Each of these three phases "involves interaction with practice and
contributes, directly or indirectly, to the production of theoretical
knowledge and the development of an intervention, which matures
over time" (McKenney & Reeves, 2019, pp. 83-84). The authors ex-
plain that, in Figure 1, the arrows indicate that the process is iterative
and flexible. Iterative because the results of some elements feed into
others repeatedly and flexibly because, although some general flow is
indicated, many paths can be taken.

According to McKenney and Reeves (2019, p. 6), Educational Design
Research "is a genre of research in which the iterative development
of practical solutions to complex educational problems also provides
the context for empirical investigations that generate theoretical un-
derstandings that can inform the work of others". The authors also
clarify that as the iterative development of practical solutions to com-
plex educational problems takes place, theoretical understandings
emerge, and that these two outcomes (development of practical so-
lutions and theoretical compressions) are considered one of the pil-
lars of this genre of research. In addition, EDR presents, according to
Plomp (2013), systematic studies in order to design and develop ed-
ucational interventions as a solution to a real-life problem.

Design studies are considered to arise from problems that teachers
and/or students face in real educational contexts. In this sense, ac-
cording to Reeves (2006), an attempt is made to solve these problems
by constructing appropriate design principles, which, however, are
developed during the design process.

Design research protocols require long-term collaboration involving
researchers and practitioners. It integrates the development of so-
lutions to practical problems in learning environments with the iden-
tification of reusable design principles (Reeves, 2006, p. 52). As such,
it provides an improvement in educational practice and the creation
of a new product-based theory, because by contributing to theory,
EDR presents a practical product.



Regarding the participants, the research relied on the contributions
and assistance of two collaborative groups. The first collaborative
group represents the knowledge of practice, made up of 3 (three)
math teachers who work with elementary school students and teach
in different schools in the municipal education network in the munic-
ipality of Santa Cruz do Sul — RS, Brazil. The second collaborative group
represents academic-scientific knowledge, which we call collabora-
tors, made up of teachers, academics, doctoral students and re-
searchers from the Postgraduate Program in Mathematics and Sci-
ence Teaching at the Franciscan University of Santa Maria — RS (UFN),
who contributed to improving the educational product.

Thus, with the meeting of these two types of knowledge (academic-
scientific knowledge and practical knowledge), the educational prod-
uct was produced, applied, refined and improved. It should be noted
that, in order to preserve their identities, the three participating
teachers have been anonymized by their letters (PA, PB and PC).

Below we describe the activities carried out in each of the three main
phases of the process carried out in this study.

Initial phase 1 "includes the analysis and exploration of the problem
in question" according to McKenney & Reeves (2019, p. 80). It was
carried out during the researcher's first visit to the teachers of an el-
ementary school who, in an interview, reported a problem with the
teaching of geometry that distressed them. Based on this problem, a
didactic sequence of activities on Plane Geometry at elementary
school level was developed, so that it could contribute and help these
teachers overcome their difficulties in teaching Plane Geometry. This
meeting made it possible for the participants to feel part of the project
and, at the same time, part of the construction of the activities based
on the real context through collaborative work.

As EDR is a methodological approach that seeks to solve complex
problems arising from real environments, we decided to bring the
group of participating teachers together, motivate them to seek out
information and get to know a little more about the local culture,
record images from their perspective and establish connections with
mathematics, using the "Math Trail" dynamic. According to Vale &
Barbosa (2015 apud Cross, 1997), a Math Trail is a sequence of stops
along a pre-planned route through which students can learn math-
ematics in their surroundings and see its applicability. During this jour-
ney, the participants visited the Sao Jodo Batista Cathedral, which is
the largest Gothic-style cathedral in Latin America and has a rich ar-
chitecture, in which the participants were challenged to collect pho-
tographic images that caught their attention or that they considered
important to record and that served as a didactic resource for the
elaboration of the educational product.



In the second phase, "design and construction”, we carried out the
design, which "resembles creation" (McKenney & Reeves, 2019, p.
85), i.e. we designed the initial version of the prototype and carried
out a micro-cycle of evaluation. The feedback from the group of col-
laborators was fundamental so that we could make corrections and
improvements to the prototype. According to McKenney and Reeves
(2019, p. 175), "expert evaluation is also used to collect ideas for im-
provement".

Some preliminary principles were established according to the anal-
ysis and exploration phase, especially based on the theoretical inves-
tigations conducted regarding the problem at hand. Table 1 illustrates
each of them and their origin.

Table 1: Theoretical basis and preliminary design principles

Theoretical Basis

Design principles

Giroux &  Mclaren
(1995);

Flores (2007);
Feldman-Bianco & Leite

a) the use of photographic images
and technological resources fa-
cilitates the understanding of
geometric concepts;

Cavalcante et al. (2014);
Cifuentes, J. C. (2005);
Nascimento, Benutti &
Neves (2007).

(1998);

Martins &Tourinho

(2013);

Santaella (2012) &

Manguel (2006);

Santos & Nacarato

(2014).

Kossoy (2001); b) linking art and mathematics

enhances visualization and facil-
itates the exploration of the geo-
metric properties of flat figures;

D'Ambrésio (2004);
McKenney & Reeves
(2019);

Vale & Barbosa (2015);
Cross (1997).

c) activities designed to take into
account the local reality and its
cultural aspects are motivating
for teaching geometry.

Source: Table prepared by the author, 2024.

Therefore, the creation of the educational product was based on the
following preliminary principles:

a) the use of photographic images and the use of technologi-
cal resources facilitate the understanding of geometric concepts;

b) linking art and mathematics enhances visualization and fa-
cilitates the exploration of the geometric properties of flat figures;

c) activities designed to take into account the local reality and
its cultural aspects are motivating for teaching geometry.

The educational product's activities were built collaboratively and
involved Plane Geometry content, created from the photographic
images recorded in the "Mathematical Trail" dynamic and following
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the defined design principles. Activities were proposed that explored
the concepts of polygons and their properties, perimeter and area of
flat figures, the study of geometric transformations in the plane, such
as reflection, translation and rotation, notions of perspective, parallel
and perpendicular lines. After this first micro-cycle, we applied the
activities with the participating teachers.

In this section we present some of the activities that made up the
educational product, using the images captured on the Math Trail as
a starting point. The contents of Plane Geometry that could be ex-
plored collaboratively with the teachers taking part in the research
were delimited. Activity 1.1 consisted of producing a video about the
history of St. John the Baptist Cathedral. The video can be accessed at:

and contains the narration, photo-
graphic images and footage taken by the researcher and the partic-
ipants during the visit. The teachers' narratives show the impact of
the dynamics.

PC: "This was an incredible experience, one I'll never forget. At
first, | was apprehensive because | didn't know what this meeting
would be like. | was delighted with everything, with the dynamics, with
the Cathedral. It was fantastic! It was so worth it!"

PA: "I loved this meeting. | never imagined doing a dynamic
like this. | kept imagining my students here. It would be an incredible
lesson, with many contributions, both mathematical and cultural."

PB: "I'll tell you something, | thought it was great! From the
start in the square, then we walked all the way observing, until we
arrived at the Cathedral. Wonderful! I'm delighted with this format
and with what you've given us".

Activities 1.2 and 1.3 then focused on investigating the geometric
polygons present in the composition of the paving stones on the front
of the Cathedral, identifying the properties of geometric figures, the
concepts of perimeter and area of polygons, recognizing regular poly-
gons and checking the sum of the measures of the internal angles of
regular polygons, concepts of rotation, translation and the use of Ge-
oGebra software.
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https://youtu.be/sMHcBN4nTKc

Activity 1.2

During the construction
of the Cathedral, the entire
external sidewalk was cov-
ered with sandstone. Ac-
cording to the technical
team working on the
project, this material, due
to its porosity, allows mois-
ture from the foundations
to escape by capillarity and
evaporation, thus avoiding
dampness, which always
leads to stains.

The paving is made up of
regular, uniform stones,
with the darker tones po- :

sitioned side by side. On Figure 2. Photogtaphy of PA, 2021
the other hand, the appar-

ently lighter tones stand out as geometric details on the floor.
Look at the geometric design formed on the sidewalk (Figure 2) and
identify which distinct geometric figures you can see. Describe their
properties.

What do you think is the difference between a square and a rec-
tangle? Is a square a rectangle? Is a rectangle a square? Justify.

——

Activity 1.3

Look at Figure 3, which represents a paving slab. Which geometric
figures make up the image? Describe them.

a) Highlight the cen- F [
tral part of the tile
(as shown in the |
image) and assign a
value to each of the _
sides of the high-
lighted figure and | L_ B
calculate the sum l
of its sides. What =
does the re- ’
sult mean?  Figure 3: Photography from the PA participant
Multiply the measurements of the perpendicular sides. What
does the result mean?

b) Considering the highlighted geometric figure, how many inter-
nal angles does it have? What is the measure of each angle?
What is the name of each of these angles?

) v

In solving activities 1.2 and 1.3, the ability to think geometrically and
establish relationships and comparisons was evident, as the teachers
demonstrated their ability to visualize, connect concepts, draw and
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carry out operations, according to the dialogue established between
them when describing the properties of the figure.

PC: "The square has four sides, which are two by two parallel
to each other".

PA: "Four equal sides. The four sides have the same length. In
a square, each side is the same length, unlike a rectangle."

PB: "Four equal angles, they are right angles, they measure
90° each".

PC: "The diagonals. The division by the diagonals forms trian-
gles.

PA: "The diagonals of a square are lines that intersect at the
square's midpoint, which forms four triangles."

PC: "The triangle that forms with a diagonal is a right trian-

gle.

It was possible to see that the participants identified some basic prop-
erties during the dialog, but even if they didn't mention all the prop-
erties, they made some correct associations. It was also noted that
the participants had difficulties in using mathematical language prop-
erly, specifically when asked to describe the properties of the geomet-
ric objects observed. When recognizing a geometric object, it is es-
sential to differentiate one from another by using its characteristics
and properties and, therefore, using the correct language is essential
in the process of constructing concepts. In this respect, despite cor-
rectly expressing the concept of perimeter (the sum of the sides of a
polygon), they had difficulties when asked about the connection be-
tween perimeter and area.

Researcher: “What happens to the perimeter of a regular poly-
gon if the measurements of the sides are changed while maintaining
the same area?”

PA: “I believe that the perimeter will increase or decrease in
value if the measurements of the sides are increased or decreased.”

The other participants did not express their ideas and argued that they
had never thought about it. After proposing different situations in
which the measurements of the sides of a quadrilateral were varied,
the participants understood the question posed by the researcher.
Thus, it is not enough to present the definition of a concept in a for-
mal way, but it is necessary for it to be understood in different situ-
ations, along with the use of clear language. In this sense, we agree
with Barguil (2016, p. 236) when he states that "it is essential to know
and use the appropriate language in the teaching and learning process
in mathematics, as it is a basic element for communication between
teacher and student as well as for understanding the information
established".

Activity 1.4 Analyzing the composition of the Cathedral's rose
window
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As you enter the
Cathedral, you can
see a large rose win-
dow above the main
entrance door. The
rose window is an
architectural ele-
ment whose decora-
tion is built in a ra-
dial direction, like
the petals of a
flower. Formed
from a geometric
design, filled with
colored glass, which
fills a  structure
formed from stones, -
the so-called trac- == = BN
ery, it can be seen  Figyre 4. Rosacea viewed from the inside of
from both the out- the Cathedral
side and inside of
the Cathedral. Its position allows more light in, favoring a ra-
diant effect through the combination of several shades of the
same color that illuminates the internal aisle towards the al-
tar.

Figure 4 shows a photo of the rose window from the Cathe-
dral's altar. The rose window has structural lines, which be-
come darker when contrasted with the colored luminosity of
the stained glass windows, which are diluted by the darker
interior walls. It is precisely in this dilution that the luminosity
with the mixtures of tones radiates towards the altar. In the
photograph, Figure 5, below, the Cathedral's rose window
stands out for its geometric features, giving rise to geometric
shapes.

Figure 5. Rosacea viewed from the inside of the Cathedral

a) Which geometric figures are present in the composition of
the rose window? Describe them.

b) In the center of the rose window is the monogram "IHS",

which is an abbreviation of the Latin phrase "lesus
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Hominum Salvador" (Jesus Savior of Men). From this cen-
ter, the geometric lines begin to give rise to the represen-
tation of the petals of the Rosacea.
If you look closely at the geometric shapes that make it
up, you can see circles divided into equal parts. Can you
explain how we can divide a circle?

b1) in two equal parts?
b2) in three equal parts?
b3) in four equal parts?
b4) in five equal parts?
b5) into six equal parts?

Describe the process of dividing a circle into equal parts.

c) Examine the rose window in Figure 5 and construct a
replica using pencil, paper, ruler and compass or GeoGe-
bra.

d) Use your creativity and come up with a new rosette
model.

According to the Houaiss online dictionary (2019), a rose is defined as
a symmetrical figure formed from a circle. It is an ornamentation in
the shape of a rose, composed of a center in which the petals are
arranged in a circle. During the process of constructing a new rose
proposal, participant PB, referring to future work with her students,
pointed out that:

PB: "the student is going to think about everything that was

asked before in order to draw it. They'll think about the larger circum-
ference, the smaller circumference. To make the petals, they will di-
vide them into 6 equal parts and then divide them again. They will use
their creativity. The student will think about everything that was asked
before in order to build this replica. They'll use math and art to build
it.”
The participant's speech allows us to conclude that she understood
the connection that can be established between geometry and art.
This perception is in line with what Nascimento, Benutti and Neves
(2007, p. 2) say, when they point out that "the rose window becomes
an important element in the educational process, opening up possi-
bilities for exploring various concepts linked to graphic representa-
tion", in this case, circumference, radius, diameter, midpoint, bisec-
tor, division of the circumference into equal parts.
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Figure 6 below shows the rosette proposal built by each participant
for item e.

Figure 6. Replica of the rose window built by the participants

The activities described are just examples of a larger set that involved
the study of other Plane Geometry concepts. Details of the educa-
tional product can be found at:

The evaluation was based on the objectives and preliminary design
principles initially outlined. It was carried out throughout the process
of developing the activities and was examined in terms of validity,
practicality and effectiveness, according to Nieveen (1999).

The evaluation of the educational product was carried out throughout
the process of developing the pedagogical intervention and its validity
was examined by looking at the preliminary design principles, the
selection of content, together with the literature review. First of all,
the selection of content was based on the participants' statements of
their needs, as revealed in the interviews conducted at the first meet-
ing. The proposition of the activities, the literature review and the
establishment of the preliminary design principles had the support of
the group of university collaborators who accompanied the entire
process of preparing the educational product and its implementation.

16


https://www.ufn.edu.br/site/ensino/mestrado/programa-de-posgraduacao-em-ensino-de-ciencias-e-matematica
https://www.ufn.edu.br/site/ensino/mestrado/programa-de-posgraduacao-em-ensino-de-ciencias-e-matematica
https://www.ufn.edu.br/site/ensino/mestrado/programa-de-posgraduacao-em-ensino-de-ciencias-e-matematica

Throughout the preparation and implementation period, the group of
collaborators helped to analyze the participants' difficulties, suggest-
ing changes and improvements to the educational product and the
necessary readings to better understand the difficulties that arose.

To check practicality, we analyzed the opinions of the teachers taking
part in the research and the group of collaborators, recorded in the
researcher's diary. All the participants were unanimous in stating that
the activities are proposed and constructed together with them, and
based on their photographic work, that the intervention is attractive
and perfectly usable in the future with their students. In addition, the
language used and the way the questions were posed did not make it
difficult for the participants to understand the concepts involved. This
can be seen in the participants' statements:

PC: "It's very good to work with photographic images in this
way. We understand better, it makes a difference to learning and
teaching”.

PB: "I think these activities will make my students appreciate
mathematics more".

PA: "I loved the video, | thought it was really cool".

PB: "The activities were very interesting, | think they will at-
tract the attention of those who develop them. Concerns: quantity and
time, which is why | think it would be interesting to present them to
the group of participating primary school teachers and ask them, after
carrying them out, to comment on these two factors in relation to their
students. In this way, it will be possible to reformulate or reorganize
the activities."

PC: "First of all, congratulations on the activities! | think the
organization of the activities is great! That's what | expected from this
work.”

According to Van den Akker (1999, p. 10), "effectiveness refers to the
degree to which the experiences and results of the intervention are
consistent with the intended objectives". In our case, it is understood
that effectiveness was also achieved because it was possible to see
from the participants' answers above that the activities met their ex-
pectations.

In terms of what this experience was intended to develop, the data
showed that the design principles initially proposed were appropriate
and did indeed contribute to the educational product organization.
This can be seen in the participants' statements. For example, partic-
ipant PB said:

PB: "This training experience allowed me to relate mathemat-
ics to the context of the city and, at the same time, learn more about
the art expressed in the images in the Cathedral."

Participant PC put it this way:

PC: “It was very good. | liked the idea of exploring Joéo Batista
Cathedral and bringing the subject into the classroom. The walk
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through the city streets also allowed me to be more observant about
how to relate mathematics to the place where we live.”

Similarly, PC put it this way:

PC: “Throughout the work I took advantage of this and worked
on one of the activities, which dealt with symmetry with my eighth
grade students. They were delighted with the explanation about the
Cathedral. The activities are captivating. Geometry became easier to
work with.”

It was found that throughout the implementation process, the par-
ticipants deepened their skills related to the teaching of geometry
and, in addition, related to the use of a technological tool, especially
GeoGebra, as evidenced in the speech of participant PC:

PC: “It's interesting to study math from problems in our daily
lives and it was nice to use GeoGebra instead of the ruler and compass.
I liked studying math this way.”

The testimonies indicate that the use of images and technological
tools such as GeoGebra can arouse interest and enable participants to
get involved in constructing the solutions to the activities. It can also
be inferred that the use of computer programs associated with images
facilitates the study of geometry, arouses enthusiasm and motivation
to carry out the activities.

The experiment also enabled the participants to propose activities
based on their own material. It turned out that the teachers generally
followed the ideas contained in the textbooks, repeating what they
proposed. The fact that they took part in the collaborative group en-
abled them to create problems based on the material captured on the
Math Trail.

PB: “The fact that it was collaborative work enabled me to ask
questions that turned into problems. That's the learning | take away
from this work.”

The book is excellent teaching material and helps teachers in their
classroom work, but we need to go further, in other words, to give
teachers the opportunity to create new situations.

Thus, the experience developed was not limited to contributing only
to the teaching of Plane Geometry, but also created opportunities for
them to experiment with the creation of problems other than those
contained in textbooks and the incorporation of technology in the
solution of activities. Therefore, during the course of the work, it was
possible to validate the proposed design principles, as the teachers'
narratives show.

Table 2 below summarizes the design principles, which authors un-
derpinned the work and which design strategies were used.

Table 2: Design principles and design strategies

| Design principles | Theoretical Basis | Design strategies
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a) the use of pho-
tographic images
and  technological
resources facilitates
the understanding
of geometric con-
cepts;

Giroux & Mclaren
(1995);

Flores (2007);
Feldman-Bianco &
Leite (1998);

Martins & Tourinho
(2013);

Santaella (2012) &
Manguel (2006);
Santos and Nacarato

A Math Trail through
the streets of the
city, including Santa
Cruz do Sul Cathe-
dral.

geometric  proper-
ties of flat figures;

Nascimento, Benutti
& Neves (2007).

(2014).
b) linking art and | Kossoy (2001); Use of images that
mathematics en- | Cavalcante et al. | express the art in
hances visualization | (2014); the Cathedral and
and facilitates the | Cifuentes, J. C. | captured on the
exploration of the | (2005); Mathematical Trail.

c) activities designed
to take into account
the local reality and
its cultural aspects
are motivating for
teaching geometry.

D'Ambrésio (2004);
McKenney & Reeves
(2019);

Vale &
(2015);
Cross (1997).

Barbosa

Proposing problem
situations based on
images related to
the city context.

Source: Table prepared by the author, 2024.

At the end of the implementation of the educational product, it was
possible to re-evaluate all the activities and this moment consisted of
taking a new look at the proposal that was initially built, in other
words, the redesign of the educational product was carried out, the
purpose of which was to adapt the language so that it could be used
with students in the schools where the participants work. This stage
involved all the participants in the research, including the group of
collaborators from the university. The possible difficulties and obsta-
cles that could arise in the classroom were analyzed, taking into ac-
count the content, the students' learning and the teacher's difficul-
ties.

This study reports the results of a research that aimed to analyze the
contributions that an educational product, built from photographic
images, can provide to elementary school mathematics teachers, in
continuing education, in the construction of geometry concepts.
Based on the definition of the problem, the objectives of the study
were established, along with the choice of Educational Design Re-
search as the methodological approach and the preliminary design
principles that were validated throughout the process. Three design
principles were highlighted, namely: a) the use of photographic im-
ages and technological resources facilitates the understanding of geo-
metric concepts; b) relating art and mathematics enhances visualiza-
tion and facilitates the exploration of the geometric properties of flat

19



figures; c) activities designed to take into account the local reality and
its cultural aspects are motivating for the teaching of geometry.

From the perceptions revealed in the teachers' speeches and in the
resolutions of the activities that made up the educational product, it
was possible to infer the influence of the teaching experience pro-
vided to the teachers with the EDR and the possibilities for changes in
the way they perceive their performance in the classroom.

In the design principles listed, aimed at the relationship between art
and mathematics, the use of technological resources and the relation-
ship of the work with aspects of local and cultural reality, we found
several factors responsible for these changes, such as: motivation,
interest, teacher participation, among others. Innovation was estab-
lished as an element that made it possible to develop a new classroom
system, with an approach to the content through the use of photo-
graphic images. We therefore believe that these factors have made it
possible to revive a love of teaching and learning, awakening teacher
protagonism. In particular, the design principles that served as the
basis for the construction of the educational product highlighted the
expectation that approaching content through the use of images fa-
cilitated classroom work.

From the analysis of the data collected, it emerged that the activities
built collaboratively between the group of teachers and the re-
searcher, with the support of the group of specialists, enabled the
identification of the potential and possible weaknesses that may ap-
pear in the development of the work with the students in a next ap-
plication cycle.

Finally, in view of the process of learning and teaching, we believe that
the use of images, together with technological resources and the es-
tablishment of a relationship between art and mathematics, taking
into account local cultural aspects, is a way of planning actions to im-
prove the continuing education of teachers.
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