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Identificacion del proyecto

Cédigo

$01-202500299631-tra

Desarrollo del sentido espacial mediante isometrias en el plano y el espacio con

Titulo

Responsable

e  Se recomienda:

materiales manipulativos, artisticos y tecnologfa digital: Propuesta de innovacién con
enfoque STEAM para futuros maestros.

Angel Enrique Sanchez Colin, Carmen Heredia Martinez

o Atender a los criterios de valoracion de las memorias indicados en las bases de la

convocatoria.

o Incluir referencias bibliograficas y datos comparativos con proyectos previos, segin casos,
para reforzar la evaluacion del impacto.

o Incluir evidencias sobre las medidas de difusién desarrolladas.

e Otros aspectos que considerar:

o La claridad, la coherencia y la justificacion de los datos presentados seran clave en la

valoracion final.

o La difusién de resultados debe priorizar la transparencia y accesibilidad a la comunidad

universitatia.

o Seran valoras como evidencias: registro de actividades, listados de participantes, programas

de eventos, fotografias,

documentos que acreditan la aceptacion de una

comunicacién/ponencia o similar, informes, actas o resumenes de las acciones realizadas,
indices de impacto que respalden la cantidad de personas alcanzadas o el impacto de la

difusién, etc.

1. Describa los resultados obtenidos a la luz de los objetivos y compromisos que adquiri6é en la
solicitud de su proyecto. Incluya tantas tablas como objetivos contemploé.

Obijetivo n° 1

Actividades que habfa previsto en la
solicitud del proyecto:

Introducir a los estudiantes para maestro de educacion
primaria en la geometria de transformaciones y movimientos
en 2D y 3D para incrementar su nivel de razonamiento
geométrico y de visualizacién espacial.

Realizacién de un curso de formaciéon con un grupo piloto de
estudiantes que estén interesados en la geometria de
transformaciones y movimientos (isometrias) con duracién de
6 horas.

Elaboracion de teselados poligonales a pequefia escala en
soportes de papel (cartulina), aplicando policromia en técnicas
secas y himedas.

Elaboracion de teselados poligonales con material
manipulativo de plastico.
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Actividades realizadas y resultados
obtenidos:

Objetivo n® 2

Actividades que habfa previsto en la
solicitud del proyecto:

Actividades realizadas y resultados
obtenidos:

Objetivo n° 3

Actividades que habia previsto en la
solicitud del proyecto:

Actividades realizadas y resultados
obtenidos:

Digitalizacion de los trabajos realizados y elaboracion de un
documento como material didactico.

Se impartié un curso-taller a un grupo de estudiantes, en el
que se introdujo el concepto de transformaciones
geométricas. Se elaboraron teselados substituyendo los
bloques de plastico por bloques de madera pattern blocks
adquiridos con el presupuesto proporcionado.

Los trabajos finales que se realizaron se documentaron en
fotografias digitales y se llevé a cabo una exposicion en el
vestibulo principal de la facultad de educacién. Los trabajos
enmarcados fueron donados para el decanato de la facultad de
educacién para fines decorativos.

Introducir a los estudiantes para maestro de educacion
primaria en el uso de tecnologfas digitales como herramienta
didactico-pedagogica en la geometria de transformaciones y
movimientos (isomettias).

Realizaciéon de un curso de introduccién al softwate
Geogebra, con el grupo piloto de estudiantes que se haya
formado (duracién 6 horas).

Elaboraciéon de teselados poligonales (digitales) para su
impresion a pequefia escala, empleando policromia digital.

Elaboracion de posters agrupando las teselaciones para
generar formas geométricas a gran escala.

Se impartieron los principios basicos del software Geogebra y
se realizaron ejercicios practicos en la clase antes de iniciar los
mosaicos con los bloques de madera (pattern blocks).
No fue posible imprimir los ejercicios debido a que con los
trabajos realizados no era posible formar un mosaico.

No fue posible elaborar posters y exhibirlos, en cambio se
opté por realizar una exposiciéon con un solo cartel que
describfa de forma general el concepto de teselaciones y
mosaicos.

Activar el aprendizaje colaborativo y basado en proyectos
(ABC y ABP) entre los patticipantes de grupo piloto para
construir un mural-mosaico basado en teselaciones.

Formar grupos dinamicos para construir un mural-mosaico
geométrico (desmontable) a gran escala para exhibicién en la
sala de acceso a la Facultad de Ciencias de la Educacién y en
los pasillos correspondientes.

Elaborar un documento en el que se registre el contenido los
procesos en todas las actividades.

El aprendizaje colaborativo (ABC) y el aprendizaje en
proyectos (ABP), se realizé desde el inicio del curso-taller, ya
que los trabajos fueron realizados en equipos de 4-5
integrantes cada uno.

El mural-mosaico fue sustituido por la exposicion realizada en
el vestibulo principal de la facultad de educacion.

En vez de elaborar un solo documento de registro de
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actividades, se pidi6 a cada equipo que elaboraran un
documento que describa toda la actividad, incluyendo
fotografias.

2. Realice una breve valoraciéon sobre la influencia del proyecto ejecutado en la evolucion de las
asignaturas implicadas.

Andilisis del impacto de Ia innovacion en las asignaturas relacionadas con el proyecto

La asignatura relacionada a este trabajo fue Didactica de las Matematicas 2, cuyos contenidos
curriculares abarcan los conceptos de transformaciones geométricas (isometrias). Para el
alumnado result6 muy favorable emplear material manipulativo para complementar los
conocimientos teéricos.

3. Incluya en la siguiente tabla el nimero de alumnado matriculado y el de respuestas recibidas en
cada opcidn y realice una valoracion critica sobre la influencia que el proyecto ha ejercido en la
opinién del alumnado.

Opinién del alumnado al inicio del proyecto
Numero de alumnado matriculado: 65 alumnos/as

Valoracion del grado de dificultad que cree que va a tener en la comprension de los contenidos y/o en la adguisicion de
competencias asociadas a la asignatura en la que se enmarca el proyecto de innovacion docente

Ninguna , , . Bastante .
dificultad Poca dificultad | Dificultad media dificultad Mucha dificultad
X

Opinion del alumnado en la etapa final del proyecto

Valoracion del grado de dificultad que ha tenido en la comprension de los contenidos y/o en la adguisicion de competencias
asociadas a la asignatura en la gque se enmarca el proyecto de innovacion docente

Ninguna . . . Bastante .
dificultad Poca dificultad | Dificultad media dificultad Mucha dificultad

X

Los elementos de innovacion y mejora docente aplicados en esta asignatura han favorecido mi comprension de los contenidos y/ o
la adquisicion de competencias asociadas a la asignatura

Nada de Ni en acuerdo ni Completamente de
Poco de acuerdo Muy de acuerdo 'P
acuerdo en desacuerdo acuerdo

X
En el caso de Ia participacion de profesorado invitado
La participacion del profesorado invitado ha supuesto un gran beneficio en mi formacion

Nada de N1 en acuerdo ni Completamente de
Poco de acuerdo Muy de acuerdo P
acuerdo en desacuerdo acuerdo

X

Valoracion critica sobre Ia influencia que ha ejercido el proyecto en Ia opinion del alumnado
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El proyecto influyé notablemente en el desarrollo del sentido espacial del alumnado,
principalmente en lo que respectan los movimientos en el plano (isometrias). Ademas contribuyé
en el desarrollo de destrezas al utilizar materiales manipulativos.

4. Describa las medidas de difusion a las que se comprometi6 en la solicitud y las que ha llevado a
cabo. Describe, analice y valore los desajustes respecto a lo previsto en el proyecto y las soluciones
aplicadas.

Descripcion de las medidas comprometidas en la solicitud

Difundir los resultados obtenidos mediante publicaciones en:
Preparar un escrito para publicacién en una revista indexada (larticuo).
Comunicacién en un congteso nacional (1 articulo /capitulo de libro).

Comunicacion en un congreso internacional (1 articulo / capitulo de libro).

Descripcion de las medidas que se han llevado a cabo

Se preparé y envié un articulo a una revista indexada, el cual ha sido recientemente aceptado para
su publicacion en la revista Symmetry, Culture and Science.

Se presento y publicé una memoria en el congreso internacional CIVAE.

5. Conclusiones. Entre ellas, describa las aplicaciones futuras del proyecto, su sostenibilidad y
posible continuidad y estrategias para ello.

Conclusiones

El proyecto dio oportunidad para establecer lazos de colaboracion con una escuela secundaria, en
donde se llevé a cabo un taller preliminar para mostrar los bloques de madera (pattern blocks) a
estudiantes de tercer aflo de secundaria. Este taller permitié establecer y diferenciar los grados de
dificultad que pueden aplicarse entre un nivel de ensefianza basica y un nivel universitario. Las dos
publicaciones que se han conseguido muestran estas diferencias. En proyeccion futura se pretende
aplicar estos conocimientos como practicas educativas dentro de los contenidos curriculares de la
asignatura Didactica de las Matematicas 2, en la Facultad de Ciencias de la Educacion.
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Geometry Learning with Pattern Blocks: Spatial Reasoning
in Art Education at secondary school level
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Abstract

An educational innovation experience in art education was conducted in the classroom of a se-
condary school using pattern blocks as teaching material. The proposal follows an interdisciplinary
approach integrating mathematical and artistic content, situating the learning of plane isometries as
the basis for creating geometric and visual compositions. The intervention was implemented as a
practical workshop in which students, through guided activities, progressively developed the capacity
to apply geometric transformations in the plane. The methodology linked semi-regular tessellations
with artistic compositions, supporting the development of spatial reasoning. This experience acts as
a motivational agent for converting the art classroom into an active mathematical learning environ-
ment. Results indicate an increase of student engagement, persistence in tasks resolution, and im-
provement in spatial visualization skills in geometric contexts highlighting the potential of combining
manipulation of teaching material in interdisciplinary learning processes within compulsory curricula.

Keywords: Spatial Reasoning, Pattern Blocks, Secondary Education, Art Education, Geometry.
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Aprendizaje geométrico con pattern blocks: razonamiento espacial
en Educacion Artistica a un nivel de Educaciéon Secundaria

Resumen

Se presenta una experiencia de innovacion en educacion artistica llevada a cabo en el aula de una
escuela de Educacién Secundaria Obligatoria mediante el uso de pattern blocks como recurso ma-
nipulativo. Esta propuesta multidisciplinar integra contenidos matematicos y artisticos, situando el
aprendizaje de las isometrias en el plano como base para la creacién de composiciones geométricas
y visuales. La intervencion se desarrollé como un taller practico en el que el alumnado, mediante ac-
tividades guiadas, desarrollé progresivamente la capacidad de aplicar transformaciones geométricas
en el plano. La metodologia vincula teselaciones semi-regulares con composiciones artisticas, favo-
reciendo el desarrollo del razonamiento espacial. Esta experiencia actia como agente motivador para
convertir el aula de plastica en un entorno de aprendizaje matematico activo. Los resultados sugieren
una mayor implicacion del alumnado en la resolucion de tareas y mejora en las habilidades de visuali-
zacién espacial en contextos geométricos. Destaca el potencial que tiene la combinacion de materiales
manipulativos en los procesos de aprendizaje interdisciplinario dentro de los curriculums obligatorios.

Palabras clave: Razonamiento espacial, Pattern blocks, Educacién Secundaria, Educacién Artistica,
Geometria.

Introduction

In secondary education curricula, subjects are often separated into disciplinary fields, hindering in-
tegrated competence acquisition. Geometry is commonly taught through memorized constructions,
while art education emphasizes creative expression without fully addressing the mathematical structu-
re underlying visual images. Nevertheless, both domains share concepts supporting interdisciplinary
approaches (Gerdes, 1999).

Geometric understanding depends on spatial reasoning and skills to recognize and transform ele-
ments in the plane and space, therefore, visualization and experimentation are essential, as well as iso-
metries since they involve movement, shape preservation, and spatial relationships (Gutiérrez, 2005).

Active learning strategies (Vale & Barbosa, 2023) increase engagement through challenge-based
learning and generates direct feedback, encouraging participation and persistence. Hence, linking geo-
metry with artistic creation through mosaics and tessellations can provide support to visual comprehen-
sion of geometric objects, while manipulative materials connect action with abstraction. Based on this
framework, this study analyses an educational innovation experience with third-year secondary school
students. A dynamic workshop using pattern blocks addresses geometric transformations as a tool for
artistic creation to foster spatial reasoning and active participation.

Spatial Reasoning and Artistic Geometry

Since the last two decades, several studies have demonstrated that the incorporation of tessellations
in educational contexts enhances motivation and creativity for the learning processes at all academic
levels (Ward, 2003; Revelo & Bedoya, 2025; Uribe et al., 2014). Furthermore, it is a fact that integration
of visual arts into the mathematics curriculum is already being implemented in several countries as it
favours an increase in academic performance (Nutov, 2021; Santos, 2024).
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Active learning promotes participation, persistence in the face of difficulty, and cognitive involve-
ment, particularly in practical learning environments reorganizing the educational experience through
challenges, progression, feedback, and decision-making and positioning students as active partici-
pants in knowledge construction.

The learning of geometry is closely related to the development of spatial reasoning, understood
as the ability to recognize, represent, and transform shapes in the plane and in space (Battista et al.,
1982). This involves constructing mental images and understanding spatial relationships essential for
mathematical reasoning (Clements & Sarama, 2009). Consequently, geometry teaching becomes more
meaningful when supported by manipulative and perceptual experiences linking action and abstraction.

Geometric transformations such as translation, rotation, and reflection constitute a fundamental
component in geometric reasoning. Their application in mosaics and tessellations links mathematics
with artistic creation, thus turning mathematics into a visual language shared by art and science. In
this context, manipulative materials facilitate the understanding of abstract concepts through direct
interaction (Bruner, 1966). Pattern blocks are especially effective for exploring geometric relationships,
constructing tessellations, and experimenting with plane transformations, supporting the transition from
concrete experience to symbolic representation and promoting interdisciplinary learning across mathe-
matics and art education (Riera et al., 2015).

Methodology

The study follows a qualitative descriptive-interpretative approach. The objective focuses on analy-
sing the active learning process generated after implementing a teaching proposal. Accordingly, the
methodology is based on systematic classroom observation and analysis of students’ productions as
evidence of learning.

The intervention was conducted during the first term of the 2025/2026 academic year in four
groups of 3rd year Compulsory Secondary Education at a secondary school in the province of Cadiz
(Spain). The intervention was integrated into the teaching program of the subject Visual and Audio-vi-
sual Arts Education. No prior selection of participants was conducted, and the activity took place in a
real teaching—learning context.

The groups presented heterogeneous learning levels, allowing analysis of the inclusive potential
of active learning methodology and its capacity to facilitate the understanding of geometric concepts
through visual creation.

The intervention consisted of an interactive workshop based on the use of pattern blocks for
learning geometric transformations in the plane. The proposal was organized into sequenced sessions
combining manipulative exploration, progressive challenge solving, and artistic creation.

For the analysis of the experience, qualitative instruments were used, including direct observa-
tion, photographic records of the work processes, and students’ final productions. These sources of
evidence made it possible to analyze the spatial reasoning and student engagement. The analysis was
conducted through qualitative categorization of the collected evidence, focusing on two dimensions:
the development of spatial reasoning and participation in an active learning. Source triangulation al-
lowed interpretation of the impact of the proposal on interdisciplinary learning between mathematics
and art education.
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Results and Discussion

The analysis of the intervention, based on systematic classroom observation, students’ final produc-
tions and photographic records, revealed changes in both the spatial organization of the compositions
and student engagement during the activity. The manipulation of pattern blocks promoted a progressive
structuring of the productions. While trial and error predominated initially, later stages showed prior
planning and anticipation of results. Students began grouping pieces according to congruence, con-
tinuity, and modular repetition, identifying axes and directions of the semi-regular tessellation growth.
This evolution indicates a transition from a global perception of figures to a relational understanding of
geometric structures associated with the development of spatial reasoning. This process corresponds
to progression in which experimentation precedes formal conceptualization.

At the same time, the active learning modified students’ participation compared with previous lec-
ture-based sessions. Increased sustained attention, persistence in the face of difficulty, and autonomy
in solving challenges were observed. We confirmed this tendency: students highlighted the possibility
of testing solutions until achieving a satisfactory result, interpreting error as part of the learning process.
These behaviours align with approaches describing active learning as a reorganization of learning ba-
sed on challenges and continuous feedback, promoting task persistence and decision-making. Overall,
the combination of manipulation of pattern blocks simultaneously enhanced student engagement and
spatial reasoning, establishing a bridge between artistic experience and geometric organization. Figure
1 summarises the active learning and some works made by students during the workshop.

Note. a) Active learning in the classroom. b) Free experimentation. c) Semi-regular tessellation. d) Hexagonal composition. e) Circular composition.

Figure 1. Razonamiento espacial con pattern blocks, C. Heredia-Martinez y A. Colin, 2025.

Conclusions

The implemented experience shows that incorporating active learning strategies in Secondary Edu-
cation promotes more active and sustained student participation in learning geometry. Reorganizing
the activity around challenges and experimentation encouraged persistent engagement in solving
spatial problems.

The use of pattern blocks facilitated the understanding of isometries by allowing direct observa-
tion and manipulation, supporting the progressive construction of geometric meanings prior to forma-
lization. The integration of mathematics and Art Education also helped interpret plane transformations
as visual phenomena, reinforcing conceptual understanding.

From a didactic perspective, the results indicates that active learning combined with manipulative
materials and an interdisciplinary approach, suggest potential as a teaching strategy for addressing
abstract content in compulsory educational contexts. The proposal increases student engagement and
strengthens the relationship between perception, action, and conceptualization.
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As a future line of work, the experience could be extended to other educational levels and its con-
tinuity analysed in terms of transferring geometric knowledge to new learning contexts. In this context,
artistic creation functions as a mediating learning environment rather than a directly evaluated variable.
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multidisciplinary disciplines through guided instructions for progressively acquire
visualization skills applying the concept of isometries. The strategy suggests
mathematical connections with some artistics aspects to reinforce geometric reasoning
and spatial sense, thus transforming the art classroom into a space for mathematical
learning and artistic creation. This approach allows geometry to be understood as a form
of visual thinking. As students combine, repeat and arrange the pieces on the plane, they
observe relationships, compare forms, make compositional decisions and construct
images with aesthetic meaning. The activity therefore occupies a shared space between
mathematics education, art education and visual culture, where spatial reasoning
becomes a creative experience. An exhibition of ten artworks was carried out as an
outrech activity in irder to attract student’s attention of this topic. The visual responses
of espectators showed positive attitudes not only from prospective teachers but also from
teachers in service and researchers highlingting the potencial of using pattern blocks as
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an educational innovation resource. The exhibition was held in the lobby at the Faculty
of Education of an Spanish University.

Pattern blocks have been widely studied due to its versatility as teaching materials in
mathematics education (Caglayan, 2020; Changsri, et al., 2024). They geometrical forms,
dimensions, and colours are suitable for developing metacognition skills in the classroom
(Mahdavi, 2014). Furthermore, they allow to address several topics of mathematics such
as number sense, spatial reasoning, geometry measurements and algebra among other
things. However, pattern blocks have not been considered for exhibition as small-scale
artistic pieces.

This proposal explores precisely that possibility. Pattern blocks move from being
manipulative materials to functioning as visual modules for the creation of relief
compositions. The geometric piece thus becomes a starting point for observing,
combining, arranging and creating, opening up connections between mathematics
education, art education and visual culture.

From a mathematical point, pattern blocks can be considered as geometrical prisms, since
they are manufactured as three-dimensional bodies. From an artistic point, they provide
many possibilities for creating geometrical compositions in relief starting from a flat
surface. The pieces of pattern blocks facilitate understanding the concepts such as
polygonal tessellations: regular, and semi-regular. The first one, only can be constructed
using triangles, squares or hexagons. The second one, combines several polygons as long
as their adjacent sides have the same dimension to avoid gaps between them, as is
depicted in Figure 1. For our purposes, the concept of tessellations implies spatial
visualization through isometries, which are geometric transformation in the plane.
Interested readers can find a full description of these concepts in Martin (1982) and Colin
(2026).
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Figure 1: Polygonal tessellations: regular (up), and semi-regular (down).

The exhibition was composed by ten artworks, each one built on a thick cardboard
support, which was painted with black paint. Each piece was glued on the cardboard
avoiding any gaps. Once finished, they were framed in a frame of 50 x 70 cm covered
with a transparent methacrylate glass and hung on a wall of the main hall at the entrance
of the faculty, as is shown in Figure 2.

Figure 2: Ten artworks in exhibition.

The installation in the Faculty’s lobby added a public and communicative dimension to
the project. Once placed in a space of everyday circulation within the university, the
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compositions moved beyond the internal classroom process and began to engage with
other viewers: students, teaching staff, researchers and visitors. From this perspective, the
exhibition acted as a form of mediation between geometry, artistic creation and the
academic community.

The free access to the hall led us to observe great interest from students for participating
in future activities like this. Up to now, we have conducted two workshops at different
educational levels. The first one, with five groups in a secondary school (Heredia-
Martinez & Colin, 2026), and the second one with a group of 54 primary school
prospective teachers.

The meaning of the works expands through the relationship between object, space and
audience. This public presentation helped disseminate mathematical content through
visual language and highlighted the artistic value of productions created from a didactic
material.

The compositions created with pattern blocks reveal the close relationship between
geometric reasoning and artistic creation. Each formal decision involves a spatial
operation which, when made visible, helps students understand symmetry through
perceptual and manipulative experience. Taken as a whole (Figures 3-6), the exhibition
showed that geometry can be understood as more than an abstract mathematical content:
it can also operate as a visual language capable of generating forms, rhythms, balances
and plastic variations.

e
0
Y )

1

8

Figure 3: Left: Square composition combining squares, trapeziums and rhombus. Right:
rhomboid composition combining rhombus, triangles, trapeziums and hexagons.
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Figure 4: Four composition following circular trajectories. Note that three of them combine the six pieces of
patttern blocks.

Figure 5: Left: hexagonal composition combining triangles, rhombus and hexagons. Right: Rhomboidal
composition combining five pieces of pattern blocks.
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Figure 6: Left: Hexagonal compoition combining four pieces of pattern blocks. Right: Triangular composition
combining six pieces of pattern blocks.

The public presentation of the pieces in a university space also added an affective and
communicative dimension to learning. Exhibiting a selection of high-quality works
recognizes students’ effort and transforms their productions into cultural objects capable
of engaging with wider audiences. Activities of this kind foster motivation, academic self-
esteem, creativity and a sense of belonging to an educational community.

The gallery therefore functions as a dissemination strategy: it brings geometry closer to
non-specialist audiences and shows how art can become an accessible way to understand
mathematical concepts, while strengthening the relationship between research, teaching
innovation and the social transfer of knowledge.

The careful presentation of the works also helped reinforce students’ sense of authorship
and creative engagement. Displayed within an exhibition context, the productions gained
presence, recognition and shared value. In this way, the exhibition made it possible to
highlight the quality of the processes developed in the classroom and to underline the
importance of caring for both artistic production and its public presentation.

The experience also had subsequent continuity within the Cultural Programmes
developed at IES Profesor Antonio Muro during the 2025-2026 academic year, within
the line Vivir y Sentir el Patrimonio. The proposal was presented at the final Cultural
Programmes conference in the province of Cadiz, thereby broadening the scope of the
exhibition and linking the project to an educational programme oriented towards cultural
and artistic competence, collective creation and the relationship between school,
university and the educational community.
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