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Abstract

Manipulative materials are widely considered valuable resources in geometry education
because they may support visualization, spatial reasoning, and conceptual understanding
when implemented within appropriate instructional contexts. However, many existing
resources focus on isolated concepts and provide limited opportunities for connecting
geometric relationships through transformation and decomposition. This study presents
Geomaniguras, a manipulative material designed for upper primary and lower secondary
education. The research adopts a design and development approach focused on pedagogi-
cal design and expert-based validation rather than measuring student learning outcomes.
The study combined prototype construction, expert evaluation, and iterative refinement.
Twelve specialists in mathematics education assessed the material using a structured vali-
dation guide addressing pedagogical usefulness, conceptual coherence, usability, visual
design, and classroom applicability. Results indicate that experts perceived Geomaniguras
as a potentially valuable resource for exploring polygon classification, area relationships, ge-
ometric decomposition, circumference, and the Pythagorean theorem. The findings provide
preliminary evidence regarding the pedagogical plausibility and classroom applicability
of the material, although no direct conclusions can yet be drawn about instructional effec-
tiveness. The originality of the proposal lies in its integrated conceptual framework, which
connects multiple geometric learning experiences within a single manipulative system.

Keywords: geometry education; manipulative materials; mathematical reasoning; geometric
thinking; conceptual understanding; Van Hiele theory

1. Introduction
Mathematics constitutes a fundamental discipline for understanding and interpreting

the world and plays a central role in scientific and technological development. Mathe-
matical reasoning is involved in numerous everyday situations, including measurement,
interpretation of graphical information, spatial orientation, and problem-solving. As
Acharya (2017) argues, mathematics plays a central role in science and technology develop-
ment. Nevertheless, mathematics continues to represent one of the areas in which students
experience the greatest learning difficulties throughout compulsory education.

Research has consistently shown that these difficulties frequently emerge during pri-
mary education and may persist over time if students fail to develop meaningful conceptual
understanding (Mangarin & Caballes, 2024). Geometry has been identified as one of the
most challenging areas of mathematics learning. According to Clements and Battista (1992),
many students develop only superficial knowledge of geometric concepts, relying on the
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visual appearance of shapes rather than on their properties and relationships. Consequently,
misconceptions regarding the classification of figures, spatial relationships, and geometric
reasoning are common, largely due to traditional instructional approaches that emphasize
memorization and procedural tasks over conceptual understanding. These difficulties often
limit students’ progression towards higher levels of geometric thinking. In response, recent
research has argued that geometry instruction should move beyond the passive learning
of definitions and properties towards activities that promote spatial reasoning through
composing, decomposing, transforming, and manipulating geometric figures (Sinclair &
Bruce, 2015). Similarly, Clements (2003) reported a progressive decline in students’ motiva-
tion and achievement in geometry, often associated with instructional practices focused on
formulas and routine procedures rather than on reasoning and conceptual development.

These findings have led researchers to advocate for learning environments that pro-
mote active exploration and spatial reasoning from the earliest years of schooling. Clements
and Battista (1992) argue that geometry instruction should provide opportunities for stu-
dents to manipulate geometric objects, compare their properties, and progressively con-
struct increasingly sophisticated geometric concepts. Sinclair and Bruce (2015) argue that
spatial reasoning should become a central component of primary geometry, encouraging
students to actively explore geometric relationships rather than simply identify and clas-
sify figures. Likewise, Fujita (2012) showed that students’ understanding of hierarchical
relationships between quadrilaterals improves when they are encouraged to investigate,
compare, and justify geometric properties instead of relying solely on visual prototypes.
These studies collectively suggest that inquiry-based and hands-on experiences may pro-
vide favourable conditions for the development of conceptual understanding compared
with predominantly procedural instruction.

Recent studies in mathematics education further emphasize the importance of pro-
moting meaningful learning through active and exploratory experiences (Koskinen &
Pitkäniemi, 2022). Within this framework, manipulative materials have been widely rec-
ognized as valuable educational resources because they facilitate visual, tactile, and con-
structive interaction with mathematical concepts (Carbonneau et al., 2013; Ponte et al.,
2023). Previous research has shown that hands-on activities can support the transition
from concrete experiences to abstract reasoning, enhance students’ spatial reasoning, and
improve engagement and conceptual understanding (Clements & Sarama, 2011; Fujita,
2012; Bartolini & Martignone, 2020; Matos et al., 2023; Milenković et al., 2025). In particular,
Clements and Sarama (2011) argue that mathematical learning is strengthened when stu-
dents actively construct knowledge through carefully designed instructional experiences,
rather than simply manipulating objects without pedagogical guidance. Accordingly, the
educational value of manipulative materials depends not only on their physical charac-
teristics but also on the quality of the tasks and teacher mediation that accompany their
use (Arnal-Bailera & Arnal-Palacián, 2023). In geometry education, several manipulative
materials have traditionally been employed, including tangrams, geoboards, logical blocks,
and geometric pattern blocks (Larbi & Mavis, 2016; Sibiya, 2020). These materials contribute
to the development of spatial reasoning, classification skills, visualization, and geometric
composition. However, many of these resources tend to address isolated concepts and
do not always provide an integrated framework connecting geometric transformations,
measurement, decomposition, and area reasoning.

This perspective is closely related to Van Hiele’s theory of geometric thinking, one of
the most influential theoretical frameworks in geometry education (Burger & Shaughnessy,
1986; Van Hiele, 1986). According to Van Hiele, students progress through different levels of
geometric understanding, evolving from simple visual recognition of shapes toward analyt-
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ical, relational, and deductive reasoning. Educational experiences involving manipulation,
visualization, and exploration are particularly important for facilitating these transitions.

More recent research has also emphasized the importance of embodied cognition
and visuospatial reasoning in mathematics learning. Physical interaction with geometric
representations may support students’ ability to mentally transform figures, identify in-
variant properties, and coordinate multiple representations during problem-solving (Fujita
et al., 2022; Jablonski & Ludwig, 2023). From this perspective, manipulative materials
may function not only as motivational resources but also as mediational tools supporting
conceptual abstraction.

In recent years, digital tools such as GeoGebra and augmented reality applications
have also been incorporated into geometry teaching (Ibili et al., 2019; Rodríguez et al.,
2019). Although these technologies offer important advantages for visualization, physical
manipulatives continue to provide unique opportunities for embodied learning and direct
interaction with geometric properties.

Within this context, the present study introduces Geomaniguras, a manipulative
material designed primarily to support geometry learning in upper primary and lower
secondary education. The contribution of the material lies mainly in the integration of
multiple geometric concepts into a coherent manipulative system rather than in the creation
of entirely novel geometric forms. The material was subsequently registered in Spain as a
protected utility model, reflecting the originality of its structural configuration. Figure 1
shows an overview of the Geomaniguras set.

Figure 1. Overview of the Geomaniguras set.

Specifically, the objectives of this study are as follows:

1. To present the conceptual and pedagogical foundations underlying the design of
Geomaniguras.

2. To describe its educational applications for geometry instruction.
3. To report the expert validation process used to refine the material.

Importantly, the study does not attempt to evaluate the effectiveness of Geomaniguras
on student achievement or geometric reasoning development. Instead, it focuses on
the design rationale, expert-based pedagogical validation, and refinement process of the
material as a preliminary stage prior to future classroom intervention studies.

2. Geomaniguras: Structure and Educational Applications
Geomaniguras consists of 33 geometric pieces made of laminated birch wood with

embedded magnets that allow pieces to be combined and separated easily. The pieces
are coated with erasable acrylic paint to facilitate annotations during classroom activities.
Figure 2 shows a complete set of Geomaniguras.
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Figure 2. Complete set of Geomaniguras.

The approximate dimensions of the pieces range from 4 cm to 18 cm depending on the
geometric family, allowing manipulation both individually and in small-group classroom
settings. The use of laminated birch wood was selected to ensure durability, moderate
weight, and safe handling during repeated educational use.

For organizational purposes, the material is divided into six groups of pieces, each
oriented toward specific geometric concepts and reasoning processes.

2.1. Group F1: Triangles and Area Relationships

This group includes acute and right triangles designed to support the study of the
following:

• Comparison of different triangle types.
• Composition of figures.
• Area relationships between triangles and parallelograms.

The material was designed to allow students to visually explore how two congruent
triangles form a parallelogram and deduce the formula for the area of a triangle. Figure 3
shows the pieces of Group F1.

Figure 3. Composition of triangles into a parallelogram.

Example classroom task:
Students are asked to construct different parallelograms using congruent triangles and

compare resulting areas. Teachers may guide discussion through questions such as “What
remains invariant when the triangles are rearranged?” and “How can the area formula of a
triangle be derived from the area of a parallelogram?”

2.2. Group F2: Rectangles, Rhombuses, and Triangles

The second group supports the exploration of the following:

• Properties of rhombuses.
• Derivation of the area formula for rhombuses.

https://doi.org/10.3390/educsci16081195
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The manipulative transformations are intended to help students establish relationships
between rectangles, rhombuses, and triangles. Figure 4 shows the pieces of Group F2.

Figure 4. Formation of a rhombus from triangles.

2.3. Group F3: Pythagorean Theorem and Area Measurement

This group was specifically designed to facilitate the following:

• Geometric demonstration of the Pythagorean theorem.
• Understanding of area measurement.
• Derivation of rectangle and square area formulas.

Students may manipulate squares and rectangles to verify visually that the area of the
square on the hypotenuse equals the sum of the areas of the squares on the legs of a right
triangle. Figure 5 shows the pieces of Group F3.

 

Figure 5. Visual proof of the Pythagorean theorem.

The activities associated with this group are to be designed primarily according to
target transitions between Van Hiele Levels 1 and 2 by encouraging students to move from
visual recognition toward analysis of geometric relationships and area equivalence.

2.4. Group F4: Trapezoids

This set includes scalene, isosceles, and right trapezoids. The pieces are designed to
support the following:

• Classification of trapezoids.
• Comparison between quadrilaterals.
• Derivation of the trapezoid area formula through composition.

https://doi.org/10.3390/educsci16081195
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These activities were designed to encourage students to develop a deeper conceptual
understanding of trapezoid properties and their relationships with other quadrilaterals.
Figure 6 shows the pieces of Group F4.

Figure 6. Derivation of trapezoid area by composition.

2.5. Group F5: Regular Polygons

This group contains regular polygons sharing the same radius, namely a pentagon
(pieces P1 and TP1), a hexagon (P2 and TP2), and an octagon (P3 and TP3), allowing
students to explore the following:

• Polygon classification.
• Central and interior angles.
• Relationships between the radius and side length.
• Derivation of the area formula for regular polygons.

These activities are intended to support reasoning about polygon decomposition into
congruent triangles. Figure 7 shows the pieces of Group F5.

Figure 7. Decomposition of a regular polygon.
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2.6. Group F6: Circular Figures

The final group focuses on circles and related figures, including sectors and circular
annuli. Educational applications include the following:

• Circumference and arc length.
• Estimation of the value of π.
• Deduction of circumference formulas.
• Conceptual derivation of the area of a circle.

The connection between regular polygons and circles enables students to reason about
the circle as the limiting case of polygons. Figure 8 shows the pieces of Group F6.

 

Figure 8. Circular figures.

3. Methodology
This study adopts a design and development research approach focused on the creation

and pedagogical validation of a manipulative material for geometry instruction. Design
and development research is particularly appropriate for studies aimed at generating
educational innovations through iterative cycles of design, expert review, and refinement
(Richey & Klein, 2007).

The research process consisted of three main stages: conceptual design, expert valida-
tion, and refinement of the final material.

3.1. Design Phase

The initial design of Geomaniguras was guided by three pedagogical principles:

1. Promotion of conceptual understanding through manipulation.
2. Integration of multiple geometric concepts within a unified system.
3. Facilitation of geometric reasoning through decomposition and transformation.

The material was designed to support activities related to polygon classification, area
reasoning, geometric composition, circumference, and the Pythagorean theorem.
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https://doi.org/10.3390/educsci16081195


Educ. Sci. 2026, 16, 1195 8 of 20

The design process involved several iterative prototype versions developed between
2023 and 2025. The initial prototype consisted of unfinished wooden pieces without colour
differentiation, polarity indicators, or enlarged F3 components. These characteristics were
subsequently modified following expert feedback. Early prototypes were tested internally
by the research team through simulated classroom tasks to identify usability issues related
to size, magnet placement, and manipulation. These preliminary iterations informed the
version subsequently presented to the expert panel.

3.2. Participants

The validation phase involved 12 experts in mathematics education selected through
purposive sampling. The panel included the following:

• Six university lecturers specialized in mathematics education.
• Four secondary mathematics teachers with experience in geometry instruction.
• Two curriculum specialists in secondary mathematics education.

Participants had between 8 and 27 years of professional experience (M = 16.4). All
experts had previous experience using manipulative materials in mathematics teaching.
Although Geomaniguras is intended for both upper primary and lower secondary educa-
tion, the expert panel was intentionally composed of specialists with extensive experience
in geometry instruction, curriculum design, and mathematics education research. Future
validation studies should include primary school teachers. None of the experts involved in
the validation process participated in the design or development of Geomaniguras, nor
had they collaborated previously with the authors in this project. Selection criteria required
participants to meet at least two of the following conditions:

• Published research in mathematics education.
• A minimum of five years of geometry teaching experience.
• Experience in curriculum development.
• Prior use of manipulative resources in mathematics instruction.

The expert panel included professionals from different educational institutions in
Castilla-La Mancha and Madrid, ensuring diversity in teaching contexts and educational
perspectives.

3.3. Validation

A structured validation guide was specifically designed for the study. The instrument
consisted of 24 items organized into five dimensions:

1. Pedagogical usefulness (6 items): This dimension assesses the material’s capacity to fa-
cilitate the teaching–learning process, achieve specific geometric curricular goals, and
foster cognitive development, spatial reasoning, and geometric thinking in students.

a. The material facilitates the visualization of geometric relationships.
b. The instrument helps students effectively identify the core properties of various

geometric shapes.
c. The use of this material enables active learning and student engagement during

geometry lessons.
d. The resource is suitable for introducing geometric concepts in an intuitive

manner.
e. The material encourages mathematical communication, reasoning, and discus-

sion among peers.
f. The tool provides a clear pedagogical advantage compared to abstract or tradi-

tional 2D representations.

https://doi.org/10.3390/educsci16081195

https://doi.org/10.3390/educsci16081195


Educ. Sci. 2026, 16, 1195 9 of 20

2. Conceptual coherence (5 items): This dimension measures the scientific and mathemati-
cal rigor of the resource, ensuring that the pieces, shapes, and structures accurately
represent theoretical geometric concepts without inducing misconceptions.

a. The manipulative system supports reasoning through decomposition and re-
composition.

b. The terminology and mathematical foundations underlying the material are
accurate and scientifically rigorous.

c. The geometric attributes of the pieces (e.g., angles, proportions, symmetry) are
mathematically precise and consistent.

d. The design of the resource is fully aligned with the geometric standards of the
current.

e. The material allows for a logical progression from basic geometric properties to
advanced spatial orientation.

3. Usability and manipulation (5 items). This dimension analyses the user experience,
ergonomics, physical durability, and how intuitive the manual handling of the pieces
is for students during autonomous or guided activities.

a. The components of the material are easy to handle and manipulate by the target
student age group.

b. The physical connection, coupling, or assembly mechanism between the pieces
functions smoothly.

c. Students can independently use the manipulative system without requiring
constant technical intervention from the teacher.

d. The materials are durable, robust, and safe enough to withstand frequent han-
dling in an everyday educational setting.

e. The physical storage, sorting, and organization of the pieces are practical and
intuitive for classroom routines.

4. Visual and material design (4 items): This dimension focuses on the aesthetic, sensory,
and structural characteristics of the resource, evaluating whether the selection of
colours, textures, sizes, and finishes is appealing, functional, and safe for its educa-
tional purpose.

a. The colour scheme used in the pieces effectively helps to distinguish, contrast,
and categorize different geometric elements.

b. The texture, weight, and finish of the material are visually appealing, ergonomic,
and pleasant to touch.

c. The visual layout of the components minimizes cognitive overload and en-
hances student focus on the geometric task.

d. The material used is safe, non-toxic, and maintains high visual clarity for all
students.

5. Classroom applicability (4 items): This dimension evaluates the practical feasibility of
integrating the resource into actual classroom dynamics, considering time constraints,
space management, inclusivity, and adaptability to various teaching methodologies.

a. The dimensions and physical characteristics of the pieces are appropriate for
classroom use.

b. The learning activities involving the material can be realistically completed
within a standard school session.

c. The resource is versatile enough to be seamlessly integrated into individual,
small-group, or whole-class dynamics.

d. The material can be easily adapted or differentiated to accommodate students
with diverse learning needs and paces.
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Each item was evaluated using a 5-point Likert scale ranging from 1 (strongly disagree)
to 5 (strongly agree).

Examples of evaluation items included the following:

• “The material facilitates the visualization of geometric relationships.”
• “The manipulative system supports reasoning through decomposition and recomposition.”
• “The dimensions and physical characteristics of the pieces are appropriate for class-

room use.”

Additionally, experts were invited to provide qualitative comments and suggestions
for improvement.

The internal consistency of the instrument was assessed using Cronbach’s alpha,
obtaining a coefficient of 0.89. Although this value suggests satisfactory internal consistency
for the purposes of the present exploratory study, the relatively small number of experts
requires these results to be interpreted as preliminary evidence rather than as definitive
psychometric validation of the instrument.

Each expert participated in an individual evaluation session lasting approximately
60–75 min. During the sessions, participants were first introduced to the pedagogical objec-
tives of Geomaniguras and subsequently engaged in guided manipulation tasks involving
polygon composition, area transformation, and geometric decomposition activities.

Experts were encouraged to explore the material freely after the guided tasks and to
evaluate both pedagogical affordances and practical usability aspects. Written evaluations
were completed individually at the end of each session.

Content validity was established through iterative review by three university re-
searchers with expertise in mathematics education and educational measurement, who
independently examined the relevance, clarity, and alignment of each item with the in-
tended validation dimensions. Minor wording revisions were introduced before the in-
strument was administered to the expert panel. Given the limited sample size, exploratory
or confirmatory factor analyses were intentionally not conducted. Consequently, the
construct validity of the instrument should be regarded as preliminary. Additional stud-
ies involving larger and more diverse samples will be necessary to further examine its
psychometric properties.

3.4. Data Analysis

Quantitative responses were analysed descriptively using means and standard devia-
tions for each dimension of the validation guide. The material obtained an overall mean
score of 4.63 out of 5.

In addition to descriptive statistics, item-level analyses were conducted to identify
strengths and weaknesses associated with specific pedagogical and usability dimensions of
the material. Mean scores above 4.50 were interpreted as indicators of substantial conver-
gence of expert opinions regarding the educational suitability of the corresponding feature,
whereas values below 4.00 were considered indicators requiring revision or redesign.

To examine the internal consistency of the validation instrument, Cronbach’s alpha
coefficients were calculated both globally and by dimension. The overall instrument ob-
tained an alpha coefficient of 0.89, suggesting satisfactory internal consistency within the
context of the present exploratory expert-validation study. Given the limited sample size,
these coefficients should be interpreted cautiously and regarded as preliminary indicators
rather than definitive evidence of the instrument’s psychometric quality. Dimension-specific
coefficients ranged from 0.78 to 0.91, suggesting satisfactory consistency across categories.
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Inter-item correlations were also examined to identify possible redundancies among
indicators. Correlation values remained within acceptable ranges (r = 0.41–0.76), supporting
the conceptual coherence of the instrument while avoiding excessive overlap between items.

Given the exploratory nature of the study and the relatively small expert sample,
inferential statistical analyses were not conducted. Nevertheless, dispersion measures were
carefully examined to identify dimensions showing lower consensus among participants.
In particular, the usability and manipulation dimension obtained the highest standard
deviation (SD = 0.71), indicating greater variability in expert perceptions regarding the
handling of smaller components.

To facilitate interpretation of results, percentage distributions were additionally calcu-
lated for each response category. Across all dimensions, 83.4% of responses corresponded
to scores of 4 or 5, suggesting generally positive evaluations of the material. Negative
evaluations (scores 1 or 2) represented less than 4% of all responses.

Qualitative comments were analysed through thematic coding.
The qualitative analysis followed an inductive thematic approach inspired by Braun

and Clarke (2008). The coding process involved three stages:

1. Initial open coding of all written comments.
2. Grouping of codes into broader conceptual categories.
3. Review and refinement of themes by two members of the research team.

A total of 67 individual comments were extracted from the expert reports. During the
first coding cycle, 21 preliminary codes were identified. These codes were subsequently
grouped into four broader thematic categories related to usability, visual organization,
conceptual affordances, and classroom implementation.

To improve analytical trustworthiness, two researchers independently coded the qual-
itative data and later compared categorizations. Intercoder agreement reached 87% prior to
consensus discussions. Disagreements were resolved through negotiated interpretation
until full agreement was achieved.

Frequency analysis of qualitative themes revealed that the most recurrent category
involved comments concerning conceptual integration and geometric reasoning (31.3% of
coded excerpts), followed by usability and manipulation issues (28.4%), visual organization
and colour differentiation (22.4%), and classroom implementation considerations (17.9%).

Thematic analysis also revealed differences in emphasis depending on professional
profile. University researchers more frequently highlighted theoretical coherence and
alignment with Van Hiele’s framework, whereas secondary teachers emphasized classroom
management issues, manipulation speed, and student accessibility.

Representative excerpts illustrating each thematic category were selected to strengthen
interpretive transparency and connect quantitative tendencies with expert narratives. This
integration of descriptive statistical analysis and qualitative thematic interpretation allowed
for a more comprehensive understanding of the pedagogical affordances and limitations
identified during the validation process.

4. Results
This section presents the quantitative evaluation results together with the qualitative

themes identified during expert validation. The integration of both sources of evidence
provides a comprehensive overview of the strengths and limitations identified during the
evaluation process.

The highest-rated dimension was pedagogical usefulness (M = 4.78), followed by
classroom applicability (M = 4.67) and conceptual coherence (M = 4.59). The lowest scores
were associated with manipulation of smaller pieces in the original prototype (M = 3.92),
leading to subsequent redesign modifications.
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These findings should be interpreted as indicators of experts’ perceptions of the
pedagogical plausibility and usability of the material rather than as evidence of educational
effectiveness.

Table 1 presents the descriptive results obtained in the expert validation process.
Beyond the generally high quantitative ratings obtained across all five dimensions, the
results suggest that the experts perceived Geomaniguras as a pedagogically coherent
resource whose different design features work together to support geometry teaching. The
consistently positive evaluations indicate that the experts did not identify isolated strengths
but rather recognized a balance between conceptual accuracy, educational usefulness,
classroom applicability, and technical design. This convergence is particularly relevant
because it suggests that the material was considered feasible for classroom implementation.
At the same time, the qualitative comments reveal that the experts critically examined
the resource and proposed specific improvements, particularly regarding the size of some
pieces, the magnetic system, colour coding, and instructional guidance. Therefore, the
combination of high quantitative ratings and constructive qualitative feedback supports the
usefulness of the expert validation process for refining the final version of Geomaniguras.

Table 1. Descriptive statistics of expert validation results.

Validation Dimension Mean SD

Pedagogical usefulness 4.78 0.31
Classroom applicability 4.67 0.42
Conceptual coherence 4.59 0.37

Visual and material design 4.54 0.46
Usability and manipulation 3.92 0.71

Overall evaluation 4.63 0.39

Interestingly, the highest ratings were associated with the pedagogical and mathe-
matical dimensions of the material, suggesting that the experts particularly valued its
potential to establish conceptual connections among different geometry topics. This finding
is consistent with the design rationale of Geomaniguras, which seeks to integrate concepts
that are frequently taught separately into a single manipulative system. Consequently, the
quantitative results provide preliminary support for the internal coherence of the proposed
design, while the qualitative evidence identifies practical aspects that should be refined
before large-scale classroom implementation.

Item-level analyses showed that the highest-rated indicators corresponded to the
material’s capacity to support visualization of geometric relationships (M = 4.91), facilitate
decomposition and recomposition processes (M = 4.83), and promote exploratory learning
(M = 4.79). In contrast, lower scores were associated with manipulation of smaller triangular
components (M = 3.76) and rapid assembly during simulated classroom demonstrations
(M = 3.89).

Although the quantitative results indicate a high degree of agreement among the
participating experts, these findings should be interpreted within the methodological scope
of the study. Because the validation relied on a relatively small purposive sample, the
descriptive statistics should be considered preliminary evidence supporting the pedagog-
ical plausibility of the material rather than definitive confirmation of the measurement
properties of the validation instrument.

Analysis of response distributions revealed substantial consensus among experts in
the pedagogical dimensions of the material. More than 90% of participants assigned scores
of 4 or 5 to items related to conceptual coherence and educational applicability. Conversely,
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the manipulation dimension displayed greater variability, reflecting differing perceptions
regarding the ergonomic suitability of some prototype components.

Comparison of responses according to professional profile suggested slight differences
in evaluative emphasis. University lecturers tended to assign higher scores to theoretical
coherence and integration of geometric concepts, whereas secondary teachers expressed
greater concern regarding classroom practicality and manipulation efficiency during real in-
structional situations. However, both groups converged in their overall positive assessment
of the material’s educational potential.

Qualitative comments revealed four major themes:

• Need for clearer identification of magnets and polarity.
• Improvement of manipulability of smaller components.
• Enhancement of visual organization through colour differentiation.
• Perceived potential for supporting conceptual geometry learning.

Thematic coding further revealed that experts consistently valued the integrated
nature of the material. Several participants emphasized that Geomaniguras enables con-
nections between concepts that are commonly taught separately in conventional geometry
instruction, particularly between area reasoning, polygon decomposition, and geometric
transformation.

Another recurrent theme concerned the role of manipulation in supporting mathemati-
cal discourse. Experts noted that the material appeared especially suitable for collaborative
exploration activities in which students justify geometric relationships verbally while
manipulating figures physically.

Comments associated with usability focused mainly on the dimensions of some pieces
and the need for clearer visual cues to support rapid assembly. These observations directly
informed the redesign process described in the following section.

Representative expert comments included observations such as the following:

• “The material allows students to visualize area equivalence in ways that are difficult
to achieve through traditional textbook explanations.”

• “Some pieces are initially difficult to manipulate quickly during demonstrations,
particularly the smaller triangular components.”

• “The integrated nature of the system may help students connect different geometric
concepts that are often taught separately.”

• “The possibility of physically transforming figures may encourage richer mathematical
discussion among students.”

Overall, the integration of quantitative and qualitative findings suggests that experts
perceived Geomaniguras as a pedagogically coherent and potentially valuable educational
resource while simultaneously identifying practical aspects requiring refinement before
broader classroom implementation.

5. Design Refinement
Based on the expert feedback, several modifications were introduced into the final

version of Geomaniguras.
First, coloured acrylic paint was added to improve visual differentiation between

groups of pieces and facilitate classroom interaction through erasable annotations.
Second, the polarity of the embedded magnets was indicated on the reverse side of

each piece to simplify manipulation and reduce assembly errors.
Third, several pieces from Group F3 (Pythagorean Theorem and Area Measurement)

were enlarged by approximately 50% because experts reported difficulties manipulating
the smaller prototype components during classroom simulations.
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Finally, the centres of circular figures were marked explicitly to facilitate measurement
activities involving radius and diameter.

The refinement process therefore functioned as an iterative pedagogical optimization
stage intended to improve both usability and conceptual accessibility.

After implementing these modifications, the final version of Geomaniguras was reg-
istered as a utility model in Spain. These modifications improved both the usability and
pedagogical functionality of the material.

6. Educational Potential of Geomaniguras
The educational contribution of Geomaniguras lies not only in its physical design

but also in the conceptual relationships it enables students to establish between geometric
representations.

Unlike manipulative materials designed for isolated tasks, Geomaniguras was de-
signed to integrate multiple geometric concepts within a single coherent framework. Ge-
omaniguras has been designed with the intention of enabling students to progress from
visual recognition of shapes toward analytical reasoning involving transformations, area
relationships, decomposition, and measurement.

This progression aligns with Van Hiele’s model of geometric thinking. In particular,
the material is theoretically intended to support the following:

• Visualization of geometric properties.
• Analysis of relationships between figures.
• Reasoning through decomposition and recomposition.
• Empirical verification of geometric relationships.

The use of manipulatives may also contribute to the development of spatial reasoning
processes such as mental rotation, visualization, and relational reasoning, although these
aspects were not empirically examined in the present study.

The use of magnets and movable pieces is intended to facilitate experimentation and
may encourage active student participation during mathematical exploration.

7. Discussion
The findings of the present study reinforce previous research highlighting the ed-

ucational value of manipulative materials in mathematics learning, particularly within
geometry education (Sowell, 1989; Carbonneau et al., 2013). Consistent with earlier studies,
physical manipulatives may provide favourable conditions for supporting students’ un-
derstanding of abstract geometric concepts by encouraging visual and tactile interaction
(Byrne et al., 2023). Such interaction is particularly relevant in geometry, where students
frequently rely on visual prototypes rather than on the defining properties of geometric
figures, leading to persistent misconceptions and difficulties in developing property-based
geometric reasoning (Fujita, 2012).

Traditional manipulative resources, including tangrams, geoboards, and logical blocks,
have long been recognized as valuable tools for promoting geometric exploration and
supporting students’ mathematical thinking (Tchoshanov, 2011; Larbi & Mavis, 2016;
Sibiya, 2020). These materials provide rich opportunities for students to manipulate
figures, explore geometric relationships, and construct mathematical ideas through active
engagement. However, they have generally been developed to address relatively specific
concepts or sets of learning objectives within the geometry curriculum.

For example, tangrams primarily support spatial visualization, geometric composition,
and transformations; geoboards facilitate the exploration of shapes, perimeter, area, and
coordinate geometry; pattern blocks are particularly useful for investigating tessellations,
symmetry, fractions, and basic geometric relationships; and construction systems such as
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Polydron mainly promote the understanding of three-dimensional geometry and polyhe-
dral structures. Each of these resources has demonstrated considerable educational value
and continues to occupy an important place within mathematics education.

By contrast, Geomaniguras was conceived as an integrated manipulative system
intended to bring together a broad range of geometry topics within a single coherent
instructional framework. Rather than proposing a replacement for existing manipulatives,
the originality of the material lies in its attempt to connect polygon classification, geometric
transformations, decomposition and recomposition of figures, area relationships, derivation
of area formulas, the Pythagorean theorem, regular polygons, circumference, and the
conceptual development of the area of the circle through the same set of manipulative
pieces. Consequently, the principal contribution of Geomaniguras is pedagogical rather
than technological, since its innovation does not reside in the individual components
themselves but in the integrated conceptual framework that they collectively support.

An important distinction therefore concerns the continuity of students’ learning experi-
ences. In many educational settings, different manipulatives are introduced independently
as new curricular contents are addressed, requiring students to repeatedly adapt to dif-
ferent representations, materials, and forms of interaction. Geomaniguras was designed
with the intention of reducing this fragmentation by providing a unified manipulative
environment through which multiple geometry topics may be explored progressively. From
this perspective, the material seeks to facilitate conceptual connections between ideas that
are frequently taught separately within school geometry curricula.

This integrated design may also represent a practical advantage for teachers. Instead of
introducing several different manipulative resources throughout a geometry unit, teachers
may potentially address multiple curricular objectives using the same material. Although
this possible advantage was not empirically examined in the present study, several experts
emphasized during the qualitative evaluation that the coherence and versatility of the
resource constituted one of its principal strengths. These observations should nevertheless
be interpreted as expert perceptions regarding the pedagogical potential of the material
rather than as evidence of its effectiveness in authentic classroom settings.

The originality of the proposal therefore lies primarily in its integrated conceptual
framework rather than in the physical novelty of the material itself. Through manipulative
transformations, students may establish relationships between geometric figures and pro-
gressively construct more advanced forms of geometric reasoning. However, within the
methodological scope of the present study, these learning processes should be understood
as intended pedagogical affordances of the design rather than as empirically demonstrated
educational outcomes. Although the experts consistently perceived Geomaniguras as a
coherent and potentially valuable educational resource, further classroom-based research
will be required to determine whether these anticipated benefits are reflected in measurable
improvements in students’ learning.

From a theoretical perspective, the material was intentionally designed to align with
constructivist approaches to mathematics learning and with Van Hiele’s theory of geometric
thinking (Burger & Shaughnessy, 1986). Activities involving composition, decomposition,
comparison, and transformation were incorporated with the intention of encouraging
students to progress from predominantly visual recognition of geometric figures towards
more analytical reasoning based on the properties and relationships that define them. In
this respect, the design of Geomaniguras attempts to provide learning opportunities that
are theoretically consistent with the progression described by Van Hiele. Nevertheless,
whether the use of the material contributes to students’ progression through these levels
remains an empirical question that was beyond the scope of the present study.
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The present findings are also consistent with recent literature emphasizing the im-
portance of visualization and spatial reasoning in geometry education (Fujita et al., 2022;
Jablonski & Ludwig, 2023). In particular, the development of spatial reasoning skills, in-
cluding mental rotation, visualization, and property-based reasoning, has been identified
as a key component of students’ ability to understand and solve geometric problems. Simi-
larly, Sinclair and Bruce (2015) argue that geometry instruction should move beyond the
simple identification and classification of shapes by promoting opportunities for students
to manipulate, transform, and explore geometric figures while discussing the mathematical
relationships they observe.

Within this theoretical context, the experts participating in the present study consis-
tently perceived Geomaniguras as a pedagogically coherent resource whose integrated
design may provide favourable conditions for this type of mathematical exploration. How-
ever, these perceptions should not be interpreted as evidence that the material improves
students’ conceptual understanding, spatial reasoning, mathematical communication, or
progression through Van Hiele levels, since none of these variables were directly exam-
ined. Consequently, the educational potential identified in the present study should be
understood as theoretically grounded and supported by expert judgement rather than as
empirically demonstrated through classroom intervention.

Nevertheless, the conclusions of this study must be interpreted cautiously because
the research relied exclusively on expert-based validation procedures. No direct evidence
regarding student learning, motivation, classroom interaction, or instructional effectiveness
was collected. Consequently, the study cannot establish causal relationships between the
use of Geomaniguras and improvements in conceptual understanding, spatial reasoning,
mathematical communication, or geometric reasoning. Instead, the findings should be
interpreted as preliminary evidence supporting the pedagogical coherence and educational
plausibility of the proposed design.

The expert panel was intentionally selected for its disciplinary expertise rather than
for statistical representativeness. Consequently, the findings should not be generalized
beyond educational contexts comparable to those considered during the evaluation process.
Expert validation constitutes an important initial phase within design and development
research (Richey & Klein, 2007), allowing researchers to identify strengths, weaknesses,
and opportunities for refinement before undertaking more demanding classroom-based
investigations. Nevertheless, it cannot replace empirical evaluation involving teachers and
students working under authentic educational conditions.

Furthermore, although the validation instrument demonstrated satisfactory internal
consistency and the qualitative analysis revealed coherent patterns across expert comments,
these findings were obtained from a relatively small purposive sample. Accordingly, the
psychometric evidence reported in this study should be regarded as preliminary rather
than definitive. Future research involving substantially larger and more diverse expert
samples will be necessary to further examine the dimensional structure, stability, and
broader validity of the evaluation instrument.

A further limitation concerns the conditions under which the expert evaluation was
conducted. All experts participated in researcher-guided demonstration sessions in which
the intended educational use of Geomaniguras was explained before they completed
the evaluation. Although this procedure ensured that all participants assessed the same
pedagogical proposal, it remains unknown how teachers unfamiliar with the material
would independently integrate it into their own instructional practice or how students
would interact with the resource during ordinary classroom activities without researcher
guidance. Consequently, the educational affordances identified by the experts should be
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interpreted as potential characteristics of the material that require confirmation through
authentic classroom implementation.

An additional limitation concerns the absence of classroom observation data and
analyses of teacher implementation. The present study therefore provides no evidence
regarding the forms of instructional scaffolding that teachers may require when using
Geomaniguras, the classroom management strategies associated with the material, or the
challenges that may emerge during its integration into regular teaching practice. These
aspects constitute important areas for future investigation.

Future research should therefore move beyond expert-based validation by imple-
menting Geomaniguras in authentic educational settings involving students and teachers
from different educational stages and contexts. Such studies should investigate not only
students’ conceptual understanding, spatial reasoning, mathematical communication, mo-
tivation, and problem-solving abilities, but also teachers’ instructional decisions, fidelity
of implementation, and the forms of pedagogical scaffolding required for the material
to achieve its intended educational purposes. Longitudinal studies incorporating appro-
priate comparison groups and validated learning measures will be particularly valuable
for determining whether the theoretical and pedagogical potential identified during the
present design and validation study is reflected in measurable improvements in students’
learning and progression across different levels of geometric reasoning, as described by
Van Hiele’s model.

8. Conclusions
This study has presented Geomaniguras, a manipulative resource designed to support

the teaching and learning of geometry through an integrated approach that combines
visualization, manipulation, decomposition, transformation, and mathematical reasoning.
Rather than proposing a new geometric manipulative in terms of its individual components,
the main contribution of the resource lies in bringing together a broad range of geometric
concepts within a single coherent pedagogical system. This integrated design was con-
ceived to enable teachers to establish meaningful connections between topics that are often
addressed independently in school geometry curricula, including polygon classification,
area relationships, derivation of area formulas, the Pythagorean theorem, regular polygons,
circumference, and the conceptual development of circle area.

The expert validation process provided preliminary evidence regarding the pedagogi-
cal coherence, usability, and perceived classroom applicability of the material. The feedback
obtained from the expert panel also guided several improvements to the original prototype,
illustrating the value of iterative design and refinement within a design and development
research framework. Consequently, the study contributes not only by introducing a new
educational resource but also by documenting a systematic process for its pedagogical
development and validation.

Nevertheless, the findings should be interpreted within the methodological scope of
the study. The evidence presented is based exclusively on expert evaluation and therefore
does not allow conclusions to be drawn regarding the effectiveness of Geomaniguras in
improving students’ conceptual understanding, spatial reasoning, or progression through
levels of geometric thinking. Similarly, although the design of the material is theoretically
consistent with frameworks such as Van Hiele’s theory of geometric thinking and current
research on manipulation-based learning, these theoretical assumptions remain to be
empirically examined in authentic educational contexts.
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Future research should therefore focus on classroom implementation studies involv-
ing students and teachers from different educational stages and contexts. Such studies
should investigate the effects of Geomaniguras on geometry learning, spatial reasoning,
mathematical communication, and problem-solving, while also comparing its educational
contribution with that of other widely used manipulative materials. Evidence obtained
through classroom interventions will make it possible to determine whether the theoretical
and pedagogical potential identified during the present design and validation study is
reflected in measurable improvements in students’ learning.

Overall, this study should be understood as a first step in the development and
validation of an integrated manipulative resource for geometry education. The findings
suggest that Geomaniguras constitutes a pedagogically coherent educational resource
with the potential to support geometry instruction, although its educational effectiveness
remains to be established through classroom-based empirical research.

Theoretically, this study contributes to geometry education by proposing and validat-
ing the pedagogical plausibility of an integrated manipulative system that connects multiple
geometric concepts within a coherent instructional framework. Practically, Geomaniguras
has the potential to provide teachers with a resource for promoting hands-on exploration
and conceptual connections across geometry topics. From a research perspective, the study
establishes a basis for future classroom interventions examining the impact of the material
on students’ geometric reasoning, conceptual understanding, and spatial thinking.

9. Patents
The manipulative material Geomaniguras is protected as a utility model in Spain

(Application No. U202132475; Publication No. ES1284695), granted to the University of
Castilla-La Mancha. The application was filed on 16 December 2021, and the utility model
was granted on 21 March 2022, with a protection period of ten years from the filing date.
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