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Abstract

The article explores the mathematical connections activated by Colombian university students
when solving a problem involving the construction of frequency distribution tables. This study
arose because the literature and teaching experience reveal difficulties in statistics in finding the
range and determining the number and size of classes, which are essential aspects for creating
frequency tables with grouped data. Grounded in the networking between the extended theory
of connections, the onto-semiotic approach, and levels of table reading, A qualitative
methodology was implemented with 28 students who completed the task and actively
participated in the class. The findings reveal that students activated mainly procedural, part-whole,
implication, and different representation connections to construct grouped frequency tables,
progressing from data organization to statistical interpretation. These connections supported the
articulation of mathematical practices, primary objects, and semiotic functions, evidencing a
structured but predominantly procedural understanding. However, students’ comprehension was
largely situated at level 1 and level 2 (reading the data and reading within the data), with limited
evidence of higher-order reasoning such as inference or critical analysis. Only a small proportion
of responses reached level 3, and no evidence of level 4 was identified. These results indicate that,
although students successfully complete statistical procedures, their understanding remains
incipient. This highlights the need for instructional approaches that foster deeper reasoning and
critical statistical literacy through the activation of meaningful mathematical connections.

Keywords: mathematical connections, onto-semiotic approach, frequency distribution tables,
statistics, body mass, university students

INTRODUCTION

Numerous studies indicate that the capacity to
establish mathematical connections is a key component
of effective learning and meaningful teaching in
mathematics (Rodriguez-Nieto et al, 2025b). Such
connections support students in developing a coherent,
integrated, and usable understanding of mathematical
concepts, enabling them to apply their knowledge in

practical and context-specific situations. Moreover,
promoting relationships among mathematical ideas
enhances the development of critical thinking, analytical
reasoning, and problem-solving abilities, which are
essential both for academic achievement and for
addressing challenges encountered in everyday life
(Ministry of National Education [MNE], 2006; National
Council of Teachers of Mathematics [NCTM], 2000;
Rodriguez-Nieto & Font, 2025).
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Contribution to the literature

e This article highlights the central role of mathematical connections in statistics, showing that constructing
frequency distribution tables is not a mechanical process, but a complex activity that articulates

procedures, concepts, and meanings.

e It proposes a solid theoretical articulation between the extended theory of connections (ETC) and the onto-
semiotic approach (OSA) offering a powerful analytical framework for understanding how students
activate practices, objects, and semiotic functions when solving statistical problems.

e It demonstrates that university students activate multiple types of connections (procedural, part-whole,
implication, and different representations), which allows them to progress toward deeper levels of
understanding statistical tables and strengthens their statistical literacy.

Research on mathematical connections has revealed
not only their importance in problem-solving, but also
their ability to enrich communication, strengthen
argumentation, and diversify procedures through the
use of multiple representations (Berry & Nyman, 2003;
Pino-Fan et al., 2018; Rodriguez-Nieto et al., 2023, 2025a).
A revealing example is provided by Businskas (2008),
who observed how future teachers established
connections when addressing quadratic equations.
Similarly, other studies have investigated these
connections in geometric contexts (Eli et al., 2013;
Rodriguez-Nieto, 2021), highlighting their versatility.
However, Caviedes et al. (2024) note a worrying trend:
many future teachers cling to numerical procedures and
formulas, neglecting geometric and intuitive approaches
that could enhance understanding. This preference
demonstrates a disconnect between different ways of
representing and understanding the same concept, thus
limiting the richness of mathematical thinking.

Just as mathematical connections are important in
various studies of calculus, geometry, arithmetic, and
others, they should also contribute to other contexts. For
example, in statistics, studies on connections are under-
recognized, even though they could be a fundamental
resource for improving the understanding of students
and teachers struggle with the problems and difficulties
of interpreting graphs, constructing tables, performing
operations with formulas, etc. (Pallauta & Batanero,
2024; Vasquez & Alsina, 2019; Verastegui-Gutiérrez et
al., 2024). Recognizing this need, this study is motivated
to explore connections in the construction of frequency
distribution tables, evaluating the step-by-step
procedures and their implications. Furthermore, the
literature review presents the essential foundations of
this research.

Establishing connections between mathematical
concepts has been identified as a key aspect for
meaningful learning, as evidenced by various studies
developed from the ETC at different educational levels
(Bahar et al., 2023; Businskas, 2008; Campo-Meneses &
Garcia-Garcfa, 2023; Rodriguez-Nieto, 2025). These
investigations show that these connections not only
allow a more functional understanding of the concepts,
but also facilitate their application in everyday contexts,

2/26

strengthening conceptual and procedural knowledge.
Along these lines, Kenedi et al. (2019) highlight that the
ability to establish mathematical relationships is an
essential component of learning, since it contributes to a
faster understanding and the development of solid
mathematical skills.

Several studies have highlighted the importance of
mathematical connections in teaching functions and
calculus. Hatisaru (2023) addressed this topic by
integrating teachers” specialized knowledge with
different representations such as the Cartesian plane,
diagrams, and ordered pairs. Campo-Meneses et al.
(2021) analyzed the connections that students and
teachers activate when working with exponential and
logarithmic functions, highlighting processes such as
reversibility and the use of multiple representations. In
the field of calculus, research has shown that the lack of
articulation between graphical, verbal, numerical,
symbolic, and algebraic elements hinders a deep
understanding of derivatives and integrals (Garcia-
Garcia & Dolores-Flores, 2021; Rodriguez-Nieto et al.,
2022a; Sahin et al., 2015).

The literature review reveals that establishing
mathematical connections is a key aspect of effective
learning and meaningful teaching of mathematics,
enabling students to develop an integrated and
functional understanding of mathematical concepts. For
example, using Al connected papers, it was evident that
no research focused on mathematical connections and
statistics has been conducted on the teaching and
learning that plagues this line of research. Instead,
statistics is used to perform data analysis, which is more
closely tied to methodological processes to address
results quantitatively (Figure 1).

On the other hand, in an analysis carried out in
Scopus, connections were identified as a highly
researched topic, and authors such as Garcia-Garcia
(2024) and Rodriguez-Nieto and Font (2025) are
increasingly promoting analyzes to better understand
mathematical concepts (see part a in Figure 2).
Furthermore, these investigations on mathematical
connections have been published in relevant journals in
mathematics education and in other fields such as
engineering, computing, physics, neuroscience, among
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Figure 1. Literature on connections found through connected papers (the authors” own elaboration)

others (see part b in Figure 2). Other searches found
research on mathematical connections in Google Scholar
in both Spanish and English (see part c in Figure 2).

The fact that research conducted in Connected Paper,
Scopus, Google Scholar, and other databases show a
broad literature on mathematical connections does not
mean that there is research covering all mathematical,
geometric, and statistical concepts, among others.
Therefore, there is a special concern about statistics
because students have difficulty solving problems
involving variables, tables, graphs, functions,
regressions, etc. (Su et al., 2024).

In this research, statistical tables occupy a central
place, since in recent years statistics have gained great
relevance in various areas of daily life such as science,
society, and the humanities (Su et al, 2023). This
importance is reflected in the constant presence of
statistical data in media such as television, the internet,
and the press, generally presented in tables, graphs, or
summaries (Arteaga et al., 2011). Statistical tables are
frequently used as a resource to structure and synthesize
large amounts of data into compact formats, allowing for
more accessible interpretation and analysis of the
information (Beltrdo, 2012; Eudave, 2009; Gea et al.,
2022). Therefore, they are considered an essential
component of statistical literacy, understood as the body
of knowledge that every citizen must possess to navigate
a data-saturated environment (Cazorla & Utsumi, 2010;
Pallauta & Batanero, 2024). Furthermore, like graphs,
tables represent a specific way of organizing
information, with cognitive value for multiple purposes
(Gabucio et al., 2010).

From a curricular perspective, different countries
agree on the importance of introducing work with
statistical tables and graphs, along with other statistics
and probability content, from the first levels of primary
education (e.g., Alsina & Vasquez, 2024; Bustamante-

Valdés et al., 2024; de Alencar & Diaz-Levicoy, 2024;
MNE, 2006; NCTM, 2000; Pallauta & Batanero, 2024;
Vésquez & Alsina, 2019; Verastegui-Gutiérrez et al.,
2024). In the case of Chile, the primary education
curricular bases (Ministry of Education, 2012, 2013)
detail the approach to statistical tables from the first
grade. Furthermore, Pallauta and Batanero (2024)
proposed a guide based on the theory of didactic
suitability, which defines epistemic and cognitive
indicators to evaluate the treatment of statistical tables in
textbooks, thus contributing to teacher training.

In the first years of primary education in Chile, work
with tally tables is linked to reading and data recording
activities close to the student’s context, while in second
grade, these are related to recording the results of dice
and coin rolls, highlighting the use of simple tables to
organize information from these games. This type of
representation continues to be used in later grades
(Parra-Fica et al., 2024). However, research on the use of
statistical tables at this educational level is still limited,
possibly due to the non-mandatory nature of these
contents in the early years of schooling. In this sense,
studies such as that by Guimaraes et al. (2008), which
analyzed 2,080 activities in textbooks from 1st to 4t
grade, show that, although tables have a significant
presence, more than half are not directly linked to the
organization of information, and that interpretation is
prioritized over construction. Similarly, Amorim and
Silva (2016) found that in fourth- and fifth-grade
textbooks in Brazil, most activities related to tables refer
to charts or databases, focusing primarily on
interpretation. Furthermore, they highlight a higher
frequency of situations based on real data, reflecting an
intention to connect with students” everyday lives.

In a study conducted in Chile, Diaz-Levicoy et al.
(2015) analyzed the use of statistical tables in first and
second-year primary education textbooks. They
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Figure 2. Journals where works on connections have been published (the authors” own elaboration)

identified tally tables as the most common, although
frequency tables, data tables, and double-entry tables
also appear. When examining the reading levels
proposed by Curcio (1989) and Friel et al. (2001), they
found only the first two levels: literal reading of the data
and reading within the data, the latter being the most
frequent, especially in activities that involve comparing
information or performing simple calculations. A variety
of activities were also detected, including reading,
completing, calculating, translating, asking questions,
explaining, collecting data, and presenting examples.
The most common tasks were calculation, completion,
translation, exemplification, and reading. These findings
served as the basis for designing and validating the
questionnaire used in this research, the development of
which is described in the methodology section.

Several studies in international contexts have
highlighted the difficulties faced by primary and
secondary school students in interpreting and working
with statistical representations, both graphical and
tabular (Rodriguez-Alveal et al., 2025). In Spain, Gabucio
et al. (2010) administered a questionnaire to 205 primary
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and secondary school students, assessing their
understanding of tabular structure, direct reading of
data, and simple and global inferences. The results
showed that literal reading tasks are the most accessible,
while inferences, especially global ones, pose greater
challenges regardless of the grade. In the Chilean
context, Estrella and Olfos (2015) identified, through the
analysis of the trans-numerative thinking of third-grade
students, that only a few were able to construct basic
frequency tables, despite demonstrating processes such
as ordering, grouping, and calculating frequencies.
Subsequently, Diaz-Levicoy et al. (2019) examined the
reading levels of statistical graphs in Chilean students,
detecting significant limitations at the interpretive and
critical levels. These findings were reinforced by Arteaga
et al. (2020), who also highlighted the difficulties in
understanding statistical graphs among primary school
students in Chile. More recently, Diaz-Levicoy et al.
(2022) analyzed primary education textbooks in Peru,
revealing a scarce presence of statistical tables and a
predominantly literal approach. These studies coincide
in pointing out the need to strengthen work with
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Figure 3. Synthesis of the ETC (Rodriguez-Nieto et al., 2024)

statistical tables and graphs from the early school years,
incorporating tasks that promote data interpretation,
comparison, and inference, in order to develop a deeper
understanding and an authentic school statistical
culture.

Although there is an abundant literature on
mathematical connections, there remains a notable lack
of research focused on working with frequency tables at
different educational levels. This absence is relevant,
since the ability to establish connections between
different mathematical representations, such as
transforming unorganized data into tables and,
subsequently, into graphs or interpretations, is crucial
for achieving a deep understanding of statistics (Alsina,
2020; Rodriguez-Nieto & Font, 2025). The reviewed
studies show that many students approach tables,
limiting themselves to literal readings or simple
calculations, without relating them to broader concepts
such as variability or probability. In this sense, fostering
mathematical connections in the construction of
frequency tables not only involves teaching students
how to read and complete tables, but also promoting
relationships between data, contexts, units of
measurement, and visual representations, which
strengthens statistical thinking and functional statistical
literacy (Su et al., 2023). Therefore, the objective of this
research is to explore the mathematical connections
activated by university students when they solve a
problem about the construction of frequency
distribution tables.

THEORETICAL FRAMEWORK

Extended Theory of Connections in Mathematics
Education

From the theoretical articulation between the ETC
and the OSA to mathematical knowledge and
instruction, a mathematical connection can be conceived
as the visible part of an iceberg composed of a complex
set of practices, processes, and primary objects identified
in a subject’s mathematical activity when solving a task,
as well as the semiotic functions (SFs) that link them
(Rodriguez-Nieto et al, 2022a). The Theory of
Connections can be applied in three main groups,
depending on the type of problems being addressed. The
first group corresponds to intra-mathematical
connections, which involve relationships among
concepts, theorems, representations, and other
mathematical ideas. The second group refers to extra-
mathematical connections, which are activated when
solving applied or non-mathematical problems through
the transfer of information to a mathematical model
(Dolores-Flores & Garcia-Garcia, 2017).

Finally, the third group concerns ethnomathematical
connections, understood as the relationships between
the mathematics practiced by people belonging to
cultural groups (for instance, those who work in
carpentry, masonry, or other trades) and the institutional
or school mathematics found in curricular materials
(Rodriguez-Nieto, 2021) (Figure 3).
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The following section presents the typology of
mathematical connections, providing a more practical
and applicable dimension to the ETC. The typology of
mathematical connections outlined below provides a
more structured and pragmatic framework for applying
the ETC. Each category highlights distinct ways in which
learners relate mathematical concepts, representations,
and experiences, enriching their understanding and
cognitive flexibility.

Instruction-oriented connections: These occur when
a learner understands a concept C through one or more
prior concepts (A and B) that must already be
comprehended. Such connections manifest in two forms:

(1) by linking new content to previous knowledge,
and

(2) by treating mathematical ideas and procedures as
prerequisites or foundational skills necessary for
acquiring new concepts (Businskas, 2008).

This type of connection stems from the need to
enhance the effectiveness of mathematics instruction by
building continuity between prior experiences and new
learning to foster conceptual development.

Modeling connections: These represent the
relationships that individuals establish between the
mathematical world and real-life contexts or between
mathematics and other scientific disciplines. They occur
when a mathematical concept is related to a real or
applied situation, prompting the learner to construct a
mathematical model to address it. In doing so, the
individual draws on various forms of knowledge (both
mathematical and non-mathematical) and engages in
diverse actions (symbolic, algebraic, graphical, etc.) to
produce a solution that is consistent with the problem’s
requirements (Campo-Meneses & Garcia-Garcia, 2023;
Evitts, 2004).

Connections of different representations: These are
identified when learners express mathematical objects
using equivalent or alternative representations.
Equivalent representations involve transformations
within the same register, whereas alternative
representations require a shift between registers (for
example, from a graph to an algebraic equation)
(Businskas, 2008). The use of multiple representations is
fundamental for developing deep conceptual
understanding, as it allows learners to connect different
perspectives of the same idea.

Procedural connections: These arise when a learner
applies rules, formulas, or algorithms to solve
mathematical problems. They can be expressed as A is a
procedure used to operate with concept B (Businskas,
2008). This category also includes step-by-step processes
used to construct graphs, create geometric figures, or
apply properties and theorems, as such sequences
structure the actions needed to operate with specific
mathematical concepts.
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Part-whole connections: These occur when logical
relationships are established between concepts in two
ways:

(1) generalization, where A is a generalization of B

and B is a particular case of A and

(2) inclusion, when one mathematical concept is
contained within another (Businskas, 2008).

Implication connections: These are recognized when
one concept (P) logically leads to another (Q) through a
deductive relationship (P — Q) (Businskas, 2008).

Feature-based connections: These appear when
learners describe the attributes or properties of
mathematical concepts, emphasizing similarities and
differences that distinguish one concept from another
(Eli et al., 2011).

Reversibility connections: These emerge when a
learner can move from concept A to concept B and then
reverse the process, returning from B to A (Garcia-Garcia
& Dolores-Flores, 2021).

Meaning connections: These are established when a
learner attributes personal meaning to a mathematical
concept expressing what it represents to them. This
includes cases in which students construct and articulate
their own definitions for certain concepts (Garcia-Garcia
& Dolores-Flores, 2021).

Metaphorical connections: These involve projecting
properties or characteristics from a familiar, embodied
domain to a more abstract or less familiar one, thus
enabling the learner to structure and comprehend
abstract mathematical ideas (Rodriguez-Nieto et al.,
2022b).

Mnemonic-based metaphorical connections: These
refer to relationships established between mnemonic
devices (such as familiar phrases or memory aids) and
mathematical objects, rules, or procedures, facilitating
recall and strategic use (Rodriguez-Nieto et al., 2024).
These connections can take three forms:

(1) keywords, which resemble the target term,

(2) acronyms, created by using the initial letters of
words in a list to form another word, and

(3) acrostics, which involve constructing a sentence in
which the initial letters correspond to the studied
term (Rodriguez-Nieto et al., 2024).

Idealizing connections: These occur when a concrete
(ostensive) representation is related to an abstract (non-
ostensive) mathematical concept. Their function is to
dematerialize the concrete object and transform it into an
ideal mathematical entity for example, interpreting the
rounded base of a tank as a circle or circumference
(Ledezma et al., 2024).

The ETC continues to evolve and expand. Recent
developments, such as those proposed by Cantillo-
Rudas et al. (2024), introduce the notion of neuro-
mathematical connections, which explore the cognitive
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dimensions of the theory and examine the brain regions
activated during mathematical activity.

Some Tools About Onto-Semiotic Approach

OSA emerged from the need to integrate and refine
diverse theoretical and methodological tools in
mathematics education and can itself be understood as a
form of networking between theories aimed at addressing
the inherent complexity of teaching and learning
mathematics. Within this framework, mathematical
activity if institutional or personal is systematically
described and modeled through mathematical practices
and through the configuration of primary objects and
processes activated within those practices, enabling a
deeper analysis of how mathematical meaning is
constructed, negotiated, and communicated in
educational contexts (Drijvers et al., 2013).

Mathematical practice is defined as “any situation or
expression (...) carried out by someone to solve
mathematical problems, communicate the solution
obtained to others, validate it, or generalize it to other
contexts and problems” (Godino & Batanero, 1994, p.
334). These practices involve the use of objects,
understood broadly as any entity that participates in
mathematical activity and can be identified as a distinct
unit (Font et al., 2013). According to the OSA, these are
six primary objects:

(1) problematic situations,

2
3
4

5

representations,
definitions,

propositions,

(
(
(
(

—_ D =

procedures, and

(6) arguments.

Together, these interrelated objects form what is
known as the configuration of primary objects (Godino
et al, 2019). During mathematical activity, primary
objects emerge in various ways, reflecting different
manners of perceiving, expressing, writing, and
operating upon them. This diversity allows
distinguishing between personal and institutional
primary objects; ostensive or non-ostensive; unitary or
systemic; intensive or extensive; and content or
expression (Godino et al., 2007). Ultimately, these objects
or systems of interrelated heterogeneous objects
constitute configurations, which may be institutional
(epistemic) or personal (cognitive), depending on the
perspective and context in which they are analyzed
(Godino et al., 2019).

Within mathematical activity, the emergence of
primary objects occurs through the activation of a series
of primary mathematical processes, including
communication, problem posing, definition,
enunciation, procedural execution (algorithms), and
argumentation. These processes result from applying the
process-product perspective to the primary objects.
Additionally, they are complemented by other processes
derived from the process-product duality applied to the

five central dualities proposed in the OSA:
personal/institutional, ostensive/non-ostensive,
expression/content, extensive/intensive, and
unitary/systemic. This interaction gives rise to

corresponding dual processes such as personalization-
institutionalization, materialization-idealization,
representation-meaning, synthesis-analysis, and
generalization-particularization (Font et al., 2013;
Godino et al., 2007) (Figure 4).
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Central to the OSA is the concept of SF, which serves
as a bridge connecting mathematical practices with the
processes and objects they activate. This notion provides
a foundation for constructing an operational
understanding of knowledge, mathematical
comprehension, meaning, and competence (Godino et
al., 2007). An SF is conceived as a triadic relationship
established by an individual or institution between an
antecedent (expression or object) and a consequent
(content or object), following a specific criterion or
correspondence code. These SFs become evident when
mathematical activity is analyzed through the
expression/content duality, revealing how meaning is
generated and communicated in mathematical practice.

According to Rodriguez-Nieto et al. (2022a), the
concept of SF within the OSA is broader and more
comprehensive than the notion of mathematical
connection proposed in the ETC, as connections can be
understood as specific instances of SFs either of a
personal or institutional nature. Within the ETC, a
mathematical connection may or may not be accurate;
from the OSA perspective, a correct connection aligns
with the institutional one, whereas an incorrect
connection corresponds to a personal interpretation. The
articulation of both theoretical frameworks is valuable:
the ETC provides a typology of mathematical
connections, while the OSA enables a detailed analysis
of those connections in terms of the practices, processes,
objects, and SFs involved, thus offering a deeper insight
into how individuals construct meaning and
understanding around mathematical concepts.

Statistical Tables

In this research, statistical tables are understood as a
trans-numeration tool (Wild & Pfannkuch, 1999), as well
as a way of obtaining new information when changing
from one representation system to another. For
Campbell-Kelly et al. (2003) and Gabucio et al. (2010),
they are a graphic organization format that uses a double
axis to cross information concerning two sets of
categories or variables, related and organized
reciprocally; and where each cell represents quantitative
data. Estrella (2014) defines statistical tables as
rectangular structures formed by rows and columns that
allow organizing, classifying and summarizing data of
one or more variables, facilitating their analysis and
understanding. The tables help visualize behavior of the
data and extract relevant data. Among its components
are title, which indicates the content and context of the
represented information; the data body, formed by the
intersection of rows and columns; the side header, which
presents the categories of the variable; the top header,
which shows the type of data in the columns; and the
totals, which correspond to the sums by row or column.

From the perspective of Lahanier-Reuter (2003) there
are different types of tables and he describes some that
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are used in mathematics education, among which the
following stand out:

Data tables: These are simple tables that do not
address the idea of frequency or distribution, but rather
only the idea of variable and value. An example is
recording the temperature over a week in a particular
city.

Frequency tables: These represent the frequencies
(obtained by grouping or counting identical data)
associated with the values or categories of variables. An
example of this situation is recording the ages of a
company’s employees.

Two-way table: A table in which two variables
intersect; that is, a value is related to two variables at
once. For example, representing the ages of a company’s
employees by gender.

In this research, frequency distribution tables are of
interest, due to the difficulties students have in
constructing them (Diaz-Levicoy et al., 2020).

Levels of Understanding of Statistical Tables

Some authors describe and characterize the different
levels of comprehension for statistical tables and graphs.
In this context, Curcio (1989) and Friel et al. (2001)
propose levels for reading graphs, which have been
adapted in research with statistical tables (e.g., Diaz-
Levicoy et al., 2015, 2016; Mingorance, 2014). The four
levels of reading graphs and tables proposed by Curcio
(1989) and Friel et al. (2001) are presented below, ranging
from the most basic (literal reading) to the most complex
(critical analysis of information). These levels serve as a
framework for accounting for students” understanding
of these mathematical objects.

Level 1. Reading the data: This refers to a literal
reading of the information presented in the table; it does
not require in-depth interpretation of the data. For
example, reading frequencies in classes.

Level 2. Reading within the data: This refers to
determining a value through comparisons or simple
arithmetic operations, including the interpretation of the
information contained therein. For example, calculating
the total number of students who participated in the
survey, among others.

Level 3. Reading beyond the data: This involves
determining information missing from the table through
predictions or estimates. For example, inferring the
maximum  temperature from the maximum
temperatures in a city shown in the table.

Level 4. Reading behind the data: This involves
critically assessing the way in which the data was
collected, as well as interpreting other people’s criticisms
of it, or questioning the quality of the data, which leads
to a reflection on mathematical knowledge and context.
For example, analyzing whether the question used to
collect the data is appropriate or not.
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Figure 6. Using the scale to determine students” body mass (the authors” own elaboration)

METHODOLOGY

The methodology was qualitative
Dertadian, 2018) developed in four stages:

(Maher &

(1) design of a workshop that involves the creation of
a problem based on the heights of the students,

(2) selection of university participants,

(3) implementation of the workshop and the problem
on the construction of frequency distribution
tables in the classroom to the students, and

(4) analysis of the data based on the theoretical
foundation.

Participants and Context

This research involved twenty-eight university
students with an average age of 18 (20 men and 8
women). They were enrolled in the first semester of a
statistics for decision-making course in administrative
science programs at a private university on the northern
coast of Colombia’s Caribbean Coast. These students
came from the city of Barranquilla and other nearby
municipalities (Figure 5). It is important to note that
these students understood that the activities carried out

and the evidence collected were part of an educational
research project and not intended for financial gain;
therefore, the students willingly agreed to participate
and/or collaborate. Furthermore, the university where
the researchers work suggests that the activities of the
teaching staff contribute to the statistical training of
students through everyday activities and be reported as
high-level research.

Data Collection

Data collection was carried out in two phases during
a statistics workshop using participant observation
(Cohen et al., 2018): in the first, the professor spent an
hour explaining to the students how to construct
frequency distribution tables, considering key elements
from organization to graphing. In the second phase, the
professor encouraged a special dynamic where students
went to the board in order of attendance to provide their
body mass measurements taken on a scale (Figure 6).

This activity was videotaped, and evidence was
collected on pencil, paper, and whiteboard in the form of
written productions from the students and the teacher.
This data was important for the teacher to formulate the
problem situation presented below.
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Figure 7. Measurement of the weight or body mass of the twenty-eight students (the authors” own elaboration)

Table 1. Phases for analyzing data based on ETC integrated with OSA (information adopted from Rodriguez-Nieto et al.,

2024)

Phases Description

1. Transcription of classroom The written productions of the teacher and students were organized in a way that allowed
observations, interviews, and the researchers to become familiar with their responses. Moreover, this process is

data organization

fundamental to ensure a thorough review, familiarization, reading, and detailed

interpretation of the collected information.

2. Temporal narrative

The mathematical explanation of the problem situation’s resolution is provided, including

the most relevant mathematical objects used by the teacher and students.

3. Mathematical practice

These are sequenced actions that describe the students” mathematical activity, governed

by rules established by institutions and useful for problem solving, in this case, in
statistics. Within these practices, the foundation of each mathematical connection
according to the ETC becomes evident.

4. Cognitive configuration

This refers to the system of primary mathematical objects that a subject mobilizes as part

of the mathematical practices developed to construct the frequency distribution table.
These primary objects are a fundamental part of the connection, as they generally
constitute the beginning (antecedent) and the end (consequent) of its structure.

5. Semiotic functions

Relationships are established among the primary objects of the cognitive configuration.

The mathematical connections suggested by the ETC are represented and consolidated.

6. Mathematical connections
and the OSA.
7. Levels

The mathematical connections are reported based on the articulation between the ETC

Based on the students’ responses and the mathematical connections identified step by

step, the levels of understanding of frequency distribution tables are recognized.

Problem situation: From the list of data on people’s
weights (body mass) (Figure 7), you are asked to
construct a frequency distribution table for grouped
data, calculate class marks, frequencies, graph and
interpret the results.

Data Analysis

To analyze the data, the mathematical connections
analysis method was used based on the network work
between the ETC and the OSA, considering the
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narrative, mathematical practices, cognitive
configuration, SFs and mathematical connections
(Rodriguez-Nieto et al., 2024, 2026), see Table 1.
Subsequently, they identified the levels of
understanding of frequency distribution tables.

The use of the mathematical connections analysis
method, articulated between the ETC and the OSA, is
justified by the need to understand the complexity of
students” mathematical activity when constructing
frequency distribution tables. This integrated approach
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Figure 9. Teacher explaining the organization of data (the authors” own elaboration)

allows us to go beyond procedural correctness and
analyze how mathematical practices, primary objects,
representations, and meanings are mobilized during
problem-solving. The phased structure ensures
methodological rigor and transparency, facilitating the
systematic reconstruction of reasoning and the
identification of SFs. Furthermore, linking the
connections to levels of understanding strengthens the
interpretation of statistical learning.

RESULTS

In the data collection section, it was explained that
each student went to the board in order of attendance to
provide their weight or body mass measurement and
were labeled as a participant (P1, P2, ..., P28). To do so,
the teacher used a scale to weigh in kilograms.
Simultaneously, the students wrote their data on the
board as a fundamental input for the workshop class and
also wrote them on their worksheets (Figure 8).

To continue the analysis, the steps presented in Table
1 were followed, but it is known that the researchers are
already familiar with the data. Therefore, the analysis
will be continued by integrating the temporal narrative
with the mathematical practices, sequentially describing
the mathematical activity of the teacher and the students
to construct the frequency distribution table.

In this context, to construct a frequency distribution
table, the teacher suggested that the students follow
these steps for one hour:

Teacher’s Narrative and Mathematical Practices

1. TMpl. Based on the information provided on the
board, the student must order the data (weight)
from lowest to highest: 45, 47, 49, 49, 49, 49, 51, 53,
54,54, 54, 56, 58, 60, 61, 64, 66,72,73,74, 78, 84, 84,
85, 87, 88, 92, 93 (see part a in Figure 9).

2. TMp2. Determine the absolute frequency of each
value of the variable (weight).

11/ 26



Rodriguez-Nieto et al. / University students’ mathematical connections in problem-solving on frequency distribution tables

3. TMp3. Find the range between the data for the
variable weight, using the formula range =
maximum value - minimum value.

4. TMp4. Find the number of classes or intervals in
which the absolute frequencies are distributed,
following the formula #of class = i/n, where n is
the number of data or sample size.

5. TMpb5. Calculate the class width or interval width
Range

using the formula 4 =
9).

6. TMp6. Based on the previous steps, we proceed to
construct the frequency table for grouped data. In
this context, the first column lists the classes, and
in the first class, the lower limit is the minimum
value of the variable, to which the amplitude is
added, obtaining the upper limit of the class. It
should be noted that, in the classes, the lower
limits are closed and the upper limits are open.

Hof class (see part b in Figure

7. TMp7. The next class takes the upper limit of the
previous class as the lower limit of the class being
constructed, to which the amplitude is added,
obtaining the upper limit. Following this process,
the other classes are constructed until they cover
the maximum value of the variable under study.

8. TMp8. In the second column, for each class the
absolute frequencies are determined, which are
obtained by counting the values that fall under the
domain of each class.

9. TMp9. The third column contains the relative
absolute frequencies, obtained by dividing the
absolute frequency by the total number of data.

10. TMp10. The fourth column shows the
accumulated absolute frequencies, obtained by
adding the absolute frequencies from the first
class.

11. TMp1l. The fifth column shows the relative
cumulative frequencies determined by dividing
the absolute cumulative frequency by the total
number of data.

12. TMp12. In the sixth column, the class marks or
averages are determined by calculating the
midpoint of each class, that is, the limits are added
and divided by two.

Following the teacher’s explanations, the students
created their frequency distribution tables considering
the weight variable. Below is P11’s math activity, who
followed six classes using her teacher’s method, which is
called method 1 for problem-solving.

Method 1. Student Mathematical Practices P13 for
Constructing the Frequency Distribution Table

Similar to student P13, students P1, P2, P3, P4, P6, P7,
P8, P9, P10, P11, P12, P14, P15, P17, P18, P19, P21, P22,
P23, P4, P25, P26, P27 and P28 began solving the problem

12/ 26

Table 2. Class width and absolute frequency

Weight interval (kg) Absolute frequency (fa)
[45-53) 7

[53-61)
[61-69)
[69-77)
[77-85)
=85
Total 28

Q1 W W W

Table 3. Relative absolute frequencies

Weight Absolute Relative Cumulative
interval (kg) frequency (fa) frequency (%) frequency (f)
[45-53) 7 25.0% 7
[53-61) 7 25.0% 14
[61-69) 3 10.7% 17
[69-77) 3 10.7% 20
[77-85) 3 10.7% 23
285 5 17.9% 28

situation by activating the procedural connection and
different representations (symbolic and tabular records)
by organizing the data from lowest to highest: 45, 47, 49,
49, 49, 49, 51, 53, 54, 54, 54, 56, 58, 60, 61, 64, 66, 72, 73, 74,
78, 84, 84, 85, 87, 88, 92, 93 (TMp1). These students then
calculated the range using procedural connection,
considering the minimum value equal to 45 and the
maximum value equal to 93, obtaining the range as 93-
45 = 48 (TMp2). Based on the data number, the students
determined the number of classes by applying the
square root method and procedural connection using the
formula #of clase = {/n, when n the number of data or
sample size: #of clase = Y28 =529~6 classes
(TMp3).

To obtain the amplitude of each class, the students,
through procedural connection, applied the formula 4 =

Range _ %8 = 8 (TMp4). In this context, the amplitude

#of class
is 8, and the first class starts at 45 with a closed interval.

This information is an excellent input for constructing
class intervals and identifying absolute frequencies
(Table 2).

In the construction of Table 2 it is observed that, to
obtain each class, the students use the procedural
connection by adding 8 to 45 obtaining 53, then adding 8
to 53 to obtain 61 (TMp5), but they also activate the part-
whole connection by assuming a quantity or frequency
of student weights in each interval (TMp6).

The students continued building the table by placing
the relative absolute frequencies in the third column
(TMp?7), obtained through the procedural connection
from the division between the absolute frequency and
the total number of data, and in the fourth column they
placed the accumulated frequency (Table 3).

Next, in the fifth and sixth columns of the table, the
students displayed the relative cumulative frequencies
(TMp8) and the class marks (TMp9) found through
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Table 4. General frequency distribution table using method 1

Weight interval Absolute frequency Relative frequency Cumulative Cumulative relative Class mark
(kg) (fa) (%) frequency (f) frequency (%) (average)
[45-53) 7 25.0% 7 25.0% 49
[53-61) 7 25.0% 14 50.0% 57
[61-69) 3 10.7% 17 60.7% 65
[69-77) 3 10.7% 20 71.4% 73
[77-85) 3 10.7% 23 82.1% 81
=85 5 17.9% 28 100% 89

Frecuencia absoluta por intervalo (Método 1)

Frecuencia absoluta

The bar chart shows the absolute frequency of students for
each weight interval.
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Figure 10. Graphics made by students for method 1 (the authors” own elaboration)

procedural connection. With this, they were able to
construct the complete frequency distribution table
(Table 4), which is actually a connection of different
representations.

Onto-Semiotic Configuration of Primary Objects

Now, some of the primary objects related to each
other are shown, for the resolution of the proposed
problem situation:

Problem situation: The task proposed by the teacher,
consisting of constructing a grouped frequency
distribution table based on the students” weight data,
constitutes the problem object that gives rise to the
mathematical activity.

Representations:  Several
identified:

(1) numerical (weights in kg),

(2) tabular  (intervals, absolute and relative

frequencies, cumulative frequencies, and class

marks),

representations  are

(3) percentages (cumulative relative frequencies in
%), and

(4) graphical representations (later associated with
data interpretation), thus, activating the multiple
semiotics that characterizes statistical practices
(Figure 10).

Definitions: Concepts such as “range,” “class,”
“range,” “frequency,” “class marker,” “cumulative
frequency,” among others, were explicitly or implicitly
defined in the construction of the tables.

Propositions: Some propositions that guide the
mathematical action include: “the range is obtained as
the difference between the maximum and minimum
values” or “relative frequency is the absolute frequency
divided by the total data.” These propositions guide the
construction and validation of the procedures.

Procedures: A clear sequence is observed:
(1) data organization,
(2) range calculation,

(3) number of classes,
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Figure 11. Procedures used by P13 (the authors’ own elaboration)
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Figure 12. Synthesis of the cognitive configuration of P13
(the authors” own elaboration)

(4) range,

(5) interval construction,

(6) frequency counting,

(7) percentage calculations, and
(8) class markers (Figure 11).

Arguments: 3 students weigh an average of 73 kg;
25% of the students weigh more than 45 kg but less than
53 kg; 7 students weigh between 53 kg but less than 61
kg; 5 students weigh an average of 85 kg or more; and
10.7% of the students weigh an average of 73 kg.
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Figure 12 shows a summary of the optimal primary
object configuration for solving the proposed task.

Mathematical Connections

The analysis shows how P13’s mathematical activity
goes beyond the simple application of rules, activating a
complex network of mathematical connections that
articulate institutional processes with personal
meanings. This connection between the ETC and the
OSA allows for a deeper understanding of the student’s
mathematical thinking, revealing how mathematical
objects and practices interrelate to solve a statistical task
(Table 5).

However, there are other students P5, P16 and P20
who built the frequency distribution table considering
seven classes, for example, they used the class identified
as [93, 101), which is statistically consistent.

Method 2. Student Mathematical Practices P16 for
Constructing the Frequency Distribution Table

Students P5, P16, and P20 constructed the table
differently, since they used Sturges’” formula to find the
class width and also the last class of the weights that fall
in the interval [85, 93), but in this case 93 is not included
in the class. Therefore, the students chose to add a
seventh class [93, 101) to include this data, which is valid
from a statistical point of view.
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Table 5. Description of mathematical connections

Mathematical practice

Mathematical connections

Practices 1, 2,3,4,5,6,7,8,9 and

Meaning: Although implicit, it is identified when the student interprets that “5

arguments (final): Interpretations such as students weigh equal to or more than 85 kg” or that “25% of the students

“10.7% weigh 73 kg” or “25% weigh
between 45 and 53 kg.”

Practice 1: Organizing data from lowest
to highest.

Practice 2: Calculating the range.
Practice 3: Determining the number of
classes using the square root of the
sample size.

Practice 4: Calculating the class width.

Practice 5: Constructing class intervals by

summing the widths.

Practice 7: Calculating relative
frequencies.

Practice 8: Calculating relative
cumulative frequencies.

Practice 9: Calculating class scores.

Practice 1: Converting raw numerical
data to a tabular representation.

Practice 7, 8, 9: Including percentages,
cumulative data, and averages.

Final product: Creating the general table
(Table 4) with multiple records:
numerical, percentage, tabular, and
symbolic.

Practice 6: Assignment of quantities
(frequency) within intervals.

Practices 2, 3, 4: The student deduces
values such as range, number of classes
and amplitude from the initial data.

Practices 2, 3, 4, 5 and 6: The student
identifies the properties of the objects
involved in the construction of the
frequency distribution table.

weigh between 45 and 53 kg,” showing that they attribute meaning to rank,
class mark, and relative and cumulative frequencies as indicators of
distribution and trend. Furthermore, by correctly solving the problem
situation, it is evident that students possess institutional meanings for rank,
class mark, frequency, arithmetic operations, etc.

Procedural: The student activated a structured sequence of algorithmic actions
(data organization, range calculation, number of classes, amplitude, frequency
counting, percentages, and class marks), which demonstrates a strong

presence of this connection (ETC) supported by institutionalized procedures
(OSA).

Different representations: Numeric representations (weights in kg), symbolic
representations (formulas for range, number of classes, etc.), tabular
representations (absolute and relative frequencies), percentage
representations, and graphic representations were mobilized. This connection
translates into semiotic functions within the OSA, establishing relationships
between expressive registers and conceptual objects.

Part-whole: By constructing intervals and assigning frequencies to each class,
the student demonstrated an understanding of how individual values group
together to form a statistical whole, reflecting the articulation between levels
of generalization and particularization (OSA).

Implication: From certain values (e.g., total number of data, range), the student
deduced other concepts such as the number of classes or the upper limit of the
intervals, showing a logical relationship between concepts (P — Q).

Feature: In the analyzed activity, students: Calculate the range as the difference
between the maximum and minimum. They determine the class width by
considering the number of classes and the range. They identify intervals that
are uniform.
e They recognize the class mark as a representative value of the interval.
e They relate the accumulated frequencies with the progressive sum of
the absolute frequencies.
e They interpret percentages as proportions of occurrence in relation to
the total.
That is, students are relating different properties of the data set (such as
dispersion, centrality, frequency, and representativeness) that characterize the
table as an organizational and synthesis tool. For example: “7 students weigh
an average of 57 kg” associating the class mark with a measurement
representative of all students in that range, recognizing a synthesis
characteristic.

In this line, these students proceeded in a similar way
to the students who applied method 1 until obtaining the

6 classes (Figure 13).

Table 6 shows the frequency distribution table
obtained from the steps presented in Figure 13.

In addition, students P5, P16, and P20 established
connections of different representations since they made
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6 Represent Graphically
Create a histogram and a
frequency polygon to
visualize the data.

Calculate Class Marks

Find the midpoint of each

class interval.
Build the Table
Create a frequency table
to organize the data into
classes.
Determine Classes
Decide the number and
width of classes using
Sturges’ formula.
Calculate Range
Determine the difference
between the highest and
lowest weights.

4

3

2

Organize Data
Collect and arrange the
weight data for analysis.

Figure 13. Logical steps or procedural connections to find the frequency distribution table (the authors” own elaboration)

Table 6. General frequency distribution table using method 2

Weight interval Absolute frequency Relative frequency Cumulative Cumulative relative Class mark
(kg) (fa) (%) frequency (f) frequency (%) (average)
[45-53) 7 25.0% 7 25.0% 49
[53-61) 7 25.0% 14 50.0% 57
[61-69) 3 10.7% 17 60.7% 65
[69-77) 3 10.7% 20 71.4% 73
[77-85) 3 10.7% 23 82.1% 81
[85-93) 4 14.3% 27 96.4% 89
[93-101) 1 3.6% 1 100% 97
RSN Amgdy 4
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Figure 14. Procedures and graphs made by students for method 2 (the authors” own elaboration)

the graphs derived from the frequency distribution table
using Excel tools and artificial intelligence (Figure 14).

Levels of Understanding of Statistical Tables

A thorough analysis of the students’ interpretations
and conclusions based on the statistical tables provided
reveals a clear, hierarchical pattern of understanding,
mostly concentrated at the most elementary levels of the
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Curcio (1989) and Friel et al. (2001) framework. The
findings indicate consolidated competence in literal
reading tasks, a functional ability to perform internal
operations with the data, but a marked difficulty in
moving toward deeper, more critical statistical
reasoning.

Considering the information in Table 7, mastery of
literal reading and basic operations was evident,
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corresponding to level 1 and level 2. The base of the
comprehension pyramid is firmly established at level 1:
reading the data, given that the majority of students
(50.41%) demonstrated, without difficulty, the ability to
make a direct and literal extraction of information. For
example, statements such as “7 students weigh an
average of 57 kg” or “3 students weigh between 69 kg
and less than 77 kg” were recognized as recurrent,

Table 7. Description of statistical table understanding levels

demonstrating that decoding explicit data in cells and
rows is a fundamental skill acquired. This level, which
does not require interpretation or manipulation of
information, represents the essential starting point for
any statistical analysis.

Student phrases that activate the levels Frequency Percentage
Level 1. Read the data Total: 61 50.41%
#3 students on average weigh 89 1 0.83%
#7 students on average weigh 57 kg 1 0.83%
(1) 3 students on average weigh 73 kg 1 0.83%
(1) 3 students on average weigh 73 kg 1 0.83%
14 students weigh between 45 kg and less than 61 kg 1 0.83%
(2) 7 students weigh between 45 kg and less than 53 kg 1 0.83%
3 of the students weigh 83 kg 1 0.83%
3 students on average weigh 73 kg 1 0.83%
3 students weigh on average 65 kilos 1 0.83%
3 students weigh on average 73 1 0.83%
3 students weigh on average 73 kg 2 1.65%
3 students weigh on average 81 kg 3 2.48%
3 students weigh between 69 kg and less than 77 kg 1 0.83%
3 students weigh more than 61 kg and less than 69 kg 1 0.83%
3 students weigh more than 61 kg and less than 69 kg 1 0.83%
3 students weigh more than 61 kg and less than 69 kg 1 0.83%
3 students weigh more than 77 kg and less than 85 kg 1 0.83%
3 students weigh more than 77 and weigh less than 80 kg 1 0.83%
3 students weigh more than 77 and less than 85 1 0.83%
3 students weigh an average of 81 kg 2 1.65%
(3) 3 students weigh less than 85 kg but more than 77 kg 1 0.83%
5 students on average weigh 89 kg 2 1.65%
5 students on average weigh 89 kilos 1 0.83%
5 students weigh on average 89 kg 2 1.65%
5 students weigh more than 85 kg and less than 93 kg 1 0.83%
5 students weigh, on average, 89 kg 1 0.83%
(5) 5 students weigh on average 89 kg 1 0.83%
(5) Over 85 kg there are 5 students 1 0.83%
6 students weigh more than 69 and less than 85 1 0.83%
7 students weigh on average 49 kg 1 0.83%
7 students weigh on average 57 kg 2 1.65%
7 students weigh between 53 kg and less than 61 kg 1 0.83%
7 students weigh more than 53 kg and less than 61 kg 1 0.83%
7 students weigh more than 53 and less than 61 1 0.83%
7 students weigh less than 53 kg 1 0.83%
7 students weigh less than 53 and more than 45 1 0.83%
7 students weigh an average of 49 kg 1 0.83%
7 students weigh an average of 57 kg 2 1.65%
The [number] of students who are 18 years old are 13 people 1 0.83%
The average weight of students weighing between 69-77 kg is 73 1 0.83%
The average weight of 7 students is 49 1 0.83%
The average weight of people weighing 85 kg and 92 kg is 89 1 0.83%
There are 7 students who weigh on average 47 kilos 1 0.83%
There are 7 students who weigh between the intervals of [45, 53) 1 0.83%
Seven students on average 57 kg 1 0.83%
Seven students weigh on average 57 kg 1 0.83%
Three students weigh 65 1 0.83%
Three students weigh 73 1 0.83%
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Table 7 (Continued).

Student phrases that activate the levels Frequency Percentage
Three students weigh on average 65 kg 1 0.83%
Three students weigh on average 73 kg 1 0.83%
Three students weigh on average 81 kg 1 0.83%
I interpret that 3 students weigh between 77-85 kg 1 0.83%
I interpret that 4 students weigh between 85-93 kg 1 0.83%

Level 2. Reading within the data Total: 55 45.45%
(...) you can deduce 14 people in 45 kg and 60 kg 1 0.83%
11 of the 28 students weigh more than 69 kg 1 0.83%
14 students weigh between 45 and 61 kg 1 0.83%
16 students weigh 53 or more but less than 85 kg 1 0.83%
17 students weigh less than 69 kg 2 1.65%
(2) From 45 kg to 69 kg there are 14 students 1 0.83%
23 students weigh less than 85 kg 1 0.83%
25% of students weigh between 45-53 kg 1 0.83%
3 students make up 10% [of the sample] 1 0.83%
3 students represent 10.7% of the population ... 1 0.83%
(3) The percentage of students weighing between 61 kg and 69 kg is 10.7% 1 0.83%
(4) 23 students weigh less than 85 kg but more than 45 kg 1 0.83%
(4) There are 20 students who weigh between 45 kg and 77 kg 1 0.83%
5 students represent 17.9% of the entire population ... 1 0.83%
50% of students weigh between 53-61 kg 1 0.83%
9 students reflect a cumulative score of 82.7% 1 0.83%
Of the 21 students only 4 weigh 49 1 0.83%
The [percentage] of people who weigh more than 53 is 25% 1 0.83%
100% of students weigh more than 44 kg 1 0.83%
17% of students are around 17 years old 1 0.83%
17.9% of students weigh more than 85 kg 1 0.83%
18% of students weigh more than 85 kg 1 0.83%
25% of students weigh 45 kg or more and less than 53 kg 1 0.83%
25% of students weigh between 53 kg and 60 kg 1 0.83%
30% of students weigh between 61 kg and less than 85 kg 1 0.83%
45% of students weigh around 45 to 61 kg 1 0.83%
46% of students are 18 years old 1 0.83%
46.4% of students are 18 years old 1 0.83%
50% of students weigh more than 53 and less than 61 1 0.83%
50% of students weigh between 45 kg and less than 61 kg 1 0.83%
50% of students weigh between 53 and 67 kg 2 1.65%
50% of students weigh less than 61 kg 2 1.65%
50% of students weigh less than 81 kg 1 0.83%
60% of students weigh between 61 and 86 kg 1 0.83%
71.4% of the population ... weighs less than 77 kg 1 0.83%
71.4% of students weigh less than 77 kg 1 0.83%
82.1% of students are 19 years old or younger 1 0.83%
Among the 28 students, only 4 are 20 years old 1 0.83%
There are 14 people who weigh more than 45 kg and less than 60 kg 1 0.83%
There are 8 students who weigh more than 77 kg 1 0.83%
There are 9 people who are around the 61 kg and 84 kg range 1 0.83%
The largest number of students are 13 years old 2 1.65%
Most students are 18 years old. 1 0.83%
Most weigh between 45-61 kg 1 0.83%
The minority weighs 92-93 kg 1 0.83%
The minority of students is 17 years old 1 0.83%
10% of students weigh between 77-85 kg 2 1.65%
I interpret that there are more students under 30 years old 1 0.83%
I interpret that most of the students are of legal age 1 0.83%
I interpret that most students weigh less than 77 kg 1 0.83%
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Table 7 (Continued).

Student phrases that activate the levels Frequency Percentage

Level 3. Reading beyond the data Total 5 4.13%
(...) there is an atypical data in the intervals [93, 101) 1 0.83%
Of the 21 students we see an atypical fact 1 0.83%
There is an atypical fact, a student is 65 years old 1 0.83%
There is an atypical fact ... in which only one student weighs between [93, 101) 1 0.83%
There is a range of 7 people weighing around 50 1 0.83%

A significant number of students advanced to level 2:
reading within the data (45.45%), which represents a
cognitive leap from simple reading to interpreting and
processing information. Within this level, three main
types of skills were observed:

(1) Data aggregation: Students were able to combine
information from multiple categories, such as in
the statement “14 students weigh between 45 and
61 kg,” which requires summing the frequencies
of at least two contiguous intervals.

(2) Calculating proportions: Computing relative
frequencies was a common task, reflected in
conclusions such as “50% of students weigh less
than 61 kg”. This demonstrates the ability to relate
one part of a data set to the whole. Comparison
and ordering: Interpretations were identified that
involved comparing frequencies to determine
simple modes or trends, such as “most students
are 18 years old.”

These achievements indicate that students can
actively operate with the data presented, reorganizing it
and performing calculations to generate new
information that is not explicitly visible in a single cell.

On the other hand, despite success at the first two
levels, the results reveal a significant barrier to accessing
higher levels of reasoning. Instances of level 3: reading
beyond the data (4.13%), which involve inference or
prediction, were extremely rare and limited to
rudimentary observations. The statement “There is an
outlier” was the clearest example, demonstrating a
nascent ability to evaluate the distribution as a whole
and identify unusual values. However, this skill was
neither generalized nor developed further, suggesting
that the ability to project, estimate, or make inferences
from data is an area of conceptual weakness.

In this way, a complete absence of interpretations
corresponding to level 4: reading behind the data was
observed. In no case did the students question the nature
of the information, the collection methodology, the
appropriateness of the categories, or the context of the
table. The data were perceived as a factual and
unquestionable entity, and not as a construct susceptible
to critical analysis. This omission is crucial, as it indicates
that the most sophisticated dimension of statistical
literacy is the ability to critically evaluate evidence and
reflect on its meaning and limitations that is not being
developed.

These findings outline a functional but superficial
profile of statistical literacy. Students can read and
calculate, but they fail to draw consistent inferences or
critically =~ evaluate. This suggests that current
pedagogical practices may be prioritizing the
mechanical and algorithmic aspects of statistics to the
detriment of the development of genuine statistical
thinking, which is essential for developing critical
citizens capable of interpreting information in a data-
saturated world.

DISCUSSION

The results obtained achieved the objective of this
research (explore the mathematical connections
activated by Colombian university students when
solving a problem involving the construction of
frequency distribution tables), since it was show that
university students mobilized a diverse network of
mathematical connections when constructing frequency
distribution tables, including procedural, different
representations, part-whole, implication, and feature,
revealing a structured understanding with appropriate
procedures. This activation of connections is directly
associated with mathematical practices such as data
organization, range and amplitude calculations, interval
construction, determination of absolute and relative
frequencies, and interpretation of class marks. From the
perspective of the OSA, this mobilization translates into
a rich cognitive configuration, where the following were
articulated: the problem situation, representations,
definitions, propositions, procedures, and arguments,
especially visible in students who developed both
method 1 and method 2.

The positive results obtained highlight the
importance of teacher training in statistics, especially the
need to move beyond approaches focused solely on
algorithmic and mechanical procedures. While these are
necessary, they are insufficient to foster a deep and
meaningful understanding. In this respect, it is essential
that teacher training programs integrate teaching
strategies that link statistical content to real-world
contexts, enabling students to interpret, analyze, and
make data-driven decisions. This approach promotes the
development of critical statistical literacy, in which
students not only apply methods but also understand
their meaning, evaluate information, and actively
participate in an increasingly data-driven society.
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In terms of the understanding of statistical concepts,
the results indicate that most students were situated at
level 1 and level 2 of the models proposed by Curcio
(1989) and Friel et al. (2001), which correspond to literal
reading of data and the execution of simple internal
operations. This suggests that, although students are
able to identify values, organize information, and apply
basic procedures, their understanding remains
predominantly procedural and limited to the data
explicitly presented. In this sense, rather than evidencing
a fully structured understanding, the findings point to a
partial or incipient structuring of statistical knowledge,
supported by appropriate procedures but lacking deeper
levels of reasoning. Only a small group (4.13%) reached
level 3 (reading beyond the data), demonstrating the
ability to make inferences or identify outliers, and no
responses were observed at level 4 (critical reading). This
highlights the need to strengthen instructional
approaches that promote higher-order thinking, critical
analysis, and reflection on the nature, origin, and
limitations of data.

In addition, these findings are consistent with
previous research conducted in primary education. For
example, Gabucio et al. (2010) found that students were
more comfortable with literal and structural tasks but
weaker in global inferences. Similarly, Diaz-Levicoy et
al. (2015) reported that Chilean textbooks are dominated
by activities associated with level 1 and level 2, while
deeper reading tasks are rare or nonexistent. In line with
this, studies such as those by Arteaga et al. (2020) and
Diaz-Levicoy et al. (2019) indicate that even when
analyzing statistical graphs, students tend to focus on
superficial descriptions without reaching complex
critical or interpretive levels.

Given this situation, this study offers a significant
contribution by showing that, even at the university
level, difficulties similar to those documented at earlier
school levels persist. However, the diversity of
connections activated in the construction of frequency
tables represents an advance over more traditional
approaches, which focus solely on calculation or
mechanical reproduction. The inclusion of the feature
connection, in particular, makes it possible to visualize
how students articulate different mathematical
attributes such as dispersion, centrality, or
representativeness to make sense of the data, something
that had not been clearly highlighted in previous studies
focused on elementary school levels.

Furthermore, this research reinforces the need to
integrate frameworks such as ETC and OSA, which
allow not only to classify types of connections but also to
analyze the mathematical practices and semiotic
processes that underpin the understanding and
production of mathematical and statistical knowledge,
as shown in this research. This approach is especially
useful for identifying differences between students who
follow prescribed procedures and those who
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demonstrate a more meaningful understanding by
establishing relationships between mathematical objects,
representations, and meanings.

The contrast between the two methods applied (6 vs.
7 classes) reveals different ways of reasoning statistically
in the same situation. Students who incorporated an
additional class to include the extreme value (93 kg)
revealed greater sensitivity to data variability and a
contextualized application of concepts, which can be
interpreted as an incipient manifestation of level 3
understanding, as well as a more sophisticated
connection of implication and different representations.
It is worth noting that these results also articulate with
the recent concerns raised by Pallauta and Batanero
(2024), who have pointed out that many curricular
materials tend to prioritize structural aspects of
statistical ~ tables  without promoting  deeper
understanding  processes regarding the critical
interpretation of data. In this article, this limitation
becomes visible when observing that no student reached
level 4 reading, that is, the critical assessment of the
origin and use of data. This absence points to a teaching
focused on algorithms and not on the development of
critical statistical skills, a problem also noted in the
curricular analyses of Alsina and Vasquez (2024) and de
Alencar and Diaz-Levicoy (2024).

On the other hand, although this article is situated at
the university level, the difficulties observed are related
to those reported in early school stages. For example,
Arteaga et al. (2020) documented how primary
education students face significant challenges when
attempting to overcome basic levels of data reading, and
in the textbook review carried out by Diaz-Levicoy et al.
(2022), they identified a limited focus on the processing
of statistical tables, characterized by activities focused on
literal reading and a scarce presence of tasks that
encourage analysis and inference. This trend is also
reflected in our results, where interpretations focused on
the description of frequencies and percentages
predominated, without a solid connection to the context
or critical analysis. Despite this, a valuable contribution
of this research is showing how students managed to
activate connections that are rarely reported at school
levels, such as the feature connection, which involves
recognizing relevant attributes of mathematical objects
(e.g., the use of the class mark as a representative value).

The absence of level 4 (critical reading) can be further
interpreted from a didactical and epistemic perspective.
From the viewpoint of the OSA, the tasks implemented
privileged procedural practices and institutionalized
algorithms but did not sufficiently promote
argumentative processes or critical reflection on data
production, validity, or context. Consequently, the SFs
activated by students remained primarily operational
rather than evaluative. From the perspective of the ETC,
this suggests a limited activation of meaning-based and
critical connections, restricting students’ ability to
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question data sources or interpret their broader
implications. This highlights the need to design tasks
that explicitly incorporate uncertainty, data critique, and
contextual analysis to foster higher levels of statistical
literacy.

CONCLUSION

The results of this research show that, although
university students are able to construct frequency
distribution tables and activate various mathematical
connections such as procedural, different
representations, part-whole, implication, and feature,
their level of understanding is mostly concentrated in
the first levels of data reading (literal and basic
interpretation). Some students are known to reach level
3 (simple inferences), but no manifestations of level 4,
associated with critical data analysis, were observed.
These findings show that, even at advanced levels of
education, statistics teaching remains marked by an
algorithmic orientation, with little development of
reflective statistical thinking. The integration of OSA and
ETC allowed for a more in-depth description of the
cognitive and semiotic processes involved in statistical
activity, which represents a significant contribution both
to research in mathematics education and to the design
of more comprehensive training proposals. Among the
study’s main limitations are the sample size, which
restricts the generalization of the results, as well as the
fact that the data are based on a single task, which may
limit the diversity of responses observed.

Future research could expand the sample, include
different educational levels, and design tasks that
explicitly encourage argumentation, critique, and
reflection on the data, incorporating real-life and diverse
contexts. It would also be relevant to explore how
teacher training can strengthen mathematical
connections in statistics teaching, especially with regard
to understanding the characteristics and functions of
tables. Finally, the research present delved deeper into
the interaction between activated connections and levels
of understanding, which would allow us to advance
toward a more meaningful statistical education
connected to students’ realities considering other extra-
mathematical problem situations highlighted in the
measurement situations carried out, and it is also
important for future research with everyday examples.

The lack of responses at level 4 (critical reading) can
be explained, firstly, by the predominance of teaching
practices focused on the application of procedures and
algorithms, as evidenced in the activity, where students
followed well-defined sequences to construct tables, but
without questioning the origin, quality, or limitations of
the data. Furthermore, the proposed tasks did not
explicitly require critical argumentation or contextual
analysis, which limits the development of this level of
understanding.

Further on, based on this research, it will be possible
to explore the didactic suitability of mathematical
connections activated in statistics classrooms, with
particular attention to the design and implementation of
teaching sequences aimed at fostering advanced levels of
statistical understanding, especially critical and
reflective data reading. In this regard, it would be
valuable to examine how the intentional activation of
more complex connections such as reversibility,
implication, multiple representations, and meaning
supports students’ progression in understanding
frequency distribution tables. Expanding the scope of
research to different educational levels (primary and
secondary) and to teacher education contexts would also
make it possible to analyze how the networking between
the OSA and the ETC can inform pedagogical practices
that go beyond a predominantly algorithmic focus.
Finally, future studies should promote the design of
comparative and context-based learning experiences
that encourage reasoning beyond literal data reading, as
well as the development of assessment tools that
integrate both the identification of mathematical
connections and levels of understanding, contributing to
a more meaningful, contextualized, and critical statistics
education.

Author contributions: CAR-N & AB-P: conceptualization, formal
analysis, methodology, supervision, writing - original draft; BMC-
R, MBR, VFEM, DD-L, & FMR-V: formal analysis, resources,
validation, writing - original draft, writing - review & editing. All
authors agreed with the results and conclusions.

Funding: This study was supported by Institucion Universitaria de
Barranquilla, Colombia.

Acknowledgments: The authors would like to thank the students
who participated in this study.

Ethical statement: The authors stated that this study reflected
academic collaboration aimed at improving the teaching and
learning of mathematics, with permission granted by all
participating educational institutions. This study is permitted by
the Universidad de la Costa for data collection and to improve
mathematics learning, but there is no ethics approval with a code.
We can only add information from the Teaching Project Code:
Promoting the teaching of calculus through mathematical
connections in university students and professors, DOC.100-
11001-18, SAP Code: 102478.

Al statement: The authors stated that Al tools including ChatGPT
were used solely for paraphrasing and improving the clarity of the
text. All ideas, analyses, and conclusions belong to the authors.
Declaration of interest: No conflict of interest is declared by the
authors.

Data sharing statement: Data supporting the findings and
conclusions are available upon request from the corresponding
author.

REFERENCES

Alsina, A. (2020). A abordagem dos itinerarios do ensino
da matematica: Por qué?, Por qué? E como aplica-
lo na sala de aula [The approach of learning
itineraries in mathematics: Why? And how to apply
it in the classroom]? TANGRAM-Revista de
Educacao Matemitica, 3(2), 127-158.
https:/ /doi.org/10.30612/tangram.v3i2.12018

21/ 26


https://doi.org/10.30612/tangram.v3i2.12018

Rodriguez-Nieto et al. / University students’ mathematical connections in problem-solving on frequency distribution tables

Alsina, A., & Vasquez, C. (2024). La probabilidad en
educacién infantil: Finalidades, aplicaciones y
practicas de ensefianza [Probability in early
childhood education: Purposes, applications and
teaching practices]. Revista Cientifica Ecociencia,
11(4). 1-26. https://doi.org/10.21855/ecociencia.
114.961

Amorim, N. D., & Silva, R. L. (2016). Apresentacao e
utilizagdo de tabelas em livros didaticos de
matematica do 4° e 5° anos do ensino fundamental
[Presentation and use of tables in mathematics
textbooks for the 4th and 5t grades of elementary
school]. Revista de Educagio Matemdtica e Tecnoldgica
Iberoamericana, 7(1), 1-21.

Arteaga, P., Batanero, C., Cafiadas, G., & Contreras, ]. M.
(2011). Las tablas y gréficos estadisticos como
objetos culturales [Statistical tables and graphs as
cultural objects]. Niimeros. Revista de Diddctica de las
Matemdticas, 76, 55-67.

Arteaga, P., Diaz-Levicoy, D., & Batanero, C. (2020).
Chilean primary school children’s understanding
of statistical graphs. Acta Scientine, 22(5), 2-24.
https:/ /doi.org/10.17648 /acta.scientiae.5884

Bahar, R.,, Munadi, S., & Rosnawati, R. (2023). The
brainstorming method on pesantren students’
mathematical connection and metacognition skills.
Pegem Journal of Education and Instruction, 13(3), 228-
238. https:/ /doi.org/10.47750/ pegegog.13.03.24

Beltrdo, T. M. S. (2012). Uma analise da transposicao
didatica externa com base no que propdem
documentos oficiais para o ensino de graficos
estatisticos [An analysis of external didactic
transposition based on what official documents
propose for teaching statistical graphs]. Revista
Paranaense de Educacido Matemadtica, 1(1), 131-152.
https:/ /doi.org/10.33871/22385800.2012.1.1.131-
152

Berry, J., & Nyman, M. (2003). Promoting students’
graphical understanding of the calculus. The Journal
of Mathematical  Behavior,  22(4), 479-495.
https:/ /doi.org/10.1016/j.jmathb.2003.09.006

Bishop, A. (1999). Enculturacion matemdtica. La educacion
matemdtica  desde  una  perspectiva  cultural
[Mathematical enculturation. Mathematics
education from a cultural perspective]. Paidés.

Businskas, A. M. (2008). Conversations about connections:
How secondary mathematics teachers conceptualize and
contend with mathematical connections [Unpublished
PhD thesis]. Simon Fraser University.

22/ 26

Bustamante-Valdés, M., Diaz-Levicoy, D., & Alarcon-
Bustamante, E. (2024). Analysis of formative and
evaluative activities on statistical graphs in
textbooks for Chilean rural multigrade education.
European Journal of Investigation in Health, Psychology
and Education, 14(5), 1396-1412. https://doi.org/
10.3390/ ejihpe14050092

Campbell-Kelly, M., Croarken, M., Flood, R., & Robson,
E. (Eds.) (2003). The history of mathematical tables.
From Sumer to spreadsheets. Oxford University Press.
https:/ /doi.org/10.1093/acprof:oso/ 97801985084
10.001.0001

Campo-Meneses, K. G., & Garcifa-Garcia, ]. (2023).
Conexiones mateméticas identificadas en una clase
sobre las funciones exponencial y logaritmica
[Mathematical connections identified in a class on
exponential and logarithmic functions]. Bolema:
Boletim de Educacio Matemdtica, 37, 849-871.
https:/ /doi.org/10.1590/1980-4415v37n76a22

Campo-Meneses, K. G., Font, V., Garcia-Garcia, J., &
Sanchez, A. (2021). Mathematical connections
activated in high school students” practice solving
tasks on the exponential and logarithmic functions.
Eurasia  Journal of Mathematics, Science and
Technology  Education, 17(9), Article em1998.
https:/ /doi.org/10.29333/ ejmste /11126

Cantillo-Rudas, B. M., Rodriguez-Nieto, C. A., Font, V.,
& Rodriguez-Vasquez, F. M. (2024). Mathematical
and neuro-mathematical connections activated by a
teacher and his student in the geometric problems-
solving: A view of networking of theories. Eurasia
Journal of Mathematics, Science and Technology
Education, 20(10), Article em2522. https://doi.org/

10.29333/ ejmste /15470
Caviedes, S., De Gamboa, G., & Badillo, E. (2024).
Mathematical connections involved in area

measurement processes. Research in Mathematics
Education, 26(2), 237-257. https:/ /doi.org/10.1080/
14794802.2024.2370333

Cazorla, I, & Utsumi, M. C. (2010). Reflexdes sobre o
ensino de estatistica na educacdo baésica
[Reflections on teaching statistics in basic
education]. In I. Cazorla, & E. Santana (Eds.), Do
tratamento da informacdo ao letramento estatistico (pp.
9-18). Via Litterarum.

Cohen, L., Manion, L., & Morrison, K. (2018). Research
methods in education. Routledge. https://doi.org/
10.4324 /9781315456539

Curcio, F. (1989). Developing graph comprehension.
National Council of Teachers of Mathematics.


https://doi.org/10.21855/ecociencia.114.961
https://doi.org/10.21855/ecociencia.114.961
https://doi.org/10.17648/acta.scientiae.5884
https://doi.org/10.47750/pegegog.13.03.24
https://doi.org/10.33871/22385800.2012.1.1.131-152
https://doi.org/10.33871/22385800.2012.1.1.131-152
https://doi.org/10.1016/j.jmathb.2003.09.006
https://doi.org/10.3390/ejihpe14050092
https://doi.org/10.3390/ejihpe14050092
https://doi.org/10.1093/acprof:oso/9780198508410.001.0001
https://doi.org/10.1093/acprof:oso/9780198508410.001.0001
https://doi.org/10.1590/1980-4415v37n76a22
https://doi.org/10.29333/ejmste/11126
https://doi.org/10.29333/ejmste/15470
https://doi.org/10.29333/ejmste/15470
https://doi.org/10.1080/14794802.2024.2370333
https://doi.org/10.1080/14794802.2024.2370333
https://doi.org/10.4324/9781315456539
https://doi.org/10.4324/9781315456539

EURASIA | Math Sci Tech Ed, 2026, 22(7), em2865

de Alencar, E. S, & Diaz-Levicoy, D. (2024).
Conocimiento para ensefanza estadistica en el libro
de primer afio de educacién primaria en Perd
[Knowledge for teaching statistics in the first year
of primary education book in Peru]. REAMEC-Rede
Amazonica de Educacdo em Ciéncias e Matematica, 12,
Article €24023. https://doi.org/10.26571/reamec.
v12.16664

Diaz-Levicoy, D., Batanero, C., Arteaga, P., & Gea, M. M.
(2019). Chilean children’s reading levels of
statistical graphs. International Electronic Journal of
Mathematics Education, 14(3), 689-700.
https:/ /doi.org/10.29333 /iejme /5786

Diaz-Levicoy, D., Batanero, C., Cezén, P. A., & Serrano,
M. M. G. (2015). Andlisis de graficos estadisticos en
libros de texto de educacién primaria Espafiola
[Analysis of statistical graphs in Spanish primary
education textbooks]. UNION-Revista
Iberoamericana de Educacion Matemdtica, 11(44).

Diaz-Levicoy, D., Millones, T. S. O., Salcedo, A., &
Gutiérrez-Saldivia, X. (2022). Statistical tables in
primary education textbooks of Peru. Revista
Fuentes, 24(3), 358-372.

Diaz-Levicoy, D., Morales, R., Arteaga, P., & Loépez-
Martin, M. D. M. (2020). Conocimiento sobre tablas
estadisticas por estudiantes Chilenos de tercer afio
de educacién primaria [Knowledge about statistical
tables by Chilean third-year primary school
students]. Educacion Matemitica, 32(2), 247-277.
https://doi.org/10.24844 /em3202.10

Diaz-Levicoy, D., Septlveda, A., Vasquez, C., & Opazo,
M. (2016). Lectura de tablas estadisticas por futuras
maestras de educacion infantil [Reading statistical
tables by future early childhood education
teachers]. Educacdo Matemdtica Pesquisa Revista do
Programa de Estudos Pos-Graduados em Educagio
Matemitica, 18(3), 1099-1115.

Dolores-Flores, C., & Garcia-Garcia, J. (2017).
Conexiones intramatematicas y extramatematicas
que se producen al resolver problemas de calculo
en contexto: Un estudio de casos en el nivel
superior [Intramathematical and
extramathematical connections that occur when
solving calculus problems in context: A case study
at the upper level]. Bolema: Mathematics Education
Bulletin, 31(57), 158-180. https://doi.org/10.1590/
1980-4415v31n57a08

Drijvers, P., Godino, J. D., Font, V., & Trouche, L. (2013).
One episode, two lenses. Educational Studies in
Mathematics, 82(1), 23-49. https:/ /doi.org/10.1007/
s10649-012-9416-8

Eli, J. A., Mohr-Schroeder, M. J., & Lee, C. W. (2011).
Exploring mathematical connections of prospective
middle-grades teachers through card-sorting tasks.
Mathematics Education Research Journal, 23(3), 297-
319.

Eli, J. A., Mohr-Schroeder, M. J., & Lee, C. W. (2013).
Mathematical connections and their relationship to
mathematics knowledge for teaching geometry.
School Science and Mathematics, 113(3), 120-134.
https://doi.org/10.1111/ssm.12009

Estrella, S. (2014). El formato tabular: Una revisiéon de
literatura [The tabular format: A literature review].
Revista Actualidades Investigativas en Educacidn,
14(2), 1-23. https://doi.org/10.15517/aie.v14i2.
14817

Estrella, S., & Olfos, R. (2015). Transnumeracién de los
datos: El caso de las tablas de frecuencia
[Transnumeration of data: The case of frequency
tables]. In P. Scott, & A. Ruiz (Eds.), Educacion
matemdtica en las Américas: 2015. Estadistica y
probabilidad (pp. 220-225). Comité Interamericano
de Educaciéon Matematica.

Eudave, D. (2009). Niveles de comprensiéon de
informacion y graficas estadisticas en estudiantes
de centros de educacién basica para jovenes y
adultos de México [Levels of understanding of
information and statistical graphs in students of
basic education centers for young people and
adults in Mexico]. Educacion Matematica, 21(2), 5-37.

Evitts, T. (2004). Investigating the mathematical connections
that preservice teachers use and develop while solving
problems from reform curricula [Unpublished PhD
thesis]. Pennsylvania State University.

Font, V., & Contreras, A. (2008). The problem of the
particular and its relation to the general in
mathematics education. Educational Studies in
Mathematics, 69, 33-52. https://doi.org/10.1007/
s10649-008-9123-7

Font, V., & Godino, J. D. (2006). La nocién de
configuracién epistémica como herramienta de
andlisis de textos matematicos: Su uso en la
formacién de profesores [The notion of epistemic
configuration as a tool for analyzing mathematical
texts: Its use in teacher training]. Educagio
Matemitica Pesquisa Revista do Programa de Estudos
Pés-Graduados em Educagio Matemitica, 8(1), 67-98.

Font, V., Godino, J. D., & Gallardo, J. (2013). The
emergence of objects from mathematical practices.
Educational Studies in Mathematics, 82(1), 97-124.
https://doi.org/10.1007 /510649-012-9411-0

Friel, S., Curcio, F., & Bright, G. (2001). Making sense of
graphs: Critical factors influencing comprehension
and instructional implications. Journal for Research
in  Mathematics  Education,  32(2), 124-158.
https://doi.org/10.2307 /749671

23 /26


https://doi.org/10.26571/reamec.v12.16664
https://doi.org/10.26571/reamec.v12.16664
https://doi.org/10.29333/iejme/5786
https://doi.org/10.24844/em3202.10
https://doi.org/10.1590/1980-4415v31n57a08
https://doi.org/10.1590/1980-4415v31n57a08
https://doi.org/10.1007/s10649-012-9416-8
https://doi.org/10.1007/s10649-012-9416-8
https://doi.org/10.1111/ssm.12009
https://doi.org/10.15517/aie.v14i2.14817
https://doi.org/10.15517/aie.v14i2.14817
https://doi.org/10.1007/s10649-008-9123-7
https://doi.org/10.1007/s10649-008-9123-7
https://doi.org/10.1007/s10649-012-9411-0
https://doi.org/10.2307/749671

Rodriguez-Nieto et al. / University students’ mathematical connections in problem-solving on frequency distribution tables

Gabucio, F., Marti, E., Enfedaque, J., Gilabert, S., &
Konstantinidou, A. (2010). Niveles de comprensién
de las tablas en alumnos de primaria y secundaria
[Levels of understanding of tables in primary and
secondary school students]. Cultura y Educacion,
22(2), 183-197. https:/ /doi.org/10.1174/113564010
791304528

Garcia-Garcfa, J. (2024). Mathematical understanding
based on the mathematical connections made by
Mexican high school students regarding linear
equations and functions. The Mathematics
Enthusiast, 21(3), 673-718. https:/ /doi.org/10.54870
/1551-3440.1646

Garcia-Garcia, J.,, & Dolores-Flores, C. (2021). Pre-
university students’ mathematical connections
when sketching the graph of derivative and
antiderivative functions. Mathematics Education
Research Journal, 33, 1-22. https:/ /doi.org/10.1007/
s13394-019-00286-x

Gea, M. M., Pallauta, J. D., Batanero, C., & Valenzuela-
Ruiz, S. M. (2022). Statistical tables in Spanish
primary school textbooks. Mathematics, 10(15),
2809. https:/ /doi.org/10.3390/ math10152809

Godino, J. D., & Batanero, C. (1994). Significado
institucional y personal de los objetos matemaéticos
[Institutional and  personal meaning of
mathematical objects]. Recherches en Didactique des
Mathématiques, 14(3), 325-355.

Godino, J. D., Batanero, C., & Font, V. (2007). The onto-
semiotic approach to research in mathematics
education. ZDM Mathematics Education, 39,127-135.
https://doi.org/10.1007 /s11858-006-0004-1

Godino, J. D., Batanero, C., & Font, V. (2019). The
ontosemiotic  approach: Implications forthe
prescriptive character of didactics. For the Learning
of Mathematics, 39(1), 37-42.

Guimaraes, G., Gitirana, V., Cavalcanti, M., & Marques,
M. C. M. (2008). Analise das atividades sobre
representacdes graficas nos livros didaticos de
matematica [Analysis of activities on graphical
representations in mathematics textbooks]. In V.
Gitirana, F. Bellemain, & V. Andrade (Eds.), Anais
do 2° Simpésio Internacional de Pesquisa em Educagio
Matemidtica (pp. 1-12). Universidad Federal de
Pernambuco.

Hatisaru, V. (2023). Mathematical connections
established in the teaching of functions. Teaching
Mathematics and its Applications: An International
Journal of the IMA, 42(3), 207-227. https:/ /doi.org/
10.1093/teamat/hrac013

Kenedi, A. K., Helsa, Y., Ariani, Y., Zainil, M., & Hendri,
S. (2019). Mathematical connection of elementary
school students to solve mathematical problems.
Journal on Mathematics Education, 10(1), 69-80.
https://doi.org/10.22342 /jme.10.1.5416.69-80

24 /26

Lahanier-Reuter, D. (2003). Différents types de tableaux
dans l'enseignement des statistiques [Different
types of tables in statistics teaching]. SPIRALE.
Revue de Recherches en Education, 32, 143-154.
https://doi.org/10.3406/ spira.2003.1386

Ledezma, C., Rodriguez-Nieto, C. A., & Font, V. (2024).
The role played by extra-mathematical connections
in the modelling process. AIEM-Avances de
Investigacion en Educacion Matemdtica, 25, 81-103.
https:/ /doi.org/10.35763 /aiem25.6363

Mabher, L., & Dertadian, G. (2018). Qualitative research.
Addiction, 113(1), 167-172. https:/ /doi.org/10.1111
/add.13931

Mingorance, C. (2014). La estadistica en las pruebas de
diagndstico Andaluzas [Statistics in Andalusian
diagnostic tests]. Universidad de Granada.

Ministry of Education. (2012). Matemitica educacion
bdsica. Bases curriculares [Mathematics in basic
education. Curriculum framework]. Unidad de
Curriculum y Evaluacion.

Ministry of Education. (2013). Matemadtica. Programa de

estudio primer ario basico [Mathematics. First grade
curriculum]. Unidad de Curriculum y Evaluacién.

MNE. (2006). Estindares bdsicos de competencias:
Matemidticas  [Basic  competency  standards:
Mathematics]. Ministry of National Education.

NCTM. (2000). Principles and standards for school
mathematics. National Council of Teachers of
Mathematics.

Pallauta, J. D., & Batanero, C. (2024). Guia para el analisis
de la idoneidad epistémica y cognitiva de lecciones
sobre tablas estadisticas en libros de texto [Guide
for analyzing the epistemic and cognitive
suitability of lessons on statistical tables in
textbooks]. Bolema: Boletim de Educagido Matemdtica,
38, Article e230088. https:/ /doi.org/10.1590/1980-
4415v38a230088

Parra-Fica, J. H., del Mar Lépez-Martin, M., & Diaz-
Levicoy, D. (2024). Measures of central tendency in
primary education textbooks in Chile. Eurasia
Journal of Mathematics, Science and Technology
Education, 20(6), Article em2454. https://doi.org/
10.29333/ ejmste/ 14592

Pino-Fan, L. R, Godino, J. D., & Font, V. (2018).
Assessing key epistemic features of didactic-
mathematical knowledge of prospective teachers:
The case of the derivative. Journal of Mathematics
Teacher Education, 21, 63-94. https://doi.org/10.
1007/s10857-016-9349-8


https://doi.org/10.1174/113564010791304528
https://doi.org/10.1174/113564010791304528
https://doi.org/10.54870/1551-3440.1646
https://doi.org/10.54870/1551-3440.1646
https://doi.org/10.1007/s13394-019-00286-x
https://doi.org/10.1007/s13394-019-00286-x
https://doi.org/10.3390/math10152809
https://doi.org/10.1007/s11858-006-0004-1
https://doi.org/10.1093/teamat/hrac013
https://doi.org/10.1093/teamat/hrac013
https://doi.org/10.22342/jme.10.1.5416.69-80
https://doi.org/10.3406/spira.2003.1386
https://doi.org/10.35763/aiem25.6363
https://doi.org/10.1111/add.13931
https://doi.org/10.1111/add.13931
https://doi.org/10.1590/1980-4415v38a230088
https://doi.org/10.1590/1980-4415v38a230088
https://doi.org/10.29333/ejmste/14592
https://doi.org/10.29333/ejmste/14592
https://doi.org/10.1007/s10857-016-9349-8
https://doi.org/10.1007/s10857-016-9349-8

EURASIA | Math Sci Tech Ed, 2026, 22(7), em2865

Rodriguez-Nieto, C. A, (2021).

Rodriguez-Alveal, F., Aguayo-Arriagada, C. G., & Diaz-

Levicoy, D. (2025). Statistical knowledge of future
secondary mathematics teachers in reading and
arguing graphical information. Eurasia Journal of
Mathematics, Science and Technology Education,
21(12), Article em2751. https://doi.org/10.29333/
ejmste /17503

Conexiones
etnomatematicas entre conceptos geométricos en la
elaboracién de las tortillas de Chilpancingo, México
[Ethnomathematical connections between
geometric concepts in the preparation of tortillas in
Chilpancingo, Mexico]. Revista de Investigacion,
Desarrollo e  Innovacion,  11(2),  273-296.
https:/ /doi.org/10.19053/20278306.v11.n2.2021.12
756

Rodriguez-Nieto, C. A. (2025). The extended theory of

connections (ETC) and its contributions to
mathematics education: Some reflections on the
path taken. Math-Edu: Jurnal Ilmu Pendidikan
Matematika, 10(1), 108-133. https://doi.org/10.
32938 /jipm.v10i1.9434

Rodriguez-Nieto, C. A., & Font, V. (2025). Mathematical

connections promoted in multivariable calculus’
classes and in problems-solving about vectors,
partial and  directional derivatives, and
applications. Eurasia Journal of Mathematics, Science
and Technology Education, 21(4), Article em2619.
https://doi.org/10.29333/ ejmste /16187

Rodriguez-Nieto, C. A., Cabrales-Gonzélez, H. A.,

Arenas-Pefialoza, J., Schnorr, C. E.,, & Font, V.
(2024). Onto-semiotic analysis of Colombian
engineering students’ mathematical connections to
problems-solving on vectors: A contribution to the
natural and exact sciences. Eurasia Journal of
Mathematics, Science and Technology Education, 20(5),
Article em2438. https:/ /doi.org/10.29333 / ejmste/
14450

Rodriguez-Nieto, C. A., Font, V., Borji, V., & Rodriguez-

Vasquez, F. M. (2022a). Mathematical connections
from a networking theory between extended theory
of mathematical connections and onto-semiotic
approach. International Journal of Mathematical
Education in Science and Technology, 53(9), 2364-2390.
https:/ /doi.org/10.1080/0020739X.2021.1875071

Rodriguez-Nieto, C. A., Lemus-Barrera, C. 1., Cantillo-

Rudas, B. M., Sudirman, Font, V., & Rodriguez-
Vésquez, F. M. (2025a). Mathematical connections’
network identified in solving problems about
vectors in the classroom: A detailed analysis with
onto-semiotic  tools. Journal on  Mathematics
Education, 16(4), 1431-1462. https://doi.org/10.
22342 /jme.v16i4.pp1431-1462

Rodriguez-Nieto, C. A., Rodriguez-Vasquez, F. M., &

Font, V. (2023). Combined use of the extended
theory of connections and the onto-semiotic
approach to analyze mathematical connections by
relating the graphs of fand f. Educational Studies in
Mathematics, 114, 63-88. https://doi.org/10.1007/
s10649-023-10246-9

Rodriguez-Nieto, C. A., Rodriguez-Vasquez, F. M., &

Font, V. (2022b). A new view about connections.
The mathematical connections established by a
teacher when teaching the derivative. International
Journal of Mathematical Education in Science and
Technology, 53(6), 1231-1256. https://doi.org/10.
1080/0020739X.2020.1799254

Rodriguez-Nieto, C. A., Rodriguez-Vasquez, F. M., Font,

V., Sudirman, S., & Cantillo-Rudas, B. M. (2025b).
Engineering students’ mathematical
understanding based on the quality of
mathematical connections activated to solve tasks
about function’s graph and its derivative.
Educational Process: International Journal, 17, Article
€2025394. https:/ /doi.org/10.22521/edupij.2025.
17.394

Rodriguez-Nieto, C. A., Vergara-Morales, M. E,

Cervantes-Barraza, J. A., & Rodriguez-Vasquez, F.
M. (2026). Towards onto-semiotic analysis of the
university = students of business sciences’
mathematical activity when solving mathematics
problems of a diagnostic. Eurasia Journal of
Mathematics, Science and Technology Education, 22(4),
Article em2818. https:/ /doi.org/10.29333 / ejmste/
18281

Sahin, Z., Yenmez, A. A, & Erbas, A. K. (2015).

Relational understanding of the derivative concept
through mathematical modeling: A case study.
Eurasia  Journal of Mathematics, Science and
Technology Education, 11(1), 177-188.
https://doi.org/10.12973 / eurasia.2015.1149a

Su, C. S., Diaz-Levicoy, D., & Hsu, C. C. (2024). The

impact of a training cycle on statistics and
probability for future primary schoolteachers with
a gender-focused approach within the framework
of education for sustainable development. Eurasia
Journal of Mathematics, Science and Technology
Education, 20(2), Article em2401. https://doi.org/
10.29333 / ejmste /14177

Su, C. S, Diaz-Levicoy, D., Vasquez, C., & Hsu, C. C.

(2023). Sustainable development education for
training and service teachers teaching mathematics:
A systematic review. Sustainability, 15(10), Article
8435. https:/ /doi.org/10.3390/su15108435

25/ 26


https://doi.org/10.29333/ejmste/17503
https://doi.org/10.29333/ejmste/17503
https://doi.org/10.19053/20278306.v11.n2.2021.12756
https://doi.org/10.19053/20278306.v11.n2.2021.12756
https://doi.org/10.32938/jipm.v10i1.9434
https://doi.org/10.32938/jipm.v10i1.9434
https://doi.org/10.29333/ejmste/16187
https://doi.org/10.29333/ejmste/14450
https://doi.org/10.29333/ejmste/14450
https://doi.org/10.1080/0020739X.2021.1875071
https://doi.org/10.22342/jme.v16i4.pp1431-1462
https://doi.org/10.22342/jme.v16i4.pp1431-1462
https://doi.org/10.1007/s10649-023-10246-9
https://doi.org/10.1007/s10649-023-10246-9
https://doi.org/10.1080/0020739X.2020.1799254
https://doi.org/10.1080/0020739X.2020.1799254
https://doi.org/10.22521/edupij.2025.17.394
https://doi.org/10.22521/edupij.2025.17.394
https://doi.org/10.29333/ejmste/18281
https://doi.org/10.29333/ejmste/18281
https://doi.org/10.12973/eurasia.2015.1149a
https://doi.org/10.29333/ejmste/14177
https://doi.org/10.29333/ejmste/14177
https://doi.org/10.3390/su15108435

Rodriguez-Nieto et al. / University students’ mathematical connections in problem-solving on frequency distribution tables

-

Vésquez, C., & Alsina, A. (2019). Observing mathematics =~ Veréstegui-Gutiérrez, M. A., Lopez-Flores, ]J. I, &

teaching practices to promote professional Garcia-Garcfa, J. I (2024). El razonamiento
development: An analysis of approaches to estadistico en el curriculo de formacién inicial del
probability. International Electronic  Journal of profesor de matematicas de educacién secundaria
Mathematics Education, 14(3), 719-733. en México [Statistical reasoning in the initial
https:/ /doi.org/10.29333 /iejme /5866 teacher training curriculum for secondary

education mathematics teachers in Mexico].
Educacion Matemitica, 36(3), 116-142.
https://doi.org/10.24844 /em3603.05

Wild, C., & Pfannkuch, M. (1999). Statistical thinking in
empirical enquiry. International Statistical Review,
67(3), 223-265. https:/ /doi.org/10.2307 /1403699

https://www.ejmste.com

26/ 26


https://doi.org/10.29333/iejme/5866
https://doi.org/10.24844/em3603.05
https://doi.org/10.2307/1403699
https://www.ejmste.com/

	INTRODUCTION
	THEORETICAL FRAMEWORK
	Extended Theory of Connections in Mathematics Education
	Some Tools About Onto-Semiotic Approach
	Statistical Tables
	Levels of Understanding of Statistical Tables

	METHODOLOGY
	Participants and Context
	Data Collection
	Data Analysis

	RESULTS
	Teacher’s Narrative and Mathematical Practices
	Method 1. Student Mathematical Practices P13 for Constructing the Frequency Distribution Table
	Onto-Semiotic Configuration of Primary Objects
	Mathematical Connections
	Method 2. Student Mathematical Practices P16 for Constructing the Frequency Distribution Table
	Levels of Understanding of Statistical Tables

	DISCUSSION
	CONCLUSION
	REFERENCES


  # o f   c l a s s =   n 2 ,  


  A =   R a n g e  # o f   c l a s s


  # o f   c l a s e =   n 2 ,  


    n  


  # o f   c l a s e =  28 2 = 5 , 29 ≈ 6


  A =   R a n g e  #   o f   c l a s s =  48 6 = 8

