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Evaluation of the effectiveness of a data visualization
workshop in the development of graphical representation skills:
A pre- and post-implementation comparative study
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ABSTRACT

The objective of this investigation was to compare the skills
of prospective teachers at the Universidad Nacional de Costa
Rica related to graphical representations of information before
and after implementation of a data visualization workshop.
The workshop was implemented and two questionnaires were
developed to collect information about the students’ percep-
tions of their skills in data visualization. Student perceptions
were then compared using Student’s t-test for paired measure-
ments and the Wilcoxon-Pratt rank test. The analysis showed
that student ratings of their graphical composition skills (p <
0.0001), graphical interpretation (p < 0.0001), optimal repre-
sentation (p < 0.0001), relationship with other representations
(p = 0.0004) and contextual relationship (p = 0.0003) increased
significantly after implementation of the workshop, indicating
that participating students had acquired fundamental tools for
understanding, interpreting and properly using graphical rep-
resentations of statistical data in different contexts involving

large amounts of information.

Keywords: teacher skills, mathematics teachers, teacher educa-
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RESUMEN

El objetivo de la presente investigaciéon fue comparar las
habilidades relacionadas con representaciones graficas de la
informaciéon en docentes en formacién de la Universidad
Nacional de Costa Rica, antes y después de la implementacion
de un taller de visualizacién de datos. Se implementé un taller
sobre visualizacion de datos y se elaboraron dos cuestiona-
rios para recolectar la informacién de la percepcion sobre las
habilidades del estudiantado en la visualizacion de datos. La
percepcion estudiantil fue comparada mediante la prueba t-
student para medidas pareadas y mediante la prueba de rangos
de Wilcoxon-Pratt. Los andlisis mostraron que las valoraciones
estudiantiles sobre sus habilidades de composicion grafica (p
< 0,0001), interpretacion grafica (p < 0,0001), representacion
optima (p < 0,0001), relaciéon con otras representaciones (p
= 0,0004) y relaciéon contextual (p = 0,0003) presentaron
aumentos significativos luego de la implementacion del taller.
Se logré un progreso significativo en todas las areas evaluadas
luego de la implementacién del taller, lo cual indica que el es-
tudiantado participante adquirié herramientas fundamentales
para comprender, interpretar y utilizar adecuadamente las
representaciones graficas estadisticas en diferentes contextos

que involucren gran cantidad de informacion.
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INTRODUCTION

Vast amounts of information are now being made available in different media, which
allows us to analyze social, economic, political, and other phenomena. As a result,
having presentation tools that allow us to communicate information quickly and ef-
fectively is becoming increasingly important. Gal (2002) mentions that it is desirable
for people to be able to interpret, critically evaluate, and communicate statistical
information, and to develop skills that allow them to identify, interpret, and use in-
formation presented in lists, tables, and graphical presentations, among other media.

Statistical graphs, for example, can be used to efficiently summarize, analyze, ex-
plore, and discover relationships in data, to make diagnoses, and establish arguments,
or even as a substitute for tables (Vanderplas et al., 2020). In other words, statistical
graphs allow us to visually display the behavior of a set of data when describing,
explaining, or analyzing a phenomenon in a particular context.

Traditional statistical graphics such as histograms or box diagrams often provide
us with a useful perspective on the phenomenon under study. However, the large
amount of information currently being generated poses a series of challenges to
producing graphical representations that allow this information to be adequately
interpreted, since as the amount of data increases, the possibility of capturing this
information and explaining it using a traditional graphics decreases.

The tool known as data visualization provides an alternative approach to address
the challenges to adequate representation of information that have arisen. Data
visualization allows complex information to be displayed in a single graphic, which
can be rapidly created, and clearly and efficiently conveys a message. Information is
presented in a compact, accessible, and engaging way, stimulating people’s interest in

interpreting the information presented in the graphic (Grant, 2019). Furthermore, its
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use permits the generation and communication of knowledge based on data from a
fundamentally intuitive perspective (Asamoah, 2022). In other words, it is a tool that
enhances skills in interpreting, critically evaluating, and communicating information
through different types of representations. Data visualization helps people process
large amounts of information (Llaha and Aliu, 2022), discover patterns, make infer-
ences, and draw conclusions (Zalaan and Najimb, 2022), providing types of repre-
sentations that help an audience to observe aspects of data sets that would otherwise
not have been perceived when analyzing this data (Araujo, 2023). It can also be used
in any area of knowledge to efficiently communicate research results (Grant, 2019).
It is therefore clear that developing the skills that allow for the implementation of
this tool in different fields of scientific knowledge is highly important.

The American Statistical Association (ASA) proposes that university programs
should foster the development of skills in data presentation. It is important for
students to acquire knowledge on how to visualize information and how to use
this visualization for analysis (GAISE College Report ASA Revision Committee,
2010). Likewise, academia should provide individuals with the necessary training so
that they can leverage visualization skills to explore and generate knowledge from
data (Asamoah, 2022). Academic studies generate a large amount of information
that must be attractive, accessible, and understandable to the general public, and
data visualization can be a powerful tool for communicating research results in an
understandable manner.

In Costa Rica, the Bachelor’s and Master’s Degree in Mathematics Teaching
program at the Universidad Nacional contains three courses in statistics, including
Statistics and Probabilities, which covers a range of knowledge related to the graphical
representation of information through the use of bar, line, and pie charts, as well as
the use of histograms, frequency polygons, and box plots in the field of descriptive
statistics. Through the use of these charts, students are expected to develop the skills
necessary to select the most appropriate of these tools for the representation of a
given data set, as well as to interpret and communicate relevant aspects related to the
distribution of data according to context (Universidad Nacional, 2017).

However, the course requirements do not consider other forms of information
presentation, such as cartograms, word clouds, violin diagrams, which allow for the
representation and analysis of larger and more complex databases. Complementary
training in data visualization could be a tool that allows prospective teachers to analyze
large amounts of data and strengthen the development of skills related to graphical
representation, as described in the course syllabus.

Thus, the objective of this study was to compare skills related to graphical repre-
sentations of information among prospective teachers in the Bachelor’s and Master’s

Degree in Mathematics Teaching programs at the Universidad Nacional de Costa
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Rica before and after implementation of a data visualization workshop, to evaluate

the workshop’s effectiveness in developing these skills.

Graphical representations of information

According to Friel et al. (2001), a statistical graphic contains four structural compo-
nents: (1) graphic frame, which consists of the axes, scales, reference marks on each
axis, among other elements, allowing for display of information about the measures
used and the measured data; (2) specifiers, which are the elements used to represent
data and show the relationships between variables, typically lines, bars, or other marks;
(3) labels that provide contextual information about the graphic and the variables
represented, such as the type of measure used, the data to which that measure is
applied, or the graph title; and (4) background, which includes the colors, grid, and
images on which the graphic can be placed.

This investigation considers a statistical graphic to be any form of information
presentation that complies with the structure described by Friel et al. (2001), which
is intended to facilitate the understanding of a phenomenon in a synthesized man-
ner that draws attention and allows for identification of patterns and trends without
misleading others — that is, an illustration that attempts to present data in the best

possible fashion.

Data visualization

Visualization constitutes “the study of how to represent data using a visual or artistic
approach rather than a traditional reporting method” (Yuk and Diamond, 2014, p.
7). Unwin (2020) states that “data visualization involves drawing figures to display
data” (p. 2), while the National Forum on Education Statistics (2016) states that data
visualization involves transforming data so that the information it provides can be
appreciated through a visual presentation. It can be characterized as the presenta-
tion of an image or figure that is the end result of a process involving a variety of
communication methods, presentation technologies, and media formats to visually
reveal the meaning of the data to an audience. That is, data visualization is not simply
the presentation of a graphic figure, but rather the final product of a process with
several stages.

In descriptive statistics, data visualization primarily fulfills two general functions:
the exploratory function of the data, and the explanatory function of the data (Ili-
insky and Steele, 2011). From an exploratory perspective, data visualization helps to
observe elements that are not initially perceived when analyzing a data set (Araujo,
2023), helping to quickly identify characteristics or relationships embedded in the
data by a consideration of the curves, patterns, trends, or outliers that are visible at

first glance in graphical representations.
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From the perspective of data explanation, visualization seeks to convey the final
results of research to people unfamiliar with the data’s context (Iliinsky & Steele, 2011).
In other words, the explanatory function allows people to understand the story behind
the data. Visualization thus not only aims to explain the data with a graphic but goes
further, seeking to justify which graphic best communicates the results of the research.
Therefore, the type of representation used should not be chosen at random, but should
rather be selected using a series of principles that promote more effective communica-

tion, based on different models of cognitive information processing (Pascual, 2016).

Gestalt design principles

The Gestalt design principles developed by psychologists Max Westheimer, Kurt
Koftka, and Woltgang Kohler which can be used to validate data visualization designs
are known as proximity, similarity, connectivity, continuity, closure, and common direc-
tion (Ware, 2013). These principles describe how patterns in visual representations are
perceived, and define a series of characteristics that a graphical representation must
meet to achieve its goal of conveying a message visually.

These design principles, while clarifying the characteristics that an adequate graphi-
cal representation must possess, must be complemented by other theoretical constructs
that contribute to the information encoding process, such as visual properties and

representational skills.

Visual properties of encoding

Visual properties of encoding are related to colors, shapes, sizes, lines, and text that
act as common specifiers for data visualization graphics.

The appropriate selection of color must be carefully considered, since colors are
sometimes selected irrationally, based on what is most striking to graphic designers,
which is considered to be inappropriate practice (Iliinsky & Steele, 2011). One of the
main conditions that must be taken into account when selecting graphic colors is color
blindness, as the use of color shades that may not be distinguished by color-blind
people should be avoided (Ware, 2013).

Size is used to represent the relative importance of each of the entities present in
the graphic, since when one element is larger than another, it draws more attention,
perceptually indicating that it is a more important element in the graphical representa-
tion (Iliinsky & Steele, 2011).

Labels also constitute an important part of the structure of any statistical graphi-
cal representation, so identifying the clarity of the letters involved in the graphic, and
their size, position and typography is highly important in the data visualization pro-
cess, since as Iliinsky and Steele (2011) state, words that are added to graphics must

be clearly necessary and legible.
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Skills related to the graphical representation of information

According to Friel et al. (2001), there are five skills related to the construction, interpre-
tation, and evaluation of a graphical representation: (1) recognizing the components
of graphics, the interrelationships between them, and their effect on the graphical
presentation of information; (2) understanding the relationships between a table, a
graphic, and the data being analyzed; (3) interpreting the information displayed in a
graphic by answering different levels of questions associated with graphical compre-
hension; (4) recognizing the usefulness of one graphic and its preference over another,
considering the judgment criteria involved and the types of data being represented;
and (5) establishing the relationship of the context of the graphic to the goal of
interpreting information to make sense of what the data show in the graphic, while
avoiding personalization of the data.

The skills of recognizing components, recognizing component usefulness, and
understanding the relationships between different presentation formats are related to
the process of constructing graphical representations. Based on an understanding of
the data and structural components, necessary elements are determined so that the
information can be transformed and displayed through figures that make it possible
to appreciate the different characteristics presented by the data, incorporating design
principles and data visualization theory.

Furthermore, the skills of interpreting information in a graphic and establish-
ing its context are linked to the interpretation of graphics. They are associated with
answering questions related to the information presented based on its relationship
to the context in which the data is embedded, validating the principle that a graphic

is not just an image.

METHODOLOGY

Type of research

A pre-experimental study was conducted with a single-group pre-test and post-test
design. According to Salinas and Cardenas (2008), this design detects changes that a
treatment has brought about compared to an initial observation. This methodology
is often applied to quantify the effectiveness of teaching techniques in the learning

of concepts and the development of specific competencies.

Participants

The study population consisted of 36 students from the Quantitative Research and
Teaching Development and Practice courses in the Bachelor’s and Master’s Degree
in Mathematics Teaching program during the second semester of 2021. They partici-

pated in a workshop on data visualization that addressed theoretical foundations and
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the construction and interpretation of statistical graphical representations provided
by this tool.

The workshop consisted of four two-hour sessions, held between September
1 and October 8, 2021, delivered virtually by the researchers using Google Meet
and Zoom. A brochure was prepared to present the theoretical foundation of data
visualization, and shared with participants. Microsoft Power BI software, freely ac-
cessible to the entire Universidad Nacional student body was used to create graphi-
cal representations. During the first 30 minutes, theoretical information related to
statistical graphics was presented. Students were then provided with a database that
they were asked to use to construct different graphics based on the specifications
provided in the instructions. Finally, the results were presented, and discussions were
held in which each participant’s results were evaluated.

In addition, the students who participated in the workshop completed two ques-
tionnaires: the first before the workshop activities began and the second at the end of
training, Of the total population, six students were unable to attend either the first or
last session of the workshop. Therefore, information from both questionnaires for
this group was not available. Due to incomplete information, they were not included
in the study. Thus, a sample of 30 students was formed. They participated voluntarily
and completed the two instruments involved in the research.

It is important to mention that, based on the population size (36), the sample
of 30 students allowed us to assess the opinions of 83% of the workshop attendees,

providing a significant sample for evaluating the workshop.

Instruments

The questionnaires used to collect information on students’ perceptions of data
visualization skills before attending the workshop—that is, with only prior statistical
knowledge and skills—and after attending the workshop, had several sections and
were constructed based on a literature review on the concept of data visualization.

The first part of the initial questionnaire was intended to collect general infor-
mation from the participants, such as their ID number, age, sex, the academic year
in which they passed the Statistics and Probability course, and whether or not they
had repeated the course. The second part of the questionnaire was a series of Likert
scale questions related to students’ perceptions of their knowledge and skills related
to the graphical representation of statistical information. This scale included a set of
29 statements or judgments, with five response options in which each person could
express their level of agreement or disagreement with the statement regarding their
knowledge and skills in the field of graphical representations. These items were di-
vided into five dimensions or subscales corresponding to the five data visualization

skills proposed by Friel et al. (2001), which were operationalized as graphic composi-
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tion, relationships between forms of representation, graphic interpretation, optimal
graphic representation, and contextual relationship. In the second questionnaire, the
first questions, related to general information, only asked for the identification of
each student, to establish correspondence with their first measurement. The second
part consisted of the same Likert scale questions used in the first questionnaire, to
obtain students’ perceptions of their skills in the subject of graphic representation
once the workshop was completed.

To validate the questionnaires, an instrument was constructed, and teachers from
the School of Mathematics at the Universidad Nacional who specialized in statistics
were asked to provide their opinions on the scale items. This was done to determine
whether they were appropriately worded, relevant to the study objective, and adapted
to each of the subscales of the graphical information representation skills mentioned
by Friel et al. (2001). Additionally, a small-scale pilot study was conducted with five
students graduating from the Mathematics Teaching program at the Universidad
Nacional, who completed the questionnaire to determine whether the items were
correctly worded or presented difficulties in understanding. Finally, the level of in-
ternal consistency for each of the subscales was evaluated using Cronbach’s alpha
coefficient. Observations of the individuals who validated the instruments allowed

for improvements in the wording and structure of questionnaires.

Data analysis

The responses to the Likert scale questions included in the two questionnaires were
analyzed, comparing the perceptions of participating students attending the workshop
regarding their skills in graphically representing statistical information at the begin-
ning and end of the workshop to determine whether the workshop’s contribution
was significant. The total values of responses to the items included in each subscale
ranged from 4 to 40, representing each student’s perception of each subscale.

To validate the workshop’s contributions, a descriptive analysis of the changes
obtained was performed to determine whether there was a significant increase or de-
crease in this total for each subscale. The differences in means between the responses
to the second questionnaire and the first were determined, and the Anderson-Datrling
test was applied to identify whether these differences were normally distributed.

Student perceptions were then compared using Student’s t-test for paired mea-
sures in cases where the differences showed a normally distributed pattern. In those
cases in which it was determined that these differences were not normally distributed,
the Wilcoxon-Pratt rank test was applied. Finally, to evaluate the reliability of each
subscale, an internal consistency analysis was performed using Cronbach’s alpha
coefficient. For these statistical calculations, R software version 4.3.2 (R Core Team,

2023) was used, and p values less than 0.05 were considered significant.
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REsuLTs

Cronbach’s alpha coefficients for each of the questionnaires administered showed
values greater than 0.65 (Table 1), which were considered satisfactory to ensure the
reliability of the subscales for the purpose of the study.

Table 1
Reliability analysis for each of the subscales of skills for graphically representing information
Subscale Alpha 1 Alpha 2

Graphical composition 0,82 0,80
Graphical interpretation 0,85 0,71
Optimal representation 0,85 0,85
Relation with other representations 0,76 0,70
Contextual relation 0,68 0,75

Sonrce: Prepared by the authors.

Next, a comparison was made between the subscale responses for each participant
in the initial questionnaire and the final questionnaire subscale to identify whether
there was any significant increase or decrease in these scores after the workshop.

Comparison of the responses revealed that most participants showed increases
in all subscales, in the sum of the scores obtained in the final questionnaire compared
to the sum of scores in the initial questionnaire. In the case of the graphical compo-
sition subscale, for example, it was found that these increases are greater for some
participants that for others. Decreases can also be observed in some participants;
however, in the case of these variations, the decreases occur in one or two points of
the subscale, mostly among students who initially perceived high scores in the area
of graphical representation of statistical data (Figure 1).

The general perception of the behavior of values for each subscale tends to in-
dicate that there was an increase in participants’ perceptions of their abilities by the
end of the workshop compared to their initial perceptions. To determine whether
these increases were significant, the average scores obtained for each subscale were
analyzed and the results compared.

The Anderson-Darling normality test was the most appropriate statistical test
for the analysis of these data distributions, and the results of using this test indicated
that the subscales of graphical composition (p = 0.373), graphical interpretation (p
= 0.119), and optimal graphical representations (p = 0.33) were normally distributed,
while the null hypothesis that the differences exhibit normal behavior was rejected for
the subscales of relationship with other representations (p = 0.003) and contextual
relationship (p = 0.001).
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Figure 1
Universidad Nacional. Student differences in graphical composition subscale scores
before and after the data visualization workshop
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Source: Prepared by the authors.

For the graphical composition, graphical interpretation, and optimal graphical
representation subscales, results of the paired-measures Student’s t-test provided
statistical evidence that the true average of the scores obtained for each subscale of
the initial questionnaire was significantly lower than the true average of the scores
obtained for the final questionnaire subscale. For the relationship with other repre-
sentations and contextual relationship subscales, which are not normally distributed,
results of the Wilcoxon-Pratt rank test indicated that the ranges of scores obtained
for these two subscales in the initial questionnaire were significantly lower than the

ranges of scores obtained for these subscales in the final questionnaire (Table 2).

Table 2
Universidad Nacional. Scores obtained by students on each of the subscales of skills for
graphical representation of information before and after the data visualization workshop

Subscale Mean 1 Deviation 1 Mean 2 Deviation 2 p-value
Graphical composition 25,47 5,00 32,57 2,56 < 0,0001
Graphical interpretation 23,20 4,38 27,60 2,25 < 0,0001
Optimal representation 28,63 5,79 37,30 2,99 < 0,0001
Relation with other representations 17,70 2,58 19,53 0,93 0,0004
Contextual relation 12,83 2,15 14,53 0,89 0,0003

Source: Prepared by the authors.
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Students’ responses to the questionnaires showed significant increases in the
scores for their knowledge and skills related to the graphical representation of
statistical information. These results indicate that the workshop contributed to the
development of the five skills that Friel et al. (2001) consider necessary for adequate
mastery of the processes of constructing, interpreting, and evaluating a graphical
representation.

The results showed an improvement in students’ perception of their graphical
composition skills. The ability to recognize the components of a graph and how
they are interrelated is perhaps a first step toward developing skills related to the
use of tools such as data visualization for the study of graphical representations.
Some research suggests that understanding a graphical representation of statistical
data requires identifying its structure, the variables involved and their relationships,
the type of axes, and the graphical elements used to represent the data (Batanero
et al., 2021; Contreras et al., 2021). Use of statistical graphics for data analysis is an
important component of statistics courses at different educational levels. Therefore,
it is important for teachers who deliver courses in this discipline to understand the
different components required for an adequate understanding and analysis of graphi-
cal representations. For this reason, the workshop was instrumental in strengthening
this skill for prospective teachers.

The workshop contributed to the development of graphical interpretation skills,
which is consistent with one of the main objectives of mathematics education: en-
abling students to interpret and understand graphical presentations of information
(Romero-Ariza et al., 2024), and is also consistent with the content of the curriculum
for the Bachelor’s and Master’s Degree in Mathematics Teaching program, which
states that students are expected to be able to interpret information presented in a
statistical table or graphic (Universidad Nacional, 2017). This information processing
skill is essential for employment in the 21st century (Patahuddin and Lowrie, 2019),
when workers seek to answer different levels of questions related to the information
contained in data.

Itis important to note that several factors can interfere with the proper interpre-
tation and reading of statistical graphics, such as characteristics of the readers, the
type of graphic (Guo et al., 2020), or lack of statistical training (Garzén-Guerrero
and Jiménez, 2021). Therefore, educational processes related to the study of statistical
graphics must respond to the need to train individuals capable of interpreting and
communicating statistical information presented in different formats.

The study data showed that the aspects covered in the workshop improved the
ability of the participants to identify the usefulness of one type of graphic over
another. While there are documented recommendations on how to present data, the
best version of the figure chosen is obtained as part of the work of the person who

creates it, demonstrating their ability to distinguish the advantages and disadvantages
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of different options and to determine which one best fits the data they will be pre-
senting (Midway, 2020), and making decisions about the coding and design that they
consider will most accurately and convincingly communicate their interpretation of
the data (Burns et al., 2020).

To construct or design a graph, it is necessary to consider the characteristics of
the target audience as well as the type of information to be conveyed (Guo et al.,
2020). Selecting the method used to represent a data set is not only based on docu-
mented technical aspects, but also requires appropriate judgment to select the graphic
format that allows the information to be conveyed clearly and simply. Therefore,
it is essential that academic research be carried out, providing both academic and
non-academic staff with the ability to create well-designed graphs that are useful for
conveying information (Vanderplas et al., 2020). This aspect is of utmost importance
in the training of teaching staff who will work in secondary education, as they must
be able to select appropriate graphic formats to represent and convey information
from a data set, as well as possess the ability to construct, criticize, and analyze them
adequately to guide their students in developing these skills.

The students’ questionnaire responses also indicated that the workshop contrib-
uted to the development of their ability to establish relationships between different
forms of data representation. Data visualization can be understood as the final product
of a process that involves several stages (National Forum on Education Statistics,
2010), ranging from data collection to data representation. In this process, statistical
tables play an important role, as they contribute to the classification and organiza-
tion of data for subsequent representation through the use of graphics (Pallauta et
al., 2021). On the other hand, statistical tables and graphics are objects that promote
transnumeration (Wild and Pfannkuch, 1999), thereby allowing a greater understand-
ing of the phenomenon under study, as students acquire skills including the ability to
read, compare, infer, or make decisions (Arredondo et al., 2021). Statistical graphics
and tables are essential tools for presenting data from the environment. It is impor-
tant for prospective teachers to understand the different forms of representation
and their relationships. These elements are part of secondary education curricula,
which aim to encourage students to develop skills that allow them to display, sum-
marize, and communicate information in various types of representations (graphical
ot tabular) (Ministry of Public Education [MEP], 2012) and use them as data analysis
tools. Some representations can be used to analyze the mode, maximum, minimum,
or pattern of variability of a data set (MEP, 2012).

Statistical graphics, as forms of information representation, require appropriate
treatment in teacher training courses to achieve an adequate data transformation
process, so that teachers responsible for teaching statistics can offer students the

opportunity to understand and transform the data that they interact with.
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The workshop also contributed to the development of students’ ability to establish
relationships between data in graphical representations and context, a fundamental
issue in the particular case of statistics, in which context is always present. Graph-
ics are not isolated elements but rather part of a whole, hence the importance of
understanding the context for data visualization (Unwin, 2020). Achieving the goal
of interpreting and understanding statistical information requires not only statisti-
cal knowledge per se but also other types of knowledge, among which contextual
knowledge stands out (Gal, 2002).

Establishing relationships between data and context is closely related to teach-
ing, and is one of the skills that the MEP educational programs aim to develop. The
impact of the workshop on its development in prospective teachers is thus especially
important, since the context cannot be separated from the content to be taught in
statistics courses. Based on student questionnaire responses, the workshop activi-
ties contributed to the development of skills that allow students to understand the
usefulness of data visualization in the analysis of social or economic phenomena.
These activities were designed to help students appreciate the importance of mak-
ing decisions contextualized with the information described in the activity, and the
workshop methodology was aimed at providing tools that allowed them to examine

patterns or analyze information from different contexts.

CONCLUSIONS

The research instruments developed in this investigation allowed students to evalu-
ate their progress in developing graphical representation skills through responses to
Likert scale questions at the beginning and end of the workshop. Analysis of their
responses showed that the workshop achieved significant progress in all areas assessed,
and that participating students acquired fundamental tools to adequately understand,
interpret, and use statistical graphical representations in different contexts involving
large amounts of information.

Currently, people receive a large amount of information through different media,
so it is important to consider the possibility of establishing educational processes
that promote the development of skills for working with large data sets, support-
ing the training of individuals so that they acquire the ability to present and analyze
information efficiently.

The results obtained support the importance of these types of workshops as ef-
fective tools for learning statistics, as they allow for in-depth exploration of different
aspects of the field and contribute to the development of skills in the field of data
visualization, particularly those covered in a Statistics and Probabilities course, given

its role as a tool for transforming information.
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Initiatives such as the one presented in this article promote both the acquisition
of skills in interpreting and using graphics and the development of critical thinking
in individuals, by encouraging questions not only about the figures themselves but
also about the sources from which they are derived. Since graphical representations
are one of the most common ways of transmitting information, both in traditional
and virtual media, adequate training in their proper interpretation and evaluation is
essential for everyone.

It is also important to consider establishing a comprehensive approach, includ-
ing all stakeholders in the educational process, to contribute to the development of
skills that allow people to appropriately use the information generated in different
media, so that they can identify, interpret, communicate, and use data effectively in
activities that can benefit society.

Despite the workshop’s benefits, the study has some limitations, such as the lack
of a comparison group, which prevents us from identifying the factors that explain
the variations between the first and second observations. Furthermore, the virtual
format in which the workshop was conducted prevents us from generalizing its im-
plications to other types of modalities, such as in-person learning;

Given these limitations, it is recommended that further research delve deeper
into the topic by involving control groups that can help identify factors that explain
changes in students’ perceptions of graphic representation skills, thereby highlighting
the impact that this type of workshop generates on the statistical training of those
responsible for their future teaching. Further research is also encouraged to include
this type of workshop in an in-person format, to replicate them in other educational
contexts and expand the scope of this study.

The implementation of this type of workshop is also recommended to strengthen
the training of teachers and those interested in the field of information presentation,
allowing them to better stimulate their students’ critical thinking skills to identify,
interpret, and use information from graphical representations in decision-making,

In a world constantly generating data, it is not only appropriate but also neces-
sary to distinguish between graphics that provide useful and relevant information

and those that seek to confuse, deceive, or show only part of the picture.
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