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Abstract: The COVID-19 pandemic generated a new scenario in education, where technological
resources mediate teaching and learning processes. This paper presents the development of a virtual
teacher training experience aimed at promoting inferential reasoning in practicing and prospective
mathematics teachers using inference problems on the Chi-square statistic. The objective of this
article is to assess the implemented or intended institutional meanings and the degree of availability
and adequacy of the material and temporal resources necessary for the development of the training
experience. For this purpose, we use theoretical and methodological notions introduced by the
Ontosemiotic Approach to Mathematical Knowledge and Instruction (OSA), among which are the
notions of practice and suitability criteria. The participants of this experience were divided into three
groups; one of them was comprised of practicing teachers and the other two of prospective teachers.
The intervention used different virtual modalities that enabled the development of the participants’
inferential reasoning in a similar way.

Keywords: statistical inference; Chi-square statistic; suitability criteria; technological resources;
online teaching

1. Introduction

In the past few decades, we have observed a growing interest in the training of
citizens in the ability to interpret and critically evaluate the results of statistical studies.
Thus, statistics are incorporated into school curricula since primary education. It is also
worth noting that several countries have incorporated statistical inference topics into their
secondary education curricula [1,2]. However, the notions involved in statistical inference
are often complex for students and teachers to understand. Several studies have identified
errors and difficulties presented by both when making inferences, for example, on the
understanding of the significance level, type I and type II error, the logic of hypothesis
testing, the formulation of statistical hypotheses and sampling distributions, and the
relationship between the statistic and the parameter [3–6]. In this sense, the incorporation of
statistical inference in years before university education presents a challenge for secondary
school teachers, who must now face the challenge of teaching topics such as hypothesis
testing or confidence intervals. For this reason, teachers seek to take continuing education
courses or workshops on statistics and statistical inference.

In response to these challenges, research has been conducted, on the one hand, on how
to approach inference from an informal perspective, called informal inferential reasoning
(IIR) [7–10] and, on the other hand, on the need to introduce stepwise inference; in other
words, how to promote formal inferential reasoning progressively (FIR) on the basis of
IIR [9–14].

In addition to this, the COVID-19 pandemic opened new scenarios where teachers
and teacher educators must face one more challenge: we must teach online. According
to UNESCO, as a result of the global pandemic, 82.8% of the total number of students
enrolled worldwide, approximately 1.5 billion, and their teachers had to leave traditional
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classrooms. In order to face this challenge and continue learning during confinement,
educational institutions have sought alternatives by undertaking programs such as “I
learn at home”, “I learn online”, or “digital learning.” These programs have used physical
booklets, television classes, and synchronous virtual classes through platforms such as
Zoom, Google Meet, and Microsoft Teams and asynchronous virtual classes through
platforms such as Moodle. Thus, to teach in this scenario, teachers need to have adequate
digital literacy [15–17].

According to the National Council of Teachers of Mathematics (NCTM), technology is a
primary tool for mathematical learning in the 21st century [18]. Therefore, teachers should
take advantage of the potential of technology (e.g., software and applets) to stimulate
students’ interest and enhance their understanding of mathematics topics. In this sense, in
the current context, we must take advantage of all the technological resources available to
us to generate spaces for learning and interaction.

The present study focuses on the development of a training experience aimed at pro-
moting the inferential reasoning of practicing and prospective teachers by using problems
with the Chi-square statistic. Hypothesis testing with this statistic makes an essential
contribution in medicine, psychology, genetics, agronomy, aquaculture, biology, financial
analysis, econometrics, industry, and marketing research. In order to make inferences
based on these tests, it is necessary that students and teachers have a deep understanding
of the Chi-square statistic and can connect with the notions related to this statistic. When
students present difficulties in connecting statistical notions, they may focus on algorithms
or procedures. This could imply that they cannot identify the type of data or choose the
statistic, the distribution, or test needed to solve a real problem [19].

In this sense, this article aims to assess the extent to which the institutional meanings
implemented or intended represent the reference meaning and the degree of availability
and adequacy of the material and temporal resources necessary for the development of
the teacher training experience aimed at promoting inferential reasoning in practicing and
prospective mathematics teachers, using inference problems with the Chi-square statistic.

2. Theoretical Framework

For the development of this research, we used some theoretical-methodological no-
tions of the Ontosemiotic Approach (OSA) to Mathematical Knowledge and Mathematical
Instruction [20,21]. The OSA is an inclusive theoretical system that tries to articulate various
approaches and theoretical models used in research in mathematics education [22]. OSA
recognizes the dual nature of mathematics as a system of objects and practices. The notion
of practice plays a fundamental role. It is understood as “any performance or manifes-
tation (verbal, graphic, etc.) carried out by someone to solve mathematical problems, to
communicate the solution obtained to others, to validate it or generalize it to other contexts
and problems” [23] (p. 334).

This approach adopts a global perspective that considers various facets (epistemic,
cognitive, affective, interactional, mediational, and ecological) and their relationships. Thus,
it recognizes the complexity of the processes of teaching and learning mathematics. The
OSA proposes five levels of didactical analysis for the facets mentioned above: practices,
configurations, standards, and suitability. These levels of analysis refer, respectively, to
the practices or actions of the agents involved in the teaching and learning processes, the
‘networks’ of objects and processes involved in the practices, the norms that condition and
support the implementation of the practices, and the assessment of the suitability of the
educational process as a whole [24].

The notion of didactical suitability and its breakdown into criteria, components, and
indicators is included in the OSA as a systemic criterion for optimizing a mathematical
instruction process. Godino, Batanero, and Font [25] define it as the degree to which
the instructional process (or part of it) meets certain characteristics allowing it to be
classified as adequate to achieve the adaptation between the students’ personal meanings
(learning) and the intended or implemented institutional meanings (teaching), taking into
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account the circumstances and resources available (environment). Figure 1 shows the
six components into which the suitability criteria are broken down (this figure is presented
just for illustration).
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In this study, we will focus on epistemic and mediational suitability. On the one
hand, it is understood that a mathematical study process (e.g., this training experience) has
greater epistemic suitability to the extent that the implemented or intended institutional
meanings represent the reference meaning. This reference meaning must be relative to
the educational level at which the training experience is to be implemented [26]. The
components and indicators of epistemic suitability are presented in Table 1.

Table 1. Components and indicators of epistemic suitability (retrieved from [26]).

Components Indicators

Situations/Problems
• A representative and articulated sample of situations is presented, including

contextualization, exercising, and application situations.
• Problem-generating situations (problematization) are proposed.

Languages

• Using different modes of mathematical expression (verbal, graphic, symbolic
. . . ) and translations and conversions between them.

• Use of appropriate language for the students.
• Situations of mathematical expression and interpretation are proposed.

Rules (Definitions, propositions, procedures)

• Definitions and procedures are clear and accurate and are adapted to the
educational level.

• Statements and fundamental procedures of the topic for the educational level
given are presented.

• Situations where students have to generate or negotiate definitions,
propositions, or procedures are proposed.
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Table 1. Cont.

Components Indicators

Arguments
• Explanations, verifications, and demonstrations are appropriate to the

educational level treated.
• Situations where students have to argue are promoted.

Relations

• Mathematical objects (problems, definitions, propositions, etc.) are related
and connected between them.

• The different meanings of the objects involved in the practices are identified
and articulated.

On the other hand, mediational suitability allows us to assess the degree of availabil-
ity and adequacy of the material and time resources necessary to develop the teaching
and learning processes. Table 2 presents the components and indicators of mediational
suitability.

Table 2. Components and indicators of mediational suitability (retrieved from [26]).

Components Indicators

Material resources (manipulatives,
calculators, computers)

• The use of manipulatives and technology, which give way to favorable conditions,
language, procedures, and arguments, adapted to the intended content.

• Definitions and properties are contextualized and motivated using concrete situations,
models, and visualizations.

Number of students, scheduling,
and classroom conditions

• The number and distribution of students enable the desired teaching to take place.
• The timetable of the course is appropriate (e.g., not all the classes are held late).
• The classroom and the distribution of the students are appropriate for the development

of the intended instructional method.

Time (for group
teaching/tutorials; for learning)

• The intended content is accommodated to the available time (contact or
non-contact hours).

• The devotion of time to the most important contents of the topic is appropriate.
• The devotion of time to topic areas that present more difficulty is appropriate.

According to the NCTM principles, technology is essential in teaching and learn-
ing mathematics; it influences the mathematics that are taught, and enhances students’
learning [18]. This principle on technology is related to mediational suitability, especially
with the first component, material resources, which is where technological resources are
incorporated.

3. Methodology

This study is framed within the qualitative paradigm [27]. It seeks to analyze a teacher
training experience aimed at promoting inferential reasoning in prospective and practicing
mathematics teachers through inference problems with the Chi-square statistic. This
analysis is performed using the OSA epistemic and mediational suitability tool described
in the previous section.

Three different groups participated in this training experience. One of the groups
was comprised of practicing teachers and the other two of prospective teachers. We
worked with them using different virtual modalities. Table 3 shows a brief summary of the
characteristics of each group.
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Table 3. Characteristics of the participating groups.

Group 1 Group 2 Group 3

Participating teachers 28 prospective teachers 41 high school practicing
teachers 22 prospective teachers

Probability and statistics
courses taken so far

First university course on the
subject

Completed all the university
courses on the subject. In
addition, they teach at the

high school level.

Completed all the university
courses on the subject

Country Mexico
Latin America (Argentina,

Chile, Colombia, Guatemala,
Mexico, and Peru)

Costa Rica

The first group was comprised of 28 prospective teachers from a Mexican university
who were taking their first course in probability and statistics. Nevertheless, they have
not yet taken courses on inferencing. As part of the course, these prospective teachers
took a two-week workshop on statistical reasoning, which, due to the pandemic, was
conducted virtually and synchronously through the Zoom platform, which acted as the
primary resource for interaction. During the workshop, the prospective teachers worked in
teams on activities on the Chi-square statistic. The aim of this was to prompt the discussion
of their solution strategies and carry them out. After that, they shared their solutions with
their peers and the trainer in charge of the workshop (the first author of this article). It is
important to note that the composition of the teams was random.

The second group was made up of 41 high school teachers from different nationalities
in Latin America, specifically Argentina, Chile, Colombia, Guatemala, Mexico, and Peru.
These practicing teachers enrolled in a workshop on statistical reasoning organized by a
Chilean university for secondary school mathematics teachers. This activity lasted one
week and was conducted virtually synchronously and asynchronously because of the
pandemic. During the workshop week, the teachers were encouraged to solve activities
on the Chi-square statistic and discuss their solutions with their peers and the trainers
who moderated the workshop (both authors of this article). The proposed activities were
solved in teams, which were randomly formed. The synchronous sessions were carried
out through Zoom, while the asynchronous ones were through a Moodle-type platform.
Furthermore, the teachers sent written documents with the development of the activities
and interacted with their peers and workshop trainers through forums.

The third group was made up of 22 prospective teachers from various universities in
Costa Rica. They enrolled in a one-week virtual and asynchronous workshop on statistical
reasoning, which two universities in the country organized. In this workshop, participants
solved activities on the Chi-square statistic individually, due to the workshop modality,
and had the opportunity to interact with their peers and the trainer (the first author of this
article) through a forum and videos, using a Moodle-type platform.

For the design of the activities (problem-situations) with the Chi-square statistic, we
considered the following criteria: (1) that they admit different mathematical practices to
solve the activity (intuitive, pre-formal, or formal elements) as suggested by research that
has focused on introducing stepwise inference and informal inferential reasoning [7,8,12,14];
(2) representativeness of the meanings of the Chi-square statistic, for which activities were
designed to attend to each meaning of this statistic (goodness-of-fit, independence, and ho-
mogeneity); and (3)more general aspects were considered such as the use of accessible and
interesting contexts and use of diverse representations (natural language, tables, figures).

Concerning the validation of the activities design, we resorted to validation by content.
This type of validation determines whether the activities fairly and completely cover the
domain or elements they are intended to cover [27].
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4. Development of the Teacher Training Experience

Next, we describe the training experience aimed at promoting inferential reasoning on
three groups of teachers through the use of inference problems with the Chi-square statistic.
Furthermore, we analyze the resources used in the development of this training experience.
It is worth noting that three problems were at the center of the training experience and that
they were presented to the three groups of teachers. For reasons of space, we analyzed
one problem for each group; however, we can anticipate that the practices developed by
the teachers around such activities were consistent in the three groups. We resorted to the
didactical suitability criteria to perform this analysis, specifically to the mediational and
epistemic suitability described in the theoretical framework section.

4.1. Group 1 of Prospective Teachers

At the beginning, the trainer introduced the workshop by initiating a dialogue with the
prospective teachers about their conceptions of statistics and its usefulness and presence in
their work and daily life. Subsequently, in the same instance, the trainer asked them about
the notions they consider essential in probability and statistics. The prospective teachers
mentioned that they considered important the sample, population, sampling, distributions,
statistics such as mean and standard deviation, and parameters. Then, the trainer intro-
duced Heitele’s fundamental ideas [28] and discussed the relationship between a sample
and a population and the role of statistical inference in this relationship. In addition, he
introduced the definitions of statistical inference of Moore [29] and Rossman [30].

According to Moore [29], statistical inference moves beyond the data in hand and
draws conclusions about some wider universe, taking into account that variation is per-
vasive and the conclusions are uncertain. For Roosman [30], inferences are more than a
conclusion—they must also include the evidence and reasoning on which they are made.

Based on the above definitions, a dialogue was opened on what statistical reasoning
is. Once the participants had given their points of view and consensus was gathered, the
trainer referred to Ben-Zvi and Garfield’s definition [31] and emphasized the importance
of reasoning in making inferences.

In a second stage of the workshop, the trainer commented that teams would be formed
randomly and that these would solve some activities. Each of the six teams (four five-
member teams and two four-member teams) would have a virtual room (via Zoom’s small
group tool) and would have 15 min to complete the activity. Once they were in their
rooms, they were asked to discuss the strategies by which they could solve the problem.
They could use paper and pencil, calculator, software, or whatever means they felt more
comfortable with to solve the problem. Once they solved the activity, they would return to
the general room to share with the group their solutions and the strategies they followed.

Then, they were presented with activity 1 (Figure 2). They all read it together, and
when the trainer asked if there were any doubts, the questions asked by the prospective
teachers were focused on what to use to solve it, if they had to use the mean, make graphs,
or use probability. It was mentioned to them that there was no single way to solve the
activity, that they could use whatever they considered appropriate, and that this was
precisely what they had to discuss with their team.
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Figure 2. Activity 1 (translated from Spanish).

Once the teams finished the activity, they returned to the general Zoom room, pre-
sented their practices, and commented on why they had decided to solve the activity
following this strategy. To summarize, the six teams used technological tools to solve the
activity: five teams used Microsoft Excel and one team used Minitab statistical software.
Their mathematical practices were quite similar. They created line graphs, bar graphs, and
dot plots. The prospective teachers commented that they used graphs because they helped
them better visualize the frequency distributions’ shape. In addition, they noted that the
observed frequencies appeared to have greater dispersion than the expected frequencies.
In Figure 3, we present the solution strategy of team 1.
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To finish with activity 1, the trainer and prospective teachers established a new
solution strategy for activity 1, which involved graphs as developed by the various teams
and statistical measures such as quartiles. This is because an intuitive meaning of the
Chi-square statistic was taken into account; we refer to Galton’s graphical method [32].

For activities 2 and 3, which were carried out in the third and fourth stages of the
workshop, respectively, the same dynamics were followed as for activity 1. The dynamics
consist of (1) presenting the activity to the general group and clarifying doubts and (2) the
teams going to the small rooms’ section of Zoom, and (3) once everyone returns to the
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general room, they present the practices they developed to solve the activity, explain their
reasoning, and answer questions from the trainer and their peers; then, (4) the prospective
teachers and the trainer generate an alternative solution to the activity, to show new
solution strategies that involve the use of key notions of inferential reasoning.

As could be observed, activity 1 is in the context of arrow shooting in an amateur
archery tournament and corresponds to the meaning of goodness-of-fit [32]. The activity
uses a language appropriate for the educational level of the participants. On the one hand,
natural language and tabular and iconic representations are used to present the activity
and the data. On the other hand, in their mathematical practice, the prospective teachers in
Group 1 used graphic representations and natural and symbolic languages. To support
their conclusions, conjured in the context of the problem, the teachers resorted mainly to
the “bell-like” shape of the graphs and the apparent greater dispersion of the observed data.
In the mathematical practices developed on this activity, it was observed that mathematical
objects are related to each other, for example, definitions such as observed and expected
frequency, frequency distribution, dispersion, and the normal distribution proposition.

During the workshop, it was observed that the prospective teachers had some difficul-
ties when solving the activities. For example, they had complications when calculating sta-
tistical measures (e.g., mean and standard deviation) because they confused the variable’s
possible values with the sample size. These difficulties were addressed in two moments.
The first moment was when interacting with the prospective teachers as they presented
their solutions. The second moment was when the trainer and the participating teachers
generated an alternative solution to the activity.

The material resource we used to interact with the prospective teachers and introduce
this training activity was the Zoom platform. From this, we can highlight the “general”
room where the initial dialogue, the reading of the activities, and the prospective teachers’
presentations on the mathematical practices that they developed to solve such activities
took place. In such presentations, prospective teachers had the opportunity to interact with
the members of their groups, the trainer, and their peers. In this same platform, we also
emphasize the use of small groups. This option allowed us to have an adequate number of
participating teachers per team to solve the activities. On the other hand, the resources used
by the prospective teachers and the trainer to solve and present the activities were Excel,
Word, and Minitab. These resources helped them to generate calculations of statistical
measures, different representations such as bar and line graphs; from the visualization,
mainly, the prospective teachers were able to establish conjectures or conclude in the
context of the activities.

As mentioned in the methodology section, this group consisted of 28 prospective
teachers, which was a manageable number of participants for most stages of the workshop.
However, it was necessary to work with teams of 5 and 4 members when discussing
solution strategies and to solve the activity. The workshop was held at the last period of
the prospective teachers’ class schedule, at 8:00 p.m., and each session lasted one hour.

4.2. Group 2 of Practicing Teachers

The modality of the statistical reasoning workshop for practicing teachers was both
synchronous and asynchronous. Before the first session, a video was uploaded to the
Moodle platform where the workshop trainers introduced themselves and briefly intro-
duced the workshop. In the video, they assigned the first activity, which consisted of
commenting on the forum (activated on the same platform) about how statistical reasoning
can be promoted in the classroom, based on their teaching experience. Through this forum,
teachers interacted with their peers and the workshop trainers.

In the first session of the workshop (synchronous), as with the prospective teachers in
Group 1, we initiated a dialogue with the practicing teachers on the importance of statistics
in everyday life, the notions they consider important in probability and statistics, and
in general on the fundamental ideas of Heitele [28]. In addition, we asked the teachers
what statistical inference is and what are the notions they identify in inference. Their
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answers highlighted notions such as sampling, sample and population, hypotheses, and
confidence intervals. We also discussed the applications of statistical inference and at what
educational level notions of inference are declared in the curriculum, highlighting that in
several countries, as is the case of Chile, inference topics are found in the 11th and 12th
years of school [33]. In addition, teachers were encouraged to take up some comments on
how to promote statistical reasoning in the forum.

Subsequently, the activities were presented, including activity two, which can be seen
in Figure 4.
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The procedure was very similar to that of the previous group. First, the general
indications were given, and the activity was presented in the general room. Then, teams
were randomly formed (four of eight members and one of nine members). Activity 2 was
presented, and the teams were asked if they had any doubts. This activity was also on the
Moodle platform so that the teams could access it in the group rooms. The teachers had
15 min to solve the activity, after which time they returned to the general Zoom room to
present and explain their solutions. During the presentations, their peers and the trainers
interacted with the participants.

The practicing teachers created pie charts and tree diagrams and used conditional
probability, with the help of Microsoft Excel, to answer the activity question. In Figure 5,
we present the mathematical practice developed by the practicing teachers of team 5.
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To finish with activity 2, the practicing teachers and trainers developed a new solution
strategy for the activity. That strategy revolved around the association coefficient Q
developed by Yule [34] because an intuitive meaning of the Chi-squared statistic was
considered when used for a test of independence [32]. In addition, teachers were asked to
continue the discussion of their solution strategies in the activity forum.

At the end of the three activities, we proceeded to present and comment on mathe-
matical practices developed to solve these activities with different formality levels and
identify among all the features of inferential reasoning observed in their practices and in the
practices presented by the trainers (Figure 6). Based on the features identified, we proposed
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to “construct”, in a consensual manner, levels of inferential reasoning with different levels
of formality. Figure 6 shows this construction of levels and its guidelines.
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For the construction of such levels, teachers were asked which traits could be placed
on the first, second, third, and fourth level. Then, the teachers used the chat and raised
their hands to indicate these traits. Below is an excerpt of the teachers’ participation during
the construction of the levels:

Teacher 1: In our team, we used the graphs, their shape, and how the data looked
like to answer the problem.

Teacher educator 1: So, you used visualization to make your conjectures, and
this can be done only with graphs? What did the other teams do?

Teacher 2: We first analyzed the composition of the data in the table and then
resorted to making graphs.

Teacher educator 1: We could say that an important part of the conclusions or
conjectures made by the different teams is the visualization, so let’s include the
visualization of the data in the composition of the table and the visualization
through the graphs.

Teacher educator 2: What other aspect could we include at this level?

Teacher 3: For the problem number two, we used conditional probability.

Teacher educator 1: Should we include it in Level 1 too or in Level 2?

Teacher 5: I think in Level 1, too.

Teacher 6: Me too.

Teacher educator 1: Okay [includes conditional probability in Level 1].

Teacher educator 2: In the chat, teacher 4 says that it is important that the answer
is given in terms of the problem.

Teacher educator 2: Teacher 7, in the chat, tells us that answering in terms of the
problem should be included in all levels, which is a central aspect for statistical
reasoning.

Teacher educator 1: Okay, we include the conclusions in the context of the
problem.
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Teacher 8: In our team, we looked at the data, which is already at level one, we
identified the type of variable and we also needed to define zero, what does zero
mean for this variable.

Teacher educator 1: Another important feature of the reasoning, then, is the
identification of the type of variable. What about significance? I think team two
mentioned it when presenting their strategies.

Teacher 9: We used significance but in the sense of being far from the mean.

Teacher 10: We also used it in the same sense.

Teacher educator 1: Ok, we could include significance as a limit in Level 3,
because of the complexity that this notion implies.

Teacher 11: I think all the teams mentioned what we wanted to test, such as the
non-increase in sleeping hours, now that we have seen other practices maybe
this would be a kind of hypothesis.

Teacher educator 1: We could include it as an intuitive hypothesis in Level 2, and
in some solutions that we presented we saw the null and alternative hypothesis
in natural language, that we could include it in Level 3.

Teacher 8: In Level 4, we could include both hypotheses posed with statisti-
cal terms.

Teacher educator 2: That’s right, so . . .

Figure 6 shows the elements that make up the teachers’ types of practices, which the
teachers and trainer presented to solve the activity. The practices associated with Level 1
are characterized by the use of graphical representations (e.g., double bars, lines, and pie),
some statistical measures (e.g., quartiles, mean and standard deviation), and the use of
conditional probability; teachers based their conjectures on the visualization of graphical
features and statistical measures, thus showing informal inferential reasoning. This way
of conjecturing and arguing whether the data in a sample follow a normal distribution
through the elements present in the graphs is similar to how the first part of task 1 is
approached to promote the IIR of Zieffler et al. [7], where students are asked to speculate
about the graphical characteristics of the unknown population based solely on the graph of
a sample.

On the other hand, the guidelines for Level 2 report on practices that emphasized
the use of the Chi-square statistic, the formulation of an intuitive hypothesis, and the
recognition of the variable(s). The formulation of an intuitive hypothesis can be considered
as a first approximation to statistical hypotheses. In this sense, the statistical enquiry cycle
PPDAC has as its first component the generation of a research question, which must be
given in a particular context that is to be investigated. Some investigations [35–37] have
taken up this first component, recognizing that most of these questions have the form of
conjecture or hypothesis.

In the Level 3 guidelines, we highlight natural language hypotheses, significance as
a limit, and the use of an intuitive decision rule. Significance as a significant limit can be
seen as an intuitive version of the significance level. It is also important to highlight that
significance is a key concept in statistical inference, and in the mathematical practices that
gave rise to this guideline, it is used only as a limit [38] that enables it to have a critical
point for decision-making.

In the guidelines for Levels 2 and 3, we can find the three key principles (generalization,
use of data as evidence, and the use of probabilistic language) that Makar and Rubin [8]
indicate as essential for informal statistical inference.

Regarding Level 4 guidelines, we find the hypothesis statement, the Chi-square statis-
tic and distribution, the critical value rule for decision-making, and the significance level.
These indicators correspond to formal inferential reasoning and are essential for the student
to make decisions based on the statistical techniques of the hypothesis testing methodol-
ogy. However, at this point, we want to focus on the validity of the procedures and the
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inferences made (e.g., power of the test and type I and type II errors). In this regard, some
investigations have raised the importance of a deep understanding of probability in hypoth-
esis testing, especially emphasizing that students do not confuse conditional probabilities
involved in type I and type II errors, p-value, and significance level, with single event
probabilities [3,39,40]. In addition, Hoekstra [41] and Riemer and Seebach [42] motivate
students to go beyond inference through hypothesis testing by performing validation of
their inferences.

A constant in the guidelines of the four levels was the conclusion in the context of
the activity. In this sense, we recognize that the interpretation, together with the argu-
ments, evidence the understanding and connections that the students make of statistical
notions [43,44]. In addition, we highlight that various studies have indicated the im-
portance of working with problem situations in contexts that are close or accessible to
students [43,45–49].

It is important to clarify that the activity that led to the construction of levels and their
guidelines for developing inferential reasoning was carried out with the three groups of
teachers. However, we exemplified it with Group 2 because the guidelines provided by
this group included the guidelines provided by the other two groups.

To close the workshop, the trainers offered a final reflection where they emphasized
the importance of promoting inferential reasoning in students and that the development
of this type of reasoning can be initiated in primary education, under the perspective
of informal inferential reasoning, and progressively continue to promote it until formal
inferential reasoning is developed.

Activity 2 is in the context of a smallpox epidemic and corresponds to the meaning
of independence [32] since it is of interest to establish whether there is any relationship
between the presence of vaccine scarring and smallpox recoveries. The activity is presented
to the teachers with natural language and tabular representation, while in the mathematical
practices developed by the teachers, we observed the use of natural language to conclude
in the context of the problem, graphical representations, and symbolic language (e.g.,
percentages and probability); natural language was also used to communicate their prac-
tices. The teachers supported their conclusions by making use of conditional probability,
percentages, and visualization of graphs. In addition, in the mathematical practices, we
observed that they related mathematical objects such as definitions, sample, association,
variable, conditional probability, and conditional distribution.

The practicing teachers presented difficulties in posing the hypotheses (null and alter-
native). Hypotheses are fundamental in hypothesis testing and have been reported as one of
the main difficulties presented by students and teachers in statistical inference [3,19,50,51].

The material resources used for the development of this workshop were the Zoom
platform for synchronous interaction and a Moodle-type platform for asynchronous inter-
action. As previously mentioned, for asynchronous interaction, we resorted to videos and
forums. The first forum was used for statistical reasoning, while the second to discuss the
different solution strategies followed by the teachers when solving the activities. Spaces
were also provided for the teams to upload to the platform the mathematical practices they
developed to solve the activities. Regarding the resources used by the teachers to solve
the activities, the use of Microsoft Excel and Word stood out. These resources helped the
teachers create graphs, diagrams, probability calculations, and presentations. The teams
that opted for charting based their guesses on the visualization and percentages of patients
who died and had the scar and those who survived and did not have the scar. On the other
hand, those who chose to calculate probabilities using tree diagrams or directly under the
expression of Bayes’ theorem formula used these probabilities to support their conclusion
in the context of the activity.

We mentioned earlier that we had to form teams to carry out the activities. However,
these teams are larger than the ones created in Group 1 of teachers. This was because
Group 2 was larger, and we had less time for synchronous interaction than with Group 1.



Educ. Sci. 2021, 11, 363 13 of 19

The timetable for synchronous interactions was from 16:30 to 18:00 h, while asynchronous
work was free.

We consider that using synchronous and asynchronous modalities for the workshop
allowed us to dedicate sufficient time to promote inferential statistical reasoning in the
teachers, remarkably close to what was achieved with the teachers in Group 1.

4.3. Group 3 of Prospective Teachers

With the prospective teachers in Group 3, the workshop modality was totally asyn-
chronous. In this workshop, the trainer produced several videos and uploaded them to the
Moodle platform provided by the event organizers. In the first video, the trainer dealt with
topics such as the current importance of statistics in work and daily life, the incorporation
of probability and statistics in the curricula of primary, secondary, and university education,
and the fundamental notions of Heitele [28]—some answers had been obtained in other
workshops on what statistics is—and then provided the definitions of Cabria [52] and
Moore [29] in which the importance of statistical reasoning was emphasized. Additionally,
the trainer commented that according to Bakker and Derry [45], one of the main challenges
facing the teaching of statistics is that notions are treated in isolation. In other words,
they are taught detached from each other as from the context from which the data arises.
Moreover, in this regard, Makar and Ben-Zvi [47] indicated that this type of teaching
contrasts with the holistic approach required to learn to reason statistically. The trainer also
showed what some research on statistical reasoning indicates [31]; from this, participating
teachers were asked to address the forum and comment their thoughts on how they felt
statistical reasoning could be promoted in the classroom. As a result, teachers pointed out
that statistical reasoning could be promoted by using problems in contexts close to the
students and favoring the use of software or applets that provide dynamic representations
of the notions involved (e.g., distributions).

Once the prospective teachers participated in the forum and interacted with each other
and the trainer, they accessed the second video. The second video began with an introduc-
tion to statistical inference and some key aspects, such as sample-population and statistic-
parameter relationships, sampling, and hypotheses. Moore’s [29] and Rossman’s [30]
definitions of statistical inference were also introduced, emphasizing the importance of
reasoning in inferences. Finally, three activities were presented, and the teachers were
asked to solve them individually. Figure 7 shows activity 3 as an example.

Educ. Sci. 2021, 11, x FOR PEER REVIEW 13 of 19 
 

with topics such as the current importance of statistics in work and daily life, the incorpo-
ration of probability and statistics in the curricula of primary, secondary, and university 
education, and the fundamental notions of Heitele [28]—some answers had been obtained 
in other workshops on what statistics is—and then provided the definitions of Cabria [52] 
and Moore [29] in which the importance of statistical reasoning was emphasized. Addi-
tionally, the trainer commented that according to Bakker and Derry [45], one of the main 
challenges facing the teaching of statistics is that notions are treated in isolation. In other 
words, they are taught detached from each other as from the context from which the data 
arises. Moreover, in this regard, Makar and Ben-Zvi [47] indicated that this type of teach-
ing contrasts with the holistic approach required to learn to reason statistically. The trainer 
also showed what some research on statistical reasoning indicates [31]; from this, partici-
pating teachers were asked to address the forum and comment their thoughts on how 
they felt statistical reasoning could be promoted in the classroom. As a result, teachers 
pointed out that statistical reasoning could be promoted by using problems in contexts 
close to the students and favoring the use of software or applets that provide dynamic 
representations of the notions involved (e.g., distributions). 

Once the prospective teachers participated in the forum and interacted with each 
other and the trainer, they accessed the second video. The second video began with an 
introduction to statistical inference and some key aspects, such as sample-population and 
statistic-parameter relationships, sampling, and hypotheses. Moore’s [29] and Rossman’s 
[30] definitions of statistical inference were also introduced, emphasizing the importance 
of reasoning in inferences. Finally, three activities were presented, and the teachers were 
asked to solve them individually. Figure 7 shows activity 3 as an example. 

 
Figure 7. Activity 3. 

Once the prospective teachers submitted their resolutions, either through the plat-
form or via e-mail, they entered the activities forum, where they commented on their strat-
egies for solving the activities. This space allowed the participating teachers to interact 
with the trainer and their peers since, in addition to presenting their strategies, they raised 
the doubts and difficulties they had had in solving the activities. Figure 8 shows a type of 
practice characteristic of this activity among prospective teachers in Group 3. 

Figure 7. Activity 3.

Once the prospective teachers submitted their resolutions, either through the platform
or via e-mail, they entered the activities forum, where they commented on their strategies
for solving the activities. This space allowed the participating teachers to interact with
the trainer and their peers since, in addition to presenting their strategies, they raised the
doubts and difficulties they had had in solving the activities. Figure 8 shows a type of
practice characteristic of this activity among prospective teachers in Group 3.
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In Figure 8, we can see that the prospective teacher performed a homogeneity test
with the Chi-square statistic, and to support his conclusion, he based his decision on the
criterion of the critical value, as the critical value is less than the value of the calculated
statistic, then the null hypothesis is not rejected.

In general, the prospective teachers developed double bar and double line graphs,
obtained percentages and the conditional distribution by rows, and used the homogeneity
test with the Chi-square statistic to infer whether homogeneity exists between groups.
Some difficulties identified were misunderstanding the p-value decision criterion because
when they compare the significance level with the p-value, they decide to reject the null
hypothesis when the criterion indicates that if the p-value is greater than the significance
level, the null hypothesis is not rejected. However, the calculation and interpretation
of the p-value are major difficulties in inferencing that have been reported in several
investigations [51,53,54].

In addition, some prospective teachers identified that the activity could be solved
by means of a test with the Chi-square statistic, obtained the expected frequencies, and
calculated the statistic; however, they were unable to continue with the test because they
indicated that they did not know what else to do, so they resorted to the differences between
the observed and expected frequencies, and to making graphs to visualize whether there
could be homogeneity between the groups. Additionally, we highlight that the prospective
teachers did not use the Chi-square statistic with continuity correction as suggested when
having small expected frequencies. We have observed this difficulty in research proposing
activities to work Chi-square tests with students [55–57]. It is very common not to use
the continuity correction factor when working with software because some of them (e.g.,
Minitab) do not have the option to use this factor. Therefore, teachers must understand
when and why this factor is used and what is behind the processes or procedures performed
by some software in data analysis.

The trainer showed and explained various solution strategies for the activities in a third
video, with varying degrees of formality. These solution strategies were useful to identify
inferential reasoning features and build inferential reasoning levels with different levels of
formality (Figure 6). Based on the guidelines for developing inferential reasoning from this
construct, the workshop trainer conducted a reflection on the importance of progressively
promoting inferential reasoning, linking to research in statistics education [11,12,14].

Activity 3 is in the context of lung cancer disease and corresponds to the meaning
of homogeneity [32] because we are interested in knowing whether there is homogeneity
between two groups (men and women) who have lung cancer with respect to race. The
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activity uses a language appropriate for the educational level of the participants; on the
one hand, natural language and tabular representation are used to present the activity
and the data; furthermore, in their mathematical practice, the prospective teachers of this
group used graphic representations and natural and symbolic languages. To support their
conclusions, the teachers relied mainly on the differences in percentages (probability) be-
tween the groups by race category, the differences they observed in both the graphs and the
conditional probabilities, and the critical value criterion for decision-making. In the mathe-
matical practices developed on this activity, we also observed that mathematical objects
are related to each other, for example, the definitions sample, variables, categories, ob-
served frequencies, expected frequencies and hypotheses, and the propositions conditional
probability and the Chi-square statistic.

As a first resource to carry out the workshop asynchronously, we had to use a Moodle-
type platform and create videos and forums to teach the workshop and interact with the
participants. To solve the activities and present their mathematical practices, the teachers
used material resources such as calculators, the freely available statistical software R,
online probability calculators, Chi-square probability distribution tables, drawing tablets,
Microsoft Excel, Word, and documents in PDF format. In this group, the presentation of
the practices was only in written form, which was more restrictive than in the two previous
groups. Teacher groups 1 and 2 had the opportunity to show the development of their
practice with visual support and explain orally, referring to each part of the practice. This
last aspect was not possible with the resources used by the participants of Group 3 (e.g.,
Word and PDF) since they usually chose to explain the practice in a single moment.

When the trainer presented several practices to solve the activities, he used technolog-
ical resources such as Microsoft Excel and the statistical software Minitab and G*Power.
These resources supported the calculation of the Chi-square statistic, the critical value, and
the p-value. The trainer also used graphs to visualize the probability of committing the type
I and type II errors, the probability associated with the test statistic, and the critical value.

With a small number of participants, it was possible to meet the needs of interac-
tion through forums and e-mail, which was indispensable for conducting a workshop
asynchronously. Overall, through the responses to the activities and the interactions that
were had with the participating teachers in Group 3, we felt that the time devoted to this
workshop was adequate. Nevertheless, some participants expressed the need for more
time to carry out the activities requested during the workshop.

5. Final Reflections

In this study, we set out to assess whether the institutional meanings, implemented or
intended, represent the meaning of reference, the degree of availability, and adequacy of
the material and time resources necessary for the development of the training experience
to promote inferential reasoning in practicing and prospective mathematics teachers, by
means of inference problems using the Chi-square statistic.

Regarding the meanings implemented with activities 1, 2, and 3, the goodness of fit,
independence, and homogeneity, we could say that they correspond to the three main
reference meanings of the Chi-squared statistic [32]. The activities of the training experience
are in contexts close to the prospective teachers and practicing teachers. In addition, we
observed that the teachers participating in this study use different languages (e.g., natural
language, symbolic, graphical, and tabular representations). They also use in their practices
definitions, propositions, and procedures in different degrees of formality, such as the
definitions sample, observed frequency, expected frequency, frequency distribution, dis-
persion, association, variable(s), categories, and hypothesis; and the propositions’ normal
distribution, conditional probability, conditional distribution, and the Chi-square statistic.

However, we also identified some errors and difficulties presented by the prospective
and practicing teachers, such as with the calculation of statistical measures (e.g., mean and
standard deviation), mainly in activity 1. In particular, the prospective teachers in Group 1
confused the possible values taken by the variable with the sample size; the practicing
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teachers in Group 2 presented difficulties formulating the hypotheses (null and alternative);
furthermore, prospective teachers in Group 3 presented complications in understanding
the decision criterion of the p-value. We also observed that in the practices developed by
the teachers of the three groups, the Chi-square statistic with continuity correction factor
was not used when appropriate. This difficulty can be frequently generated when using
technological resources since some software tools do not have the option of using this
factor. In this sense, teachers or teacher educators should pay particular attention and
encourage students to understand when and why the Chi-square statistic with correction
factor is used, especially in virtual contexts where this type of resource is frequently used.

The workshop activities included constructing levels with guidelines for developing
inferential reasoning with the three groups of teachers (see Figure 6). This construction,
which underlies the practices developed by the teachers and the trainer, is not developed
in-depth. However, Pfannkuch, Arnold, and Wild [12] propose stages to promote formal
inferential reasoning from informal reasoning. They indicate some fundamental concepts
for informal inference (e.g., “making a call”, sample-population ideas, sampling variability)
and formal inference (e.g., resampling method and randomization method), which can
be worked on at various times in the school curriculum. This construction of levels with
guidelines for developing inferential reasoning can constitute a starting point for further
exploration and systematic research on guidelines for progressively promoting formal infer-
ential reasoning. For future research on the construction of progressive levels of inferential
reasoning, we consider important the epistemological nature of the mathematical objects
(e.g., the Chi-square statistic) and the contributions of the scientific literature on informal
and formal inferential reasoning and on the progression from IIR to FIR [58]. Furthermore,
considering that the focus of this study was to analyze epistemic and mediational suitability,
future research could analyze interactional, affective, cognitive, and ecological suitability.
Likewise, we think it is important to carry out workshops that include activities with other
statistics, and analyze the meanings promoted with certain activities/problems.

Regarding the media resources, we used the Zoom platform for connection and
interaction with prospective teachers from Group 1, whose workshop was carried out in a
synchronous modality. Regarding practicing teachers from Group 2, we used the Zoom
platform for the synchronous modality and a Moodle-type platform for the asynchronous
modality. Concerning prospective teachers from Group 3, we used a Moodle-type platform
for their workshop which was developed in a synchronous modality. Furthermore, the
three groups used different learning resources to solve the activities or to communicate their
solutions. For example, in Group 1, they used Excel, Word, and Minitab as technological
resources. They also formed smaller teams to solve the activities. Group 2, on the other
hand, used resources such as videos, Excel, Word, Minitab, and G*Power. This group was
also divided into teams to solve the activities. Group 3 of prospective teachers solved
the activities individually. They used videos, calculators, statistical software R, Minitab,
G*Power, online probability calculators, Chi-square probability distribution tables, drawing
tablets, Microsoft Word, Excel, and PDF format.

As a result, it was possible to identify that, in the background, when developing expe-
riences such as those we present in virtual mode, two types of resources and media must
be adequately regulated: in the first type are those that allow establishing the connection
and virtual interaction with teachers (e.g., Zoom, Google Meet, Microsoft Teams, Moodle,
etc.); and in the second type are those that allow promoting learning (e.g., Minitab, R,
Microsoft Excel, G*Power, etc.). The above is in accordance with the classification made
by Peña, Pino-Fan, and Assis [59] on mediational norms when teaching and learning
processes are developed in virtual environments. In this sense, in virtual contexts such as
those promoted by COVID-19, the resources and means of an instructional process can be
classified into primary and secondary, and the latter are conditioned by the resources and
means for virtual connection and interaction. In other words, the resources and means for
learning (secondary or second type) must be compatible with those for virtual connection
and interaction (first or primary type) in order to be functional.
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In general, we can say that the three groups had similar opportunities to explore
solutions to the proposed activities, reflect on the practices developed to solve the activities,
support their solutions, clarify doubts with the trainer and, in short, develop key elements
of their inferential reasoning. As we mentioned, the modality used in each group responded
to the resources that the participants had at their disposal; this gives us evidence that in
the confining times we are living in, it is essential for teachers and teacher educators to be
flexible with the type of resources used for teaching and to understand the changing nature
of teaching and learning in a virtual education environment, but we must also consider
the inherent restrictions of the resources used and understand the meaning behind the
processes of each command and the results that, for example, a certain software gives us.

Author Contributions: J.G.L.-A. and L.R.P.-F. designed the work. Both authors participated in
methodology, data analysis, and interpretation; J.G.L.-A. wrote the original draft preparation; L.R.P.-F.
reviewed and edited the manuscript. Both authors have read and agreed to the published version of
the manuscript.

Funding: This research has been developed within the framework of the research project Fondecyt
1200005, funded by Agencia Nacional de Investigación y Desarrollo (ANID) of Chile.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
Universidad de Los Lagos (Folio CEC-ULagos H012/2020 and date of approval 7 July 2020).

Informed Consent Statement: Not applicable.

Data Availability Statement: Doctoral thesis dissertations are public documents, but at the mo-
ment are not internet accessible. If one is interested in revising the investigation, they can request
information from the authors.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Callingham, R.; Watson, J.M. The Development of Statistical Literacy at School. Stat. Educ. Res. J. 2017, 16, 181–201.
2. Pfannkuch, M. Reimagining curriculum approaches. In International Handbook of Research in Statistics Education, 1st ed.; Ben-Zvi,

D., Makar, K., Garfield, J., Eds.; Springer International: Cham, Switzerland, 2018; pp. 387–413. [CrossRef]
3. Sotos, A.E.C.; Vanhoof, S.; Van den Noortgate, W.; Onghena, P. Students’ misconceptions of statistical inference: A review of the

empirical evidence from research on statistics education. Educ. Res. Rev. 2007, 2, 98–113. [CrossRef]
4. Garfield, J.; Ben-Zvi, D. Developing Students’ Statistical Reasoning: Connecting Research and Teaching Practice, 1st ed.; Springer:

Dordrecht, The Netherlands, 2008. [CrossRef]
5. Harradine, A.; Batanero, C.; Rossman, A. Students and Teachers’ Knowledge of Sampling and Inference. In Teaching Statistics

in School Mathematics-Challenges for Teaching and Teacher Education, 1st ed.; Batanero, C., Burril, G., Reading, C., Eds.; Springer:
Dordrecht, The Netherlands, 2011; pp. 235–246. [CrossRef]

6. Batanero, C.; Vera, O.D.; Díaz, C. Dificultades de estudiantes de Psicología en la comprensión del contraste de hipótesis
[Psychology students’ difficulties on understanding the contrast of hypotheses]. Números Rev. Didáct. Mat. 2012, 80, 91–101.

7. Zieffler, A.; Garfield, J.; Delmas, R.; Reading, C. A framework to support research on informal inferential reasoning. Stat. Educ.
Res. J. 2008, 7, 40–58.

8. Makar, K.; Rubin, A. A framework for thinking about informal statistical inference. Stat. Educ. Res. J. 2009, 8, 82–105.
9. Doerr, H.M.; Delmas, R.; Makar, K. A modeling approach to the development of students’ informal inferential reasoning. Stat.

Educ. Res. J. 2017, 16, 86–115.
10. English, L.D.; Watson, J. Modelling with authentic data in sixth grade. ZDM Math. Educ. 2018, 50, 103–115. [CrossRef]
11. Jacob, B.L.; Doerr, H.M. Statistical Reasoning with the sampling distribution. Quadrante 2014, 23, 123–146.
12. Pfannkuch, M.; Arnold, P.; Wild, C.J. What I see is not quite the way it really is: Students’ emergent reasoning about sampling

variability. Educ. Stud. Math. 2015, 88, 343–360. [CrossRef]
13. Weinberg, A.; Wiesner, E.; Pfaff, T.J. Using informal inferential reasoning to develop formal concepts: Analyzing an activity. J.

Stat. Educ. 2010, 18, 1–23. [CrossRef]
14. Makar, K.; Rubin, A. Learning about statistical inference. In International Handbook of Research in Statistics Education, 1st ed.;

Ben-Zvi, D., Makar, K., Garfield, J., Eds.; Springer International: Cham, Switzerland, 2018; pp. 261–294. [CrossRef]

http://doi.org/10.1007/978-3-319-66195-7_12
http://doi.org/10.1016/j.edurev.2007.04.001
http://doi.org/10.1007/978-1-4020-8383-9
http://doi.org/10.1007/978-94-007-1131-0_24
http://doi.org/10.1007/s11858-017-0896-y
http://doi.org/10.1007/s10649-014-9539-1
http://doi.org/10.1080/10691898.2010.11889494
http://doi.org/10.1007/978-3-319-66195-7_8


Educ. Sci. 2021, 11, 363 18 of 19

15. Castro, W.F.; Pino-Fan, L.R.; Lugo-Armenta, J.G.; Toro, J.A.; Retamal, S. A Mathematics Education Research Agenda in Latin
America Motivated by Coronavirus Pandemic. EURASIA J. Math. Sci. Technol. Educ. 2020, 16, 1–14. [CrossRef]

16. Triviño-Cabrera, L.; Chaves-Guerrero, E.I.; Alejo-Lozano, L. The Figure of the Teacher-Prosumer for the Development of an
Innovative, Sustainable, and Committed Education in Times of COVID-19. Sustainability 2021, 13, 1128. [CrossRef]

17. Sánchez-Cruzado, C.; Santiago-Campión, R.; Sánchez-Compaña, M.T. Teacher Digital Literacy: The Indisputable Challenge after
COVID-19. Sustainability 2021, 13, 1858. [CrossRef]

18. National Council of Teachers of Mathematics. Principles and Standards for School Mathematics, 2nd ed.; NCTM: Reston, VA,
USA, 2000.

19. Batanero, C. Del análisis de datos a la inferencia: Reflexiones sobre la formación del razonamiento estadístico [Reflections on the
formation of statistical reasoning]. Cuad. Investig. Form. Educ. Mat. 2013, 11, 277–291.

20. Godino, J.D.; Batanero, C.; Font, V. The onto-semiotic approach to research in mathematics education. ZDM Int. J. Math. Educ.
2007, 39, 127–135. [CrossRef]

21. Godino, J.D.; Batanero, C.; Font, V. The onto-semiotic approach: Implications for the prescriptive character of didactics. Learn.
Math. 2019, 39, 37–42.

22. Presmeg, N. Semiotics in Mathematics Education. In Encyclopedia of Mathematics Education, 1st ed.; Lerman, S., Ed.; Springer:
Cham, Switzerland, 2014. [CrossRef]

23. Godino, J.D.; Batanero, C. Significado institucional y personal de los objetos matemáticos [Institutional and personal meaning of
mathematical objects]. Rech. Didact. Des. Math. 1994, 14, 325–355.

24. Godino, J.D.; Font, V.; Wilhelmi, M.R.; De Castro, C. Aproximación a la dimensión normativa en didáctica de las matemáticas
desde un enfoque ontosemiótico [An onto-semiotic approach to the normative dimension in mathematics education]. Enseñ.
Cienc. 2009, 27, 59–76.

25. Godino, J.D.; Batanero, C.; Font, V. El Enfoque ontosemiótico: Implicaciones sobre el carácter prescriptivo de la didáctica [The
onto-semiotic approach: Implications for the prescriptive character of didactics]. Rev. Chil. Educ. Mat. 2020, 12, 47–59.

26. Godino, J.D. Indicadores de la idoneidad didáctica de procesos de enseñanza y aprendizaje de las matemáticas [Indicators of the
didactic suitability of mathematics teaching and learning processes]. Cuad. Investig. Form. Educ. Mat. 2013, 8, 111–132.

27. Cohen, L.; Manion, L.; Morrison, K. Research Methods in Education, 6th ed.; Routledge: New York, NY, USA, 2011.
28. Heitele, D. An epistemological view on fundamental stochastic ideas. Educ. Stud. Math. 1975, 6, 187–205. [CrossRef]
29. Moore, D.S. Estadística Aplicada Básica [Basic Applied Statistics], 2nd ed.; Antoni Bosch: Barcelona, Spain, 2000.
30. Rossman, A.J. Reasoning about Informal Statistical Inference: One Statistician’s View. Stat. Educ. Res. J. 2008, 7, 5–19.
31. Ben-Zvi, D.; Garfield, J.B. Statistical Literacy, Reasoning, and Thinking: Goals, Definitions, and Challenges. In The Challenge of

Developing Statistical Literacy, Reasoning and Thinking, 1st ed.; Ben-Zvi, D., Garfield, J., Eds.; Springer: Dordrecht, The Netherlands,
2004; pp. 3–16. [CrossRef]

32. Lugo-Armenta, J.G.; Pino-Fan, L.R.; Ruiz, B.R. Chi-square reference meanings: A historical-epistemological overview. Revemop
Rev. Educ. Mat. Ouro Preto 2021, 3, 1–33. [CrossRef]

33. Ministerio de Educación de Chile [Mineduc]. Bases Curriculares 3◦ y 4◦ Medio [Curricular Bases 3rd and 4th of Secondary Education];
Unidad de Currículum y Evaluación: Santiago, Chile, 2019.

34. Yule, G.U. On the association of attributes in statistics: With illustrations from the material of the childhood society. Philos. Trans.
R. Soc. Lond. 1900, 194, 257–319.

35. Pfannkuch, M.; Wild, C. Towards an understanding of statistical thinking. In The Challenge of Developing Statistical literacy,
Reasoning and Thinking, 1st ed.; Ben-Zvi, D., Garfield, J., Eds.; Kluwer Academic Publishers: Dordrecht, The Netherlands, 2004;
pp. 17–46.

36. Pfannkuch, M.; Budgett, S.; Fewster, R.; Fitch, M.; Pattenwise, S.; Wild, C.; Ziedins, I. Probability modeling and thinking: What
can we learn from practice? Stat. Educ. Res. J. 2016, 15, 11–37.

37. Stohl Lee, H.; Angotti, R.L.; Tarr, J.E. Making comparisons between observed data and expected outcomes: Students’ informal
hypothesis testing with probability simulation tools. Stat. Educ. Res. J. 2010, 9, 68–96.

38. Fisher, R.A. Statistical Methods for Research Workers, 5th ed.; Oliver and Boyd: Edinburgh, UK, 1934.
39. Falk, R. Conditional probabilities: Insights and difficulties. In Proceedings of the Second International Conference on Teaching

Statistics (ICOTS2), Victoria, BC, Canada, 11–16 August 1986; pp. 292–297.
40. Shaughnessy, J.M.; Dick, T. Monty’s dilemma: Should you stick or switch? Math. Teach. 1991, 84, 252–256. [CrossRef]
41. Hoekstra, R. Risk as an Explanatory Factor for Researchers’ Inferential Interpretations. Math. Enthus. 2015, 12, 103–112.
42. Riemer, W.; Seebach, G. Rolling pencils—Inferential statistics in the pencil case. In Understanding More Mathematics with GeoGebra;

Springer Spektrum: Heidelberg, Germany, 2014; pp. 91–105.
43. Makar, K.; Bakker, A.; Ben-Zvi, D. The reasoning behind informal statistical inference. Math. Think. Learn. 2011, 13, 152–173.

[CrossRef]
44. Lane-Getaz, S.J. Development of a reliable measure of students’ inferential reasoning ability. Stat. Educ. Res. J. 2013, 12, 20–47.
45. Bakker, A.; Derry, J. Lessons from inferentialism for statistics education. Math. Think. Learn. 2011, 13, 5–26. [CrossRef]
46. Gil, E.; Ben-Zvi, D. Explanations and context in the emergence of students’ informal inferential reasoning. Math. Think. Learn.

2011, 13, 87–108. [CrossRef]

http://doi.org/10.29333/ejmste/9277
http://doi.org/10.3390/su13031128
http://doi.org/10.3390/su13041858
http://doi.org/10.1007/s11858-006-0004-1
http://doi.org/10.1007/978-94-007-4978-8
http://doi.org/10.1007/BF00302543
http://doi.org/10.1007/1-4020-2278-6_1
http://doi.org/10.33532/revemop.e202108
http://doi.org/10.5951/MT.84.4.0252
http://doi.org/10.1080/10986065.2011.538301
http://doi.org/10.1080/10986065.2011.538293
http://doi.org/10.1080/10986065.2011.538295


Educ. Sci. 2021, 11, 363 19 of 19

47. Makar, K.; Ben-Zvi, D. The Role of Context in Developing Reasoning about Informal Statistical Inference. Math. Think. Learn.
2011, 13, 1–4. [CrossRef]

48. Ben-Zvi, D.; Aridor-Berger, K. Children’s wonder how to wander between data and context. In The Teaching and Learning of
Statistics, 1st ed.; Ben-Zvi, D., Makar, K., Eds.; Springer: Cham, Switzerland, 2016; pp. 25–36. [CrossRef]

49. Bakker, A.; Ben-Zvi, D.; Makar, K. An inferentialist perspective on the coordination of actions and reasons involved in making a
statistical inference. Math. Educ. Res. J. 2017, 29, 455–470. [CrossRef]

50. Vallecillos, A. El papel de las hipótesis estadísticas en los contrastes: Concepciones y dificultades de aprendizaje [The role of
statistical hypotheses on contrasts: Conceptions and learning difficulties]. Educ. Mat. 1997, 9, 5–20.

51. López-Martín, M.D.M.; Batanero, C.; Gea, M.M. ¿Conocen los futuros profesores los errores de sus estudiantes en la inferencia
estadística? [Do prospective teachers know their students’ errors in statistical inference?]. Bolema Bol. Educ. Mat. 2019, 33, 672–693.
[CrossRef]

52. Cabria, S.G. Filosofía de la Estadística; Universitat de València Servei de Publicacions: Valencia, España, 1994.
53. Inzunza, S.; Jiménez, J.V. Caracterización del razonamiento estadístico de estudiantes universitarios acerca de las pruebas de

hipótesis [The characteristics of college students’ statistical reasoning on hypothesis testing]. Rev. Latinoam. Investig. Mat. Educ.
2013, 16, 179–211. [CrossRef]

54. Biehler, R.; Frischemeier, D.; Podworny, S. Preservice teachers reasoning about uncertainty in the context of randomization tests.
In Reasoning about Uncertainty: Learning and Teaching Informal Inferential Reasoning, 1st ed.; Zieffler, A., Fry, E., Eds.; Catalyst Press:
Minneapolis, MN, USA, 2015; pp. 129–162.

55. Woodard, V.; Lee, H.; Woodard, R. Writing Assignments to Assess Statistical Thinking. J. Stat. Educ. 2020, 28, 32–44. [CrossRef]
56. Fellers, P.S.; Kuiper, S. Introducing Undergraduates to Concepts of Survey Data Analysis. J. Stat. Educ. 2020, 28, 18–24. [CrossRef]
57. DePaolo, C.A.; Robinson, D.F.; Jacobs, A. Café Data 2.0: New Data from a New and Improved Café. J. Stat. Educ. 2016, 24, 85–103.

[CrossRef]
58. Lugo-Armenta, J.G.; Pino-Fan, L.R. Niveles de Razonamiento Inferencial para el Estadístico t-Student [Inferential Reasoning

Levels about the t-Student Statistic]. Bolema Boletim Educação Matemática. in press.
59. Peña, C.N.; Pino-Fan, L.R.; Assis, A. Normas que regulan la gestión de clases virtuales de matemáticas en el contexto COVID-19

[Norms that regulate the management of virtual mathematics classes in the COVID-19 context]. Uniciencia 2021, 35, 1–23.
[CrossRef]

http://doi.org/10.1080/10986065.2011.538291
http://doi.org/10.1007/978-3-319-23470-0_3
http://doi.org/10.1007/s13394-016-0187-x
http://doi.org/10.1590/1980-4415v33n64a11
http://doi.org/10.12802/relime.13.1622
http://doi.org/10.1080/10691898.2019.1696257
http://doi.org/10.1080/10691898.2020.1720552
http://doi.org/10.1080/10691898.2016.1196064
http://doi.org/10.15359/ru.35-2.21

	Introduction 
	Theoretical Framework 
	Methodology 
	Development of the Teacher Training Experience 
	Group 1 of Prospective Teachers 
	Group 2 of Practicing Teachers 
	Group 3 of Prospective Teachers 

	Final Reflections 
	References

