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Statistical knowledge is culturally significant, making its integration into school curricula crucial.
Educators, especially in statistical inference, face challenges. This study explores Chilean preservice
mathematics teachers' perceptions of a lesson sequence on statistical significance, focusing on validity
(theoretical consistency) and utility (usability for teaching). Employing a Design-Based Research
approach, the study involved two focal groups from different Chilean universities, each undergoing a
four-session sequence. Participants found the sequence theoretically coherent and effective, progressing
from informal to formal inference with robust computational support. Weekly assessments and
technological tools were key to its utility. The findings highlight important aspects for educators,
providing insights for future improvements and identifying areas needing reinforcement.

INTRODUCTION

Stochastics, encompassing both statistics and probability, has become an essential competence
in the information age (Batanero, 2019; Ben-Zvi et al., 2018). This relevance is reflected in the inclusion
of statistical education in the school curricula of numerous countries. Despite these curricular efforts,
however, many mathematics teachers feel insufficiently prepared to teach this discipline, considering it
marginal and outside their primary competence (Batanero, 2009; Batanero et al., 2011; Groth &
Meletiou-Mavrotheris, 2018).

An example of this reality is Chile, where statistical education has been incorporated throughout
the entire school trajectory (MINEDUC, 2009, 2012, 2015, 2021), but teachers have been shown to have
gaps in their competency to teach statistics, even upon recently graduating from their initial training
(CPEIP, 2021, 2022, 2023; Ruz et al., 2021). This inadequate preparation creates a significant gap
between educational needs and teaching competencies.

The deficiencies in teacher preparation are particularly acute in the area of statistical inference,
a crucial component of stochastic knowledge. Statistical inference, and particularly the teaching of
statistical significance, presents unique challenges due to its abstract and technical nature (Rossman,
2008). This situation motivates the need to rethink initial teacher training, focusing on the development
of practical skills and the use of advanced technologies for teaching these concepts (Ruz et al., 2021,
Pfannkuch & Ben-Zvi, 2011). Specifically, it is crucial to equip pre-service teachers with tools/resources
and methods that facilitate the effective and accessible understanding and teaching of statistical
inference.

An innovative methodology to address these challenges is the Simulation-Based Introduction
to Inference (SBI). This approach employs resampling and simulation techniques to teach inferential
concepts in an intuitive and practical manner (Lock et al., 2017; Rossman & Chance, 2014; Tintle et al.,
2016). Based on Cobb's (2007) three R's model - Randomize, Repeat, and Reject, which allows students
to experiment directly with data and inference processes, this approach facilitates a deeper and more
practical understanding of statistical significance. This methodology not only improves students'
conceptual understanding but also provides future teachers with a solid example of good pedagogical
practices in teaching statistical inference.

This study aims to evaluate the quality of a teaching sequence on statistical significance based
on the perceptions of future Chilean mathematics teachers in terms of validity (theoretical coherence)
and utility (usability for teaching). The study participants included two focus groups (group 1 = eight
students; group 2 = six students) of pre-service teachers from two different Chilean universities.
Through this research, the goal was not only to improve initial teacher training in stochastics but also to
provide a replicable model of good pedagogical practices in teaching statistical significance.
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METHODOLOGY

This study followed a qualitative interpretative research paradigm, utilizing the Design-Based
Research (DBR) methodology. DBR is characterized by an iterative and cyclical approach, structured
in three main stages: design, implementation, and retrospective evaluation (DBR Collective, 2003). This
paper presents the iteration of a complete cycle of these stages, highlighting the importance of designing
robust and practical educational interventions that can be continuously evaluated and refined (DBR
Collective, 2003; Easterday et al., 2018).

Moreover, within the framework of DBR, Tena and Couso (2023) emphasized that a sequence
can be considered of high quality when it balances the interaction of three aspects: validity (internal and
theoretical coherence), utility (practicality and productivity), and reliability of material resources. Thus,
in this work, we were particularly interested in analyzing theoretical coherence and utility. Theoretical
coherence refers to the ability of the designed sequence activities and tasks to achieve the proposed
learning objectives theoretically. In contrast, utility relates to the practical effectiveness and the
productivity of the tools used in the implementation of the sequence to achieve the expected learning
outcomes (Tena & Couso, 2023).

Context and Participants

For data collection, two focus groups were conducted independently at two Chilean universities
and led by researchers different from those who implemented the sessions, following the same
application protocol (common guide questions). The objective of the focus groups was to understand
the perceptions of pre-service teachers regarding the theoretical coherence and utility of a lesson
sequence focused on learning statistical significance.

The first focus group (FG1) included eight future teachers who were taking an elective course
on new methodologies for teaching statistical inference, all of whom had previously completed two
disciplinary courses in their initial training. The second focus group (FG2) consisted of six future
teachers who were taking the third mandatory statistics course of their initial training, focused on
statistical inference. In both contexts, the same classes and materials were used, implemented by one of
the study's authors. The focus groups lasted approximately 60 minutes and were audio-recorded, the
transcripts of which were the main source of information on participants' perceptions.

Organization of the Sequence to Evaluate its Quality

In this paper, we aim to present the results regarding the evaluation of the quality of a sequence,
which we describe below. The teaching sequence was implemented within courses spanning a total of
16 weeks, with one weekly face-to-face class of two and a half hours. This study focused on the first
four sessions of this course, corresponding to the unit on statistical significance in hypothesis testing for
proportion. The learning objectives associated with each session of this unit included

1. Understanding and applying a strategy to evaluate statistical significance using a progressive
and simulation-based computational approach.

2. Gradually understanding statistical significance tests and the notion of p-value in tests for
proportions.

3. Applying an alternative tool to measure the strength of evidence, such as standardized statistics.

4. Theoretically formalizing hypothesis tests for proportions.

Each session was organized following the six stages of the spiral process proposed by Tintle et
al. (2016) to conduct statistical investigations, always starting with a real investigation. These stages are
(1) Posing a research question in a real context; (2) Designing the study and collecting data; (3)
Exploring the data; (4) Drawing inferences; (5) Formulating conclusions; and (6) Retrospective review
and revisiting the other stages. The Rossman/Chance applets collection
(https://www.rossmanchance.com/applets/) was used as the main computational tool. Additionally, at
the end of each session, a project was given to delve deeper into the topics covered, but its analysis is
not the focus of this work.

Therefore, evaluating student perceptions in the first cycle of DBR (design, implementation,
and evaluation) is crucial to identify areas for improvement in the didactic sequence, a topic we will
delve into in the following sections.
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RESULTS

The results are organized from Tena and Couso (2023) framework, which evaluates teaching
sequences based on validity (theoretical coherence) and utility (practicality and productivity). These
criteria informed the focus group protocol, with questions designed to elicit perceptions of how the
sequence supported its intended learning objectives and practical implementation. The four themes
under theoretical coherence and the five themes under utility emerged inductively from participant
responses during thematic analysis, guided by this framework. While other potential themes were
considered, these were prioritized based on their alignment with the study’s objectives and the richness
of participant reflections. Quotes were selected to represent typical and illustrative responses across the
two focus groups, highlighting shared perceptions and occasional divergent views.

Theoretical Coherence of the Sequence

Theoretical clarity. Participants from both focus groups demonstrated a clear identification of
the statistical topics covered in the sequence. When asked to name the topics addressed, various terms
emerged, indicating a broad disciplinary scope of the sequence. Key terms identified included statistical
significance, p-value, simulation, null hypothesis, alternative hypothesis, and standard deviation. This
variety of terms suggests a diverse and varied understanding of the content among the participants.
When expressing these topics, however, it is noteworthy that FG1 delved into content, while FG2
referred to skills or procedural content.

Coherence and Progression. Participants unanimously described the sequence as coherent and
well-structured, logically advancing from basic to more complex concepts. This progressive nature was
highlighted as a key factor that facilitated understanding. One participant commented, “I think it was
adequate because we have been working from basic concepts to more complex concepts to verify
whether the analysis is correct or not" (FG1). This indicates the sequence's design adequately and
progressively structured the learning, aligning with the intended educational objectives.

Relation Between Planned/Implemented and Perceived Objectives. While participants
identified the general topics, there was some ambiguity regarding the specific learning objectives
perceived for each session. Examples of this variety included, “understanding when simulation and
theory are applied, both computationally and theoretically, comparing evidence and determining which
was more accurate” (FG1) or “analyzing how to approach a problem, defining which graph to use, and
therefore, what strategy to employ” (FG2). Despite this, upon being given the list of learning objectives
for each session, there was a consensus that the sequence's progression was considered adequate for
achieving the educational objectives. Moreover, some participants felt the gradual increase in
complexity helped them understand both theoretical and practical aspects of statistical significance.

Computational Simulation. A relevant aspect of the sequence was the use of computational
tools, perceived as a significant aid in understanding the concepts. This aligns with the theoretical
perspective assumed (Tintle et al., 2016), which places great value on computational simulation to
gradually introduce more complex content. Participants mentioned these tools not only facilitated
learning but also made the classes more dynamic and interactive. A student expressed, "I feel it is very
beneficial to use [the applets] because they allow generating very large samples that we couldn't do in
real life, making it easier to understand certain things" (FG1).

The sequence was perceived as logically structured, progressing in a way that supported
understanding statistical significance. Although there was some lack of precision in recalling the
planned/implemented objectives, the general perception was that the sequence was effective in
achieving its educational goals. This feedback underscores the importance of clear and incremental
learning steps in complex topics such as statistical inference.

Utility of the Sequence: Practicality and Productivity

Pedagogical Practicality. The implementation of the sequence was well received by the
participants, who appreciated its didactic and innovative approach. The design of the sequence,
emphasizing contextualized learning instead of merely algorithmic processes, was especially valued. A
participant highlighted, "It is very useful that this course is much more pedagogical because the statistics
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seen, at least, are very mathematical, pure mathematics, so here having a much more didactic and
innovative approach helps a lot to understand the concepts" (FG2). This approach, in the words of the
pre-service teachers, ensured the tasks were consistent with the expected learning outcomes.

Practicality for Achieving Learning. Participants generally agreed the sequence was effective
in helping them achieve the expected learning objectives. The use of progressive weekly tasks and
computational tools for simulation were noted as significant contributors to this success. One participant
commented on the usefulness of gradual learning: "I highlight the last session... because we saw how
both ways, like the more computational when we talked about the simulation and on the other hand, the
theoretical that had to do with the formula came together and were useful to understand the concepts"
(FG2). This highlights that this progressive approach allowed for a positive understanding of both basic
and advanced statistical concepts.

Productivity of the Materials. The didactic materials, particularly the weekly projects and the
simulator or applets, were highlighted as productive tools. These resources were considered crucial for
achieving the learning objectives, although some participants found the weekly projects too extensive
and somewhat repetitive. The applet, while valuable, was noted as a tool requiring specific knowledge
for effective use, indicating a need for better preparation or simpler alternatives for some students. For
instance, a participant observed, "[the applets have] many buttons and many data points and many things
like that... so, although useful, sometimes I felt I needed more guidance to understand how to use it
correctly" (FG1). Students, however, emphasized the flexibility of the teachers in charge of each course
and their ability to discuss the present limitations, to optimize the effectiveness of the resources and
tasks presented.

Areas for Improvement. Despite the generally positive feedback, some challenges were
identified. Participants mentioned obstacles such as limited class time, insufficient prior knowledge, and
the pace of feedback on weekly assessments. Specific difficulties included understanding significance
and the p-value in the second session and applying alternative tools to measure the strength of evidence
in the third session. A student indicated, "l imagine the teacher assumes that we all understand the topic
when it's really not like that, and that can cause difficulties when doing an exercise" (FG2).

Transferability to School Contexts. Participants felt the structure and methods learned through
the sequence could be transferred effectively to school settings, where in Chile, since 2022,
understanding statistical significance has been incorporated into the final school grade. Thus, tools like
the applet and Kahoot were praised for their practicality in classroom environments. The need for
adjustments to fit specific school contexts, however, was emphasized. Participants also highlighted
potential issues with the availability of computational resources and the need to carefully consider
sensitive topics. A student commented, "I think it is possible, especially the applet, to try to bring an
experiment like this to students [in schools], an experiment with coins could be a good introduction for
them to learn to identify the graphs" (FG2).

The sequence was considered positively as practical and productive by the participants, that is,
it is useful. Its pedagogical approach, the structure of progressive tasks, and the use of computational
tools were key factors in its success. However, challenges such as pace, prior knowledge, and the
complexity of the tools need to be addressed. The transferability of the sequence to school contexts
appears promising, but adaptations are required to ensure broader applicability and effectiveness.

CONCLUSION

The implementation of a lesson sequence centered on simulation for teaching statistical
significance has generated positive results in terms of both theoretical coherence and practical utility.
The pre-service teacher participants highlighted various strengths and areas for improvement, providing
a comprehensive view of the sequence's effectiveness and potential adaptability in diverse educational
contexts.
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Discussion

The results support the theoretical coherence and alignment with the intended goals of the
didactic sequence in its design and implementation. The progressive structure of the sequence,
advancing from basic to more complex concepts, was widely appreciated by the participants. This
facilitated a deeper and gradual understanding of the topics, in line with literature that highlights the
importance of well-structured teaching for understanding statistical inference (Batanero, 2019; Ben-Zvi
et al., 2018). The transition from an informal to a formal approach, supported by computational tools,
reflects an effective application of simulation-based methodology, as proposed by authors like Tintle et
al. (2016) and Rossman and Chance (2014).

Simultaneously, areas requiring attention were identified, such as the need for greater clarity
and time to address certain concepts. This underscores the importance of adjusting the teaching pace
and ensuring that all students can adequately follow the content. This finding is consistent with previous
studies that highlight the need for additional support in teaching complex statistical concepts such as
statistical significance and the p-value to teachers (Batanero et al., 2011; Groth & Meletiou-Mavrotheris,
2018).

Regarding practical utility, the teaching materials, especially the weekly projects and
computational tools or applets, were perceived as highly productive. These resources not only facilitated
learning but also made classes more dynamic and interactive. This aligns with studies that emphasize
the effectiveness of technological tools in teaching statistics (Lock et al., 2017; Pfannkuch & Ben-Zvi,
2011). There was, however, also a noted need for better preparation for the effective use of these tools,
indicating that some students required more guidance to handle them properly.

Future projections and recommendations

To improve the lesson sequence, it is essential to consider several key aspects. First, more time
and clarity in explaining complex concepts is necessary. This could include additional review sessions
and supplementary resources that allow students to reinforce their understanding. Furthermore, training
in computational tools should be strengthened. Offering specific workshops on using applets and other
technological resources before their implementation in the sequence will ensure that all students are
equipped to use them effectively.

Adapting the sequence to specific school contexts is also crucial. The availability of
computational resources and the preparation of activities that can be implemented with more accessible
tools should be considered. This adaptation will make the sequence relevant and applicable in various
educational realities.

Additionally, establishing professional development programs that train practicing teachers in
implementing this type of teaching sequence is fundamental. These programs should focus on
simulation-based strategies and the use of technological tools in teaching statistics. Continuous teacher
training is essential to ensure effective teaching and to keep up with best pedagogical practices in
teaching inference.

Finally, the replication and adaptability of the sequence in different educational contexts are
promising projections. Therefore, evaluating its effectiveness and making necessary adjustments
contributes to more robust and effective teacher training in the field of statistical inference, expanding
its applicability nationally and internationally. This perspective will not only improve the initial training
of teachers in stochastic but also provide a replicable model of good pedagogical practices in teaching
statistical inference, reflecting ongoing development work.
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