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In today’s data-driven society, statistical inference is required for decision-making and it is essential to
develop the relevant skills in school education. This study aimed to develop the task design principles
that allow students to experience informal statistical inference by exploring relationships between
variables in multivariate data. Therefore, it built on task design principles from a theoretical perspective
based on covariational reasoning. Furthermore, a tentative task, “Decathlon Data Problem,” was
devised based on these principles and clarified guidelines for teachers to promote informal statistical
inference through covariational reasoning with multivariate data at the secondary school level.

INTRODUCTION

In statistics education research, much attention has been given to informal statistical inference
(ISI) instruction, with an emphasis on understanding the concepts of variability and uncertainty (Makar
& Rubin, 2018). More recent studies have focused on ISI with multivariate data. For example, Kazak et
al. (2021) analyzed the characteristics of ISI based on students’ reports on data modeling. Their study
revealed that students used a variety of statistical measures and visualizations to account for variability.
It also identified that they did not fully recognize uncertainty when making inferences based on
associations between variables.

However, insufficient research has been conducted on task design to help enhance students’
understanding of relationships between variables and their ability to consider uncertainty, and to
promote ISI. This study, focusing on the process of covariational reasoning, discusses task design
principles that promote ISI with multivariate data. Covariational reasoning is essential when assessing
the relationships between and changes in bivariate data (e.g., Cobb et al., 2003) and has been crucial to
statistical reasoning for exploring multivariate data (Gil & Gibbs, 2017). Therefore, referring to research
on covariational reasoning, it would be possible to design an assignment in which students experience
an activity that considers uncertainty while exploring the relationships between variables in multivariate
data. This study constructed task design principles based on theoretical perspectives put forward in the
research community and designed a tentative task for this overall goal. At a later stage, the authors and
teachers will jointly re-examine the principles and the task from practical perspectives, enact the task in
classrooms, and refine these principles and the task based on the results.

THEORETICAL FRAMEWORK

Informal Statistical Inference (1SI)

As defined by Makar and Rubin (2009), ISI is defined as the process of probabilistic
generalization based on available data without the use of formal statistical inference methods, such as
hypothesis testing and interval estimation. Their study characterized three necessary elements of ISI.
The first one is “generalization beyond the data at hand,” which is the process of examining trends and
variations in an unknown sample or population from the data available about them and formulating
hypotheses. The second element is “the use of data evidence of generalization,” which utilizes trends,
relationships, and characteristics of context-related data as evidence for inferences. The third element is
“the expression of uncertainty using probabilistic (non-deterministic) language” and refers to using the
language of uncertainty because inferences from the sample data at hand to the population involve
uncertainty. Probabilistic language can suggest that the conclusions obtained are not valid in all cases
and need not necessarily be quantified, such as a p-value. Recent studies have indicated the need for ISI
studies with correlational and multivariate data. Dierdorp et al. (2011) pointed out that, even though
many real-world problems involve relationships between two or more quantitative variables, at the
school level little is known about how to infer beyond correlations. Kazak et al. (2021) also indicated
that existing studies on ISI tend to examine the process using only data with small samples. This study
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focuses on developing a teacher’s instructional guide to promoting ISI with multivariate data among
students to overcome this limitation.

Covariational Reasoning

Covariational reasoning (or reasoning about the association between two variables) identifies or
interprets the relationship between two variables and is applied in various fields such as psychology,
science, and mathematics (Garfield et al., 2008). Characteristics of learning about covariational
reasoning include exploring the variability of individual variables, focusing on the strength and shape
of the relationships between variables, and generalizing and explaining those relationships (Cobb et al.,
2003). Furthermore, Gil and Gibbs (2017) presented the modeling approach to covariational reasoning
in the context of multivariate data analysis. Their study suggests the modeling features for covariational
reasoning as follows: the first is the “dimension of the association,” which aims to deepen the
understanding of multivariate data. Moreover, in “views of the association,” the global (aggregate) view
and the local view are necessary. Thus, students need to be supported in understanding the individual
values of the data (or some of them) and the distribution and structure of the data. Based on these views,
relationship modeling is performed using text, visualization, and mathematical representations.
Furthermore, “concluding from the association” requires predictions, inferences, and explanations based
on findings of prior practices. Here, the students must also focus on distinguishing signals from noise in
the data (Engel & Sedlmeier, 2011). The idea of signal and noise is a helpful statistical perspective that
can be used to recognize variability.

Principles of Task Design to Promote ISI through Covariational Reasoning with Multivariate Data

This study derived three principles of task design for promoting ISI with multivariate data based
on Makar and Rubin’s (2009) three elements of ISI and previous studies on covariational reasoning (see
Table 1). Task design in this study included the development of the problem and the teacher’s
instructional guidance related to solving that problem.

Table 1. The principles of task design in this study

Principle Description of the principle

Principle 1 Posing problems that require of investigating the structure of multivariate data
supplied by third-party providers to make sense of open data.

Principle 2 Planning the practice with dynamic statistical technology tools to facilitate

inferences from the data based on visualization and assessment of relationships
between variables.

Principle 3 Encouraging students to reflect on their own conclusions and reasoning processes
to express uncertainty while recognizing the signal and noise in the data.

The first principle refers to the problem presented to students. Based on a review of previous
studies, Gil and Gibbs (2017) considered the modeling of covariational reasoning with open data and
multivariate data to be important in the statistical education curriculum. Their study also explained that
covariational rationale is necessary to explore and identify the hidden structure of the data, which helps
to deepen their understanding. Therefore, statistical educators and teachers need to pose problems for
students to explore the structure of multivariate data supplied by third-party providers.

The second principle concerns the practice of visualizing and evaluating the relationships
between variables. To promote covariational reasoning, students should be relieved of the complex
calculation of the data and allowed to extend the modeling from the data (Gil & Gibbs, 2017).
Specifically, TinkerPlots software (Konold & Miller, 2011) and Excel can be used to calculate
correlation coefficients or explore cross and sliced scatterplots (Cobb et al., 2003; Konold, 2002).
Instruction that relates group comparisons of univariate distributions with cross and sliced scatterplots
to covariational reasoning supports students’ understanding of the correlations. Therefore, teachers need
to plan instruction with dynamic statistical technology tools to facilitate inferences from the data based
on visualization and assessment of relationships between variables.
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The third principle refers to the teacher’s guidance on reflecting upon conclusions and reasoning
processes and considering uncertainty. Because it is assumed that students are usually unfamiliar with
distinguishing signals from noise in data and drawing sound conclusions, active intervention by the
teacher and additional problem positioning may be necessary. For example, this could include describing
the confidence and uncertainty level for another or future set of data in the same context. Further, in the
context of the problem, the role of variables that are not present in the data should be considered.
Therefore, teachers need to encourage students to recognize uncertainty by reflecting on their
conclusions and reasoning processes.

DEVELOPING THE TASK: DECATHLON DATA PROBLEM

The task developed in this study is an updated version of Hosoda’s (in press) task based on task
design principles (see Figure 1). This task uses data from the decathlon of the 2021 Tokyo Olympics
dataset (n = 23, variables for the 10 event performances and the overall score)—data that can be
downloaded from the International Association of Athletics Federations (https://worldathletics.org/).

The “King of Athletes” is a decathlon in athletics, wherein the participants’ ranking is determined by
the sum of their scores in ten different events. Here, you are working as a member of the team’s
training department, analyzing what events are important for a player to be successful in the
international decathlon competition.

Task 1. To understand what events are important. What are the events that seemed to influence the
overall score? Identify these events based on the data from the 2021 Tokyo Olympics. Further, explain
the reasons for your conclusion.

Task 2. Consider what you need to reach better conclusions in Task 1.

Figure 1. The task of the “Decathlon Data Problem”

For the relationship between the performance in each event and the overall score in Task 1,
correlations for the 110-meter hurdles (rounded off to two decimal places, -0.83), 100-meter run (-0.66),
and long jump (0.65) have the highest values. Thus, one example solution is to identify the event based
on the correlation coefficient. Another solution could discuss the events based on the center of the
distribution, using a cross option or a sliced scatterplot, as displayed in Figure 2. These two ideas are
helpful as a stage before the normal instruction of scatterplots because they are based on the analysis of
the mean and median with the univariate distribution. In Task 2, the goal is to critically consider the
conclusions and reasoning process in Task 1. For example, students should highlight that the conclusions
of the analysis are limited to the data from the Tokyo Olympics, thus to a specific competition; therefore,
it is difficult to draw conclusions about data from other competitions in a deterministic way. This second
task also facilitates the understanding of uncertainty through the consideration of variables that are not
present in the data used (e.g., climatic conditions).
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Figure 2. Scatter plots of the cross option (/eff) and slice option (right)
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DISCUSSION AND CONCLUSION

The following is a relationship among the three principles for task design and the designed task.
The relationship among the three principles for the task design and the designed task can be presented
as follows: the first principle posed problems with investigating the structure of multivariate data
supplied by third-party providers to make sense of open data. In Figure 1, the context was designed with
the aim of allowing students to explore the relationship between the variables of performance in each
event and the overall score based on the open Tokyo Olympics data. The second principle was to plan
instruction using dynamic statistical technology tools to facilitate inferences from the data available
based on visualization and assessment of relationships between variables. As shown in Figure 1, the
practice was planned to enable students to explore and make inferences using the analysis methods based
on correlation coefficients and univariate distributions of the relationships between the variables of each
event performance and the overall score. The third principle was to encourage students to reflect on their
own conclusions and reasoning processes to consider uncertainty while recognizing the signal and noise
in the data. Accordingly, it is suggested that teachers encourage students to reflect on previous practices
and understand uncertainty in view of the sample variability and the context related to the phenomenon
in the problem. In this study, the relationship between ISI and covariational reasoning was reconsidered,
clarifying theoretical aspects of teaching ISI, including correlations. The limitation of this study is that
it is still only a theoretical consideration by a single community of researchers. In the future, a team
consisting of the authors and faculty members will conduct practical consideration and elaborate further
on the task design principles and the task.
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