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Abstract: In this study, we conducted a statistics workshop with the aim of proposing an effective teaching

practice curriculum for improving teaching practice related to statistical content based on the statistical

inquiry process. As a result, it was considered effective for student teachers to reflect on their own

teaching of statistical content by asking themselves how to apply the statistical inquiry process to real-

life problems and conduct analysis, and by exchanging opinions with others. Of course, knowledge and

understanding of the theory of statistics are necessary, but by experiencing this kind of statistical

workshop, not only knowledge, but also practical understanding of statistical content can be deepened,

and the difficulties felt by student teachers may be eliminated. In this way, we believe that the statistical

Inquiry process can serve as a perspective for analysis of each process in the problem-solving process, as

well as a viewpoint from which to look at the process as a whole, and to find the significance of "thinking

with statistics" from the standpoint of each learner and teacher.
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Abstract: In this study, we conducted a statistics workshop with the aim of proposing an effective
teaching practice curriculum for improving teaching practice related to statistical content based on
the statistical inquiry process. As a result, it was considered effective for student teachers to reflect
on their own teaching of statistical content by asking themselves how to apply the statistical
inquiry process to real-life problems and conduct analysis, and by exchanging opinions with others.
Of course, knowledge and understanding of the theory of statistics are necessary, but by
experiencing this kind of statistical workshop, not only knowledge, but also practical understanding
of statistical content can be deepened, and the difficulties felt by student teachers may be
eliminated. In this way, we believe that the statistical inquiry process can serve as a perspective for
analysis of each process in the problem-solving process, as well as a viewpoint from which to look at
the process as a whole, and to find the significance of "thinking with statistics" from the standpoint

of each learner and teacher.

1. Introduction

The explanation of the Course of Study for Senior High School (Ministry of Education, Culture,
Sports, Science and Technology, 2018) calls for the enrichment of statistical content in senior high
school mathematics, including the concept of hypothesis testing and inferential statistics, and calls
for the enhancement of statistical education more than ever before. However, in September 2021, a
preliminary survey was conducted on the classes related to statistics that they had taken in junior
high school and senior high school for the mathematics education student teachers (12 persons, 3rd
year university students) at Hiroshima University High School, and many of them answered "I
have a strong impression that I did a lot of calculations," "I learned basic computer operations," and
"I rarely used statistics in class”. In addition, there were responses such as "I have no actual
experience or precedents, so I am troubled when I prepare a teaching plan," and "I cannot imagine

teaching in a class something I have never actually learned, so I am anxious about it”. Considering



the current situation, it is significant to focus on strengthening practical teaching skills related to
statistics in educational training.
Therefore, through the following three points, we will obtain suggestions for the development of

teaching skills of student teachers in the area of statistics in senior high school.

To conduct a survey of mathematics student teachers regarding their history of learning

statistics at junior high school, senior high school, and university, and to identify the factors

that cause difficulties in teaching classes.

To develop, practice, and verify the results of workshop-style learning materials that are aware

of the statistical inquiry process during educational practice.

To make suggestions for the development of statistical teaching skills of student teachers based

on the statistical inquiry process.

2. Survey on learning history in the area of statistics of student teachers
Educational training in 2023 at Hiroshima University High School lasted three weeks from
August 30 to September 21. On the first day of the training, the following survey was conducted on
16 mathematics education student teachers (3rd year university students) regarding their learning
history in the area of statistics in order to identify the factors causing difficulties in teaching. All
answers were given by the student teachers and are presented in the original text. The same
information was extracted from the representative responses.
Q1. What were the contents of the statistics classes you took in junior high school and senior high
school (Junior High School "Use of Data" and Mathematics I "Analysis of Data")?
The contents included understanding terms such as mean, standard deviation, correlation
function, median, etc., and reading data from box plots and histograms. Also, there seemed to
be a lot of contents to consider numerical values from numerical values.
The students were asked to memorize important words such as mode, median, etc., and to
practice questions related to them. In the area of variance, I particularly remember writing a
table with the mean, mean of squares, etc., and finding the standard deviation and covariance.
When the entrance exam approached, we were given scatter plots and solved problems related
to them.
I think there was a lot of reading and understanding of materials in the class. Also, in Math I,
we were told that we would only take the common test, so we would work on it quickly, and we
focused on the important parts and the parts that we should remember.
I have the impression that the classes have been centered on textbooks, such as "Use of Data"
in junior high school and "Analysis of Data" in Mathematics I, in which students use data from
textbooks and think about problems in the textbooks. The revised textbooks do not seem to
have changed much, and I felt that the content studied by today's junior high and senior high
school students is almost the same as that in the textbooks. However, they did not cover
advanced topics such as the least-squares method and hypothesis testing, which are part of the
development and research content of Mathematics I.

Q2. In about 300 words, please describe your thoughts on teaching your own statistical content



(Junior High School "Application of Data", Mathematics I "Analysis of Data", Mathematics B
"Statistical Inference") in your classes.
In particular, I have not taken "statistical inference" in Math B and have not accumulated
examples of teaching it, so I am expected to feel very uneasy when teaching it. Even if I can
understand the content and acquire background knowledge, it is expected that the number of
exemplary examples will be small in relation to the points of instruction, the many stumbling
blocks, and the pace of class progression, making reflection on instruction difficult.
While these are said to be important in the future, "data analysis" and "statistical inference"
were not considered very important, and I myself passed the university entrance examination
with only a vague understanding of what would work if I did it somehow.
While I have studied the contents of data in Mathematics I and Mathematics B at junior high
school and senior high school, I am frankly concerned about teaching Mathematics B
"Statistical Inference" for the first time without having taken any classes on the subject. On
the other hand, the content of the statistical area involves relatively more practical problems
than other units of mathematics. Therefore, it is easy to think about what kind of data to use in
class, and it is possible to have students analyze and speculate on data that they are interested
in, so I thought it would be easy to attract their interest.
The results of this survey revealed the following characteristics among mathematics education
student teachers.
The statistical learning that the student teachers have received has focused on "solving
problems" such as obtaining numerical values.
There is a lack of concrete experience in finding issues, collecting data, and analyzing them.
Student teachers are anxious to teach what they have not learned.
Student teachers have a positive image of learning statistics that allows their students to
work independently.
Student teachers have an anxiety about researching teaching materials due to their vague
understanding of statistics.
Therefore, we hypothesized and tested the hypothesis that conducting a statistics workshop for
educational student teachers to research teaching materials that incorporates the statistical
process of inquiry (PPDAC cycle) would help them move from learning statistics for calculation to

learning statistics for decision-making.

3. Statistical workshop implementation and analysis

3.1 Objectives of the Statistics Workshop

To identify what kind of training would improve the statistical teaching skills of student teachers
during their teaching practice.

3.2 Design of statistical workshop

On September 7, one week after, the start of the practical training, we presented the following
assignment and instructed the student teachers to "think about their own opinions until then

because the workshop will be held on September 14, one week later. This assignment was prepared



with reference to the Ministry of Internal Affairs and Communications Policy Directorate (2017),
"Utilization of Statistics and Data Science from High School - Advanced Edition. Note that no study

classes were assigned for the content related to "statistical inference" during this training period.

[Assignment]

The French fries sold at a certain hamburger store are publicly advertised as "medium size 135g".
The following statistical exploration process (PPDAC cycle) is used to determine whether the
weight of the medium size French fries actually sold is 135g, as announced.

Problem: Verify that the average weight of a medium size French fries sold in a certain hamburger
store is the published value of 135 grams.

Plan: The null hypothesis is that the mean weight of M-size French fries is 135g, the published
value, and a two-tailed test is conducted based on the purchase data. The significance level is set at
0.05.

Data: Ten medium-sized French fries were actually purchased, and their weights were measured.
Analysis: Assuming that the distribution of the weight of the medium size French fries follows a
normal distribution, find the statistic for the test under the null hypothesis, find the probability of
its realization, and compare it with the significance level.

Conclusion: If the null hypothesis is rejected as a result of the hypothesis test, we conclude that "the
weight of French fries size M is not 135g as published" and if the null hypothesis is not rejected, we
conclude that "the weight of French fries size M cannot be determined from this purchase data to be

as published.

The purchase data is as follows:

120 124 126 130 130 131 132 133 134 140 (Unit: g)

(1) Assuming that the weight of French fries M size follows a normal distribution, and knowing
that the mother standard deviation is 6g, perform a two-tailed test at a significance level of
0.05.

(2) When dealing with this case study in class, please think about what you would like your
students to think about at each stage of the statistical inquiry process and what you would like

them to think about in terms of instructional points.

In (1), the knowledge and skills of hypothesis testing are checked. In this case, we want to test
"whether the average weight of an M-size French fries is 135 g, the published value", so we specify
that a two-tailed test should be conducted. If the problem situation is that "the students feel that
the weight is less than the published value of 135g," a one-tailed test should be conducted. However,
the difference from a two-tailed test and the relationship between a one-tailed test and a 95%
confidence interval of the population mean is an issue that we would like the student teachers to
consider regarding statistical analysis from the perspective of the students. In (2), we would like to
give examples of specific methods of analysis from the perspective of the PPDAC cycle, and then ask

the student teachers to think about what they, as mathematics teachers, would like their students



to learn from these examples. The purpose of this section is to raise the perspective from (1) to the
teacher's side, and to make the student teachers reflect on their own understanding of statistical
analysis methods by being specific about what and how they want their students to learn through

this problem at each stage of the process.

3.3 Results and issues of the statistical workshop
During the workshop on September 14, 16 mathematics education student teachers were divided
into four groups for the following activities.

Activity 1: Student teachers present their (2) key points of instruction and conduct a mutual
evaluation.

Activity 2: Student teachers discuss in groups the points of instruction that require special
attention.

For (1), most of the student teachers solved the problem in the same way as the example problem
in the textbook, which is used in class, but for (2), they analyzed this problem from different
perspectives. Since there are many possible situations in which statistical inferences are used in
actual assignments that employ statistical methods, in this workshop assignment, we made the
student teachers aware of the statistical inquiry process for problems related to "statistical
inferences" and asked them to list instructional points in their classes. The following are some of
the teaching points that the student teachers considered.

Problem
By thinking about the purpose of why we wanted to examine this issue, we would like to enable
students to examine the issue with a sense of purpose, rather than just examining the issue
because it was given to them.
How can we mathematically solve or resolve questions in everyday life, or even mathematically
conceivable events in the first place?

Plan
We want students to think for themselves about how to solve the problem, such as what kind of
hypothesis must be formulated to solve the problem, and whether a two-tailed or one-tailed
test should be used.
We think it would be good to have students consider in what cases a one-tailed test would be
appropriate and in what cases a two-tailed test would be appropriate.
In the planning stage, we want students to be aware of the need to identify several suitable
statistics for the subject matter. This is because we believe that once students find one suitable
statistical model, they may stick to it. We want students to think critically about whether there
are other approaches and whether that statistical model is really the only one.
We will be conscious of creating a clear outlook throughout the class so that the students will
have a clear idea of what they want to seek and what they will be thinking about.
We want students to understand that if the significance level is not set in advance, it is possible
to make all tests significant, which would make the test meaningless.

Data



In the present case, a random sample of size 10 was sufficient because the population
distribution can be assumed to follow a normal distribution, but there are times when X
cannot be considered to follow a normal distribution unless n is large. We would like to have
students consider how large a random sample must be selected in order to obtain accurate
results.
We think it is also important to make students aware that many conditions need to be set in
order to perform a correct test.
We think it is important to decide how many samples to take so that the whole class is
satisfied.
Is it really safe to characterize the population from a sample of 10?
We think the key word is "random sampling". There are many factors that may cause the
weight to change, such as whether the importance of the bags changes depending on who packs
the bags, whether the bags are weighed before each packing, whether the weight is measured
by eye, and whether the weight changes during peak and off-peak periods. Students should
consider how to collect data in such a way that it can be considered as random sampling and
have them collect data carefully, assuming many such cases.

Analysis
We think it is important to make students think with mathematical basis, such as why the
sample mean X follows a normal distribution.
It is important to consider what the analytical operations and results mean.
In order to put real-life problems into mathematics (statistics), students need to categorize
them into what is ignored and what is necessary, and they need to think about how they should
assume the distribution of the weight of a M size French fries in order to be able to perform the
test even if only 10 fries are purchased.

Conclusion
If the null hypothesis is rejected, the hypothesis can be rejected, but if it is not rejected, it
cannot be determined that the hypothesis can be accepted. Just because the hypothesis was not
rejected at a certain level of significance does not mean that the hypothesis can be judged to be
true. When learning for the first time, students tend to judge the hypothesis as correct, so we
think more emphasis should be placed on teaching the hypothesis.
Students need to understand that they are thinking hypothetically in a statistical model. The
output does not represent everything we want to examine, but we always want students to
think about what considerations they would have to make in real life.
In this case, the null hypothesis was rejected, but we would like students to think about the
level of significance at which the null hypothesis would not be rejected. Then, we would like
students to think about whether the significance level at which the null hypothesis is not
rejected is more or less likely to occur as a matter of probability, based on their own criteria for
judgment. By doing so, they will be able to consider the setting of significance levels in future
tests.
What did students know and what did they not know?



We would like to have students consider what happens to the conclusion when the problem
setting changes, such as whether the conclusion changes when one more purchase is made,
even though the conclusion is that this data is not as published.

Others
In the case of a class, since sufficient time is not available, the teacher should present the

"problem," "plan," and "collection" as in the textbook, and let the students focus on "analysis"

nn

and "conclusion. However, in the real world, "problem," "plan," and "collection" are also
1important processes, so the class should be developed in a way that leads to inquiry.

In this workshop, the student teachers exchanged opinions and then each group was asked to
present the points that were discussed. The results of the post-workshop questionnaire are
described below.

Q1. What are your thoughts and opinions on the statistical workshop?
I learned a lot of things to pay attention to when teaching statistical content through the
statistics workshop. By discussing with others, I learned many things that I did not realize (e.g.,
the reasons for two-tailed tests instead of one-tailed tests, making students understand that
the distribution follows a normal distribution, etc.). I also realized that I had been mistakenly
aware of the meaning of 95 percent confidence intervals.
I did not know that the examination process is intentionally devised to make it easier to
conduct the examination, so I learned a lot from it. I felt that the mathematics textbooks also
intentionally set up the situation. I thought it would be interesting to have students think
about the intentional setting of situations.
Through this workshop, I felt that it is not good to think that it is enough to solve the problems
in the textbooks. The textbook problems only deal with “analysis” in the PPDAC cycle, but
there are many things to consider in actual inquiry, such as how to plan and how to collect
data.
Although the time seemed a little short, I learned various things about tests and confidence
intervals through the workshop by thinking from the viewpoint of what should be considered in
the classroom in the field of probability statistics.

Q2. What do you think is important to learn about statistical content at university class before

practical training?

For university students who have not studied "statistical inference," I felt that it was necessary
for them to learn at least textbook-level knowledge of the field and its basic content. In addition,
I felt that they should learn the contents of actual tests and confidence intervals in the field of
statistics.
Although we did not cover basic statistics, such as normal distribution and hypothesis testing, I
felt that it was important to understand the position of each content throughout the entire
course.
I felt that I would like to learn more about the content of statistical testing at university class.
Since I did not study certification tests in senior high school and have not yet studied them in

detail at university, I would like to be able to think about what I can teach high school students



after learning various methods of certification.

I thought I should learn why we study statistics and the meaning of each term.

I would have liked to have learned the contents of the mathematics textbook, since I had not
learned anything about testing at this time in the mathematics department of the Faculty of
Science at university. Furthermore, I would like to learn about the difference between tests in
mathematics and analysis in the field of information, and the significance of dealing with tests
in mathematics.

As described above, even considering issues that make the student teachers aware of the
statistical inquiry process, the statistical workshop, in which opinions are exchanged on the points
of guidance that each student thinks about, will help them to understand the statistical process and
to understand the statistical process.

Purpose and appropriateness of using statistical methods to address issues around us, with an
awareness of the statistical inquiry process.

The need for critical reflection on the results of analyses using statistical methods.

A perspective on the study of teaching materials for statistical problems as a mathematics
class.

We can see that the participant student teachers were able to understand the above. In order to
confirm these understandings, it was necessary to have the student teachers reconsider (1) of the

workshop tasks, but this was not done this time.

4. Suggestions for the development of statistical teaching skills of student teachers based on
the statistical inquiry process

In this practice, a statistical workshop was conducted to improve the teaching skills of statistical
content based on the statistical inquiry process. As a result, it was considered effective for the
student teachers to reflect on their own teaching of statistical content by asking themselves how to
apply the statistical inquiry process to real-life problems and conduct analysis, and by exchanging
opinions with others (Fig.1). In addition, since we were not able to test the created teaching
materials in an actual class for reflection and improvement in this practice, we would like to

continue our research in the future.
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Figurel: Cycle for developing statistical teaching skill

Of course, knowledge and understanding of the theory of statistics are necessary, but by
experiencing this kind of statistical workshop, not only knowledge but also practical understanding
of statistical content is deepened, and the difficulties felt by the student teachers may be
eliminated. In this way, we believe that the statistical inquiry process can serve as a perspective for
analysis of each process in the problem-solving process, as well as a viewpoint from which to look at
the process as a whole, and to find the significance of "thinking with statistics" from the standpoint

of each learner and teacher.

Notes
The questionnaire to the student teachers was conducted after obtaining approval from the
Research Ethics Committee of the Graduate School of Humanities and Social Sciences, Hiroshima

University (Application Number: HR-ES-000452).
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