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Abstract. This article offers a descriptive qualitative analysis of 3 second-year pre-service
teachers' statistical reasoning about the mean. Twenty-six pre-service teachers were tested
using an open-ended problem where they were expected to analyze a method in finding the
mean of a data. Three of their test results are selected to be analyzed. The results suggest that
the pre-service teachers did not use context to develop the interpretation of mean. Therefore,
this article also offers strategies to promote statistical reasoning about mean that use various
contexts.

1. Introduction

What do the pre-service teachers mean? It is worth to submit this question to find out the pre-service
teachers’ understanding about the concept of the mean. The answer to that question will also help the
author to know about the context of the students, so we can provide appropriate treatment in the next
statistical learning.

Reasoning the students towards the concept of the mean is very important [1]. This is because they
will teach the concept at the junior or high school level. The following concept is the basic
competency of junior high school which contains the mean concept. Analyze data based on data
distribution, mean, median, mode, and data distribution to draw conclusions, make decisions, and
make predictions [2]. The following concepts are the basic competencies of the senior high school that
contain the mean concepts. Determine and analyze the centralized and distributed size of the data
presented in the form of frequency distribution tables and histograms [2,3].

Based on two basic competencies in the field of mathematics, the competence which is able to
analyze the mean that measures the center is a necessary competence for students. Therefore, pre-
service teachers are required to be able to understand and interpret the mean concepts before they
actually teach students in school.

However, some research indicates that there is still a lack of understanding of students about the
concept of the mean [4-6]. They are still focused on the procedure for determining the mean, which is
the ratio of the sum of all the data and the number of data. When they are asked to interpret the mean
value, they are still unable to explain it clearly.

Interpretation of the mean can be done by connecting the mean with the context. There are four
contexts that can be used to understand the mean concepts such as data reduction, fair share, a typical
value, and signal in noise. The explanation of these four contexts will be further explained in the
following discussion.

Formally, the mean is the central tendency of a data. However, the meaning of the mean can be
understood from various contexts [7], at least for the purposes of teaching. There are four contexts that
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can be used to understand the mean, i.e. data reduction, fair share, a typical value, and signal in noise
[6].

In the context of data reduction, the mean value can be used to simplify the data set. A collection of
values in a sample or population can be simplified into a value, i.e. its measure of center. Mean is one
measure of the data center. The simplification of such data is intended to make easy to memorize
them.

The second context is a fair share. In this context, the values in a data are shared from one
value to another in order to obtain the same value. This context is suitable for elementary
school students because, for the first time, they will be introduced to the concept of sharing in
division operation.

Mean as a typical value, assumes that the mean is a value that often appears in the distribution or
value that is located in the center of data after the data are sorted. The mean here is considered to be
the same as the mode or median. Although mean, median, and mode are generally three different
values, they are all used to determine the center of data.

The last context that can be used to understand the mean is a signal in noise. Based on this point of
view, each random observation has an estimated value of a specific value, but it is unknown. Each
observation has an average that has a certain deviation to the true mean. The deviation is called as an
error. The mean of each observed average is considered to be the actual data mean. This kind of
context is perfect for building an understanding of distribution.

In addition to statistical reasoning, there are two other concepts that become the focus of current
statistical learning called statistical literacy and thinking [8,9]. Therefore, the three concepts are first
discussed in this paper and then will be explained by focusing on what statistical reasoning is.

Statistical literacy is the essential and basic skills used to understand statistical information or
research results [10]. This skill consists of the skills to organize data, create and display tables, and
represent data from multiple points of view. In addition, this skill also contains an understanding of the
concepts, terms, and symbols in statistics, as well as an understanding of opportunities as a measure of
uncertainty.

Statistical thinking is a person’s understanding of the reasons why a statistical investigation is
conducted, and how to do it [11]. With this understanding, one can choose the right method of
analyzing data. In addition, with statistical thinking one can criticize and evaluate the results of
statistical research.

Statistical reasoning is a way for a person to interpret statistical information and statistical ideas
[12]. Reasoning stands for a person’s understanding of the statistical processes and the person’s
interpretation of the statistical results.

From that sense, it is apparent that the concept of statistical thinking and reasoning are
overlapped. But these two concepts are quite distinguishable. For example, someone who has
knowledge of when and how to apply certain statistical procedures, then it can be said that the person
has statistical thinking. And if the person is able to interpret the results of the statistical procedures he
or she performs, then the person has statistical reasoning.

Based on the previous explanation, statistical reasoning is an ability that must be owned by school
students. Students should not only be able to perform certain statistical procedures, but they must also
be able to interpret the results of the statistical investigations they have undertaken.

To promote statistical reasoning, teachers should make students deal with real data around them,
process and present the data, and ultimately draw conclusions from the data. Thus, they are able to
give the reason why their conclusions are meaningful.

2. Methodology

To find out the statistical reasoning of students about the mean, the author analyzed data collected
from 26 students. Data obtained in the form of student work result to the problem of mean. These
problems can be shown as follows.
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When asked to find the mean of the numbers 17, 43, 22, and 38, Joko turned in the computations
illustrated below to show the mean was 30. Explain her method and illustrate it to find the mean of a

set of different numbers.

17
20
20
28
30

43
40
30
30
30

22
22
32
32
30

38
38
38
30
30

(Adapted from Bennett, Jr., Burton, Nelson [13])

The problem is in addition to testing the students’ understanding of the mean concepts and also for
testing student pedagogies. In addition, the problem wants to show the mean concept as a fair share

context.

After the data has been obtained, the authors analyze the types of student work. From the analysis,
obtained three level of answers. The three types of answers are further described in the next section.

3. Results

The students’ work on the mean problem given in outline can be divided into three categories,

described as follows.

3.1 Fail in Understanding the Problem

Polya split the steps in solving the problem into four steps, such as understand the problem, devise a
plan, carry out the plan, and look back. By using these Polya steps, it can be said that most students

make mistakes in the first step, i.e. understand the problem.

Most students make mistakes when reading the numbers on the table. They assume all numbers are
numbers to be searched for. So, they tend to add up all the numbers, then divide by 20, that is, the

number of these values. Answers in this category are represented by student 1:
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The answer illustrates how students have not understood the problem as a whole. They have not
analyzed in depth what relationship between the first, second, third, fourth, and fifth rows in the
table. They are still fixated on the numbers that appear, and immediately assume that all of these
numbers are numbers to be determined by the mean.

3.2 Success in Looking Pattern, Fail in Interpreting Method

The second category is the category where students are able to find patterns in the method of
determining the mean, but they cannot interpret the method. This category is represented by the
following 2 student work.
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Figure 2 Solution of Student 2

The student’s answer gives insight that they can already see the method of determining the mean in
depth, i.e. by looking at the pattern of each of the steps taken, but they are still not able to interpret the
method.

In the answer, it has been shown that each row has the same mean, but it has not been shown how
the relationship between rows. In other words, the student looks at each line separately. He has not
explained the relationship of the numbers in each line.

3.3 Success in Interpreting the Method

The third category is the category where the student can explain the steps or procedure of the method
of determining the mean. The answers in this category are represented by the following 3 student
responses.
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Figure 3. Solution of Student 3

From the answer, it can be seen that the student has explained the method used in detail. He has
been able to find relationships between rows in the given steps. And the steps are rewritten in detail in
order to be used to determine the mean in different cases.

4. Discussion
This paper wants to answer how students understand the concept of mean. Therefore, based on the
data that has been collected the answers to these questions can be categorized as follows.

4.1 Ignoring Problem Context

From the data obtained, it can be said that most students still consider the mean is simply as the ratio
between the sum of the overall value of the number of these values. Assuming this, they will be very
sensitive to the numbers that appear, but instead, ignore the essence of the problem.

Students still cannot find the context of the given mean problem. Thus, they jump directly into the
values given and look for what is asked. Once they find the given values and the ones being asked are
the means, they instantly add up all those values and divide them by the number of the values. So, they
do not realize that the numbers in each line are a representation of the method in the determination of
the mean.

As a result, students still do not have statistical reasoning in interpreting the other method in
finding mean. They have not been able to criticize the method and test its truth. Instead, they show the
method they already know and used it on the given problem, even with a misconception of the context.

4.2 Not Seeing Relation Between Steps

The answer of the second category of students has shown that they have been able to see that the mean
of each line is the same. Using the mean formula that they already know, they can show that the mean
of each line is 30.

However, they can’t find the relationship between lines. They think of one line with another
separately. So, they still cannot find the “big idea” in the given method of determining mean.

If viewed from the statistical reasoning perspective, students in this category still cannot interpret
the mean value. They are still fixated on the formula they’ve been using. Using this formula, they
determine the mean of each row and find that the mean of all rows is the same. They have not found
where the numbers in the second, third, fourth, and fifth rows come from.
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4.3 Explaining the Method for Finding Mean
Students in this category can already find patterns in each row in the given method of determining the
mean. They explain that the smallest number must be added with a certain constant, and the constant is
"taken" from the larger number on the same line. In other words, they already associate the mean with
a fair share context.

Based on data from this category, it can be said that some students already have enough reason
statistical reasoning. They were able to analyze other methods of finding mean, by not gluing only to
the methods they knew.

5. Conclusion

Based on the results of this study, it can be concluded that most students still have low statistical
reasoning that in understanding the concept of mean. Most students still have not been able to analyze
other methods in determining the data mean. Nevertheless, there are some students who have been
able to interpret the steps in determining the mean by relating it to the fair share context.

Based on these conclusions, the authors provide recommendations in learning statistics at school or
at the university level. Statistical learning should prioritize the achievement of students’ statistical
reasoning. This can be done by designing learning that requires students to collect data from their
everyday life, then organize the data, and in finally they can make conclusions based on their own
interpretations. This kind of learning can help students to connect the real data representation into a
more abstract representation.
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