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Abstract

In math classes solving statistical tasks by using procedures which the student
learned by heart is usually used. The authors, thus encouraged learning and
teaching statistics on the basis of realistic problems and problem situations,
so that the student gets to know statistical concepts within the experience of
resolving a real-life problem situation. With this approach to learning and
teaching statistics, students acquired a better knowledge and were able to grasp,
interpret and make critical evaluations of the statistical information, which was
confirmed by the experiment that involved 269 first-grade high school students.

Keywords: teaching statistics, mathematics, problem-solving approach, statistical
reasoning.

Introduction

Statistics lessons are mostly part of mathematics lessons, although the opinions
of experts in the field of statistical education differ in whether the inclusion of
statistics lessons in mathematics lessons is the best solution, since some of them
mention large differences between mathematics and statistics, especially between
statistical and mathematical thinking. Others believe that such differences would
not exist if we emphasized logical thinking instead of problem-solving with
learned algorithms (Watson, 2006; Biehler, 2008; Porkess, 2011).
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In mathematics lessons in high schools in Slovenia, within which statistics is
taught, insufficient attention is paid to statistical literacy, although in the context
of statistics, there is an emphasis on the link between statistics and the real world,
namely the use of statistics in various problem situations. In addition, procedural
solving and reinforcing statistical tasks with the use of procedures which the stu-
dent learned by heart, often prove to be unsuccessful, since the student does not
understand statistical concepts and is neither aware of the sense and effectiveness
of solving processes nor able to assess the accuracy or inaccuracy of the solution.

The authors were thus looking for such an approach to learning and teaching
statistics which was based on realistic statistical problems and appropriate problem
situations. The learning and teaching approach emphasises the problem-solving
approach, where the student encounters a statistical term or a concept and gets to
know it either in a problem situation or directly at its resolution, whereby he/she
is able to use his/her prior knowledge and experience in acquiring new skills and
learning strategies.

Purpose and objectives of the research

The purpose of the research was to use such an approach to learning and
teaching with problem situations and realistic statistical problems included, arising
from everyday life, to develop the application of statistics in real-life situations
and thus improve statistical literacy. The authors were interested in finding how
the novelties defined by that approach to learning and teaching affected statistics
lessons in high schools or improved the knowledge of statistics and increased the
level of statistical literacy. More precisely, the authors checked whether the impact
was linked to the mark in mathematics.

Empirical part

Basic research method and research approach

In the research, a descriptive and causal-experimental method in the pedagog-
ical research was used. In the context of the research, the pedagogical non-prob-
ability experiment with intentional registering of the experimental factor in the
research situation was used.

In order to get the best possible idea of the experiment, the data were collected
quantitatively, namely with two written examinations in statistics, one at the
beginning of the experiment, and the other at the end.
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In cooperation with teachers from the experimental group, we planned the
preparations for learning units and prepared materials for the preparation of an
independent statistical task, including instructions for computer processing of the
data. In addition to the textbook for the first grade of high school, including statis-
tics contents, teachers and students used materials including statistical problems
from the students’ real lives.

The mathematics teachers who were selected for the control group used the
same textbook as the experimental group. They were informed that we were going
to monitor the statistics lessons in the research, however, they did not know that
in the second group we were going to introduce a new approach to learning and
teaching statistics, and monitor the development of statistical literacy. We had not
specifically prepared those teachers to participate in this experiment, together with
them we only planned the dates of examinations and checked the number of hours
of statistics lessons, as well as expected that they would operate in the selected
section as they normally did when they performed their work.

Experiment model
A single-factor model of a non-probability experiment with high-school
departments as control groups was designed, with two modalities of an experi-
mental factor:
- teaching statistics according to the usual syllabus with a conventional
approach, used by teachers in mathematics classes;
— teaching statistics according to the usual syllabus by incorporating problem
situations and realistic statistical problems arising from everyday life.
Comparative groups from existing first-grade departments in various high
schools were established. The group of students in which the experiment was
introduced, which incorporated the completed model of statistics teaching
including problem situations and realistic problems from everyday life and
active participation of students, was called the experimental group (EG). The
group of students which was part of the traditional, namely the transmission
model of statistics lessons, was called the control group (CG). Due to internal
validity, the most relevant factors, namely the socio-economic status of each
individual student’s family, taking into account the level of education of the
parent or guardian who had a higher education degree, and mathematics marks
were initially monitored.
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Experiment sample

The research took place at high schools in Slovenia with equal opportunities for
work. 269 first-grade students participated in this experiment. The experimental
group included 134 students and the control group included 135 students.

Socio-economic status of the student’s family

Firstly, it was checked whether the experimental group and the control group
were tied regarding the socio-economic status of the family of an individual
student. For this purpose, the students were divided into six groups based on the
highest degree of education of their parents, as shown in Table 1.

Table 1. Frequency divisions of students according to the socio-economic
status of their families

Frequen- Frequency

Group oy (in %)
Primary school or unfinished primary school EG 2 L5
CG 1 0.7
Lower or upper-secondary vocational education EG 14 10.5
CG 9 6.7
Upper-secondary technical education or general education EG 33 24.6
CG 35 25.9
Vocational college or post-secondary education EG 36 26.9
CG 50 37.0
Higher professional or academic education EG 45 33.6
CG 35 25.9
Master’s degree or doctorate EG 4 3.0
CG 5 3.7

Based on Table 1, it was concluded that the experimental and control groups
were not significantly different based on the socio-economic status of the families
of each individual student. With a 2 test it was confirmed that there were no
statistically significant differences between the groups (p=0.323).

Mathematics marks prior to the beginning of the experiment

It was also tested whether there were any statistically significant differences
between the experimental and control groups based on the students’ success in
mathematics. The frequency division of the students’ mathematics markes from
the experimental and control groups is presented in Table 2. The students’ mathe-



Teaching Statistics in the Background of Teaching Mathematics 69

matics marks in the final grade of primary school were taken into account, ranging
from sufhicient (2) to excellent (5) marks.

Table 2. Frequency division of marks in mathematics

in the EG and CG
Marks Group Frequency Fr?&u;f;cy

Sufficient EG 9 6.7

() CG 4 3.0

Good EG 24 17.9
®) CG 31 23.0
Very good EG 53 48.0
) CG 55 40.7
Excellent EG 48 35.8
®) CG 45 333

With a 2 test it was confirmed that there were no statistically significant
differences between the experimental and control groups based on marks in
mathematics (p=0.400).

It was thus discovered that the experimental and control groups were com-
pletely equalized given the socio-economic status of each individual student and
according to the mathematics marks in the final grade of primary school.

Course of the research and data collection

At the beginning, initial knowledge assessment was performed, and final assess-
ment at the end. The tasks were formed in accordance to the applicable syllabus
for first-grade high school mathematics lessons, which includes the statistics
content, and in accordance with the objectives, which are defined in the syllabus.
In the preparation of the two assessments, the examples from the international
PISA (PISA,2012) and TIMSS (Japelj Pavesi¢, 2012) studies were followed, which
included the tasks from the data processing area. Both the initial and final knowl-
edge assessments contained six tasks taking into account Gagné's classification of
learning outcomes, namely with two tasks each from each taxonomic rank:

I - basic knowledge of statistical concepts;

IT - statistical task solving, with which the procedural knowledge was checked;

III - statistical problem solving.

Table 3 shows the composition of individual tests given the statistical content
and number of possible points for each task.
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Table 3. Statistical content and number of points in the initial
and final knowledge assessment

Sug. No. Number of points Statistical content
of the Initial Final ... .
task Initial assessment Final assessment
assessment assessment

1. 2 3 Knowledge of the ways to ~ Knowledge of statisti-
display data (circular and  cal terms (mean, mode,
with columns) median)

2 3 6 Knowledge of the statis- Knowledge of statistical
tical terms (mean, mode, terms (average, average ab-
median) solute deviation, standard

deviation)

3. 5 6 Application of statistical Application of statistical
terms (data concentration) terms (data concentration,

columns)

4 4 4 Application of statistical Application of statistical
terms (data concentration, terms (range, interquartile
displays) range, box plot)

5. 6 4 Statistical problem Statistical problem

6. 6 Statistical problem Statistical problem

Total: 24 29

The students from both groups took both the initial and the final knowledge
assessments under the same conditions. All the tasks which were included in the
knowledge test were open-ended. Each assessment lasted 60 minutes.

We used Spearman’s rank correlation coefficient with both groups in order
to examine the correlation between the achievements in the initial knowledge
assessment, the achievements in the final knowledge assessment and the success
in mathematics for each of these variables.

With the use of descriptive analysis, we also checked the distribution of the
scored points and the adequate dispersion in both groups in the initial and final
knowledge assessments, and analyzed the achievements of the students from both
groups in the initial and final knowledge assessments in relation to the students’
marks in mathematics.
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Results and interpretation

Correlation between the achievements in assessments and marks in

mathematics

In the research, the correlation between the achievements in the initial knowl-
edge assessment, the achievements in the final knowledge assessment and the
success in mathematics for each pair of the aforementioned statistical elements
both in the experimental and control groups were studied.

Spearman’s rank correlation coefficient and an appropriate level of statistical
significance for the students from the experimental group are shown in Table 4 for
the correlation between each two statistical elements: achievement in the initial
assessment, achievement in the final assessment and marks in mathematics. The
data for the students from the control group arepresented in Table 5.

Table 4. Correlation between the achievements of the initial assessment, the
achievements in the final assessment and the marks in mathematics in the EG

Initial Final Mathematics

assessment  assessment mark
Initial assess-  Correlation coefficient 1.000 0.456 0.464
ment Level of statistical significance 0.000 0.000
Final assess-  Correlation coefficient 0.456 1.000 0.602
ment Level of statistical significance 0.000 0.000
Mathematics  Correlation coefficient 0.464 0.602 1.000
mark Level of statistical significance 0.000 0.000

Table 5. Correlation between the achievements of the initial assessment, the
achievements in the final assessment and the marks in mathematics in the CG

Initial Final Mathematics

assessment  assessment mark
Initial assess-  Correlation coefficient 1.000 0.474 0.413
ment Level of statistical significance 0.000 0.000
Final assess-  Correlation coefficient 0.474 1.000 0.612
ment Level of statistical significance 0.000 0.000
Mathematics  Correlation coefficient 0.413 0.612 1.000
mark Level of statistical significance 0.000 0.000

Spearman’s rank correlation coeflicients showed a positive correlation for each
pair of the aforementioned statistical elements both in the experimental and
control groups. In addition, all the correlations are statistically significant since
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the level of statistical significance in all the cases is the same, i.e., 0.000 (Tables 4
and 5).

Both groups showed the biggest correlation between the marks in mathematics
and the achievements in the final assessment. In the experimental group, the coef-
ficient amounted to 0.602, and in the control group it amounted to 0.612, which
in both groups shows a moderate correlation between the marks inmathematics
and achievements in the final assessment. This means that the students with higher
marks in mathematics obtained better results in the final assessment regardless of
the approaches to teaching and learning statistics.

The correlation coefficients in both groups show a bad correlation between the
remaining variable pairs (Tables 4 and 5).

Comparison of achievements in the initial and final assessments

Comparison of the achievements of the students in the experimental group in the

initial and final assessments based on their marks in mathematics

Table 6 presents the basic statistical parameters of the achievements of the
students in the experimental group in the initial and final knowledge assessments,
namely the marks in mathematics, the number of students, the arithmetic mean,
standard deviation and the minimum and maximum achievement.

Table 6. The achievements of the EG students in the initial and final knowledge
assessments based on their marks in mathematics

Maths No. of Arith.  Arith. mean Stand.

mark students  mean (in %) deviation Min. Max.

Initial assess- 2 9 11.00 45.8 4.92 3.00 20.00
ment 3 24 11.79 49.1 4.03 4.00  22.00
4 53 13.21 55.0 3.47 4.00 20.00

5 48 16.29 67.9 3.23 10.00  23.00

Total 134 13.91 58.0 4.03 3.00 23.00

Final assess- 2 9 9.89 34.1 7.27 4.00 23.00
ment 3 24 15.79 54.5 6.04 2.00  27.00
4 53 17.85 61.5 6.23 4.00 28.00

5 48 23.79 82.0 2.73 17.00  28.00

Total 134 19.07 65.8 6.60 2.00 28.00

A student from the experimental group with a sufficient (2) mark in mathemat-
ics obtained, on average, a lower result in the final assessment than in the initial
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assessment, i.e., in the initial assessment they scored on average 45.8% of the total
score, and in the final assessment on average only 34.1% of the total score. This
is not surprising since the students with low marks in mathematics usually had
problems even with understanding the basic mathematical concepts and often
learned mathematical concepts and formulas by heart and were, therefore, unable
in most cases to use them. Thus, we can also conclude that for those students a real
understanding of the basic concepts of statistical terms was poor.

The students with good (3) and very good (4) marks obtained, on average, a bet-
ter result in the initial assessment, and the students with the excellent (5) mark in
the final assessment greatly improved their average result.

Comparison of the achievements of the students in the experimental group

in the initial and final assessments based on their marks in mathematics

Table 7 presents the basic statistical parameters of the achievements of the
students in the control group in the initial and final knowledge assessments, i.e.,
the marks in mathematics, number of students, the arithmetic mean, standard
deviation and minimum and maximum achievement.

Table 7. The achievements of CG students in the initial and final knowledge assess-
ments based on their marks in mathematics

Maths No. of Arith.  Arith. mean Stand.

mark  students  mean (in %) deviation Min.  Max.

Initial assess- 2 4 10.00 41.7 1.41 8.00 11.00
ment 3 31 11.45 47.7 3.32 6.00 17.00
4 55 14.38 59.9 3.92 6.00 22.00

5 45 15.60 65.0 3.85 4.00  24.00

Total 135 13.96 58.3 4.06 4.00 24.00

Final assessment 2 4 10.25 35.3 512 5.00 17.00
3 31 11.32 39.0 3.76 3.00 22.00

4 55 15.09 52.0 4.27 7.00  27.00

5 45 19.40 66.9 4.47 7.00  29.00

Total 135 15.52 53.5 5.26 3.00  29.00

It is evident from Table 7 that only the control group students with the excellent
(5) mark in mathematics in the final assessment obtained, on average, a slightly
higher score in comparison to their average achievement in the initial assessment,
whereas the students with sufficient (2), good (3) and very good (4) marks in
mathematics did not show progress in the final assessment compared to the ini-
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tial assessment, since they, on average, obtained a worse result than in the initial
assessment.

We may conclude that in the control group with the transmission model of
statistics lessons, only the students with the excellent (5) mark in mathematics
showed some progress in their knowledge of statistics, whereas the remaining
students did not show progress in their knowledge of statistics.

Conclusions

Within the context of the research, the traditional model of teaching statistics
in Slovenian high schools was studied and deficiencies, particularly in terms of
an insufficient contribution to the desired level of statistical literacy, were noted.
For this reason, an appropriate approach to learning and teaching statistics was
established, with the intention to correct these deficiencies. In the preparation
of this approach, the results of the studies in which the authors emphasised the
importance of dealing with basic statistical problems and critical interpretation of
the results were considered (Graham, 2006; Stuart, 2005). Despite the fact that the
statistics were being discussed within the framework of a mathematics syllabus,
the differences in mathematics and statistics, especially the differences between
mathematical and statistical thinking were taken into consideration, and logical
thinking is more advantageous than dealing with algorithms only learnt by heart
(Watson, 2006; Porkess, 2011).

With our approach to teaching and learning statistics, a better and more per-
manent knowledge was acquired, since the students in the experimental group
were more able to grasp, interpret and make critical evaluations of the statistical
information and achieve a higher level of statistical literacy, as was also found by
some other authors of research worldwide (Best, 2004; Chick & Pierce, 2013). Only
the students with the lowest marks in mathematics did not achieve the desired
level of statistical literacy despite the problem approach of teaching statistics. On
the other hand, the students who in the context of the class solved and reinforced
statistical tasks only by using procedures, mostly did not show progress in the
construction of statistical literacy. In this group, only the students with the highest
marks in mathematics made some progress in the knowledge of statistics.

Certainly, teachers must also be able to understand statistics in the right sense
in order to be able to transfer it to their students in such a way that it would affect
their development and ability to use a statistical method of thinking, thus we need
to encourage teachers’ statistical literacy and tstatistical thinking. Teacher capacity
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is a key dimension in realizing the essential goals for developing students’ statis-
tical literacy, reasoning and thinking in practical teaching (Zhang & Stephens,
2016). Students should be included in the learning process and teachers should
encourage critical thinking that represents an important task of mathematics
education (Marici¢ & Spijunovié, 2015) as well as statistics education.
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