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This study aims to investigate the influence of an undergraduate course on teaching statistics and probability on the statistical knowledge of preservice mathematics teachers. Statistics Concept Inventory (SCI) was used to measure the statistical understanding of the participants. It was implemented both at the beginning and at the end of the course. A paired sample t-test was used in the analysis, and the scores of pre and post-tests were compared to investigate the influence of the course on prospective teachers' statistical knowledge. The results indicated that the preservice mathematics teachers' level of knowledge in SCI increased after taking the course.

Introduction

Improving technology and the growing need to make sense of the world require students to have a statistical understanding. Not only to pass the courses but also to become critical thinkers and responsible citizens in the decision-making processes, statistical thinking is significant for young learners [START_REF] Burrill | Teaching statistics in school mathematics-challenges for teaching and teacher education[END_REF]. Educators who realized this need for statistics education at the K-12 level included statistics as one of the five main strands of mathematics education (NCTM, 2000). The principles and standards for statistics education were stated by the National Council of Mathematics Teachers (NCTM) in 2000. The emphasis on statistics education continued with the Guidelines for Assessment and Instruction on Statistics Education (GAISE) Report [START_REF] Franklin | Guidelines for assessment and instruction in statistics education (GAISE) Report: A Pre-K-12 curriculum framework[END_REF]. This report provided a framework for mathematics teachers about vital elements in statistics education. [START_REF] Lee | Framework for supporting students' approaches to statistical investigations: A guiding framework for the Teaching Statistics through Data Investigations[END_REF] introduced the Students' Approaches to Statistical Investigations (SASI) Framework based on Franklin and her colleagues ' (2007) report. In this framework, the authors outlined how to teach statistical reasoning to the students through four phases: posing a question, collecting data, analyzing data, and interpreting results. While teachers have underlined the importance of teaching statistics, the education of these teachers about teaching statistics has increased the need for research studies about it. Accordingly, [START_REF] Bargagliotti | The statistical education of teachers: Preparing teachers to teach statistics[END_REF] published the Statistical Education of Teachers (SET) Report, and in this report, they highlighted the differences between statistics education and mathematics education and the need to prepare teachers for it. The recommendations in the report focused on how to teach statistics and prepare preservice teachers to teach statistics.

This study examines how preservice mathematics teachers' statistics knowledge changes after taking an undergraduate course on teaching probability and statistics. The use of digital tools and the SASI framework framed the course named teaching probability and Statistics. Statistics Concept Inventory (SCI) was used to assess the statistics knowledge and was implemented both before and after taking the course. The results were examined based on the differences between pre and post-test scores.

Accordingly, this research answers the following research question:

-Is there a statistically significant difference between the scores of the preservice mathematics teachers on SCI before and after the course?

Theoretical Framework

Statistical Reasoning

Teaching statistics has been conducted under the mathematics curriculum. However, statistical reasoning is different from mathematical reasoning according to many researchers and educators [START_REF] Moore | Statistics and Mathematics: Tension and Cooperation[END_REF]. Therefore, what statistics and statistical thinking require formed a popular topic for researchers. [START_REF] Gal | Curricular goals and assessment challenges in statis-tics education[END_REF] asserted that while mathematics is more precise and explicit, statistics can be viewed as numbers presented in a context. Therefore, the expected correct solution in mathematics education does not reflect the nature of statistics. It requires making inferences based on data in the context. [START_REF] Shaughnessy | Statistics for all: The flip side of quantitative reasoning[END_REF] supports the idea by claiming that certainty and proof in mathematics are against the nature of statistics. For instance, when a judge makes a decision about a crime, analysing existing data is inevitable. On the other hand, the judgment can be different for the same type of crime in different conditions. Hence, the nature of statistics is outlined by ambiguity and inferences. According to [START_REF] Pfannkuch | Towards an Understanding of Statistical Thinking. The Challenge of Developing Statistical Literacy[END_REF], statistical thinking is not a station to reach; it is a process where people interpret the data by considering its antecedents and beyond, to make sense of the world. Therefore, where the data comes from and how it is collected essential points during the statistical thinking process. Even though statistical thinking and reasoning have been used interchangeably in the literature, Del Mas (2004) asserts that they are two different but related terms. According to the author, statistical thinking works when people know when and how to use statistical knowledge in given situations. However, statistical reasoning is a more complicated system that operates while making judgments and justifying a solution or idea. For example, while evaluating whether the model selected for the data fits the existing context or not, people use their statistical reasoning skills. Improving students' statistical reasoning and thinking should be highlighted in statistics education. [START_REF] Franklin | Guidelines for assessment and instruction in statistics education (GAISE) Report: A Pre-K-12 curriculum framework[END_REF] stated a framework for statistics education in the K-12 mathematics curriculum. According to this framework, the statistical process includes four components: formulating a question, collecting appropriate data for the question, analyzing data by using appropriate methods, and interpreting results by considering variability and context. These components are presented with three cognitive levels: A, B, and C. While Level A is the first step as cognitive load, Level C represents the most complicated and higher level of understanding. In 2015, Lee and Tran proposed a framework to support Students' Approaches to Statistical Investigations (SASI). The SASI Framework emphasises the importance of allowing students to explore and investigate data in statistics education to acquire statistical literacy. [START_REF] Lee | Framework for supporting students' approaches to statistical investigations: A guiding framework for the Teaching Statistics through Data Investigations[END_REF] presented statistical habits of mind as a merge of the statistical investigation process with components such as variability, sampling, context, and uncertainty. In this way, students can improve their statistical reasoning, and at the end of repeated usage, it can turn into a statistical habit of mind.

Statistics Education of Teachers

While the mathematical knowledge of teachers in mathematics education is crucial, their statistical knowledge is also necessary to have specific knowledge of the content. Mathematics teachers should be capable of guiding students in the learning process of statistics and statistical reasoning [START_REF] Batanero | Research on teaching and learning probability[END_REF]. [START_REF] Lee | Characterising and developing teachers' knowledge for teachingstatistics with technology[END_REF] adapted Technological Pedagogical Content Knowledge and identified Technological Pedagogical Statistical Knowledge (TPSK) for teachers in statistics education. In this framework, they identified that mathematics teachers with sufficient TPSK should be able to monitor students' learning processes in statistical thinking, use technology to improve students' statistical understanding and comprehend how the student's conceptual understanding improves with technology. The TPSK is essential for a mathematics teacher to teach statistics properly. However, [START_REF] Lovett | The preparedness of preservice secondary mathematics teachers to teach statistics: A cross-institutional mixed method study[END_REF] found that preservice mathematics teachers do not have sufficient statistical knowledge to teach statistics. She asserts that their statistical understanding decreases when the level of sophistication increases. Therefore, more practice in collecting and analysing data and interpreting results is needed to support their understanding. Bargagliotti and Franklin assert (2015) that an introductory statistics course is not enough for mathematics teachers while helping students acquire statistical reasoning. To develop prospective middle school mathematics teachers' statistical knowledge, a course should be designed to use technological tools while making inferences and create a discussion environment on the statistical issues. [START_REF] Akoğlu | Blending Online Coursework and Small Learning Communities to Examine Professional Growth in Teaching Statistics: A Phenomenological Case Study[END_REF] designed a study where teachers participated in Massive Open Online Course (MOOC) and Professional Learning Teams to strengthen their statistical understanding and teaching. The results demonstrated that the participants improved their understanding after learning new strategies with the help of the SASI Framework and digital tools. In addition to sharing ideas and working collaboratively during professional development, integrating digital tools into this process seems crucial to positively impact teachers' development. Besides the improvement in statistical knowledge, when Akoğlu and Lee (2022) examined the teachers' confidence in teaching statistics after taking the Teaching Statistics Through Data Investigations (TSDI) Massive Open Online Course (MOOC), they found that the confidence of the teachers to teach statistics increased dramatically. Accordingly, Pfannkuch and Ben-Zvi (2011) stated that there are five components that educators need to consider while designing a course for preservice mathematics teachers: (1) "Developing the understanding of key statistical concepts, (2) Developing the ability to explore and learn from data, (3) Developing statistical argumentation, (4) Using formative assessment, and (5) Understanding students' reasoning".

The Methods

Participants

The participants in this study were chosen as junior students enrolled in the undergraduate program in mathematics education. The participants were selected among the students who took a formal course named "Teaching Probability and Statistics". The students participated in the study voluntarily. While 45 preservice teachers participated in the pre-test, 44 prospective teachers took the post-test. That was because of the add-drop period of the registration at the university. Then, the results of the pre-test and post-test were matched. As a result, the study participants were determined as 40 preservice teachers who took both pre and post-tests.

The Course

Teaching Probability and Statistics (Course code is SCED354) is a mandatory course for undergraduate students at Bogazici University Mathematics Education department. Students usually take this course in their 6th semester, if the pre-requisite conditions are met. SCED354 is designed in two sections: first half of the course includes presenting concepts and rules about probability and statistics, and the second half is about teaching methods of these topics. The course lasts 14 weeks and around 55 students take the course on average. The teaching methods discussed in the course are mainly teaching probability and statistics through data investigations, and using digital tools and simulations. Students are engaged in probability problems and statistical investigations with various real-world contexts.

As an instrument, the statistical concept inventory (SCI) developed by [START_REF] Jacobs | Improving teachers' reasoning about sampling variability: A cross institutional effort[END_REF] was used in the study and there are twenty multiple-choice questions in total.

Analysis

In this study, a repeated measure design was used. Therefore, one group of people was assessed more than once before and after the treatment [START_REF] Privitera | Statistics for the behavioral sciences[END_REF]. The pre-test and post-test scores were compared using paired sample t-test. In order to analyse preservice mathematics teachers' scores on the pre-test and post-test, R Statistical Computing Software was used. The assumptions of the paired sample t-test need to be checked before applying the test [START_REF] Pallant | SPSS survival manual: A step by step guide to data analysis using IBM SPSS[END_REF]. The first assumption is a normal distribution of the scores. The R program does not require the normality test since the number of participants is more than 30. However, differences in the scores were checked for normality by plotting them to ensure it. The skewness of the differences in the scores is close to 0 and lies between -1 and 1 (Skewness= 0.196). Therefore, the normality assumption was not violated.

The second assumption is that each participant in the group is independent. In this study, the score of one participant does not affect the other one as the participants are different from each other. Since all assumptions were met, paired sample t-test was run to compare the scores before and after taking the course.

Results

A paired sample t-test was applied to see the differences in the scores of SCI before and after taking the course Teaching Probability and Statistics in the 2020-2021 academic year using R Statistical Computing Software. There was a statistically significant increase in the scores of SCI from the beginning of the term (M=9.58, S.D= 2.65 ) to the end of the term (M= 11.40, S.D= 3,26 ), t(39)= 3.073, p<.005 (two-tailed). The mean increase in SCI scores was 1.82, with a 95% confidence interval ranging from 0.62 to 3.03. The effect size based on Cohen's d (d=0.49) can be accepted as a moderate effect of the treatment since Cohen's d =0.5 is accepted as a moderate effect.

Discussion & Conclusion

This study aimed to investigate the impact of a formal course, "Teaching probability and statistics" on preservice mathematics teachers' statistical knowledge. The formal course was enriched by presenting digital simulation tools, videos and other materials for improving statistical reasoning, as [START_REF] Bargagliotti | The statistical education of teachers: Preparing teachers to teach statistics[END_REF] stated. Also, SASI Framework and the activities based on it were used during the course. [START_REF] Lee | Framework for supporting students' approaches to statistical investigations: A guiding framework for the Teaching Statistics through Data Investigations[END_REF] highlighted the importance of the SASI Framework to have a deep conceptual understanding of statistical reasoning. To assess preservice teachers' statistical knowledge, Statistics Concept Inventory (SCI) was used at the beginning and at the end of the academic term. The scores were compared by using Paired Sample t-test in R Statistical Computing Software, and it is shown that preservice mathematics teachers' scores increased compared to their scores at the beginning of the term. Similar findings were indicated in [START_REF] Akoğlu | Blending Online Coursework and Small Learning Communities to Examine Professional Growth in Teaching Statistics: A Phenomenological Case Study[END_REF] study, where teachers participated in a MOOC based on similar content, which was prepared based on statistical investigation and reasoning with digital tools. Therefore, it can be noted that rather than professional development, a formal course structured for improving statistical understanding and teaching statistics with inquiry can positively impact preservice mathematics teachers' statistical knowledge. In further studies, SCI can be implemented with a self-efficacy of teaching statistics instruments before and after taking a formal course to see the relationship.

It is important to note that having a formal course specifically about teaching of probability and statistics is not common in Turkey. Instead, the preservice teachers mostly take regular probability or statistics courses from Mathematics departments.

Limitations include the number of participants, surely. More participants would provide more reliable ideas about the impact. Also, there should be studies in other institutions and thus, the effect of other courses taken from Bogazici University could be ignored.