Kemal Akoğlu 
email: kemal.akoglu@boun.edu.tr
  
Hollylynne Lee 
  
Supporting teachers' confidence to teach statistics through a blended professional development approach

Keywords: Statistics education, teacher confidence, MOOC, professional growth

   

Supporting teachers' confidence to teach statistics through a blended professional development approach

Kemal Akoğlu, Hollylynne Lee

Background

In their seminal paper from a study of how statisticians think and work, Wild and Pfannkuch (1999) claimed that doing statistics involves a process of data investigations and specific ways of thinking about data. Teachers need to be knowledgeable about this method to enhance students' learning [START_REF] Franklin | Guidelines for assessment and instruction in statistics education (GAISE) report[END_REF]. The GAISE K-12 report represented the work of Wild, Pfannkuch, and others to organize teaching statistics as phases in a statistical investigative cycle: posing a question, collecting data, analyzing data, and interpreting results.

In 2015, Hollylynne Lee and colleagues launched the Teaching Statistics through Data Investigations (TSDI) massive open online course (MOOC) to prepare middle school, high school, and postsecondary teachers in pedagogy for teaching statistics (see http://go.ncsu.edu/tsdi). The TSDI MOOC was part of a larger effort at the Friday Institute for Educational Innovation at North Carolina State University to create and implement MOOCs designed specifically for educators, to use design principles based on effective professional development and are specifically targeted at better preparing educators for the current challenges in K-12 education [START_REF] Kleiman | The digital learning transition MOOC for educators: exploring a scalable approach to professional development[END_REF]. [START_REF] Lee | Describing the SASI framework[END_REF] proposed the Students' Approaches to Statistical Investigations (SASI) framework to help statistics teachers support students. The SASI framework builds on the GAISE K-12 framework [START_REF] Franklin | Guidelines for assessment and instruction in statistics education (GAISE) report[END_REF] and is grounded within four phases of statistical investigation (pose a question, collect data, analyze data, interpret results). The TSDI course introduced participants to this framework and built opportunities for participants to learn how to apply these ideas in task design, engage in data investigations themselves, and analyze students' work. It was designed to strengthen participants' skills and prepare them to use a statistical investigation cycle to teach statistics and help students explore data to make evidence based claims (see http://go.ncsu.edu/tsdi). There was a two-step registration process; first registration was for the platform that offers the course along with other MOOCs, and the second registration was specifically for the course. There were five units in the TSDI MOOC course. With a small grant funded by the American Statistical Association, Hollylynne Lee aimed to support local changes in statistics teaching and collaborative learning among teachers by supporting professional learning teams (PLT) among TSDI MOOC-Ed participants during fall 2016 and spring 2017. In those small teams, groups of participants were supposed to meet several times (online and if possible, face-to-face) and share their learning and experiences in the course, as well as their statistics teaching practices. The plan was to pursue a blended approach to professional development among teachers of statistics.

There is a common and strong issue with teachers' confidence to teach statistics [START_REF] Estrada | Teachers' attitudes towards statistics[END_REF][START_REF] Lovett | The preparedness of preservice secondary mathematics teachers to teach statistics: A cross-institutional mixed method study[END_REF][START_REF] Stohl | Probability in teacher education and development[END_REF]. Teachers mostly escape from teaching statistics for various reasons. One of those reasons was the lack of their knowledge about different strategies in teaching statistics [START_REF] Hill | Effects of teachers' mathematical knowledge for teaching on student achievement[END_REF]. Thus, given the description of MOOC and PLT above, the research question guided this study is: In what ways does participation in a MOOC and in a PLT focused on teaching statistics impact teachers' confidence to teach statistics? Theoretical framework [START_REF] Clarke | Elaborating a model of teacher professional growth[END_REF] 6) change as growth or learning. The authors state that those perspectives are not mutually exclusive, and they are interrelated. However, most professional developments align with the change as growth or learning perspective. In this perspective, change is identified with learning, and it is regarded as a natural and expected component of the professional activity of teachers and schools [START_REF] Avineri | Effectiveness of a mathematics education massive open online course as a professional development opportunity for educators[END_REF] and, historically, "teacher change has been directly linked with planned professional development activities" (Clarke & Hollingsworth, 2002, p. 948). A model to explain the process of teacher change was developed by an international group of researchers (Teacher Professional Growth Consortium, 1994), as the Interconnected Model of Teacher Professional Growth. The Interconnected Model of Teacher Professional Growth suggests that professional growth (change) occurs through the mediating processes of reflection and enactment in four domains that encompass the teacher. These domains are (1) the personal domain (teachers' knowledge, beliefs, and attitudes); (2) the domain of process (teachers' professional experimentation); (3) the domain of consequence (salient outcomes of professional development); and, (4) the external domain (sources of information, stimulus, and support). The Interconnected Model of Professional Growth is updated to frame this study and used as the model for explaining teachers' change or professional growth in this study (Figure 1). According to [START_REF] Clarke | Elaborating a model of teacher professional growth[END_REF], there are two different mechanisms (or two mediating processes) to account for change or professional growth effects: enactment and reflection. Enactment is the mechanism by which a teacher puts a new idea, belief, or a practice into action. Reflection, on the other hand, is defined as "active, persistent, and careful consideration" (directly quoted in [Clarke and Hollingsworth, 2002, p. 954], from [Dewey, 1910, p. 6]). In order to answer the research question of this study (In what ways does participation in a MOOC and in a PLT focused on teaching statistics impact teachers' confidence to teach statistics?) the following construct is provided as guiding hypotheses.

External domain >> Personal domain: We hypothesize that participants' engagements in MOOC and PLT influences their knowledge of and confidence in teaching statistics. For example, a teacher explores a conceptual misconception discussed in a MOOC forum and realizes that he/she also has that misconception and tries to overcome it. (Reflection) Methods

The largest group in this study is all TSDI MOOC participants (804 enrolled participants in total) for fall 2016 and spring 2017. The case of interest for this research are the 63 TSDI MOOC participants that also joined one of nine PLTs. There were four PLTs formed during fall 2016, and five PLTs formed during spring 2017. The study focuses on understanding the experiences of members of the nine PLTs situated within the larger MOOC community to find out about the change in their confidence about teaching statistics.

The Self-Efficacy for Teaching Statistics Survey (SETS; [START_REF] Harrell-Williams | Validation of scores from a new measure of preservice teachers' self-efficacy to teach statistics in the middle grades[END_REF][START_REF] Harrell-Williams | Validation of scores from the high School version of the Self-Efficacy to Teach Statistics instrument using preservice mathematics teachers[END_REF] is designed to evaluate participants' confidence about teaching various aspects of statistics (e.g., estimate a population mean or proportion using data from survey; calculate the correlation coefficient between two variables, using technology; interpret measures of association). According to [START_REF] Lovett | The preparedness of preservice secondary mathematics teachers to teach statistics: A cross-institutional mixed method study[END_REF], the SETS survey aligns with [START_REF] Bandura | Guide for constructing self-efficacy scales[END_REF] construct of self-efficacy measuring expectations, and it measures teachers' efficacy for tasks and task levels that align with the GAISE framework. Those levels (Levels A, B, and C) are considered to have increasing statistical sophistication. The levels are aligned to some specific statistical content. Level A represents topics for novice statistics learners; Level B represents more complex content; and Level C represents more advanced content [START_REF] Franklin | Guidelines for assessment and instruction in statistics education (GAISE) report[END_REF]. The SETS instrument consists of 44 items which are categorized as Level A, Level B, and Level C items. 11 items in the SETS instrument correspond to GAISE Level A (confidence to teach basic statistical content); 15 items correspond to GAISE Level B (confidence to teach more complex content); and 18 items correspond to GAISE Level C (confidence to teach more advanced statistical content). The SETS instrument has been validated as an appropriate instrument to measure confidence, on a scale from 1-6, for each of the 44 items. For each item in the SETS survey, participants rate their confidence in teaching the skills necessary to successfully complete the task on the following scale: 1-not at all confident; 2-only a little confident; 3-somewhat confident; 4-confident; 5-very confident; 6-completely confident. Content validity is established using experts' (college-level statistics educators, including teacher educators) judgement, focus groups (preservice and in-service teachers), and several pilot studies. Structural, substantive, and content validity evidence for the scores from the SETS instrument were outlined, and confirmatory factor analysis results provided evidence for treating the SETS as a two-dimensional (for SETS-Middle School, Harrell-Williams et al., 2014), and three-dimensional (for SETS-High School, Harrell-Williams et al., 2017) instrument aligned with GAISE Pre-K-12 framework. Within the TSDI MOOC, the SETS surveys were given to the participants twice. Participants could take the survey while they were in Unit 1 of the course (pre-SETS), and the survey was again available in Unit 5 (post-SETS).

There was one open-ended question on the survey for participants to elaborate on factors that affect their confidence. In Unit 5, they were specifically asked to discuss any changes in their confidence in discussion forums. Thus, the SETS survey results can help describe the growth in participants' confidence about teaching statistics. The quantitative data for this research included SETS survey results. The statistical method for analyzing the SETS survey results is to examine scores for their total confidence pre and post, as well as gain scores for each level (A, B, C) of statistical sophistication of topics. The PLT participants who took the post-test were identified and pre-test takers were filtered to be in the same group. The SETS questionnaire has 44 Likert-scale prompts; these prompts are separated into three blocks, and each block represents different levels of sophistication (A, B, or C). The analysis is conducted for every sub-scaled score of these different levels and for the total. After matching pre-and post-surveys, 28 PLT participants took both the preand post-SETS. A dependent samples t-test was used to determine whether there was an increase in participants' gain scores in confidence to teach statistics after their participation in the course and PLT. The increase in participants' confidence to teach statistics is examined by analyzing SETS results and other qualitative data.

Results

Since a paired t-test is a parametric test with an assumption of normality, the distribution of gain scores for the total confidence score (postTotalSETS-preTotalSETS) should be checked for normality. Using [START_REF] Wessa | Maximum-likelihood normal distribution fitting and QQ plot (v1.0.8) in free statistics software ([END_REF] online tool, a Normal QQ Plot was created with the total SETS gain scores, which indicated the distribution was somewhat normal (See Figure 2). The assumption of normality was then assessed via Kolmogorov-Smirnov (K-S) test, and the results suggested that normality was a reasonable assumption for our data set. For example, the K-S test for total SETS gain scores had a test statistic value of .1546. Larger values of the K-S test statistic indicate the distribution does not follow a normal distribution. Since .1546 < .2499 (K-S test critical value for α=.05), the data is a reasonably good fit with the normal distribution, and a paired t-test can be used. The question being asked for this analysis is: Is there sufficient evidence to suggest that PLT and MOOC participants' confidence in teaching statistics was increased after they took the TSDI MOOC and they participated in PLT? In other words, is there sufficient evidence to suggest that the mean score is greater for the post-SETS than the pre-SETS? Ho: There is no difference between post and pre-SETS test scores.

Md = M2 -M1= 0 Ha: M2 > M1
Table 1 represents the SETS survey data for 28 PLT participants that completed both the pre-and post-SETS instrument. As seen in the table, in all three levels (A, B and C), it is observed that by participating in the MOOC and the PLT, participants SETS scores increased. Thus, we reject the null hypothesis and conclude that there is sufficient evidence to say that participants' confidence to teach statistics was increased by this phenomenon (participating in both MOOC and PLT). As a conclusion of looking to quantitative data of SETS results, we could claim that after participating in both MOOC and PLT PD projects, the PLT participants' confidence to teach statistics increased. At the end of the pre-SETS survey, participants answered a similar question with minor differences. The open-ended question in pre-SETS was as follows: "Consider some of the topics that you were most or least confident teaching. What may be some reasons that teachers might be more or less confident in teaching those topics?"

Pre-SETS

Post-SETS Mean

In the end post-SETS survey, participants were expected to answer the following open-ended question: "Consider some of the topics that you were most or least confident teaching. Did anything we did in this MOOC help you gain confidence in those areas? For the areas you are still less confident with, what may help build your confidence?"

In the pre-SETS question, the goal was to make participants reflect on their own explanations of reasons for their least and most confident topics in teaching statistics; in the post-SETS question, we aimed to have them re-visit those topics and reflect on their own perspectives about how their participation affected their confidences to teach them.

Our desire was to figure out whether there was a change in their reflection about their confidence to teach statistics after participating in the MOOC and the PLT. The concept of sample vs. population and the ideas around variability are two areas that I find are greatly improved using some of the real-time examples and simulations from this MOOC.

Fall / 1 I feel like I do not have enough practice or knowledge about these topics to be able to teach them to my students.

I am more confident in creating experiments and gathering data. I feel like I could have used more help in analyzing the data.

Spring / 5

Teachers might be more or less confident in teaching certain topics due to experience and education background.

Being able to talk with others and play with data helped me to gain confidence in those areas. The whole idea of exploration really helped me to gain confidence. I think having resources and activities with the activities I am less confident in would help me to gain confidence.

Spring / 27

As math teachers, we probably feel more confident with topics that involve calculations and less confident about topics that involve things that can limit the conclusions of those calculations, such as lurking variables and weaknesses in the data collection techniques. I gained confidence in the technology end of things by reviewing some of the resources (that are bookmarked, but I do not recall their names off of the top of my head) presented in this course.

Table 2: SETS open-ended response examples

As seen in the table above, these four participants reflected on the change in their confidence in their own words. For example, a fall participant with one year of experience answered the question saying that he or she did not have enough experience or knowledge; on the other hand, the post-survey response of this participant included a detailed description of the impact stating that he or she had gained confidence in creating experiments and collecting data. The teacher directly reflects on the change in his or her confidence in conducting a statistics lesson using SASI framework.

The participant on the fourth row stated that math teachers used to feel more confident in more 'mathematical' subjects, and statistics is not one of those. In the post-survey, the participant said that she or he gained confidence in using technological tools. As a teacher with 27 years of experience, that participant gives a good sense about the strong connection between confidence to teach statistics and being able to use technology for teaching.

There were 15 participants (out of 28 who took both pre-and post-SETS survey) who gave us evidence of self-reflection on the positive change in their confidence to teach statistics. Looking at both participants' SETS quantitative results and open-ended responses, results showed that the phenomenon (participating in MOOC and PLT) helped them to gain confidence in teaching statistics.

A response given to a question in the end-of-course survey ("What was the most valuable aspect of this MOOC-Ed in supporting your personal or professional learning goals?") also showed evidence supporting increased confidence after participating in MOOC and PLT.

"This course gave me some great lesson plan ideas. It also made me more confident in teaching statistics where before I felt like I knew nothing about teaching statistics. After this course, I feel like I would teach it to my students." (PLT member, 8 years of experience)

Conclusion

Participating in the MOOC and PLT increased participants' confidence to teach statistics. Most of the teachers went from a "I know nothing about teaching statistics," or "I am clueless about statistics myself, how could I teach it?" level, to an "I can do it!" level. Attending the TSDI MOOC and PLT, the participants reflected that their self-confidence to teach statistics increased. This claim is supported by both SETS quantitative results and open-ended responses in SETS. The results of the study are valuable, because as stated before, there is a common and strong issue with teachers' confidence to teach statistics [START_REF] Estrada | Teachers' attitudes towards statistics[END_REF][START_REF] Lovett | The preparedness of preservice secondary mathematics teachers to teach statistics: A cross-institutional mixed method study[END_REF][START_REF] Stohl | Probability in teacher education and development[END_REF].

The findings can be used to help statistics education researchers, as well as others in any educational discipline, to design more MOOC and PLT professional development projects to contribute to teachers' professional growth. The findings also can be used to create a common drive to change problematic aspects of statistics in curriculum.

  explains teachers' professional development and recommends key considerations for in-service and pre-service teacher training programs. The authors describe six perspectives about teacher change: (1) changes as training; (2) change as adaptation; (3) change as personal development; (4) change as local reform; (5) change as systemic restructuring; and (
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 1 Figure 1: The interconnected growth model for blended PDs of MOOC and PLT
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  Unit 1 was titled Considering the Possibilities of Teaching Statistics with Data and focused on what statistics is and why it is taught in schools. Unit 2 was titled Engaging in Statistics, and it offered a careful look at what it means to engage in statistics. Unit 3 focused on Introducing Levels of Statistical Sophistication and presented a framework for supporting growth in students' statistical sophistication and digged deeper into statistical habits of mind. Unit 4 was titled Delving Deeper into the Investigation Cycle, and it provided teaching and learning materials to assist participants in understanding the different components of a statistical investigation, including several resources that can be used directly with students. Finally, Unit 5 engaged participants in Putting It All Together to consider how to change teaching practices that can really engage students in doing statistics with real data. Each unit was similarly structured by containing the following sections: Hear from your instructor; Engage with essentials; Learn from our expert panel; Dive into data; Investigate: assessment items; Discuss with your colleagues; Extend your learning; Demonstrate your learning; and Unit feedback survey. The course included instructor videos explaining the units, expert panel videos, videos of real students and teachers engaging in statistics work, animations depicting student work in statistics, brief readings, excerpted readings from articles or books, various data analysis tools (open source), and lesson plans, tasks, online apps, and videos that can be used in the classroom.

Table 1 : PLT participants' SETS results

 1 

  Table 2 provides a sample of four PLT members' responses to the open-ended questions.

	Term/Years of	Pre-SETS	Post-SETS
	Experience		
	Fall / 9		
		I've only rarely taught about	
		fitting data to models.	

Acknowledgment

The research in this paper is partially based on the dissertation of Kemal Akoglu under the direction of Hollylynne Lee at NC State University.