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New data skills are needed for making sense of contemporary data as stated in the recent GAISE II report. This paper presents an example of a classroom activity involving the use of photographs as data sources and examines how the pre-service mathematics teachers used questioning and different data and variable types to tell a story about their favorite outdoor spaces during the statistical problem-solving process. The artifacts generated by the five groups of pre-service mathematics teachers were analyzed qualitatively. The results provide insights into how the use of photographs as data sources can provide rich experiences for learners to make sense of data while engaging in all stages of the statistical problem-solving process.

Introduction

The development of data and statistical literacy is essential as we live in a data-driven society. The formal statistical education generally begins in primary school and data topics are generally taught as part of the school mathematics curricula at different grade levels [START_REF] Frischemeier | International perspectives on early statistical thinking: comparison of primary school curricula in different countries[END_REF]. More recently, the PreK-12 Guidelines for Assessment and Instruction in Statistics Education II: A Framework for Statistics and Data Science Education (GAISE II) [START_REF] Bargagliotti | Pre-K-12 Guidelines for Assessment and Instruction in Statistics Education (GAISE) report II[END_REF] emphasized developing data and statistical literacy starting from early years of schooling. The document also provided a set of recommendations for developing the new skills needed for making sense of data in today's world, such as questioning during the statistical problem-solving process, considering different data and variable types, multivariate thinking, and use of technology tools in statistical practices. This means that future mathematics teachers should acquire these new skills so that they can provide rich experiences for their students. So, the aim of this paper is two-fold: (1) to present an example of engaging pre-service mathematics teachers in a statistical problem-solving process where they have opportunities to use the skills mentioned in the GAISE II report and (2) to examine how the pre-service mathematics teachers used questioning and different data and variable types to tell a story through the use of photographs as data sources during their statistical problemsolving process.

Theoretical background

There are different statistical investigation cycle models to support students' approaches to statistical problem solving, such as the PPDAC (Problem, Plan, Data, Analysis, Conclusion) cycle [START_REF] Wild | Statistical thinking in empirical inquiry[END_REF] and the SASI framework involving posing questions, collecting data, analyzing data, and interpreting results [START_REF] Lee | Framework for supporting students' approaches to statistical investigations: A guiding framework for the Teaching Statistics through Data Investigations[END_REF]. Similarly, in the recent GAISE II report [START_REF] Bargagliotti | Pre-K-12 Guidelines for Assessment and Instruction in Statistics Education (GAISE) report II[END_REF] the statistical problem-solving process is described by four components that are interlinked (Figure 1): (1) Formulate statistical investigative questions, (2) Collect/consider the data, (3) Analyze the data, and (4) Interpret the results. This investigative process begins with formulating statistical investigative questions with an anticipation of variability and clearly stated variables, groups/population, and intent. The next component (Collect/Consider the Data) involves recording/acquiring, measuring and organizing the data to answer the statistical investigative questions with the acknowledgment of variability in data as well as interrogation of the available (primary or secondary) data. Analyzing the data entails taking variability into account and using graphics and statistical summaries to explore, describe, and compare variability in distributions. In the final component, statistical interpretations and generalizations beyond the data are made by taking variability into consideration. The GAISE II report also emphasizes questioning in each stage of the statistical problem-solving process. There are two types of questioning within statistical investigations: 'question posing' that emerges from a defined problem for a statistical investigation and 'question asking' that occurs continuously during the interrogative process [START_REF] Arnold | Statistical investigative questions-an enquiry into posing and answering investigative questions from existing data[END_REF]. Statistical investigative questions formulated in the initial stage of the statistical problem-solving process as well as survey questions to collect data are part of question posing. These questions are naturally connected as the former informs what data is needed and how to measure. According to the intent of the investigative questions posed, there are summary/descriptive, group comparison, and association questions [START_REF] Arnold | Statistical investigative questions-an enquiry into posing and answering investigative questions from existing data[END_REF]. The questions asked to interrogate data throughout the entire statistical problemsolving process and analysis questions asked about the statistical summaries and displays to describe the available data and make inferences are considered as question asking.

Traditionally, data types are classified as numerical and categorical. The GAISE II report acknowledges the use of other kinds of data, including photographs, too. Accordingly, some recent research focuses on using photographs as data in statistical investigations. [START_REF] Kazak | Investigation cycle for analysing image-based data: perspectives from three contexts[END_REF] proposed a statistical investigation cycle for analyzing image-based data based on research with (primary, secondary, and university) students working with photographic data of families and their living spaces from the Dollar Street project (https://www.gapminder.org/dollarstreet). Their findings suggested an iterative sequence of interlinked actions including context/data set familiarization, variable identification/generation, problem posing and planning, data organization and analysis, and drawing conclusions. Moreover, [START_REF] Kazak | Pre-service mathematics teachers' experiences of acquiring and organizing imagebased data[END_REF] examined how a group of pre-service mathematics teachers acquired and organized image-based data from the photos of butterflies observed throughout Turkey. Contrary to the traditional data investigation process, in these studies, posing investigative questions started after an exploration of images in the data set that are multivariate and identification of possible variables, mainly categorical.

Besides research, there are efforts to extend the use of photographs as data sources through lesson plans for grades 6-9 (Statistics Teacher/STatistics Education Web: Online Journal of K-12 Statistics Lesson Plans). In these lessons, photographs collected from the class are used to generate data for their favorite outdoor space through posing investigative questions; a class survey is used to collect additional data; and stories about the class's favorite outdoor spaces are shared based on the analysis of data using Common Online Data Analysis Platform (CODAP) (https://codap.concord.org/). They show ways of walking students through all stages of the statistical problem-solving process and promoting data storytelling (a process used by statisticians and data scientists) as a way to interpret and communicate with data as emphasized in the GAISE II report.

Within this backdrop, this study explores the following question: How do the pre-service mathematics teachers use questioning and different data/variable types to tell a story through the use of photographs as data sources during a statistical problem-solving process?

The methods

This study is based on a classroom trial of a data investigation activity adapted from "Questioning through the Statistical Problem-solving Process'' lesson developed for grades 6-9 students [START_REF] Arnold | Questioning through the statistical problem-solving process[END_REF] from a teacher education perspective. The activity was implemented as part of the 'Teaching of Statistics and Probability' course in order to help pre-service mathematics teachers experience new ways of interacting with data recommended by the GAISE II report. More specifically, pre-service teachers worked with a different data type, such as photographs, as a source of information to generate and collect data from the class by considering additional variables (multivariability in data); used questioning (question posing and asking) as they went through the statistical problem-solving process; and engaged in exploratory data analysis with the use of CODAP to tell a story about the class's favorite outdoor spaces.

The participants were 24 pre-service teachers taking the Teaching of Statistics and Probability course in their third year of the mathematics teacher education program at a public university in Turkey. Prior to this course, they took a Statistics course in which they conducted a traditional data investigation (sample survey) and had experience with using CODAP for data analysis. The participants worked in groups of 4-5 during the class over three weeks after completing the topics of teaching statistics in middle grades based on the statistical problem-solving process approach in the GIASE II report. The stages of the activity are briefly described below. 1) Introducing the context: Participants were asked to share information about their favorite outdoor spaces in groups and ask each other questions to learn more about those. Then they were told that they would explore their favorite outdoor spaces to tell a story about the class's favorite outdoor spaces. In preparation for that, they were asked to upload a photograph of their favorite outdoor space in a shared folder before the next class.

2) Considering data: Using the photographs that were collated into a shared online document the participants talked about their favorite outdoor space first individually in their groups and then reflected on the questions they asked each other to find out more as a group. Next, each group was asked to sort the photographs into categories of their choice and write about what they noticed, what they wondered, and what they wanted to explore to tell the class story on a shared online document.

3) Formulating statistical investigative questions: Based on the previous task, each group posed three statistical investigative questions to answer using the statistical problem-solving process in order to tell the class story about their favorite outdoor space.

4) Collecting data: The groups planned for collecting the data to answer their statistical investigative questions, such as deciding what data they needed to collect and developing data collection questions that would be asked in a survey to get more information about their favorite outdoor spaces. Then they designed an online survey using Google forms to collect the data from the whole class.

5) Analyzing data: After importing the class data into the CODAP, each group explored the data through making graphs and using statistical summaries based on the analysis questions they asked. They started to describe what they have seen in the data displays in relation to their specific statistical investigative questions.

6) Interpreting results: The groups used key information from their analysis for answering the statistical investigative questions and built a story about the class's favorite outdoor spaces based on what they have found on their shared online document.

Data collection and analysis

During the activity all the materials were shared and collected electronically using shared online documents. Each group work recorded on a shared online document, their surveys for data collection, and the CODAP files were used for analysis. These artifacts were examined using the statistical problem-solving process framework [START_REF] Bargagliotti | Pre-K-12 Guidelines for Assessment and Instruction in Statistics Education (GAISE) report II[END_REF] with a focus on the pre-service mathematics teachers' use of questioning [START_REF] Arnold | What makes a good statistical question?[END_REF] and different data and variable types to tell a story through the use of photographs as data sources. The codings included types of investigative questions, types of variables generated, features of analysis questions, and descriptors used in the stories.

Results

Considering data

When asked to sort the 24 photographs collected from the class following the group discussion about their favorite outdoor spaces, the groups tended to use two categories, "water and no water". Only one group sorted the photographs into three groups namely "water, greenery, and other" (Figure 2). The questions posed to the participant at this stage ('What do you notice in the photos?', 'What do you wonder?', and 'What do you want to explore to tell the class story') led them to consider what other variables could be explored before generating investigative questions. For instance, one group wrote, "In some of the images, we saw that there were bodies of water, such as lake, sea and pond.

That's why we divided the images into those with and without water. Some images had snow. In some images, the trees have bloomed. Accordingly, outdoor spaces have different characteristics according to the seasons. That's why we investigated the seasons as variables." As seen in this example and the other two groups, the seasons appeared to be a possible variable to explore within the given context based on participants' observations from the photos. 

Formulating statistical investigative questions

In addition to the variables discussed in the previous stage, the categories identified initially based on the class photos were the main sources to generate statistical investigative questions to answer with data. The investigative questions posed by the groups appeared to involve comparison (8) and summary (7) questions. While two groups had only categorical variables in all investigative questions, one group chose to investigate quantitative variables. The other two groups had both quantitative and categorical variables. For example, the investigative questions "Q1: Do the people in our class who prefer outdoors with a water body tend to spend longer time than those who prefer outdoors with no water body?" and "Q2: How does the frequency of visits to favorite outdoor areas compare with the seasons?" both involved groups to be compared, but only the former identified a tendency ('longer') with respect to a quantitative variable. One comparison question involved two categorical variables: "Q3: Do people in the class who go to their favorite outdoor venues with friends tend to be more likely than those who go with their family?". The summary questions, such as "Q4:

In which season are outdoor spaces with water more preferred?" and "Q5: Considering the outdoor spaces chosen, do students tend to prefer places close to the city center (40 km and below)?", tended to be about either categorical or quantitative variables.

Collecting data

To answer their statistical investigative questions, the groups decided what data they needed to collect from the class and developed survey questions to get more information about their favorite outdoor spaces. For instance, to answer Q1 the group decided to find out how long they spend time in their favorite outdoor space by asking "On average, how many HOURS do you spend in your preferred outdoor area? (Do not write the word HOUR, just write the whole number)". Since it is difficult to remember precisely how much time they spent in their favorite outdoor space or the times might vary for each visit, the group seemed to focus on 'average time spent' in hours as a quantitative variable. While the survey questions to collect data about numerical variables tended to be open ended, both open ended ("What means of transportation do you use to get to your favorite outdoor space?") and multiple choice questions ("What season do you go to your favorite outdoor space the most? Spring-Summer-Autumn-Winter") were used for collecting data regarding categorical variables depending on the possible responses expected.

Analyzing data

During the process of exploring their class data through making graphs and using statistical summaries in CODAP, all groups were encouraged to ask analysis questions and to describe what they have seen in the data displays in relation to their specific statistical investigative questions. The analysis questions for the categorical data tended to be about 'the most' or 'the least' common responses ("Which means of transportation is most commonly used to get to the outdoors with a body of water?", "In which season is it least visited to places with a body of water?") while the ones for the numerical data included statistical measures like 'mean' and 'median' ("What is the median distance of the favorite outdoor spaces from the city center?"). For comparing the groups, the analysis questions appeared to include a tendency, such as "Are the outdoor spaces without a body of water closer to the center?" and "Are the activities done in greenery outdoors more than the activities done outdoors with a body of water?".

Interpreting results

In this stage, the groups answered their statistical investigative questions based on the evidence from their data displays and statistical summaries they created during the data analysis along with their analysis questions. To build a story about the class's favorite outdoor spaces based on what they have found they needed to make connections among the variables they explored. As seen in Figure 3, the story of this group begins with which seasons are the most and the least preferred for the outdoors with water and no water. Then the group compares the two types of outdoor space by the cost of transport. First, they focus on the majority with 0 cost and the highest cost from the graph. Then they compare the distributions by the average cost. Although this group collected data on means of transportation to their favorite outdoor space (this was not part of their investigative questions though), they didn't use that information, such as walking as the most common means of transportation, in their story. Finally, they compared their hometowns and the location of their favorite outdoor space.

"When the data collected from the class were examined, it was seen that the students in our class preferred the outdoor spaces more in the summer season. Outdoor spaces without water are more preferred in spring, while outdoor spaces with water are more preferred in summer. Outdoor spaces without water are not preferred in autumn, while outdoor spaces with water are not preferred in winter. There are quite a few people who don't pay to get to their favorite outdoor space. On the other hand, there are those who pay as high as 600 liras to go to the outdoor space. While the average cost to get to the outdoor space with water is 70 TL, the average price to go to the outdoor space without water is 29 TL. The hometowns of the students differ. Accordingly, the city where the outdoor space is located also varies. However, the outdoor space and hometown of the class is mainly Denizli." 

Conclusions

The use of photographs as data sources provides rich experiences for learners to make sense of data while engaging in all stages of the statistical problem solving process (Figure 1). As seen in other studies involving image-based data [START_REF] Kazak | Pre-service mathematics teachers' experiences of acquiring and organizing imagebased data[END_REF][START_REF] Kazak | Investigation cycle for analysing image-based data: perspectives from three contexts[END_REF], the statistical investigation started with 'considering the data'/'context familiarization' involving their favorite outdoor space photographs which allowed pre-service teachers to talk about context, pose investigative questions, and generate variables that motivated collecting additional data through a class survey. Even though almost all groups sorted the available photos into the same categories initially, their questioning and discussion in small groups led to generation of different investigative questions with various types (summary and comparison). The variables identified included both categorical and numerical data contrary to the attention to the categorical variables in the other studies about image-based data investigations mentioned earlier. The emphasis on asking analysis questions during the activity appeared to be effective in analyzing the data and interpreting the results. These questions helped to increase pre-service teachers' awareness of understanding of different types of data (categorical and numerical). In addition, the storytelling approach demonstrated in Arnold (2021) allowed pre-service teachers to communicate insights from their data through narratives coupled with data displays with statistical measures. However, there were some missed opportunities in building their stories, such as linking data from different perspectives, e.g., the cost of transport and the means of transportation to their favorite outdoor space. Hence, the implementation of this kind of activity can be improved by encouraging the learners to interrogate data more explicitly and providing feedback on their stories with an opportunity to revise.
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 3 Figure 3: An example of story built based on the interpretation of results along with the accompanying data displays created during the data analysis