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This case study examined mathematics preservice teachers' (PSTs') learning trajectories of discipline-specific Technological Pedagogical Content Knowledge (TPACK) in a non-disciplinespecific online educational technology summer course. The study showed that all three PSTs followed a similar pattern of continuous TPACK growth with some variations. Annotated digital timelining of TPACK trajectories suggested that growth of PSTs' discipline-specific TPACK could be attributed to the course design, while variations could be explained by a variety of personal and contextual factors moderating the effect of the course on their TPACK development.

Introduction

The need to prepare preservice teachers (PSTs) for teaching with technology, specifically in virtual environments, is widely recognized by the teacher education community. However, according to OECD (2020) on average, fewer than half of all teachers feel well prepared to use technology in their classrooms. The discussions about teacher preparation for technology integration started about two decades ago and led to the development of the Technological Pedagogical Content Knowledge (TPACK) framework, first proposed for mathematics education [START_REF] Niess | Preparing teachers to teach science and mathematics with technology: Developing a technology pedagogical content knowledge[END_REF] and then extended to different subjects and contexts [START_REF] Mishra | Technological Pedagogical Content Knowledge: A framework for teacher knowledge[END_REF]. The central component in this framework, an integrated TPACK, is the knowledge that relies on the interaction of content, pedagogy, and technology and is specific to the teaching context. Further, [START_REF] Niess | Knowledge growth in teaching mathematics/science with spreadsheets: Moving PCK to TPACK through online professional development[END_REF] proposed the developmental model of integrated TPACK through five progressive levels: Level 1 (Recognizing) where teachers recognize alignment of the capabilities of technology with subject content; Level 2 (Accepting) where teachers form a favorable or unfavorable attitude toward teaching and learning a subject with technology; Level 3 (Adapting) where teachers adopt or reject teaching and learning a subject with technology; Level 4 (Exploring) where teachers actively integrate teaching and learning of a subject with appropriate technology; and Level 5 (Advancing) where teachers evaluate the results of integrating appropriate technology into teaching and learning a subject. This model is based on Roger's (1983) diffusion of innovation theory, which also served as a theoretical basis for the Stages of Adoption of Technology (SOA) model that was developed to understand the trends of technology adoption by preservice and in-service teachers [START_REF] Christensen | Preservice versus inservice educators' attitudes toward information technology in four nations[END_REF]. SOA model includes six stages in which teachers rate themselves: Stage 1 where teachers mostly avoid technology, Stage 2 where teachers are frustrated and lack confidence when using technology, Stage 3 whet teachers begin to understand the process of using technology, Stage 4 when teachers become self-confident with technology, Stage 5 when teachers start using technology as an instructional tool, and Stage 6 when teachers become creative in using technology as an instructional tool. This model provides an affective lens into teachers' trajectories towards technology integration that could provide additional insights into understanding of individual TPACK trajectories.

Growing body of research indicates that development of TPACK with new technologies is a complex and multifaceted process [START_REF] Niess | Online instructional strategies for enhancing teachers' TPACK: Experiences, discourse, and critical reflection[END_REF], but little is known about the ways PSTs' TPACK learning trajectories are shaped by external factors, such as practices and experiences in their teacher preparation courses or by internal factors, such as attitudes toward and confidence with technology integration. Therefore, this study combined the learning trajectories approach with developmental model of TPACK [START_REF] Niess | Preparing teachers to teach science and mathematics with technology: Developing a technology pedagogical content knowledge[END_REF] and Stages of Adoption of Technology model [START_REF] Christensen | Preservice versus inservice educators' attitudes toward information technology in four nations[END_REF] to analyze TPACK learning trajectories of mathematics PSTs participating in an online educational technology summer course. Specifically, the purpose of this study was to analyze how various contextual and personal factors influence TPACK development of mathematics PSTs.

Literature review

Studies indicate that TPACK framework-based courses support mathematics PSTs' TPACK development (Açıkgül & Aslaner, 2019); however, there is no consensus on what is the most effective approach to TPACK development. While many TPACK studies focus on factors that affect overall TPACK development, little is known about PSTs' daily experiences in programs that aim to develop their TPACK, specifically in and for online environment. Research shows that individual teacher learning trajectories are non-linear, complex processes developed over time through the active engagement with a set of ideas [START_REF] Shavelson | Reflections on learning progressions[END_REF]. The studies that focus on TPACK learning trajectories acknowledge the diversity of patterns in mathematics PSTs' TPACK development. For example, [START_REF] Niess | Online instructional strategies for enhancing teachers' TPACK: Experiences, discourse, and critical reflection[END_REF] showed that mathematics PSTs' learning trajectories of TPACK for teaching online are multifaceted in building knowledge for teaching and learning with technology. [START_REF] Özgün-Koca | Pre-service teachers' emerging TPACK in a technology-rich methods class[END_REF] demonstrated that engaging secondary mathematics PSTs in iterative design and implementation of technology-rich inquiry-based materials led to their shifts in identity from learners to teachers and their TPACK development. However, PSTs' TPACK learning trajectories were also influenced by their beliefs about the role of digital technologies in mathematics.

More studies are needed to understand mathematics PSTs' development of TPACK in and for online environments. Therefore, this study was guided by the following research questions: 1) In what ways online course practices influenced mathematics PSTs' individual learning trajectories of TPACK? 2) What factors contributed to variations in mathematics PST's learning trajectories of TPACK?

Methods

Study context

The educational technology course in the study was non-discipline-specific pedagogy course and therefore the whole-class instruction focused on the purpose and the role of instructional technology in non-discipline-specific teaching and learning, while tasks for small groups were subject-specific. The course content was delivered in a synchronous mode via Zoom video-conferencing and Nearpod platform (nearpod.com). The course met for seven weeks with two 1.5-hr sessions per week, one led by the STEM education faculty and another one -by a doctoral student-mentor with degree in politics, literacy and instructional technology. During faculty-led sessions PSTs experienced pedagogical practices with technology through both, student and teacher perspectives. Each immersion experience engaged PSTs in high cognitive demand tasks and guided or open inquiry to illustrate both the role of specific type of technology and the specific teaching strategy. Then this experience was analyzed from a teacher's perspective based on theoretical considerations. During mentor sessions PSTs learned how to use technology and engaged in developing their own technology-based activities while the mentor provided necessary scaffolding.

Each assignment aimed to assess PSTs' ability to use technology tools to facilitate specific highimpact instructional strategy for teaching a topic of their choice in online settings. During the 2 nd week, PSTs developed a blog task for student research and communication. During the 3 rd week, they developed a multimedia concept map task. In the 4 th week, PSTs developed a small group exploration using Google Apps to support student discourse and collaboration. For the final project PSTs developed a full online lesson on a topic of their choice using Nearpod. Each assignment required PSTs to include subject-specific technology tools in their tasks.

An earlier study [START_REF] Lyublinskaya | Analysis of preservice teachers' TPACK learning trajectories in an online summer academic program[END_REF]) demonstrated that the increase in PSTs mean TPACK scores in this course was statistically significant and with large effect size. The study suggested that the PSTs' overall TPACK growth could be attributed to the program design, specifically, inclusion of immersion -theory -analysis -digital content development cycles and focus on high-impact teaching strategies. The study also suggested that PSTs' individual learning trajectories fall into a limited set of distinct patterns. However, question remained how this non-discipline-specific educational technology course supports the PSTs' discipline-specific TPACK development. Thus, this study attempts to gain a more in-depth understanding of the factors affecting mathematics PSTs' learning trajectories of TPACK in such course.

Out of 25 PSTs' enrolled in the course, three PSTs were preparing to teach mathematics, and therefore were selected for this case study. PSTs A and B had no prior instructional technology or teaching experience, PST C had some K-12 teaching experience including experience with technology.

Data collection and analysis

The TPACK levels rubric [START_REF] Lyublinskaya | The effects of teacher content authoring on TPACK and on student achievement in algebra: Research on instruction with the TI-Nspire handheld[END_REF] was used to score PST-generated digital artifacts that included weeks 2-4 assignments and a final online lesson. The rubric measures the level of TPACK in four specific components: overarching conception, knowledge of curriculum, knowledge of instructional strategies, and knowledge of student understanding [START_REF] Niess | Knowledge growth in teaching mathematics/science with spreadsheets: Moving PCK to TPACK through online professional development[END_REF] and the range of possible scores for each component is from 0 to 5. PSTs' individual scores across four components of TPACK were averaged and plotted against time to visualize TPACK learning trajectories. Nearpod reports were collected and analyzed for completion of activities and understanding of the material.

The TPACK Likert-scale survey (Chai & Koh, 2017) was modified to collect PSTs' beliefs about their TPACK and design beliefs, that include four constructs: new culture of learning (NCL), attitudes towards technology (ATT), design dispositions (DD), and views about themselves as teacher-designers (TAD). The survey was administered in weeks 1 and 7. The Stages of Adoption (SOA) survey was administered during weeks 2-7 to collect self-assessment of stages. Three open-ended questions about challenges in using specific technology tools were added to the survey. Open-ended responses were coded in relation to SOA.

The study used annotated digital timelining to explore contextual and personal factors that affected mathematics PSTs' TPACK learning trajectories (Figure 2). Timelining is a visual research method that focuses on a time-based representation of one or more constructs of interest. The power of a timeline as an analytic resource is in the way that it allows to use multiple type of data from multiple sources on the same display that extends and deepens understanding of the observed changes in the constructs of interest over time [START_REF] Chamberlain | Timelining[END_REF]. In this study, the TPACK and SOA trajectories annotated with the summaries of the analysis of collected data. In order to do that, TPACK and SOA scores were first plotted for each PST to create simple timelines with aligned horizontal axes. Digital artifacts were analyzed for features reflecting the TPACK score. One artifact per assignment was selected to illustrate these features on the TPACK timeline. Nearpod reports provided records of participation and collected PSTs' questions for the mentor. The SOA timeline was annotated with summaries of individual responses to the survey open-ended questions. In addition, two bar graphs were added to the timelines: the first week's TPACK and design beliefs scores calculated from the survey and changes in these scores from the week 1 to the week 7.

Results/Discussion

All three mathematics PSTs demonstrated TPACK growth by one (PST B) or two (PSTs A and C) TPACK levels, which indicates that this non-discipline-specific educational technology course supported development of subject-specific TPACK. Comparison of their TPACK learning trajectories show that all three PSTs followed a similar pattern of continuous TPACK growth with some variations in actual scores and rates of change. In a previous study [START_REF] Lyublinskaya | Analysis of preservice teachers' TPACK learning trajectories in an online summer academic program[END_REF], this pattern was found for only 25% of the PSTs enrolled in this course. This continuous growth by mathematics PSTs could be attributed to their full participation in all course sessions as evident from the analysis of Nearpod reports. The analysis of mentor session reports indicated that PSTs recognized their challenges and reached out for support as they were developing their artifacts. That also could have contributed to the positive shifts in TPACK demonstrated by PSTs.

Analysis of PST-generated blog tasks (week 2) showed that all of them were at the Accepting level of TPACK. This level is characterized by confirmation inquiry with low level of cognitive demand tasks that focused mostly on retrieval of information and basic facts [START_REF] Stein | Mathematical tasks as a framework for reflection: From research to practice[END_REF]. Illustration of this level is a blog developed by PST A with the intent to address the topic of modeling with functions by using online price charts of different digital currency. However, the actual student tasks did not include modeling, trend lines were already included on the price charts that students accessed on the Internet, and questions did not ask for analysis of trend lines or identification of functions used as trendlines, mostly focusing on reporting information found on the websites. This level of TPACK was observed for a large majority of PSTs in the course, therefore course sessions put more emphasis on discussions about levels of inquiry and cognitive demand of tasks.

The following week all three PSTs reached the Adapting level of TPACK as evident from the analysis of concept map tasks. This level is characterized by structured inquiry with higher cognitive demand tasks that include procedures with connections. As an example, consider PST B's task for students to develop a map illustrating the real number system. She provided students with incomplete map that had 5 nodes -natural numbers, whole numbers, integers, rational numbers, and irrational numberseach linked to an internet source. Students were expected to use provided Internet resources to explore the properties of different number sets in order to establish their hierarchy and complete the concept map. However, her instructions were very prescriptive and did not provide students with opportunities to explore their own questions about the numbers. These results were representative of the large majority of PSTs in the course, thus course sessions put more emphasis on developing guided and open inquiry tasks with technology.

By week 4 all three mathematics PSTs shifted towards using technology for more active explorations, focusing on student thinking and development of conceptual knowledge. However, student tasks with technology were still at the structured inquiry level and often just replaced non-technology-based tasks. As an example, consider a student activity to explore the relationship between the circle's diameter and circumference developed by PST C. She created a Google Document handout linked to an online GeoGebra App. Students were to draw five circles, measure their diameters and circumferences, calculate ratios of circumference to diameter, and arrive at conclusion about the relationship between the two measurements. Asking students to draw five circles similar to a pencil and paper activity indicated that PST C did not understand the dynamic nature of GeoGebra. Students could have varied the radius of a single circle to observe changes in the diameter and circumference. Moreover, instructions to calculate the ratio of the circumference and diameter took away student opportunity for discovery.

In the following weeks, while PSTs were working on their online lessons, the course sessions focused on the various models for technology-infused lessons, with continued emphasis on inquiry and cognitive demand tasks. Analysis of mathematics lessons indicated that all three PSTs incorporated guided inquiry by engaging students in experimentation with technology through high cognitive demand tasks. By week 7, PSTs A and C achieved the Exploring level of TPACK with PST B falling short of that level by a small margin. As an illustration, consider the lesson "Discovery of Pi" developed by PST C. The lesson started with interactive review of the concepts of radius, diameter, and circumference of a circle using GeoGebra applets followed by a matching activity and multiplechoice quiz to check student understanding of definitions. The next part of the lesson was a revised GeoGebra activity from the previous assignment. At the beginning of the activity students were asked to make a prediction about the relationship between the diameter and the circumference of a circle. They were then instructed on how to construct a circle, measure its circumference and diameter, and change its size. Students were to develop their own procedure to determine the relationship between these two measurements and record their work in the group's Google Document. The lesson concluded with student presentations of their discoveries and teacher's summary.

While the overall pattern of the TPACK learning trajectories was similar for the mathematics PSTs, there were some variations in TPACK scores over the course of the study. Therefore, the study analyzed PSTs' responses to surveys. As can be seen from the bar graph on Figure 2, PSTs had different initial beliefs about technology in teaching and learning mathematics and the role of the teacher as designer. PST B had the most positive attitudes, while PST C, the only one who had prior teaching experience, was the least positive. Starting week 2, PSTs self-assessed their SOA of technology and reflected on their experiences in the course. The summaries of qualitative analysis of these responses shown on SOA timeline (Figure 2) clearly indicate that PSTs had different challenges throughout the course.

PST A had the highest SOA self-assessment, mostly indicating his confidence in using technology for teaching. He consistently explained his lower performance by the lack of time rather than understanding: "Sometimes I don't have enough time to prepare for the lecture or finish my assignment perfectly." (PST A, week 3). However, his reflections about his struggles with instructional tasks suggest that he might have been overconfident during the first half of the course. During the second half of the course, he had the largest TPACK growth and by the end of the course, his attitudes slightly improved across all five categories, including self-assessed TPACK. Even though PST B had the most positive attitudes at the beginning of the course, she was the least confident in the group about her ability to use technology in teaching, even though her TPACK scores were highest during the first half of the course. This lack of confidence is evident from her comments: "It's hard for me to brainstorm a topic [for student tasks with technology]." (week 3), "Coming up with high cognitive [demand] activity ideas is challenging." (week 4), "the workload is a bit heavy" (week 7). By the end of the course she had the lowest self-assessed SOA and her attitudes towards technology worsened (see the changes in beliefs bar graph on Figure 2). The lack of confidence and feelings of being overwhelmed might have affected her overall performance. As a result, her final TPACK only slightly improved, remaining at the Adapting level.

PST C started with relatively high SOA self-assessment, and throughout the course she consistently expressed confidence with using technology. At the same time, she was regularly challenged with pedagogical aspects of the tasks, as can be seen from her survey comments: "I'm confident in setting up and publishing a blog, but I'm not sure about the content of my blog" (week 2); "I think the main challenge at the moment is the [lesson] design" (week 6). Thus, her self-assessed SOA decreased early in the course and did not come back until the very end of the course, when she finally gained confidence in her abilities to design technology-infused lessons. Her increased confidence is reflected in highest growth in self-paced TPACK among the three PSTs as well as her reaching the Exploring level of TPACK by the end of the course.

These results suggest that level of confidence, attitudes towards technology, and design dispositions could have affected the variations in PSTs' learning trajectories of TPACK.

Conclusions

The study results suggest that a non-disciplinary-specific educational technology course could support the development of PSTs' subject-specific TPACK by organizing PSTs' learning as the cycles of immersion -theory -analysis -digital content development, with the first and the last stages being subject-specific, while the theory and analysis aspects were discussed across different subjects. The study findings also indicated that mathematics PSTs' learning trajectories were influenced by the focus on high-impact teaching strategies. Variations in the individual PSTs' learning trajectories could be attributed to their attitudes towards technology, beliefs about the role of the teacher as a designer, self-regulating skills, and the level of confidence with technology and pedagogy.

This study contributes to the field in two ways. First, the study extends an innovative visual research method, timelining analysis, commonly used in forensics to an education mixed-method study. The use of timelining extends and deepens understanding of the observed changes in the PSTs' TPACK over time by visualizing the links between multiple data. Second, the study contributes to the field by examining individual learning trajectories of PSTs' TPACK for online teaching of mathematics and conceptualizing the variations in the paths taken by PSTs. More studies are needed to understand the complexity of developing TPACK for teaching mathematics online.
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