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Challenges in integrating technology effectively in mathematics are widely discussed in educational research. This case study investigates Norwegian preservice mathematics teachers' implementation of technology in problem-solving in mathematics. Data from 35 preservice teachers, in the form of their logbook texts, were analysed using thematic analysis technique. Findings reveal that various determinants categorised broadly as personal, developmental, and institutional factors, influence preservice teachers' implementation of technology. The implications of these factors are interpreted and discussed.

Introduction

The notion of digital competence has received substantial attention in both school curricula and educational research globally for over a decade [START_REF] Krumsvik | Digital competence in the Norwegian teacher education and schools[END_REF][START_REF] Marín-Suelves | Digital competence in schools: A bibliometric study[END_REF]. Teachers' digital competence is crucial for integrating technology into classroom practices to meet curriculum demands [START_REF] Davis | Restructuring of educational systems in the digital age from a co-evolutionary perspective[END_REF]. Teachers' digital competence refers to their ability to effectively and appropriately use digital tools and technology to support student learning and to teach about technology and its impact on society [START_REF] Johannesen | Notion in motion: Teachers' digital competence[END_REF]. Initial Teacher Education (ITE) programs play a significant role in preparing and producing a new generation of teachers ready to tackle future challenges in technology-enhanced teaching practices [START_REF] Tondeur | Teacher educators as gatekeepers: Preparing the next generation of teachers for technology integration in education[END_REF]. To address this need, integrating technology in ITE programs has been a significant focus worldwide [START_REF] Starkey | A review of research exploring teacher preparation for the digital age[END_REF]. However, despite the efforts of ITE programs to incorporate technology in their curricula, preservice teachers (PSTs) are reported to face immense challenges when integrating technology into teaching (Pozas & Letzel, 2021).

Various factors play a determining or hindering role in technology integration by PSTs. Among these factors, Pozas and Letzel (2021) have identified attitudes, self-efficacy, Information and Communications Technology (ICT) experience, and ICT competencies as significant and relevant elements related to technology use. Despite efforts made to identify the factors that hinder technology integration (Pozas & Letzel, 2021) and measures taken to support technology integration [START_REF] Starkey | A review of research exploring teacher preparation for the digital age[END_REF], PSTs still perceive barriers to technology integration in teaching [START_REF] Dinc | Prospective teachers' perceptions of barriers to technology integration in education[END_REF].

There are also domain-specific challenges of technological integration in teaching. [START_REF] Zelkowski | Developing and validating a reliable TPACK instrument for secondary mathematics preservice teachers[END_REF] noted that some mathematics teachers implement technology effectively in teaching while others avoid it. Through a convergent parallel mixed methods study involving 60 mathematics and special education teachers of grades 6-12 in the United States, Hill and Uribe-Florez (2020) reported that the teachers demonstrated the highest confidence in their pedagogical knowledge (PK) and the least confidence in technological knowledge (TK) regarding technology integration in teaching mathematics. In a case study with 68 students and three teachers in Sweden, [START_REF] Viberg | Integrating digital technology in mathematics education: a Swedish case study[END_REF] found that the students had difficulties using technology effectively as their teachers did not use it actively.

With programming and modelling being incorporated into school mathematics curricula in different countries [START_REF] Tikva | Mapping computational thinking through programming in K-12 education: A conceptual model based on a systematic literature Review[END_REF], PSTs have a heightened obligation for technology integration in mathematics. ITE programs aim to enhance PSTs' knowledge and skills that can be transferred and applied to different but related contexts after completing the program. [START_REF] Baran | Investigating the impact of teacher education strategies on preservice teachers' TPACK[END_REF] suggest a strong connection between preservice teachers' learning experiences in their ITE programs and their development of Technological Pedagogical and Content Knowledge (TPACK) [START_REF] Mishra | Technological pedagogical content knowledge: A framework for teacher knowledge[END_REF]. However, despite their generally positive attitudes toward technology for teaching and learning, PSTs experience a lack of knowledge and ability as the main barriers to technology integration [START_REF] Dinc | Prospective teachers' perceptions of barriers to technology integration in education[END_REF]. Against this backdrop, this study investigates the extent to which PSTs employ technology in specific mathematical problem-solving situations and the factors that facilitate their technology use. More specifically, the study answers the following research question:

What factors contribute to preservice teachers' implementation of technology in problemsolving in mathematics?

In this study, technology implementation is considered as using the knowledge about technology integration (TPACK) acquired through a formal ITE program for problem-solving strategies in mathematics. The factors contributing to implementing technology in problem-solving will be investigated using the framework for examining training transfer proposed by [START_REF] Baldwin | Transfer of training: A review and directions for future research[END_REF]. [START_REF] Baldwin | Transfer of training: A review and directions for future research[END_REF] proposed a framework for examining training transfer that identifies the factors influencing the transfer of training from the learning environment to the work environment. This framework is relevant to investigating PSTs' transfer of knowledge and skills related to technology integration for problem-solving in mathematics from ITE programs to the classroom. The framework consists of three components: training inputs, training outputs, and conditions of transfer.

Theoretical perspectives

Training inputs refer to the characteristics of the trainees, the design of the training program, and the work environment. These factors determine the effectiveness of the training and the extent to which it is transferred to the work environment. Training outputs are defined as "the amount of original learning that occurs during the training program and the retention of that material after the program is completed" (Baldwin & Ford, 1988, p. 64). According to [START_REF] Baldwin | Transfer of training: A review and directions for future research[END_REF], the training input factors such as trainee characteristics, training design, and work environment determine the training outputs and the conditions of transfer. [START_REF] Baldwin | Transfer of training: A review and directions for future research[END_REF] consider input factors as decisive variables of the transfer of training. In this study, in line with [START_REF] Kafyulilo | Factors affecting teachers' continuation of technology use in teaching[END_REF], these input factors are presented as factors determining the implementation of technology in problem-solving in mathematics. Trainee characteristics are presented in this study as personal factors comprising motivation, confidence, prior knowledge (TPACK), and experience with technology. If PSTs lack any of these factors, they are less likely to transfer their technology training from ITE programs to classroom settings (Pozas & Letzel, 2021).

Similarly, the training design is presented as developmental factors. These factors comprise PSTs' opportunities for implementing technology, enhancing understanding of foundational mathematical concepts, and sharing common mathematical and pedagogical experiences through reflections enabled by problem-solving in mathematics [START_REF] Borko | Video as a tool for fostering productive discussions in mathematics professional development[END_REF]. If the PSTs are well-acquainted with these developmental factors, they are more likely to transfer their technology training from their ITE programs to the classroom settings [START_REF] Tondeur | Teacher educators as gatekeepers: Preparing the next generation of teachers for technology integration in education[END_REF].

The environment is presented as institutional factors comprising the availability of technology resources, interaction with colleagues, and teacher support, which can either facilitate or hinder the transfer of technology training to problem-solving situations. Suppose PSTs receive adequate support, opportunities, and access to resources. In that case, they will more likely integrate technology into their teaching practices [START_REF] Tondeur | Teacher educators as gatekeepers: Preparing the next generation of teachers for technology integration in education[END_REF], including problem-solving in mathematics.

Since this study investigates the implementation of technology in problem-solving in mathematics, PSTs' TPACK will be investigated using the TPACK framework proposed by [START_REF] Mishra | Technological pedagogical content knowledge: A framework for teacher knowledge[END_REF]. Building on and extending [START_REF] Shulman | Those who understand: Knowledge growth in teaching[END_REF] construct of pedagogical content knowledge (PCK) framework, [START_REF] Mishra | Technological pedagogical content knowledge: A framework for teacher knowledge[END_REF] introduced the concept of TPACK. PSTs have sound TPACK if they know how technological knowledge can be integrated with pedagogical strategies and content representations for teaching specific topics [START_REF] Mishra | Technological pedagogical content knowledge: A framework for teacher knowledge[END_REF]. The TPACK concept aligns well with [START_REF] Baldwin | Transfer of training: A review and directions for future research[END_REF] framework as it emphasizes having the necessary knowledge to transfer technology integration from ITE programs to classroom settings. Moreover, both frameworks underscore the active construction of knowledge by learners, the interrelatedness of learning and performance, and the role of context in shaping the transfer of training.

Methods

Based on a naturalistic research approach [START_REF] Creswell | Qualitative inquiry & research design: Choosing among five approaches[END_REF], this case study explores the factors contributing to preservice teachers' implementation of technology in problem-solving in mathematics. It adopts a sociocultural perspective that acknowledges the impact of the environment, community, and experiences on how knowledge and skills are developed and transferred. The study involved 35 PSTs from a Norwegian university who were required to work on specific problem-solving tasks while documenting their process in a logbook. The data collected were analysed using a combination of quantitative and qualitative methods.

Participants and data

The study involved 35 PSTs from a Norwegian university, divided into two groups: 17 (15 females and two males) in primary ITE and 18 (nine females and nine males) in lower-secondary ITE. Both groups took a mandatory one-semester course, Problem-solving in Mathematics Education, during their fourth year and were selected through convenience sampling. The course had common content and requirements for both groups, even though they were enrolled in separate ITE programs. As a part of the final evaluation, the PSTs were required to work on 6-8 mathematical problem-solving tasks throughout the semester, documenting their process in a logbook that included descriptions of their strategies, reasoning, and reflections. The logbook also included a mathematical biography and a reflection on professional development. A task bank of 40 tasks was provided, and Task 21, suitable for technology use, was mandatory. The task is presented below: For this study, PSTs' problem-solving logbook of task 21, their mathematical biography, and reflection texts about their professional development were collected and analysed.

Make three points A, B, and C, each of which is a corner in an equilateral triangle. Bisect the distance between two points (for example, A and C) and mark a new point D. Pick one of the three points

Data analysis

The study focused on the participants' written documents (the logbooks), though other data, like the researcher's field notes, were also included for contextual information. Data analysis was done in two steps. In the first step, PSTs' use of technology was graded with technology implementation scores of 0, 1, and 2 (0: no technology implementation at all; 1: technology implementation to some extent; and 2: technology implementation to a great extent). While this quantitative grading was not directly and strongly connected to the factors contributing to technology integration in this study, it provided insight into the extent to which the participants implemented technology in problem-solving. This paved the way for further exploration into what contributed to their decision to use technology. In the second step, the qualitative data was analysed in three stages using a thematic analysis technique outlined by [START_REF] Attride-Stirling | Thematic networks: An analytic tool for qualitative research[END_REF]. The logbooks were analysed in the first stage, and sections of text related to problem-solving were extracted. These sections were then coded to identify basic themes that emerged from the data. The basic themes were further categorized and refined to generate organizing themes. Finally, the organizing themes were synthesized into global themes. The resulting themes represent the factors (presented in Table 2) that contribute to technology integration in problem-solving.

Results and discussion

Technology implementation in problem-solving

The logbook analysis revealed that the degree of technology implementation varied among the participants. Technology implementation scores (Table 1) indicated that approximately 29% of the participants (n = 10) did not use any form of technology, while 40% of them (n = 14) used it extensively. Interestingly, all primary PSTs implemented technology, while only about 45% of the lower secondary PSTs (n = 8) did so. Of the 14 participants who used technology extensively, 79% (n = 11) were primary PSTs. This discrepancy was unexpected as all participants followed the same course. It is unclear why primary PSTs implemented technology to a greater extent than their lower secondary counterparts. As noted by many PSTs, one possible explanation for the discrepancy could be that when a group of primary PSTs started using GeoGebra, others were motivated to follow suit [START_REF] Watters | Developing motivation to teach elementary science: Effect of collaborative and authentic learning practices in preservice education[END_REF]. All participants used GeoGebra, and there was no variation in their choice. Although a few participants mentioned programming through Scratch and coding, it was not used for problemsolving.

Factors contributing to the implementation of technology in problem-solving

The three factors that contributed to PSTs' implementation of technology in problem-solving in mathematics are presented as global themes generated from the thematic analysis of the logbooks. The basic and organizing themes associated with these global themes are presented in Table 2. 

Personal factors

Findings from the logbook thematic analysis show that PSTs who implemented technology (GeoGebra in this study) were influenced by their knowledge and strategies, such as TPACK [START_REF] Mishra | Technological pedagogical content knowledge: A framework for teacher knowledge[END_REF] about the use of digital tools. They also valued the possibility of knowledge expansion by using digital tools. For example, one participant "wanted to expand the problem a bit more, and then it was easiest to use GeoGebra". Though many participants used GeoGebra, it was only a natural choice for some, as seen in Table 1. As noted by another participant, using GeoGebra to solve the task could be "a good combination of frustration and excitement" owing to having "zero experience with such tasks". PSTs' insufficient training in using technology is not new (Pozas & Letzel, 2021). A participant realized it was an "extremely time-consuming task" even with GeoGebra. She suspected "if one can get GeoGebra to do the task or by using coding" and mentioned that she had "no experience" with coding. Inspiration from fellow students was another essential determinant for PSTs' choice of using technology. Many participants switched to GeoGebra "because other students/groups used it".

Developmental factors

The study's findings show that most participants were considerate of using digital tools to solve the provided task, and their decision to use GeoGebra was influenced by the task's nature and the benefits of using digital tools. Many participants acknowledged early in the problem-solving process that not using a digital tool would result in an inaccurate and time-consuming solution. This realization motivated them to switch to using GeoGebra, as one participant stated, "Realised quickly that this is best suited for GeoGebra." As [START_REF] Baran | Investigating the impact of teacher education strategies on preservice teachers' TPACK[END_REF] noted, recognizing the potential advantages of using digital tools was crucial in participants' decision to implement them in problem-solving.

Institutional factors

Support from teachers, knowledge sharing and collaboration with fellow students, and exploration and interaction are some of the themes that emerged from the analysis. Teacher educators are the gatekeepers for preparing future teachers who can effectively implement technology in teaching [START_REF] Tondeur | Teacher educators as gatekeepers: Preparing the next generation of teachers for technology integration in education[END_REF]. Although the course teachers did not provide direct support during the PSTs' problem-solving process, they offered two helpful hints on the board, which many participants found beneficial. For example, one participant noted that the hints "Will it be accurate?" and "Wasn't this cumbersome?" led them to discover that they could use GeoGebra. This small example highlights how significant the role of teacher educators can be. Additionally, knowledge sharing and collaboration with fellow students were also identified as determinants of technology implementation.

One participant expressed gratitude for a problem-solving session with colleagues using GeoGebra, stating, "If it hadn't been for that session, I would never have tested out a new tool."

Conclusion

This study investigated PSTs' implementation of technology in specific learning situations of problem-solving in mathematics. The mandatory problem to be included in the PSTs' logbook was suitable to be solved using technology, though technology integration was not required. A significantly high percentage (about 28%) of the participants did not use any form of technology at all. This case might relate to their weak prior knowledge and experience of using technology [START_REF] Dinc | Prospective teachers' perceptions of barriers to technology integration in education[END_REF], but more research is needed to confirm the claim in the Norwegian context.

The analysis also exhibited various determinants of technology implementation, broadly categorized as basic, organizing, and global themes. Based on [START_REF] Baldwin | Transfer of training: A review and directions for future research[END_REF], these three global themes were identified as personal, developmental, and institutional factors. While these factors are interpreted as contributing factors to technology implementation, the study also revealed that the PSTs experienced barriers to technology implementation. However, it should be noted that since this study is based solely on the written work of 35 PSTs, the findings and interpretations should be viewed with caution. Future studies should supplement the logbook data with various other sources, such as classroom observations and focus group interviews, to better comprehend the findings and explore the barriers to technology implementation. Additionally, future studies should explore both the enablers and barriers of mathematics PSTs' technology implementation with a more generalizable sample and comprehensive data.

  : A, B, or C at random. Let's say it became point B. Bisect the distance between D and B and mark a new point E. Repeat the above operations. Example of what the first two iterations might look like: When you repeat the process enough times, what will the figure eventually look like?

Table 1 : Number of participants with corresponding technology implementation scores

 1 

	Score		Number of participants	
		Primary PSTs	Lower secondary PSTs	Total
	0	0	10	10
	1	6	5	11
	2	11	3	14
	Total	17	18	35

Table 2 : Basic, organizing, and global themes generated from thematic analysis
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