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The purpose of this study is to explore the usage of digital mathematical tools (DMTs) by pre-service mathematics teachers, their beliefs about DMTs, as well as the differences in their usage and beliefs by different teachers. Using a mixed-method approach, the data were collected from a class of 52 pre-service teachers in Zhejiang, China, through a questionnaire survey and a follow-up online interview with 6 of them. The results revealed that the pre-service teachers were most familiar with Geometer's Sketchpad and Excel, with a higher frequency of use, and least familiar with Maple and GeoGebra, with a lower frequency of use. They expressed strong beliefs in using DMTs to support discovery learning and multiple representations and demonstrated a positive sense of self-efficacy in teaching with DMTs. Gender differences existed in beliefs but not in self-efficacy beliefs about teaching with DMTs. Differences in the daily use and intention to use DMTs were also observed.

Introduction

Instead of examining general technologies used in educational settings, this study is particularly concerned with "digital mathematical tool" (DMT), which refers to tools that are significant for mathematics instruction including spreadsheets, dynamic geometry systems (DGS), computer algebra systems (CAS), function plotters as well as multi-representation systems [START_REF] Klinger | Technology-related beliefs and the mathematics classroom: development of a measurement instrument for pre-service and in-service teachers[END_REF]. DMT has shown its great potential in mathematics education, for example, by supporting discovery learning and multiple representations (e.g., [START_REF] Jankvist | What happens when CAS procedures are objectified? -The case of "solve" and "desolve[END_REF]. However, along with the ubiquitous call to integrate DMTs into mathematics classrooms, DMT is still underused or teachers do not fully exploit DMTs' potential in many countries (e.g., [START_REF] Bretscher | Exploring the quantitative and qualitative gap between expectation and implementation: a survey of English mathematics teachers' uses of ICT[END_REF][START_REF] Fan | Investigating Chinese mathematics teachers' use of digital resources before, during and after mathematics lessons[END_REF][START_REF] Thurm | Effects of a professional development program for teaching mathematics with technology on teachers' beliefs, self-efficacy and practices[END_REF], and one of the decisive factors is teachers' beliefs (e.g., [START_REF] Thomas | Teaching with digital technology: Obstacles and opportunities[END_REF]. However, relatively few studies have examined pre-service teachers' ICT beliefs [START_REF] Ndlovu | Preservice teachers' beliefs and intentions about integrating mathematics teaching and learning ICTs in their classrooms[END_REF], let alone DMTs. Therefore, in this study, we aim to investigate pre-service teachers' usage of and beliefs about DMTs, and the differences in the usage of and beliefs about DMTs by different pre-service teachers. Our research questions are: What are pre-service mathematics teachers' usage of and beliefs about DMTs in Zhejiang, China? Are there differences in the usage of and beliefs about DMTs by different groups of pre-service mathematics teachers?

Related literature and conceptual framework

Even though DMT use in mathematics classrooms is advocated by policy makers, researchers, and teachers (e.g., [START_REF] Drijvers | Uses of technology in lower secondary mathematics education: a concise topical survey[END_REF], DMTs are largely underused by teachers, and thus several researchers examined potential obstacles/barriers and enablers for teachers' intention to use DMTs. Based on a survey of 92 secondary mathematics teachers in Australia, [START_REF] Pierce | Perceptions that may affect teachers' intention to use technology in secondary mathematics classes[END_REF] reported that the overall strength of agreement with six enablers (e.g., motivation to work, a deeper understanding) outweighed that of six barriers (e.g., prior mastery by hand, difficult to use) that may affect teachers' intention to use DMTs in mathematics classes, and providers of DMT training for pre-service or in-service mathematics teachers were suggested to build on enablers and address likely barriers if changed teaching practice of DMTs is to actually take effect in the classroom. Later, in order to predict mathematics pre-service teachers' intention to integrate ICT in the future, [START_REF] Ndlovu | Preservice teachers' beliefs and intentions about integrating mathematics teaching and learning ICTs in their classrooms[END_REF] surveyed 147 secondary teachers in South Africa and showed that their self-efficacy beliefs had the strongest influence on their ICT intention, and the participants plead for training in the use of ICT tools that were appropriate for mathematics teaching and learning (like DMT). Moreover, [START_REF] Thurm | Effects of a professional development program for teaching mathematics with technology on teachers' beliefs, self-efficacy and practices[END_REF] highlighted the necessity of making self-efficacy a stronger focal point of training programs for teaching mathematics with DMTs.

For factors impacting teachers' ICT use and related beliefs, prior research showed some gender gaps in in-service teachers' use and beliefs of ICT in classrooms. For example, [START_REF] Handal | Factors leading to the adoption of a learning technology: The case of graphics calculators[END_REF] examined 587 Australian secondary school teachers' adoption of graphing calculators and reported no gender difference. In Germany, [START_REF] Thurm | Teacher beliefs and practice when teaching mathematics with technology -does gender matter[END_REF] analyzed 198 upper secondary school teachers' beliefs and use of DMTs and found no gender difference with respect to teachers' beliefs about teaching with DMTs and frequency of use, but gender differences for self-efficacy beliefs remain as women show significantly lower self-efficacy beliefs. In contrast to in-service teachers' DMT-related beliefs and practices, there is much less information regarding potential gender differences in preservice teachers' DMT-related beliefs and practices and other factors, which could be helpful for designers of DMT training courses.

In the Chinese educational context, the curriculum standards clearly state that teachers should design tasks using DMTs for appropriate content, e.g., DGS in transformation for graphs lesson, scientific calculator in number and expressions, statistical packages in drawing graphs of data trends (Ministry of Education [MOE], 2022). Thus, pre-service teachers should demonstrate their competence in DMT after graduation. However, current training courses on teaching mathematics with DMTs are limited. [START_REF] Yan | Approach to training the pre-service mathematics teachers' ability of educational technology[END_REF] reported that most of the available training courses for pre-service mathematics teachers on ICT integration targeted PowerPoint, Flash, Geometer's Sketchpad (GSP), and Excel, and little attention has been given to other DMTs, which is consistent to current practices.

In addition, prior large-scale surveys of pre-service teachers' technological practices and beliefs in China are almost all for general ICT and teachers of all school disciplines, not particularly for mathematics and DMT. For example, [START_REF] Nie | The structural relationship among pre-service teachers information technology capacity, TPACK and vocational self-efficacy[END_REF] surveyed 260 pre-service teachers and showed that their ICT use and TPACK were low, especially for those ICTs for a specific school subject (e.g., Math: Matlab, GSP, etc.). In another survey of 1,000 pre-service teachers, [START_REF] Zhou | Present situation and promotion strategy about normal students' IT applications competence based on new standard[END_REF] found that teachers' overall use of ICT is not high, and their ability to design and implement lessons with ICT, as well as support discovery learning, individualized learning, and collaborative learning with ICT, are weak. They both reached a consensus that there is a lack of a systematic curriculum for ICT training for pre-service teachers in China. Further investigations on designing principles of ICT training curriculum are needed. Overall, researchers' knowledge about Chinese pre-service mathematics teachers' practice and beliefs of DMT remains vague, which may yield insights into the design and development of DMT training courses for pre-service teachers.

To gain a relatively comprehensive understanding of pre-service teachers' usage of and beliefs about DMTs, we developed a conceptual framework to investigate the relationship following their teaching practicum and completion of the GSP training course, which consists of (1) DMT-related usages, including current use, teaching practicum use, and planned future use of specific DMTs; and (2) DMT-related beliefs, encompassing beliefs about DMTs (such as support for discovery learning, support for multiple representations, concerns about too time-consuming, potential skill loss, and mindless working, as well as prior mastery by hand) and self-efficacy beliefs related to task design & selection, lesson design & implementation in teaching with DMTs [START_REF] Thurm | Effects of a professional development program for teaching mathematics with technology on teachers' beliefs, self-efficacy and practices[END_REF]. We also look into pre-service teachers' familiarity with different DMTs (ranging from advanced proficiency to never heard of it) and their perceived need for training.

Research methodology

Using a mixed-methods design, we developed a questionnaire aligned with our conceptual framework, to collect data about pre-service teachers' usage of and beliefs about DMT, and an interview protocol to grasp examples or reasons for their DMT-related usage and beliefs.

The questionnaire includes three parts (items using a 5-point Likert scale): ( 1 To ensure reliability and validity, a pilot was conducted with three doctoral students to refine the instrument. In particular, we adjusted the DMTs covered in this survey to scientific calculator (SC), graphing calculator (GC), calculator app, Matlab, Maple, Geometer's Sketchpad (GSP), GeoGebra (GGB), and Excel, as our sample students have rarely heard of other DMTs (like CAS) before.

Our questionnaire was administered to a class of 52 undergraduate students majoring in mathematics education in Zhejiang Province in Dec. 2022. Students in this class finished their teaching practicum in May 2022 and completed the GSP training course in Dec. 2022. In China, training programs typically take place in the penultimate year of the program, with the final year students primarily focusing on preparing for their graduation thesis. Overall, we collected back 52 questionnaires (with a response rate of 100%; 26 males and 26 females), and then interviewed six of them (referred to as T1 to T6; three males and three females) online. The Cronbach's alpha of the eight belief scales are 0.917, 0.952, 0.607, 0.965, 0.930, 0.746, 0.919, and 0.934, respectively, all passed 0.6. In addition, we collected students' grades in the GSP course as a basis to categorize students into high-and low-GSP-performing groups (50%, 50%). Students' grades in the high-GSP-performing group were statistically significantly higher than that of the low-GSP-performing group (t=9.373, p<0.001).

For data analysis, we calculated the mean and standard deviation of each item and scale in the questionnaire. The Wilcoxon Sign test was used to reveal differences between planned future, current, or teaching practicum use of DMT. Furthermore, we conducted the Pearson Chi-square test to examine associations between DMT-related beliefs and the use (current and planned future) of specific DMTs. To explore how gender and performance influence teachers' DMT-related practices and beliefs, we conducted a Mann-Whitney U test. To triangulate the findings, interview transcripts and answers from open-ended questions were coded using grounded theory. The percent agreement between two independent coders of the final coding result is 100%, which passed the reliability check.

Findings Practices with various DMT

Table 1 displays the statistical results of 52 pre-service teachers' familiarity with, use of, and training needs for various DMTs. The participating pre-service teachers' most familiar DMTs are GSP (M=4.29) and Excel (M=4.12) and their least familiar DMTs are Maple (M=1.67), GeoGebra (M=2.10), and the graphing calculator (M=2.17). It is consistent with the interview results. For example, T4 says: "I am very familiar with GSP…it's quite convenient to draw figures when teaching geometry online (compared to drawing figures in PPT)." .46; 1.52; 2.27). It is notable that the use of DMTs during the teaching practicum has a relatively low mean compared to the use of DMTs in the other two conditions. The Wilcoxon sign test's results imply significant differences between the pre-service teachers' use of DMTs during their teaching practicum (prior to the training course) and their current use and planned future use of DMTs (after the training course). This indicates that taking a DMT training course has a significant effect on pre-service teachers' use of and intention to use DMTs in their classrooms.

Finally, the participants agree that they need further training in all eight DMTs and their leading preferences are GSP (M=4.69) and Excel (M=4.35). From interviews, T3 and T4 mention that they strive to learn Excel in depth, to make it more suitable for the teaching of probability and statistics in their classrooms.

Furthermore, from open-ended questions, the most frequently mentioned DMT (besides GSP) needed for future DMT training courses is GGB (27.8%), followed by Excel and scientific calculator (16.7% for each). Reasons included that GGB has more diverse and rich functions that can be used for algebra and geometry teaching, and Excel can provide support in data processing that can be utilized for probability and statistics teaching in the future.

Beliefs about teaching mathematics with DMTs

Table 2 shows the statistical results of 52 pre-service teachers' beliefs about teaching with DMTs.

Overall, the participants have a strong belief in DMT's ability to support discovery learning (M=4.25) and multiple representations of mathematical concepts (M=4.32) and disagree that employing DMTs is time-consuming (M=2.60) and will lead to the loss of skills (M=2.38) and mindless working (M=2.61). In addition, the participants showed their somehow agreement on students' prior mastery by hand before using DMT (M=3.28). Considering their self-efficacy beliefs, the participants expressed a positive sense of self-efficacy in task design and selection (M=3.78) and lesson design and implementation (M=3.86). Note: 1 From 5=strongly agree to 1=strongly disagree.

In addition, the Pearson Chi-square tests' results suggest that pre-service teachers' planned future use of GSP and their most familiar DMT are significantly correlated with the positive belief, discovery learning (r=0.320, p<0.05). Furthermore, pre-service teachers' self-efficacy beliefs, task design & selection and lesson design & implementation, are significantly correlated with their planned future use of GSP (r=0.352,p<0.05;r=0.503,p<0.01). This implies that proficiency in a DMT is a prerequisite that pre-service teachers consider before using it.

Differences in the use of and beliefs of DMTs by different teachers

Table 3 lists items with statistically significant differences from the Mann-Whitney U tests at the 0.05 level. For gender differences, there are significant differences in familiarity with Excel, Matlab, and Maple, with males being more familiar with these DMTs. Also, consistent to [START_REF] Handal | Factors leading to the adoption of a learning technology: The case of graphics calculators[END_REF], there are only significant gender differences in the daily use of Matlab and Maple, with females having a lower frequency of usage. In the interview, T2 mentioned his use of Matlab in a mathematical modelling contest, and T5 expressed her unwillingness to use Matlab in the future. Moreover, gender differences in the beliefs about teaching with DMTs were observed in discovery learning, multiple representations, time requirement, skill loss, and mindless working. Regarding differences between high-and low-GSP-performing pre-service teachers, there are significant differences in their daily use of graphing calculator, Maple, and GeoGebra, with low-GSP-performing teachers having a higher frequency of use. Also, there are significant differences in their use of graphing calculator, Matlab, Maple, and GeoGebra during teaching practicum, and high-GSPperforming teachers report a lower frequency of use. This could be explained by high-GSPperforming teachers' proficiency in GSP. T5 pointed out that GSP met her demands for teaching, so she had no desire to use other DMTs. Finally, there are significant differences in the time requirement aspect: low-GSP-performing teachers think the DMTs are more time-consuming. 

Conclusions

Overall, the pre-service mathematics teachers in our study were most familiar with GSP and Excel, with a high frequency of use in their teaching practicum, current, and planned future teaching, while Maple and GeoGebra were their least familiar DMTs with low use. This accords with earlier observations (e.g., [START_REF] Yan | Approach to training the pre-service mathematics teachers' ability of educational technology[END_REF]) that in addition to GSP and Excel, pre-service mathematics teachers are still unfamiliar with and underuse other DMTs in China. Our study also revealed that after completing the DMT training course, pre-service teachers showed an increased use of DMTs and expressed a strong willingness to use DMTs in their future mathematics teaching, which is required by the Chinese curriculum standards for mathematics (MOE, 2022). Thus, more DMT training courses for pre-service teachers are necessary.

Second, the pre-service mathematics teachers demonstrated strong positive beliefs and disagreed with the negative beliefs about teaching with DMTs. Also, they expressed a positive sense of self-efficacy in teaching with DMTs. Furthermore, positive beliefs and self-efficacy beliefs significantly correlated with the planned future use of their familiar GSP. Our results are consistent with Ndlovu et al.'s (2020) and [START_REF] Thurm | Effects of a professional development program for teaching mathematics with technology on teachers' beliefs, self-efficacy and practices[END_REF] findings and provide some insights on [START_REF] Pierce | Perceptions that may affect teachers' intention to use technology in secondary mathematics classes[END_REF] study, regarding enablers and barriers' relationships with teachers' intention to use DMTs in classes.

Third, no gender differences existed for self-efficacy beliefs, but females showed significantly higher beliefs about teaching with DMTs. These results differ from [START_REF] Thurm | Teacher beliefs and practice when teaching mathematics with technology -does gender matter[END_REF] investigation on inservice teachers, which found no gender differences in teachers' beliefs but in their self-efficacy beliefs about teaching with DMTs, with females exhibiting lower self-efficacy beliefs. It implies that the factors that influence DMT-related practices and beliefs may differ between pre-service and service teachers. As relatively few studies have examined pre-service teachers' ICT beliefs [START_REF] Ndlovu | Preservice teachers' beliefs and intentions about integrating mathematics teaching and learning ICTs in their classrooms[END_REF], future research on pre-service teachers' beliefs and practices of teaching mathematics with DMTs may produce research-based evidence to improve the current underuse of DMT in mathematics classrooms. Moreover, differences existed in the current use and intention to use DMTs between high-and low-GSP-performing pre-service teachers. High-GSP-performing teachers showed less interest in employing other DMTs in teaching than the low-GSP-performing teachers.

In sum, we call for more DMT training courses for pre-service teachers, covering diverse DMTs and providing practical teaching support, to pursue a more reflective use of DMTs by pre-service teachers.

  ) DMT-related practice: familiarity, training needs, current use, teaching practicum use, and planned future use, five items for each DMT; (2) DMT-related beliefs: beliefs (25 items for six scales) and self-efficacy beliefs (eight items for two scales); (3) open-ended questions: student ID number, gender, suggestions and other DMT needed for future DMT training course and reasons. Corresponding interview questions to each item were asked, for example, "For current DMT use, you rated 5 only for DMT-1 (e.g., GSP), are there any reasons why you use this DMT more frequently? Do you have specific examples of this?"

Table 1 : Results of familiarity, training needs, and usage with various DMT

 1 

	DMT	Familiarity	Training	Current	Teaching	Planned	Wilcoxon Sign test 4
		1	needs 2	use 3 (B)	practicum	future use 3	
					use 3 (C)	(A)	
	Scientific cal. 3.40 (1.14) 3.92 (1.01) 2.79 (1.40) 2.40 (1.45) 2.96 (1.28)	A-C: -3.369**; B-C: -2.401*
	Graphing cal. 2.17 (1.10) 3.67 (1.10) 1.60 (0.98) 1.58 (1.04) 2.71 (1.24)	A-C: -5.107***
	Cal. APP	3.55 (1.17) 4.08 (1.04) 3.13 (1.41) 2.77 (1.50) 3.08 (1.30)	A-C: -2.160*; B-C: -2.126*
	Matlab	3.83 (0.81) 3.98 (0.96) 3.02 (1.00) 1.87 (1.07) 2.73 (1.25) A-C: -4.598***; B-C: -4.977***
	Maple	1.67 (0.90) 3.51 (1.17) 1.23 (0.58) 1.31 (0.79) 2.04 (1.15)	A-C: -3.533***
	GSP	4.29 (0.57) 4.69 (0.51) 3.94 (0.67) 3.00 (1.30) 4.31 (0.64) A-C: -5.098***; B-C: -4.415***
	GeoGebra	2.10 (0.98) 3.50 (1.21) 1.46 (0.85) 1.52 (0.94) 2.27 (1.33)	A-C: -3.658***
	Excel	4.12 (0.77) 4.35 (0.76) 3.63 (1.24) 2.88 (1.51) 3.41 (1.29) A-C: -3.500***; B-C: -4.239***
	Note: *p<.05, **p<.01, ***p<.001. Cal.=calculator. GSP=Geometer's sketchpad. 1 From 5=very familiar to 1=never
	heard.						

2 

From 5=strongly agree to 1=strongly disagree.

3 

From 5=always to 1=never. 4 Z-value of significant items.

Regarding the use, the most frequently used DMTs in all three categories are GSP

(M=3.94; 3.00; 4.31) and Excel (M=3.63; 2.88; 3.41) 

and their least frequently used DMTs are Maple (M=1.23; 1.31; 2.04) and GeoGebra (M=1

Table 2 : Results of beliefs about teaching with DMTs

 2 

	Scale			Beliefs 1				Self-efficacy beliefs 1
		Discovery	Multiple	Too time-	Skill	Mindless	Prior	Task design	Lesson design
		learning	representation	consuming	loss	working	mastery by	& selection	&
							hand		implementation
	Mean	4.25	4.32 (0.62)	2.60 (0.81)	2.38	2.61	3.28 (0.79)	3.78 (0.71)	3.86 (0.70)
	(SD)	(0.63)			(0.99)	(0.98)			

Table 3 : Items showing significant differences

 3 

	Factor	Familiarity	Current use	Teaching	Discov.	Multiple	Too time-	Skill loss Mindless
				practicum use	learning	repre.	consum.	working
	Gender	EX: -2.488*;	Matlab: -2.463*;		-2.692** -2.514*	-2.014*	-2.617** -2.014*
	1	Matlab: -2.308*;	Maple: -2.218*					
		Maple: -2.242*						
	Perfor		GC: -2.327*;	GC: -2.774**;			-2.079*	
	mance 1		Maple: -3.035**;	Matlab: -3.453**;				
			GGB: -1.973*	Maple: -3.098**;				
				GGB: -3.159**				
	Note: *p<.05, **p<.01. Discov.=Discovery; repre=representations; consum.=consuming; EX=Excel; GGB=GeoGebra. 1
	Z value of significant items from Mann-Whitney U tests.				
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