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This paper aims to investigate mathematics teachers' use of digital resources (DRs) before, during and after mathematics lessons. The data were collected from a questionnaire administered to 146 secondary mathematics teachers from 11 schools in China and follow-up interviews with 19 of them. The results revealed that the majority of teachers often or always use DRs in their teaching, especially during lessons. In particular, teachers frequently searched online for rich exercise problems before lessons, displayed PowerPoint slides during lessons, and used online test makers after lessons. There still existed a digital divide between secondary schools in rural and urban areas of China in teachers' use of DRs. Teaching experience had a significant impact on teachers' use of DRs before lessons.

Introduction

With the fast development of information and communication technology (ICT), growing attention has been paid to promoting educational modernization in mathematics education. Given the growing availability and variety of ICT, in particular, digital resources for mathematics teaching and learning, along with relatively little research available on teachers' use of digital resources, there is a clear need for a greater understanding of how digital resources impact mathematics teaching and learning, especially from teachers' perspectives and practice [START_REF] Pepin | Digital curriculum resources in mathematics education: Foundations for change[END_REF][START_REF] Remillard | Elementary teachers' reflections on their use of digital instructional resources in four educational contexts: Belgium[END_REF]. Drawing mainly on Remillard et al.'s (2021) work, we use the term digital resources (DRs) to refer to a broad array of digital applications, tools, media, systems and platforms that provide teachers with digital textbooks, exercises, Dynamic Geometry Software (DGS) files, videos and other resources to empower mathematics teaching before, during and after lessons.

In this study, we aim to examine Chinese mathematics teachers' use of various DRs and the factors that influence their use. The research questions are: (1) How do mathematics teachers from secondary schools in China use digital resources in their mathematics teaching? (2) Are there differences in the use of various digital resources by different groups of mathematics teachers?

Literature Review and Conceptual Framework

Prior research showed that teachers' use of DRs varied in different educational contexts. For example, [START_REF] Ibieta | The role of the internet in teachers' professional practice: Activities and factors associated with teacher use of ICT inside and outside the classroom[END_REF] surveyed 6932 secondary teachers in Chile and found that 91% of them always used DRs for "search and preparation of resources." A study with 514 Chinese teachers conducted by [START_REF] Shi | Conception of teachers' beliefs about teaching with ICT and the status in Nanjing[END_REF] reported that only 0.8% of the participating teachers never used computers in class. In addition, researchers have examined mathematics teachers' usage of particular DRs, some of which were content-based [START_REF] Vermeulen | The role of transformative leadership, ICT-infrastructure and learning climate in teachers' use of digital learning materials during their classes[END_REF], function-based [START_REF] Engelbrecht | Transformation of the mathematics classroom with the internet[END_REF] and DR infrastructure, e.g., devices and Internet [START_REF] Trouche | Handheld technology for mathematics education: Flashback into the future[END_REF].

In terms of the process of teachers' teaching, earlier studies have revealed that mathematics teachers use DRs before, during and after lessons with different instructional purposes. Before lessons, DRs play a crucial role in teachers' lesson preparation. Teachers nowadays have access to various resources for lesson planning, such as videos [START_REF] Oechsler | Mathematical videos, social semiotics and the changing classroom[END_REF] and DGS files [START_REF] Bozkurt | Lesson hiccups during the development of teaching schemes: A novice technology-using mathematics teacher's professional instrumental genesis of dynamic geometry[END_REF]. Forgasz (2003) found that 40 of 96 Australian secondary mathematics teachers used DRs (mathematics software) for lesson planning. In China, [START_REF] Wang | Connecting rural schools to quality education: Rural teachers' use of digital educational resources[END_REF] reported that teachers in rural schools commonly used DRs for lesson planning. During lessons, teachers utilize different functions of DRs to present instructional materials. Devices used by teachers are not limited to computers, Interactive Whiteboards (IWB), projectors and tablets [START_REF] Trouche | Handheld technology for mathematics education: Flashback into the future[END_REF]. [START_REF] Bretscher | Exploring the quantitative and qualitative gap between expectation and implementation: A survey of English mathematics teachers' uses of ICT[END_REF] reported that 85% of 188 English secondary mathematics teachers used IWB and 63% of them used digital projectors in almost every lesson. In contrast, a similar study with Spanish mathematics teachers revealed less frequent use of IWB [START_REF] Gómez-García | The training and use of ICT in teaching perceptions of Melilla's (Spain) mathematics teachers[END_REF]. After lessons, teachers mainly use DRs for assessment, e.g., automatic assessment [START_REF] Joubert | Using digital technologies in mathematics teaching: Developing an understanding of the landscape using three "grand challenge" themes[END_REF]. However, the use of DRs outside the classroom, while more frequent, has been less studied [START_REF] Ibieta | The role of the internet in teachers' professional practice: Activities and factors associated with teacher use of ICT inside and outside the classroom[END_REF].

In Chinese educational contexts, researchers have reported that there has been little empirical work about the types of DRs available for use in education and which DRs are used by teachers in China, especially those in rural areas [START_REF] Wang | Connecting rural schools to quality education: Rural teachers' use of digital educational resources[END_REF]. In a large-scale survey of teachers in 2168 schools in China, [START_REF] Lu | The role of ICT infrastructure in its application to classrooms: A large-scale survey for middle and primary schools in China[END_REF] pointed out that there were significant differences in uses of multimedia courseware between teachers from urban and rural areas. These studies revealed that some digital divides existed between urban and rural schools in China. However, researchers' knowledge about mathematics teachers' use of DRs remains vague, particularly about the difference between rural and urban schools. In this regard, we hope that the current study, with a more holistic view of mathematics teachers' use of DRs in their mathematics teaching, can contribute to filling the gap and deepen our understanding of what and how DRs are actually used and what are the associated influencing factors. In order to obtain a relatively comprehensive picture of teachers' use of DRs, we conducted a survey of the literature concerning DRs, e.g., digital textbook, DGS file, flash file, short video, online test maker (OTM), automatic grading, and devices like computer, tablet, IWB, smartphone, in education and more particularly, mathematics education. We also identified other related DRs, e.g., microlesson video, digital teacher manual, screenshot, digital handwriting note and online assessment, through our experience and observations. Partly based on a multi-layer model for analyzing "eSchoolbag," a personal learning tablet containing DRs for teaching and learning school subjects [START_REF] Zhu | The eSchoolbag system and the modelling of its functions[END_REF], we categorized DRs in three dimensions: content-based, function-based and DR infrastructure, and investigated specific DR usage in the process of teachers' mathematics teaching, that is, before, during and after lessons. Table 1 lists examples of DRs in the conceptual framework that we established for this study.

Methods

This study adopted a mixed-methods approach. Following the conceptual framework, we designed a questionnaire to collect the data about teachers' uses of DRs. The first part captured the profile of the participants, and the following three parts questioned the use of DRs before, during and after lessons, respectively, with items corresponding to the DRs mentioned in Table 1. Each item was measured by a 4-point Likert scale, with 4 for "always; more than 4 lessons per week", 3 for "usually; 3 to 4 lessons per week", 2 for "sometimes; 1 to 2 lessons per week" and 1 for "never". Open-ended questions were used to collect more information about the most frequently used DRs, the difficulties encountered when using DRs and the specific functions of DRs that they were most satisfied or unsatisfied with.

Additionally, interviews captured the reasons or examples for teachers' use of specific DRs.

Questions were asked such as: "For DRs use before lessons, you rated 4 for item 1, while 3 or 2 for the rest. Are there any reasons why you use this more frequently? How do you usually use it?" We also conducted a pilot test (n= 8 teachers) to refine the instruments and ensure reliability and validity. 

Findings Use of DRs before lessons, during lessons, and after lessons

Table 3 shows how often teachers used various DRs for lesson planning. 65.7% of 102 participants always or often used DRs before lessons (M=2.82). Digital exercises (including problems from national/regional exams) received the highest rating (M=3.25), and 80.4% of them always or often used exercises. This result was not surprising since rich problems could be downloaded online by teachers. For example, T17 mentioned that when she prepares lessons, she first downloads exercises online and then designs teaching activities accordingly. In comparison, flash files received the lowest rating (M=2.08). Only 4 teachers always used flash files, and 24 teachers never used flash files.

During the interview, T11 reported that it was difficult to obtain suitable flash files. Regarding functions, teachers used individual lesson planning (M=2.89) most frequently, followed by collective lesson planning (M=2.75) and analysis of students' prior learning (M=2.51). T10 and T12 explained that individual lesson planning helped them build their own lesson plan database, which was beneficial to their long-term professional growth. Computers (M=3.37) were the most frequently used devices before lessons, followed by smartphones (M=2.36) and tablets (M=2.14). The results revealed that 55.1% of 78 participants always or often used DRs after lessons (M=2.56).

It is highly related to recent policies as teachers were not allowed to assign digital homework after class (Ministry of Education, 2021), as mentioned by five teachers during the interview.

Regarding various functions, teachers used online test maker (OTM, e.g., ProProfs Quiz Maker) most frequently (M=2.48). T5 said she would download exam papers and adapt them for exercises; T10 said that OTM allowed him to organize and produce high-quality exam papers. In contrast, the automatic grading (M=1.82) was rarely used, probably due to the low accuracy (stated by three interviewees) and limited types of problems (mainly multiple-choice), as T2 said: "It was not meaningful to me as students can check the answers of multiple-choice questions on their own." Furthermore, OTM is rather well-developed, while other functions were not user-friendly and helpful to teachers. For content, online problems from previous High School Entrance Examinations (HSEEs) (M=2.64) were used most frequently, while original and self-design problems were used least frequently (M=2.29). As T10 commented, problems from HSEEs were regarded as "well-designed" and "of high quality," while the quality of original or self-designed problems was doubted. Problems from digital textbooks, teacher manuals, exercise books and resource books were used almost equally frequently (M=2.46~2.53). For problem sorting criteria, knowledge (M=2.90) and chapter and section (M=2.88) were used most frequently. Overall, teachers used tablets (M=1.82) less frequently than computers (M=2.79) and smartphones (M=2.13) after lessons.

Differences in the use of DRs by different teachers

Table 4 lists items with statistically significant differences from the chi-square tests. Before lessons, digital textbooks and exercises were used significantly less frequently by teachers with experienced teachers (more than 20 years) than less experienced teachers. In the interview, T2 pointed out that he didn't search exercises online as he had accumulated enough exercises over the past 30 years, which was "what makes us (experienced teachers) different from novice teachers." T13 said that experienced teachers relied on printed textbooks more heavily than novice teachers. It can be inferred that experienced teachers are more familiar with printed resources and reluctant to use digital ones. Besides, female teachers used digital exercises significantly more frequently than male teachers; teachers with graduate degrees used digital exercises significantly more frequently than those with bachelor degrees. Teachers from rural schools used tablets significantly less frequently than their counterparts from urban schools, which may be related to the availability of tablets. T16 from a rural school said in the interview that there was no tablet available in his school. During lessons, female teachers adopted the online mode significantly more frequently than male teachers. Teachers from urban schools used DRs offline in the whole class at a significantly higher frequency than those from rural schools. After lessons, there were statistically significant differences between teachers from urban and rural schools in many aspects, especially in OTM. T14 and T16 from rural schools both mentioned the lack of devices in their students' homes, implying a relatively low frequency of DR usage. Gender differences were found in manual grading and sorting problems by the level of difficulty, in which female teachers used them more frequently. Teachers with graduate degrees selected problems by the year of exams more frequently than those with bachelor degrees. 

Conclusions

Overall, more than one-half of mathematics teachers in our study often or always used DRs, especially during lessons. However, teachers' use of DRs is still limited in variety. Mathematics teachers used DRs at a relatively low frequency after lessons, compared to their use of DRs before and during lessons. This result was consistent with the finding reported by [START_REF] Ibieta | The role of the internet in teachers' professional practice: Activities and factors associated with teacher use of ICT inside and outside the classroom[END_REF] that teachers in Chile used DRs more frequently outside the classroom for class preparation before lessons.

Before lessons, digital exercises, individual lesson planning and computers were the most frequently used DRs by mathematics teachers. From the content-based perspective, digital exercises were the most frequently used DRs, which was partly due to the influence of high-stake examinations (see also [START_REF] Leung | The mathematics classroom in Beijing, Hong Kong and London[END_REF]. Moreover, the finding that teachers used DRs with complex procedures (e.g., DGS, GIF and videos) at a relatively low frequency was in line with an ecological metaphor in which simpler technologies requiring little adjustment to existing practices are more frequently used [START_REF] Zhao | Factors affecting technology uses in schools: An ecological perspective[END_REF]. Thus, teachers' limited proficiency in designing DGS files and other dynamic resources leads to the low frequency of using these types of DRs. Also, it was consistent with the finding that teachers mainly used DRs for presentations during lessons, as well as the findings of [START_REF] Bretscher | Exploring the quantitative and qualitative gap between expectation and implementation: A survey of English mathematics teachers' uses of ICT[END_REF] study where presentation-oriented software dominated English mathematics teachers' IWB use. The frequency of teachers' use of a particular function varies, which is affected by their proficiency in that function. Thus, more professional development programs regarding how to use DRs efficiently are needed to support teachers in this aspect. And future research on how DRs are used in mathematics classrooms in various contexts may produce new possibilities of integrating DRs effectively. After lessons, the relatively low frequency of teachers' use of DRs was largely related to policies, as well as limited and helpful functions of DRs. The well-developed and userfriendly exam/test production was used most frequently, possibly due to the high-stake examinations.

Overall, experienced teachers tended to use digital exercises and textbooks less frequently than less experienced teachers before lessons. There were statistically significant differences between urban and rural school teachers in tablet use before lessons, adopting the offline mode during the whole lessons, and in most of the aspects of using DRs after lessons, which indicated some digital divides between urban and rural schools in China. More support in terms of providing devices professional training programs for effective use of DRs are needed, especially for rural schools in China. Meanwhile, the flexibility of professional training programs should be maintained among different regions, as teachers may evolve in different ways in the same training [START_REF] Prodromou | Making sense out of the emerging complexity inherent in professional development[END_REF].

Table 1 : A conceptual framework on teachers' DR usage before, during and after lessons

 1 

	Dimension	Before lesson	During lesson	After lesson
	Content	PowerPoint slide, micro-lesson	N/A	Problems
		video, digital teacher manual, etc.		
	Function	Individual lesson planning,	Displaying, screenshotting, drawing,	Assigning homework,
		collective lesson planning, etc.	virtual teaching aid, etc.	teaching reflection, etc.
	Infrastructure	Devices: computer, tablet,	Devices: computer, tablet, IWB, etc.;	Devices: computer,
		smartphone.	Internet: online, offline, mixed	tablet, smartphone.

Table 2 : Profile of participating teachers (n=146)

 2 , teachers from 11 secondary schools, 7 urban and 4 rural, in 6 cities of China: Shanghai, Hangzhou, Nanjing, Jinan, Yiyang and Changde, participated in this study. We received 146 questionnaires back (response rate: 94.1%; see Table2for the profile of participants) in June, 2021 and conducted interviews with 19 teachers (referred to T1 to T19) from June to August, 2021.

	Charac	School	Gender	Educational	Title 1	Teaching Experience
	teristic	Location		Background		(Year) 2
	Partici	Urban: 105	M: 56 (38.4%);	Bachelor: 116	Junior: 59 (42.1%);	(0,5] 3 : 43 (29.7%);
	pants	(71.9%); Rural:	F: 90 (61.6%)	(79.5%); Master &	Intermediate: 57 (40.7%);	(5, 20] 4 : 58
		41 (28.1%)		Doctor: 30 (20.6%)	Senior: 24 (17.1%)	(40.0%); >20: 44
						(30.3%)

Note: All percentages are based on valid responses. 1 n=140. 2 n=145. 3 5 years or less.

4 

More than 5 years and less than 20 years. M=Male; F=Female.

Overall

Table 3 : Frequency of using DRs before lessons and functions used during lessons

 3 

	Rank	Content before lessons	Mean SD	Function during lessons	Mean	SD
	1	Digital exercise (n=112)	3.25 0.77	Displaying* (n=105)	3.39	0.74
	2	Digital textbook (n=107)	3.08 1.07 Touching, writing and erasing (n=103)	3.20	0.87
	3	Digital teacher manual (n=109)	3.06 1.00	Drawing (n=103)	2.87	0.87
	4	PowerPoint slide (n=111)	2.87 0.82	Supporting interactions (n=99)	2.67	0.97
	5	DGS file (n=110)	2.35 0.81	Saving handwriting notes (n=101)	2.50	0.98
	6	Micro-lesson & short video (n=110) 2.32 0.77	Screenshotting (n=97)	2.43	0.90
	7	Picture and GIF (n=110)	2.17 0.76	Virtual teaching aids (n=99)	2.34	0.93
	8	Flash file (n=104)	2.08 0.78			
	During lessons, 78.2% of 96 participants always or often used DRs during lessons (M=3.14). 53.3%
	and 44.7% of the teachers always used displaying contents (M=3.39) and touching, writing and
	erasing (M=3.20), respectively. In contrast, only 12.1% of them always used virtual teaching aids
	(M=2.34). During the interview, 12 teachers indicated that displaying DGS files was a good way to
	teach geometry and functions. Some teachers said that they were not quite proficient to use many
	functions of DGS. In terms of devices, teachers used computers (M=3.16) and IWBs (M=2.93) more
	often than smartphones (M=2.04). Challenges like (1) pop-ups and advertisements, (2) switching
	displays, (3) equipment and network error and (4) deviation issues of devices received similar ratings,
	between 2.15 to 2.41. For the internet connection, teachers used offline (M=2.43), mixed (M=2.38),
	online (M=2.34), in a similar frequency. 19 teachers mentioned in the open-ended questions that the
	instability of the Internet caused great inconvenience.			

Note: *The "displaying" function combines five items, including displaying PowerPoint slides, DGS files, or using an IWB, projector or students' tablets/computers to display teaching content.

Table 4 : Items showing statistically significant differences in frequencies of DRs use between teachers

 4 

	Dimension Before lessons	During lessons	After lessons
	Content	-	Digital textbook: 8.335*(SL); Digital teacher manual: 18.109***(SL)

Note: SL=school location; G=gender; EB=educational background; TE=teaching experiences; ON=online; OFF=offline. *p<.05, **p<.01, ***p<.001.
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