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Introduction: Teaching behavior is a key indicator for analyzing the cognitive factors of teachers. Cognitive factors affect teachers’ behavior. The use of technology rebuilds teachers’ didactical processes and their cognition in teaching mathematics.

Methods: This study examined classroom behavior from the perspective of teacher conception and chose the dynamic geometry software (DGS) to analyze how teacher conception affects their daily work by comparing four Chinese mathematics teachers with varying teaching and technology experiences.

Results: The results suggested that these teachers were aware of the value of the DGS in teaching and learning mathematics.

Discussion: Although it is still difficult for teachers to move away from the teacher-centered method, some have begun to use the DGS to create new learning situations with which students are not familiar to improve their mathematical skills. Further research is needed to obtain more evidence and generalized conclusions for other situations.
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1 Introduction

We are now in a period in which technology has become popular. Technological resources that contribute to innovative teaching and learning practices across different subjects are becoming increasingly critical for teachers and students (Duhaney, 2000). Further, these resources are (1) tools to replace traditional teaching means without changing instructional practices, student learning processes, or content goals (Hughes, 2005); (2) efficient and effective tools to accomplish a task without changing the task itself (Pea, 1985); and (3) tools to transform students’ learning processes (Pea, 1985) or teaching practices (Hu, 2005). However, the integration of technologies in a teaching situation is a complex, dynamic, slow, and long-lasting process without discrimination of levels (Groff and Mouza, 2008; Harris et al., 2009). Many teachers do not know about the technology in schools (Kazu and Yavuzalp, 2008); they have negative opinions about technological resources because they cannot see the positive effects of technology on classroom teaching (Alper Ardıç and İşleyen, 2017). Because teachers’ behaviors can impact students such as their classroom engagement or their willingness to attend classroom learning (Wang et al., 2022; Hu and Wang, 2023), researchers have attempted to explore and analyze the impact of technology on teachers’ behaviors, such as decision-making during didactical processes (Guerrero, 2010) in order to solve help teachers effectively use technological resources.



2 Dynamic geometry software in mathematics education

It is impossible to analyze the impact of all the technology on classroom teaching in only one study. Therefore, in this study, we focus on one of them in mathematics education, dynamic geometry software (DGS), and we describe how Chinese mathematics teachers use it.

According to researchers, technology is designed to make mathematics as explicit as possible and show both the results of mathematical activities and the mathematical process (Tall, 1986). DGS is widely used in mathematics education, and researchers believe that it can address the gap between experimental and theoretical mathematics (Leung, 2008). Two main roles of DGS can be identified in mathematics education (Laborde, 2001; Soury-Lavergne, 2017). It serves as an amplifier, i.e., it is used to facilitate the material aspects of mathematics contents without changing it conceptually, and a generator: it is used to generate new learning situations by creating new types of tasks in which students can explore mathematics contents.

In China, teachers are encouraged to use DGS to help students participate in mathematical inquiry activities because of its powerful functions (Ministry of Education of the People’s Republic of China, 2011). However, its use in schools is not widespread (Gueudet and Trouche, 2011). Therefore, we need adequate strategies to help teachers effectively integrate DGS into teaching and learning mathematics (Niess et al., 2009) to help students think mathematically (Pea, 1987). Existing research shows that the use of technology affects teaching behaviors and teachers need to think about suitable methods for integrating technology into mathematics lessons. Owing to the gap between teachers’ daily practice with DGS and what is envisioned in educational research work (Laborde and Laborde, 2011), researchers have begun to focus on helping teachers use DGS in the classroom (Trgalová and Jahn, 2013) and creating new opportunities for students to learn mathematics (Angeli and Valanides, 2009). Although in China, both education committees and researchers encourage teachers to use DGS in mathematics teaching, there were still fewer studies to make a deep analysis of teachers’ classroom behaviors. So, in this research, we analyze teachers’ behaviors like how they design their teaching activities to make effective use of technology, such as DGS.



3 Understanding teaching behaviors: teacher conception

There is a key postulate in didactical situations: subjects engage in some behaviors to imply their conception of a problem. Initially, “conception” was used to describe the rationale of students’ answers to a problem or question (Confrey, 1990). This is because students’ errors are indications of what they know. Afterwards, Balacheff postulated “conception” is the result of the interactions between learners and the environment (including physical setting, social context, symbolic system, and technological situation; Balacheff, 2010). We cannot cover all the dimensions of the teaching environment to analyze the behaviors of teachers because of the complexity of the social environment. Thus, Balacheff used “milieu” to stand for a subset of an environment that contained the main dimensions related to teaching and learning practices (Balacheff, 2000).

Further, behavior is not only attached to the subject or milieu (Brousseau, 1997; Balacheff, 2000). This means that conception is a property of the interaction between the subject and the milieu. Balacheff, in his research, presented that the conception is a dynamic equilibrium of an action/feedback (interaction) between the subject (i.e., knower: teacher, learner, or any person) and the milieu within a set of constraints (Balacheff and Margolinas, 2005).

Figure 1 shows that the study of a conception is based on the observable behaviors of the system (action and feedback) and the outcomes of its functioning (Balacheff, 2013), and there is an equilibrium between the subject and the milieu, which depends on the subjects’ control of the interaction and the milieu’s reification of failures and successes through adequate feedback (Balacheff, 2013). When this system encounters perturbations, such as new types of problems (Balacheff, 2000), the subject will rearrange his/her actions to return the system to a new safe equilibrium. This process implies that the subject recognizes the perturbation and uses prior experience to adapt to it (Balacheff, 2010). According to this perception, a conception is a cognitive example that is explained in detail through the properties of the milieu and the constraints of the interaction (action/feedback) between the milieu and the subject in a specific situation (Balacheff, 2010), which “control” the subject’s interactions with the milieu (Brousseau, 1997, p. 61). Although the [S↔M] system was first used to describe learners’ conceptions, it can be applied to teaching situations and to describe teachers’ conceptions of different teaching situations based on their behaviors (Figure 2).

[image: Figure 1]

FIGURE 1
 Subject<>Milieu system.


[image: Figure 2]

FIGURE 2
 Teacher conception based on [S↔M] system.


During the interaction process, teachers can choose appropriate actions and strategies for lessons, and the situation provides them with a space for uncertainty in which knowledge can be constructed (Mackrell et al., 2013). It is difficult to describe the entire teaching process in a single study because of the complexity of the behaviors of teachers. Therefore, in this study, we used the subject–milieu system and the notion of conception (Balacheff and Margolinas, 2005) to describe teachers’ behavior related to DGS (Figure 3).

[image: Figure 3]

FIGURE 3
 Teacher<>didactical situation system with technology.


The model proposed here is intended to provide a method for analyzing the conceptions of teachers by describing the teaching behaviors in view of the interaction between the subject and didactical situations. This study aims to explore the didactical situations created by teachers and analyze the teaching actions with DGS, as well as the constraints affecting teaching processes. We aim to help teachers use DGS efficiently in their practice. According to Balacheff, the behavior of subjects depends on their characteristics, such as previous knowledge or competence, and on the characteristics of the environment (Balacheff, 2013). Therefore, in this study, we think the constraints in this model contain two parts: first is outside the teachers, such as the components of information and communication technology (ICT); second is inside the teachers, such as their opinions on ICT. Furthermore, based on Balacheff’s research, we identified the conception of teachers, which included the following dimensions: action (teachers’ behaviors towards a didactic situation), feedback (students’ reactions), and constraints (both inside and outside). From the perspective of teacher conception, this study attempts to answer the following questions:

1 What properties of teacher conception can be identified in mathematics lessons with DGS?

2 How do these properties of teacher conception affect classroom teaching practices?



4 Method

In this study, we mainly focused on the observable elements of teacher conceptions. We designed a combination of approaches to collect data on what teachers know, what they do, and the reasons for their actions (Baxter and Lederman, 1999).

To address RQ1, we pay attention to lesson videos and interview records and analyze how teachers use technology to arrange their didactical processes.

To address RQ2, we pay attention to interview records to further analyze how their opinions about technology affect their teaching behaviors.

In this section, first, we describe the criteria for selecting teachers and their information; thereafter, we present the process and methods we used to collect data, and afterward, we explain our data analysis process.


4.1 Participants

According to the following criteria, we chose four Chinese mathematics teachers to investigate the interaction between teachers and their didactical situation with technology: (1) teachers’ experience, we need both experienced and novice teachers. According to the research recommendations, teachers with extensive teaching experience are crucial to our understanding of how teachers integrate DGS according to their teaching objectives. By analyzing the practices of novice teachers and comparing them with those of experienced teachers, we can understand how teachers use DGS to develop their conceptions in their teaching; (2) Teachers’ willingness to use DGS in their lessons: we want each teacher who participates in our research to be willing to use DGS, regardless of their experiences.

Four mathematics teachers from four secondary schools in Shanghai, China, were selected. Mr. ZH and Mrs. J have rich teaching experience and are honored as “top-level” teachers in each school. In their schools, teachers are encouraged to use DGS to teach mathematics. Mrs. Y is a young teacher who began her teaching career 3 years ago after obtaining a master’s degree in mathematics education. Although she did not know much about using DGS for teaching, she was interested in the research topic. Therefore, we chose her as an example for this study. Mr. W, another young teacher, began his teaching career 3 years before this study. Unlike Mrs. Y, he learned a lot about DGS for teaching at the university. Thus, he had some experience in integrating DGS into mathematics teaching.



4.2 Class observation

In this section, we described the classroom observation process. To answer our research questions, we observed the behaviors and reflections of teachers based on the mathematical activities of students during their teaching process (Miyakawa and Winsløw, 2013). The purposes were to observe the interaction between the teachers and didactic situations with DGS and to infer the teachers’ conceptions of their teaching behaviors. Specifically, we observed the following points to achieve these purposes: the behaviors of the teachers with DGS, the organization and configuration of the lessons, and the questions and feedback constructed by teachers.

All the details of the lessons in this research are presented in Table 1.



TABLE 1 Basic information about the lessons.
[image: Table1]

During class observations, we took field notes, such as incidents that the teacher did not prepare for, and discussed them after the lessons to determine if these incidents affected the teaching process and how the teachers dealt with them. These notes were used to support the following analysis based on the lesson videos.



4.3 Interview

Semi-structured individual interviews were conducted with four Chinese mathematics teachers before and after the lessons. The interview comprised the following parts. In the first part, we discussed the teaching process of the lessons designed by the teachers, the mathematics tasks they prepared for their students, and the teaching resources they would use in their lessons, particularly the diagram of DGS. Second, after each lesson, all of the teachers answered some questions that allowed them to reflect on teaching progress, lesson objectives (whether or not they were achieved), and the role of the DGS in the proposed assignment, curriculum, and sequence of tasks. Third, after collecting all the lesson videos, these teachers attended a final interview about the technology, their format, and how they were organized and used (Sabra, 2011). Furthermore, we discussed the constraints and affordances of the available technology, teachers’ preparation work, the description of what they planned, the description of what happened, and the work done afterward (Bueno-Ravel and Gueudet, 2007). The main methodological element in the final discussion was the provision of teachers with different teaching situations. By confronting the teachers with a new teaching process that differed from their previous experiences, we obtained additional elements about their opinions of teaching actions. For example, in our study, during the interview, we presented teachers with some teaching episodes from other mathematics lessons; in particular, we provided some examples from older teachers to novice teachers. They discussed their opinions about these episodes and what they would do if they encountered similar situations. In such cases, the teachers may experience a surprise that causes them to rethink their teaching methods, going beyond existing rules, facts, theories, and operations. They may respond to these surprises or anomalies by adapting some of their action strategies, theories of phenomena, or ways of framing problems (Schön, 1987).



4.4 Data analysis

For each teacher, the primary unit of analysis was teaching practices, and the embedded subunits were teachers’ opinions on technology and their technology-supported practices in the classroom. The data included classroom interactions, the use of written support materials, lesson videos, and interview audio with teachers. Therefore, for research purposes, we analyzed our data as follows. First, we transcribed all the lesson videos and interview audio into words; thereafter, we characterized and described the means of teachers’ language, symbols, and diagrams; afterwards, we elicited the reasoning rules and the means for representation. Notably, the control structures are generally left implicit in the discourse to make judgments and choices for the validity of the problem-solving process (Balacheff, 2013). We presented an example to explain our data analysis process in the Appendix.




5 Results

In this section, we illustrate the use of the proposed framework to characterize teaching behaviors related to DGS, considering the lessons of the four teachers. These four cases indicated that teachers’ opinions of technology played a crucial role in their teaching processes and impacted how they used technology in classrooms. We aimed to understand the interactions between teachers and didactical situations constructed using DGS and other technological resources.


5.1 Case 1: helping students to use prior knowledge to solve problems

During this study, we observed two lessons from Mr. ZH. The main objective of the lessons was to help students use their previous knowledge to solve complex mathematical problems. Based on this objective, Mr. ZH designed the following problem situations and teaching activities (Table 2).



TABLE 2 General information of ZH’s lesson.
[image: Table2]


5.1.1 Problem situation and activity

In this situation, a square (ABCD) was presented to the students; according to the Figure 4, point P is on side AB and turns around the square. The students were asked to determine the mathematical relation between the area of triangle APD and the length of the moving trajectory of point P.

[image: Figure 4]

FIGURE 4
 Integration of the DGS in Mr. ZH’s lesson.


In this lesson, Mr. ZH constructed a didactic situation using a computer, smartphone, and iPad (external constraints). At first, he let all the students solve this problem with paper and pencil and then discuss their answers using this technology. Thereafter, one of the students was asked to explain her findings to the class. We sketched his usage of the DGS, which could be expected in these activities, to frame the analysis of Mr. ZH’s interaction with the didactical situation.



5.1.2 Actions

DGS was not used when students solved the problem; however, it was used when Mr. ZH needed to explain why students’ answers were correct or not. Students could view the diagram and imagine how the figure changed based on the task situation. Further, he used other technological tools, such as smartphones, to upload students’ answers to the screen to encourage others to discuss and evaluate the answers.

Mr. ZH believed that DGS and other technological tools could support his teaching process and make lessons more effective for students (internal constraint 1). More importantly, the technology was the only teaching tool. They cannot be the center of the class (internal constraint 2). These internal constraints affected Mr. ZH’s teaching activities and played an essential role in his use of the DGS. Noticing this, we can understand why the technology is controlled by Mr. ZH and not by his students.

Furthermore, we noticed one of the external constraints which affected Mr. ZH’s teaching behavior: whether students’ answers were correct or not. As mentioned above, Mr. ZH did not allow students to manipulate the DGS and he did not use the DGS when the students discussed or solved problems. Mr. ZH chose to operate the software to show the correct answer or explain the problems only if the students gave an incorrect answer or could not provide a clear explanation (Figure 4).

Mr. ZH’s conception can be identified by examining these actions with the DGS and the above internal and external constraints. Mr. ZH’s conception of technology functioned in two important ways.

First, he could identify the advantages of each technological tool and design suitable uses for the technology, such as using smartphones to upload students’ work and project it onto the screen and using the dragging feature of the DGS to change the geometry figures. From these lessons, his integration shows only the amplifier function of the technology (Pea, 1987) which is mainly for presenting mathematics content without changing students’ learning process. Using the technology, he focused on how effectively and quickly the learning process was executed without any change in the tasks. Thus, technological tools can be used to present many more activities during teaching without changing teaching strategies.

Second, because of the different resources he could use, Mr. ZH designed more whole-class discussions based on the diagram shown through the software to let students participate in the lesson; further, he let students be the explainers during the teaching by answering some questions. Furthermore, Mr. ZH’s extensive teaching experience with technology, gained through more than 20 years of mathematics teaching, has enabled him to develop, experiment with, and evaluate ways of using technology for mathematics learning objectives. However, his attempts to use these technological resources merely replaced traditional teaching practices and did not change the students’ task-solving situation in the lessons (he only let students solve tasks with paper and pencil).




5.2 Case 2: helping students to use knowledge of function to solve problems

The next example is from the lessons of another experienced mathematics teacher. Mrs. J designed the following situation (Table 3) to help the students use their knowledge of functions to solve mathematical tasks.



TABLE 3 General information of J’s lesson.
[image: Table3]


5.2.1 Problem situation and activity

As the following figure shows, there is a sector ([image: image]), [image: image], point [image: image] is on the line[image: image], point [image: image] is the midpoint of [image: image], [image: image], and points [image: image] are on the same line (Figure 5).

[image: Figure 5]

FIGURE 5
 The problem situation in Mrs. J’s lesson.


Question 1: if arc[image: image] = arc [image: image], what is the length of [image: image]?

Question 2: if point [image: image] is on arc [image: image], [image: image], and [image: image], find the function between [image: image] and [image: image] and find the range of [image: image].

Question 3: if the midpoint of [image: image] is [image: image], the intersection point of ray[image: image] and [image: image] is [image: image]; if [image: image], find the cotangent of angle[image: image].



5.2.2 Actions

During the lesson, Mrs. J used varieties of technology, such as the iPad (external constraint), to design the following activity: Mrs. J asked students to discuss the following questions with each other: how to construct correct diagrams according to the problem. During this activity, two main actions involving DGS and other technological tools were identified.

She asked two students to tell her how to construct diagrams based on task situations, and she operated the DGS according to these students’ guidance.

She gave her iPad to some students and let them explain how the diagram changed based on the task.

Compared to Mr. ZH, Mrs. J thought these technologies could make her lessons more effective and help her students explore mathematics knowledge (internal constraint 1). She believed that both teachers and students could operate technology in mathematics lessons (internal constraint 2). These constraints affected her use of the DGS and other technology during her lessons. In detail, she attempted to let students tell her about the procedure for constructing a diagram with software, and she manipulated the iPad according to the guidance. This is a promotion of Chinese lessons and a good technique to allow students to interact with technology without operating a computer. Mrs. J took a step further and allowed students to manipulate the DGS through the iPad to construct geometrical diagrams (Figure 6) and explain their construction with DGS. This implied that Mrs. J noticed the simultaneity between the students’ actions and feedback from the DGS (Sinclair et al., 2016), which can help students learn mathematics by changing their learning situation. In China, it is uncommon for teachers to allow students to operate software during mathematics lessons because there is only one computer in the classroom (external constraint). Therefore, we believe that Mrs. J can be seen as a forerunner in allowing students to operate technological tools.

[image: Figure 6]

FIGURE 6
 One student (left side) operates an iPad in Mrs. J’s lesson.


In Mrs. J’s lessons, not the teacher but the students became the center of the lessons. At that moment, the teacher was a supporter helping students make correct explanations. Mrs. J gives her students sufficient time to speak and never interrupts them. Thus, the students in these lessons did not play a passive role in the teaching.

We can identify Mrs. J’s conception by examining the constraints and actions with the DGS. In her lessons, Mrs. J’s conception of technology shows that she knows that students can use technology while teaching to make them more active in learning mathematics. Additionally, she can use technology to change students’ learning environment, which pushes them to transform their traditional learning strategies using paper and pencils into new situations with technologies. These technological resources helped Mrs. J create a more student-centered learning situation. We can assume that these lesson examples can help other teachers think about how to organize the teaching process in traditional classrooms to allow students to interact directly with technology. In this learning situation, technology is used to enable students to develop deep insights into a particular subject. Using the DGS, Mrs. J tried to help students understand the structures of the mathematics content and establish internal connections between these structures.




5.3 Case 3: learning congruent triangles

Mrs. Y did not have much experience in using technology in mathematics lessons before this research. In the lesson, we observed that she designed the following construction tasks to help students learn a theorem regarding congruent triangles. Mrs. Y did not use many technological tools in her lessons, which implied that she did not always teach with new technology. As she stated in the interview, the software is new to me. I have not learned anything about DGS before. To make her lessons more effective, she designed the following problems and activities (Table 4).



TABLE 4 General information of Y’s lesson.
[image: Table4]


5.3.1 Problem situations and activities

1: Use DGS to construct a new triangle, which is congruent with the given triangle: [image: image], in which [image: image], [image: image], [image: image].

2: Use DGS to construct a new triangle, which is congruent with the given triangle: [image: image], in which [image: image], [image: image], [image: image].



5.3.2 Actions

During the lesson, two main actions with DGS were identified.

In the first problem situation, Mrs. Y used the DGS herself and let her students look at how she constructed a triangle with it and prepare for the next problem (Figure 7).

[image: Figure 7]

FIGURE 7
 Integration of the DGS in Mrs. Y’s first lesson.


For problem 2, after solving the first problem, Mrs. Y asked one student to construct another triangle using a computer (Figure 8).

[image: Figure 8]

FIGURE 8
 Integration of the DGS in Mrs. Y’s second lesson.


Mrs. Y believed technology can make students more active in the lessons and make them understand mathematics more clearly. Further, it helps students learn more skills in some aspects. For example, how to design projects. Furthermore, students can develop their skills through technology for a long time (internal constraint 1). Under this constraint, Mrs. Y began to think about how to let her students manipulate the DGS during the lessons. She did not make her students operate computers at the very beginning of the lessons because her students did not have much experience learning with the DGS (external constraint). Thus, she designed the first activity to help students prepare for using the DGS. After that she let one of the students construct another triangle with the DGS. During that time, Mrs. Y did not interrupt the students, except when they had some difficulties. This is because Mrs. Y believed students can benefit from making mistakes with the help of the DGS and the students need to find their mistakes (internal constraint 2). This also controls Mrs. Y’s design of teaching activities, i.e., letting students directly interact with technologies.

By looking at constraints and actions with the DGS, Mrs. Y’s conception of technology functioned in the ways that she wanted to try new teaching strategies, even with resources she never used. As discussed above, Mrs. Y used different strategies to use the DGS in lessons, in contrast to many other Chinese teachers. This difference implied that Mrs. Y gave her students more opportunities to explore mathematics knowledge. Mrs. Y is a pioneer in creating a new strategy to allow students to operate the software. Like Mrs. J, Mrs. Y uses this kind of technology integration to help her students gain a deep understanding of mathematical content using technological tools.




5.4 Case 4: learning isosceles triangles

Mr. W, another young teacher, learned a lot about how to use DGS at the university, and before the research, he used DGS several times. In this lesson, he designed the following task to help students learn the theorem of an isosceles triangle. Additionally, because of the limitations of the classroom setting, Mr. W did not use too many technological tools, except the computer. He believes that students cannot rely on technological tools to solve problems (internal constraint 1). Therefore, he controlled the use of the DGS for most of his class time. He designed the following teaching activities (Table 5).



TABLE 5 General information of W’s lesson.
[image: Table5]


5.4.1 Problem situations and activities

1. In the following picture, we know [image: image] and [image: image]

Question 1: How much is [image: image]?

Question 2: How much is [image: image]?[image: inline1]

2. In the following picture, we know [image: image] and [image: image], segment [image: image] is the midline of triangle [image: image]

Question 1: How much are [image: image] and [image: image]?

Question 2: Is [image: image] perpendicular to [image: image] and why? [image: inline1]

In these activities, Mr. W used the DGS mainly in the following way.



5.4.2 Actions

Initially, he used the DGS to project problems on the screen. Students were asked several questions. During this time, he did not interact with the DGS or any other technology (Figure 9).

[image: Figure 9]

FIGURE 9
 Integration of the DGS in Mr. W’s lesson.


Mr. W is the only teacher in this study who never uses technology to present dynamic diagrams, although he noticed that technology is suitable for diagrams to let students know geometry priorities. He said this kind of usage of the DGS is low-risk (internal constraint 2). By designing the lesson in this way, Mr. W could control the lesson to make it continue as he wanted. His students had no time to interact with the software in the lesson. They faced the same learning situation as they did in the general classroom. Thus, they did not change their learning activities too much to deal with new situations with technology.

By looking at constraints and actions with the DGS, we noticed that his conception of technology showed that he used technological resources more traditionally and did not pay attention to using too many functions of the DGS. He prepared all the contents on the slides before the lessons, including the tasks and answers. During the lessons, he presented the slides stepwise to the students. As in Mrs. Y’s classroom, there was only one computer. This is also an important constraint that may affect Mr. W’s use of the DGS. We found that Mr. W and Mrs. Y used different strategies to deal with the same constraints. Mrs. Y tried to design new activities to make students explore knowledge with the help of the DGS, whereas Mr. W still used traditional methods to teach his lessons and saw the DGS as less important in learning mathematics. Technology is mainly for saving teaching time and allowing him to talk about more content. Thus, he could use this time to allow the students to perform more exercises. However, he knows that technology is suitable for presenting the dynamic process of geometry objects using the dragging mode. Mr. W’s integration of technology reflects a problem in which mathematics teachers only write on the board through projections during their teaching. In this case, the teacher uses technology to replace traditional classroom resources. In this type of activity, which can also be carried out without technology, there are no changes in the learning activities of the students.





6 Conclusion

As discussed above, teacher conception is related to the interaction between teachers and didactical situations with technology. In this kind of didactical situation, technology, such as DGS, can help teachers think about new forms of practice, and teachers need to adapt to these new tools rather than absorb them (Olive and Makar, 2010). Researchers believe that teachers’ adaptation to instructional practices is a process of assimilation and adaptation due to changes in their ways of thinking (Niess, 2005). In China, it has been argued that the use of the DGS changes the teacher’s opinions on teaching (Hu, 2005). This indicates that the teachers may need to change their roles in the classroom from leaders to learning supporters. They need to recognize that students can design their learning processes and our teachers need to give them more opportunities to explore mathematics. Therefore, teachers need to rethink how to use the DGS. In this study, patterns related to teacher conceptions and technology-integrated pedagogy were identified.


6.1 Technological resources function as supporting tools

Although in some of the lessons in this study, students had opportunities to operate technology, most of the time, it was the teacher who controlled all the technology during the didactical process. The analysis of the class observations in this study showed that teachers used technology more to present their content. One of the novice teachers in this study showed more of this kind of use of technology in their lessons. During the interview, some teachers explained the reasons. First, if teachers use technology for too long or let students operate the computer, they are worried that they cannot control what happens in the classroom (Mr. W and Mrs. J). The second is the examination, which plays a critical role in China. During the examination, the students could not use technology to solve the task (Mr. ZH). These opinions reflect that Chinese teachers accept technology as useful tools and are easy to use in teaching and learning (Wang et al., 2023), but many different factors will affect their way to integrate technology into their lessons.

These Chinese lessons also reflect a mismatch between educational researchers’ vision of using technology in teaching and the real practitioners’ integration of these technological tools (Culp et al., 2005). Researchers hope that teachers can use technology to support inquiries, collaborations, and reformed practices. The National Council of Teachers of Mathematics (National Council of Teachers of Mathematics (NCTM), 2000) states that technologies like calculators and computers are essential for teaching, learning, and doing mathematics in school. For example, students can obtain visual images of mathematics to organize and analyze data or efficiently and accurately compute using various technological tools. Further, students can pay more attention to making decisions, reflecting, and solving problems. However, teachers tend to focus on using them as presentation and management tools to enhance existing practices (Harris et al., 2009) like what many Chinese teachers do in their lessons. We suggested teachers need to take part in some professional development programs to improve their understanding of teaching with technology like DGS.



6.2 Teacher’s authority when using the dynamic geometry software

Our study shows that the use of technology does not redefine the classroom but integrates it into current practices (Olive and Makar, 2010). These teachers integrate technological resources into mathematics teaching in similar ways, such as by creating electronic worksheets or structured lessons rather than by reorganizing their teaching processes. They see technological resources as supporters and should be controlled by teachers and prefer to use more teacher-centered ways to prepare for lessons, prepare administrative documents, and change the environment in their courses (Palak and Walls, 2009), except Mrs. J and Y. This use of technology only changed the physical classroom environment without leading to any changes in the learning and teaching routines. In these teachings, technological resources are assimilated into current practices (Olive and Makar, 2010). The software is mostly employed to provide teaching support rather than initiate curriculum reform (Ruthven, 2017). This is because most Chinese teachers believe that technology needs to be used after students master mathematical concepts and can solve problems using paper and pencil (Kastberg and Leatham, 2005). This indicates that teaching approaches always reflect whether or not students are given access to technology and are connected with teachers’ opinions of the role technology plays in the learning process (Doerr and Zangor, 2000; Leatham, 2002, 2007).

These Chinese lessons also show the teachers’ views on the roles of memorization and practice in learning mathematics. This can be traced back to the original philosophical frameworks raised by Confucius (Cai and Wang, 2010). For Confucius, knowledge should be acquired by learning from an authority, such as a teacher, rather than being generated by the learners. Thus, in teaching and learning, Chinese tradition emphasizes teachers’ authority and students’ hard work during lessons (Tweed, 2000). This can explain why the teachers in this study (Mr. W) organize students’ work in the ways that they can memorize what teachers do to use mathematical facts, theories, formulas, algorithms, procedures, and technology to solve tasks without paying attention to why or when it makes sense to do so. Students who follow teachers’ activities may not understand the purpose, and such teacher-dominated actions may not help students employ their methods to overcome difficulties (Assude, 2007; Erfjord, 2011). In these lessons, “Doing mathematics means following rules laid down by the teacher; knowing mathematics means remembering and applying the correct rule when the teacher asks a question, and mathematical truth is determined when the answer is ratified by the teacher.” (Lampert, 1990, p. 31). We think teachers need to make affective scaffolding (AS) to improve students’ classroom involvement (Pan et al., 2023) and pay attention to supporting students’ exploring with the help of technology.



6.3 Innovations for generating learning situation

However, we also found that Mrs. Y and Mrs. J tried to allow students to interact directly with technological resources such as DGS during their teaching process. In their lessons, a key change in students’ mathematics practice caused by using the DGS is the locus of control in a task. These students can interact with the computer and control their learning process, and they can also explore the software under the situation that the teachers have prepared before the lessons or can design their studies using the software (Alper Ardıç and İşleyen, 2017). In the exploration process, technology can often promote student engagement and help students make decisions. Thus, we can say the DGS in these lessons served as a generator of new learning situations (Laborde, 2001; Soury-Lavergne, 2017).

In these lessons, DGS was used to focus on continuous change rather than as an effective means of generating multiple static figures (Ruthven, 2017). Based on these teaching processes, technology changes how teachers teach mathematics by allowing students to focus on a deep conceptual understanding through decision-making, such as the tools they need to choose with the DGS to construct the same triangles in Mrs. Y’s lesson. Such an environment allows students to explore core mathematical concepts that are both tangible and interactive. Further, it can bridge the gap between concrete and abstract mathematics (Leung, 2008; Guerrero, 2010). Similarly, in Mrs. J’s lesson, students used handheld devices, such as an iPad, to explore how geometry diagrams change and gain a deep understanding of mathematical concepts. Thus, students can facilitate their learning and make their inferences using technology (Alper Ardıç and İşleyen, 2017). Further, teachers are suggested to change their classroom routines and help students achieve deep comprehension through their efforts (Alper Ardıç and İşleyen, 2017).



6.4 Discussion and limitation

The Chinese teachers in this research admit that classroom teaching needs to be flexible and they should not just read their lesson plans; however, their lessons are often constrained by the required content coverage, rapid teaching pace, and large class size (Cai and Wang, 2010). This makes them rethink whether or not they can let students directly interact with the technology during the lesson. Further, effective teaching is viewed as a teacher guide with a coherent structure. Thus, the lessons could not move away from the teacher-centered direct instruction method (Alper Ardıç and İşleyen, 2017).

The conclusions of our study may not be generalizable to other situations. However, our study revealed some characteristics of the selected teachers in China. Therefore, further studies are required. For example, whether students from different grades and the mathematics contents they need to learn may affect teachers’ behaviors in the classroom. Moreover, because of the complexity of teacher conception in teaching practices, we chose to model teacher conception by examining some aspects of teachers’ behaviors. Therefore, in future research, we can extend this study to other aspects of teacher practice using the same approach to analyze teacher’s conceptions in more detail.
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