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Abstract

:

The professional development of experienced teachers has received considerably less attention than that of novice teachers. This study focuses on four experienced secondary mathematics teachers in Shanghai, China, with two participating in a year-long professional development program (treatment teachers) and the other two received conventional knowledge-based professional development (comparison teachers). The program introduced productive classroom talk skills which can facilitate teachers’ formative assessment of student learning during class. To encourage teachers to reflect on their classroom discourse when reviewing recordings of their teaching, we used visual learning analytics with the treatment teachers and theorized the use of this technology with activity theory. After completing the program, the treatment teachers were better able to use productive talk moves to elicit student responses and to provide timely formative feedback accordingly. Specifically, the percentage of word contributions in lessons from students and the length of their responses increased noticeably. Qualitative findings suggest that the use of visual learning analytics mediated the treatment teachers and improved classroom discourse. Based on these findings and activity theory, we provide recommendations for future use of visual learning analytics to improve teachers’ classroom talk and designing professional development activities for experienced teachers.
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1. Introduction


Experienced teachers are every school’s important resource. They know the curriculum and are experienced in classroom management. However, Doan and Peters [1] observed that some teachers may stop searching for opportunities to improve their teaching as they gain experience. To address a decline of interest in innovative teaching, the researchers believed that teachers should learn new skills via professional development programs. Even so, the professional development of experienced teachers has received relatively less attention than that of novice teachers [2].



This study focuses on experienced mathematics teachers who participated in a professional development project on classroom talk in Shanghai, China. Giving teachers new insights into classroom talk is important. With effective classroom talk, teachers can elicit student responses which provide information for teachers to assess students’ current level of learning and modify their instructions accordingly [3,4]. This kind of assessment is formative because student responses are used as evidence “to make decisions about the next steps in instruction that are likely to be better, or better founded, than the decisions they would have taken in the absence of the evidence that was elicited” [5] (p. 9). With student voices, teachers can better support their learning during class.



Although documenting dialog in the classroom is useful for teachers to reflect on their classroom talk, it is difficult to do without using classroom recording technology to capture the richness and complexity of classroom activities. Thus, the use of videos to support teacher professional development has been increasingly popular (e.g., [6,7,8,9]). For example, Watters et al. [9] used classroom videos of an experienced mathematics teacher as a resource for pre-service teacher development. Based on video recordings of real lessons, the participants were able to discuss classroom practices meaningfully and engage in productive conversations.



Nevertheless, the complexity and richness of data in classroom videos can be overwhelming [10]. Teachers watching classroom videos may thus experience cognitive overload or exhaustion, which hinders them from noticing relevant events for reflection [11]. A possible solution to this problem is to incorporate visual learning analytics into video-viewing activities, which highlights human reasoning and judgement in using analytics and visualization to understand educational problems [12,13]. However, few studies have explored and theorized the application of visual learning analytics in teacher professional development settings [14]. Moreover, the effect of in-service teacher training on student learning is still unexplored [15,16]. Further research is required to (1) test and theorize the use of visual learning analytics in teacher professional development and (2) evaluate the effect of this analytics-supported program on student learning. This study, therefore, aims to address the following research questions (RQ1 to RQ3):




	
How does the use of visual learning analytics in professional development influence experienced mathematics teachers’ classroom talk?



	
What are the teachers’ perceptions of the program?



	
How does the program influence students’ mathematics achievement?









2. Conceptual Framework


The framework for our professional development program is developed in three stages to ensure the program is practical with relevant techniques and technologies [17]. First, we leverage the research in relation to formative assessment and effective classroom talk to establish the content of the program. Second, we use recent visual learning analytics technology to support the teachers’ reflections on classroom discourse when reviewing their lesson videos. Third, we theorize the use of visual learning analytics with activity theory.



2.1. Formative Assessment and Classroom Talk


Formative assessment is vitally important to student learning, and the benefits are associated with teacher feedback [3,5,18,19,20,21]. Haug and Ødegaard [21] thus emphasize teachers’ sensitivity to student responses which uncover their thoughts and ideas. However, teacher-dominated classrooms are common in China, based as they are on a Confucian culture in which students often expect teachers to “spoon-feed” knowledge to them and seldom speak up [22]. Without student voices, teachers’ formative assessment is hardly possible inside the classroom.



Michaels et al. [23] and Resnick et al. [24] established a framework of productive talk for classroom teaching based on their 15 years of experience working with frontline teachers. They proposed a system of academically productive talk moves to elicit student responses. These talk moves can be classified into teacher-to-student and teacher-to-class productive talk moves, as presented in Figure 1. Teacher-to-student talk moves involve dialog between the teacher and student. For example, in “press for reasoning” Garcia-Mila et al. [25] encouraged their teacher participants to scaffold a student to further explain his/her answer. In teacher-to-class talk moves, the teacher would involve other students in the dialog, prompting them to explain the student’s ideas and reasoning. The teacher can thus identify the students’ correctness or correct any mistakes in their responses [26].




2.2. Video Viewing and Visual Learning Analytics in Professional Development


At this point, we have established the professional development content (i.e., productive classroom talk). How, then, can we support teacher learning and reflections on their classroom practice? Video viewing is one possible way [11,15,27], and studies show that video viewing in professional development can improve teacher cognition and classroom practice [9,11]. Using video recordings, teachers can watch their classroom teaching repeatedly, if necessary, and according to their needs. According to Gröschner et al. [27], video-based reflection can further increase their self-efficacy and facilitate instructional changes. However, the use of classroom videos in professional development does not guarantee success. Gaudin and Chaliès [11] caution that because abundant data in classroom videos can be overwhelming, teachers often get sidetracked and fail to identify relevant information for reflection.



As Martín-García et al. [28] suggested, visual techniques can facilitate reflective learning. Thanks to technological advances, visual analytics— “the science of analytical reasoning facilitated by interactive visual interfaces” [29] (p. 10)—can help provide insights into complex data. According to Vieira et al. [13], the use of visual analytics has become increasingly common in education. Although the researchers coined the phrase visual learning analytics in their review of learning and visual analytics research, they lamented that “little work has been done to bring visual learning analytics tools into classroom settings” (p. 119). Further research is therefore needed.



For this reason, we developed a visual learning analytics tool, the classroom discourse analyzer, to facilitate teachers’ reflections on classroom talk (see Appendix A for an interface; [12,30]). The analyzer can automatically visualize low-inference discourse information (e.g., distributions of words, turns, and turn-taking patterns) from transcriptions of classroom video-recordings, while human coding is needed for the analyzer to represent high-inference discourse information such as the types of talk moves shown in Figure 1. The analyzer visualizes classroom talk using (1) timelines of the teacher and each student and (2) bubbles of various sizes to represent the number of words in a talk turn. Graphs present information on classroom talk (e.g., speaker statistics, turn-taking patterns, and distribution of each productive talk move), and teachers can click on the graphs to navigate and view details in the corresponding video segments and/or transcripts. Visual representations, transcripts and video footage are synchronized, providing multiple resources for supporting teacher reflections and discussion. The use of the classroom discourse analyzer follows the principles of multiple views in information visualization [31] and the visual information seeking mantra—“Overview first, zoom and filter, then details-on-demand” [32] (p. 366), which are consistent with human information processing rules, such as focusing from general to specific.




2.3. Theorizing the Use of Visual Learning Analytics with Activity Theory


The use of visual learning analytics is theorized with activity theory. This theory focuses on the link between a human agent and social structure [33] and can be drawn to theorize the use of digital technology [14]. From the perspective of activity theory, human cognition can be restructured using language and artefacts instead of a stimulus-response process described by behaviorists [34]. In fact, activity theorists view every individual as an active agent situated in an activity system of six elements: (a) subject, (b) object, (c) tool, (d) community, (e) rules, and (f) division of labor. In Figure 2, a pictorial representation of activity theory shows how these elements interact with each other, forming four sub-triangles (triangles 1 to 4), each of which represents a sub-system of mediation [14,33]:




	
Triangle 1 (Vygotsky’s mediated-action model): a human agent pursuing an object is mediated by tools;



	
Triangle 2: the human agent entering a community to pursue the object is facilitated by coordinated action and communication;



	
Triangle 3: a set of rules mediates between the human agent and community; and



	
Triangle 4: division of labor (or roles) mediates between the community and object.








Recently, Blayone [14] theorized the uses of digital technology with activity theory. Leveraging his theoretical work, we show in Figure 2 the framework of the analytics-supported professional development program. In the program for mathematics teachers (a: subject), the object (b) was the teacher’s classroom discourse. In Triangle 1, the classroom discourse analyzer (c: tool) served as a mediator for teachers to improve their classroom discourse (outcome). In Triangle 2, teachers formed a learning community (d) in which they discussed in groups and reflected on the visual learning analytics of their classroom videos. To facilitate peer interactions, we provided teachers with guidelines (e: rules) on the effective use of visual learning analytics as evidence of discussion and reflection. When reviewing the videos, the teachers were encouraged to discuss and seek improvement on two levels: (1) the overall learning analytics of classroom discourse, such as the use of productive talk moves and the word contributions of students, and (2) the quality of each teacher’s talk turn. To increase the efficiency of the discussion process, teachers worked collaboratively (f: division of labor) to monitor the various aspects when reviewing their classroom videos. Grounded in activity theory, the coherence of the overall activity system was increased. The use of visual learning analytics thus became a structured approach to teacher professional development.





3. Method


3.1. Research Context and Participants


This study was conducted over a year-long professional development project for mathematics teachers in Shanghai. We recruited teachers from 16 local secondary schools. More than 50 teachers were randomly assigned to the treatment group (attended video-based workshops) and the comparison group (attended conventional knowledge-based workshops). Their students were also involved in the study. Informed consent was obtained from participants involved. The study was authenticated by the Human Research Ethics Committee of The University of Hong Kong.



From each group, we randomly selected two teachers who had taught for 10 years or more to participate in this in-depth study. Table 1 shows that the teachers were similar in background. At the start of the program, their classes were Junior Secondary 2. At the end of the program, the students became Junior Secondary 3. The pre-test results suggest that, in the two groups, the students’ initial mathematics ability levels were equivalent, providing common ground for further comparison after the intervention.




3.2. Procedure and Professional Development Program


All teacher participants attended the first knowledge-based workshop (about two hours) with an introduction to academically productive talk in the classroom [23,24]. The treatment group then attended five 2-h video-based workshops held every 1 to 2 months over the year. In the first two workshops, we introduced the eight types of productive talk moves (see Figure 1) of Michaels et al. [23] and Resnick et al. [24]. In the subsequent three workshops, we strengthened the teachers’ classroom talk knowledge and skills and focused on the integrated use of different productive talk moves. Before each workshop, the treatment teachers handed in videos of their classroom teaching, which were loaded into the classroom discourse analyzer [12,30] for reflection in the workshop.



The professional development activities of each video-based workshop were similar. Within the theoretical framework of the analytics-supported professional development program (Figure 2), teachers in the treatment group first evaluated their own classroom practices with a focus on classroom discourse. They then reviewed their classroom videos in groups. Based on the visual learning analytics of their classroom videos, they discussed and reflected collaboratively on their classroom practice and were able to navigate the various learning analytics data of a classroom lesson, including visualizations of the teacher’s and student’s words and turns, as well as the teacher’s use of the eight types of productive talk moves (see Figure 1). Supported by visual learning analytics, teachers could also identify meaningful segments and review the corresponding transcripts and videos for in-depth discussions. These analytics were used to identify areas for improvement. Toward the end of each workshop, we engaged teachers in a whole-class discussion during which we shared a few appropriate examples and highlighted common problems to be addressed in future practice.



For the comparison group, teachers handed in their videos to the research team concurrently with the treatment group’s schedule, but instead of participating in the video-based workshops, they attended two 2-h conventional knowledge-based workshops (at the end of semesters 1 and 2, respectively) in addition to the introductory workshop. In those workshops, offered every 6 months, teachers learned the knowledge and skills of classroom talk through lectures. Group discussions and teacher reflections were major activities.




3.3. Data Collection and Analysis


Data were collected from four major sources: (1) classroom videos, (2) teacher reflections, (3) teacher interviews, and (4) student tests. First, we recorded on video the lessons of the four teacher participants. To examine the changes in classroom discourse, we compared their classroom videos at the start, middle and toward the end of the program. In total, 12 classroom videos of about 40 min each (i.e., the duration of a lesson) were analyzed in the study. No constraints were imposed on their lesson objectives or topics. However, we asked the teacher participants to videotape the lessons in which they taught new mathematics knowledge (instead of, for example, exam review) to make sure that the lessons and dialogic practices were comparable in our analysis. The research team transcribed the videos and coded the classroom discourse into the eight types of academically productive talk moves [23,24], as presented in Figure 1. Table 2 shows a discourse excerpt of Tiffany’s lesson for an illustration. A total of about 88,000 words and 2400 talk turns were contributed by the teachers and their students and were transcribed and analyzed. Transcripts were double coded by two team members. To ensure the quality of coding, all transcripts and identified productive talk moves were reviewed and evaluated by a mathematics teacher (13 years of teaching experience) and an expert on productive classroom talk in the research team. Any disagreements in coding were resolved through discussion until consensus was achieved.



For each classroom video, we analyzed the following three aspects as indicators of instructional change. First, we considered the number of productive talk moves that the teachers used. This number indicated their mastery of the talk moves and their awareness of using them to elicit student responses. The quality of each talk move was assessed by the researchers and the mathematics teacher. Talk moves with low quality (e.g., irrelevant to the discussion) were excluded. Second, we considered the percentage of the students’ word contributions in the lessons. Tracking the change in this percentage helped monitor whether the teacher participants could, after the program, elicit more student responses. Third, we considered the average number of students’ words per turn. The length of their responses indicated whether they could elaborate on their ideas in detail, providing more information for teachers to formatively assess their learning. The influence of our program could thus be determined by comparing these statistics across the videos of different teachers recorded at different times.



Teacher reflection data were collected at the end of each workshop using a written reflection form, and teacher interviews were conducted at the end of the program. The purpose of the teacher reflection activities and interviews was to understand the teacher’s perceptions of the content (i.e., classroom talk) and the use of visual learning analytics in the program. Guiding questions on the reflection form included “How did I and my students perform in my lesson?” and “In what ways can I improve my classroom instruction and talk?” For the teacher interviews, examples of questions were “What kind of talk moves could help achieve your teaching objectives? (Probe for reasons and examples)” and “Did you change your classroom instruction based on the visual learning analytics of your classroom videos? (Probe for reasons and examples).” The reflection and interview data were transcribed into Chinese and then thematically analyzed and organized into categories [35]. Some data were translated into English for reporting purposes. To establish coding reliability, interview data were double coded by the two authors. Any disagreements were resolved through discussion until consensus was achieved. To enhance validity, member checking asked participants to read and confirm the accuracy of their interview transcriptions, which can eliminate misunderstandings and misinterpretations of the interview data [36]. In addition, interview findings were reported in direct quotations [37].



Tests were used to evaluate the students’ mathematics achievement. Before the start of the program, a pre-test assessed the students’ initial equivalence in the treatment and comparison groups. A post-test compared their mathematics achievement at the end of the program. The pre- and post-test lasted for 40 min each and were similar in scope and level of difficulty. To ensure validity and reliability, the design of the test papers was based on Trends in International Mathematics and Science Study (TIMSS) and were graded by experienced mathematics teachers. The total score of each test was 47 and covered three cognitive domains: knowing, applying, and reasoning. As Mullis and Martin [38] explained, these three domains basically cover the appropriate range of cognitive skills across the content domains of mathematics, such as algebra and geometry. Figure 3 shows a sample question, as adopted from TIMSS [39], in each of the three domains. The procedure of data analysis followed guidelines by López et al. [40]. According to the Kolmogorov–Smirnov test, there was a significant deviation from normality of the two research groups in the pre- and post-test scores. Therefore, a non-parametric test, the Mann–Whitney U test, was run to analyze the student test data [41]. Specifically, the overall scores as well as the scores in each cognitive domain were compared between the treatment and comparison groups.





4. Results


4.1. RQ1: How Does the Use of Visual Learning Analytics in Professional Development Influence Experienced Mathematics Teachers’ Classroom Talk?


After the program, we observed differences in the classroom practices of the treatment group (i.e., Tiffany and Tana) and the comparison group (i.e., Cherry and Chloe). Figure 4 shows the visual learning analytics of classroom videos of the four teacher participants toward the end of the program. The horizontal axis represents a lesson’s turn number and, on the vertical axis, each timeline represents a speaker. The students of the two treatment groups provided more responses (i.e., more bubbles in student timelines) than those of the comparison group (i.e., fewer bubbles in student timelines). More quantitative evidence is presented as follows.



Figure 5 shows the number of talk moves of Michaels et al. [23] and Resnick et al. [24] by the four teachers over time. The treatment group showed an increasing trend. Specifically, Tiffany’s number increased from 17 to 31 and 67, while Tana’s increased gradually from seven to 22 and 38. Toward the end of the program, Tana’s (N = 67) use of productive talk moves were more than double Cherry’s (N = 19) and Chloe’s (N = 30). Although Tiffany (N = 38) used these talk moves slightly more than the comparison group, her improvement is worth noting because she used just seven productive talk moves at the start of the program.



Table 3 shows the distributions of teachers’ productive talk moves in lessons over time. For both groups, teachers often used “say more” and “add on” to elicit responses from students. Figure 6 shows a discourse excerpt of these two talk moves from the classroom discourse analyzer. The teacher was able to confirm the student’s correct answer (i.e., “The graphs of y = x and y = 3x”) and further the discussion. Except for “add on,” the appearance of other teacher-to-class talk moves (i.e., “restate,” “agree/disagree” and “explain other”) was rare.



As Figure 7 shows, the percentages of students’ word contributions in the lessons were low in both groups at the start of the program and ranged from 7.3% to 17.4%. Starting from the middle of the program, the percentages of student responses in the treatment group increased by about 15% to nearly 30%. This level of word contribution was sustained toward the end of the program, in contrast to 22.6% (Chloe) and 12.8% (Cherry) in the comparison group.



As Figure 8 shows, the average number of words per turn by students was less than 15 for both groups at the start of the program. Beginning from the middle of the program, the average number of words per turn increased to around 20 in the treatment group but did not improve substantially in the comparison group over time. When the student provided longer responses, more information was available for teachers to formatively assess student learning during class.




4.2. RQ2: What Are the Teachers’ Perceptions of the Program?


The teachers’ perceptions were reported in three main aspects: (1) the use of visual learning analytics, (2) the changes in their teaching styles, and (3) the use of formative assessment.



Generally, the teacher participants positively perceived the analytics-supported professional development program. Based on their reflections and interview data, two principal benefits of using visual learning analytics were identified. First, the analytics increased the teachers’ understanding of their classroom instruction, such as their word choice and types of productive talk moves they used. For example, according to Tana, “There are exact words and question types in the classroom videos (as shown in the classroom discourse analyzer). These can increase our understanding of our concepts and classroom instruction” (reflection in Workshop 3) and “enhance our knowledge and skills of questioning” (reflection in Workshop 5). Second, the analytics supported teacher reflections and helped improve classroom instruction, especially formative feedback. Tiffany highlighted a few aspects: “In addition to the number of students’ word contributions, I should pay attention to the quality of my instruction, my immediate follow-up responses, my guidance, and my probes into deeper thinking” (reflection in Workshop 2) and “the wording of talk moves, such as add on and agree/disagree” (reflection in Workshop 4).



As for the changes in teaching styles, we found that using visual learning analytics raised teachers’ awareness of engaging students in class discussions. Taking the “press for reasoning” talk move as an example, Tana said that she used this to probe the students’ explanations:




“Now, I would give students more chances to talk and express themselves, asking simple yes/no questions to draw their attention or probing for further elaboration. For example, I would ask them: Why do you think so? How did you come up with this solution?”





In addition, Tiffany shared that she had become aware of the wait-time provided for students to think about and answer her questions:




“In the past, I provided students with limited time to think about my questions. When a student did not respond instantly, I would invite another student to answer. After participating the program, I would give my students more time—maybe around one to two minutes.”





Finally, the teacher participants confirmed that they would use the productive talk moves to elicit student responses, and thus to create opportunities of formative assessment. When her students could not answer a question correctly, Tana shared that she would “tell them which concepts they did not fully understand and which part of course materials they should review.” As for Tiffany, she would show student work in class to engage students in formative assessment. Various talk moves were used to probe student thinking:




“I would show their common mistakes using an overhead projector. Some students made mistakes repeatedly, meaning that they had some difficulties understanding the concepts. When their work was shown in class, all of the students helped analyze the reasons for the mistakes: Why is it wrong here? How can we avoid the problem? … Letting students correct other students’ mistakes seems quite effective.”






4.3. RQ3: How Does the Program Influence Students’ Mathematics Achievement?


To evaluate the program, we tested the students’ mathematics achievement. Eleven students in the treatment group and six students in the comparison group did not complete either the pre- or post-test. These students were excluded from the analysis of mathematics achievement. Analyses of the pre-test scores indicate that students in the treatment group (N = 61) were not statistically different than those in the comparison group (N = 56), z = −1.18, p = 0.24.



The results of a Mann–Whitney U test indicate that after one year of mathematics, the overall post-test scores of the treatment group (Mdn = 40.00) and the comparison group (Mdn = 39.00) were still at the same level, z = −0.66, p = 0.51. Table 4 shows that the two groups of students did not perform differently on the test’s three cognitive domains: knowing (z = −0.14, p = 0.89), applying (z = −0.55, p = 0.58), and reasoning (z = −0.49, p = 0.96).



Based on the findings of the teacher interviews, we identified two major themes (i.e., student learning behavior and teacher brief) that could explain the non-significant difference between the treatment and comparison groups. First, Tana expressed that despite the use of productive talk moves, the passive learning behavior of some underperforming students had not changed:




“They simply don’t care about the [open-ended] questions because they perceive that the questions are not posed for them. … Then, they will not think about the questions, lack the sense of involvement, and disengage. Therefore, they learn nothing.”





Tiffany also had similar observation and reflection. She thus planned to ask more simple questions and specifically invite the underperforming students in her classes to answer:




“I find that there is a need of designing various levels of questions. Some questions should be simpler. Also, the teacher should invite the underperforming students to answer the questions because they can never learn if we only ask those outstanding students.”





Second, the teacher participants continued to believe in the effectiveness of traditional teaching, emphasizing learning outcomes instead of the discussion process. As a result, their lessons might occasionally lack interactive engagements. This is illustrated by the following remarks:




“Students still require our guidance. The efficiency of our lesson should be ensured. Otherwise, if we allow our students free to speak, they may talk casually. The lesson then goes to waste.”



(Tiffany)






“For the conversation between students, what they said may not be to the point. Of course, we can spend time on such a conversation, but class time is limited.”



(Tana)







5. Discussion


In this study, teacher participants learned how to use the productive talk moves of Michaels et al. [23] and Resnick et al. [24] and engage students in class discussion. The study further used visual learning analytics of classroom videos in the treatment group, while teachers in the comparison group received conventional knowledge-based professional development. Echoing Gröschner et al. [27], we found that video-based activities can facilitate instructional changes. The results of the lesson observations indicate that, after the professional development program, teachers in the treatment group improved their use of productive talk moves (see Figure 5), increased the percentage of word contributions by students (see Figure 7), and elicited longer responses from them (see Figure 8). The teachers could thus have more information to formatively assess student learning and inform subsequent teaching [3,4]. The results are discussed in the context of (1) the use of visual learning analytics technology, (2) sustainable development of analytics-supported, video-based professional development programs, and (3) ways to improve professional development content for experienced teachers.



5.1. The Use of Visual Learning Analytics Technology


A distinctive feature of the professional development program was the use of visual learning analytics. The design of the program was grounded in activity theory and established a holistic activity system [14] to facilitate improving teacher discourse and expand the use of technology in the classroom [13]. From the reflections and interview data, the major themes we identified are situated in Vygotsky’s mediated-action model (Triangle 1 of Figure 2), where a human agent pursuing an object is mediated by tools [14,33]. In our program, the process by which participants sought instructional improvement was mediated by the visual learning analytics technology. The findings suggest that the visualization of classroom video data can increase the teachers’ understanding of their reflections on their classroom instruction and lead to instructional change.




5.2. Sustainable Development of Analytics-Supported, Video-Based Professional Development Programs


Although our program could lead to instructional improvement, the most labor-intensive procedure was to transcribe the videos manually. In the current program, we needed time to process the classroom video data, hence the limited schedule. In addition, the research team carefully identified the speaker in each talk turn to ensure the accuracy of the speaker statistics. To enable teachers’ timely reflection on their teaching, we will adopt a two-stage approach to processing their lesson videos in future professional development programs. In the first stage, we will transcribe and code the video segments by which teachers facilitate the construction of student knowledge. From our experience, these segments would usually appear at the start of a lesson and problem-solving. We will then upload the lesson videos together with partial visual learning analytics for teacher reflection. It is worth noting that although the video data processing has not been completed, teachers are still able to watch their whole lesson videos with partial visual learning analytics. In the second stage, we will transcribe and code the rest of their lessons. The lesson videos with full visual learning analytics will then be re-uploaded for teacher reflection.



In addition, establishing a long-term platform is important for sustainable development in education [42]. Further efforts should incorporate automatic speech and speaker recognition technology (e.g., [43]) into the future practice of visual learning analytics-supported or other similar video-based professional development programs. These technologies can enhance the sustainability of running the programs. At the time of our intervention, the major obstacle of automatic speech recognition in a Chinese context was a high error rate. Due to the phenomenon of swallowing, dragging, accents and dialects of Chinese speakers, four types of text errors are common using computerized recognition, including redundant words, missing words, bad word selection and mixing errors [44]. However, with advances in speech recognition technology, some researchers (e.g., [44]) are now able to use, for example, Pinyin as a method of machine translation for Chinese speech recognition error correction. By leveraging this kind of technology, the burden of transcribing classroom videos can be lifted. We can thus focus on the design and implementation of professional development activities.




5.3. Ways to Improve Professional Development Content for Experienced Teachers


Despite positive influences on the classroom instruction of teachers, the students in the treatment group did not perform significantly better than those in the comparison group in mathematics achievement (see Table 4). This non-significant result is not surprising since a recent review by Lindvall and Ryve [45] suggested that teacher professional development programs generally have a limited impact on student learning outcomes. In this study, however, we can identify areas for improvement. The results of our lesson observations suggest that teachers were less likely to ask their students to comment on their classmates. Specifically, they tended to confirm students’ answers and clarify their misunderstandings directly with limited use of teacher-to-class productive talk moves (see Table 3) that encourage students to think with others (e.g., “Why do you think he said that?”). The findings of the teacher interviews suggest that their inclination to provide correct answers was rooted in a desire to ensure the effectiveness of teaching. However, this kind of teacher-led discussion might sacrifice the benefits for students in the discussion process [46]. In other words, the limited use of teacher-to-class productive talk moves was not sufficient to engage the students in a cognitive exercise [47]. According to Topping and Ehly [48], simplification, clarification and exemplification in the peer-assisted learning process can trigger further cognitive challenges and promote deeper learning. In contrast, some novice teachers appear to be open-minded about allowing students to make mistakes and they stress the discussion process [46]. Future professional development programs should increase the awareness of experienced teachers about the value and use of teacher-to-class productive talk moves and support their specific learning needs [49,50].





6. Conclusions and Limitation


In this study, we examined the influence of an analytics-supported, video-based professional development program on two experienced secondary school mathematics teachers relative to two comparison teachers. The program elicited several changes in the treatment of the teachers’ classroom discourse. Specifically, the teachers used more productive talk moves and their students spoke up more often. The study contributes to our knowledge of using visual learning analytics with the theoretical foundation of activity theory in teacher professional development. Such professional development programs can be improved by using automatic speech and speaker recognition technology to lighten teacher educators’ burden of video data processing.



As for the study’s limitation, we collected data from four sources throughout the year with a specific focus on four experienced teachers and their students. In subsequent studies, it would be valuable to look for teachers’ instructional change on a larger scale. In this way, we can gain a more general insight into teacher learning under an analytics-supported, video-based professional development environment.
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Appendix A


Figure A1 shows a screenshot of the interface of the classroom discourse analyzer tool with the visualization of teacher and student talk in a lesson. In the visualization area (lower left area), the x-axis indicates the turn number of talk and each line (color) on the y-axis represents a speaker in the lesson. The teacher’s bubbles (red) are shown at the bottom. Bubble size indicates the number of words in a turn. At the right side of each line, the integer indicates total words spoken by the corresponding speaker in the lesson, while the percentage is the ratio to the total words by all speakers in the whole-class talk of the lesson.
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Figure A1. Screenshot of the interface of the classroom discourse analyzer tool. 
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Figure 1. Teachers’ productive talk moves and examples based on Michaels et al. [23] and Resnick et al. [24]. 
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Figure 2. The theoretical framework of the analytics-supported video-based professional development program (right) with the explanatory key (left). 
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Figure 3. Sample questions of knowing, applying, and reasoning in student tests. 
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Figure 4. Screenshots of the classroom visual learning analytics of the teacher participants (taken from the classroom discourse analyzer tool). 
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Figure 5. Teachers’ use of productive talk moves in lessons. 
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Figure 6. Discourse excerpt of “say more” and “add on” from the classroom discourse analyzer tool (translated into English for reporting). 
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Figure 7. Percentage of students’ word contributions over time. 
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Figure 8. Average number of students’ words per turn over time. 
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Table 1. Information on the teacher participants.






Table 1. Information on the teacher participants.





	
Group

	
Teacher (Pseudonym)

	
Education Level

	
Role in School

	
Class Size






	
Treatment

	
Tiffany

	
Bachelor’s (Mathematics education)

	
Mathematics teacher; leader of lesson preparation group

	
30




	
Tana

	
Bachelor’s (Mathematics education)

	
Mathematics teacher

	
42




	
Comparison

	
Cherry

	
Bachelor’s (Mathematics)

	
Mathematics teacher; leader of lesson preparation group

	
37




	
Chloe

	
Bachelor’s (Mathematics education)

	
Mathematics teacher

	
25
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Table 2. Discourse excerpt of Tiffany’s lesson (translated into English for reporting).
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	Speaker
	Dialog
	Productive Talk Move





	Student 1
	The graphs of y equals x and y equals 3x.
	



	Tiffany
	The graphs of y equal 3x and y equal x. Anymore?
	Say more



	Student 1
	Both pass through Quadrant I and Quadrant III.
	



	Tiffany
	Their k is larger than 0. We find that their graphs pass through Quadrant I and Quadrant III… How about k is smaller than 0? Does anyone want to add on?
	Add on



	Student 2
	When k is smaller than 0, their graphs pass through Quadrant II and Quadrant VI.
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Table 3. Distributions of teachers’ productive talk moves in lessons over time.
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Group

	
Teacher

	
Time

	
SM

	
PR

	
RV

	
CH

	
RS

	
AD

	
EO

	
AO

	
Total






	
Treatment

	
Tiffany

	
Start

	
6

	
0

	
0

	
0

	
0

	
0

	
0

	
1

	
7




	
Middle

	
7

	
13

	
0

	
0

	
0

	
1

	
0

	
1

	
22




	
End

	
9

	
5

	
1

	
1

	
2

	
6

	
1

	
13

	
38




	
Tana

	
Start

	
1

	
3

	
4

	
0

	
0

	
3

	
2

	
3

	
16




	
Middle

	
9

	
13

	
0

	
1

	
0

	
0

	
4

	
4

	
31




	
End

	
27

	
10

	
0

	
2

	
0

	
3

	
4

	
21

	
67




	
Comparison

	
Cherry

	
Start

	
7

	
1

	
1

	
1

	
0

	
1

	
1

	
3

	
15




	
Middle

	
1

	
3

	
0

	
0

	
0

	
0

	
0

	
6

	
10




	
End

	
6

	
2

	
1

	
0

	
0

	
0

	
0

	
10

	
19




	
Chloe

	
Start

	
9

	
2

	
2

	
1

	
0

	
1

	
0

	
2

	
17




	
Middle

	
6

	
6

	
0

	
0

	
0

	
0

	
0

	
9

	
21




	
End

	
9

	
7

	
3

	
0

	
0

	
2

	
0

	
9

	
30








Notes: SM: say more; PR: press for reasoning; RV: revoice; CH: challenge; RS: restate; AD: agree/disagree; EO: explain other; AO: add on.
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Table 4. Post-test results of the treatment group (N = 61) and control group (N = 56) by cognitive domain.
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Domain

	
Full Mark

	
Group

	
M (SD)

	
Q1

	
Mdn

	
Q3

	
z

	
p






	
Overall scores

	
47

	
Treatment

	
38.28 (6.97)

	
37.00

	
40.00

	
42.00

	
−0.66

	
0.51




	
Control

	
38.80 (4.97)

	
38.00

	
39.00

	
42.00




	
Knowing

	
9

	
Treatment

	
8.16 (1.54)

	
8.00

	
9.00

	
9.00

	
−0.14

	
0.89




	
Control

	
8.27 (1.17)

	
8.00

	
9.00

	
9.00




	
Applying

	
15

	
Treatment

	
12.03 (2.17)

	
11.00

	
13.00

	
14.00

	
−0.55

	
0.58




	
Control

	
12.04 (1.89)

	
11.00

	
12.00

	
13.00




	
Reasoning

	
23

	
Treatment

	
18.08 (4.07)

	
17.00

	
19.00

	
21.00

	
−0.49

	
0.96




	
Control

	
18.50 (2.71)

	
17.00

	
19.00

	
20.00
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