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This study aims to investigate pre-service mathematics teachers' (PMTs') TPACK in the context of field experiences. We offer an alternative conceptualization of TPACK utilizing a revized version of the Techno-Pedagogical Integration Matrix (TPIM). We designed a case study and the participants were two senior PMTs. We analyzed two lesson videos based on the TPIM codes and prepared a matrix that summarized the findings. Data showed that PMTs used technology at the modification level of the SAMR model for linking different representations and mathematical explanations, and used the augmentation level for promoting mathematical sense-making. None of them used it at the levels of substitution and redefinition. Findings implied that the revized version of the TPIM could be a useful tool to design course modules that aim to improve PMTs' and mathematics teachers' TPACK.

Introduction

Mathematics education research has focused on using digital technologies for mathematics teaching and its effect on students' learning in the last four decades [START_REF] Clark-Wilson | Teaching with digital technology[END_REF]. However, effective use of technology in the classroom is still an issue, especially in terms of teacher knowledge. The nature of knowledge required to successfully integrate technology into the teaching of any subject matter and how this knowledge should be developed, have been among the important problems of teacher education research. This type of knowledge was defined as Technological Pedagogical Content Knowledge (TPCK) [START_REF] Pierson | Technology integration practice as a function of pedagogical expertise[END_REF][START_REF] Niess | Preparing teachers to teach science and mathematics with technology: Developing a technology pedagogical content knowledge[END_REF][START_REF] Mishra | Technological pedagogical content knowledge: A framework for teacher knowledge[END_REF] based on [START_REF] Shulman | Those who understand: Knowledge growth in teaching[END_REF] notion of pedagogical content knowledge (PCK). Later, [START_REF] Koehler | What is technological pedagogical content knowledge (TPACK)? Contemporary Issues in Technology and Teacher Education[END_REF] referred to the framework as TPACK. [START_REF] Pierson | Technology integration practice as a function of pedagogical expertise[END_REF], [START_REF] Niess | Preparing teachers to teach science and mathematics with technology: Developing a technology pedagogical content knowledge[END_REF], and [START_REF] Mishra | Technological pedagogical content knowledge: A framework for teacher knowledge[END_REF] conceptualized it as the intersection of three knowledge domains: content knowledge, pedagogical knowledge, and technological knowledge. Researchers investigated the intersections of these domains such as (TCK, TPK, or TPCK) and elaborated the framework [START_REF] Willermark | Technological pedagogical and content knowledge: A review of empirical studies published from 2011 to 2016[END_REF]. Later, there have been criticisms about the framework regarding ignorance of contextual aspects of the framework (defined as contextual knowledge i.e., XK by [START_REF] Mishra | Considering contextual knowledge: The TPACK diagram gets an upgrade[END_REF] or XTPACK by [START_REF] Brianza | Situating TPACK: A systematic literature review of context as a domain of knowledge[END_REF] or lack of a subject-domain oriented approach to TPACK [START_REF] Voogt | Technological pedagogical content knowledge-a review of the literature[END_REF].

This study focuses on TPACK as a domain of knowledge, that is the central domain, rather than the whole framework. We embrace TPACK as the knowledge required to successfully integrate technology into mathematics teaching. We propose an alternative conceptualization of TPACK that is specific to mathematics and its pedagogy rather than a generic approach that undermines the subject matter. Therefore, our conceptualization brings the subject (mathematics) into play by utilizing the Mathematical Quality of Instruction (MQI) framework. We aim to investigate two PMTs' TPACK from the lenses of our proposed conceptual framework as explained in detail below.

Conceptual framework

This study offers an alternative conceptualization of TPACK utilizing the TPIM matrix which has two dimensions. In the earlier version of the matrix, the x-axis represents instructional quality [START_REF] Backfisch | Professional knowledge or motivation? Investigating the role of teachers' expertise on the quality of technology-enhanced lesson plans[END_REF] and the y-axis represents the levels of technology integration using [START_REF] Puentedura | SAMR and TPCK: Intro to advanced practice[END_REF]2020) SAMR (Substitution -Augmentation -Modification -Redefinition) model [START_REF] Lin | Pedagogy* technology: A two-dimensional model for teachers' ICT integration[END_REF][START_REF] Şahin | An investigation of TPACK using the scenario technique: The case of a misconception related to the derivative-limit relationship[END_REF]. Later, [START_REF] Akkoç | An investigation of pre-service mathematics teachers' TPACK using the revised techno-pedagogical integration matrix[END_REF] proposed a revised version of the TPIM placing the richness of the mathematics dimension of the Mathematical Quality of Instruction (MQI) framework on the x-axis to focus on the pedagogy of mathematics. The y-axis of the TPIM represents the levels of the SAMR model. [START_REF] Akkoç | An investigation of pre-service mathematics teachers' TPACK using the revised techno-pedagogical integration matrix[END_REF] investigated the revised version of the TPIM by analyzing the micro-teaching practices of PMTs during which they taught technologyenhanced lessons to their peers. The highest level (redefinition) was not observed in none of the TPIM studies mentioned above. In the current study, we used the revised version of the TPIM in the context of real classroom settings during PMTs' field experiences. Below, we explain the x-axis and y-axis of the TPIM further.

Mathematical quality of instruction (MQI)

The MQI was developed to evaluate the teachers' work with students related to mathematical content (Hill, 2014a). It is an observational rubric that ensures a framework for analyzing mathematics instruction in five domains one of which is the richness of the mathematics (Hill, 2014a). This domain aims to catch the depth of the mathematics in the instruction within six sub-codes: mathematical sense-making, explanations, mathematical language, patterns and generalizations, linking between representations, and multiple procedures or solution methods [START_REF] Hill | Mathematical quality of instruction (MQI: 4-point version)[END_REF]. The code of mathematical sense-making seeks the connections between mathematical ideas [START_REF] Hill | Mathematical quality of instruction (MQI: 4-point version)[END_REF]. The code of explanations considers the question of "why". For instance, why a solution method is appropriate/inappropriate, why an answer is true/false, and why a procedure works/not [START_REF] Hill | Mathematical quality of instruction (MQI: 4-point version)[END_REF]. The code of mathematical language includes the fluency of the teacher/students' use of mathematical language [START_REF] Hill | Mathematical quality of instruction (MQI: 4-point version)[END_REF]. Patterns and generalizations code is about whether there is a development/working on mathematical generalizations [START_REF] Hill | Mathematical quality of instruction (MQI: 4-point version)[END_REF]. The code of linking between representations investigates teachers'/students' linking between different representations of a mathematical concept [START_REF] Hill | Mathematical quality of instruction (MQI: 4-point version)[END_REF]. Multiple procedures or solution methods code looks for multiple procedures of a problem type or multiple solution methods of a problem [START_REF] Hill | Mathematical quality of instruction (MQI: 4-point version)[END_REF].

SAMR model

SAMR is one of the models of technology integration [START_REF] Puentedura | SAMR and TPCK: Intro to advanced practice[END_REF]2020). It defines two main and four sub-levels: substitution, and augmentation (at the enhancement level); and modification, and redefinition (at the transformation level). The substitution level refers to the use of technology as a direct tool substitute with no functional change. The teacher conducts class activities that she can do without technology using technology. At the substitution level, digital technologies simply replace traditional tools without any fundamental changes in use and function e.g. using the smart board as a presentation tool. At the augmentation level, technology acts as a direct tool substitute with functional change. Technological tools replace previous tools while enhancing teaching practices and learning experiences e.g. drawing graphs with graphing tools. At the modification level, technology allows for significant task redesign e.g. use of the slide tool of GeoGebra to explore geometrical properties. At the highest level, redefinition, new tasks are created that were not possible without technology e.g. students model real-world geometric objects outside the classroom using augmented reality tools and share their findings with their peers. We used these four levels on the y-axis of the TPIM matrix. We also defined not using technology as another level when one decides not to use technology for specific purposes. Therefore, we also added this level on the y-axis.

Methodology

We designed a case study and the participants were two senior PMTs (one female and one male) enrolled in a four-year undergraduate mathematics teacher preparation program at a state university in Istanbul, Turkey. They took various courses such as Mathematics Teaching I and II, Technology Supported Mathematics Teaching, and Teaching Practicum I prior to the student teaching. We collected data in the context of the Teaching Practicum II course during which eight PMTs taught lessons in partnership schools in their senior year. We selected the only two PMTs who integrated technology into their lessons. Data consist of one lesson video of each participant. PMT1 (male) taught trigonometric functions using a modeling activity and PMT2 (female) taught a lesson on parabolas. Both of them used GeoGebra during their lessons. Students did not have their own devices to work with GeoGebra. We analyzed the transcripts of their lessons' video recordings based on the TPIM codes. First, we specified episodes of each lesson during which the PMTs used a specific technology-enhanced task (e.g. using a dynamic worksheet of GeoGebra) or did not prefer to use technology. We independently coded each episode according to the levels of the SAMR model. The most common disagreement between the two coders was about the distinction between the augmentation and modification levels. We negotiated the disagreements after discussing the codes to increase the validity of the study. After agreeing on the levels of the SAMR model, we coded each episode according to the sub-codes of the richness of the mathematics domain in the MQI framework to explore the purposes of using technology e.g. using the slide tool to link between representations. Episodes were also analyzed based on the indicators belonging to the sub-codes of the richness of the mathematics domain of the MQI framework (see Hill, 2014a). As a result, we obtained a point on the matrix e.g. linking between representations on the x-axis and modification on the y-axis.

Findings

We present the findings using the TPIM (See Figure 1). In the matrix, the x-axis represents the subcodes of the richness of the mathematics component of the MQI framework and the y-axis shows the technology usage levels of the SAMR model. Information in each cell of the matrix represents the PMTs and the frequencies of the coordinates. For example, PMT2*3 in the coordinate (Explanations, Modification) indicates that PMT2 used technology at the modification level to make explanations three times during her lesson.

As shown on the TPIM in Figure 1, PMTs preferred the modification (19) level the most. At this level, technology was used to allow students to make mathematical inferences by obtaining different variables with the slider tool and changing them in the GeoGebra software. In some cases, PMTs tried to facilitate this process by using the trace feature along with the slider. The second most observed SAMR level was augmentation (9). This level included drawing graphs with GeoGebra, including the check box button tool in GeoGebra. As can be seen in Figure 1, the redefinition and substitution levels were not observed in PMTs lessons. Below, we explore further the purposes of technology use at each level in terms of the sub-codes of the richness of the mathematics component of the MQI framework. 12). A balanced distribution has been observed for other purposes such as patterns and generalizations (6), explanations (5), and mathematical sense-making (5). We also analyzed parts of the lessons during which PMTs did not use technology (coded as not using technology level on the y-axis). These parts were also analyzed based on MQI sub-codes. This analysis revealed three sub-codes: patterns and generalizations (4), linking between representations (3), and mathematical language (3).

In the lesson videos, the linking between representations sub-code (on the x-axis) was identified fifteen times, eight of which were at the modification level (on the y-axis). For example, PMT2 aimed at helping students make inferences about the relationship between the coefficients of a parabola and its graph using the slider tool of GeoGebra. Obtaining different parabolas in a short time, she tried to help students discover how the change in coefficients affected the graph.

The patterns and generalizations sub-code were identified ten times during the lessons of PMTs. Four of them were coded as the modification level (PMT2). In other words, PMT2 used technology at the modification level the most to arrive at a mathematical generalization. For example, PMT2 aimed to investigate the trajectory of the vertex of the parabola 𝑓𝑓(𝑥𝑥) = 𝑎𝑎𝑥𝑥 2 + 𝑏𝑏𝑥𝑥 + 𝑐𝑐 first by using paper and pencil and then GoeGebra. She asked students to find out its equation when each coefficient of the parabola changes (Click here for the GeoGebra link). She used the slider tool of GeoGebra to find the relationship between the coefficient 𝑐𝑐 and the vertex of the new parabola. By defining the coefficient 𝑐𝑐 with a slider, she stated that the vertex of the parabola moves up and down. She led the students to conclude that the vertex was "moves along the line 𝑥𝑥 = 𝑟𝑟" where 𝑟𝑟 is the apsis of the vertex. The following excerpt and GeoGebra screenshot (see Figure 2) explain the codes, patterns and generalization on the x-axis and modification on the y-axis.

PMT2:

[…] when you start increasing 𝑐𝑐, where will the parabola move on that line? […] it will move up, and when you decrease it, it will go down. We've already found this without the software. Well, what do we call the trajectory? "𝑥𝑥 = 𝑟𝑟", right? As can be seen from the excerpt above and Figure 2, PMT2 used the technology at the modification level to make a generalization.

A total of seven explanations sub-codes was identified in the lessons of PMTs. During five of these instances, PMTs used the technology at the modification level. For example, PMT1 discussed the effects of the changes in the coefficients of the functions 𝑓𝑓(𝑥𝑥) = 𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠 (𝑏𝑏𝑥𝑥 + 𝑐𝑐) + 𝑘𝑘 on their graphs. In this context, PMT1 made mathematical explanations for the changes in the graphs of the functions by connecting the coefficients of the functions to the slider tool in the GeoGebra software.

While doing this, he used the Ferris wheel problem. In this modeling problem from the real world, a boy called Ahmet is on a Ferris wheel (with a radius of 30 meters) and sees his house at an altitude of 55 metres (the altitude of the centre is 40 meters and the one round lasts for 60 minutes). The problem asks for how long Ahmet sees his house. There were different examples of the mathematical explanations that PMT1 made in his teaching. As one of them, he emphasized the relationship between the movement of a point on the circle with the period of the function (using the trace feature of GeoGebra). PMT1:

[…] Let's also look at the trace. This is a height versus time graph. As Ahmet travels, it draws the graph. Of course, this is for one turn. What difference will it make this time when Ahmet finishes two rounds? Two of these will be drawn. If he completes three rounds, three of these. It is a periodic function.

[…]

As the excerpt above shows, PMT1 used GeoGebra to explain the connection between the movement of the point on the circle and the periodic function. In this process, he stated that one full turn of the point on the circle corresponds to the period of the function (see the screenshot in Figure 3). As can be seen from Figure 3 and PMT1's statements, he used technology at the modification level to make mathematical explanations.

Six mathematical sense-making sub-codes were determined in PMTs' lessons. In the video sections where three of them were coded, PMTs used the technology at the augmentation level. For example, in the process of making sense of functions and graphs, PMT1 used GeoGebra to draw graphs quickly to explore how the graphs and periods changed as he changed the coefficients of 𝑓𝑓(𝑥𝑥) = 𝑐𝑐𝑐𝑐𝑠𝑠(𝑥𝑥) to 𝑓𝑓(𝑥𝑥) = 2𝑐𝑐𝑐𝑐𝑠𝑠(𝑥𝑥) + 1 and 𝑓𝑓(𝑥𝑥) = 2𝑐𝑐𝑐𝑐𝑠𝑠(2𝑥𝑥) + 1. In that sense, PMT1 aimed at making sense of functions and graphs. However, we think that this is not sufficient to be considered as the explanation sub-code of MQI because he merely focused on making sense of how the changes in the algebraic representations of the functions are reflected in the graphs. PMTs preferred to use technology mainly at the augmentation level in the mathematical sense-making process.

The parts of the lessons where PMTs did not use technology (as defined by the not using technology level on the y-axis) were also analysed according to the MQI sub-codes. As a result of this analysis, the mathematical language sub-code was identified three times. That is, PMTs used mathematical terminology/language either verbally or by writing relevant symbols and signs on the board. In other words, mathematical language was not an issue in the context of technology. The following excerpt below illustrates the mathematical language code: PMT1: [...] Yes, finally I specified the height function depending on time. (Writing the formula ℎ = 𝑎𝑎 + 𝑏𝑏𝑠𝑠𝑠𝑠𝑠𝑠(𝑐𝑐𝑥𝑥 + 𝑑𝑑) on the board) We said h. Now let's name the center. What is the height of the center from the ground? Let's say 𝑎𝑎. I got the equation ℎ = 𝑎𝑎 + 𝑏𝑏𝑠𝑠𝑠𝑠𝑠𝑠(𝑐𝑐𝑥𝑥 + 𝑑𝑑), right? It is the equation we found at the beginning of the lesson. This is the height of the center from the ground (𝑎𝑎), the radius (𝑏𝑏), and the coefficient that determines the period (𝑐𝑐), which is our delay (𝑑𝑑) if there is a delay.

PMT1 drew the geometric model on the board which was also on the GeoGebra screen (see Figure 3 above) and used mathematical language appropriately in this process as the excerpt illustrates.

Discussion

This study offered an alternative conceptualization of TPACK utilizing a revised version of the Techno-Pedagogical Integration Matrix (TPIM) and explored PMTs' technology integration practices in real classroom settings. Findings showed that PMTs used technology predominantly at the modification level (y-axis) to link different representations (x-axis). The highest level (redefinition) was not observed in this study, probably because students did not have their computers or tablets to engage in tasks to make constructions using GeoGebra software.

In both this current study and the previous study [START_REF] Akkoç | An investigation of pre-service mathematics teachers' TPACK using the revised techno-pedagogical integration matrix[END_REF], PMTs targeted more mathematical sense-making at the augmentation level. The aim was rather to make mathematical explanations at the modification level. This finding indicates that some components of the MQI framework are compatible with some levels of the SAMR model. In other words, the MQI perspective shed light on the levels of the SAMR model and makes them distinguishable. We recommend that future research explore this situation in the context of different mathematical topics and technological tools conducted with more teachers or PMTs so that one could explore the relationship between the MQI sub-codes and the levels of the SAMR model especially substitution and redefinition which were not observed in this study.

This study used only the richness of the mathematics domain of the MQI model, which constitutes the x-axis of the TPIM. Future empirical studies can be conducted to investigate which other domains of MQI can be useful for this purpose. The MQI-integrated TPIM framework can also be used to monitor the progress of participants in teacher preparation courses or professional development programs in intervention studies.

Considering the findings, we suggest mathematics teacher educators design modules that aim to train PMTs or mathematics teachers about the SAMR levels. MQI codes could also be included in these modules to help them be more critical about the purposes of using technology at each level. In other words, our revised version of the TPIM could be a useful tool to design course modules that aim to improve PMTs and mathematics teachers' TPACK. Future studies could be conducted with more participants using the matrix to enter the frequencies of the participants in each cell.
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 1 Figure 1: Analysis of lessons using the revised version of the TPIM An examination of the pedagogical purposes of PMTs' technology use in their lessons based on MQI sub-codes shows that technology was mostly used for linking different representations (12). A balanced distribution has been observed for other purposes such as patterns and generalizations (6), explanations (5), and mathematical sense-making (5). We also analyzed parts of the lessons during which PMTs did not use technology (coded as not using technology level on the y-axis). These parts were also analyzed based on MQI sub-codes. This analysis revealed three sub-codes: patterns and generalizations (4), linking between representations (3), and mathematical language (3).

  […] isn't it a straight line passing through here? Let's see if it's right. Yes right[…] 

Figure 2 :

 2 Figure 2: A screenshot of GeoGebra activity used by PMT2
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 3 Figure 3: A screenshot of GeoGebra activity used by PMT1