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Abstract


We report the findings of a mixed methods study that implemented an intervention in a mathematics content course for preservice teachers (PSTs) designed to promote teacher noticing skills and support PSTs’ growth in their content knowledge. The intervention was in the form of three writing assignments that examined student work on tasks first performed by the PSTs’ in their class. Using the LMT (Learning Mathematics for Teaching) instruments, we found significant growth in the PSTs’ content knowledge and knowledge of content and students (n = 108).  We found some development of their noticing skills mainly through their use of evidence in the student’s work to describe student’s thinking. Connections between the writing assignments and mathematical content knowledge are discussed. 

Introduction

Developing future mathematics teachers with the tools to address the needs of their students requires both specialized content knowledge as well as the ability to use that knowledge effectively (Morris, Hiebert, & Spitzer, 2009). Feiman-Nemser (2001) refers to a professional learning continuum for teachers beginning with teacher preparation that continues into practice. The preservice teachers (PSTs) begin developing their basic repertoire for teaching in the mathematics content course for prospective teachers (CBMS, 2012). Along with its role of developing teachers’ mathematical content knowledge (Hill, Sleep, Lewis, & Ball, 2007), the content course should also provide experiences for PSTs to deepen their conceptual understanding of mathematics (Ball, Hill, & Bass, 2005; CBMS, 2012). Bartell and her colleagues (2013) found that while PSTs’ content knowledge is an important component of effective teaching, it was not sufficient for analyzing student thinking.  Philipp (2008) contends that it is beneficial for PSTs to learn “…about children’s mathematical thinking concurrently while learning mathematics.” (p. 8). In doing so, Philipp and his colleagues (2007) found that the PSTs were more motivated to learn mathematical concepts beyond just the procedures in order to teach students mathematics for understanding. 

Research shows that teacher noticing of students’ thinking is a critical element for effective teaching (Sherin, Jacobs, & Philipp, 2011). Principles to Action (NCTM, 2014) includes the mathematics teaching practice,  “elicit and use evidence of student thinking” (p.11), and underscores the use of evidence of student thinking as an effective practice that informs teaching and supports learning. In particular, what teachers attend to and how they interpret students’ mathematical thinking is consequential to the decisions they make in their instructional practice (Jacobs, Lamb, & Philipp, 2010; Schoenfeld, 2011). 

Studies suggest that teacher noticing can be developed (Miller, 2011; Dick, 2013; Fernandez, Llinares, & Valls, 2013). Findings from Jacobs et al (2010) further suggest that professional teacher noticing develops with deliberate practice involving particular experiences.  Crespo (2000) raised the question of, “when, where, how, and what might help prospective teachers …”(p. 155) learn about students’ mathematical thinking.

Previous studies have examined the development of teacher noticing with in-service teachers involved in video clubs (Sherin & van Es, 2009), student teachers using their students’ work (Dick, 2013), and PSTs in methods classes with interventions including videos, learning modules, and mathematics letter exchange with students, (Schack et al, 2013; Star & Strickland, 2008; Crespo 2000).  However, because in most mathematics education programs, the content mathematics course is the initial mathematics course designed for PSTs majoring in elementary and middle school teaching (CBMS, 2012), it is also the first opportunity for mathematics teacher educators to engage the PSTs in learning mathematical content for teaching and introduce them to the construct of professional teacher noticing. 

One way to ground teachers’ mathematical knowledge for teaching in practice is through analysis of student work (Ball & Bass, 2000; Ball & Cohen, 1999). Jacobs & Philipp (2004) note that “student work provides an authentic context in which prospective and practicing teachers can explore how children think about mathematics and how they can use children’s thinking in their instructional decision making” (p. 194). While research on analysis of student work by PSTs, student teachers, and in-service teachers suggest changes do occur in teacher interpretation and learning about student thinking (Fernandez, Llinares, & Valls, 2013; Crespo, 2000; Dick, 2013; Kazemi & Loef, 2004), little work has been done to examine how analysis of student work affects PSTs at the beginning of the teacher preparation continuum.

Our approach in this study was grounded in two central assumptions. First, the practice of examining student work is an essential part of effective teaching. Second, our PSTs, who are taking their first mathematics content course likely, have had little prior experience with examining student work outside of their own solutions or those found in textbooks.  Under these assumptions, we incorporated an assessment of the written work of actual elementary and middle school students into our mathematics content course for PSTs. Our PSTs were given the assignment of analyzing elementary and middle school students’ work and making a written evaluation of the degree of student understanding was demonstrated in the student work.  We then investigated the development of the PSTs teacher noticing and use of content knowledge in examining the student work.  Jacobs et al. (2010) wrote, “Professional noticing of children’s mathematical thinking requires not only attention to children’s strategies but also interpretation of the mathematical understandings reflected in those strategies” (p. 184). Our study therefore draws upon two conceptual frameworks: (1) Professional teacher noticing and (2) Mathematical Knowledge for Teaching (MKT) to examine the development of our PSTs content knowledge, content knowledge of students, and teacher noticing skills.
Teacher Noticing Framework

In this paper, we use the definition Jacobs, Lamb, and Philipp (2010) provide for the construct of professional teacher noticing of children’s mathematical thinking as a set of interrelated skills that include (1) attending to children’s strategies, (2) interpreting children’s understanding, and (3) deciding how to respond on the basis of children’s understanding. We use this framework to investigate the development of PSTs’ teacher noticing as they examined the written student work. Our study was designed to afford PSTs ample time to analyze the student work of actual elementary/middle school students with an emphasis on using evidence of “student learning…identifying indicators of what is important to notice in students’ mathematical thinking…interpreting what the evidence means with respect to students’ learning.” (NCTM, p. 53). By having PSTs write their analysis of what they attended to and interpreted of the students’ work, the PSTs had opportunities to revisit features of these students’ papers in order to make sense of and reflect upon the elementary/middle school students’ thinking and mathematical understanding (Goldsmith & Seago, 2011). Research suggests that the skillful practice of analyzing student work takes time to develop (Crespo, 2000; Bartell et al, 2013). One goal of our study was to examine the development of PSTs teacher noticing during the content course for PSTs. Another goal was to investigate how attending to, interpreting, and making instructional decisions based on the evidence of the students’ work, can support the development of PSTs specialized form of mathematical knowledge (Dick, 2013), namely mathematical knowledge for teaching (MKT) (Ball, Thames, & Phelps, 2008). 
MKT framework

The MKT framework is composed of two domains, subject matter knowledge and pedagogical content knowledge (Ball, Thames, & Phelps, 2008). Each domain is broken down into three components.  Subject matter knowledge is comprised of common content knowledge, specialized content knowledge, and horizon content knowledge. Pedagogical Content Knowledge is comprised of knowledge of content and students, knowledge of content and teaching, and knowledge of content and curriculum. We chose to focus our attention on changes in PST knowledge in two of these components of the MKT, namely the knowledge of content and the knowledge of content and students. The decision to focus on these two components was influenced by the fact that this was the PSTs first opportunity to take a mathematics content course for preservice teachers in their teacher preparation program. The choice of the two components was also influenced by the domains of the Learning for Mathematics Teaching (LMT) instrument (Hill, Schilling, & Ball, 2004) that we used to measure the PSTs change in these domains.

Our research questions for this study are:
(1) Is there a change in the PSTs’ mathematical content knowledge (CK) in this mathematics content course for teachers?
(2) Is there a change in the PSTs’ knowledge of content and students (KCS) in this mathematics content course for teachers?
(3) How does PSTs’ teacher noticing develop in a mathematics content course for teachers that incorporated unique opportunities for the PSTs to analyze elementary/middle school student work?
(4) What connections exist, if any, between changes in CK and KCS and development of teacher noticing?
 Methodology
Setting and participants

This study was conducted in a 14-week semester long mathematics content course for PSTs at a large, public university in the southern United States. The course is the first of a two-course mathematics sequence for PSTs in preparation for elementary and middle school teaching; the prerequisite is successful completion of College Algebra. The goal of the two content courses is for the PSTs to become proficient in understanding the underlying concepts of school mathematics. The first course focuses on the development of the number system, specifically whole, integer, and rational numbers, with its associated operations and properties. Emphasis is placed on examining multiple strategies for solving problems. The second course covers informal geometry and applications. These courses are intended to provide a strong foundation in the PSTs content knowledge while focusing on the mathematical content needed for teaching. The PSTs will take their mathematics methods course, additional coursework for teacher certification, and do their student teaching through the College of Education. Participants consisted of PSTs in six sections of the mathematics content course (n = 108) taught by four instructors.  
Data Collection

Informed by research suggesting that expertise in teacher noticing can be developed (Miller, 2011), our goal is to investigate the development of teacher noticing in elementary and middle school PSTs and examine changes in their CK and KCS.  We used a mixed methods study to examine the changes in and possible relationships among the three constructs.  We elaborate our data collection process below.
Quantitative Data

In order to examine research questions 1 and 2 regarding changes in PSTs’ CK and KCS, our study used two Learning Mathematics for Teaching (MKT) instruments (Hill, Schilling, & Ball, 2004): Content Knowledge and Knowledge of Students and Content in the domain of Numbers Concepts and Operations. The four instructors administered the instruments on the first day of the course as a pre-test and again on the day of the final examination as a post-test.
 
Research question 4 explores possible connections between change in CK and/or KSC and the development of teacher noticing. Part of this work involved using the class score assigned by the respective instructor in a series of assignments that are further described in the qualitative section.
Qualitative Data
 
In order to examine research question 3 regarding development of teacher noticing, we included a writing assignment (WA) on three separate occasions during the semester. The WA consisted of three elements: (1) the instructor had the class work on a task selected from Balanced Assessments (Schoenfeld, 1999) in groups, followed by in-class debriefing of the mathematics of the task and PST strategies; (2) PSTs were given middle school student solutions to the same task, taken also from Balanced Assessments (Schoenfeld, 1999) and were asked to analyze each student’s work; and (3) PSTs wrote a report addressing the strengths/needs of each student’s response, based on evidence and what they noticed of the students’ work. (Appendix B: WA prompts)
 
Our goals for the PSTs were to notice the common misconceptions or well-formed conceptions in student solutions and to interpret student work in light of the strategies used and the mathematical thinking that would lead to such a solution. Critical to the success of our intervention was selecting WAs that were open-ended, had multiple solution strategies, and incorporated a range of cognitive demands. See Appendix A for an example of a WA that we used. After the WAs were submitted by the PSTs, several instructors discussed the WAs in class along with the feedback each of the PSTs received from their instructors. These discussions served as additional feedback on their work and guided them to look for further evidence of student thinking in subsequent WAs.

In order to gain insight into the nature of the development of the PSTs’ teacher noticing as they perceived it across the three WAs, we selected eight PSTs for interviews after all WAs had been submitted by the PSTs. We based our selection of the PSTs on high and low levels of noticing on their first WA. Each instructor selected three PSTs as interview candidates from their roster of students and had a total of eight agree to participate. The individual interviews were in two parts: (1) a task-based portion provided an opportunity for the PST to re-work the WA1 task and do a think-aloud analysis of a student solution to WA1 that had not been analyzed previously; (2) a semi-structured portion asked students to share their experience with the course and with the three WAs. The questions in this part focused on the processes the PSTs engaged in as they completed the WAs, particularly how these processes changed from one WA to the next, if at all. 

As data for our 4th research question that examined possible links between CK and/or KCS growth to teacher noticing, we used the PSTs scores on the first two WAs. Each instructor used the same rubric developed by the team. The rubric was modified from the teacher noticing framework described by Jacobs, Lamb, & Philipp (2010) to meet the needs of the course. Before using the rubric, the group calibrated their scoring by examining several PSTs’ WA1 together.  

Our overall model for the study is captured in Figure 1 below.
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Figure 1
In Table 1 we summarize  the data sources for each of the four research questions.
	Research Question
	Data Source

	1. Is there a change in the PSTs’ mathematical content knowledge (CK) in this mathematics content course for teachers
	MCK-CK Instrument (Hill, Schilling, & Ball, 2004), domain of number, concepts, and operations.
 (n = 108).

	2. Is there a change in the PSTs’ knowledge of content and students (KCS) in this mathematics content course for teachers?
	MCK-KCS Instrument (Hill, Schilling, & Ball, 2004), domain of number, concepts, and operations.
 (n = 108).

	3.  How does PSTs’ teacher noticing develop in a mathematics content course for teachers that incorporated unique opportunities for the PSTs to analyze elementary/middle school student work?
	WA1, WA2, WA3
(n = 108)
Interviews (n = 8).

	4.  What connections exist between change in CK and/or KSC and the development of teacher noticing?
	WA1, WA2,MKT-CK, and MKT-KCS 
(n = 108)


Table 1 Summary of data source
Data Analysis
Quantitative Data

To answer research questions 1, 2, and 4, we began by converting each PSTs’ CK and KCS raw scores into scaled scores per instrument guidelines. We also considered each PSTs scores for the first two WAs. The scores for the WAs used the following rubric:
	Students’ Skills/Concept/Reasoning Processes with Evidence (a)* and (b)*
	Overall Student Understanding (c)*
	Instructional Adjustments (d)*

	1.5 – strong evidence to support claims; no grammar/spelling errors, response addresses multiple skills, concepts, or reasoning processes
	 
	1.5 – detailed description, the instructional decision (s) is tied to commentary in parts (a) & (b), instructional decision (s) is appropriate in that it is supported with a rationale as to how it addresses the student’s needs

	1 – at least some evidence to support claims, response addresses at least one skill, concept, or reasoning process; minimal grammar/spelling errors
 
	1 – consistent with previous claims and well supported 
	1 – detailed description; some support for instruction decisions

	0.5 – no evidence to support claims; no mention of specific skills, concepts, or reasoning processes; many grammar/ spelling errors
 
	0.5 – consistent with previous claims, but not well supported
	0.5 – no details provided; unsupported decisions
 

	0 – not present
	0 – not present or inconsistent with previous analysis
	0 – not present


Table 2: WA scoring rubric (*refers to WA prompt sections)    

Unfortunately, many students did not submit their third WA. Therefore, we only considered the scores on WA1 and WA2. Because WA2 was administered nearly ⅔ of the way through the semester it accounts for much of the PSTs’ course experience. Those PST who did not complete any of these four items: CK, KCS surveys and WA1 and WA2 papers, were  not included in the quantitative analysis.

To specifically answer research question 1, we calculated the difference in each PSTs pre- and post-CK scaled score. This gave us an indication of the change in CK scores from the beginning to the end of the semester, reported in standard deviations. The same was done for the KCS measures to answer research question 2. We used these differences to run a matched pairs t-test analysis in each case. 

To answer research question 4, we performed a multiple regression analysis to determine the relative impact of the WA1, WA2, PreCK and PostCK variables on PostCK and PostKCS scaled scores. Our hypothesis was that the PSTs entered the course with some CK and KCS knowledge and so we included their pre-test scores as a variable. We also included the WA1 and WA2  score as a variable to see if their noticing, as reflected in these assignments, was playing a role in either the CK or KCS post scores. 
Qualitative Data

To analyze the focus group of eight PSTs we used both open coding for WA and for interviews (Corbin & Strauss, 2008) as well as a modified form of coding scales described by Jacobs, Lamb and Phillip (2010) for the WAs. In their Noticing Framework, they describe a system for distinguishing between participants’ attending to student thinking, interpreting student thinking, and using those skills to make decisions about students’ learning needs. For the purposes of this paper we characterized our eight PSTs as exhibiting High, Medium, or Low noticing and at this time only explored the attending and interpreting domains. An example of Low levels of noticing included PSTs who primarily attended to correctness and/or whose interpretations were not evidence-based. An example of Medium noticing would be a PST who noticed more than correctness of answers and whose interpretations were more evidence-based, but who did not consistently, throughout their WA, sustain these levels of noticing. An example of a High level for noticing would be a PST who throughout the WA attended to more than correctness of answers, and whose interpretations were evidence-based. Each team member classified each PSTs’ WA1, 2 and 3 according to these descriptors and met together to reconcile any differences and to come to an agreement. Once this was completed, we then discussed themes across PSTs as well as across WAs. 
Results
Quantitative Results 

One finding from the analysis of the PSTs’ CK and KCS scores is that they entered the course with limited knowledge of mathematics related to teaching. This was to be expected as it was their first course related to mathematics with a teaching focus, and especially on deepening understanding of lower grades mathematics. Table 3 summarizes the findings.
	n=108
	preCK
	postCK
	CK gains
	preKCS
	postKCS
	KCS gains

	PST mean scaled scores
	-.93
	.27
	1.2
(p<0.0001)
Effect Size 1.89
	-1.74
	.16
	1.90
(p<0.0001)
Effect Size
2.82


Table 3: PSTs scaled scores on the CK and KCS measures

The mean PST scaled score on the pre-CK measure was 
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 = -.93, indicating that the PSTs, on average, score nearly one standard deviation below the mean of the norming groups’ scaled score. Because the LMT measures were developed with and for use with practicing 
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teachers, this is not surprising. It suggests that our PSTs enter with little experience with this kind of mathematics. Considering that the mean PST gain was slightly above 1 standard deviation, it seems reasonable to claim that the PSTs learned relevant mathematics for elementary teaching during the course. The KCS scaled score pre-test mean was 
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 = -1.74. This indicates that at the beginning of the course, the PSTs demonstrate a lack of knowledge about students’ mathematical thinking, even more so than the lack of content knowledge as demonstrated on the CK measure at the start of the semester. The PST mean gain on KCS was nearly 2 standard deviations. This suggests that the course also helped improve their knowledge of students’ mathematical thinking. On both measures PSTs knowledge grew despite their limited experiences, prior to the course, in the mathematics knowledge and knowledge of students needed for elementary grades teaching.

In addition to determining whether PSTs improved their CK and KCS, we also wanted to know whether any PST gain in these measures might be attributable to the WA work. To do this we conducted multiple regression analyses, examining the variables WA1, WA2, PreCK, and PreKCS as predictors for both PostCK and Post KCS. For PostCK only two variables were significant: WA2 (p<.005; (r2 = 3.84%) and PreCK (p<.0001, (r2 = 39.13%). The overall model accounted for 54% of the variation in PSTs PostCK scaled scores. For KCS the same two variables were significant: WA2 (p<.05, (r2 = 3.15%) and PreCK (p<.0001, (r2 = 14.91%), and the overall model accounted for 27% of the variation in PSTs’ PostKCS scaled scores. 

Overall, it seems the first writing assignment did not have a significant impact on either of the post-measures. This result is not surprising, as it was the first time PSTs had engaged in such an activity. Moreover, this finding is corroborated in the interviews (discussed further below) with the eight focus PSTs. We are encouraged that WA2 was a significant variable in both models, but did not have a large effect size. Assuming that the scores on their WAs are an indicator of their noticing as we had hypothesized, this suggests that the PSTs’ noticing improved from WA1 to WA2. The significant contribution of WA2 in predicting both CK and KCS might indicate that improved noticing also has an impact on improved content knowledge and knowledge of students’ mathematical thinking. 
Qualitative Results

The qualitative data included both the WAs and the interviews for the eight focus PSTs. We begin by describing themes in the WAs and then in the Interviews.

One of the more obvious findings from the WA data suggest that PSTs can easily detect wrong answers but struggle to attend to specific student strategies and also have difficulty interpreting how students’ strategies lead to correct/incorrect answers. Furthermore, those PSTs categorized as having Low levels of noticing on a particular WA also seemed to exhibit content difficulties, which we hypothesize further compound their difficulties in noticing particularly for students using novel solution strategies (whether that strategy led to a correct or incorrect answer). Consider, for example, a particular student from WA1 who has determined correctly that a round robin table tennis tournament will require 42 matches played and now is working out how long the tournament will take if each match is 30 minutes long. The student writes “42+30” and follows by writing that the resulting time is “12 hours 60 minutes”. We, the researchers, felt there were many aspects of that students’ work to notice and comment upon; such as the relatively small error of the “+” rather than a “x” and more interestingly, we thought, that 42 sets of 30 minutes is 1,260 minutes and not 12 hours and 60 minutes. Here is an example of what a PST with Low levels of noticing wrote for her analysis: “Student writes 12 hours and 60 minutes for the shortest amount of time for the competition, and I take this as evidence that student has not yet mastered the proper steps and skills to find hours and minutes because if they had, I might instead expect to see 6 hours.” 


A common format that PSTs employed (as was seen in the above quoted PST as well), especially in WA1, was to describe what the student had written, comment that it was incorrect, and then write what the PST would want to see as the correct answer, largely dismissing the intricacies in what the student wrote leading up to their final answer (Mason, 2002). This was an unintentional artifact, we suspect, of a guideline we had given in our task prompt (See Appendix B) that PSTs seemed to have overgeneralized. In future iterations of the WA assignment in subsequent semesters, we have altered that language. 


Another finding was that when PSTs with Low and Medium levels of noticing on a particular WA did attempt to interpret students’ errors, they frequently did so by hypothesizing issues such as student laziness, students rushing, students not reading directions correctly, and other such generalities, largely divorced from the mathematics present in the work. For students’ work that was correct, they similarly interpreted this by attributing it to students being smart, creative, or thoughtful. While these may have been true, the evidence provided in the student solution packets given to the PSTs did not directly support such interpretations. For example, no students specifically wrote that they ran out of time. This seemed to happen when students’ work was not very detailed such as when a student provided an answer but not an explanation or did not show their mathematical steps. It also happened for students whose answers were both correct and correctly explained in detail. The student work where the answer was incorrect but where the explanation was correct (or vice versa) seemed most productive for generating thoughtful PST analysis.

Regarding patterns of growth in noticing for the eight focus PSTs, we determined that PSTs with High levels of noticing on WA1 tended to sustain that noticing throughout each WA (two of the eight PSTs); that students with Medium levels on WA1 moderately increased their noticing across the WAs (four of the eight PSTs), and that students with Low levels on WA1 tended to slightly improve their attending but not necessarily their interpreting (two of the eight PSTs). 

For the interviews, we organize the findings by two broad themes: PSTs self-identified difficulties, and PSTs commentary on aspects of the course that supported their noticing and helped to overcome some of these difficulties.

The PSTs identified several ways in which the WAs were difficult. They largely commented that, overall, these assignments were challenging because they had never done anything like it before. It was even more difficult when students did not provide much written work, and they felt there was not much to go by for interpreting that work (likewise identified in the WA analysis reported above). Also, they reported that trying to see the tasks from the point of view of a young student was hard. Furthermore, PSTs identified that personal weaknesses (or strengths) in their mathematics knowledge hindered (or helped respectively) their ability to notice. For example, one PST described that her difficulties with fractions made it difficult for her to interpret student work with fractions on WA3 and by contrast a different PST remarked, “I understood the problems and so it was easier for me to understand the student’s work. I REALLY understood the concept!” This was consistent with our analysis of the PSTs WA assignments--mathematics knowledge mattered and when PSTs felt less secure in a concept, they were less secure analyzing student work related to that concept.

As for ways they felt the course supported their growth in noticing, they commented on several factors. A primary factor involved aspects of the course that promoted attention to others’ strategies--particularly their peers, but also children’s work examined in course activities and the student work in the WAs. They felt that learning content with an eye towards student thinking was helpful. One PST remarked, 
….a lot of the students in the writing assignments [solved the problems] in different ways so it was easier to see that after seeing that when everyone in my class had different ideas than me. But we [PSTs] were all right and so that taught me there are multiple ways to do a problem and so I could understand where the students were coming from that way. 

Primarily, they commented on the aspect of the WA where PSTs first solved the WA-task in group settings with their peers, and then engaged in whole-class discussion of the variety of solution strategies employed by other PST groups as contributing to  not only an awareness that there are multiple correct approaches, but also gave them a peek into what some of those strategies might be. A PST noted, 

other groups shared and you could see other people’s methods...everyone explain[ed] their different ways kind of prepared us for what we were gonna see (of the WA student work). 

Other aspects of the course that the PSTs reported as helpful were instructor feedback on earlier WA papers as well as the opportunity to do several WA cycles, and in a sense put their noticing skills into practice multiple times.  
Discussion

The change in the PSTs’ CK as measured by the MKT did not come as a complete surprise. Because the PSTs were in a mathematics content course, we anticipated there would be PSTs’ CK growth, though we were not sure to what extent as measured by an objective test. We were pleasantly surprised that not only was there CK but KCS growth as well. We attribute the KCS growth to the emphasis we as instructors placed on giving

PSTs opportunities to examine different ways to approach and solve problems in class.


The different strategies and ways of thinking that the PSTs witnessed in their classes appears to have made an impression as documented in the PSTs interviews. By examining the tasks carefully in class, the PSTs were better equipped to examine the WAs with an eye for different approaches the students might take in working on problems with clearly defined mathematical content. This may account for the growth not only in the CK but the KCS as well. As mentioned earlier in this paper, Philipp et. al. (2007) found that the PSTs were more motivated to learn mathematical concepts beyond just the procedures in order to teach students mathematics for understanding.

Examining the change in PSTs’ teacher noticing was more nuanced and subtle. As reported in the findings, the PSTs found examining and analyzing other people’s mathematical work difficult, particularly for young children who sometimes showed little work. The PSTs had limited language to assess other’s thinking. PSTs did not have extensive experience writing in a mathematics course; particularly in attending to and interpreting what others were doing mathematically. The general improvement in scores from WA1 to WA2 appeared also for the eight focus PSTs. We examined their skills in attending and interpreting and found that while the PSTs that demonstrated higher level noticing skills in WA1 maintained a high level in WA2, the PSTs that showed a lower level in WA1 improved in their ability to notice in WA2. This may be attributed to the opportunities the PSTs had to strengthen their content area while also thinking about different approaches to doing problems pertaining to the content.
 
A possible reason that we did not see a significant development in the eight focus PSTs’ teacher noticing may be due to the PSTs working to solidify their content knowledge in the course and we expected to see more distinct changes in PSTs ability to attend and interpret student work in these areas than was reasonable. We purposefully chose tasks that pertained to the content area the PSTs had just covered or were covering. This was the case for each WA, which meant the time to establish a deeper understanding of the content and ways students think about and relate to the mathematical content was the same in each of the WAs. We were not taking the same concept and building that concept over time.  
 
The PSTs found the feedback for WA1 helpful as they went about working on WA2.  Instructor feedback was identified as beneficial in the eight PSTs’ interviews and seems consistent with the regression analysis as well in that WA2 rather than WA1 related more to growth in CK and KCS measures. This was also consistent with instructors’ impressions of growth from WA1 to WA2. Many PSTs received low WA1 scores primarily because PSTs’ observations on WA1 were weakly grounded in evidence from student work, and because many of their initial interpretations in WA1 were not focused on students’ mathematical thinking. 


We noted earlier in our findings an example in which the PST felt a student demonstrated the lack of certain skills in noticing by saying, “Student writes 12 hours and 60 minutes for the shortest amount of time for the competition, and I take this as evidence that student has not yet mastered the proper steps and skills to find hours and minutes because if they had, I might instead expect to see 6 hours.” We had not intended that they jump straight to the correct answer. Instead we had meant in their analysis language more like: “The student wrote 12 hours and 60 minutes when I would have expected them to write 1,260 minutes and this suggests that the student might be misunderstanding the units and ‘read’ the answer as one might read a clock with the first two digits representing hours and the second two representing minutes.” that would have made an attempt to explain the student’s thinking.

Instructor feedback often pointed to lack of evidence as well as any lack of specific details about student thinking and it seems most PSTs listened and adjusted their WA2 accordingly. By the second WA, we saw many more PSTs offering evidence for their observations and commenting on a wider range of aspects than merely correctness. 
Conclusion

Providing guidance in discussing the WAs and letting PSTs reflect on their own and their peer’s work may be beneficial in supporting the development of noticing.  We feel that the slight gains we saw in teacher noticing are promising and we are encouraged to see links between the WAs and PST growth in CK and KCS measures. This paper highlighted ways that we have attempted to address noticing in a content course, that for our institution, is the first step in a series of courses where these ideas might be further refined for PSTs. Though not reported here we are also exploring the continuation of PST noticing into the second required content course for certification (focused on geometry) and we have plans to collaborate with teacher educators in the College of Education as PSTs move into methods courses and student teaching experiences. Our current work suggests that content courses can provide a means to “turn on” PSTs’ attention to student thinking as they simultaneously learn (and without compromising that learning) mathematics for teaching. Giving PSTs early opportunities to engage in this important component of teaching practice seems a promising means for introducing them into the long-term noticing they will need as they advance into teaching careers. 
References
Ball, D. L., & Cohen, D. K. (1999). Developing practice, developing practitioners: Toward a Practice-
Based Theory of Professional Education. In G. Sykes & L. Darling-Hammond (Eds.), Teaching as the 
learning profession: Handbook of policy and practice (pp. 3-32). San Francisco: Jossey Bass
Ball, D. L., & Bass, H. (2000). Making believe: The collective construction of public mathematical 
knowledge in the elementary classroom. In D. Phillips (Ed.), Yearbook of the National Society for the 
Study of Education: Constructivism in Education (pp. 193-224). Chicago: University of Chicago Press.
Ball, D. L., Hill, H., & Bass, H. (2005). Knowing mathematics for teaching: Who knows mathematics well 
enough to teach third grade, and how can we decide? American Educator, 29(3), 14-22, 43-46.
Ball, D. L., Thames, M. H., & Phelps, G. (2008). Content knowledge for teaching: What makes it special? 
Journal of Teacher Education, 59, 389-407.
Bartell, T. G., Webel, C., Bowen, B., & Dyson, N. (2013). Prospective teacher learning: recognizing 
evidence of conceptual understanding. Journal of Mathematics Teacher Education, 16(1), 57-79. doi: 
10.1007/s10857-012-9205-4.
Conference Board of the Mathematical Sciences. (2012). The Mathematical Education of Teachers II (Vol. 
17). Providence RI and Washington DC: American Mathematical Society and Mathematical 
Association of America.
Corbin, J., & Strauss, A. (2008). Basics of Qualitative Research: Techniques and procedures for 
developing grounded theory  (3e ed.). Thousand Oaks: Sage Publications.
Crespo, S. (2000). Seeing more than right and wrong answers: prospective teachers' interpretations of 
students' mathematical work. Journal of Mathematics Teacher Education, 3, 155-181.
Dick, L. K. (2013). Preservice Student Teacher Professional Noticing Through analysis of their Students' 
Work. (PhD), North Carolina State University, Raleigh.  Dick, 2013;
Feiman-Nemser, S. (2001). From preparation to practice: Designing a continuum to strengthen and sustain 
teaching. Teachers College Record, 103(6), 1013-1055.
Fernandez, C., Llinares, S., & Valls, J. (2013). Primary school teacher's noticing of students' mathematical 
thinking in problem solving. The Mathematics Enthusiast, 10(1 & 2), 441-468.
Goldsmith, L. T., & Seago, N. (2011). Using classroom artifacts to focus teachers' noticing. In M. G. 
Sherin, V. R. Jacobs, & R. A. Philipp (Eds.), Mathematics Teacher Noticing: Seeing through teachers' 
eyes (pp. 169-187). New York: Routledge.
Hill, H., Schilling, S. G., & Ball, D. L. (2004). Developing measures of teachers' mathematics knowledge 
for 
teaching. Elementary School Journal, 105, 11-30.
Hill, H. C., Sleep, L., Lewis, J. M., & Ball, D. L. (2007). Assessing Teachers' Mathematical Knowledge: 
What knowledge matters and what evidence counts? In J. Frank K. Lester (Ed.), Second Handbook of   
Research on Mathematics Teaching and Learning (pp. 111-155). Charlotte: Information Age 
Publishing.
Jacobs, V. R., & Philipp, R. A. (2004). Mathematical thinking: Helping prospective and practicing teachers 
focus. Teaching Children Mathematics, 11(4), 194-201.
Jacobs, V. R., Lamb, L. L. C., & Philipp, R. A. (2010). Professional Noticing of Children's Mathematical 
Thinking. Journal for Research in Mathematics Education, 41(2), 169-202.
Kazemi, E., & Franke, M. L. (2004). Teacher learning in mathematics: Using student work to promote 
collective inquiry. Journal of Mathematics Teacher Education, 7(3), 203-235.
Mason, J. (2002). Researching your own practice: the discipline of noticing. London: Routledge.
Miller, K. F. (2011). Situation Awareness in Teaching: What educators can learn from video-based 
research in other fields. In J. M. G. Sherin, V. R. & Philipp, R. A. (Ed.), Mathematics Teacher 
Noticing: Seeing through 
teachers' eyes (pp. 51-65). New York: Routledge.
Morris, A. K., Hiebert, J., & Spitzer, S. M. (2009). Mathematical Knowledge for Teaching in Planning and 
Evaluating Instruction: What can Preservice Teachers Learn? Journal for Research in Mathematics 
Education, 40(5), 491-529.
National Council of Teachers of Mathematics (NCTM). (2014). Principles to Actions: Ensuring 
mathematical success for all. Reston: NCTM.
Philipp, R. A. (2008). Motivating prospective elementary school teachers to learn mathematics by focusing 
upon children's mathematical thinking. Issues in Teacher Education, 27(2), 195-210.
Philipp, R., Ambrose, R., Lamb, L. L. C., Sowder, J. T., Schappelle, B. P., Sowder, L. (2007). Effects of 
early field experiences on the mathematical content knowledge and beliefs of prospective elementary 
school teachers: An experimental study. Journal for Research in Mathematics Education, 38(5), 438-
476.
Schack, E. O., Fisher, M. H., Thomas, J. N., Eisenhard, S., Tassell, J., & Yoder, M. (2013). Prospective 
elementary school teachers' professional noticing of children's early numeracy. Journal of Mathematics 
Teacher Education, 16, 379-397.
Schoenfeld, A. (1999). Balanced Assessment for the Mathematics Curriculum: Middle Grades Assessment 
(Vol. 1). Berkeley: Dale Seymour.
Schoenfeld, A. (2011). Noticing Matters. A Lot. Now What! In V. R. J. M. G. Sherin, & R. A. Philipp   
(Ed.), Mathematics Teacher Noticing: Seeing through teachers' eyes (pp. 223-238). New 
York:Routledge.
Sherin, M. G., Jacobs, V. R., & Philipp, R. A. (2011). Situating the study of teacher noticing. In M. G.   
Sherin, V. R. Jacobs, & R. A. Philipp (Eds.), Mathematics Teacher Noticing (pp. 3-14). New 
York:Routledge.
Sherin, M. G., & van Es, E. (2009). Effects of video club participation on teachers' professional vision. 
Journal of Teacher Education, 60(1), 20-37.  
Star, J. R., & Strickland, S. K. (2008). Learning to observe: Using video to improve pre-service 
mathematics 
teacher's ability to notice. Journal of Mathematics Teacher Education, 11, 107-125.
Appendix A:  WA1 - Table Tennis Task
This problem gives you the chance to

· design a method for finding the number of games

· reason with units of measure
1.  Ten people want to sign up to be in the competition.


a. How many matches will be played altogether?


b. Explain how you worked out your answer.

2.  Individual table tennis matches usually take half an hour. Remember there are four tables 
available.  Determine the shortest amount of time for the competition. (Show all your 
work.)

3.  Suppose two additional students decide to join the tournament.


a.  How long will the tournament now take?


b.  Explain how you worked out your answer.

(Schoenfeld, 1999)

Appendix B: Writing Assignment #1
Table Tennis Task
 For this assignment you will be given a packet that includes a task we will have done together in class, along with some commentary on the solutions to that task as well as several students’ work/solutions to that task. Your job is to carefully analyze the students’ solutions, and write a report documenting your assessment of their work and progress. Your report should include approximately ½ page to 1 page of written commentary per student solution; typed and either printed or submitted as a single document (multiple pages saved in a single file where each new student is the start of a new page) electronically to TRACS drop box identified as Writing Assignment #1.  Include your name, section number, and that it is Writing Assignment #1.

a) For each student, comment on what their work reveals about skills/concepts that the student seems to have mastered, what they seem to be in progress towards mastering, and what they have yet to reveal as mastered.
b) For each student, include examples from their work to support your assessment. For example, “on the 2nd page part (c), the student writes <....> and I take this as evidence that the student has not yet mastered <some skill or concept> because if they had, I might instead expect to see <insert what you think an appropriate response might look like>.”
c) For each student summarize whether the entire work represents Mostly Complete, Emerging, or Mostly Absent evidence for learning the core skills/concepts required in the task. Recall that they may have gotten some parts perfect and others imperfect, so you need to decide on a summary that reflects the overall evidence.
d) And finally, for each student, suggest some ways that you (their hypothetical teacher) might create some learning opportunities to help move them forward in their learning. Be specific. What materials would you use (e.g., worksheets, children’s literature, blocks, flashcards, etc.), when would you do this (e.g. during class, as extra homework, in a special tutoring session), how long would this take (e.g. 5 min or several sessions over 2 weeks?), would this be whole class or targeted at a small group or just the individual? And finally, justify why you think your intervention could be successful. Basically, how does your intervention target the students’ needs?
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