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Engaging community colleges faculty in developing items for assessing mathematical knowledge for teaching
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In this paper we investigate how experienced community college mathematics faculty, taking part in an item-writing camp designed to generate items to assess mathematical knowledge for teaching college algebra, thought about student thinking and the work of teaching in this context. We conceived of the participants' knowledge as practice-based professional learning. By analyzing video records of item development sessions, drafts of items produced, feedback sessions on the items, and selfreports of their learning during the camp, we identified four major themes related to participants' work highlighting the possible advantages of engaging faculty in item-writing: understanding mathematical knowledge for teaching, understand the item writing process, drawing on their teaching experience in the item-writing process, and noticing the complexity of writing MKT items. These themes make salient the advantages of engaging classroom-based faculty in item-writing.

Introduction

Over the last two decades, researchers have attempted to identify and describe the relationship between teacher mathematical knowledge for teaching and student achievement [START_REF] Hill | Effects of teachers' mathematical knowledge for teaching on student achievement[END_REF]. Several research groups have developed instruments for measuring this special type of knowledge targeting specific grade bands (e.g., [START_REF] Hill | Developing measures of teachers' mathematics knowledge for teaching[END_REF]. To develop items that reliably assess this type of teacher knowledge researchers have collaborated with mathematicians and practitioners (teachers, teacher educators, and professional developers), so that both the mathematics at stake and the ways in which it manifests in the classroom are authentically represented in the items. Relevant grade-level teachers have taken part in cognitive interviews, instrument piloting, or assessment item-writing camps [START_REF] Phelps | Developing content knowledge for teaching assessments for the Measures of Effective Teaching Study[END_REF]. Selling and colleagues (2016) have argued that item developers need support to make sense of the nuances of the knowledge construct and the best ways to assess it, yet there is little documentation about how classroom-based faculty work in collaboration with mathematical knowledge for teaching (MKT, Hill, Schilling, & Ball, 2004) researchers to create items for MKT instruments, or about their thinking process as they generate ideas and contribute to the item-writing process. This paper presents an exploration of how a group of 13 practitioners (community college mathematics faculty who teach college algebra), chosen from different regions of the United States, thought about their students' thinking, in the context of a twoweek item-writing camp in which they were asked to produce 10 different multiple choice or testlet MKT items each. Involving teaching faculty in writing MKT items is not typically done by other MKT-assessment instrument developers-those groups limit practitioner input to feedback through cognitive interviews and pilot studies. We set out to answer this research question: In what ways does leveraging hypothetical examples of student work facilitate the development of MKT items designed to measure instructors' knowledge of students' mathematical reasoning?

The participants were invited as part of a large project that seeks to develop an assessment for mathematical knowledge for teaching college algebra at U.S. community colleges. College algebra is a credit-bearing course taught in postsecondary institutions in the United States, and typically covers content related to linear, rational, and exponential functions, as well as other relevant algebraic concepts in preparation for calculus. The number of students taking this course at U.S community colleges has steadily increased from about 190,000 in 2000 to about 300,000 in 2015 (Conference Board of the Mathematical Sciences, 2015). This course is considered a gateway to degrees in science, technology, engineering, and mathematics (STEM), being a prerequisite for a STEM calculus sequence. The immense number of students who take this course at U.S. community colleges, and consequently the large number of teachers needed to fill this need, creates an opportunity for developing an instrument that assesses the MKT of community college faculty teaching college algebra, (MKT-CCA), in these institutions; such instrument can serve as a tool for understanding the quality of instruction of this key course and its impact on student learning.

Sustained prior work to corroborate that MKT is composed of the various dimensions identified in the literature (e.g., subject matter knowledge, pedagogical content knowledge, [START_REF] Shulman | Those who understand: Knowledge growth in teaching[END_REF]) has proven very difficult. We chose follow [START_REF] Ko | Subject matter knowledge of geometry needed in tasks of teaching: Relationship to prior geometry teaching experience[END_REF] who successfully distinguished knowledge needed when geometry teachers perform two different tasks of teaching, understanding student work and choosing problems. Tasks of teaching are the "recurrent practices that make up the work of teaching [school] subjects" (Phelps, et al., 2014, p. 3). Since these tasks of teaching are indeed foundational for teachers' work and given that there is evidence that it is possible to identify two distinct types of knowledge, we chose this conceptualization to develop our instrument. We used a tasks of teaching framework and adopted a two-dimensional hypothesis for the construct: (1) choosing problems and (2) understanding student work. We hypothesize that the knowledge that community college instructors use to choose problems for teaching college algebra can be distinguished from the knowledge that they use to understand students' work in college algebra. We (four university researchers, four community college faculty-researchers, three graduate students) developed a pool of items after training in instrument development. After developing a set of principles for writing items we invited practitioners to develop items along these two dimensions.

Methods

We recruited 13 community college faculty to participate in a two-week item-writing camp. These practitioners came from different geographical regions, taught at different types of colleges (urban, suburban, large, small), had varied demographic characteristics (e.g., race, gender), and had some experience writing cognitive tests and working collaboratively in small groups. These criteria generated a diverse group and shortened the time needed for training and team building. During the virtual item-writing camp we provided training for the participants that included: (1) an introduction to MKT literature, (2) definitions of the two tasks of teaching, ( 3) examples of items from our item pool, and ( 4) ways of checking that items fit the definition of the task of teaching they were targeting. We also provided a set of algebra topics we selected as representative of core mathematical ideas in college algebra, and that relate to linear, rational, and exponential functions. The faculty worked in self-selected teams of 2 to 3 participants; they were asked to draft items with feedback being provided by other participants and members of the research team in several cycles of feedback and revision.

Data and analysis

We collected two types of data (1) audio and video recorded work sessions in which the faculty worked collaboratively in teams to draft items, reviewed draft items from other teams, and used other teams' review comments to change and improve their drafts, and (2) reflection memos from the 13 instructors written at the end of each week, and that sought personal insights on the work of writing items. We used both ongoing and retrospective analyses of the data. Ongoing analysis occurred during the item-writing camp and involved reviewing the reflection memos after Week 1 to identify common themes using an open coding and a constant comparative method [START_REF] Corbin | Basics of qualitative research[END_REF]. These themes informed prompts for the reflection memo delivered after Week 2. Figure 1 shows one of the themes, its subthemes, and sample quotes that emerged. During retrospective analysis, we examined all available data (recordings and memo responses) using the coding system used to analyze the reflection memos from Week 1 while adding new themes and sub themes as needed. Four researchers independently coded these records; then met to compare, discuss, and agree on a final list of themes identified across the data set. This paper presents preliminary findings focusing on the data found in participants' memos.

Preliminary Findings

Four themes emerged from our data related to the participants': (a) attempts to understand MKT, (b) attempts to understand the MKT-item writing process, (c) attempts to draw on their teaching experience in the item-writing process, and (d) realizations of the complexity of writing MKT items.

The first two themes were not entirely surprising, as they represent issues that anyone doing the work of MKT instrument development has to grapple with. Due to space limitations, we present findings about the last two themes to highlight insights into experiences of MKT writers who were encountering MKT research for the first time. These themes represent ways in which participants wrestled with writing items to assess community college instructors' thinking about student thinking.

Drawing on Teaching Experience

Participants leveraged their teaching experience in the item-writing process in two different ways: (a) They used common student errors that they have observed in their own teaching of college algebra and (b) negotiating the goals of the college algebra course impacted their decisions in item writing.

Using Common Student Errors. Of the 13 instructors, ten reflected on how they sought to use common student errors they have encountered in their experience teaching college algebra to write items that would assess community college instructors' thinking about student thinking. They wrote that they began with common "mistakes," "errors," or "misconceptions" that they see in their own teaching. For example, Steph (pseudonym) wrote:

I thought about problematic areas… common (from my experience) struggles [students] face or challenges they have in making sense of the ideas… like percent, geometric mean, ... then I created a couple of items to assess an instructor's ability to connect their math content knowledge with these hypothetical student responses. (Steph, Memo# 2, June 10, 2021).

Steph gave Figure 2 as an example of an item he created by reflecting on his knowledge of students' thinking. His ability to reflect on a common student struggle informed his decision to draft a realistic problem for college algebra at community colleges. Participant's knowledge of students' struggles with mathematical ideas was valuable for the item development process.

Negotiating Goals for College Algebra. Our analysis revealed that participants leveraged their teaching experience as they wrote items to assess instructors' ability to interpret students' work relative to the instructional goals for the course. For example, Taylor wrote about the importance of writing items that focus on community college instructors' ability to understand their students' conceptual and procedural understanding:

I tried to think about common errors or misconceptions I observe students making consistently... I also try to go back and forth between procedural and conceptual knowledge. Having procedural knowledge doesn't guarantee having conceptual understanding but it was difficult sometimes to pull and separate the two… I think that some of my items were focused on procedural knowledge more so than conceptual knowledge although having conceptual knowledge is key. (Taylor, Memo #2, June 10, 2021).

Taylor's understanding about the goals for college algebra enabled her to be mindful of the different types of understanding that the course seeks to develop, and to then think about the types of items needed to assess instructors' thinking about these types of student understandings. Trent also seemed to be thinking about the goals for this course when he wrote:

There Trent's comment highlights a challenge related to intended outcomes for college algebra as there is variation in course outcomes for college algebra across institutions and states. Trent's statement seemed to go a step further than Taylor's by thinking about how other participants in the item camp were thinking about teachers' thinking about student thinking. Professional teacher organizations in the U.S. encourage mathematics teachers at all levels to strike a balance between developing their students' conceptual understanding and procedural fluency (e.g., American Mathematical Association of Two-Year Colleges 2018). The challenge of making sense of a students' depth of understanding using a snapshot of a student's work presented on an MKT-CCA item in the absence of a dialogue with the student complicated the ability of item camp participants to write items that would assess an instructors' ability to think about and make judgements about student thinking. The participants' insights about the varying goals of college algebra contributed to the item-writing process in terms of the development of MKT-CCA items that assess test takers' ability to think about students' understanding in both procedural and conceptual terms.

Realizations of the Complexity of Writing MKT Items

Our data showed participants negotiating the complexity of writing MKT assessment items in three ways: (a) creating multiple-choice options that could be evaluated objectively, (b) evaluating evidence of students' understanding, and (c) the challenge of metacognition.

Creating multiple-choice options. Not only did the participants have to contend with crafting an item stem about an identified common student error but they also had to create either multiple-choice options or binary options for testlets that would be realistic for the stem and for college algebra. Eight participants wrote about their struggles with writing multiple-choice options. They gave varying reasons for why they struggled including: writing options that could be evaluated without subjectivity, writing realistic incorrect student responses, and using snapshots of students' incorrect work produces some unpredictability since students' work cannot be easily explained or packaged into a multiplechoice item. For example, Steph said:

Multiple choice questions are VERY hard to write. Do the MC choices have to be right or wrong? Or can they all be viable and the response will tell us something about the respondent? In my first case, correct student work is shown and the respondent is asked which question they might ask to follow up on student thinking. It might be argued that all 4 questions (MC options) are possible (that is... not really "wrong" or "right"...) (Steph, Memo #1, June 4, 2021)

Like Steph, most participants struggled to decide on how to orient multiple-choice options to best assess a test taker's understanding of students' work or the test taker's perceptions of the best way a teacher would respond to help a student struggling with a math concept. The latter was further exacerbated by test takers' perceptions of the goals of college algebra and how it should be taughttwo instructors could select diverging paths of intervention (e.g., two different follow up tasks) they believe would be appropriate intervention depending on their believes about teaching mathematics.

Evidence of student thinking. Ten participants wrote about the challenge of using students' written work and how that made writing items assessing community college instructors' ability to understand students' work difficult. Of the ten, five wrote about the difficulty of moving from a common student error to an MKT-CCA item, as illustrated in the following excerpt from Star's reflection memo:

Nearly all of my items were drawn from actual work that my students have done in the past. I found that more often than not, the mistakes that students make cannot easily be explained/do not follow a predictable pattern. While it made it very difficult to write options for those stems, I think those will be the most valuable for testing MKT! Writing the "Understanding" items was an interesting experience because it highlighted the assumptions we make about student work. What evidence do we base those assumptions on? Or is it all experience? (Star, Memo #2, June 10, 2021).

Star's pondering about the challenge of writing items about students' work, that different test takers who bring different teaching experiences, can interpret in a way that leads them to choose the same correct choice without the option of asking the student follow-up questions was shared by other participants. The jump from identifying common student errors to crafting an item that would meaningfully assess a community college instructor's thinking about the student's thinking posed challenges that Star and other participants had never wrestled with.

The Challenge of Metacognition. The reflection questions prompted participants to make explicit not only their thinking about their knowledge for teaching college algebra but to also think about the test takers' thinking about students' thinking and how that thinking would elicit knowledge needed in the particular task of teaching. The difficulty item writers had in thinking about student thinking suggests that the activity is not standard practice among community college instructors, that is, thinking about other faculty's knowledge is not in the scope of community college instructors' role as teachers, and we hypothesize that it is therefore rare. Star said:

The line between knowledge of college algebra and knowledge for teaching college algebra is much finer than I thought. My first pass at a lot of the items I wrote ended up testing the participant's [mathematical] knowledge, rather than their knowledge for teaching. I think a lot of my knowledge for teaching college algebra is subconscious, and I still haven't quite figured out what the difference is, in explicit terms. (Star, Memo #2, June 10, 2021).

Star's reflection suggests that the work of writing MKT items is different from the work of writing assessment items for students that focus on college algebra content. MKT items, especially those focused on understanding students' work are inherently different in the sense that they target to assess a test taker's mathematical thinking about students' thinking. Maggie touched on this in her memo:

The writing of the items is also new for me. It feels very meta to write not just what student thinking might be but to take it to the level of what a teacher might be thinking about student thinking and how student thinking can be elicited. Putting that into parallel foils is hard. Heck, writing the stem is hard! (Maggie, Memo #1, June 4, 2021)

Discussion

Involving practitioners in item writing meant adding a layer of training-as this was a group not intimately engaged in researching MKT-but also brought valuable perspectives to our item-writing process. Practitioners' experiences teaching college algebra at community colleges and their understanding of linear, rational, and exponential functions helped to enrich our database of items. Further, their ability to draw on their experiences to highlight common student errors for students in the targeted college algebra topics and their reflections on the goals for the course impacted the types of MKT-CCA items they drafted, which we believe will add to the diversity of items in the instrument. Finally, we found that the process of writing MKT-CCA items to assess instructors' thinking about student thinking provided the instructors who attended the item camp valuable insights into their own practice. Analysis of the data offered clues about how participants wrestled with issues such as what it means for a student to understand an idea and the kind of evidence needed to show understanding. The discussions held among partners in the item writing or reviewing process were rich and allowed the writers to think about issues around instruction that they do not ordinarily think about outside the context of thinking about a colleagues' thinking about student thinking.

Theme:Figure 1 :

 1 Figure 1: Sample theme, subthemes, and sample quotes

  is still a large divide between what different [other participants] think is most important in college algebra. My team is very much focused on conceptual understanding and big ideas and others appear to still hang on to what I personally think are outdated aspects of the course. (Trent, Memo #2, June 10, 2021).
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