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Professional development activity with a secondary school mathematics department in England aimed to further teachers' knowledge of their resource options in order to better inform the resource choices they make and support their ability to use resources to design effective instruction. Participants conceptualized individual resources as representatives of resource types, drafted a model to represent types, and compared types using indices (exponents) as a focal topic. This paper reports on a study of that activity. Findings suggest that learning more about resource options assists and interests teachers and that using a focal topic to explore, characterize, and compare resources has merit. Organizing resources by type for use as a tool for finding resources and coordinating their use in a resource system appears beneficial, but would require work over time.

Introduction

Resource options for teachers are burgeoning. However, despite calls for providing opportunities to develop teachers' resourcing skills (e.g., [START_REF] Rolando | The use of internet tools for teaching and learning by in-service biology teachers: A survey in Brazil[END_REF], and the recognition that teachers choose to use multiple resource types even in countries where prepared curriculum materials such as textbooks have dominated (e.g., [START_REF] Webel | Teachers' evaluations and use of web-based curriculum resources in relation to the Common Core State Standards for Mathematics[END_REF], little is known as yet about how to help mathematics teachers select resources advantageously on behalf of student learning. One question that arises is whether teachers are familiar enough with the full range of available resources to make well-informed selections. In order to select and use a resource, a teacher must first know that it exists, as suggested by the quote from a secondary mathematics teacher in England in the title of this paper. Unknown resources are effectively inaccessible. [START_REF] Siedel | Teachers' selection of resources in an era of plenty: An interview study with secondary mathematics teachers in England[END_REF], in a study of secondary mathematics teachers in England, found that teachers with considerable autonomy and responsibility for resource selection did not know about or were not selecting several potentially useful types of resources. To investigate further, the authors introduced a construct called "the pool of possibilities" (p. 121) to represent all instructional resource options for a teacher population, including human, cultural, social, material and digital resources. Teachers in the study discussed here, the Resource Types study, had an opportunity to learn more about their resource options by exploring their pool of possibilities.

Although the pool of possibilities and the work teachers undertake to find resources in a pool of possibilities have received limited attention in studies of teacher-resource interactions, literature about teachers' selection, adjustment and construction of resources was pertinent to the Resource Types study (e.g., [START_REF] Pepin | Refining teacher design capacity: Mathematics teachers' interactions with digital curriculum resources[END_REF]. One premise for the study was that knowledge of resource options, including familiarity with the range of resource types, supports what is described as teachers' "mathematics-didactical design capacity" (Pepin, Gueudet, & Trouche, 2016, p. 2), that is, their ability to use or construct resources to plan effective instruction. The "focal topic approach" introduced in this paper, for example, illustrates that examining and comparing a variety of resource types for a particular mathematical topic might augment teachers' knowledge of mathematics, of teaching, of student learning, or of resource features. Knowledge of options can thus support the development of other resources, regardless of whether a teacher chooses the options for further use.

The idea of "resource system," an "evolving notion" in mathematics education (Ruthven, 2018, slide 2), framed the study. When teachers interact with various resources in various ways, they typically acquire a collection of individual resources to support their work. As described by [START_REF] Ruthven | The construct of 'resource system' as an analytic tool in understanding the work of teaching[END_REF], a collection of resources becomes a resource system by application of an organizing principle intended to make the collection function more effectively. Often the organizers are teachers, who may seek to unite stand-alone resources in some way to produce a coherent whole, a resource system. Teachers in the Resource Types study were invited to organize resources using the principle that individual resources are representatives of resource types that can be usefully classified and related. Participants applied this principle to a wide range of individual resources and types of resources from their pool of possibilities, not all of which were familiar. The supposition was that identifying types of resources and classifying by types could, first, enable and motivate teachers to select from a wider range of options in their pool of possibilities by increasing the number of resources familiar to and thus accessible to them. Second, regardless of how teachers prefer to use or construct resources, knowing more about a variety of types, and comparing types, might support more advantageous resource selection and ultimately a stronger resource system.

The research question for this study was: What sorts of professional development activities enable secondary mathematics teachers to draw on a wider range of resources when developing their resource system?

Methods

The two-hour Resource Types session occurred in the final month of a nine-month pilot study about the mathematical symbol known as the minus sign, conducted with the mathematics department for 11 to 16 year olds at a state secondary school in the South East Region of England. All eight teachers in the department were present for the Resource Types session. At the inaugural session of the overall pilot, teachers were introduced to instructional resources as a topic of interest for their department that would be folded into the minus sign exploration; they also completed surveys about their resource use. Indices (exponents), the mathematical topic for the Resource Types session, was included in the pilot as one of the topics where the minus sign is known to be problematic.

The Resource Types session had two parts. Part 1 introduced the idea of classifying resources by type. In Part 2, using the "focal topic approach," indices (exponents) was a focal topic for comparing diverse resource types featuring content specific to that topic. Both parts included guided discussion. The full session was audiotaped using two recorders; slides used during the session were posted afterwards. At the department meeting one week after the Resource Types session, participants completed a follow-up survey and had an opportunity to sketch their thinking about a typology for resource types. Participants were encouraged to add comments.

In Part 1, using the "list approach," teachers worked in pairs to brainstorm categories for types of resources and began to organize the types, first using a list of sixteen familiar resources, then a list of twenty-two others, less familiar, and thirdly a proposed list of categories for resource types accompanied by commentary and questions. The department head, also a teacher participant, led discussion after the group had time with each list. Part 1 was open-ended and fast-paced, not intended to lead conclusively to any well-developed classification by types. Part 1 concluded with the group's first attempt to graphically organize "types of resources."

In Part 2, participants reviewed the treatment of indices in a researcher-selected set of resources representing types, in order to examine, characterize, and compare types. The set of types included two contrasting blogs, a research article, traditional curriculum materials, a site to design assessments, a book with rationale for mathematics procedures, a mathematics information site, and a mathematics educator's website with teaching suggestions for numerous topics. These represent some types of resources not mentioned by most teachers in the Siedel and Stylianides study (2018).

Part 2 initially focused on two blog posts by Dan Meyer (dy/dan, 2015; dy/dan, 2016) because these exemplified the value of searching for resources using non-British mathematical terms ("exponents" rather than "indices"), contained rich user discussion that mentioned other resource types, included a "research into practice" example, and included a variety of teaching strategies and activities. Those posts and the research article [START_REF] Cangelosi | The negative sign and exponential expressions: Unveiling students' persistent errors and misconceptions[END_REF] were characterized and compared as types. Due to time constraints, examination of the remaining types was brief.

The follow-up survey was administered at the department meeting a week post-session. Drawing on Guskeys's (2016) levels of evaluation for professional development, which also informed data collection and analysis for the session itself, the survey was designed to determine participants' affective response to the Resource Types session, their learning about individual resources or about the idea of resource types, and whether as individuals or as a department they were likely to use what they learned. At that post-session meeting, as part of a separate activity, teachers were also invited to diagram or otherwise describe their current thinking of how types might relate.

Results

Data were identified by researcher observation of the session, review of the audiotapes, and teachers' written responses in the follow-up activity. Data from conversations in Parts 1 and 2 of the session were qualitative. Teachers appeared fully engaged throughout the session; there was evidence they were learning about individual resources and about resources as exemplars of types. Quantitative survey data (Table 1) and teachers' written comments (Table 2) supported this.

During Part I, resources in the first of three lists participants worked with were familiar to most. They were asked to use the list to generate categories for resources from the new perspective of resources as types. They quickly generated categories that appeared to be based on what a resource facilitates, such as "problem-solving," "worksheets and homework," "develops ideas," "direct teaching." With the second list, however, the resources were less familiar; much of that conversation consisted of teachers trying to learn about a resource in order to identify it by type. For example, someone familiar with a resource could describe it to others. This was an opportunity for participants to learn about the existence of a resource. Categories for types from this list included "technology" and "what level it addresses." These were broader categories, less activity specific. The third list, a proposition of types, surprised teachers because there were many (twenty) types.

As teachers worked with the 3 rd list, teachers remarked about some they had not thought of, such as "books." Later, in Part 2, reviewing types of resources for indices, the group decided to purchase a book that was mentioned; they had not known about the book. Such incidents were evidence that participants were learning about previously unknown resources or broadening their range of types.

During Part 2, participants had an opportunity to evaluate the pre-selected set of individual resources representing a variety of types for the topic indices. Teachers thus learned about these individual resources, while other individual resources were mentioned in the discussion. For example, a discussion about an assessment site prompted mention of a forthcoming resource for UK educators associated with the assessment site. Most participants had not known of its existence.

Results from the follow-up survey, shown in Tables 1 and2, indicate that as a result of the session, some teachers were already visiting online resources in the following week. One teacher, for example, went to a site providing information about mathematics to look up definitions. In the last comment of Table 2 (Teacher 8) the participant expresses an interest in using as wide a range of resources as possible, which would likely involve searching for new resources.

The tables indicate teachers were likely to use ideas about "types of resources" to organize their own interactions with resources or to consider relationships among resource types. The data in Table 1, from the follow-up survey, attest to interest in, ongoing thinking about, and discussion of resource types. Most teachers found the session useful; some had been actively engaged afterwards. Table 2 suggests that some teachers will continue using the teacher-student dichotomy they generated as the basis for a typology (Teacher 2). Comments in response to a question about what stayed with them after the session suggest that these teachers are likely to think about the benefits of classifying resources (Teacher 4), but are aware that there are many types (Teacher 3). Thinking of types promotes learning about their work with resources (Teachers 5 and 8) and, for some, relating them. It also indicates awareness of the difficulty of organizing by type (Teacher 6), with fewer categories a possible objective. Some want to pursue this further (Teacher 7).

Teachers' attempts to graphically organize resources as types also contributed data. Asked to diagram the categories for resource types during the session itself, one pair proposed two unlinked central categories, labeled "teacher resources" and "student resources." The group accepted this. They began to place other categories they generated from the first list as subcategories. At this point the visual resembled a pair of main idea webs. One teacher noted that a resource could also be "mixed," with provisions for both teachers and students. A week later, at the department meeting where participants completed the follow-up survey, but as part of activity apart from the survey, teachers were asked to diagram or discuss their current thinking about how to diagram the relationship of resource types. Five teachers responded. Four used the teacher-student dichotomy, however one of these drew an arrow from teacher to student, linking the two. Another drew three intersecting circles, as in a Venn diagram. These were labeled "teacher," "students," and "online;" directional arrows indicated two-way interaction. The teacher who did not use the teacher-student dichotomy instead began a main idea web with "resource" at the center and two ideas as subcategories. One was labeled "needed for"; the other was not yet labeled. Teacher 2 (Mentioned a site she went to) "I like this site as being a useful resource for teaching but it is not necessarily so for learning." 

Discussion

This small study represents a first step towards explicit investigation of a pool of possibilities as a way to enhance teachers' work with instructional resources. Results suggest that opportunities to classify resources by type can amplify teachers' knowledge of their resource options, thus making more resources in their pool of possibilities available to them. Results also point to the complexity of organizing resources by type. More time would have been necessary for participants to fully classify resources and link the classification to the development of a resource system.

With respect to the research question, results seem to imply that the activities developed for the session were responsible for favorable results. However, other factors might account for what occurred with this particular group, who, as colleagues, represent an important resource in their pool of possibilities. These factors include: (1) participant teachers were a team who worked together daily with the same student population, were accustomed to and enjoyed working together on the types of activity in the Resource Types session;

(2) two mathematical topics for the session, indices and the minus sign, were important to this group, and possibly a motivating factor; (3) the larger pilot in which the Resource Types session was embedded featured a monthly topic and accompanying materials that tacitly, but consistently, evidenced the idea that there are a variety of resources to explore for any topic, including resources not specifically for student activity.

Participants were accustomed to exploring multiple types of resources for a topic.

Despite this, participants' reactions to the activities in Parts 1 and 2 suggest that the "list approach" and the "focal topic approach" have the potential to influence teacher thinking in ways that support more deliberate selection from a wider range of resources. During Part 1, participant thinking evolved. With the first list, it seemed straightforward to organize resources by pedagogical activity, but the second list seemed to indicate that resources could be conceptualized various ways, and that organizing by type could be challenging. In response to the third list, of resource types, teachers were not in favor of having too many categories for types, even when, or perhaps especially when, they saw how many types there could be. Part 1 discussion showed that teachers' thinking about the merits of classifying by types varied. Like many mathematics departments in England, this department had not adopted a textbook (e.g., [START_REF] Siedel | Teachers' selection of resources in an era of plenty: An interview study with secondary mathematics teachers in England[END_REF]; guided by the national curriculum, they were responsible for their own curriculum development and resources. One teacher wanted to use as many resource types as possible to guide searches, so that the department would not miss knowing about important ideas, new developments, or any potentially useful resources; the teacher also emphasized the importance of finding "research-based" resources. Another teacher was less interested in broad-based searching by types; this teacher was motivated by "what you do with it" or "what you want it for." In a later session, this teacher defined a high quality resource as one where, "You stop looking! No need to look … again as it does the job perfectly."

As a result of the comparison of types for indices, a participant visited a resource she uses regularly to check its treatment of indices, particularly of zero as a superscript, exemplifying that the "focal topic approach" may influence teachers' work with resources they already have. When one variable that characterizes resources, the mathematical topic, is controlled for, it is easier to compare and comprehend other characteristics, such as the affordances and constraints of each as a type. At the same time, because each resource features the same topic, this activity may augment teachers' knowledge of the topic.

One way in which a typology of resource types for developing a resource system might affect student learning is by possibly reducing the variation in teachers' individual resource collections.

Siedel and Stylianides referred to the existence of variable collections of resources within the same school as "plurality and variation" (2018, p. 130). If teachers' individual sets of resources include multiple resources, with sets varying considerably even among teachers at the same school, there may also be variation in opportunities for children to learn mathematics, known to be problematic in education (e.g., [START_REF] Morris | Creating shared instructional products: An alternative approach to improving teaching[END_REF]. The question of whether or not they should all be using the same resources for a topic was posed to this group, but limited time did not allow discussion.

Two related questions for the mathematics education community emerged from this Resource Types study. The first concerns teachers' understanding of the expression "evidence-based." What types of resource can be considered evidence-based and how can teachers weigh these for resource selection? When comparing blog postings and the Cangelosi et al. (2011) research study, one teacher said the research article was evidence-based but the blog was characterized by opinions.

The implication was that the research article had more worth. Would this mean that ideas developed from experience, such as long-term practice, are less trustworthy? What about the work of influential educators who guide mathematics teachers but may not be conducting systematic research? For their work to be trustworthy is formal review by other educators necessary? Teachers might benefit from opportunities to identify types but also to weight them.

The second, related question deserving attention in studies of teachers' resource skills is how to help mathematics teachers find research articles such as Cangelosi et al. (2011) that contain valuable information for mathematics teachers. Cangelosi et al. (2011) describes misconceptions about indices held by university students. The article includes activity that secondary mathematics teachers could readily implement to forestall similar misconceptions among their own students.

Unfortunately, the inclusion of material in Search Engine Results Pages (SERP) seems to change over time. Cangelosi et al. (2011), for example, at one time appeared in the results of an online search for "negative exponents" and seemed to be openly accessible, but that no longer seems to be the case. Familiarity with the notion of open access articles and pre-publication copies may not aid teachers. Potentially helpful resources may be inaccessible, even when teachers know they are "out there." This becomes significant for questions about whether a resource exists for teachers.

Overall, the results of this study advocate for repeating the activities in a context outside of the pilot study, with more time to pursue the proposition that these activities might strengthen resource systems on behalf of student learning. The results suggest that in the process of classifying types of resources to develop a professional model for improving their resource systems, teachers can extend their knowledge of resource options in ways that benefit all of their work with resources.

(

  root?) "It's easier when resources are in categories and you know where to go for what" Teacher 5 (What took root?) "Made me think about what resources I was using for what reason" Teacher 6 (What took root?) "The difficulty in classifying resources" Teacher 7 (What she planned to do) "Look online for resource categories & how to 'type' them" Teacher 8 What took root?) "Types of resources and how we use them in planning and teaching" Teacher 8 (What took root?)"The need to include all categories including research"

Table 1 : Affirmative responses to post-session survey items (N=8)

 1 

	Frequency of "Yes"	Statements to which they were responding
	responses	to	14
	questions		
	8			Found the session interesting
	8			Learned something about resources
	8			Thought about resource types later
	6			Found the session useful
	6			Looked for information as a result of something in the session
	5			Thought about doing something different with learners as a result of the session
	5			Noticed resources more explicitly
	4			Discussed the session with colleagues
	4			Went to a resource directly as a result of the session
	4			Noticed the minus sign more explicitly
	3			Learned some mathematics
	3			Noticed indices more explicitly
	2			Learned strategies for teaching
	1			Did something differently with learners as a result of the session

Table 2 : Selection of teacher comments from post-session survey (N=8)

 2