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Abstract

With the ascent of school accountability, many school districts need to develop a system for measuring and monitoring student progress toward the acquisition of mathematical content and process knowledge as prescribed by the state academic standards. For large urban districts, coordinating the development, distribution, scoring, and reporting of common assessments becomes a very daunting task. The Mathematics Quarterly Assessments (MQA) is a highly coordinated district-wide initiative of common formative assessments administered to approximately 7700 students, grades 2 through 8. The administration of the MQA includes the coordinated efforts of personnel from four district departments, fourteen elementary schools, and three middle schools. Furthermore, the turnaround time from testing to the distribution of MQA reports is approximately one week. Major objectives of the MQA include: 1) student practice in taking an examination with a format similar to the state test, 2) minimal time for teachers to administer the examination, 3) timely feedback on collective and individual student progress, 4) reporting format that is concise and legible (including an electronic format for analyzing student performance in each of the NCLB subgroups), 5) MQA statistical alignment data to the state test, and 6) teacher use of a collaborative MQA data analysis and data-driven instruction model. The study focuses upon building district capacity to develop a systemic approach to formative assessments. Personnel, technology, and organizational considerations will be addressed. Other considerations include philosophical approaches to assessment, the development of assessment targets, organization and layout of district, building, and classroom reports, staff development needs, linking MQA to instruction, and using the electronic version to identify the learning needs of specific NCLB subgroups. Finally, limitations, recommendations, and lessons learned from the project will be shared in the paper.
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Introduction

With the implementation of state and national accountability laws, school districts were facing the issue of systematically assessing and monitoring student achievement in mathematics. Although state assessments, such as the Indiana Statewide Testing for Education Progress (ISTEP+), provide data concerning collective and individual student performance, the main function of state testing is an accountability tool. As such, summative state assessments generally have little instructional value or evaluation purpose.

In addition to the state assessments, school districts in the State of Indiana also administered nationally norm-referenced standardized tests to provide information concerning student achievement. Elkhart Community Schools administers the Northwest Evaluation Association (NWEA) Achievement Level Test and Measures of Academic Progress. The NWEA is a summative examination used to evaluate program efficacy and chart student growth. Again, the NWEA provides data concerning collective and individual student performance and growth, but does not function well as a progress monitoring instrument.

A third issue facing Indiana schools was the School Improvement Plan (SIP) mandated by Public Law 221, the state accountability law. One feature of the School Improvement Plan model adopted by Elkhart Community Schools was the triangulation of data. School curricular, instructional, and staff development decisions were to be based upon the findings from three different data sources. Schools in the district that had a mathematics component in the School Improvement Plan now needed a third assessment. Therefore, Elkhart Community Schools developed and implemented a district-wide mathematics assessment series which became known as the Mathematics Quarterly Assessments (MQA). The purpose of the MQA design was to develop a formative examination that would provide periodic feedback to teachers and administrators on both collective and individual student mathematics performance as well as monitor student progress towards meeting the state academic standards.
Planning for the Development of the Mathematics Quarterly Assessments

Early in the initial planning stages of the MQA project, an experienced administrator provided two recommendations for the planning, development, and implementation of MQA. The first recommendation was to start small, work out the details, and expand accordingly. The second recommendation was to approach the MQA project from a systems perspective. The soundness of the advice became apparent throughout the entire process of instituting Mathematics Quarterly Assessments. 

The success of any major project, especially in a large urban school district, is contingent identifying and inviting the appropriate personnel to the initial planning stages. In keeping with the recommendation of starting small, it was important to identify the few key stakeholders in the district with the necessary experience to move the project forward. This core group of stakeholders became known as the Core MQA Planning Committee. The Core MQA Planning Committee was comprised of three district level administrators: the Supervisor of Mathematics Curriculum and Instruction, the Director of Student Accounting and Program Evaluation, and the Director of Technology. Each of the three administrators offered expertise in essential logistical fields for such a large scale project. The Supervisor of Mathematics Curriculum and Instruction was well-versed in mathematics curriculum, instruction, and assessment. The Director of Student Accounting and Program Evaluation had a wealth of knowledge in test construction, development, and evaluation as well as substantial experience in administering the distribution, collection, and evaluation of district-wide testing. The Director of Technology was knowledgeable about the district’s technological and data management capacity. At the early meetings, the Core MQA Planning Committee debated philosophical approaches to district-wide testing; defined the purpose, goals, and objectives of the Mathematics Quarterly Assessments, assessed district-wide resources and limitations for the implementation of a district-wide common mathematics assessment, discussed design and format of the examination and test reporting, and developed a rough timeline for implementation.

Philosophical Approach to District-Wide Assessment

The major philosophical debate centered upon whether MQA would be a formative or a summative assessment. Although either philosophical approach is perfectly legitimate, the decision does significantly influence the nature of the assessment. With the summative approach, the Mathematics Quarterly Assessments would test student knowledge over just the academic standards1 and indicators2 which were to be mastered by the students during the particular quarter. With the formative approach, the Mathematics Quarterly Assessments would test student knowledge over a sampling of the indicators from all of the academic standards in each of the quarters.

Prior to making the decision on whether MQA would be a formative or summative assessment, the Core MQA Planning Committee visited two school districts which had implemented periodic district-wide mathematics assessments. One school district adopted a formative approach to periodic district-wide mathematics assessments and the other school district adopted a formative approach to periodic district-wide mathematics assessments. The visitations provided a wealth of information for both philosophical and practical considerations.

Interestingly, both school districts chose to address all of the academic standards and indicators within the testing system with equal importance. With the summative approach, the school district identified approximately one-fourth of the academic standards and indicators to be mastered at the end of each quarter. The examination tested students on only the eligible standards and indicators for each of the quarters. The advantage of the summative method is that more test items could be focused upon specific standards and indicators. As such, there is a good density of targeted test items that would improve testing reliability.

However, the Core MQA Planning Committee had concerns with the summative approach. Because a series of standards and indicators are only tested at the end of a specific quarter, students didn’t have an opportunity to be retested on the specific standards and indicators. If a student or a group of students did poorly on items from specific standards and indicators in one quarter, when would the student or students get an opportunity to demonstrate their knowledge and understanding of the same standards and indicators? A second concern was student retention. If a student were to do well on specific test items in October, how does a teacher or an administrator know that the students would do well on similar items on the ISTEP+ the following September? It is not uncommon for students to develop the necessary understanding of mathematical concepts, processes, and procedures to pass a test only to forget them later.

The school district which adopted the formative approach provided a system-wide online mathematics assessment each month. Because all of the standards and indicators had equal importance, all of the standards and indicators were systemically rotated on a monthly basis to continually monitor student progress. The major advantage of the system was that students had multiple opportunities to demonstrate their knowledge and understanding of specific standards and indicators over time. As such, teachers and administrators could address individual and collective student instructional needs as well as receive timely feedback on student progress.

The Core MQA Planning Committee identified several limitations of this system. First of all, the committee believed that the frequency of a monthly mathematics assessment would be too invasive and disruptive to teachers and students. Also, without the online component, the logistics of administering a monthly assessment would be prohibitive in terms of cost, time, and personnel. Second, the online component limited the assessment to multiple choice items only. Philosophically, the Core MQA Planning Committee believed that open-ended items would be a critical component of the district-wide mathematics assessment. Without constructed response items, the district would not be able to assess and evaluation student performance and progress with respect to the state Problem Solving standard and the four Indiana learning skills (Communication, Reasoning and Proof, Representation, and Connections). Also, good constructed response items generate powerful qualitative data which provide insight into student thinking. As such, teachers have data rich documentation to better inform instructional decisions. Finally, the online component would not be a viable option for most school districts. The online component worked for this particular district because every student had a laptop computer. To support an online district-wide mathematics assessment, the district would have to exercise one of two options: 1) Make extraordinary capital project expenditure for additional space, computers, and computer technology, which our district could not afford to purchase or support, or 2) Devote all or most of the district computer time and capacity to the assessment of mathematics. Obviously, an online mathematics assessment was not an option.

Upon reviewing the information garnered from the visitations to the two school districts, the Core MQA Planning Committee began the process of identifying and evaluating features of district-wide assessments essential to the needs of the school district. From philosophically perspective, the Core MQA Planning Committee was committed to developing a formative assessment administered on a quarterly basis. As previously stated, the committee wanted multiple opportunities for students to demonstrate their knowledge and skills. Also, there was consensus that testing quarterly would be minimally invasive to the educational process while providing student performance data to teachers with enough frequency to guide instruction. Finally, the Core MQA Planning Committee believed that MQA should be a written assessment which would include both multiple choice and constructed response items. Again, the committee placed a high priority on having constructed response items included on MQA.

It is important to note that adherence to the philosophical approach to district testing adopted by the Core MQA Planning Committee did provide challenges to the development of the Mathematics Quarterly Assessments, especially with test construction. These challenges will be addressed in subsequent sections of the article.

Goals and Objectives

The establishment of a philosophical approach for a district-wide mathematics assessment system provided a framework for the Core MQA Planning Committee to develop an overall goal and subsequent objectives for MQA. The major goal driving the creation and development of the Mathematics Quarterly Assessments was the implementation of a district-wide system of measuring and monitoring student progress towards the acquisition of mathematical content and process knowledge as prescribed by the Indiana Academic Standards. The following objectives function to achieve the aforementioned goal statement:
1. The Mathematics Quarterly Assessments (MQA) will provide students with practice in taking an examination with a format similar to the state accountability test (ISTEP+). MQA would include both multiple-choice and open-ended questions as well as appropriate student accommodations.

2. The Mathematics Quarterly Assessments (MQA) will use as minimal time of the teachers as possible for administration, grading, and analysis. This would provide maximum instructional time for classroom teachers and students.

3. The Mathematics Quarterly Assessments (MQA) will provide teachers and administrators with timely feedback on individual student performance, group performance, and data driven information to serve the needs of the students.

4. The Mathematics Quarterly Assessments (MQA) test items will include a broad representation of questions from all seven standards while maintaining a focus upon power indicators3 in each of the quarterly exams.

5. The Mathematics Quarterly Assessments Report will provide teachers and administrators with a concise, legible, and significant record of student performance.

6. The Mathematics Quarterly Assessment will utilize only the technology and personnel currently available to our district.

7. Testing reliability and testing validity should be important features of the Mathematics Quarterly Assessments (MQA).

The purpose of the MQA objectives were to establish foundational features of a district-wide assessment system which would be essential in meeting the mathematical assessment needs of the district’s administrators, teachers, and students. As such, the objectives served as a useful template for planning, developing, evaluating MQA design, function, and product.

District Resources and Limitations

Prior to the development of the actual MQA testing instruments, it was critical to analyze the district’s capacity to fully implement the program. I cannot over emphasize the importance of this step. A poorly designed assessment system will be a waste of valuable time, money, and political capital. At this stage of the planning process, the Core MQA Planning Committee approached the MQA project from a systems perspective to answer the two main questions. Does the district have the necessary technology and personnel to support the implementation of a formative mathematics assessment system that utilizes as minimal time as possible for teachers to administer, grade, and analyze while providing teachers and administrators with timely feedback on individual and collective student performance? If so, how would the district resources be structured and organized to meet this challenge?
Initially, the committee identified and analyzed all of the district technology, personnel, and communication sources and pathways which were relevant to meeting the logistical needs of the implementation of MQA. From the analysis, the committee was able to create the District MQA Organizational Chart (Appendix A), which serves as a district flowchart for the systemic support of the MQA project. The District MQA Organizational Chart identifies all of the district entities necessary for implementing the MQA project, lists the essential functions of the entities, and provides lettered pathways to graphically represent the communication flow between the various entities.

A second document was also created by the Core MQA Planning Committee, the District MQA Organization Chart Sequence/Description (Appendix B). The document provides the narrative component for the District MQA Organization Chart to further explain the operational processes behind the administration of the Mathematics Quarterly Assessment program. The District MQA Organization Chart Sequence/Description sheet documents the established sequence of operational functions to service MQA, provides a more detailed account of operational functions, and delineates the coordination and communication between the various district entities responsible for supporting the maintenance of the MQA project.

As well as serving as an operational template for supporting the MQA program, both the District MQA Organization Chart and the District MQA Organization Chart Sequence/Description documents provided the framework for planning, organizing, and developing the essential components of MQA. Using this framework, the Core MQA Planning Committee began identifying the essential tasks, responsibilities, and additional personnel needed to develop an operational mathematics assessment system. Furthermore, the committee decided that the Department of Curriculum and Instruction and the Department of Assessment and Evaluation would be primarily responsible for coordinating the development of the essential components. The major responsibilities of the Department of Curriculum and Instruction included test construction, development of testing procedures, staff development, and coordination of implementation. The major responsibilities of the Department of Assessment and Evaluation included coordinating the development of a student data management system for MQA with the Department of Technology and Data Management, adapting the current student assessment, recording, and test results reporting system to meet the purposes of MQA, as well as creating a system for the efficient acquisition of student MQA data. Furthermore, both departments were responsible for the identification and inclusion of all personnel to essential to task completion. 

MQA Examination and Report Form Design

The next phase of the early planning stages focused upon the design and format of the MQA assessment instruments as well as the reporting forms. Foundational issues to the design and format of both the test instruments and reporting forms included the committee’s philosophical approach to district-wide mathematics assessment, the goal and objectives of MQA, as well as the capabilities of the current technology in the district. Also, the interdependence between the construction of the test instruments and the design of the student performance reports complicate the process. As such, it would be wise to continually assess the impact of all design and format decisions on both the test instruments and report forms.

Unit of Analysis

The initial decision confronting the Core MQA Planning Committee which affected the design and format of both the examinations and the student performance reports was the appropriate unit of analysis. If the unit of analysis was too large, then the assessment data generated would not provide sufficient specificity to address student learning needs. However, if the unit of analysis was too small, the size of the assessment instrument needed to accommodate the analysis of the results at the given level would be excessive. Upon a brief review by the committee of state ISTEP+ mathematics documents as well as the Indiana Academic Standards for mathematics, the obvious choice for the unit of analysis was at the standards level. The seven academic mathematics standards would accommodate a sufficient number of test items to assess student performance within each standard while maintaining an examination that would be manageable to administer. Furthermore, construction of the assessment instruments and the reporting forms would be centered upon the seven academic mathematics standards.
MQA Assessment Booklet Design

Designing the format of the MQA assessment is the initial stage in constructing the examinations. Each decision concerning the design of the MQA assessment had to be substantiated by governing parameters, research of state curriculum and assessment documents, or district curricular materials. From the governing parameters established by the Core MQA Planning Committee, the MQA assessments would have a format similar to ISTEP+, would include both multiple choice and constructed response items, would include test items from all seven standards (Number Sense, Computation, Algebra and Functions, Geometry, Measurement, Data Analysis and Probability, and Problem Solving), and would use minimal time for test administration. The Core MQA Planning Committee carefully addressed each of the parameters in designing the examination.

The Core MQA Planning Committee was committed to including both multiple-choice and constructed response items on the MQA assessment. With respect to MQA examination design, the MQA assessment instrument would be administered in two parts with separate test booklets. The Basic Skills portion of MQA (Appendix C) included all of the multiple choice items. The Applied Skills portion of MQA (Appendix D) included all of the constructed response items. From an analysis of the ISTEP+ mathematics assessment, the committee determined that constructed response items constituted between 29 percent and 37 percent of the total examination points at all grade levels. Ideally, approximately one-third of the points for the MQA composite score would be from constructed response items. Realization of this target would be dependent upon the size and time constraints of the MQA assessment.

The next phase in the design process was to establish time limits for test administration. The overall size of the assessment instrument, the number of multiple choice and open-ended items, the number of test items from each standard were all dependent upon the time constraints. In establishing time limits, the Core MQA Planning Committee had to define “minimal time for test administration.” At all grade levels, the amount of time devoted to mathematics instruction in the district is between 60 and 90 minutes. The committee believed that the assessment should not interrupt more than one mathematics period per quarter. As such, the committee defined minimal time for test administration to be no more than one hour.

From a quick review of the Basic Skills and Applied Skills portion of the ISTEP+ mathematics assessment, the committee was able to calculate the allotted time per multiple choice and open response question, which were 1.25 minutes and 6 minutes, respectively. Using this information, the committee determined that twenty-eight multiple choice questions and three constructed response questions should take about 53 minutes to do. Although there were other options available in terms of the number of multiple choice and constructed response items, this choice provided enough test items to evaluate student progress overall and within each standard.

In limiting the size of the assessment instrument to meet the necessary time constraints, the committee had to compromise some of the structure of the MQA. Ideally, one-third of the Mathematics Quarterly Assessment points should be derived from constructed response items. With only three constructed response items, the target could not be met. A second compromise was to limit the constructed response items to only problem solving. Although the ISTEP+ test assessed indicators from the other six standards through constructed response items, the points generated through the three MQA constructed response items corresponded to the proportional number of problem solving points needed for the MQA. Table 1 lists the allocation of points per standard each year for the third grade ISTEP+. Approximately twenty percent of the ISTEP+ assessment points are allocated to problem solving. Twenty-eight multiple choice items and three constructed response items averaging three points per item would generate thirty-seven total test points. As such, the nine problem solving points would represent about twenty-four percent of the examination. Since problem solving items included at least two indicators from the other content standards (Indiana Department of Education definition of a problem solving test item), the Core MQA Planning Committee was comfortable with both compromises.

Table 1: Third Grade ISTEP+

	 Standards/Year
	2002
	2003
	2004
	2005
	2006

	Number Sense
	14
	12
	14
	14
	14

	Computation
	12
	12
	12
	12
	12

	Algebra & Functions
	9
	9
	9
	9
	9

	Geometry
	9
	9
	9
	8
	9

	Measurement
	9
	9
	9
	9
	9

	Problem Solving
	13
	15
	12
	15
	13


The committee utilized several resources in determining the number of test items per academic standard. The State Standards Summary provides information concerning the number of points per academic standard on each ISTEP+ examination. Although the number and percentage of points per academic standard varies from grade level to grade level, the number and percentage of points per academic standard at a given grade level varies little from year to year (Table 1). Allocating the number of test items per academic standard on MQA in the same proportion as ISTEP+ is good starting point. However, other factors influencing the allocation of test items for each academic standard include the number of indicator strands4 per standard, the number of actual indicators per standard, and the power3 of the indicators within each standard. The results are shown on the chart in Appendix G. The chart consists of grade level tables which list the academic standards, the corresponding test item numbers for each standard, and the point value per standard for each quarter. The purpose of the chart was to be a guide for the grade level writing teams.

The committee intended for each standard to maintain the same point value across each of the quarters for the purpose of analysis. Unfortunately, the writing teams were not able to maintain the same point value across each of the quarters with problem solving. As such, there were some limitations in analyzing performance trends across the quarters for problem solving and total score. As a side note, the total point value of the standard also influenced the quality of the data to be analyzed. Standards that had five or six total points generated more consistent results than standards with two or three total points. In hind-sight, it would be advisable to have a minimum of four points for any given standard. Based upon the initial experiences from the MQA project, if possible, the development of an MQA testing format with the following characteristics would improve the assessment design:

1. Four constructed response items,

2. At least one constructed response item from a non-problem solving standards and indicators,

3. Allocating the number of points per standard proportionally to the state test while having a minimum of four total points for any given standard,

4. Same number of points per quarter for each standard as well as total score, and

5. Maintain compliance with the governing parameters established by the Core MQA Planning Committee.

Other features of the assessment booklet, although seemingly trivial, were very useful. The cover pages of the basic skills portion and the applied skills portion of the assessment as well as the answer keys were color coded by quarter. The order was blue, green, pink, and yellow. The distinction provided teachers and administrators with a quick visual reference. Originally, the cover page only had the information contained in the title section (district name, assessment name, grade level, and quarter) and the instructional section (part of the test, instructions, and time limit). The large bold print containing the part of the test and the grade level was added to the cover pages as a result of feedback from the building MQA test coordinators. This feature aided the coordinators in the distribution of the MQA to the grade level teachers. Finally, the testing year was an additional feature of the cover page for the basic skills assessment, the applied skills assessment, and the answer key. This prevented many problems that previously occurred with test administration and scoring. Also, it provided an easy reference to archived assessments.

Interior features included a title section and a footer section on each of the test pages. The title section included district name, title of assessment, grade level and quarter, and the assessment portion. All of the features from the title section were standard starting with the first administration of MQA. The footer has the page number, the month and year of administration, and either “Go On” or “Stop” printed in the lower right side. The page number and either “Go On” or “Stop” are features of the state assessment. The month and year of administration was added concurrently with the testing year of the cover page. The information on the cover pages and interior test pages provide the extra measure to make sure that the test packages are aligned and assembled correctly. As a rule of thumb, there cannot be too much information on the testing documents.

MQA Student Answer Sheets

The decision to include both multiple choice and constructed response items also influenced the design of the MQA Student Answer Sheet (Appendix F). The student answer sheet has two sets of bubble responses. The first set of bubbled responses is for the students to record the answers to the multiple choice items. Each question has four choices labeled A, B, C, and D. The second set is for the teachers to record the number of points earned by the students on each of the constructed response items. Teachers are responsible for scoring the open-ended items on the test. The district provides teachers with an MQA Teacher Answer Key (Appendix E) which includes all of the answers to the multiple choice items as well as scoring rubrics for the constructed response items.

The design of the MQA Student Answer Sheet contains pre-slugged student information for each student in the district. The information on the answer sheet includes student name (last, first, and middle initial), student identification number, grade, school, gender, ethnicity, quarter, and teacher name. This provides teachers with quicker administration of the assessment. Each school also receives ten blank student assessment sheets. With the one week lag time between generating the pre-slugged student answer sheets and the test administration, there will usually be several new students enrolled in the buildings. The blank sheets are an efficient tool for getting new student information into the MQA database.

MQA Teacher Answer Key

The MQA Teacher Answer Key (Appendix E) provides teachers with the answers to each of the multiple choice questions on the Basic Skills portion of the test and the scoring rubrics for each of the constructed response items on the Applied Skills portion of the test. The scoring rubrics of the MQA follow the holistic scoring rubrics of the state assessment. Also, the point value for each item is written in large bold type. The large print provides a reminder to teachers of the total point value of each question. This feature has reduced the occurrence of students receiving more points than possible on a constructed response item. A new feature will be added to the 2008-2009 school year as a result of feedback from the teachers and building administrators. Each of the answers to the multiple choice questions will have the identification number of the specific state mathematics indicator that the item addressed and each of the answers to the constructed response items will have the identification numbers to the specific state problem solving indicator and the specific state content indicators the test item addressed.5
MQA Report Forms

The intent of the Core MQA Planning Committee was to design a series of concise and legible MQA report forms that would be informative and useful to the various organizational levels of the district. The series of MQA report forms, which are titled “Indiana Academic Standards Summary,” reflects the specific design efforts of the Core MQA Planning Committee.  Originally, the Indiana Academic Standards Summary was going to be the only series of report forms generated. However, the Core MQA Planning Committee investigated the various “canned” report forms that could be generated by the computer scoring program. The committee believed that the Item Analysis Report form generated data which provided supplemental information to the Indiana Academic Standards Summary. The third series of MQA report forms were developed as a response to No Child Left Behind. Since district and building level personnel needed information in a format with the flexibility to analyze the data from various perspectives, the Electronic MQA Database was developed to meet this purpose. Each series of MQA report forms were adapted to provide district level data, building level data, and classroom level data.

The district level Indiana Academic Standards Summary (Appendix H) lists the average number of points correct and the average percentage of points correct for each of the subscales (mathematics standards) as well as the total score by school and for the district for a given grade level. Other information on the district level Indiana Academic Standards Summary include the total number of points possible for each subscale (mathematics standard) and total score, the number of students tested by school and in the district, the grade level, the quarter and year, and the date the report was generated. Not only does the district level Indiana Academic Standards Summary provide data for district personnel to chart collective student performance, but it does provide building level personnel with relative benchmarks for evaluating student performance at the building and classroom levels. As such, copies of the district level Indiana Academic Standards Summary are included in the MQA report packets that are distributed to the principals and teachers.

The building level Indiana Academic Standards Summary (Appendix I) lists the average number of points correct and the average percentage of points correct for each of the subscales (mathematics standards) as well as the total score by teacher and in the building for a given grade level. Other information on the building level Indiana Academic Standards Summary include the total number of points possible for each subscale (mathematics standard) and total score, the number of students tested by teacher and in the building, the grade level, the quarter and year, the school number, and the date the report was generated. The building level Indiana Academic Standards Summary provides data for building level personnel to chart collective student performance.

The classroom level Indiana Academic Standards Summary (Appendices J and K) lists the number of points correct for each of the subscales (mathematics standards) as well as the total score for every student in the classroom. Also provided are the average number of points correct and the average percentage of points correct for each of the subscales (mathematics standards) as well as the total score for the classroom. Other information on the classroom level Indiana Academic Standards Summary include the total number of points possible for each subscale (mathematics standard) and total score; the name, identification the number, gender, and race of each student tested in the classroom; the grade level, the quarter, and year; the name of the teacher, the number of students tested, and school number; and the date the report was generated. The intent of the classroom level Indiana Academic Standards Summary was to provide teachers with collective and individual student performance data. There are two formats of the classroom level Indiana Academic Standards Summary. Listing students in alphabetical order was the original format (Appendix J). Several building level administrators and teachers expressed a desire to have classroom level Indiana Academic Standards Summary in descending order by total score (Appendix K). They felt that student performance trends could better be analyzed in this format. Upon their advice, both formats are sent to the buildings.

The three levels of the Item Analysis Report (Appendices L, M, and N) are very similar. The Item Analysis Report generates information on each question of the testing batteries. For the multiple-choice items, the information generated for each question includes the item number and standard being assessed, the correct answer, and the number and percent of responses for each choice along with omits and multi-marked. For the constructed response items, the information generated for each question includes the item number and standard being assessed, the total points possible for the item, and the number and percentage of students who received a particular score on the item. The planning committee intended for teachers and administrators to use the Item Analysis Report as item level data to support and further analyze the findings from the Indiana Academic Standards Summary.

The Electronic MQA Database is a series of organizational level computerized spreadsheets containing expanded student information. Confidentiality of student information cannot be overstressed. In a large district, only four district level administrators have access to the district level Electronic MQA Database, which contains information on every district student who was administered the MQA assessment during a given quarter. Only the principal and the building data coordinator has access to the full building level Electronic MQA Database, which contains information on every student in a particular school who was administered the MQA assessment during a given quarter. Information passed onto the classroom level has been filtered through the district and building administrators based upon specific trends ascertained from analyses of the electronic formats. Again, student confidentiality must be protected.

The data listed for each child on the Electronic MQA Database includes all of the No Child Left Behind classifications and gender; the score on each question, subscale, and total battery; administrative information such as student identification number, grade level, school, and teacher; and the quarter the test was administered. Using pivot table capability of the computer spreadsheet program and the Electronic MQA Database, educators in the district had the flexibility to analyze data through a variety of perspectives and lenses. Appendix O is an example of information generated using the database and the pivot tables function. In this particular case, a district level administrator was able to disaggregate average subscale scores and average total battery scores according to ethnicity.

Implementation Timeline

The final task of the initial planning phase was the development of an implementation timeline (Table 2). The implementation timeline reflects the Core MQA Planning Committee belief in starting small and expand accordingly. The committee planned to conduct a small scale MQA pilot during the first year, a district-wide pilot during the second year, then a full implementation during the third year with refinements to the program occurring during subsequent years. The three year implementation plan provided the committee with the necessary time and opportunity to analyze and evaluate the functionality of the various components of the MQA testing program; identify, analyze, and solve logistical problems associated with the printing, distribution, and collection of the assessment and assessment reports; and collect, analyze, and evaluate feedback from pilot teachers concerning the assessment instrument, the administration of the test, and the legibility and applicability of the MQA reports.

Table 2: MQA Implementation Timeline

	MQA Implementation Timeline

	Year
	Action

	2002 - 2003
	Small Scale Pilot

	2003 - 2004
	District-Wide Pilot

	2004 - 2005
	District-Wide Program Implementation

	2005 - 
	District-Wide Program Maintenance and Refinement


The purpose of the small scale pilot was to test the capabilities of the districts’ hardware and software under testing conditions as well as generate teacher feedback data concerning the test instrument, the administration of the examination, and the functionality of the testing reports. The Core MQA Planning Committee decided to limit the small scale pilot to six teachers, three 2nd grade teachers and three 5th grade teachers. Elkhart Community Schools was participating in the first year of the Indiana Mathematics Initiative’s elementary teacher training program, which targeted teachers in grades 2 and 5. Elkhart Community Schools was developing a cadre of highly trained second and fifth grade teachers in mathematics curriculum, instruction, assessment, and leadership. Therefore, it made sense to the committee to utilize this valuable human resource in the small scale pilot. This decision was a good choice. The Indiana Mathematics Initiative trained teachers had the expertise and confidence to express concerns, generate solutions, and offer differing perspectives. Also by limiting the small scale pilot to just six teachers, any functional or procedural errors were quickly identified and corrected.

The Core MQA Planning Committee established several purposes for the district-wide pilot. The first purpose was troubleshooting any systemic problems associated with the printing, distribution, and collection of the assessment. Fortunately, there were very few problems. The second purpose was to generation a large database. This database was used to generate test alignment information, especially concurrent validity with ISTEP+, the state assessment. The third purpose was to establish testing guidelines for all students. Although, the committee provided assessment opportunities for all students, consideration for special education students and new English learner students were not well developed. Through the large scale pilot, many of these issues needed to be addressed. Retrospectively speaking, involving the special education and new English learner coordinators earlier would be a good idea. Finally, the last purpose was to identify any staff development issues associated with the assessment. The major staff development issue associated with the MQA program was data analysis and data-driven decision making. Although several teachers were very astute in utilizing the MQA report forms to make instructional decisions about students in their classrooms, this was far from a universal skill of all teachers in the district. As a result, data analysis and data-driven decision making was a staff development target for the following year. 

Full implementation of the Mathematics Quarterly Assessment began in the third year. Based upon the trial and errors of the two initial pilot years, the district could implement the program with confidence in meeting established time schedules. Furthermore, teachers received staff development in utilizing the MQA report forms to make instructional decisions concerning individual and collective student mathematics educational needs. Refinements in the MQA program would include procedural improvements; addition, deletion, or modification of select items based upon alignment data; or any improvements in design or format.

Construction of the MQA Assessment
The responsibility of directing the construction and the continual maintenance of the grade level Mathematics Quarterly Assessments was the Supervisor of Mathematics Curriculum and Instruction. The Supervisor was responsible for recruiting membership to the grade level MQA writing teams; providing research and technical support for the teams; as well as organizing, coordinating, and directing the work of the grade level MQA writing teams. It is important to note that the essential element to the success of the assessment program is the work of the Supervisor. The Supervisor must have a clear vision of the purpose and function of the MQA assessment, maintain a high degree of direct supervision of the writing teams, and establish deliberate and measured tasks to be accomplished in developing the assessment. Otherwise, there is a real chance that the assessment writing teams will generate a series of examinations without any consideration of purpose, focus, or need.

Core MQA Planning Committee Parameters

The initial directive governing the work of the grade level MQA writing teams was established by the Core MQA Planning Committee. First of all, the committee adopted a formative approach to the MQA assessment model. Therefore, during each quarter, the test items were a sampling of indicators from all of the standards. Also, through the early planning stages, the committee provided an overarching goal and supporting objectives to serve as a framework for the assessment. There were two objectives governing the work of the writing teams. The first governing objective is the Mathematics Quarterly Assessment will have a format similar to the state accountability test to include both multiple-choice and open-ended questions. The second governing objective was test items will include a broad representation of questions from all seven standards while maintaining a focus upon essential concepts (indicators) within each of the quarterly exams. Additional parameters were established by the Core MQA Planning Committee during the test design phase as well. The Quarterly Assessment Indicators (Appendix G) chart provides a summary of the additional parameters. The chart identifies the type of question (Basic Skills or Applied Skills) and the particular standard being addressed for each question on each administration (quarter 1, 2, 3, or 4) of the Mathematics Quarterly Assessment at each grade level. Using the parameters, the writing teams could begin the process of organizing and developing the assessment instrument.

Strand Analysis

The initial phase of test construction was the strand analysis. The strand analysis organizes sets of Indiana Academic Indicators according to major concepts across multiple grade levels (Appendix P). The strand analysis serves two functions. First, the strand analysis provides documentation on the vertical development of key concepts by grade level. As such, the strand analysis would be a useful tool for determining expected student outcomes within a given concept for a particular quarter. Second, the strand analysis provides documentation on the different key concepts for a given grade level. As such, the strand analysis would be a useful planning tool to make sure that all of the key concepts for a given standard at a given grade level are addressed on the assessment.

For example, the number sense standard is organized into nine indicator strands. Although each of the nine number sense indicator strands extends through multiple grade levels, at any given grade level, the indicators are generally organized into three to five indicators strands at most. At second grade, the number sense indicators are organized into three indicator strands: 1) Whole Numbers/Counting and Place Value, 2) Whole Numbers/Order and Number Theory, and 3) Fractions. In organizing the six 2nd grade number sense items for a given quarter, the writing committee should select a distribution of indicators from each of the three indicator strands. Therefore, the writing team should select indicators from whole number counting and place value, from ordering whole numbers and number theory, and from fractions.

The indicator strands provide insight into student expectations for a given concept. From the curriculum strands chart (Appendix P), Indicator 1.1.1 and Indicator 2.1.1 are parallel concepts at two different grade levels. For second grade students, there is an expectation at the beginning of the year that they can count whole numbers up to 100 (Indicator 1.1.1). For second grade students, there is an expectation by the end of the year that they can count by ones, twos, fives, and tens to 100 (Indicator 2.1.1). Therefore, the test writers have clear expectations for a concept at the beginning of the year and at the end of the year. Any developmental variation in the concept from the beginning to the end of the year would need further documentation from the second grade mathematics curriculum. For example, when in the curriculum do students learn to count by twos to 100? Prior to adding an item in any quarter where students have to count by twos to 100, the test writers would need to establish through the curricular pacing guide and targeted skills that counting by twos to 100 is an expected student outcome.

Power Analysis and Power Indicators

The power analysis of the indicators is the next phase of test construction. Whereas the strand analysis assisted the test writers in developing an awareness of all of the various concepts within a standard that should be addressed, the power analysis assisted the test writers in focusing on the key concepts that should be addressed with greater frequency or depth. The power analysis was the collective opinion of the test writers concerning the likelihood that a particular indicator would be addressed on the state accountability assessment. The rating scale was from 1 to 4, where 1 was highly likely and 4 was highly unlikely. There were two factors influencing the rating of the indicators. The first factor was the relative importance of the concept. How critical was the skill or understanding described by the indicator for all students to know? The second factor was the testability of the indicator. Does the indicator describe a skill or understanding that could be easily tested on a multiple choice or constructed response item?

Since the initial development of the Mathematics Quarterly Assessments, every instructional administrator and every teacher in Elkhart Community Schools have participated in the Making Standards Work workshop series through the Leadership and Learning Center. In the Making Standards Work workshop, Ainsworth (2004) presented two models for the identification of power standards. The identification criteria utilized in both systems provide clarity and greater objectivity to the process of identifying power standards. If the grade level MQA writing teams had access to either system, the process of identifying the power indicators would have been an easier process. Also, the power ratings of some of the indicators would probably be different. 

The Ainsworth (2004) model uses the three criteria of school, life, and the state test. What do students need to know and be able to do to be successful in school this year and in subsequent years? What do students need to know and be able to do to be successful in life? What do students need to know and be able to do to be successful on the state test?

Ainsworth (2004) also presented a power standards identification model developed by Reeves (2004). The power standards identification model of Reeves (2004) utilizes the three criteria of endurance, leverage, and readiness for the next level of learning. The endurance criterion is similar to the life criterion in the Ainsworth (2004) model: What do students need to know and be able to do to be successful in their academic and professional careers? The readiness for the next level of learning criterion is similar to the school criterion of Ainsworth (2004): What do students need to know and be able to do to be successful in school this year and in subsequent years? The leverage criterion of Reeves (2004) is the most powerful criterion in determining the power of an indicator. Does the knowledge and skills defined in the indicator influence the student’s ability to learn and perform the knowledge and skills articulated by other indicators within the standard, indicators of other standards within the discipline, and most importantly, indicators from standards in other disciplines?

Indicators that had a rating of 1 or 2 were defined as power indicators (Appendix Q). The power indicators should appear with greater frequency and greater variety. For example, Indicator 2.1.8 Recognize fractions as parts of a whole or parts of a group (up to 12 parts) is a level 1 power indicator. There are two expectations for student outcomes. The first outcome is that students should recognize fractions as parts of a whole. The second outcome is that students should recognize fractions as parts of a group. Not only should Indicator 2.1.8 have relatively greater frequency on the MQA second grade series, but both expected student outcomes should be addressed throughout the whole MQA series as well.

Quarterly Assessment Indicator Chart

The next phase of the writing process is to match specific indicators to specific test items on each of the four quarterly assessments at each grade level. The Grade 2 Quarterly Assessment Indicator Chart (Appendix R) provides a grid showing where specific test items are matched to specific indicators by quarter. The columns of the grid correspond to each of the four quarters. The rows of the grid correspond to each of the grade level indicators. Furthermore, the grade level indicators are clustered according to standard and indicator strand. Each indicator is identified by the numerical codification system of the Indiana Academic Standards. Each indicator also includes a number in parentheses from 1 to 4. The number is the power rating of the indicator. To illustrate the system, look at the first indicator listed under Number Sense and Number Sense Strand 1 (NSS 1) labeled 2.1.1 (1). The two represents the grade level, in this case second grade. The first one signifies that the indicator is from the first standard, number sense. The second one corresponds to the indicator position within the given standard, in this case, the first indicator listed under the second grade number sense standard. The one in parenthesis means that the indicator has the highest power rating of 1.

The numbers corresponding to specific test items appear in the inside cells of the grid. The codification system for test items has two letters followed by at least one number. The letters BS designate a basic skill item and the letters AS designate an applied skill item. The number or numbers following the two letters identify the specific test item or items on a particular testing battery (basic skills or applied skills) for a given quarter. Also, the test items are followed by a parenthetical three digit code. The three digit code is used to track the designated developmental level of skills and concepts from the adopted mathematics curriculum. The letter identifies the level of expected student understanding (beginning, developing, or secure), the first number corresponds to the grade level, and the second number corresponds to the unit number that the skill or concept is developed.

Tracking the inclusion of indicator 2.1.1 on the MQA across each of the four quarters using the Grade 2 Quarterly Assessment Indicator Chart (Appendix R) would provide a good illustration of the system. Written in the cell where indicator 2.1.1 crosses quarter 1 is BS 2 (S.2.1). BS 2 signifies that basic skill test item number 2 will address the knowledge and skills articulated by indicator 2.1.1. The parenthetical code, (S.2.1), indicates that indicator 2.1.1 is a secure goal by the first unit of second grade. Therefore, the second grade writing team has curricular documentation that indicator 2.1.1 is a testable item for any quarter. The cell where indicator 2.1.1 crosses quarter 3 has two numbers following the basic skills code. Written in the cell is BS 1 2 (S.2.1). The BS 1 2 signifies that both basic skills item 1 and basic skills item 2 will address indicator 2.1.1.

Please note the following suggestion to improve the efficiency of the Quarterly Assessment Indicator Chart. Instead of listing the parenthetical curricular code with the test item number, list the parenthetical curricular code with the indicator. Therefore, the symbolism for indicator 2.1.1 would be written 2.1.1 (1, S.2.1). This method would simplify the chart and provide more information directly with the indicator.

Test Development

Once the mapping of specific indicators onto specific test items for all four quarters has been completed, the grade level writing teams began the process of generating individual test items. Since developing test items from scratch is a difficult and lengthy process, the grade level writing teams heavily relied on various resources from the state and from the adopted district-wide mathematics materials to generate test questions. As test items were developed, they were concurrently organized into files according to standard and indicator. Afterwards, the writing teams could begin the process of assembling each of the quarterly basic skills and applied skills examinations.

Item Development

Concurrent validity of the MQA instrument with ISTEP+ is a major objective of the Mathematics Quarterly Assessment project. The grade level writing teams believed the initial step in realizing this objective was developing an assessment instrument and individual test items that had face validity with the state accountability assessment. Since the state was responsible for the development and implementation of the high stakes mathematics assessment, the grade level writing teams initially focused upon state documents. The State of Indiana has four resources which were very useful for the task of generating test items. The resources include the Indiana Academic Standards, the ISTEP+ Grade Level Item Sampler, previous years Applied Skills Assessment Booklet (released annually by the Indiana Department of Education) and the Indiana’s Academic Standards Resource (commonly known as the Curriculum Frameworks).
Indiana Academic Standards

The grade level writing teams began the process by reviewing the Indiana Academic Standards. Special focus would be placed upon the level 1 and level 2 power indicators. The indicators of the Indiana Academic Standards are succinct statements articulating student knowledge and skill expectations. Along the statements of student expectations, each indicator has an example to clarify the intent and meaning of each statement. The examples also provide insight into potential test items on the state assessment. Appendix S has the Grade 2 Number Sense Standard of the Indiana Academic Standards. The statement for Indicator 2.1.7 reads, “Identify odd and even numbers up to 100.” The statement of student expectations for the indicator is to identify odd or even numbers. The example for Indicator 2.1.7 reads, “Find the odd numbers in this set: 44, 31, 100, 57, 28.” The example provides clarity to the statement as well as insight into potential test questions. Students will be expected to identify odd or even numbers from a set of numbers. Generating a series of potential test questions for this indicator would become a very manageable task.

It is important to note that the process of “unwrapping” the standards would improve the process of reviewing the standards and indicators to ascertain the intent and expectations of the statements. At the time of the initial writing of the MQA, members of the grade level writing teams were unaware of the “unwrapping” process. Ainsworth (2003) has developed a simple process for analyzing the intent and student expectations for each of the indicators. The Ainsworth (2003) process organizes key words and phrases from the indicator into concepts (nouns) and skills (verbs). Using this schema, test writer would be able to generate multiple possibilities for assessing each indicator. For example, Indicator 2.1.9 (Appendix S) statement reads, “Recognize, name, and compare the unit fractions: 1/2, 1/3, 1/4, 1/5, 1/6, 1/8, 1/10, and 1/12.” The concept is unit fractions. The expected skills are recognize, name, and compare. Therefore, potential test questions would address all three possibilities: recognizing unit fractions, naming unit fractions, and comparing unit fractions. Staff development in the “unwrapping” standards process for grade level writing teams is highly advisable.

ISTEP+ Grade Level Item Sampler

The ISTEP+ Grade Level Item Sampler is a great source for identifying potential test items. Furthermore, a review of the ISTEP+ Item Sampler questions provide the test writers with insight into test format, question style, and confirms state expectations for student outcomes on the ISTEP+ assessment. Appendix T has page 36 of the ISTEP+ Grade 3 Item Sampler. It is important to remember that ISTEP+ has a fall administration; therefore, the Third Grade ISTEP+ assesses second grade standards. The second question is a good illustration of not only the test format and question style of a multiple choice item, but it also provides insight into state expec-tations for student outcomes. Question 2 is a multiple-choice item where students have to select the appropriate combination of tens and ones which is equivalent to 78. The second question assesses Indicator 2.1.3: Identify numbers up to 100 in various combinations of tens and ones (Appendix S). The example for Indicator 2.1.3 reads, “32 = 3 tens + 2 ones = 2 tens + 12 ones, etc.” The expectation for Indicator 2.1.3 extends beyond a student understanding of place value; students are expected to understand the process of composing and decomposing numbers into units of higher value. Question 2 confirms the later expectation. Instead of having a correct response of 7 tens 8 ones for the equivalent of 78, question 2 had a correct response of 6 tens 18 ones.

ISTEP+ Applied Skills Assessment

The Indiana Department of Education releases copies of the ISTEP+ Applied Skills Assessment along the ISTEP+ Applied Skills Assessment Teacher’s Scoring Guide to school districts and on the website annually. This resource provides teachers and administrators with all of the open-ended test items along with the scoring rubrics from the previous year’s ISTEP+ assessment. As such, this is excellent source of potential test items.

Incorporation of released items from the state accountability assessment onto the district-wide progress monitoring assessment has additional benefits as well. By having the grade level writing teams review and analyze the ISTEP+ Applied Skills Assessment Booklets from multiple years, the process will assist the writers with determining state assessment trends with respect to instructional targets, question format, and writing style. Therefore, the process increases the likelihood that the grade level writing teams will incorporate open-ended assessment items on the MQA structurally similar to open-ended items on the ISTEP+ year after year.

The inclusion of previous ISTEP+ open-ended items along with the scoring rubrics on the applied skills portion of the Mathematics Quarterly Assessment will provide district teachers with an additional opportunity to become familiar with the state open-ended questioning style and scoring rubrics. Question 1 of Test 6 from the 2007 Grade 3 ISTEP+ (Appendix U) will illustrate the point. This question addresses Indicator 2.1.5: Compare whole numbers up to 100 and arrange them in numerical order (Appendix S). On Question 1 (Appendix U), students are expected to compare the numbers (find the greatest and the least) and to arrange them in numerical order (from the least to the greatest) from a list of five numbers (31, 22, 67, 61, 54). Incorporation of Question 1 will provide teachers and students with exposure to the terminology, format, and style utilized on the state accountability assessment. Since teachers are responsible for assessing the constructed response items on MQA, the state scoring rubric for the problem (Appendix V) would be included in the teacher answer key. As such, each teacher applies the state scoring rubric during the process of scoring their students’ assessments. It is important to note that the current version of the MQA Teacher Answer Key does not include the anchor papers (Appendix V) from the state scoring rubrics. Inclusion of the state anchor papers as well as the anchor paper scoring rationale (Appendix V) on the Teacher Answer Key is a recommended feature which will be included on the 2008-2009 version of MQA in Elkhart Community Schools. The intent of including anchor papers and scoring rationale on the Teacher Answer Key focuses upon improving the inter-rater and intra-rater reliability of the scoring of the applied skills assessment.

The open-ended questions from the ISTEP+ Applied Skills Assessment Booklet could easily be written as a multiple-choice item. In the case of Question 1 from Test 6 of the 2007 Grade 3 ISTEP+ assessment (Appendix U), the question could easily be adapted to four possible multiple-choice items. On one multiple-choice item, students would be expected to identify the greatest number from the set (31, 22, 67, 61, 54). The correct response and item distracters would simple include the different numbers from the set. Similarly, a multiple choice item could be generated where students would be expected to identify the least number from the set. In the other two possible multiple-choice items, students would be expected to identify which arrangement of numbers (correct response and item distracter) from the data set is ordered from least to greatest or from greatest to least. Many of the non-problem solving constructed response items from ISTEP+ could easily be adapted to a multiple-choice item format.

Academic Standards Resources

The Academic Standards Resources are tools for teachers to use in aligning classroom instruction and assessment to the academic standards. There are two versions of the Academic Standards Resources, the online version and the book version. Included in the resources are classroom activities, classroom assessments, standards summary, and scope and sequence information. The classroom assessments provide a good resource for generating test items.

The second grade classroom assessments for standard 1 (Number Sense) are located in Appendix W. For each standard, the classroom assessment provides two sets of assessments (Option A and B) along with a teacher scoring guide for each option. The Teacher Scoring Guide (Appendix W) not only provides the correct solution, but also provides the state numerical code for the specific indicator addressed by each test item. In the case of a problem solving test item, the answer key lists the state numerical code for the problem solving indicator and the numerical code for each content indicator addressed. Because the classroom assessments are organized by standards and indicator, finding a test item to address a specific indicator is a relatively easy task. Also, most of the problems from the classroom assessment could easily be transformed into either a multiple-choice or a constructed-response test item. A major limitation of the resource is the classroom assessments rarely have test items for every indicator in a standard.

Adopted Materials

Although adopted mathematical materials were another source for test items, the grade level writing teams were cautious with the utilization of the materials in generating assessment items. Each potential test item was scrutinized for terminology, questioning style, and item format by the writing team before being placed into the assessment pool. Also, the assessment teams had to identify the specific indicator or indicators that were addressed by the test item.

Evaluating the Cognitive Demand of Each Test Item

One of the limitations of the Mathematics Quarterly Assessments of Elkhart Community Schools is the variability in test difficulty from quarter to quarter. Upon reflection, the limitation might have been mitigated by having the grade level writing teams systemically equalize the difficulty level of each administration of the MQA examination. The initial step in the process would be the development of a systemic approach to assess the difficulty level of each potential test item.

One approach could be the development of a simple rating system where each member of the grade level writing teams would independently rate the difficulty of each potential test item on a scale. The range of the scale could be from 1 to 4 where the most difficult items would be assigned a value of 1 and the easiest items would be assigned a value of 4. Afterwards, members of the team would discuss their individual ratings of item by item. Although the rating scale would be rather subjective, the pursuant discourse should yield consistent evaluation of the relative difficulty of potential test items by the collective membership of the writing teams.

For a more sophisticated approach, the grade level teams could incorporate an assessment instrument designed for evaluation of the difficulty of test items. The collective grade level writing teams could either find or develop such an assessment instrument. A quick search of the internet yielded several evaluation instruments, some specifically targeted for mathematics, designed to rate the difficulty of a task. The evaluation instruments were all based upon some hierarchical taxonomy of cognition such as Bloom’s Taxonomy.  Should the Supervisor and the collective grade writing teams want to develop their own assessment instrument, the collective grade level writing team could create an assessment instrument complete with scoring rubrics based upon a hierarchical taxonomy of cognition. The rest of the process would be similar to the aforementioned process. Each member of the grade level writing team would independently evaluate the difficulty level of each potential test item. Afterwards, the membership of the grade level teams would collectively discuss the rating of each potential test item. Again, the purpose is to have a consistent rating of item difficulty level.

After the grade level teams have collectively rated the difficulty level of each potential test item, they must collectively determine the number of test items from each difficulty level to be on each administration of the examination. There are three questions to consider in the process. Does the examination have equal representation of test items from each difficulty level or is there another proportional representation that would be more appropriate? Does the proportionality of representation of items from each difficulty level extend to the units of analysis (standards)? Does the number of items from each difficulty level remain constant throughout each administration of the MQA or should the proportionality of relatively more difficult items increase across subsequent administrations of the MQA?

Once the grade level writing teams have answered the three questions, the teams can determine the frequency of test items from each difficulty level to be on each administration of the quarterly assessment. The results could be mapped onto the Grade Level Quarterly Assessment Indicator Chart (Appendix R). The chart would provide the grade level writing teams with a grid mapping specific indicators and specific difficulty levels onto specific test items for each quarterly administration of the examination. As such, the chart would be an additional tool utilized by the grade level writing teams to maintain the overall structure, design, and intent of the quarterly assessment throughout the writing process.

Test Generation

During the test generation phase of test construction, the grade level writing teams will begin the process of writing the quarterly examinations. The grade level writing teams have already planned their work. The critical issue during this phase of the process is having the grade level writing teams focus upon working their plan. Grade level writing teams’ utilization of the Grade Level Quarterly Assessment Indicator Chart (indicator map) is an essential element in working the plan. Since the chart maps each test question of each quarter to a specific indicator, the grade level writing team will identify the specific test item from generated pool of test items which corresponds to the expectations of the test question with respect to indicator, difficulty level, and expected student readiness.

A second strategy to maintaining the structural integrity of MQA design is backwards planning. Although the natural tendency of the grade level teams is to develop the quarterly assessments in sequential order, development of the assessments in reverse sequential order is most beneficial to the process. Since expected student outcomes for the fourth quarter includes all of the standards and indicators at grade level, the grade level writing teams would develop a fourth quarter assessment with all of the ideal student outcomes for the grade level. The power indicators would be an excellent resource for defining ideal student outcomes. Once the grade level writing teams have established a fourth quarter assessment with targeted objectives, the selection of appropriate targets and test items for each of the first three quarters becomes a simple function of matching identified indicators and levels of item difficulty with expected student outcomes each quarter as documented in the curriculum.

The final recommendation for the test generation phase of test development is the procurement of a test generator software package. Most mathematics textbook publishers include test generator software with their textbook series. Although the assessment booklets could be written with a word processing program, the limitations with respect to mathematical symbolism, graphics, and test formatting functions provide major obstacles to the construction of mathematical assessments.

Mathematics Quarterly Assessment Implementation

Implementation of the Mathematics Quarterly Assessment program is a highly coordinated effort between various district level and building level entities. As previously noted, the District MQA Organizational Chart (Appendix A) is a district flowchart for the systemic support of the MQA project. The District MQA Organization Chart Sequence/Description (Appendix B) is the narrative component for the District MQA Organization Chart, which provides a more detailed account of the operational processes of the MQA program. As such, these documents provide most of the operational details necessary to assist school administrators in the process of replicating the MQA program. In this section, the narrative will focus upon the components essential to the implementation of the MQA program.

Test Administration

The current practice in Elkhart Community Schools is to provide a one week window of opportunity for teachers to administer the MQA examination. The testing window is scheduled to be the seventh week of each nine week period. The sixth week of each nine week period is reserved for building level personnel to prepare for the administration of the MQA examination. On Monday of the sixth week, each building MQA test coordinator receives all of the MQA test materials for distribution to the teaching staff. Teacher testing materials include Mathematics Quarterly Assessment Procedures (Appendix AA), Teacher Answer Key (Appendix E), and two blank student answers sheets (Appendix F). Student testing materials include the MQA Basic Skills test booklet (Appendix C), the MQA Applied Skills test booklet (Appendix D), and the pre-slugged MQA Student Answer Sheet (Appendix F). The building MQA test coordinators are responsible distributing the materials to the teaching staff by Wednesday of the sixth week. This will provide teachers with an opportunity to organize the materials for testing during the upcoming week.

During the one week window of opportunity for MQA testing, teachers are expected to administer both the Basic Skills section and the Applied Skills section of the MQA assessment, to score each of the items of the Applied Skills section, to record the scores of the items of the Applied Skills section on the student answer sheet, and to return the classroom set of student answer sheets to the building MQA test coordinator by the end of business on Friday. Procedurally, the system works very well. By providing the one week window of opportunity, teachers have the flexibility to eliminate or at least greatly reduce potential scheduling conflicts. Also, there are opportunities to test students who were absent during the initial test administration. 

Unfortunately, there is a limitation inherent in the system. Since each teacher scores the Applied Skills section of their own classroom and records the results, there is a concern with the inter-rater and intra-rater reliable of the scoring of the Applied Skills section of the MQA assessment. There are a number of actions that can be done to mitigate the problem. First, the open-ended rubrics in the Teacher Answer Key (Appendix E) could include anchor papers with explanations. The purpose of the anchor papers would be to provide a clear example of each of the scores. The explanation of the scoring rationale would provide teachers with applications of the scoring rubric to specific problems. Second, the district could provide staff development in using the open-ended scoring rubrics of the MQA assessment. A focus upon improving teacher understanding of the general format of the rubric as well as application of the rubric to specific problems would be advisable. Third, the test administration process of MQA could incorporate the double-blind scoring technique. With the double-blind scoring technique, teacher A and teacher B would independently score the open-ended items of teacher C. Afterwards, teacher A and teacher B would compare the scores that they assigned to each of teacher C’s students. Using the scoring rubric and anchor papers, teacher A and teacher B would have to resolve any discrepancies in the scoring. Fourth, using random samples of test items throughout the district, statistical calculations of inter-rater and intra-rater reliability could be conducted. Such information would either provide confidence in the reliability of the open-ended scoring throughout the district or provide the necessary data supporting appropriate actions to improve the reliability of the assessment.

Data Collection and Summary

The building level MQA test coordinators are responsible for delivering the MQA Student Answer Sheets to the Department of Assessment and Evaluation on the Monday of the eighth week of the nine week period. Upon receipt, personnel in the Department of Assessment and Evaluation will use a scanning machine to download the information on the student answer sheets into a database. After all of the student answer sheets are downloaded, the various grade level summary reports are generated. As noted earlier, there are three levels of the summary reports: district, building, and classroom. The reports are forwarded to the Department of Curriculum and Instruction for distribution.

Analysis and Evaluation

As previously stated, the goal of the Mathematics Quarterly Assessment (MQA) is to create a district-wide system of measuring and monitoring student progress towards the acquisition of mathematical content and process knowledge as prescribed by the Indiana Academic Standards. The basic premise behind the goal assumed that if educators had a systemic method for periodically measuring student performance, then educators could employ appropriate actions to improve and enhance student learning. Analysis and evaluation of the MQA summary reports is a crucial function in the process of transforming information into action. The following definitions are relevant to the discussion:

1. Assessment refers to the means of gathering information or data.

2. Analysis refers to the process of organizing, summarizing, and interpreting information or data.

3. Evaluation refers to the process of creating meaning from the analysis of the information or data with respect to context, experiential knowledge, and/or research.

4. Data Driven Instruction refers to instructional choices involving educational elements including, but not limited to pacing, content, strategies, activities, assessment, and student differentiation based upon evaluation of student performance data.

MQA District Reports

The original intent of the Core MQA Planning Committee for developing the MQA district level reports was strictly for comparison purposes. The committee recognized that teachers and principals would be receiving MQA performance data without any means of comparison. As such, the MQA district level reports would offer teachers and principals with relative benchmarks for analyzing and evaluating student performance at the classroom and building levels. Therefore, every teacher and every principal receives a copy of both the district level Indiana Academic Standards Summary (Appendix H) and the district level Item Analysis (Appendix L).

The district level Indiana Academic Summary (Appendix H) has the average number correct and the average percent correct for each building and the district as a whole within each standard as well as the composite MQA score. The district level Item Analysis (Appendix L) has information on the number of students and the percentage of students who responded to correct choice and to each of the distracters on each of the multiple choice items. Both sets of reports provide teachers and principals with relative information for judging collective and individual student performance overall, within each standard, and at the item level. The purpose of the utilization of the district level reports is to facilitate discussion concerning student learning and mathematics teaching at the building, grade, and classroom levels. However, the district level reports should not be used as an evaluation tool for teachers or as a club against collective or individual staff members. The success of the MQA program is dependent upon the free flow of information for constructive purposes.

MQA Building Reports

The Core MQA Planning Committee had two intended purposes for the development of the MQA building level reports: 1) Through careful analysis and evaluation of the building level reports, the principal would be able to share performance trends with the staff and offer insights into student learning goals and objectives, and 2) Assist grade level teacher teams in facilitating discussions concerning student achievement and teaching strategies. The building level Indiana Academic Standards Summary (Appendix I) list the average number correct and the average percent correct for each classroom and the building as a whole within each standard as well as the composite score for a given grade level. The building level Item Analysis (Appendix L) list the number of students and the percentage of students who responded to the correct choice and to each of the distracters on each of the multiple choice items. By reviewing the both building level reports, the principal could identify the particular standards and the particular indicators which students are having the greatest difficulty or success. Fairness and collegiality would dictate that the principal would communicate both trends to the staff. In addition, principals could identify staff members who are having success in teaching particular standards and particular indicators. These staff members would be a valuable asset in providing collegial support for other teachers.

There are two methods that a principal could employ in determining grade level challenges and successes. In the first method, a principal could simply scan the building level Indiana Academic Standards Summary (Appendix I) and compare the average percentage correct for each standard. In the case of School 20, the second grade students had the most success with Data Analysis and Probability (77%), Computation (76%), Geometry (75%), and Algebra and Functions (72%). The second grade students had the greatest challenge with Number Sense (54%), Measurement (55%), and Problem Solving (64%). In the second method, a principal would compare the average percentage correct of the building level Indiana Academic Standards Summary (Appendix I) with the average percentage correct of the district level Indiana Academic Standards Summary (Appendix H). Using the second method, the relative differences between the average percent correct for second grade students in School 20 and the average percent correct for second grade students in the district are Number Sense (-8%), Computation (-8%), Data Analysis and Probability (-7%), Algebra and Functions (-6%), Measurement (-6%), Geometry (-5%), and Problem Solving (-5%). Interestingly enough, the two methods offer conflicting perspectives on School 20 second grade student performance in the Computation standard and the Data Analysis and Probability standard. However, there is agreement between the two methods that the Number Sense standard offers the greatest challenge to the second grade students in School 20. As such, the principal could establish and articulate the goal of improving student performance on the Number Sense standard for the next administration of the second grade MQA. Please note, it is recommended that a principal establish no more than two standards per grade level as a goal between administrations of the MQA.

Once a principal has established a goal or goals for the next administration of the MQA assessment, articulating guidance for the grade level teams is a necessary function. Generally, guidance from the principal could be in the form of establishing collegial relationships or identifying specific content needs within the low performing standard.  For example, the students in the classroom of T. Wells are having the most difficulty with the Number Sense standard and the students in the classroom of S. Jones are having greater success with the Number Sense standard. During grade level meetings, encouraging collegial discussions between Wells and Jones may offer insights and solutions to improving classroom instruction and activities.

Using the building Item Analysis, the principal could establish specific targets for improvement within the Number Sense standard. Again, the previous two methods for comparing student performance could be employed. By comparing student performance on individual test items from the building level Item Analysis (Appendix M), the six Number Sense items would be ranked from greatest need to least need accordingly: item 4, item 3, item 6, item 5, item 2, and item 1. By comparing relative differences in the percent of correct responses between the building level Item Analysis (Appendix M) and the district level Item Analysis (Appendix L), the six Number Sense items would be ranked from greatest need to least need accordingly: item 4 (-26%), item 5 (-26%), item 3 (-11%), item 2 (-7%), item 6 (-6%), and item 1 (-4%). There is agreement between both methods that the concepts being tested by items 3, 4, and 5 are the greatest learning needs of the second grade students in School 20 within the Number Sense standard. By reviewing items 3, 4, and 5 from the Basic Skills portion of MQA (Appendix C), the principal could communicate to the second grade teachers that place value, items 3 and 5, and odd-even numbers, item 4, are specific learning objectives for the second grade students in School 20 overall.
MQA Classroom Reports

The main intent of the MQA project was to provide the classroom teachers with timely and relevant data on student achievement so they could make appropriate instructional decisions for students, both collectively and individually. The Core MQA Planning Committee assumed that if teachers had concise and legible data on student achievement, the teachers would understand the data and would be able to use the data to drive instruction. Unfortunately, from the information garnered from the whole district pilot, the assumption proved to be erroneous. Among the teaching staff, there was wide continuum of aptitude and ability with respect to the process of data-driven decision-making (DDDM) and data-driven instruction (DDI). As such, a staff development plan was enacted to address the issue.

In the district, each elementary building had a primary and an intermediate mathematics liaison. The liaisons all received mathematics and mathematics leadership training through the Indiana Mathematics Initiative. Furthermore, the liaisons also received an additional forty-two hours of mathematics content and pedagogy training through Elkhart Community Schools. The staff development program would train the mathematics in a DDI model for MQA analysis. Afterwards, the mathematics liaisons would train grade teams of teachers in their home buildings on the DDI model.
The first step of the process is a review the Classroom Level of the Indiana Academic Standards Summary (Appendices J and K). The summary provides information on overall classroom performance and individual student performance. From the review of the summary, teachers would identify at most three standards for which classroom performance was the lowest. The teacher would prioritize the standards according to greatest need. On the second step, the teacher would identify three to five students who are having the most trouble within each of the prioritized standards. The third step in the process would be a review of the classroom item analysis report. Within each of the low performing standards, what were the specific concepts and skills that caused the greatest difficulty? Teachers will need a copy of the Basic Skills and Applied Skills booklet to answer the aforementioned question. The fourth step was previewing the mathematics curriculum for the next nine weeks. From the preview, the teacher would identify specific units and lessons for special emphasis. Furthermore, the teacher would identify specific students during those lessons for targeted instruction.

The following description will utilize the attached appendices to illustrate the DDI model for MQA analysis. Although the building mathematics liaisons were trained in the two aforementioned methods of identifying high needs standards, this section will just utilize the method of comparing the individual standards within the classroom level reports. The first step, from the classroom level of the Indiana Academic Standards Summary (Appendices J and K), the three lowest performance standards were Number Sense (56%), Measurement (62%), and Problem Solving (69%). Using the percentage correct as the only criteria, the teacher would prioritize the three standards in the following order: Number Sense, Measurement, and Problem Solving. The second step would be to identify the students who had the most difficulty within the three targeted standards. Within the Number Sense standards, Jane Doe (1), Alicia Jackson (1), Robert McIntosh (2), Sally Robertson (2), and Penny Vaughn (2) were having the most difficulty. Similarly, students would be identified within the Measurement standard and the Problem Solving Standard. The third step would be to identify the specific test items that the students had the most difficulty within the three targeted standards. From the Classroom Item Analysis (Appendix N), students had the most difficulty with test items 1, 2, 3, 4, 5, and 6 from Number Sense standard. Similarly, items would be identified within the Measurement standard and the Problem Solving Standard. Using the MQA Basic Skills and Applied Skills booklets (Appendices C and D), the teacher can review each of the identified test items to ascertain the specific content, concept, and skills that students were having the most difficulty. For example, Item 3 asks, “What is the number for 14 ones and 6 tens?” Thirty-three percent marked the correct answer [B] 74; however, thirty-three percent marked the distracter [A] 64 and eleven percent marked the distracter [D] 84. Does this indicate that the students that have a problem with place value or regrouping? By review each of the other identified test items, teachers can begin to identify possible misconceptions of the students. As such, the teachers can begin to formulate strategies, activities, and interventions for the targeted content and students.

MQA Program Data Analysis

After the year-long district-wide pilot of the MQA project, a number of questions arose. How do we know if the instructional targets of the MQA assessment are aligned with the instructional targets of the state, especially the ISTEP+ examination? What constitutes a “passing” score on the MQA assessment? What is a good target score within each of the MQA subscales (standards)? Are the scoring results from the quarterly administrations consistent? How well is each of the individual MQA test items aligned with state instructional targets as measured by ISTEP+? The questions were consistent with MQA Objective 7: Testing reliability and testing validity should be important features of the Mathematics Quarterly Assessments (MQA).

MQA/ISTEP+ Correlation and Regression Analysis

The MQA/ISTEP+ Correlation and Regression Analysis (Appendix X) was conducted to answer at least some of the questions concerning the MQA examination. The MQA/ISTEP+ Correlation and Regression Analysis have both a graph and a table format. The graph is a simple XY scatter plot. The MQA total scores are located along the horizontal axis and the ISTEP+ scores are located along the vertical axis. Each point on the graph represents the paired data associated with each student in Elkhart Community Schools who was administered and completed both the Fourth Quarter Second Grade MQA examination and the subsequent Third Grade ISTEP+ mathematics examination. A line of regression (y = 6.72x + 258.04) was mapped onto the student data.

The table format of the MQA/ISTEP+ Correlation and Regression Analysis (Appendix X) provides district educators with substantial information concerning the MQA examination. For the grade 2 analysis, the generated data was based upon 930 students in the district who were administered and completed both the Fourth Quarter Second Grade MQA examination and the subsequent Third Grade ISTEP+ mathematics examination. The correlation coefficient (r) is 0.76, which is the measure the concurrent validity of MQA examination with respect to ISTEP+ mathematics examination. The correlation coefficient for each of the grade levels ranged from 0.75 to 0.80. The table format also provides the cut scores for Pass and Pass + of subsequent administrations of ISTEP+.

The regression table matches a fourth quarter MQA score with a predicted ISTEP+ score based upon the equation of the regression line: y = 6.72x + 258.04. The two bold scores correspond to the first predicted ISTEP+ scores that are greater than or equal to the cut scores for Pass and Pass+. Starting with the first predicted score that is greater than or equal to the cut score for Pass, there is a third column containing the percentage of student who passed the ISTEP+ mathematics test based upon the given MQA score. For example, based upon the regression analysis, a student scoring 21 on the fourth quarter MQA test would have a projected score of 399 on the ISTEP+ test. Although the predicted score of 399 is higher than the cut score for passing the ISTEP+ examination, 393, only 55% of the students who scored a 21 on the MQA test passed the ISTEP+ examination. However, of the students who scored a 22 on the MQA, 72% passed the ISTEP+. Therefore, the level of confidence that a student would pass the ISTEP+ increased substantially for students who had a composite MQA score of 22 as oppose to a score of 21. As such, this analysis would be a useful tool for educators to establish target composite MQA scores for students.

The table format of the MQA/ISTEP+ Correlation and Regression Analysis (Appendix X) also provides a series of tables for each of the subscales (standards) of the MQA. Each table has two columns. The first column is the score on the subscale. The second column is the percentage of student who passed the ISTEP+ mathematics test based upon the given subscale score. For example, under the Number Sense subscale, 69% of the students who scored a 4 on number sense passed the ISTEP+ test. Of the students who scored a 5 on number sense, 83% of them passed the ISTEP+. Therefore, this series of tables could be used to establish targeted scores within each subscale. In this case, a target score of 5 on the Number Sense scale seems reasonable.

MQA/ISTEP+ Correlation and Regression Analysis with 95% Confidence Intervals

Another useful tool for establishing target composite MQA scores for students is the MQA/ISTEP+ Regression Analysis with 95% Confidence Intervals (Appendix Y). This instrument was developed to minimize the ambiguity in the process of establishing MQA targets. This analysis provides educators with the correlation coefficient, r (Model Summary), as well as the coefficients for the regression line, the lower bound of the 95% confidence interval, and the upper bound of the 95% confidence interval (Coefficients). The equation for the lower bound of the 95% confidence interval, y = 6.35x + 249.98, could be used to establish a composite target score for grade level students. By substituting the cut score for passing ISTEP+ of 393 into the equation of the lower bound of the 95% confidence interval, a principal would simply calculate the corresponding composite target score for MQA of 23. Therefore, if a student has a composite score of 23 on the fourth quarter administration of MQA, then the student should have at least a 95% chance of passing the ISTEP+.

MQA Item Correlation

The intent behind the generation of the MQA Item Correlation (Appendix Z) was to have a means for determining whether individual test items were meeting the intended instructional targets. Since the intended instructional targets were defined by the Indiana Academic Standards and the state assessment tool for monitoring student progress towards mastery of the standards was measured by ISTEP+, then the logical comparison for the MQA test items would be taken from ISTEP+. To begin the process for analyzing the degree to which individual test items were aligned with the intended instructional targets, the committee developed a dichotomous scale for the individual test item and also for the ISTEP+ test. The values assigned to individual test items were 0, if the student answered the question incorrectly, and 1, if the student answered the question correctly. The values assigned to the ISTEP+ examination were 0, if the student failed to pass the test, and 1, if the student passed the test. Afterwards, a 2x2 cross tabulation table was developed for each question with the corresponding associated frequencies listed in each cell.  In Appendix Z, page 2, there is a cross tabulation table for Question 1 of the fourth quarter second grade MQA. Please note the two diagonals. The upper left to lower right diagonal has 179 students who scored a 0 on question 1 and on ISTEP+ and 412 students who scored a 1 on question 1 and on ISTEP+. This is the diagonal for which student outcomes on both elements are the same. The lower left to upper right diagonal has 232 students who scored a 1 on question 1 and a 0 on ISTEP+ and 107 students who scored a 0 on question 1 and a 1 on ISTEP+. This is the diagonal for which student outcomes are different for both elements. The theory behind the process was simple, for the test item to be well aligned with ISTEP+, there should be more students in the same outcome diagonal than in the different outcomes diagonal. To establish the positive relationship between individual MQA test items and the ISTEP+ examination, the Pearson Product Moment Correlation Coefficient (r) was used. In the case of question 1, the correlation coefficient (r) had a value of 0.247. Generally speaking, items that had a correlation coefficient approaching 0.300 were considered good and items that had a correlation coefficient (r) less than 0.200 were considered poor.

Conclusion

With the implementation of state and national accountability laws, there became a need for school districts to systematically monitor student achievement in mathematics. For large urban districts, coordinating the development, distribution, scoring, and reporting of common assessments becomes a very daunting task. This paper chronicled the efforts of Elkhart Community Schools to build district-wide capacity for a systemic approach to formative mathematics assessments. The efforts, recommendations, and limitations from the MQA project in Elkhart Community Schools highlighted in this study provide information and technical assistance to other educational administrators in identifying the appropriate actions, issues, and considerations for the implementation of a district-wide formative assessment system. The lessons learned from the project include:

1. Identification of key stakeholders with the necessary expertise in essential logistical fields to serve on the core planning committee. The success of the MQA project was a function of deliberate actions taken by the Core MQA Planning Committee.

2. Development of an overall vision for the purpose and functionality of the district-wide mathematics assessment system.  Identifying a philosophical approach towards assessment along with developing and articulating program goals and objectives were fundamental elements in refining the vision of the MQA project.

3.  Utilization of a systemic approach to the planning, development, and implementation of the district-wide formative assessment system. Among the Core MQA Planning Committee initial actions was the evaluation of logistical needs for the implementation of the MQA program. Identification of district resources and limitations were key elements in developing an operational structure for supporting the MQA program. Furthermore, the Core MQA Planning Committee carefully designed the format of the MQA examination forms and the MQA reporting forms to serve the intended goal and objectives of the program.

4. The need of a strong supervisor. The supervisor of the assessment writing teams must have a clear vision of the purpose and function of the district-wide assessment system, maintain a high degree of direct supervision, and establish deliberate and measure tasks. Otherwise, there is a strong likelihood that the writing teams will generate a series of examination incongruous to the purpose, intent, or vision of the assessment project.

5. Staff development is essential. The Core MQA Planning Committee assumed that given a concise and legible data analysis of student achievement, teachers would translate the information into strategic instruction. Unfortunately, there was a wide continuum among district teachers with respect to data-driven decision making (DDDM) and data-driven instruction (DDI). Staff development in DDDM and DDI will provide teachers with the necessary skills to utilize MQA reporting appropriately.

6. Analyzing the statistical alignment of the district-wide assessment to the high stakes state assessment. How does a district know if the district-wide assessment is aligned to the appropriate targets? Correlation and regression analysis will provide the necessary confidence to all stakeholders that the district-wide assessment provide valid results.

End Notes
1. The Indiana Academic Standards for Mathematics has seven content standards (Number Sense, Computation, Algebra and Functions, Geometry, Measurement, Statistics, Data Analysis, and Probability, Problem Solving) and four learning skills (Communication, Reasoning and Proof, Representation, Connections). The Indiana mathematics standards are broad statements describing student knowledge and expectations for each grade level.

2. Within each of the seven content standards for mathematics of the Indiana Academic Standards are more specific statements concerning student knowledge and expectations known as indicators. Each standard has multiple indicators organized by concept strands. Each item (other than problem solving items) on the mathematics portion of the Indiana Statewide Testing for Education Progress (ISTEP+) is aligned to a specific indicator. Problem solving items are aligned to at least two content indicators (other than problem solving) and at least one problem solving indicator.
3. The power of an indicator is a 1 to 4 rating scale developed to reflect the relative importance of the indicator. Likelihood of being a test item on the state assessment was the major factor influencing the power rating. Power indicators are the state indicators that the district believes will have the strongest likelihood of being on the state assessment.

4. Indicator strands partition the indicators within each of the seven mathematics content standards (Indiana Academic Standards) into groupings according to a major concept or construct. For example, at grade 2, the number sense standard has six strands (Counting, Place Value, Order, Number Theory, Fractions, and Graphs & Tables).

5. The Indiana Academic Standards uses a three number coding system for identifying specific mathematics indicators. Each of the three numbers is separated by a period. The first number designates the grade level. The second number identifies the specific standard within the grade level. The third number corresponds to the indicators within a specific standard. For example, indicator 2.3.1 is the first indicator within the Algebra and Functions Standard (Standard 3) at second grade.
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