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The Common Core Concern:

High School Mathematics

I. Overview. Senate Bill 1 at the state level and the Common Core State Standards Initiative at the national level are the two most significant educational developments in two decades in Kentucky. They emerged simultaneously and independently, swept forward by the growing realization that we as a state and we as a nation must dramatically improve our educational system to remain competitive in the global economy of the 21st century. 

These developments both focus on the same goal: college and career readiness for all students. Senate Bill 1 requires that Kentucky’s new academic standards “result in fewer, but more in-depth standards to facilitate mastery learning.” The common core standards are widely advertized as “fewer, higher and clearer”.
The reality in high school mathematics is strikingly different. The common core standards required of all students ask high school mathematics teachers to cover more content at a higher level than ever before in the three required high school mathematics courses (Algebra I, Geometry and Algebra II). 

It is impossible to cover this content effectively and in-depth in only three courses given the current mathematical preparation of the nation’s high school students. Teachers will be inclined to cover a wide range of topics superficially, including core algebra topics essential for success in college, to insure that their students will be exposed to as much of the required content as possible. Teachers will be obligated to do so if all these topics are covered on state assessment tests. 

This is exactly the wrong thing to do, and is the exact opposite of what the common core standards were supposed to accomplish and what Senate Bill 1 explicitly requires. Kentucky’s central goal of college and career readiness for all students will be put at risk because students will not be given the time on task needed master the essential algebra skills necessary for success in college and careers. 
The purpose of this paper is to discuss these and other key issues involved in the implementation of the common core high school mathematics standards in the context of Kentucky’s college and career readiness program, and to propose ways to avoid some undesirable consequences of this implementation. 

II. College Readiness in Kentucky. 

1. Leadership. Kentucky is fortunate to have outstanding leadership in education. Led by Commissioner of Education Terry Holliday, the Kentucky Board of Education (KBE) and the Kentucky of Department of Education (KDE) have developed a comprehensive and innovative college and career readiness plan to focus on the goal of preparing all students for college and careers. The plan is discussed below. 

The Council on Postsecondary Education (CPE), led by President Bob King, and the Education Professional Standards Board (EPSB), led by Executive Director Phil Rogers, are working vigorously together with Commissioner Holliday and the KDE to implement this ambitious plan. The plan would be impossible to implement without the unprecedented degree of cooperation among educational agencies that we now have in Kentucky.   

The General Assembly has consistently supplied active and insightful leadership in education. Two remarkable pieces of legislation relate to college readiness. The 2006 General Assembly passed Senate Bill 130 that required all public high school juniors to take the ACT college readiness test. Two other Educational Assessment and Planning System (EPAS) tests from ACT, the EXPLORE test given to all students in grade 8 and the PLAN test given to all students in grade 10, were also a result of this bill. 

The 2009 General Assembly unanimously passed Senate Bill 1 that called for a new assessment and accountability system focused on college readiness. The bill mandates that 2010 college remediation rates be reduced by 50 percent by 2014. The Kentucky college and career readiness model has been built to address this mandate. 
2. ACT Benchmarks. The CPE has established benchmarks for college readiness based on ACT scores in English, reading and mathematics:

· 18 or more on the ACT English test

· 20 or more on the ACT reading test

· 19 or more on the ACT mathematics test

Students who meet these benchmarks are guaranteed placement into an entry-level, credit-bearing college course without the need for remediation at any public Kentucky college or university. Students who do not meet these benchmarks must take either a remedial course or some other form of remediation. 

In mathematics, there are two additional benchmarks for students intending to take either college algebra or calculus as their first college mathematics course.

· 22 or more on ACT mathematics test for guaranteed placement into college algebra. ACT uses this benchmark to measure college readiness in mathematics. 

· 27 or more on ACT mathematics test for guaranteed placement into college calculus.

Students whose ACT mathematics score is 19, 20, or 21 and whose college major requires college algebra are in a difficult position if the university they attend requires an ACT mathematics score of 22 or more (as most do) to take college algebra. These students must take a remedial course prior to taking college algebra if they cannot pass a college algebra placement test. These students are not counted in state statistics as needing remediation, but their progress towards a college degree is delayed nonetheless.

A promising attempt to solve this problem is discussed in Appendix A. 

3. The Kentucky Model. The KDE has developed an excellent assessment and accountability model to measure college and career readiness. The key idea is to measure college readiness using assessments accepted for placement purposes by all public colleges and universities. This approach may seem like a “no-brainer”, but in fact it requires extraordinary cooperation across all educational sectors. The postsecondary system must agree to use common assessments for placement purposes and the K-12 system must agree to use these same assessments for accountability purposes. Kentucky is fortunate to have the degree of cooperation necessary to implement this model. 

The ACT is the principal assessment used. The ACT is already given to all high school juniors and there is agreement among all public postsecondary institutions about what ACT scores constitute college readiness (the ACT benchmarks discussed in the previous section.) There are two additional college readiness assessments aligned with the ACT that are given in earlier grades. The PLAN assessment given in grade 10 is a good predictor of success on the ACT. The EXPLORE assessment given in grade 8 is a good predictor of success on the PLAN.

Sadly, only 34 percent of Kentucky’s 2010 high school juniors met the ACT benchmarks for college readiness. Yet Senate Bill 1 mandates that at least 67 percent of Kentucky’s high school graduates should be college ready by 2014. How can this demanding goal be reached?

The first priority is to increase the percentage of high school graduates who meet the ACT benchmarks for college readiness. Fortunately, however, the Kentucky model uses two additional ways for students to achieve college and career readiness. 

The first way employs a nationally unique model that involves transitional courses and college placement tests. High school juniors who are not yet college ready based on their ACT scores are offered a transitional course during their senior year in an area in which they are deficient (mathematics, reading or English). They are given a college placement test after they complete the course. If they pass the test, they are considered college and career ready in this area. 

KDE has developed model transitional courses in mathematics and reading that give teachers a clear idea of what they need to teach and give students a clear idea of what they need to learn. 

http://www.education.ky.gov/KDE/Instructional+Resources/Secondary+and+Virtual+Learning/Mathematics+Transitional+Course.htm 

These courses are offered free of charge to schools and districts, and teachers can use them as they see fit. The mathematics course is beautifully aligned with postsecondary expectations and college placement tests. 

The Kentucky Online Testing (KYOTE) college readiness placement test in mathematics and the COMPASS college readiness placement tests in mathematics, reading and English (a writing test) are the tests that have been chosen for this purpose by the CPE, although others could be added. All public postsecondary institutions have agreed to accept the results of these tests for placement purposes. The tests are offered online in the high schools at no charge to schools and districts. 

The remarkable success of this model using the KYOTE test is discussed in Appendix A. 

Students can also achieve college and career readiness by passing an appropriate career readiness test. Commissioner Holliday and his staff, to their credit, recognized the importance of including a career readiness component in the assessment and accountability model. They are in the process of selecting a small number of career readiness tests for this purpose, tests that are widely used and respected by businesses and the military. Students who do not meet ACT benchmarks and who do not pass the designated college placement tests can still be considered college and career ready by passing one of these career readiness tests. 

III. Common Core Concerns.

1. Background. Kentucky was an active participant in the development of the Common Core State Standards, in part because of the urgent need to develop new academic standards required by Senate Bill 1. In the fall of 2009, postsecondary and K-12 content groups examined the College and Career Readiness Standards, a preliminary version of the common core standards. The real work began with the January 10, 2010, confidential release of the proposed common core standards. A Kentucky team of K-12 and postsecondary mathematics teachers discussed the mathematics standards. The elementary school standards were enthusiastically supported because of their focused emphasis on arithmetic. The middle school standards were also supported, but with less enthusiasm. Implementing the middle school standards will involve a major change in the middle school mathematics curriculum, with a significant portion of the algebra and geometry currently taught in high school being taught in middle school. 

There was serious concern about the high school standards. They clearly covered too much content. The national development team understood this, and asked the Kentucky team to identify which of the standards should not be required for all students. The Kentucky team responded by identifying many standards that involved topics normally covered in an elective precalculus course. There was unanimous agreement that these standards should not be required for all students. 

Nearly every recommendation made by the Kentucky team was accepted and included in the February 8 confidential release of the revised standards. Kentucky was the first state in the nation to accept the Common Core State Standards on February 10. There was great satisfaction that nearly all of Kentucky’s recommendations had been accepted. 

Unfortunately, the final version of the standards released on June 2 reversed most of these recommendations. The precalculus standards that Kentucky did not want to be required of all students are now required of all students. 

2. Implementation Strategies. The high school standards are arranged by content area, not by grade as is the case for the K-8 standards. Shortly after the common core standards were finalized, a variety of strategies, called pathways, for implementing the high school standards on a course-by-course basis were published (http://www.corestandards.org/the-standards; Mathematics Appendix A). The traditional pathway through Algebra I, Geometry and Algebra II seems the most logical choice for Kentucky because the new assessment system will likely include end-of-course assessments in at least some of these courses. 

Implementing the standards using this approach is going to be extremely difficult. The standards required of all students are all contained in these three courses. Several additional standards, those not required of all students, are also included to increase the coherence and depth of the content being taught. The other suggested pathways also place all the required content into three courses.

3. Timing Concerns. The nation’s schools will require several years, at the very least, to implement the common core standards as intended. The pathway document makes clear that the Algebra I course described is to be taught at a higher level than the nation’s current Algebra I courses. In fact, this course contains more advanced content than is usually taught in Kentucky’s Algebra II courses. Students will be expected to learn most of the content in the current Algebra I courses in middle school. Similarly, students will be expected to learn much of the content in current high school geometry courses in middle school before attempting the Geometry course in the traditional pathway. 

These changes will require better preparation of both middle school students and middle school teachers. Middle school students will in general require a stronger foundation in arithmetic than is currently the case before attempting algebra in middle school. Successful implementation of the common core elementary school standards with their much greater emphasis on arithmetic should eventually make this possible. 

Middle school mathematics teachers usually have a much weaker mathematics background than their high school counterparts. High school mathematics teachers must complete a college major in mathematics to be certified, whereas middle school mathematics teachers can in many cases be certified to teach mathematics without taking any algebra-based courses beyond college algebra. The mathematical preparation of middle school mathematics teachers must be significantly improved, especially in algebra, before the common core middle school standards can be successfully implemented. But this will require several years at best. 

4. Precalculus Content Concerns. The following standards describe topics required of all students in the traditional pathway Algebra II course:

· Graph exponential and logarithmic functions, showing intercepts and end behavior, and trigonometric functions, showing period, midline and amplitude. 

· Solve an equation of the form 
[image: image1.wmf] for a simple function 
[image: image2.wmf] that has an inverse and write an expression for the inverse.

· For exponential models, express as a logarithm the solution to 
[image: image3.wmf] where 
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[image: image6.wmf] are numbers and 
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· Understand radian measure of an angle as the length of the arc on the unit circle subtended by the angle.

· Explain how the unit circle in the coordinate plane enables extension of the trigonometric functions to all real numbers, interpreted as radian measures of angles traversed counterclockwise around the unit circle.

· Choose trigonometric functions to model periodic phenomena with specified amplitude, frequency and midline. 

· Prove the Pythagorean identity 
[image: image9.wmf] and use it to calculate trigonometric ratios. 

These are the kinds of topics usually covered in a more advanced, elective mathematics course such as precalculus or trigonometry. These are the kinds of topics that the Kentucky team unanimously felt should not be required of all students. These are the kinds of topics that very few, if any, high school or college mathematics teachers would consider appropriate for all students.

5. Statistics Content Concerns. Several of the common core standards in statistics lack both clarity and depth. The following two standards, placed in the traditional pathway Algebra II course and required of all students, are the most troubling: 

· Use data from a sample survey to estimate a population mean or proportion; develop a margin of error through the use of simulation models for random sampling. 
· Use data from a randomized experiment to compare two treatments; use simulations to decide if differences between parameters are significant. 
These standards deal with two of the most important and subtle concepts in inferential statistics, confidence intervals and hypothesis testing, although neither of these widely used content descriptions are mentioned in the common core standards. These two concepts are the central focus of college courses in elementary statistics. The standards handle them in an informal, ambiguous and superficial manner that will leave high school teachers, even those with solid backgrounds in statistics, wondering how in the world these standards are supposed to be taught in the classroom. 

This puzzlement is well founded. The statisticians at Northern Kentucky University (NKU), all of whom have a Ph.D. in statistics, thought that the last clause in each of the two standards was too vague to be understood. My colleague Larry Gray, a mathematics professor at the University of Minnesota and a member of the national development team, agreed with my NKU colleagues. When he saw these standards in nearly final versions of the standards, he raised concerns about their suitability, but it was too late.  

Professor Gray supplied me with some possible interpretations of these standards involving simulation techniques widely used by professional statisticians, but little known and even less understood outside this group. The techniques he suggested are seldom taught in undergraduate statistics courses. 

I would like to thank Professor Gray and my NKU colleagues for their assistance and support.

6. Teacher Support Concerns. Academic standards cannot be effectively implemented without support from the teachers charged with implementing them. It is doubtful that a single high school mathematics teacher in Kentucky could be found who believes that the common core high school mathematics standards are reasonable and appropriate for all students, especially in the near term before the educational system can adjust. 

No state can afford to create an environment in which its education leaders and policy makers are working to implement academic standards that teachers know are unrealistic and unworkable. Fortunately, Kentucky has common sense leaders who will listen to teachers and will work with them to develop a realistic implementation plan that all can support. 

7. College Readiness Concerns. Kentucky is in the process of developing the premier college and career readiness program in the nation. The program will use evidence-based, realistic assessments that are widely accepted by colleges and universities, businesses and the military to measure student success. The ACT is the principal assessment. The ACT benchmark scores provide a clear statewide measure of college and career readiness. 

The Common Core State Standards Initiative (CCSSI) sets the bar for college and career readiness in mathematics much higher. The common core standards required of all students are all considered necessary to meet minimum requirements for college and career readiness. This assertion is just not true. It is wildly inconsistent with Kentucky standards based on the ACT. Comparison of the common core standards with ACT college readiness standards (http://www.act.org/standard/planact/math/index.html) shows the dramatic difference. The ACT, unlike the CCSSI, has done extensive research over many years to validate its standards by correlating ACT test scores with performance in entry-level college courses. 

It is imperative that the common core standards be implemented in a flexible manner that supports Kentucky’s college and career readiness program. In other words, teachers should not be compelled to teach a large number of diverse and sometimes advanced topics in required courses just so their students will be exposed to as many topics in the common core standards as possible. Instead, they should be given the time to teach essential content in depth to insure that their students are college and career ready based on Kentucky (and ACT) standards. Senate Bill 1 calls for exactly this approach. 

There is already too much superficial learning in this country. In mathematics, for example, students often come to college having taken precalculus or even calculus in high school only to discover that their algebra skills are too weak to pass college courses in algebra, precalculus and calculus. These students would be better served by taking in-depth algebra courses as opposed to getting superficial exposure to more advanced content. 

IV. Proposed Solutions. 

1. Focus the High School Curriculum. The mandate of Senate Bill 1 calling for academic standards that “result in fewer, more in-depth standards that facilitate mastery learning” should be followed. The common core standards goal of having “fewer, higher and clearer” standards has not been met in high school mathematics. States must focus the standards to meet the needs of their students. As the first state in the nation to adopt the standards, Kentucky is well positioned to take the lead in this effort. Care should be taken to insure that implementation of the standards supports the emerging college and career readiness program. 

2. Focus on Algebra. Algebra is the gateway to postsecondary education. The evidence for this is overwhelming and indisputable. Students with a weak background in algebra are going to struggle in college and are likely to need remediation.

Remedial mathematics courses nationwide and in Kentucky are almost entirely courses in algebra or prealgebra (arithmetic). There are only a few remedial courses in geometry. There are no remedial courses in probability or statistics. The reason is that students can succeed in an entry-level, credit-bearing course in probability or statistics provided they have the necessary arithmetic, algebra and reading skills. There is no need for them to have taken probability or statistics in high school.

College readiness placement tests in mathematics cover arithmetic, applied arithmetic, and elementary geometry, but focus primarily on algebra. The purpose is not only to determine whether students are prepared to take college level mathematics courses, but also to determine appropriate placement into various levels of remedial courses. These tests will play an important role in Kentucky’s college and career readiness program.    

Kentucky colleges and universities have gathered extensive data over many years that demonstrate the importance of a good background in algebra. The data show an exceptionally strong correlation between the algebra students know at the beginning of a college algebra or calculus course and their eventual grade in that course. Some of this data is discussed and displayed in Appendix B.

A strong background in mathematics, especially algebra, is the best predictor of success in college science courses. At a recent conference on college readiness in science (Educators Work to Improve Student Science Success; kypost.com; 8/9/10), Stephen Testa, associate professor in UK’s Department of Chemistry, led a group of educators focusing on student science readiness in chemistry.

“There are studies and studies that show the biggest predictor of student success in chemistry is their preparation in math”, Testa told the group. “So I’m here to tell you to work on your students’ math skills -and what we need is simple algebra, not advanced trigonometry.” 

Professor Richard Sweigard of the College of Engineering echoed Testa’s advice about math preparation to high school educators in the physics group. He said that while high school students often come to the college with little or no high school physics training, they must have a good background in math to succeed. 

The message is loud and clear. The best thing we as a state can do to get our students college ready in mathematics and science is to provide them with a good background in basic algebra. 

But how can this be done in a crowded curriculum so that more time can be spent on algebra? The next three sections provide some possible answers. 

3. Develop In-Depth Elective Courses in Probability and Statistics. Develop elective courses in probability and statistics that cover these subjects in greater depth and more coherence than is possible in the three required courses. Remove most of the topics (especially topics in inferential statistics) that are supposed to be covered the three required courses and put them in elective courses. This action would have the following beneficial consequences.

· It would significantly reduce the number of topics covered in Algebra I, Geometry and Algebra II, making each of these courses more focused and coherent. 

· It would support Kentucky’s college and career readiness goals by giving teachers more time to focus on algebra. 

· It would provide interested students with more focused, coherent and in-depth coverage of probability and statistics. 

· It would benefit students interested in science, technology, engineering and mathematics (STEM) disciplines in two ways. First, it would provide them with more focused, in-depth algebra courses they must have to be successful precalculus and calculus. Second, it would give them the option of taking in-depth courses in probability and statistics in high school or to bypass such courses to focus on precalculus and calculus. They could then learn the probability and statistics they need in a credit-bearing college course since they do not need any prior knowledge of probability and statistics to succeed in such a course. Other students would have this option as well. 

· It would be consistent with the philosophy of Senate Bill 1 and the common core standards initiative by covering fewer topics in greater depth in each of the affected courses.

4. Teach Precalculus Content in Elective Courses. Teach precalculus content, such as the topics in Section III.4, in a precalculus or trigonometry course, not in a required Algebra II course. This action would have the following beneficial consequences. 

· It would significantly reduce the number of topics in required in Algebra II, making this course more focused and coherent. 

· It would support Kentucky’s college and career readiness goals by giving teachers more time to focus on algebra. 

· It would provide interested students with a thorough, in-depth treatment of trigonometry and other precalculus topics rather than a superficial introduction to these topics in Algebra II. 

· It would be consistent with the philosophy of Senate Bill 1 and the common core standards initiative by covering fewer topics in greater depth in Algebra II.

· It would be consistent with the Kentucky mathematics team recommendations that these topics not be required of all students.

5. Develop Aligned Assessments. The KDE has wisely decided to use end-of-course assessments at the high school level as part of the new assessment and accountability system called for in Senate Bill 1. This approach will permit more focused assessments based on the content of a given course as opposed to a comprehensive assessment of all content in a given subject area in grade 11. An end-of-course assessment in Algebra II will be the first mathematics assessment administered, beginning in 2012. 

It is critically important that the end-of-course assessment in Algebra II and all other end-of-course assessments be carefully aligned with Kentucky’s college and career readiness goals and with the specific courses being assessed. 

These criteria may seem obvious but they will not be met if inappropriate assessments are developed or chosen. The American Diploma Project (ADP) end-of-course assessment in Algebra II discussed in Appendix C is one such example. This assessment is very challenging and assesses content not usually covered in the nation’s Algebra II courses. As a result, scores have been so low that it is not clear whether they are either meaningful or useful. The nation’s students are likely to do poorly on algebra tests even if they assess content that students have covered. It makes no sense to assess students on content they have not covered. 

Kentucky is participating in two multi-state consortia that are developing assessments of the common core standards: Partnership for Assessment of Readiness for College and Careers (PARCC) (http://www.achieve.org/parcc) and Smarter Balanced Assessment Consortium (SBAC) (http://www.k12.wa.us/smarter). The assessments from each consortium are projected to be ready in 2014. 

Kentucky and other participating states should not use these assessments unless it can be shown that they are realistic and appropriate. End-of-course assessments based on the traditional pathway courses in Algebra I, Geometry and Algebra II, for example, would be inappropriate in Kentucky high schools at this time since the content of these courses is more advanced and aligns poorly with what is being taught in Kentucky courses with the same name.

The common core standards are at least as demanding and cover far more content than the standards for the ADP Algebra II end-of-course assessment. Assessments based on the common core standards are likely to be just as challenging as the ADP assessment and the results are likely to be just as bad. We as a state and we as a nation do not want to wake up in 2018 only to discover that our students continue to perform horribly on common core assessments and that the common core standards initiative has failed. 

V. Conclusion. No one ever said that implementing Senate Bill 1 and the Common Core State Standards would be easy. Those not familiar with the high school mathematics standards may be surprised, even shocked, by how difficult this will be in high school mathematics. But Kentucky is up to the challenge. We as a state have always been a leader in education reform. As the first state in the nation to adopt the common core standards, we are well positioned to lead the nation in their implementation. We should do so in a sensible way that supports our college and career readiness goals. A grateful nation will appreciate our efforts. 

Appendix A
The KYOTE Project

The Kentucky Online Testing (KYOTE) project began in the spring of 2006 and is an outgrowth of the Kentucky Early Mathematics Testing Program (KEMTP) discussed in Appendix B. The KYOTE group consists of about 90 members, including mathematics faculty from all eight state universities, 12 of 16 community and technical colleges, four private colleges, and representatives from CPE, KDE, Kentucky Adult Education (KYAE) and the Legislative Research Commission (LRC). 

The original goal of the KYOTE group was to develop common online mathematics placement tests that could be given free of charge by any postsecondary institution. The group designed, discussed, modified and approved a college readiness mathematics placement test, a college algebra placement test and a calculus placement test. Institutional placement tests in each of these categories are remarkably similar, so it was not difficult to meld them into tests acceptable to all. 

The mathematical sciences computing group at the University of Kentucky (UK) built the secure online KYOTE system into its much larger system (www.mathclass.org). Eastern Kentucky University (EKU) and NKU began using the KYOTE placement tests when they were put online in the spring of 2007.

An agreement between NKU and the Northern Kentucky Association of School Superintendents launched the KYOTE college readiness project in the spring of 2008. Participating Northern Kentucky high school students took a KYOTE placement test online and free of charge at their high school after completing a transitional mathematics course their senior year. Those students with ACT mathematics scores of less than 19 took the college readiness test. NKU agreed to place these students into a credit-bearing college mathematics course if they passed the test. Those students with ACT mathematics scores of 19, 20 or 21 took the college algebra test. NKU agreed to place these students into college algebra if they passed the test. 

The encouraging results in both 2008-2009 and 2009-2010 are shown in the following tables. 

Table 1
2008-2009 Composite Results of 10 Northern Kentucky High Schools
	Test
	Number Taken
	Number Passed
	Percentage Passed

	College Readiness
	337
	160
	47

	College Algebra
	168
	98
	58

	Total
	505
	258
	51


Table 2
2009-2010 Composite Results of 11 Northern Kentucky High Schools
	Test
	Number Taken
	Number Passed
	Percentage Passed

	College Readiness
	356
	158
	44

	College Algebra
	159
	91
	57

	Total
	515
	249
	48


EKU vigorously embraced and extended the NKU model in 2009, taking it to the next level. EKU is working with about 40 school districts in its region and is achieving outstanding results. The EKU program has dramatically confirmed that the NKU model can be replicated in other parts of the state. Elizabethtown, Owensboro, Ashland and Southeast Kentucky community and technical colleges are also using this model and have ongoing, robust collaborations with high schools in their regions. 

In the summer of 2009, the New England Board of Higher Education (the CPE equivalent for the six New England states) chose the KYOTE college readiness program as one of five model college readiness programs in the nation. Its report, Aligned by Design: Models and Lessons for Linking K-12 and Higher Education to Measure and Achieve Postsecondary Readiness, noted that the KYOTE program was in part chosen because of its potential for statewide implementation. 

The New England Board would be amazed by the extraordinary statewide implementation that has occurred in so short a time. It is no exaggeration to call Kentucky’s emerging college and career readiness program the finest in the nation. 

Appendix B

The Importance of Algebra for College Readiness

Kentucky’s postsecondary mathematics community is dedicated to student success. Correctly placing students into courses in which they can be successful is an important component of student success. Numerous studies have shown the importance of a good background in algebra for student success in college mathematics and science courses. 

The Kentucky Early Mathematics Testing Program (KEMTP) was the catalyst for the collection of some impressive data supporting the importance of algebra for college readiness. The KEMTP was created by the 2000 General Assembly when it unanimously passed House Bill 178. The bill called for an online college readiness test that could be given to high school juniors and sophomores early enough so that, if necessary, they could take corrective action while still in high school. The KEMTP test assesses primarily algebra but also some geometry. It assesses algebra at the same level as the KYOTE college algebra test. In fact, the two tests are remarkably similar. There are no topics assessed beyond those usually taught in Kentucky’s Algebra II courses on either test. The KEMTP test is offered online and free of charge on the same UK website that supports KYOTE (www.mathclass.org).

UK developed a method of evaluating the algebra backgrounds of students taking its college algebra, elementary calculus and engineering calculus courses using the KEMTP test. NKU used the same method in its college algebra courses. Students were given 12 or 15 multiple-choice questions selected from the KEMTP test in the first week of the semester.   A student’s score on this test was compared with his or her final grade in the course. The data in the following tables show the strong correlation between a student’s algebra background and final grade. 

Table 3

Elementary Calculus at UK: 2423 Students over Four Semesters (2002-2004)
	KEMTP Test Score
	Percent (A)
	Percent (A,B)
	Percent (A,B,C)
	Number

	Greater than 70%
	33
	60
	65
	765

	Between 50% and 70%
	12
	26
	43
	1004

	Less than 50%
	6
	14
	30
	654


Table 4

Spring 2002 Engineering Calculus at UK: 156 Students
	KEMTP Test Score
	Percent (A)
	Percent (A,B)
	Percent (A,B,C)
	Number

	Greater than 80%
	23
	54
	82
	56

	Between 65% and 80%
	14
	34
	52
	65

	Less than 65%
	0
	9
	20
	35


Table 5

College Algebra at UK: 1119 Students over Two Semesters (2003-2004)
	KEMTP Test Score
	Percent (A)
	Percent (A,B)
	Percent (A,B,C)
	Number

	Greater than 70%
	43
	65
	78
	51

	Between 50% and 70%
	25
	50
	70
	279

	Between 30% and 49%
	15
	36
	56
	411

	Less than 30%
	6
	20
	42
	378


Table 6

College Algebra at NKU: 327 Students over Two Semesters (2003-2004)
	KEMTP Test Score
	Percent (A)
	Percent (A,B)
	Percent (A,B,C)
	Number

	Greater than 70%
	33
	59
	74
	27

	Between 50% and 70%
	19
	42
	56
	89

	Between 30% and 49%
	6
	14
	29
	133

	Less than 30%
	3
	10
	27
	78


EKU used the same approach for students in its college algebra courses. Student scores on the KYOTE college algebra placement test taken at the beginning of the semester were compared with their final grades as shown in Table 7. 

Table 7
Fall 2007 College Algebra at EKU: 310 Students

	KYOTE College Algebra Score
	Percent (A)
	Percent (A, B)
	Percent (A, B, C)
	Total Number

	20 to 25
	56
	83
	89
	36

	16 to 19
	12
	51
	74
	73

	13 to 15
	8
	22
	57
	79

	<13
	1
	10
	27
	122


Appendix C

ADP Algebra II End-of-Course Assessment

Kentucky and 13 other states agreed to participate in the American Diploma Project (ADP) end-of-course assessment in Algebra II led by the national educational organization Achieve (http://www.achieve.org/ADPAssessmentConsortium). 

The results of this multi-state assessment are sobering. The assessment is challenging. It assesses many topics not usually covered in Kentucky high schools, including topics normally covered in precalculus courses. It consists of multiple-choice questions that account for about 70 percent of the total score and constructed-response questions that account for about 30 percent. There are four possible answers for each multiple-choice question (ACT and KYOTE have five), so the expected score on these questions obtained by guessing alone is 25 percent. 

Table 8 shows the national and Kentucky results on the initial 2008 administration of the assessment. The national average was 37.8 percent on the multiple-choice questions and 10.2 percent on the constructed response questions for an overall average score of 26.9 percent. 

Table 8
Results of 2008 ADP End-of-Course Assessment in Algebra II

Percentage Correct in Each Category

	Categories
	Overall
	Multiple-Choice
	Constructed Response

	Nation
	26.9
	37.8
	10.2

	Kentucky
	20.8
	30.9
	5.4


In 2009, the scoring shifted to three categories: well prepared, prepared and needs preparation for college mathematics courses. The national results in 2009 and 2010 continued to be dismal and are shown in Table 9 and Table 10. Results by state were not given in 2010. 

Table 9

Results of 2009 ADP End-of Course Assessment in Algebra II

Percentage of Students in Each Category

	Categories
	Well Prepared
	Prepared
	Needs Preparation

	Nation
	3.5
	11.1
	85.4

	Kentucky
	3.0
	5.6
	91.4


Table 10

Results of 2009 ADP End-of Course Assessment in Algebra II

Percentage of Students in Each Category

	Categories
	Well Prepared
	Prepared
	Needs Preparation

	Nation
	3.3
	10.0
	86.7
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