Achieve, Inc.
Feedback on the Washington College Readiness Mathematics Standards

Development Team Draft of July 21, 2004

A goal of the Transition Mathematics Project (TMP) Design Team is to provide a set of college-readiness standards that builds off of the Washington Office of the Superintendent of Public Instruction’s (OSPI) Essential Academic Learning Requirements (EALRs) and serves to define the expectations for students who intend to pursue post-secondary education in entry-level college and university mathematics courses.  In addition, these college-readiness standards are intended to guide the development of the EALRs for students in grades 11 and 12.  The document produced by the members of the Design Team that met in June 2004 is an excellent step toward fulfilling these goals.

This draft of the Washington College Readiness Standards builds on the OSPI’s previous work in several important ways.  The content standards addressing number sense, geometric concepts and models, probability and statistics, concepts and procedures from algebra, and functions expand upon the expectations set forth in EALR 1.  The standard on solving mathematical problems and reasoning aligns logically with EALR 2 and EALR 3.  The standard on communication aligns with EALR 4 and the standard on making connections should, when it is completed, align with EALR 5. In addition to the alignment of standards, this document generally reflects the organizational structure of the EALR’s in a way that would make it readily accessible to secondary educators across the state.  As the document is further refined, Achieve suggests that the standards and components be numbered in a manner similar to that used in the EALRs.  For ease of reference in this review the standards will be referred to by number, that is Standard 1 will refer to the first standard given in the draft, “Select and use concepts and procedures from number sense.”, Standard 2 will refer to “Select and use geometric concepts and models.”, and so on.  Similarly, the components will be numbered in the order they are listed.

The College Readiness Standards define expectations that are more demanding than those found in the Grade 9-10 EALRs.  This is evident in, for example, Standard 1 Component 1 where real numbers, complex numbers, and computation involving numbers expressed in scientific notation are explicitly mentioned.  It is also evident in Standard 2 Component 4 where right triangle trigonometry is described and in much of Standard 4 where expectations for algebraic manipulation skills are extended beyond those in the Grade 9-10 EALRs.  These are expectations that are clearly stated and can reasonably be expected to resonate with college and university professors; at the same time, none are overly demanding of high school graduates who intend to pursue post-secondary education.  It should be noted, however, that the expectation of computation with complex numbers, while not overly demanding, is not universally included in college entry-level standards.  For example, Oregon’s Proficiency-based Admissions Standards System (PASS), which served as a valuable resource for the Design Team, focuses on calculations with real numbers but does not mention complex numbers at all.  The American Diploma Project (ADP) benchmarks mention complex numbers, but in the context of understanding the need to extend number systems to include complex numbers to solve certain problems and equations.  Computation with complex numbers is not specifically address in the ADP benchmarks.
The TMP Design Team used both the ADP benchmarks and the PASS standards as resources and guides in developing this draft of the College Readiness Standards.  Both of these resource documents include concepts that are expected of students in the middle school and high school years.  This overlap with K-12 may be somewhat redundant but is positive in that it results in standards that can be read as stand-alone documents without reference to K-12 standards.  There are clearly some standards included in the current draft of the College Readiness Standards that parallel the Grade 9-10 EALRs—for example, geometry standards that refer to the Cartesian coordinate system, to congruence, or to similarity.  At the same time there are some standards in the 9-10 EALRs that would be expected of entering college students that are not mentioned, such as solving and interpreting systems of equations and inequalities.  As the College Readiness Standards are revised and refined, it may be important to consider what additional key components from the EALRs might be included to create a set of standards that are succinct, yet sufficiently self-contained that they would be clear to post-secondary educators who are not well-versed in the K-12 EALRs.

At the standards level, the degree of specificity of the College Readiness Standards is similar to both the EALRs and Oregon’s PASS Standards.  At the component level, however, the degree of specificity may be insufficient to avoid ambiguity unless the components are further defined through explanations or examples.  Oregon includes Descriptions of Proficient Performance within the Scoring Guide for the PASS Standards.  These more detailed performance descriptions can be found in the Guide to Teaching and Assessing Proficiency for University Admission, pages 12-23.  While the intent of the performance descriptions is to guide teachers in making summary judgments about whether students are prepared to do entry-level college work, these additional indicators may help the TMP development team come up with more specific and clear language about what it expects of college-ready students.  Additionally, components can be more precisely defined by the inclusion of examples that delineate the limits of the type of work expected by students who meet the standard.  The ADP materials do this rather well; for example, the level of algebraic manipulation expected in ADP Standard J1.3 (ADP, page 58) is made clearer by the examples shown, and the extent to which students are expected to be able to know and use the Pythagorean theorem is explicitly demonstrated through examples following K5 (ADP, page 65).  Examples can serve another purpose in that they are useful in showing how college-ready students should be able to make connections between different aspects of their mathematical knowledge – such as slope and parallelism/perpendicularity.

In some cases the components themselves may need to be revised so that their “grain size” is more consistent.  Standard 2 Component 3, Standard 4 Component 5, and Standard 5 Component 4 are examples of components with a “grain size” that conveys student expectations quite effectively.  Standard 2 Component 1 and Standard 6 Component 3 are examples of components that are written using more general language.  Their larger “grain size” may not clearly communicate what students should know and be able to do.  It would be more helpful, for example, for Standard 2 Component 1 to include the geometric figures and properties with which students should be familiar as is the case in the PASS Descriptions of Proficient Performance where specific topics such as parallel lines with transversals, polygons, circles, similarity, and triangle congruence are cited.  Standard 6 Component 3 indicates that students are to “explore empirical deductive and inductive approaches, extensions, generalizations, and various methods of proof.”  While it is important that students be able to use a variety of reasoning strategies, it is not clear what is intended if students are to “explore” these strategies.  “Deductive techniques” are mentioned as well in the first component of the geometry standard.  From the current draft it is not clear whether students are expected to use axioms, definitions, and theorems to actually produce geometric proofs, nor is it clear what level of complexity is appropriate in the theorems students will encounter.  The standards and components for problem solving, reasoning, and communicating seem to be extracted from Oregon’s PASS standards so the development team may wish to examine the Descriptions of Proficient Performance (page 12) for more ideas of how to expand upon these components.  The ADP benchmarks with respect to mathematical reasoning (page 55) may also provide additional ideas.  Finally, there are some components, such as Standard 1 Components 2 and 3, where the development team might want to consider increasing the “grain size” and incorporating the main idea into a larger conceptual framework.

There are two areas where this draft of the College Readiness Standards consciously diverges from the EALR’s.  Measurement is not included as a standard in the current draft document while both the ADP benchmarks and PASS standards contain expectations with respect to measurement. In both of these documents, measurement concepts are included within geometry.   Procedures such as conversion between rate units (e.g., converting miles per hour to feet per second) are not addressed in earlier documents and should at least be considered for inclusion in the College Readiness Standards.  While it is certainly the case that references to such topics as the selection and use of measurement units and tools or the computation of such dimensions as perimeter, area, volume, and surface area are included within the EALRs, the development team might consider including them in the these standards as well.  As was mentioned before, this would improve the ability of the College Readiness Standards to serve as a stand-alone document.  As this document is advanced it would be good to have the entire development team revisit the decision to omit measurement.  

Algebra is the second area where the College Readiness Standards and the EALRs differ.  Again, the entire development team should probably consider this variation.  The TMP Design Team chose to follow the example of the PASS standards that separate the expectations for the performance of algebraic operations from those relating to the use of functions and to further separate the basic use of functions to understand mathematical relationships from the representation, analysis, and use of advanced functions.  This decision has the advantage of allowing the College Readiness Standards to clearly define the expected level of facility with symbolic manipulation, the more procedural aspect of algebra.  This definition will be at least partially accomplished as the development team considers the inclusion of the topics and possible sub-categories listed in the draft document.  Using two standards to fully define the expectations with regard to functions is a reasonable decision.  However, it would improve the logical flow of the document if these two standards appeared consecutively, and a reordering of the advanced function standard could easily accomplish this.  Inclusion of a component relating to the transformation of functions should be seriously considered.  In the draft document, the TMP Design Team expressly included some expectations related to advanced functions that they intend only for students considering mathematics and/or science majors.  The development team should consider whether there are expectations from other domains of mathematics that they wish to identify for mathematics and/or science majors and, if so, to designate them as such.  The ADP benchmarks may be a good resource here since they designate (with asterisks) a number of benchmarks as recommended for all students but required for those students who plan to take calculus in college.

One area left for work by the development team is the completion of components for Standard 8.  As they address the absence of these components, the development team might also want to consider some apparent gaps in other standards.  Standard 3 in the current draft document does not include much that extends it beyond the expectations for probability and statistics defined by Grade 9-10 EALR Component 1.4.   Conditional probability and periodic data are mentioned, but other references to “counting techniques” and “functions” are not specific enough to discern what is intended.  “Counting techniques” might well be assumed by some college and university professors to include combinations, permutations, and perhaps even the binomial coefficients.  It is not clear from the current draft if this is the intention of the component.  Linear regression seems appropriate for Standard 3, but reference to non-linear models might more appropriately be included with Standards 5 or 9 or at least cross-referenced to the functions specified in those standards, for the sake of clarity.  Since measures of central tendency are discussed in earlier grades, perhaps measures of spread should be considered here.  Likewise, understanding of percentile, quartile, correlation, and expected value are all potential areas for inclusion in Standard 3.  Essentially the development team needs to consider the place of statistics in college readiness before it settles on the specifics of Standard 3.  While perhaps not expressly needed for success in Intermediate Algebra, this may be the last best opportunity to be sure that students are statistically prepared to be effective citizens and consumers.  If additional components for probability and statistics are considered desirable, the ADP benchmarks and the PASS Descriptions of Proficient Performance (page 18) both provide good models.

The College Readiness Standards are still not clear and explicit as to the level of technological facility expected of students entering college.  This area is addressed in the problem solving and reasoning standard, Standard 6, but in very general language.  More specificity needs to be provided as to what tools and what forms of technology are to be included.  If this is too difficult to fully embed in the standards and components, consider addressing this in narrative form in some introductory text.  It is important that high school teachers and college professors come to a common understanding with respect to two things: (1) the technological facility expected of college freshmen and (2) the arithmetic, manipulative, and graphic skills they will be required to accomplish without the aid of a technological tool.

On a more minor note, the development team may wish to continue to consider the inclusion of estimation, which external reviewers agreed still has a place at the collegiate level, and matrices, which are included in the PASS document and recommended by the NCTM Standards.  Other suggestions for inclusion by reviewers included specifically addressing (1) the solving of systems of linear equations using elimination and substitution, (2) the Pythagorean theorem, its converse, and its applications, (3) special right triangle relationships in addition to the trigonometric relationships, and (4) power functions of the form 
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This draft of the Washington College Readiness Standards does an excellent job of reflecting the work done by the members of the TMP Design Team that met in June and should provide an effective foundation for the work to be continued by the full team in August.  The expectations defined in this draft generally build on the EALRs and, like that K-12 document, will represent an appropriate balance between the procedural, conceptual, and problem-solving/application aspects of mathematics once Standard 8 is fleshed out.  Already there is a reasonable and effective balance between symbolic manipulations and conceptual understanding.  These draft standards appropriately express the expectation that students should know multiple methods for solving problems (e.g., algebraically solving an equation by factoring, graphing, or using the quadratic formula) and representing relationships (e.g., expressing functional relationships through words, tables, graphs, and symbols).  
As the development team moves forward from this strong beginning, special care should be given to the wording of the College Readiness Standards so that the choice of words clearly, concisely, and accurately communicates the level of rigor expected and the means by which proficiency is to be demonstrated to multiple audiences, including both secondary and post-secondary instructors.  Areas of likely disagreement or misunderstanding should be identified, addressed, and either resolved or targeted for ongoing discussion.  Doing so will serve Washington well as it works to define its Grades 11-12 EALRs and will provide a guiding light for other states that wish to effectively describe the foundation necessary for students to make a successful transition from secondary to post-secondary educational experiences.
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