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Proficiencies and outcomes in the K-20 Oregon educational system:   
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Introduction 

Mathematics is an area particularly well suited to illustrating the potential advantages of the K-

20 Oregon model. Syllabi in mathematics programs already tend to be more uniform than in 

other fields, and the instructional resources needed for mathematics are within the capacity of all 

of our learning institutions. Moreover, mathematics is broadly required throughout the 

educational system. Despite these advantages, mathematics is an area of difficulty for students 

making transitions in the K-20 pipeline.  

Among Oregon students new to post-secondary education, alarmingly few possess college 

readiness in mathematics as defined operationally by University of Oregon Professor David 

Conley: “the level of preparation a student needs to enroll and succeed—without remediation—

in a credit-bearing general education course.”   In particular, at Lane Community College, fewer 

than 25% of all students attempt a math course required for their course of study within their first 

academic year.  (22.3% in 2007/08; 22.4% in 2008/09; 23.5% in 2009/10).  This includes many 

students in programs with sub-transfer level math requirements such as M025, M060 or M095.  

Presumably, students fail to attempt required math courses in some cases because they are unable 

to advance from initial placement level to a required course within a year, and in other cases by 

avoiding math altogether, contrary to advice. 

Concerns about gaps in preparation voiced within the Math Tuning Group in Europe, and 

anecdotally by college math educators generally, are less about advanced prerequisite knowledge 

and more about what Conley calls cognitive strategies and academic behaviors, as well as the 

ability to retain and apply more basic content knowledge—not Algebra II, but Algebra I and 

arithmetic.    

One of the main challenges in addressing the issue of transitions in the K-20 mathematics system 

is that prescriptive structures that may work well at lower grade levels must gradually give way 

to more discipline-specific and learner-specific structures as pathways diverge and specialize and 

as the system relies more heavily on the professional expertise of instructors. What is needed is a 

continuum that starts with greater levels of coordination and organization, and increasingly relies 

on networks of professionals who can articulate with clarity learning outcomes within discipline 

areas and post-secondary programs.  

 

For example, the basic Freshman and Sophomore level mathematics required for completion of 

associate and baccalaureate degrees follows the three distinct tracks of calculus, discrete 

mathematics, and statistics, each with specific prerequisite skills and learning outcomes. 
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Understanding these tracks is important to students, parents, community members, business 

partners and other stakeholders, so we suggest that faculty be given the obligation and support to 

make that understanding more available.  But each of these tracks at the postsecondary level will 

include greater freedom for instructors than K-12 efforts such as the Common Core State 

Standards in Mathematics, which we discuss below.  Indeed, the European Mathematics Tuning 

group concluded that “different modes of teaching and learning have a part to play in a 

mathematics program with some more appropriate to particular sub-fields and particular 

competences.”  

 

Keeping in mind the need for developing a variety of tools to meet the needs of students and 

instructors, we can point to opportunities whereby through coordination and clarity of 

expectations we better serve the students in Oregon in meeting their mathematics educational 

needs. Indeed, we have a strong history of doing so, upon which we propose to build as we then 

put forth some new ideas. 

 

Work on which we can build 

 

Common Core State Standards in Mathematics 

The Common Core State Standards in Mathematics (CCSSM) are a set of mathematics standards 

which were commissioned by the National Governors Association and have been adopted by 43 

states.  The target for Oregon, and most states, is for full alignment with these standards in AY 

2014-15.  Any efforts in K-20 mathematics in the foreseeable future will necessarily take these 

standards into account. 

 

The CCSSM are aimed at college readiness through both content knowledge and cognitive skills. 

(David Conley chaired their validation committee.)  They describe outcomes that mathematics 

instructors at all levels should promote, ones with longstanding importance in mathematics 

education.  Namely, students should be able to: 

- Reason abstractly and quantitatively. 

- Make sense of problems and persevere in solving them. 

- Construct viable arguments and critique the reasoning of others. 

- Model with mathematics. 

- Use appropriate tools strategically. 

- Attend to precision. 

- Look for and make use of structure. 

- Look for and express regularity in repeated reasoning. 

These practices in name do not represent a great departure from those highlighted in previous 

initiatives in mathematics education.  What might set the CCSSM efforts apart is whether these 

practices, embedded in content which is endorsed by mathematicians, can be engaged system-

wide at a level needed for college and career readiness. A primary innovation is embedding these 
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practices at all levels, not only in and after algebra.   For example a group of first graders could 

be asked “Is the equation 1 + 2 = 12 true?  Explain why or why not.” 

 

If the aim of broad engagement in these mathematical practices is met at the K-12 level, we will 

see a vast improvement in student achievement in mathematics at all levels.  Because of this, one 

priority for all involved  in K-20 education should be support for teachers and others at the center 

of these efforts.  If we do see improvements in student mathematics preparation, we should then 

look to align materials for postsecondary classes at the lower levels with the CCSSM in cases 

where that would increase expectations.  Indeed, we should generally encourage postsecondary 

educators to increase the expectations around these cognitive skills in their courses. 

 

Degree Qualification Profile and The Mathematics Tuning Group 

The Lumina Foundation developed the Degree Profile (DQP), or qualifications framework, to 

describe clearly what students should be expected to know and be able to do once they earn their 

degrees. The DQP proposes specific learning outcomes that benchmark the associate, bachelor’s 

and master’s degrees regardless of a student’s field of specialization. The DQP describes five 

basic areas of learning: broad, integrative knowledge, specialized knowledge, intellectual skills, 

applied learning and civic learning.  The Oregon University System, working with a group of 

community colleges led by Lane Community College, has applied for monies which would 

support development of this concept so that students can better understand their academic and 

career tracks. 

 

While the DQP is broad-based, there is a related model for mathematics which was developed as  

part of the Bologna Process.  Mathematicians from Europe comprising a “tuning group” 

analyzed eight methods of teaching, learning and assessment, including lectures, homework 

exercises, project work, etc. They then went on to identify fifteen math-specific competences, 

such as capacity for quantitative thinking, or the ability to comprehend problems and abstract 

their essentials. The scholars then mapped which learning and teaching methods worked best for 

each of the fifteen competences, providing very specific guidelines.  These guidelines serve as a 

model for how to describe expectations beyond mere lists of topics. 

 

The Oregon Transfer Module and Associate of Arts Oregon Transfer 

The Oregon Transfer Module offers a program of general education requirements and elective 

credits accepted statewide, and ensures sophomore status for registration purposes for students 

who transfer.   The Associate of Arts Oregon Transfer (AAOT) degree is awarded by Oregon 

community colleges upon completion of its degree requirements. The AAOT degree fulfills the 

lower division general education requirements at the colleges and universities in the Oregon 

University System, so that students should be able to enter with junior status.   
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Both of these programs are based on the Carnegie unit and the traditional course framework. 

Even if this standard framework is altered, it is important to remember the gains in opportunity 

provided by this level of coordination, and to view these structures and the considerable efforts 

which went into making them as a model for future efforts.  In particular, as transcripts and the 

currency of achievement evolve, these transfer units can and should be readily be adapted. 

 

Other efforts 

There are many projects ongoing at the program and institution level, which are useful to recount 

as a reminder of the opportunities for expansion, elaboration, and coordination.  The University 

of Oregon is refining its math placement assessment, and will make it publicly available online.  

Thus, not only entering students but aspiring students and their teachers, parents and counselors 

will be able to see what the expectations in mathematics are at the college level.  The College 

Now program can be a great transition to post-secondary work, as long as the expectations are 

consistently high.  Partnerships between colleges and universities and secondary schools are 

becoming commonplace, though not systemic.   

 

Specific challenges and potential solutions 

 

As we envision a framework and system to better serves the needs of Oregon students in their 

mathematics education, especially at periods of transition, we find it essential to consider 

specific challenges which these students face. As we put together a high-level vision, these 

challenges are landmarks with which to orient ourselves. 

 

1. Challenge: Mismatch between student preparation and instructor expectations.  

 

Potential solution: better communication of expectations, system-wide. 

 

As stated in the introduction, the mismatch between expectations in secondary and 

postsecondary mathematics coursework is one of the greatest barriers to progression and 

success for a large cohort of Oregon students. This mismatch is being addressed through 

a number of efforts already, and we have mentioned the potential of the Common Core 

State Standards in Mathematics (CCSSM) and the assessment tool being developed by 

the University of Oregon Department of Mathematics. But the needs point to a more 

systemic approach, going beyond the K-12 focus of the CCSSM and embracing all 

institutions in the K-20 system. 

 

Our primary recommendation is to greatly clarify expectations both of incoming students 

and students who have successfully completed an area of mathematics. (In the view of 

experienced instructors, this will mostly happen in the context of coursework, because it 

is in that framework which expert instructors can gather topics with narrative and depth, 

and that strong learning communities are ready made.) The primary focus of efforts 

would be to build on the CCSSM and elucidate expectations in the core first two 

postsecondary years. As with the CCSSM, the goal would be to not simply list topics but 
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convey the depth of expertise and the application of cognitive strategies which are to be 

demanded of students. Such an effort would require gathering faculty and instructors in 

mathematics as well as some other stakeholders. Conveying these expectations is serious 

intellectual work, which should go beyond a simple listing of topics. We give only the 

framework and beginnings of such communication with the example of beginning college 

statistics below. 

 

2. Challenge: Students do not understand the possible pathways to achieve their academic 

goals well enough.  

 

Potential solutions: augment the traditional advising system with an array of material: 

more graphical and/or interactive presentation of academic requirements; “if you want to 

be an X” kinds of presentations; videos or other multimedia stories by students describing 

their own pathway first hand; web 2.0 fora where faculty and students can answer 

academic planning questions.   

 

3. Challenge: Skills which have "gone stale" after a gap in time when mathematics has been 

taken.  

 

Potential solution: Attach enforced expiration dates on prerequisite courses and 

placement tests system wide, as currently done at Lane Community College where 

students must retest if prerequisites have not been completed within one year (four 

terms).  To fill in needed preparation, we can look at Lumina-funded work by 2-year 

colleges in Virginia.  This effort is based on modules which cover specific content areas, 

using blended instruction, that can be used to to help students gain skills “just in time.”  

 

Case study: expectations and outcomes in statistics. 

Since the solution to the first challenge above involves better communication of expectations for 

course preparations and outcomes, we provide an example of how these would look at a 

preliminary stage of development, for a first course in college-level statistics.  

 

We offer a tentative and partial set of content and cognitive attainments, with a few examples of 

specific exercises or assessments, recognizing that a complete model would be replete with these 

and would necessarily involve the collaboration of many educators.   We recognize that much 

related work has already been done by individual instructors, and at the course and program level 

within institutions.   But we believe it would be valuable to pursue a more general effort across 

institutions and with the involvement of K-20 colleagues. 

 

It is perhaps misleading to draw a distinction between content and cognitive abilities, and we 

recognize that the best educational tasks and assessments require both.  We separate them here to 

clarify the importance of the cognitive side and not to represent these two categorizations as 

being mutually exclusive. 
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Prerequisite outcomes identified for  

students entering an elementary statistics course and those completing a statistics course 

Student will be able to, on entering an 

elementary college statistics course 

Students will be able to, on successful completion 

of the course 

Arrange and convert fractions, decimals and 

percentages. 

(Without a calculator, list from smallest to 

largest:  0.2, 1/20, 2%, 0.188, 0.09, 1/9) 

Round decimal numbers and attend to precision. 

Plot points and graph in two dimensions. 

Interpret Sigma notation for sums. 

Solve first degree equations and inequalities with 

absolute values. 

Develop simple algebraic models. 

(There are seven times as many students as 

professors.  Express this as a linear equation, 

identifying what your variables represent.) 

Interpret and use function notation. 

Get information about a function from a formula 

or graph. 

Use a graphing calculator. 

Work with software and software documentation. 

Produce and interpret appropriate data graphs. 

Select, calculate, and interpret summary statistics. 

Recognize when a distribution is skew or 

symmetric, and understand consequences for the 

relationship between the mean and median. 

Distinguish between populations and samples 

Describe random and non-random approaches to 

sampling, and assess risks of sample bias. 

Use probability notation and probability rules. 

Use the 68-95-99.7 rule 

State the Central Limit Theorem. 

Construct and interpret confidence intervals. 

Select and conduct hypothesis tests.  

Interpret inferential research with an understanding 

of randomness and bias. 

Utilize statistical software. 

Comprehend technical writing; 

Formulate and pose questions; 

Evaluate claims critically; 

Persevere with nontrivial problems; 

Collaborate in problem solving; 

Parse formulas and see how they work. 

Content Synthesis: Given data, critically select, 

carry out, and interpret in context the result of an 

appropriate inferential procedure. 

Recognize and respond to opportunities to learn 

from data; 

Embrace scientific, data-based thinking; 

Interpret and apply probabilistic information; 

(80 in 1000 patients undergoing brain surgery 

experience complications; among this group, 6% do 

not regain consciousness.) 

Distinguish among hypothesis, fact, & 

interpretation. Evaluate statistical research critically. 
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