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The first two steps in the assessment cycle in “Beyond Crossroads” are to define the expected student learning outcomes and then to develop tools, criteria, and standards directly linked to each outcome.

The assessment cycle includes writing learning outcomes, evaluating student learning, and analysis of the data, followed by revision and improvement of teaching, courses, curricula, and entire programs.

There are 3 levels of outcomes mentioned in “Beyond Crossroads” - individual student or classroom, course, and program.  

Two program outcomes that most math programs will consider essential are quantitative literacy and problem solving.

Quantitative literacy is an individual’s “capacity to identify, understand and engage in mathematics as well as make well-founded mathematical judgments as a constructive, concerned, and reflexive citizen.”

1.  [Beyond Crossroads] pg. 40


Quantitative literacy may be a bit difficult to assess success in.

Math literacy is an individual’s capacity to write, read and understand written material containing math words, symbols, and concepts.

Clearly, math literacy and problem solving should be listed as expected program outcomes.  They are too broad based to be expected student learning or course outcomes.  

But, equally clearly, some degree of math literacy and problem solving should be every student’s expected outcome in every math class.

Many or most individual student learning outcomes should lead directly to a course outcome and course outcomes should lead directly to an expected program outcome.

It seems reasonable then, to first write the math program outcomes that are required and desired.  Considering just those two expected program outcomes, we can look at some individual student learning outcomes that are linked directly to them and assessable.

A widespread student learning outcome used to be and still is something like:

Every student will be able to factor a monic trinomial using the a-c method.

This expected student-learning outcome is not related to either literacy or problem solving.  Suppose that the student’s progress toward this learning outcome is to be evaluated by a test problem like the following.

13)  Factor 
[image: image1.wmf]  by the a-c method.

Many students could be evaluated as having achieved this learning outcome without knowing what a monic trinomial or a trinomial or a factor is.  Many would have no idea what the relationship is between a trinomial and the factors of that trinomial.  Nor would a student gain any experience at problem solving – only applying a memorized routine. These students would only have to commit to temporary memory an algorithm that produces the “answer” even though there is no question.  This would be a waste of a teacher’s time as well as the student’s time.

“I don’t know what’s the matter with people: they don’t learn by understanding; they learn by some other way – by rote, or something.  Their knowledge is so fragile.”
2.  [Richard Feynman]

“The teacher who tells students to solve a problem in a prescribed manner is limiting their ability to investigate their surroundings and to test novel ideas.”

3. [E.J. Langer]

“…understanding – and by extension, any aspect of intelligence – is not the same as symbol manipulation or computation.”
4.  [Steven Pinker]

“Mixing drill with questions designed to review and deepen conceptual understanding is an ideal combination that should reduce the likelihood that a student will view the procedure being drilled as math to be memorized (which doesn’t make sense).”

5.  [Ed Laughbaum]

Instead of:

Every student will be able to factor a monic trinomial using the a-c method.

A better student-learning outcome to strive for is:

Every student will be able to demonstrate an understanding of trinomials of all types, their factors, and the relationships between them.

This expected outcome could be evaluated by a question instead of an algorithmic problem.

Instead of:
 
13)  Factor 
[image: image2.wmf] by the a-c method.


Ask a question:
13)  What is a linear (or binomial) factor of 
[image: image3.wmf] ?




or

13)  The product of what two binomials equals 
[image: image4.wmf] ?

Note that the student would still need to be able to factor the polynomial but now would have to understand that the results of that process are linear or binomial factors and that factors are objects multiplied.
 

General Principles of Writing Student Learning Outcomes

Expected program outcomes should be written first.  These should be few and broad-based.  Most schools will agree that math literacy and problem solving should be included in the expected program outcomes for all colleges.

Individual student learning outcomes should be linked directly with the expected program outcomes. Evaluation of student learning should consist primarily of questions designed to test understanding and knowledge rather than just skill at applying algorithms.

Course outcomes are simply an aggregate of the individual student learning outcomes so these will also point directly at the program outcomes.  Assessment is also an aggregate of classroom assessments.

Some examples of student learning outcomes that are conceptual are contrasted with algorithmic outcomes below.

Algorithmic

Students will be able to solve linear and quadratic equations.

Students will be able to multiply and add matrices.

Students will be able to draw the graphs of linear and quadratic functions.

Conceptual

Students will be able to demonstrate an understanding of linear and quadratic equations, their solutions, how to solve them, and the meaning of all three.

Students will be able to demonstrate knowledge of matrices and the operations of matrix addition and multiplication.  They will know when matrices can be added or multiplied and the nature of the results of those operations.

Students will be able to recognize the graphs of linear and quadratic functions and to recognize special points and their meanings on those graphs.

Evaluating Student Learning

“While grades are important, they do not always tell us exactly what students know and can do.  Two students who receive the same grade may not know the same concepts or have the same skills.  Grades may be a way to rank students’ achievement, but are not indicators of specific knowledge or abilities.  Standards for grading may differ with each instructor.”
6.  [Beyond Crossroads] pg. 29

Assigning grades goes beyond evaluating student learning.  In fact, grades sometimes go so far beyond that evaluating student learning may not even be a factor.

Grades may include:

· Evaluation of student learning

· Student industriousness

· Attendance

· Effort

· Rank in class

· Progress

· Social or administrative pressure

· Emotional connection

· Sex

· Money

· Blackmail

· Physical force

Public school grades have essentially become unrelated to evaluation of student learning.

Arkansas High School Grade Inflation


Remediation rates for A & B students


i)  38.0% in 2002
ii)  32.8% in 2003
iii)  31.3% in 2004

But in 2006 it was only 20.4% of the A & B students who had to be remediated!

Grades have so many different meanings that, even within a single math department, they have become almost meaningless.

At the classroom or individual student level assessment is supposed to be done by individual instructors using instructor-developed tools to assess individual students’ learning outcomes.

Then, at the course level all the teachers of one course are supposed to assess all classes of that course using a department-developed assessment tool.

“A course-based assessment may be administered at the end of a term by all faculty teaching the course.”
7.  [Beyond Crossroads] pg. 33

This is better than baving assessment of student learning based on the individual teachers’ assessments since that would be exactly like basing it on grades given by individual teachers, but there are some problems with basing assessment on one test even if the grading is fairly uniform.  For one thing, unless the score on the assessment tool used at the end of the term is made a significant part of their grade, students in one class may not be motivated to do their best on it while another class will.

A better way is to have department-developed assessment tools and standards in use throughout the semester.

“Courses taught using a variety of instructional modalities should use equivalent assessment tools to insure student learning is occurring at a high level regardless of the method of instructional delivery.”
8.  [Beyond Crossroads] pg. 33

Then, assessment can be on going and learning evaluation used for both grades and assessment.

Good Learning Evaluation Tools

· Tied directly to desired learning outcomes

· Consist mostly of questions, not problems

· Are ongoing throughout the term

· Are strictly uniformly graded

· Don’t emphasize algorithms

· Have many variants, not all mult. choice

· Should emphasize math literacy

A couple of examples of how evaluation tools for algorithmic and conceptual expected outcomes are different are shown below.

Algorithmic Expected Outcome

Students will be able to solve linear and quadratic equations.

Algorithmic Assessment Tool

3)  Solve 
[image: image5.wmf] for x.
Conceptual Expected Outcome

Students will be able to demonstrate an understanding of linear and quadratic equations, their solutions, how to solve them, and the meaning of all three.

Conceptual Assessment Tool

3) 
[image: image6.wmf] 

A solution to the equation above is  ???

Notice that there is a difference in how the two assessment tools are scored as well.  Many teachers would give full credit on the first tool for a student answer of 
[image: image7.wmf] whereas this would be incorrect on the second tool since the solution is the real number 11 instead of the equation 
[image: image8.wmf].

The next two steps in the assessment cycle are to analyze the data obtained from the evaluations and identify gaps between desired and actual results.

Suppose there is a gap!  What do we do next?
My personal suggestion is:
MASTERY LEARNING
(individualized)

“Mastery learning is an alternative method of teaching and learning that involves the student reaching a level of predetermined mastery on units of instruction before being allowed to progress to the next unit.  Mastery learning is not a new concept; it was introduced into American education over 70 years ago.  It is a process whereby students achieve the same level of content mastery but at different time intervals.

Traditional instruction holds time constant and allows mastery to vary while mastery learning or systematic instruction holds mastery constant and allows time to vary”
9.    [Denese Davis & Jackie Sorrell]

 “The mid-point for conventional instruction is the 50th percentile.  For individual tutoring, it is the 98th percentile.  For whole class mastery learning instruction, it is the 84th percentile.”

10.  [Benjamin Bloom]

“The literature has, for the most part, indicated positive effects of mastery learning on students.”
11.  [Denese Davis & Jackie Sorrell]

If mastery learning is so good, why haven’t we adopted it everywhere?

Problems with Mastery Learning

· Creating multiple versions of each test

· Grading all those tests

· Scheduling time for students to take those tests

· Teaching students who are at different points in the course

12.  [S. Boggs, M. Shore & J. Shore]

Technology to the rescue!  Soon we will have software that takes care of all the paperwork, but there are still a couple of problems.

Most commercial Class Management Systems like Hawkes’ Learning, Aleks, or MyMathLab only have algorithmic problems for both homework and testing. 

“Almost all Blackboard Cartridge questions for developmental mathematics courses are procedural questions such as solve this equation, factor this expression, or simplify this radical.

13.  [S. Boggs, M. Shore & J. Shore]

We must have conceptual questions instead of problems that only require students to apply algorithms so improvements must be made in those CMS software packages.

Another major difficulty that will probably prove to be more intractable is bureaucratic in nature.  If time is to not be held constant, a given student may or may not have completed the entire course by the end of the semester or quarter.  While giving such a student an “Incomplete” might be possible in a few cases, it is obviously impractical on any larger basis at all.  Instead of students all registering for a course at a certain date and completing the course at a certain date, both registration and completion must be individualized and allowed at any time.  This will require a huge remodeling of the educational structure but it can be done and would greatly benefit, not only mathematics education, but also all of American society.
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