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Title:  Making Friends with Mathematics

Summary of Topic:  Numeracy, or quantitative literacy, is an important constituent of the effective thinking required for professional performance and social decision making in an increasingly technological world.  Although students can acquire basic quantitative skills in mathematics courses, quantitative fluency would benefit from frequent application of those skills in the context of other disciplines.  The goal of this project is to increase math confidence, and to elevate the quantitative performance of students by the incorporation of quantitative activities into courses across the curriculum.
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Focal Student Group:  All students


The Need for Numeracy
Numeracy has the same relationship to the study of mathematics as literacy has to the study of literature and writing.  A literate person is not necessarily a professional writer or literary analyst.  However, a literate person has basic reading and writing skills that can be successfully applied to professional and social tasks in multiple contexts.  A literate person has a basic arsenal of vocabulary, grammar and organizational and analytical strategy that allows him or her to extract information from written material and to communicate effectively when speaking or writing.  Similarly a numerate person can readily apply arithmetic, algebraic, geometric or statistical principles to both practical problems (How much chicken do I need to make sandwiches for a reception?  Which credit card is least expensive to use? Which letters should I start with to win at Hangman?) as well as to a deeper appreciation of an academic discipline (What living species is most closely related to a sabertooth?  How are the vocabulary profiles of Jane Austin and Gloria Naylor different?  Why is a western octave divided into 12 intervals?).
The Strategic Goal of Texas Wesleyan University is a commitment to “enabling performance by removing barriers to success.”  As Paulos (1989) has noted, increasingly technical professional and social demands make innumeracy a barrier. Texas Wesleyan University recognizes the importance of numeracy by including a mathematics requirement as part of the “analytic literacy” component of the general education curriculum (GEC).  However the necessity for numeracy transcends one or two courses in mathematics just as the necessity for language literacy transcends one or two courses in English.  In the words of Paulos (2002, p6), “Remembering this formula or that theorem is less important for most people than is the ability to look at a situation quantitatively, to note logical, probabilistic, and spatial relationships, and to muse mathematically.”
Surveys conducted among various constituents (students, faculty, alumni, trustees) of the university by the QEP Planning Committee identified “Analytical Thinking/Problem Solving” as an important learning enhancement theme for the improvement of student learning at Texas Wesleyan.   Although quantitative thinking is not the sole component of analytic thinking, it is an important one.  In their award-winning textbook, The Heart of Mathematics, Burger and Starbird (2005) identify effective thinking as one of the goals of the study of mathematics.  According to Steen (2001, p62), “…the unique niche ﬁlled by numeracy is to support citizens in making decisions informed by evidence.”
Quantitative reasoning is an intellectual skill that is deficient both among Wesleyan students and among United States adults in general.  In 2010 a pilot assessment of general education was done at Texas Wesleyan, using the Educational Testing Service Measurement of Academic Proficiency (ETSa).  Among the 93 students included in the pilot survey, 50% of students scored as “marginal” or “not proficient” for Level 1 Mathematics (the most basic level) as opposed to 30% scoring “marginal” or “not proficient” for Level 1 Reading.  The National Center for Education Statistics (NCES) similarly reports that adults surveyed in the National Assessment of Adult Literacy (NAAL) given in 2006 were significantly more likely to be deficient in basic quantitative skills than in basic reading skills (Ginsberg, Manly and Schmitt, 2006).  Many students are math phobic, avoiding the Wesleyan math requirement using strategies that include postponement, seeking math courses from other institutions or even certification of math disability. This proposal seeks to reduce student reluctance to engage in quantitative activities by embedding these activities in courses across the curriculum, to reduce math anxiety by making quantitative applications in multiple disciplines more routine, and to increase students’ analytical thinking skills by contextualizing quantitative problems in a way that makes them easier to grasp.
Ginsberg, Manly, and Schmitt (2006) identify three components of numeracy:  context, content, and cognition. Students must acquire basic skills (content), recognize contexts in which the exercise of those skills is appropriate (context), and be able to apply their skills to problem solving (cognition).  Problem solving requires the connection of content to context. Mathematics courses offer all three, but the elements of context and application cannot be restricted to formal mathematics courses; they must be present throughout the curriculum.  Mathematicians Richardson and McCallum (2001, p7) claim that “Quantitative literacy cannot be taught by mathematics teachers alone, not because of deﬁciencies in teaching, but because quantitative material must be pervasive in all areas of a student’s education.”
A fourth component might be added: confidence.  Confidence and the reduction of math anxiety come with practice – when opportunities for successful application of mathematics principles are offered routinely outside of mathematics courses.  The development of fluency in quantitative application requires recurring opportunities for practice.  This proposal is aimed at increasing that practice at Texas Wesleyan University by incorporating quantitative components into multiple courses.
Student Learning Outcomes
Students should be able to demonstrate numeracy in three different contexts:  practical, social and disciplinary.  Practical or personal numeracy involves individual activities like preparing a solution, computing earnings from part-time work, or calculating grade point averages.  Social numeracy involves the ability to evaluate quantitative claims in areas like product marketing, health care, or political campaigns.  Disciplinary numeracy involves the ability to use mathematical principles in a disciplinary context, like calculating frequency ratios between musical intervals or comparing DNA sequences.
In course-level assessments, students are expected to demonstrate
· The ability to identify the mathematical operations applicable to the solution of a given problem (context proficiency).  
· The ability to formulate and apply strategies for the solution of a given problem (cognitive proficiency).  
In university level assessments, it is expected that quantitative practice across the curriculum would be reflected in 
· Increased basic (MAPP level 1) math content proficiency.  
· Increased confidence and interest in quantitative reasoning. 
Learning Activities
Learning activities in courses outside of the natural or social sciences need not require special skills beyond basic number sense, arithmetic operations and simple algebra and geometry.  The goal of these activities is to increase confidence and procedural fluency, and to encourage exploration of different problem solving strategies beyond the simple application of a given formula.
Examples of such activities can be found at the resource libraries of the National Numeracy Network (NNN), the Center for Mathematics and Quantitative Education at Dartmouth (MQED) or of the American Mathematical Association of Two Year Colleges (AMATYC), and can serve as idea generators for faculty teaching in different disciplines.  A few of the activities described in these resources are summarized below.
· Genetic Drift:  Biology students use computer modeling to study how initial gene frequencies and population sizes affect changes in gene frequencies over time. http://serc.carleton.edu/nnn/mathstatmodels/examples/14313.html 
· The State of the Economy:  Economics students collect, chart and data to explore how different variables can be used to express the state of the economy.  http://serc.carleton.edu/nnn/quantitative_writing/examples/31123.html 
· Popular and Professional Research Reporting:  Sociology students compare popular accounts of a scientific study with the original research report to see how they differ.  http://serc.carleton.edu/nnn/quantitative_writing/examples/28281.html 
· Lewis and Clark and Grizzly Bears:  History students use encounters with bears described in the journals of Lewis and Clark to write about how historical documents can be used to construct environmental histories.  http://serc.carleton.edu/sp/carl_ltc/quantitative_writing/examples/27584.html 
· Map the Neighborhood:  history and math students in a linked course draw detailed maps of their immediate neighborhoods and select quantitative features (sidewalks, plantings, animals, vehicles, etc) to compare the characteristics of different neighborhoods.  http://www.mac3.amatyc.org/eng_math_hist/eng_math_hist_map_assn.html 
· Quantities and conversions:  chemistry students convert quantities measured using one unit to another.  http://www.mac3.amatyc.org/chemistry/chemistry_conversions_edcc_files/chemistry_edcc.htm 
· The Golden Ratio:  Humanities students visit a local art museum to look for examples of art works in which the Golden Ratio is used.  http://www.mac3.amatyc.org/humanities_math/museum_assignment1.html 
· Blood Splatter:  Criminal justice students plot the relationship between the distance that a drop of blood falls and the diameter of the splatter produced.  http://www.mac3.amatyc.org/invest_math/invest_math_blood_splatter.pdf
· Diatonic Dots:  Music students place different numbers of dots on a 12-part circle to discover various features of the diatonic scale.    http://www.mtholyoke.edu/courses/adurfee/mac/article.htm 
In addition to these individual activities, a number of the Math Across the Curriculum (MATC) courses developed at Dartmouth have currently open web sites, which are also packed with interesting mathematical applications.  Some of these are:
· Late Renaissance Thought and the New Universe:  http://www.dartmouth.edu/~matc/MathCulture/index.html
· Pattern:  http://www.dartmouth.edu/~matc/math5.pattern/pattern.html 
· Geometry in Art and Architecture:  http://www.math.dartmouth.edu/~matc/math5.geometry/ 

The “Mindscapes” sections of The Heart of Mathematics (Burger and Starbird, 2009) also suggest individual and group activities in those areas of mathematics covered in the book, from analyzing the structure of the Parthenon to the logic of Universal Product Codes.
Project Feasibility and Implementation
There are two possible approaches to incorporating mathematics into the curriculum.  One is to develop a series of interdisciplinary “math-plus” courses to supplement or replace the current general education curriculum, as has been done very successfully at Dartmouth.  However, with the relatively small, but fluid student population that characterizes Texas Wesleyan University; unusual course content raises a substantial problem of transferability in and out for students.  For that reason, a more manageable approach at Wesleyan would be to enrich the math content of courses now offered. 
For math enrichment, there are also several possibilities.  One is that the faculty as a whole commits to the incorporation of quantitative activities into all of the courses they offer.  A second is that all faculty members teaching courses offered to meet general education requirements commit to increasing or emphasizing quantitative components in those courses.  A third is that some faculty members volunteer to design and identify selected courses as math-enriched.  
Of these possibilities, the most attractive is the math-enrichment of general education courses, because it guarantees a common quantitative experience to all students completing the GEC at Wesleyan, although Wesleyan’s large transfer population might negate some of that advantage.  The first option, mandating universal participation, might lead to some faculty discomfort or resentment, which would be counterproductive.  The third option, having only selected courses in various disciplines designated as math-enriched might seem to be the simplest and most democratic approach to math-enrichment, leaving both faculty and students to decide if they want to participate in the program.  The down side of selective enrichment is that students who need quantitative practice the most might also be the most likely to avoid both the practice and its benefits.  To retain these benefits, selective math enrichment would need to be combined with requiring a minimum number of math-enriched courses for all students, with attendant monitoring responsibilities for advisors and the university registrar.
Considering the factors described above, math-enriching general education courses seems to offer the best balance between maximizing faculty and student choice and offering the benefit of math enrichment to the most students.  
The following three-year time line is suggested:  
Year 1:  A pilot set of courses to be math enriched will be selected.  One possibility is to begin with some or all of the Learning Community clusters now offered at Wesleyan for freshman and transfer students.  The most reasonable venue for discussion and selection of the course set is the university Academic Affairs Committee.  
Quantitative activities to be incorporated into each of the courses will then be selected by the teaching faculty, with suggestions and guidance from the math faculty, as well as from the resources listed above.  Additionally, the Center for Excellence in Teaching and Learning (CETL) would be able to provide one-on-one consultations to assist faculty developing quantitative activities.
If each student is to encounter at least one activity each week in a semester, then each course needs about 15 activities (but could have more).  
Each activity should then be identified with one of the four mathematical strands defined by Ginsburg, Manly and Schmitt (2006) as important content elements of numeracy:
· Number and Operation Sense 
· Patterns, Functions, and Algebra 
· Measurement and Shape 
· Data, Statistics, and Probability 
The total number of activities associated with each of the content elements can then be determined across the selected courses.  Numbers do not need to be equal in each of the four areas either within courses or across courses.  If one or more areas seem to be seriously under-represented, then activities can be modified or added as needed.  However, since the courses fulfilling the general education requirements represent a range of disciplines, the four areas should be adequately represented.
Year 2:  The math enriched course set will be presented and initial course level assessments done.  A second set of up to 5 additional GEC courses and instructors will be selected and developed to expand the program.
Year 3:  The initial pilot courses will be revised as necessary and university level assessment done.  The second set of courses will be presented and course-level assessments done.  A third set of up to 5 additional GEC courses will be selected and developed.
Following years:  Courses will be added and modified as in year 3, until all general education courses have been math enriched.  Course level and university level assessment will continue.
As the math-enriched courses are developed, a list of the courses would be kept in the Provost’s office, along with course syllabi and the list of quantitative activities to be included in each course.  
Assessment Instruments
The Dartmouth Program offers an assessment model (Korey, 1999) that would be adapted for use at Texas Wesleyan University.  Student demographics and math attitudes were measured using a questionnaire.  The survey addresses four aspects of student perceptions about mathematics:  their own perceived math competence, their own interest in mathematics, the contribution of math to their personal development, and the contribution of math to their professional development.  At Dartmouth, the survey was given at the beginning and end of math-enriched courses.  The adapted survey would be administered online for Wesleyan students through PsychData.  Data is kept online and can be downloaded periodically for analysis.  One important finding from the Dartmouth assessment was that math interest was more important than perceived math competence in determining whether students would take more math courses, and that participation in the MATC courses increased student interest in mathematics.
Since the Dartmouth program involved a number of MATC courses, skills assessment was done only as part of the assessment of activities in each of the courses.  Both course-level and university level skills assessment would be done at Wesleyan.  The university has previously used the ETS Measurement of Academic Proficiency and Progress (MAPP) test as an assessment of student skills addressed by the university’s general education curriculum.  This test includes the assessment of quantitative skills and of critical thinking.  The test was piloted at Texas Wesleyan in 2010, and was administered again in Spring 2011 to about 100 students.  Data collected from that test, when processed, can be used as baseline data.  The effect of math enrichment on quantitative skills and critical thinking will be assessed by comparing the baseline performance to the performance of students after the introduction of math enriched courses.  Although university level assessment is planned only beginning with the third year (the second year after introducing the math enriched courses), data for an interim assessment would be available from the MAPP test.
The MAPP test evaluates competency at 3 levels:  To achieve proficiency at level 1, students must be able to do the following things (ETSb): 
· Solve simple word problems involving arithmetic.
· Solve problems involving the informal properties of numbers and operations, including positive and negative numbers, whole numbers, fractions, and percentages.
· Solve problems involving squares and square roots. 
· Solve simple equations and substitute numbers into algebraic expressions.
· Find information from a graph. 
It should be noted that the MAPP measures numeracy in only three of the four areas identified by Ginsberg, Manly, and Schmitt as content components of adult numeracy.  The “Measurement and Shape” component seems not to be addressed at any level.  Nevertheless it can provide an adequate overall view of student numeracy and can be used to assess changes in student quantitative competence.  Because the “Making Friends with Mathematics” project is aimed primarily at the contextual and cognitive aspects of numeracy, focusing on increasing student proficiency at the basal skills level seems appropriate.  As a project goal, we would like to see ALL students demonstrating at least level 1 proficiency.  Minimally, we would like to reduce the number of students failing to demonstrate level 1 proficiency by at least half.
For the online version of the test, the price is currently $15.80 per test.  A number of local demographic and multiple choice questions can be added to the test without additional cost.  However, since the MAPP test is now given as part of general education assessment, using it as the university level assessment for quantitative skills would not represent an increase beyond currently budgeted expenses.
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