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Recommendations

· Language on quantitative reasoning and the math requirement should be updated and clarified in the academic policies and procedures section of the undergraduate catalog.

· Each unit should review the language in the proposed QR definition and determine if their curriculum provides students with an opportunity to meet the General Education QR objectives.

· Each unit should assess student outcomes for quantitative reasoning and report the outcomes in WEAVE beginning in 2011-12. 
University General Education Quantitative Reasoning Goal and Objectives – Approved by Faculty Council November 21, 2011
3) A liberally educated graduate uses quantitative methods effectively.

a) Solves problems using mathematical methods.

b) Interprets, makes inferences, and draws conclusions from data.

c) Determines whether numerical results are reasonable

Draft Definition of Quantitative Reasoning

Quantitative reasoning is a habit of mind employed when one seeks, utilizes and analyzes numerical and symbolic information.  This includes the ability to apply quantitative methods, interpret quantitative results to make informed judgments, and create arguments that articulate those judgments.  Effective quantitative reasoning requires communicating these arguments in a variety of formats such as words, tables, graphs, mathematical equations, etc., as appropriate.

Widener University unit language for quantitative reasoning criteria
-Library - nothing explicit
-University College – attached rubric is in testing
-Student Affairs - nothing explicit
-School of Business Administration - nothing explicit
-School of Engineering – attached report
-School of Hospitality Management - nothing explicit
-School of Nursing - nothing explicit
-Center for Education - nothing explicit
-Center for Social Work Education - nothing explicit
-College of Arts and Sciences - QR Course criteria below:

Quantitative Reasoning Requirements

University Requirements:

Satisfactory score on the Mathematics Assessment or completion of MATH 101.

(Note: this requirement is not explained in the catalog, it is listed under graduation requirements, language and information in the catalog is not consistent between sections on “Graduation Information” and “Academic Policies and Procedures”)   The catalog should be updated so that the information is consistent.

College of Arts and Sciences

· MATH 101 or at least Level 3 on Mathematics Assessment
· Completion of one MATH course beyond MATH 101 or completion of PHIL 120.

· Completion of one course beyond the mathematics/PHIL 120 requirement designated “Quantitative Reasoning” (QR)

University College 
Varies with program.  All of our bachelor programs require at least one MATH-111 or higher course.  In addition, all of our associate degrees except for paralegal studies and professional studies require at least one MATH-111 or higher course.
School of Business Administration 
1.  The School of Business Administration (SBA) requires all its students to take

· MATH117-118  (Pre-calculus & Calculus),

· QA251-252 (Elementary & Intermediate Statistics), and

· OPM352 (Operations Management)

· In OPM352, we assess one of our student learning objectives, which is clearly related to Quantitative Reasoning:  “Students will acceptably analyze and synthesize information to solve problems.”
2. SBA students are required to take numerous other courses that involve Quantitative Reasoning.   Of particular note, the capstone course MGT452 (Management Policy and Strategy) requires a comprehensive case analysis which is linked to the assessment of our student learning objective: 

In a senior-level integrative course, students will satisfactorily prepare and present a paper or analyze cases, incorporating quantitative and behavioral [qualitative] approaches.  

Among the ideas explored in this assignment are concepts from 

· ACCT204-205 (Financial Accounting & Managerial Accounting), 

· EC201-202 (Principles of Macroeconomics &  Principles of Microeconomics)

· FIN303 (Financial Management). 
School of Engineering 
· ENGR 111 - Engineering Techniques
· ENGR 401/4702 - Senior Project

School of Hospitality Management 
· Math 117 – Elementary Functions

· Acct 204/205 – Financial Accounting and Managerial Accounting

· Econ 201/202 – Principles of Macroeconomics and/or Principles of Microeconomics

· Finance 303 – Financial Management

· HM 303 – Hospitality Cost Accounting

· HM 107 – Introduction to Food Preparation 

· HM 207 – Applied Food Production Management

· HM 407 – Restaurant Operations Management

School of Nursing 
· Nurs 205/206 – Pharmacokinetics and Medication Administration, pass medication calculation exam with 90% to pass class
· Psy 381 – Statistics

· Nurs 232 - Research Design

· Medication calculation exams spring senior year, 95% to pass class and graduate

Center for Education 

· Elementary Ed: Middle Years Lang. Arts: Math 114 Basic Concepts of Probability and Statistics, Math 116 The Nature of Mathematics

· Elementary Ed: Middle Years Math: Math 117 Elem. Functions or Math 120 Precal, Math 151 and 152 Discrete Math I and II

· Elementary Ed: Middle Years Science: Math 151 Elem Discrete Math, EC 201 or EC 202 Microeconomics

· Elementary Ed: Middle Years Social Studies: Math 114 Basic Concepts of Probability and Statistics

· Elementary Ed: Early Years/Special Education: Evidence Based educational tasks ED 309-1310; ED 1401-1403
Center for Social Work Education 
– statistics course and research 

A&S Quantitative Reasoning Program

A&S QR Course Criteria – 2011-2012 Undergraduate Catalog
Quantitative Reasoning- Completion of one course beyond the mathematics/PHIL 120 requirement designated “Quantitative Reasoning” (QR). QR courses expect students to (a) use simple mathematical methods from arithmetic, algebra, geometry, or statistics to solve problems; (b) determine if numerical results are reasonable; (c) recognize the limitations of the methods they have been taught to use; and (d) interpret, make inferences, and draw conclusions from data presented in tabular or graphical form. These goals are a central focus, and emphasis on quantitative reasoning is sustained throughout the required course. QR courses are structured so that the emphasis is on students doing the reasoning. The students’ work in these courses takes the form of problem sets, projects, computer programs, field research, lab reports, and similar assignments, and involves a process of growth through opportunities to correct/revise assignments.

A&S QR Course Application – December 7, 2010

Course Number (e.g. CHEM 105) _____________Section ______   Yr./Sem.__________

Course Title _____________________________________________________________

Instructor ______________________________

Has the course been previously approved as a Quantitative Reasoning Course?     

Yes (Yr./Sem.)________   No_____

1. Provide examples of how the following QR requirements will be implemented in the course.  

a. Use of simple mathematical methods from arithmetic, algebra, geometry or statistics 

b. Determination of the reasonableness of numerical results 

c. Recognition of the limitations of the methods used in the course

d. Interpretation of data presented in tabular or graphical form

2. Explain how the course will be structured so that the emphasis is on students doing the reasoning, and describe the opportunities for correction/revision of work. 

3. Describe the assessments of the students’ proficiency in quantitative problem solving that will be used in the course.
4. Attach a draft copy of the proposed syllabus that clearly demonstrates how the course maintains a sufficient emphasis on QR.

A&S QR Courses – April 21, 2011

· BIOL 401: Physiological Ecology: Life on the Edge (approved 12/7/2010)

· CHEM 111: Implications of Chemistry Laboratory (approved 4/19/11)
· CHEM 147: General Chemistry I Laboratory (approved 2/10/2009)
· COMS 382: Communication Research (approved 10/12/2010)
· ENVR 209: Meteorology (approved 3/11/2010)

· ESSC 118: Introductory Astronomy Lab (approved 3/11/2010)

· GP 310: Empirical Political Analysis (approved 2/10/2009)

· MATH 114:  Basic Concepts of Probability and Statistics (approved 12/7/2010)

· MATH 117: Elementary Functions (approved 12/7/2010 – retroactive to 9/1/2009)
· MATH 131: Calculus I with Review (approved 3/11/2010)

· MATH 141: Calculus I (approved 3/11/2010)

· PSY 385: Statistics with Computer Lab (approved 2/10/2009)
· SOC 382: Research Methods (approved 10/12/2010)
Appendix A – Sample Quantitative Reasoning Definitions

AAC&U Values Rubric Definition

Quantitative Literacy (QL) – also known as Numeracy or Quantitative Reasoning (QR) – is a "habit of mind," competency, and comfort in working with numerical data. Individuals with strong QL skills possess the ability to reason and solve quantitative problems from a wide array of authentic contexts and everyday life situations. They understand and can create sophisticated arguments supported by quantitative evidence and they can clearly communicate those arguments in a variety of formats (using words, tables, graphs, mathematical equations, etc., as appropriate). 
UVA Definition

Quantitative reasoning is correctly using numbers and symbols, studying measurement, properties, and the relationships of quantities, or formally reasoning within abstract systems of thought to make decisions, judgments, and predictions.
Hollins' Definition of Quantitative Reasoning

Quantitative reasoning is the application of mathematical concepts and skills to solve real-world problems. In order to perform effectively as professionals and citizens, students must become competent in reading and using quantitative data, in understanding quantitative evidence and in applying basic quantitative skills to the solution of real-life problems.

Read more: http://wiki.answers.com/Q/What_is_quantitative_reasoning#ixzz1ZueoPeiq
Wellesley

statistical analysis and interpretation of data & ability to read and understand information presented in formulas, tables, and graphs; to interpret information and draw appropriate inferences; and to solve real world problems

National Council for Teachers of Mathematics

According to the NCTM, quantitative reasoning is the developed ability to analyze quantitative information and to determine which skills and procedures can be applied to a particular problem to arrive at a solution. Quantitative reasoning, both generally and for assessment purposes, has an essential problem-solving focus. It includes the following six capabilities: reading and understanding information given in various formats; interpreting quantitative information and drawing inferences from it; solving problems using arithmetic, algebraic, geometric, or statistical methods; estimating answers and checking for reasonableness; communicating quantitative information; and recognizing the limitations of mathematical or statistical methods.

Appendix B: University College QR Rubric
	Quantitative

Rubric
	Expert

4
	Competent

3
	Developing

2
	Unacceptable

1

	Algebraic
	- Accurately derives, uses, and/or manipulates algebraic representations of pertinent data and/or problem elements.

- Interprets logical relationships between problem elements and aptly characterizes the underlying logic with mathematical symbols.
	- Algebraic representations are accurate and demonstrate competent translation of the problem into mathematical symbols.

- Logical interpretations of problem elements are correct, but are in some ways incomplete to support full integration of different modes of thinking (graphic, numeric, and/or verbal).
	- It may be unclear what algebraic relationships are used that best and/or correctly characterize pertinent data and/or problem elements.
	- Presentation fails to correctly identify mathematical variables and processes pertinent to the solution of the problem.

	Graphic
	- Graphic displays accurately and completely represent the data and/or algebraic relationships between problem elements, are accompanied by equations from analysis, and have clear labels.

- Analysis draws appropriate inferences from graphic displays.
	- Graphic displays are accurate and completely represent the data and/or algebraic relationships between problem elements.

- Graphic displays may not be accompanied with complete and appropriate analytic inference.
	- Graphic displays are incomplete, poorly labeled, and/or hard to follow.

- Graphic displays are not presented in ways that support further interpretation of the elements of the problem.
	- Graphic displays do not accurately represent data and/or algebraic relationships between problem elements.

	Numeric
	- Accurately identifies quantitative information pertinent to the solution of a problem.

- Uses quantitative information in a solution that supports appropriate translations between different modes of thinking (algebraic, graphic, and/or verbal) about the problem.
	- Correctly identifies quantitative information to solve the problem.

- Numeric information asked for in the problem is given, but the solution does not go beyond the question posed.

- Robust interpretation of the numeric information is not presented.
	- Quantitative information is partially correct but incomplete.

- Quantitative information is presented in ways that do not lead to other modes of thinking (algebraic, graphic, and/or verbal) about the problem.
	- Quantitative information given is incorrect.

	Verbal
	- Succinct explanation presents a reasoned account of the answer, which may include pertinent examples or counter-examples.

- Appropriate translations between different modes of thinking (algebraic, graphic, and/or numeric) about the problem are used to establish a sound scholarly explanation and explicate the underlying logic of the answer.
	- The answer is correct and demonstrates thoroughness and competence working with the task’s mathematical concepts and processes.

- The argument may not completely capture appropriate translations between different modes of thinking (algebraic, graphic, and/or numeric) about the problem.
	- The answer may be partially correct, but the argument may be poorly focused or weak or poorly conceived.

- Major ideas related to the content may be ignored or inadequately explored.

- Appropriate translations between different modes of thinking (algebraic, graphic, and/or numeric) about the problem may to inadequately explored or incorrectly reported.
	- Content is poorly focused and lacks organization.

- Fails to demonstrate thoroughness and competence.

- The reader is left with little information about or understanding of the solution and its interpretation.


Appendix C – Quantitative Reasoning in Engineering

Quantitative Reasoning within the School of Engineering at Widener University

Currently each department of the School of Engineering assesses the quantitative reasoning within its own body. A summary of assessment within Civil Engineering department with related courses, rubric and mapping to existing General Education goal list are provided below.

There also exist two core courses where all engineering students attend. These two courses: Engineering techniques, and Senior Project, carry quantitative reasoning components that might be suitable as a common assessment bed across the entire School of Engineering body. 

Sample assessment procedure from Civil Engineering Department:

Two CE program outcomes (4 and 5) are identified that support General Education outcome 2 related to understanding and use of quantitative methods. These two CE program outcomes are the related performance indicators are listed below:

Program outcome 4 (PO-4): Ability to design a civil engineering system, component, or process to meet the requirements of safety, cost, quality, and performance.

Performance indicator 2 (PI-2 for PO-4): Identifies and evaluates alternative strategies for achieving goals. 

Program outcome 5 (PO-5): Ability to conduct laboratory experiments, and to analyze and interpret data in various civil engineering disciplines. 


Performance indicator 3 (PI-3 for PO-5): Analyzes data using appropriate techniques.

Civil Engineering department identifies a complete list of courses and strategies that these are demonstrated , and selected courses are selected for assessment of the listed performance indicator. Two courses selected for the above listed performance indicators are:


PI-2 for PO-4:
CE 446 (Foundation Engineering), Group design project 




Metric: 80% of students at competent or better


PI-3 for PO-5: 
CE 343 (Soil Mechanics), Laboratory Reports




Metric: 80% of students at competent or better

Attached are the two rubrics used for CE 446 and CE 343 courses as listed above. The rubrics also include a description of scoring and corresponding competency levels.

Term:  Fall 2010


Faculty Evaluator:  Pervizpour


Number of Students:  13

CE 343 Laboratory Report Rubric

	SCORE (
	Beginning

1
	Developing

2
	Competent

3
	Accomplished

4
	Exemplary

5

	PO5-PI3 ABET b.3: Analyzes data using appropriate techniques
	Either does not recognize or cannot apply appropriate solution methodologies
	Recognizes and applies appropriate solution methodologies but makes major mistakes
	Recognizes and applies correct methodology with few/minor mistakes but does not interpret results
	Recognizes and applies correct methodology correctly and attempts to interpret results
	Recognizes and applies correct methodology correctly and correctly interprets results


Multi-step Problems for CE 446

Term Design Project: Fall 2010  Distribution and Statistics:

	No.
	Name
	Multi-step (100Pts)
	Competency Scale

	1
	
	65
	3

	2
	
	85
	4

	3
	
	95
	5

	
	
	
	

	
	Average
	75.2
	3.77

	
	Std Deviation
	16.1
	0.99

	
	Max Grade:
	90
	

	
	Min Grade:
	65
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