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Course Embedded Assessment

This document presents a recommended process for course embedded assessment for the University of Portland School of Engineering programs.  This process has been developed by the school’s ad hoc Committee on Course Embedded Assessment, which was formed in May 2005.  The following pages present the principles that will guide this assessment process, guidelines for selecting courses and assessing student work, and the role that this process will assume in improving courses and curricula.

On May 5, 2005, the School of Engineering faculty agreed that course embedded assessment will be adopted as a direct assessment method for measuring the degree to which program outcomes have been achieved, as required by the ABET accreditation criteria.  The faculty also agreed that each program will use other direct and indirect methods for assessing program outcomes, and each program will develop a table showing its program outcomes and the courses and other assessment methods that will be used to assess them.  (An example is given in Attachment A.) 

Faculty members are already expected to conduct course assessment and to evaluate student work in accordance with a University policy that was adopted in November 1999.  This existing policy requires that faculty articulate the “course learning objectives” of each course and communicate the objectives to students.  These course learning objectives are closely aligned with the course content.

Course embedded assessment, as described in this document, is one of the instruments that will be used for measuring the degree to which students attain the twelve program outcomes that have been adopted by the four accredited degree programs.

I. Purpose and Structure of Course Embedded Assessment

As a school, we are committed to using course embedded assessment in all of our programs as a direct assessment method.  Course embedded assessment has two primary roles:

· To use student work to assess the achievement of each program outcome and the degree to which each outcome is achieved, and

· To provide data for developing and improving the programs.

The course embedded assessment process will also provide a means of documenting the assessment results and the course and program changes that follow from these results. 

Not all courses will be involved in course embedded assessment.  The choice of courses will be guided by the following principles:

· Each program outcome will be assessed with student work in two courses, termed “benchmark courses.”

· Only required (not elective) courses in the program curriculum will be selected as benchmark courses.

· Although a benchmark course will likely address multiple program outcomes (up to three), only one or two of its outcomes will be designated for course embedded assessment.

Course embedded assessment will be administered with the following in mind:

· Assessment of student work will resolve the degree to which program outcomes are being achieved and will provide useful information for making program improvements. 

· Within a benchmark course, it is not necessary to use all student work to assess an outcome that has been designated for the course.  Some student work will be more appropriate than others for assessing a given program outcome.

· Outcome assessment instruments will be designed so that they are focused and easy to administer and evaluate.

· Outcomes assessment will be based upon student work and will be guided by the grading of that work. 
II.
Course Embedded Assessment Process 

The following procedure will be used for benchmark courses, which are selected for course embedded assessment:

· The program faculty articulates the performance criteria associated with the outcomes.  (See Section III and Attachment B.)
· The program faculty identifies the courses that will be used as benchmark courses for addressing each of the twelve outcomes.  For each outcome, two required courses will be identified as benchmarks.  An example table indicating benchmark courses and other assessment methods is shown in Attachment A.
· Prior to teaching a benchmark course, the instructor identifies the specific instruments (i.e. student work, such as homework assignments, classroom assignments, exams) that will be used to measure achievement of the designated outcome.  The instructor also determines the manner in which student work will be used to measure the achievement. 

· The instructor applies the performance criteria to the student work.  The instructor will review the student work and decide the degree to which the work demonstrates achievement of the designated outcome.

· By the end of the academic year, the instructor documents the results of the assessment of each designated outcome that was assigned to the benchmark course:  whether students met the faculty’s expectations for the outcome, whether the course will be modified to improve the program, and whether program faculty action is recommended to improve the curriculum.  This documentation is discussed in Section V and a format for documenting the results is shown in Attachment C.

· At the end of the academic year, the program faculty will consider the assessments of all benchmark courses.  In combination with other assessment instruments and evaluation measures, the faculty will determine the degree to which program outcomes are being achieved and whether program changes are required.  (See the Annual Outcomes Assessment Matrix in Attachment D.)
· As additional input, faculty will consider student course evaluations as to whether course learning objectives have been met.  Faculty members will remind the students of course learning objectives while conducting course evaluations.

III. 
Performance Criteria for Assessing Program Outcomes 

Depending on the program outcome being assessed, a variety of performance criteria can be used to assess students’ work.  Some examples are given in Attachment B.  Under each program outcome, the attachment lists some possible performance criteria.  The first eleven outcomes (a through k) are mandated by ABET, and the twelfth is based on our University’s special character.  Different performance criteria will likely apply to different programs.  Program chairs in conjunction with their faculty are expected to articulate the performance criteria for their programs.  

IV. 
Methods for Course Embedded Assessment

In designing methods for course embedded assessment, student grades, by themselves, can not be used for assessing program outcomes.  Grades are usually assigned on the basis of a course’s learning objectives; hence they are not direct measures of program outcomes.  Although program outcomes are related to course learning objectives, they are not equivalent.  In some cases, grades can be used to directly measure the achievement of a program outcome, provided that the grading scheme directly reflects the degree of achievement of that outcome.  In other cases, student work can be used both for grading and for outcomes assessment, but different criteria might be applied for the two purposes.  In yet other cases, assessment can be based on aspects of student performance that are not graded.

The following are examples of methods for analyzing student work and assessing the achievement of designated outcomes in a benchmark course.

· Outcome X has been designated for the benchmark course ZE352.  The instructor determines that the following student work will be used for assessing the outcome:  homework assignments 5 and 7; the third problem of homework assignment 8; and the fourth question of the final exam.  The instructor has also determined that grading of this work is closely aligned with the performance criteria for outcome X.  The instructor uses the assigned grades on those problems/questions as a measure of the degree to which outcome X is achieved.

· Same as above, except that grading of homework assignments 5 and 7 primarily addresses only two of the departmental criteria for outcome X.  Work in another benchmark course for outcome X addresses the remaining criteria.  The instructor uses the assigned grades as a partial measure of the degree to which outcome X is achieved.

· Outcome Y has been designated for benchmark course ZE372, a laboratory course.  The instructor determines that laboratory report number 3 will be used for assessing the outcome.  The report grade, however, is based on multiple learning objectives and only partly on outcome Y.  After grading report number 3, the instructor selects a representative sample of the students’ reports and analyzes them with respect to the departmental criteria to determine the degree to which outcome Y is achieved.

· Outcome B has been designated for benchmark course ZE373, another laboratory course.  Outcome B is “an ability to design and conduct experiments, as well as to analyze and interpret data.”  The departmental criteria address all four of the requirements in this outcome. In regard to “conducting experiments,” the instructor uses laboratory session 7 to determine the degree to which students are able to achieve this requirement.  The instructor observes the laboratory sessions and analyzes the students’ ability to conduct the experiment, even though this aspect of the laboratory session is not graded.

· Outcome I has been designated for benchmark course ZE452.  Outcome I is “a recognition of the need for, and an ability to engage in life-long learning.”  One of the departmental criteria for this outcome is “to engage in self-study to acquire learning beyond that attained in their curriculum.”  The instructor assigns individual projects for students, each requiring information that has not been discussed in class.  Students are told that they must find the information on their own and cite references when they hand in the project.  During grading, the instructor analyzes the projects and citations to determine the extent to which the relevant information was incorporated.

V. 
Instructor Documentation of Course Embedded Assessment

At the end of a benchmark course, the instructor will assess the student work.  The format for documenting the results will be as follows.  (An example is shown in Attachment C.)
· A list of outcomes addressed by the course.  Designated outcome(s) for which the course is used as a benchmark are highlighted in bold letters.

· A list of the course learning objectives.  Those objectives that are directly related to the designated outcome(s) are highlighted.

· An analysis of student work using the performance criteria for the designated program outcome.  Although Attachment C is an example, other formats may be appropriate. This involves the following steps:

· Identify the student work, such as homework, tests, or class assignments that will be used to measure achievement of a particular outcome. 


· Describe the methods that have been used to analyze student work and determine the degree to which the outcome has been achieved.  Where appropriate, “grade descriptors” and relative weights of types of student work are to be provided.

· Apply the analysis to student work and determine the degree to which the designated outcome is achieved.  A mapping of course learning objectives to designated outcome(s) is to be provided.

· Summarize student comments from course evaluations as they pertain to meeting course learning objectives.

· Suggestions for changes/improvements for the course and/or the program.  The faculty member will also discuss the effect of changes from previous annual assessments.

In their end-of-the-year meeting, the program faculty will consider the assessment by the individual faculty member, discuss it, and make recommendations for action, when appropriate.

VI. 
Program Documentation of Assessment Results

At the end of the academic year, the faculty of each program will meet to assess the degree to which program outcomes have been achieved.  The course embedded assessment of benchmark courses will be considered, along with other assessment processes.  (See Attachment A.)  The program will document this assessment as detailed in the school’s document “Annual Documentation of Program Improvements.” (See example, Attachment D.)
Attachment A

Program Outcomes and Assessment Methods

(Sample)

Program:  Mechanical Engineering

	Program Outcomes


	Benchmark Courses
	Senior Design Course
	ME Comp. Exam
	Senior Exit Surveys
	Alumni Surveys

	a.  An ability to apply knowledge of mathematics, science, and engineering
	EGR 211

ME 311
	X*
	X
	X
	X

	b.  An ability to design and conduct experiments, as well as to analyze and interpret data
	ME 374

EGR 360
	X
	
	X
	X

	c.  An ability to design a system, component, or process to meet desired needs
	ME 401

EGR 304
	X
	
	X
	X

	d.  An ability to function on multi-disciplinary teams
	ME 401


	X
	
	X
	X

	e.  An ability to identify, formulate, and solve engineering problems
	ME 312

ME 332
	X
	X
	X
	X

	f.  An understanding of professional and ethical responsibility
	PHL 220

EGR 110
	X
	
	X
	X

	g.  An ability to communicate effectively
	ME 376


	X
	
	X
	X

	h.  The broad education necessary to understand the impact of engineering solutions in a global and societal context
	EGR 351

**
	X
	
	X
	X

	i.  A recognition of the need for, and an ability to engage in life-long learning
	**
	X
	
	X
	X

	j.  A knowledge of contemporary issues
	EGR 351

**
	X
	
	X
	X

	k.  An ability to use the techniques, skills, and modern engineering tools necessary for engineering practice
	EGR 304

ME 341
	X
	
	X
	X

	l.  An ability to develop a sense of personal, social, and moral responsibility 
	**
	X
	
	X
	X


*
X indicates that the particular outcome is addressed

**
ACES/program faculty will designate two benchmark courses

Attachment B

Examples of Performance Criteria 

for Program Outcomes

Program outcome a: An ability to apply knowledge of mathematics, science, and engineering

Students demonstrate that they can

· Derive an engineering formula from mathematical, scientific, or engineering science principles.

· Determine the appropriate formula for a particular engineering problem.

· Manipulate formulas to find an appropriate answer.

· Solve engineering science problems.

· Apply engineering science concepts to a problem.

Program outcome b: An ability to design and conduct experiments, as well as to analyze and interpret data

Students demonstrate that they can

· Conduct a laboratory procedure with minimal supervision.

· Analyze laboratory data to determine specified quantities.

· Interpret the results for correctness and precision or apply results to a pre-assigned problem.

Program outcome c: An ability to design a system, component, or process to meet desired needs within realistic constraints such as economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability

Students demonstrate that they can

· Identify an engineering problem. 

· Apply established design criteria for an engineering system, component, or process within realistic constraints.
· Use appropriate design methods for an engineering system, component, or process.

· Evaluate alternative solutions to select an appropriate solution.

Program outcome d:
An ability to function on multi-disciplinary teams

Students demonstrate that they can

· Collaborate on an assigned task.

· Organize the delivery of products for an assigned task.

· Collaborate in applying the design process. 

Program outcome e:
An ability to identify, formulate, and solve engineering problems

Students demonstrate that they can

· Identify a problem by defining the problem expectations.

· Identify a problem by collecting information about the problem and determining which information is important and which information is not.

· Formulate a problem by selecting the appropriate formula and making appropriate assumptions that apply to the problem.

· Formulate a problem by sketching or other graphics, when appropriate.

· Solve a problem by applying appropriate formulas (or principles) and assumptions and by giving appropriate units when applicable.

· Solve a problem by verifying the reasonableness of the result.

Program outcome f: An understanding of professional and ethical responsibility

Students demonstrate that they can

· Understand their respective professional society’s code of conduct.

· Understand the variety of ethical theories (i.e. virtue ethics, right ethics, duty ethics, and utilitarian ethics).

Program outcome g: An ability to communicate effectively

Students demonstrate that they can

· Organize a written work.

· Provide in writing the purpose of the work and suitable background information related to the work.

· Clearly present results, conclusions, and recommendations related to the work.

· Write clearly and concisely.

· Organize an oral presentation.

· Effectively use visual aids in an oral presentation.

· Deliver an oral presentation clearly and with minimal distractions.

Program outcome h: The broad education necessary to understand the impact of engineering solutions in a global, economic, environmental, and societal context

Students demonstrate that they can

· Understand environmental, political, and social impacts of engineering work.

Program outcome i: A recognition of the need for, and an ability to engage in life-long learning

Students demonstrate that they can

· Articulate the need for continued education and participation in professional activities.

· Recognize problems that require learning beyond that attained in their curriculum.

· Engage in self-study to acquire learning beyond that attained in their curriculum.

Program outcome j: A knowledge of contemporary issues

Students demonstrate that they can

· Understand application of recent hardware and software in their discipline.

· Understand impact of a global engineering environment on their discipline.

Program outcome k: An ability to use the techniques, skills, and modern engineering tools necessary for engineering practice

Students demonstrate that they can

· Use specific software such as Matlab, Excel, PowerPoint, etc.

· Demonstrate the ability to use modern equipment in their discipline.

Program outcome l: An ability to develop a sense of personal, social, and moral responsibility

The University’s core curriculum offers courses to help students
· Develop the knowledge, skills, and commitments for acting ethically in everyday life.

· Examine faith, its place in one’s own life, and the lives of others.

· Critically examine the ideas and traditions of western civilization.
· Value the importance of learning and reflection throughout one’s life.
· Learn to live and contribute in a diverse society and an interdependent world.

Attachment C

Course Assessment Summary (Sample)

Mechanical Engineering

Course Number and Title:  ME 312 Mechanics of Fluids II (2 credit hours)
Semester and Year:  Spring, 2005
Instructor’s Name:  Dr. V. Dakshina Murty
Program Outcomes

	Program

Outcomes
	a
	b
	c
	d
	e
	f
	g
	h
	i
	j
	k
	l

	ME 312
	x
	
	x
	
	X*
	
	
	
	
	
	
	


Note: The x(s) indicate program outcome(s) addressed by this particular course.

               * X(s) (in bold) indicate the outcome(s) for which this course is a benchmark.

Program Outcome  a:
Students use their mathematical background to solve pipe flow problems, evaluate drag forces due to friction and pressure on various objects, solve and model compressible flow and CFD equations.

Program Outcome  c:

Students apply their theoretical flow analysis techniques to design piping flow problems; also, they design, build, and test a small hydraulic turbine from components supplied.

Program Outcome  e:
A substantial part of the course is applied type covering topics in pipe flows, drag, flow measurement, and turbomachinery. Several of the problems in the assignment and tests involve identifying, formulating, and solving engineering problems. 

Purpose:
ME 312, Mechanics of Fluids II, is the second course in the thermal sciences stem in the area of fluid mechanics. It is typically taken by the students in the junior year spring semester. Most students would have already been exposed to a semester of elementary courses in fluid mechanics, thermodynamics, and mechanics. 

Course Learning Objectives:



By the completion of this course students will be 

· Able to analyze pipe flow problems (outcome e).
· Able to calculate drag on objects (outcome e).
· Able to analyze simple turbomachinery and compressible flow problems (outcome e).
· Familiar with some CFD techniques.
Assessment of Outcome e
1) Tools:

Mid-term examinations



30 pts


Final examination




30 pts


Assignments





15 pts


Project






15 pts


Grading Scale:


A
Excellent Understanding and Performance

B

Good Understanding and Performance


C

Adequate Understanding and Performance


D

Poor Understanding and Performance


F

Inadequate Understanding and Performance

2) Mapping of Course Learning Objectives to Benchmark Outcome (Program Outcome e)
Three of the four course learning objectives for this course map into Program Outcome e. All the problems in the mid-term examinations, a majority of the problems on the assignments, and the project enhance the ability of students to identify, formulate, and solve engineering problems. 
3)
Analysis 


From an analysis of the examinations, assignments, class work and project it can be concluded that students are conversant with the importance of making (and stating) engineering assumptions, drawing free body diagrams, using appropriate formulas, giving the answer in correct units, discarding irrelevant/redundant pieces of information. The average grade point on this course was 2.66 on a scale of 4. Students who have successfully completed this course have, in general, met this outcome.   

4)
Student Evaluation Comments
· Not enough time on applications like turbomachinery

· It would have been nice if there was a lab on minor losses

· Too many derivations

5)
Suggested Changes/Improvements for the Course or Program 


None.

Attachment D

Annual Outcomes Assessment Matrix

In May of each academic year, the faculty of each ABET accredited program in the School of Engineering will meet to assess the program outcomes. Using multiple assessment methods for each outcome, they will determine if the outcomes have been achieved, identify actions to be taken as a result of assessment to improve the program, and plan an implementation schedule. This assessment will serve as a comparative reference for the next annual outcomes assessment.

Program Outcome: Ability to identify, formulate, and solve engineering problems

	Assessment Method
	Conducted by
	Action Taken by

Program Faculty
	Remarks

	EE abc
	Dr. X
	Accept recommendation. Change prerequisite. 
	Change will appear in next Bulletin. Give date of Bulletin

	EE xyz
	Dr. Y
	The faculty believes there are already too many credit hours required. No new courses will be added. 
	Dr. Y will look into revising course contents.

	Comprehensive Examination
	Drs. A & B
	Agree with recommendations of Drs. A & B 
	No action. Students did well on the topics related to this outcome

	Senior Exit Survey
	Dr. Z
	Accept recommendation
	No action


Summary: Describe how the results from the assessment of the above outcome will be used to modify your program (e.g. curriculum changes, offering new courses, changing course sequencing and/or course content, removing courses from curriculum, adding/removing design or engineering science contents, modifying laboratory course content, giving more exposure to students in professional practice, etc.). Describe in detail how this action is likely to improve your program.  
Attachment E
Glossary for the Course Embedded Assessment
Program Educational Objectives:   As described in the Criteria for Accrediting Engineering Programs, “Program educational objectives are broad statements that describe the career and professional accomplishments that the program is preparing graduates to achieve.”  
Attributes of Well-Stated Program Educational Objectives

· Linked to program outcomes

· Realistic and achievable

· Understandable and measurable

· Incorporate input from constituencies and address constituency needs

· Consistent with University and school missions and the ABET accreditation criteria

· Lead to measurable outcomes

· Supported by the curriculum

· Define/reflect unique/special features of the program

· Widely accepted as valid by constituencies (faculty, students, alumni, employers)

· Allow flexibility for curricular innovation

Program Outcomes:   “Program outcomes are statements that describe what students are expected to know and be able to do by the time of graduation.  These relate to the skills, knowledge, and behaviors that students acquire in their matriculation through the program.”  
Attributes of Well-Stated Program Outcomes
· Specific and measurable

· Can be mapped to curriculum and program educational objectives

· Consistent with mission

· Linked to student performance

· Supported by constituents, including faculty

· Address all objectives of the program

· Sustainable and realistic

· More detailed than objectives

· Demonstrate achievement of program educational objectives

· Reflect program uniqueness

· Achievable/attainable within available resources/constraints

· Useful for continuous improvement of curriculum/program

Performance Criteria:  Performance criteria answer the question, “How will we know when outcomes have been met?”  They are defined as the specific, measurable statements identifying the specific knowledge, skills, attitudes and/or behavior students must demonstrate as indicators of achieving the outcome.

Course Learning Objectives:  Course learning objectives describe specific knowledge and skills that a student is expected to acquire and confirm through examination or some other activity.  Learning objectives are expected to be sufficiently detailed to fulfill the following requirement:
Achievement of one or more learning objectives provides the basis for demonstrating the satisfaction of one program outcome.  

Assessment:  Assessment is one or more processes that identify, collect, and prepare data to evaluate the achievement of program outcomes and program educational objectives.  It is an ongoing process aimed at understanding and improving student learning.  This process includes collection, interpretation, and use of information about the program outcomes.  There must be evidence that the results of assessment process are applied to the further development of the program. 
Evaluation:   Evaluation is a process used to determine if the program educational objectives are being achieved and to improve the effectiveness of the degree program.  Evaluation applies judgment to data that are collected for the assessment of program outcomes, in addition to data gathered specifically for evaluation of program objectives (such as faculty, students, and alumni surveys).  The criteria for accrediting computing programs define evaluation as “…one or more processes for interpreting the data and evidence accumulated through assessment practices.  Evaluation determines the extent to which program outcomes or program educational objectives are being achieved, and results in decisions and actions to improve the program.” 
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