Designing Performance Measures for Engineering and Technology Education

PROPOSAL NARRATIVE

Problem Statement

This proposal is submitted under NSF/ASA Program Announcement Track 1:New Development. A team of collaborators will develop, implement, and evaluate a process for producing performance measures that can be used to examine the growth of representative skill sets across the entire curriculum for STEM disciplines.  The project will advance the knowledge in the creation of quality measures and tools to measure student performance in areas defined in Engineering Criteria 2000 (EC2000) and Technology Criteria 2000 (TC2K) of the Accreditation Board for Engineering and Technology [1], but which will also be useful in the science and mathematics disciplines.  The project team blends the expertise from both education evaluation and STEM education, and its core participants are drawn from both communities.

Background in Assessment

There is a movement in higher education for using assessment for continuous improvement at the regional accreditation level (e.g., Academic Quality Improvement Project of the Higher Education Commission of North Central Association of Colleges and Schools), the professional accreditation level (e.g., Accreditation Board for Engineering and Technology - ABET), and at the state systems level (e.g., campus-based assessment at The State University of New York).

As evidenced by the large number of presentations and published papers in recent conferences of the American Society for Engineering Education (ASEE) [2], there is a strong cultural movement in the engineering and technology education community to embrace EC2000/TC2K, both in intent and in spirit for assessment for continuous improvement.  Engineering and technology faculty have also embraced the (a) through (k) student performance outcomes described in EC2000/TC2K as baseline indicators of a quality engineering undergraduate program.

Strong Desire to Measure Performance

Engineering and technology faculty are faced with the challenge of how to measure some of the skills associated with the performance outcomes that are described by the ABET Criterion 3 (a) through (k), and especially how to measure and document growth in student performance as they progress from first-year students to seniors and graduates.  This challenge has raised a set of key questions:

· How do we locate and gain access to existing instruments for classroom assessment and evaluation at a reasonable cost?

· How do we effectively use these tools and materials in classroom assessment to change the way we teach, to design courses and academic programs, and to evaluate growth in EC2000/TC2K outcomes (a) through (k)?

· How do we effectively adapt the currently available tools and materials to use in classroom situations to assess and evaluate student performance in EC2000/TC2K (a) through (k) outcomes?

· Where there are no existing measures on engineering and technology skills, how do we create them using the best practices from the education and engineering communities?

As stated above, there is a recognition that there is no standard, universal definition of many of the terms in the assessment field, so the following glossary is provided for the purposes of this proposal.

	Glossary of Terms

	Term
	Definition

	Assessment:
	The process of measuring and analyzing a performance, work product, or learning skill, and giving feedback to an assessee which documents growth or provides directives to improve future performance.  This definition is different from that found in many standard references on evaluation in the education disciplines; it is distinct from the education disciplines in that the assessment, in addition to measuring, analyzing, and scoring the performance, will also provide feedback to students for the purpose of improving that performance, thus supporting the spirit of assessment for continuous improvement as embodied in EC2000 and TC2K of ABET.  

	Evaluation:
	A judgment or determination of the quality of a performance, product, or use of a process against a set of standards.  As a result of the evaluation, the engineering and technology faculty will assign a numeric score to the performer and use it in the grading system.

	Measurement
	Measurement is the process of using an appropriate instrument for a specific context and making sure that the specific reading(s) are within the needed precision and accuracy.

	Process:
	A sequence of steps, events, or activities which results in a change or which produces something over a period of time.  Examples:  problem solving, critical thinking.

	Learning Skill:
	The ability to do something, arising from talent, training, or practice.  Examples: identifying key issues, defining unknowns.

	Outcome:
	A measurable end product of learning or performance.


Literature Review

In conjunction with and to support the implementation of EC 2000/TC2K, interest in the pedagogy of engineering and technology has significantly expanded.  A number of review publications have been issued.  Among these is the handbook, How Do You Measure Success?  [3], which provides a compilation of short articles on assessment models and a few tools for use, such as questionnaires and portfolios.  Another short document with examples illustrating the development of an assessment plan is the work of Gloria Rogers and Jean Sando [4], prepared by the NSF-supported Foundation Coalition.  Valuable compilations of relevant educational resources are available on organizational websites by Academic Quality Improvement Project of the Higher Learning Commission of the North Central Association of Colleges and Schools [5], American Association for Higher Education [6], National Teaching and Learning Forum [7], and an excellent compilation of resources on college teaching and its scholarship by Craig E. Nelson, Indiana University, Bloomington [8].  Other significant publications are Knowing What Students Know [9], Creative Problem Solving [10], and the fundamental publication, Classroom Assessment Techniques [11]. 

In engineering and technology education, there are many publications about the importance, the strategies, and various models of assessment practices but there are few published papers about the measures and tools that can be used by engineering and technology faculty for classroom assessment and evaluation situations. For example, a search of the Journal of Engineering Education electronic database using the key word “assessment” yielded 320 papers in the journal published since 1993.  A more focused search using the keywords “assessment instruments” yielded 23 papers, and “assessment measures” yielded 14 papers; there is considerable overlap in citations between these two searches.  Of those papers cited in these two searches, many of them still focus on the general issues of the challenges and the trend of outcome assessment as well as its practices, and only nine with details of the assessment measures and tools.  These nine papers describe: a criterion-referenced grading scheme [12]; a survey on freshman attitudes [13]; a holistic grading scheme for writing [14]; assessment by portfolios [15]; surveys on attitudes based on Myers-Briggs Type Indicator and Learn and Study Strategy Indicator [16] and on the Perry Scheme [17]; a multiple-measured approach to assess competencies in engineering design [18], an alumni survey as an assessment tool for small engineering programs [19], and scoring scales for design process, teamwork, and communication [20].

Many of the national efforts have identified that the value of assessment is important but efforts in measurement are limited. A search of the Assessment Section of the Gateway Coalition (www.gatewaycoalition.org) found 21 publications but only 3 papers with assessment tools on freshman design [21, 22], and several surveys of alumni, supervisors, employers, and seniors [23]. A search of the web site for the Engineering Education Assessment Methodologies and Curricula Innovation project (http://civeng1.civ.pitt.edu/~ec2000/) yielded 32 publications about assessment plans and strategies and seven publications that included discussion of assessment measures and tools [24]. A search of the SUCCEED Coalition web site (www.succeednow.org) yielded two citations on assessment measures for design [25, 26] and four citations of measures for learning [27, 28, 29, 30]. The result of the search is summarized in Appendix I.

The implementation of EC 2000/TC2K followed a decade-long engineering education reform effort in the 1990’s, starting with The Green Report of ASEE in 1994 [31].  Citing the end of the Cold War, a global economy, changing student demographics in which there are wide variations in students’ prior academic preparation and different learning styles, and infusion of technology into teaching and learning as the driving forces, Engineering Education for a Changing World calls for engineering programs to develop the following skills in students:

· Team skills, including collaborative, active learning

· Communication skills

· Leadership

· An understanding and appreciation of the diversity of students, faculty, and staff

· An appreciation of different cultures and business practices, the understanding that the practice of engineering is now global

· An understanding of the societal, economic, and environmental impacts of engineering decisions

The Green Report was followed by the 1996 National Science Foundation Report, Shaping the Future: New Expectations for Undergraduate Education in Science, Mathematics, Engineering, and Technology (SMET) [32], which re-affirms the importance of the “ancillary” skills to complement the traditional technical skills.  In 1997, the Industry University Government Roundtable for Enhancing Engineering Education (IUGREEE) published “ABET Criteria: Industry Expectations of New Engineers” [33] that supported each of the (a) through (k) performance outcomes.

The student performance outcomes described in EC2000/TC2K are aligned with other national efforts such as the SCANS Report (Secretary’s Commission on Achieving Necessary Skills), which pointed out the need for developing communication, teamwork, and management skills.  The Classification of Learning Skills for Educational Enrichment and Assessment [34], created over an eight-year period by a team of “process educators,” including many of the primary collaborators of this proposal, builds on the SCANS Report by applying an organized, systematic, and holistic classification of learning skills, resulting in the identification of the levels for learner performance – see Appendix II.

Even given all this effort, engineering and technology faculty still have made only limited use of a vast supply of evaluation resources and information to address the challenges of EC2000/TC2K as identified in the above presentation. For example, a recent survey of senior capstone design assessment practices in 120 accredited engineering programs [35] found “The gap between learning outcome respondents report appropriate for assessment and those actually assessed indicate that many faculty may be uncertain about the task of developing quality assessment for ABET learning outcomes based on capstone design project.” Based on follow-up survey or an on-site interview with 94 instructors of capstone design in 60 universities, the study concluded that “Engineering capstone faculty could potentially benefit from professional development workshops on assessment literacy and by sharing best practices through the establishment of a national repository for assessment tools and processes.” 

There are a number of reasons why engineering and technology faculty have made only limited use of assessment as a tool to improve teaching and learning:  (1) There is limited collaboration between the technical/scientific and professional education communities; (2) The sheer number of publications in this area is overwhelming to those who are not experts in educational assessment and evaluation; (3) there is inconsistent use of terminology within the literature (e.g. assessment, evaluation, and measurement); (4) Existing measures in the higher education community are expensive and require large time commitments to administer and are therefore not readily applicable for classroom assessment situations; and (5) There is no single process for the design and application of measurement tools and techniques for engineering and technology educators to assess and evaluate the EC2000/TC2K performance outcomes. Consequently, there is a need not only for assessment and evaluation materials that are easy to use at the course level, but also a need for a better understanding of the processes to create quality measures and tools to assess and evaluate student performance.

Project Description
The 30-month project will develop, implement, and evaluate a process for producing quality performance measures for 10-to-15 key STEM skills in order to put in place an infrastructure needed to produce a comprehensive Book of Measures. Key research questions that will be answered by this development effort are:

· What is the methodology to design and develop quality performance measures?

· What are the validation issues for the performance measures that need to be addressed?

· What kinds of training do faculty need to use the measures effectively?

· How can the assessment measures be used to affect teaching and learning?

Six key engineering processes that support EC2000/TC2Kform the focus of the proposed project: 

· Designing Experiment (EC 2000 Outcome b; TC2K Outcome c)

· Engineering Design (EC2000 Outcome c; TC2K Outcome d)

· Problem Solving (EC2000 Outcome e; TC2K Outcome f) 

· Communication (EC2000 Outcome g; TC2K Outcome g) 

· Teamwork (EC2000 Outcome d; TC2K Outcome e), and 

· Learning (EC2000 Outcome i; TC2K Outcome h). 

For each of the processes, measures for at least two skills will be developed. The set of about 12 skills can be selected from the following larger set of 30 skills for the six engineering processes that was created in July, 2001 by some of the collaborators of this project:

	Process
	EC2000 Criterion
	Skills

	Designing Experiment
	b
	Defining the purpose
	Identifying the methodology
	Selecting the equipment
	Making observation
	Applying the appropriate statistical analyses

	Engineering Design
	c
	Defining knowns & unknowns
	Identifying consequences
	Deconstructing
	Setting criteria
	Making judgments

	Problem Solving
	e
	Defining the problem
	Identifying key issues
	Identifying assumptions
	Applying prior knowledge
	Partitioning

	Communication
	g
	Articulating an idea
	Providing feedback
	Writing with technical detail
	Public speaking
	Using graphics effectively

	Teamwork
	d
	Performing 

within a role
	Collaborating
	Planning
	Using resources effectively
	Group decision making

	Learning
	i
	Inquiring
	Making connections
	Identifying similarities
	Identifying differences
	Generalizing


The goals of this project are to:

1. Advance the knowledge on construction of quality assessment measures and tools to support EC2000/TC2K and STEM education

2. Identify the characteristics of a quality training procedure for bringing on new designers

3. Develop a testing process for validating the quality of the developed measures and tools for EC2000/TC2K and STEM performance

4. Standardize an implementation process for engineering and technology faculty to effectively implement the developed materials in classroom assessment and evaluation

5. Create a sample of high quality measures and tools to support faculty in implementing 
EC2000/TC2K and STEM assessment to improve student learning outcome

6. Create a system to support the continuous generation and validation of additional measures in support of EC2000/TC2K and STEM assessment

The proposed project builds on the work started during past faculty development workshops hosted by the College of Engineering and Applied Sciences (CEAS) of Western Michigan University (WMU) and Pacific Crest, Inc., and at the May 2002 Designing and Implementing Performance Measures Institute attended by the PI, Co-PI’s, and members of the Lead Design Team (see Appendix III).  

At the May 2002 institute, a methodology for creating performance measures was used to create performance measure for the skill, “Articulating an Idea,” and a macro performance measure for engineering design. That the methodology can be used to create quality performance measures is affirmed by the convergence between the results of the May institute with the performance criteria and the scoring scales to assess the engineering design process found in the April 2002 issue of Journal of Engineering Education [20], which arrived one week after the May institute. The Methodology for Creating Performance Measure is given in Appendix IV. The rubric for distinguishing engineering design skill level, design process assessment form, design process evaluation form, and the performance chart for design process created in the May institute can be found in Appendix V.

Project Outcomes

The project outcomes will include not only a preliminary set of instruments for about 12 skills, but more importantly a design methodology that reflects the best practices that have been tested, revised, and ready for others to use to construct quality instruments; a testing manual for guaranteeing high quality production; clarification of the training resources needed (manuals, faculty development, and coaching efforts); a user’s manual to guide effective use of the measures; and finally a systemic organization and clearinghouse that evaluates, validates, documents, and provides the technical guidelines for effective use.  This team will use existing knowledge of how current published measures are designed, tested, used, and validated as the basis for producing a new set of assessment resources for the engineering and technology community.

The outcomes of the proposed project are:

1) A design manual for constructing performance measures. The design manual will include 

· Item analysis and the basics of measurement construction (created by Evaluation Center, WMU)

· The criteria and specifications for creating quality measures for engineering and technology community

· Case studies that have produced the strongest measures that are easy to use and quick to implement

· Recommendations to assist future design efforts 

2) A facilitator’s manual on the best practices to train new designers, describing:

· Pre- and post-assessment materials to determine the skill levels of designers prior to and after training to assure that the requisite skills have been learned

· The facilitator qualities and role

· The characteristics of the design team membership

· How to embed the reflective process and self-assessment into the design methodology

· How to incorporate preliminary validation techniques

3) A documented testing process based on the matrix-testing model for validating the quality of a performance measure. The testing process will include three phases:

· Shakedown - self use by designers to meet minimum performance expectation

· Pilot Testing – using matrix-testing model of Evaluation Center, WMU

· Field Testing – cross validation of developed measures

During this project, the shakedown and pilot testing phases will be monitored via direct observations and interviews that are guided by checklist and local expertise. The results of shakedown and pilot testing phases will be used to revise both the measures and the testing procedures to improve their overall quality and documented in the testing manual.

4) A user’s manual to assist the engineering and technology faculty to use the developed measures in the classroom. This manual will provide: 

· Steps for implementation of the instrument

· Resource materials to support implementation 

· Contextual information to guide appropriate and inappropriate use of measures with individual students or student groups

· Applicability in various courses in the engineering and technology curriculum

· Time required to complete the measurement for use with individual student or students 

The project team will study implementation issues during the shakedown and pilot testing to identity (a) the critical resource materials that faculty need both in hard copy and in an online environment, (b) the faculty development workshops and training in preparation for implementation, and (c) on-going coaching requirements (mentoring) so that engineering and technology faculty will follow through in properly using the materials and be successful in embedding even more use of measures in their courses and programs to improve student learning outcomes.

5) A preliminary sample of the content of Book of Measures that consists of measures and tools for 5 processes (Designing Experiment, Engineering Design, Problem Solving, Communication, Teamwork, and Learning) and 2 skills associated with each process (for a total of 12 skills) that have been pilot tested.  The Book of Measures will consist of easy-to-use, one-page documents that can be utilized in classroom environments to improve student performance. The Book of Measures will be copy-righted by the Evaluation Center and the College of Engineering and Applied Sciences of WMU.  It will be marketed and published by Pacific Crest, Inc. Distribution of the Book of Measure will be modeled after the Faculty Guidebook Project of Pacific Crest, Inc., in which the participating institutions of this project will receive a free site license and the test sites for the measures will receive a discount of the site license.

6. The development of a plan for a comprehensive project to design measures and tools for assessing and evaluating the performance outcomes described in (a) to (k) of EC2000/TC2K.

Project Plan

The PI and Co-PI’s at WMU and Pacific Crest, Inc., and the members of the Lead Design Team will begin by recruiting two other engineering and technology faculty from their home institutions to form an Extended Design Team.  The Extended Design Team at each institution will review the literature identified in the proposal so each person becomes familiar with the existing measures and tools.  The members will also review the engineering curricula to identify common courses across the disciplines in which the key engineering processes would be developed.  They will identify a preliminary list of skills that students will perform for each of the engineering processes and the measures for the skills, including those identified in the literature as well as those they already use, placing these skills and measures in various levels of student performance expected of the undergraduates as they progress from first-year to senior-year.

After these preliminary tasks have been completed by the Extended Design Teams, their members will gather at WMU in May 2003 to participate in a training event on assessment techniques to construct measures and to perform critical analysis for quality that will be facilitated by Dr. Dan Apple using materials from the Evaluation Center, WMU.  The training begins with a pre-assessment to identify the baseline knowledge and post-testing to assure the requisite skills have been learned.  After training, the designers will review and rank the preliminary set of skills and processes to create a smaller set of 12 skills and six processes. From the smaller set, each of the team from the six participating institutions will select one skill of one process, and begin the task of constructing a draft measure using the design methodology learned. By the end of the summer event, six draft measures that satisfy the specifications of the content expert (STEM faculty) and the evaluation expert (education evaluation) will have been created for a Shakedown Test in Fall 2003. See Appendix VI for a set of specifications to guide the design of the measures.  In the process of creating the measures, the designers will grow their competency to construct quality measures to assess and evaluate student performances.

Shakedown Tests of the six measures will begin Fall 2003. Each measure will be tested by 3 members in their courses from an institution different from the one that created the measure. Members of the Lead Design Teams will gather in January 2004 to analyze the results of the Fall 2003 Shakedown Test. As a result of the review, the design methodology, the initial set of six measures, and the implementation procedure will be refined. Another round of Shakedown Tests will be held between January and April 2004, with each measure tested by three different members and the results reported to the Evaluation Center. 

Members of the Extended Design Teams will gather in Summer 2004 to analyze the results of the Shakedown tests and to construct the Design Manual, which will be used to guide additional designers to create quality measures. In this summer event, the members will also be trained to become facilitators to train new designers. At the conclusion of this summer event, a set of revised measures will be ready for Pilot Testing, and drafts of the Design Manual, Facilitator Manual, and User Manual will be created

During Fall 2004, ten new faculty members from each of the participation institution will be recruited to join the Extended Design Team to form a Remote Design Team. The new designers will receive training on using the Design Manual, and they will join the extended-team designers to create a new measure. Each of measures created during Summer 2003 will be pilot tested during Fall 2004 by eight members of the Remote Teams (4 Members/Remote Team x 2 Remote Teams = 8 Members) following the revised procedure used during Shakedown test.

In January 2005, the S03 & F04 measures will be refined, a Users Manual for each measure will be completed. Between January and April, 2005, Pilot Tests of the first set of six measures developed in Summer 2003 will continue, and Shakedown Tests of the six measures created in Fall 2004 will be carried out by the 60-to-70 faculty involved in the project. The Facilitator Manual to train new designers will be completed by April 2005.

The members of the Lead Design Team will gather in a major national event in Summer 2005 to revise the measures created in Fall 2004 based on the review of the Shakedown Test results. Other activities of this event are to train 20 new designers and 40 engineering and technology educators in the proper use of the measures in implementing Field Testing. A draft of an example of Book of Measures will be completed.

In Fall 2005, the Remote Design Teams will Pilot Test the measures created in Fall 2004 and create 6 new measures. Field Tests of the measured created in Summer 2003 will be carried out by engineering and technology educators not involved in the design efforts, after they have received training on proper use of the measures. The draft Book of Measures will be sent to a technical editor and preparation for publication will be completed by October 15, 2005, and sent to a printing company in October 31, 2005. The final report to the funding agency will be submitted also in October 31, 2005.

Project Team

This team has been designed to take advantage of leaders in two fields: Educational Assessment and Evaluation, and Engineering Education Research.  In addition, there is a unique resource in Pacific Crest, Inc. and Dan Apple, who bridges these two communities so that the collaboration and synergy of expertise and research interests can produce new processes that blend the best of both worlds.

The Evaluation Center at Western Michigan University (WMU) is nationally and internationally recognized for its leadership in advancing the theory and practice of evaluation, as applied to education and human services.  Among the Evaluation Center Projects is the Joint Committee on Standards for Educational Evaluation [36].  Created in 1975, the Joint Committee is a coalition of major professional associations concerned with the quality of evaluation.  In addition to setting standards in evaluation, it is also involved in reviewing and updating its published standards; training policymakers, evaluators, and educators in the use of the standards; and serving as a clearinghouse on evaluation standards literature.  The Joint Committee has published two sets of standards for evaluations that are now widely recognized.  The Personnel Evaluation Standards was published in 1988 [37], and The Program Evaluation Standards (2nd edition) [38] was published in 1994 by Sage Publications.  Currently the Committee is developing a third set of standards to guide teachers' evaluation of students.  This final publication, The Student Evaluation Standards: How to Judge Evaluation of Students, is in draft form, and is to be published soon.

The College of Engineering and Applied Sciences (CEAS) at WMU is uniquely qualified to manage and lead the proposed project because of its tradition of commitment in undergraduate education, its extensive track record of successful faculty development in the areas of teaching and learning, and the integration of assessment for improvement at the program and course levels [39]. The College has hosted a series of workshops on teaching, learning, and assessment that were attended by other faculty from the College of Education, the College of Arts and Sciences, Kalamazoo Valley Community College, and several universities from across the country. As of June 2001, over two-thirds of CEAS faculty have participated in at least one workshop activity. These activities have seeded an ongoing plan in CEAS of faculty development, program review, and continuous improvement programs and processes, and have created a partnership between CEAS-WMU and other engineering and technology programs in the U.S. 

Another recent significant event in CEAS is the creation of Center of Excellence for Engineering Education (CEEE) in November 2001. The activities of the proposed project match the organizational strengths of CEEE, which is organized in three divisions of Research, Development, and Outreach.  With the support of the NSF-ASA program, CEEE will be able to strengthen its overall capability to conduct research and development on constructing quality measures and tools for assessment and evaluation in support of EC2000/TC2K, to disseminate the developed materials, and to continue the work of this project even after funding has ended. Although CEEE is a relatively young organization, it has already demonstrated its potential in receiving a grant from the WMU-Teaching and Learning with Technology (TLT) grant to develop an Online Assessment System (OAS) to assist engineering and technology faculty in selecting the best suited assessment instruments. The OAS consists of a library of annotated assessment instruments according to their applicability and usefulness in various learning setting, and an online expert system that asks a series of questions about the assignment and the learning situation using a heuristic approach, and recommend the best set of tools from the library of annotated instruments. For 2002-2003, the OAS will focus on communication and teamwork. Other EC2000/TC2K performance areas will be focus of development in subsequent years. CEEE also received a grant from the Michigan Space Grant Consortium to host a summer camp for 7th and 8th grade girls and their teachers in which the summer camp activities (launching a weather balloon) are matched to five topics of the Michigan Science Content Curriculum Benchmark.
Each member of the Lead Design Team representing WMU and five other institutions is in his/her own right considered a national leader in improving STEM education, in the areas of engineering design, problem solving, teamwork, learning, and communication. The members in the Lead Design Team have already participated in shared experiences and efforts through the activities hosted by CEAS and Pacific Crest, Inc. With the support of the NSF-ASA program, both the quality and the pace of the efforts by CEAS-WMU and the collaborating institutions to advance the processes of assessment and evaluation in engineering education will be greatly enhanced. 

The supporting evidence and details about the lead collaborators can be found in both the Expertise and Roles section of the narrative and in the Biography section of the proposal.

Collaborators and Roles

Principal Investigator

Dr. Edmund Tsang joined CEAS-WMU in July 1, 2001, as Associate Professor of Mechanical and Aeronautical Engineering and as Associate Dean for Undergraduate Programs and Assessment.  Dr. Tsang has considerable experience in administering National Science Foundation grants, having been awarded a total six NSF grants of which he was the Principal Investigator three times.  Dr. Tsang has also experience in implementing assessment to measure student performance in design, teamwork, and communication skills at the freshman-level [40] and sophomore-level [41].  He is recognized for his work of service-learning in engineering: he was an ASEE (American Society for Engineering Education) Visiting Scholar in 1999-2000, and he served as editor of a monograph on service-learning in engineering published by the American Association for Higher Education [42].  Results of prior NSF support in the past five years are provided in the cited publications. Dr. Tsang is a Co-PI of the WMU-TLT grant to develop and implement an Online Assessment System to support faculty in using assessment to enhance teaching and learning.

As Principal Investigator, Dr. Tsang will be responsible to 

· Coordinate all project activities, resulting in timely completion of project tasks

· Record all project activities, resulting in on-time submission of progress and final reports to the funding agency

· Participate as a Lead Design Team member in constructing the measures for one engineering process at WMU, resulting in better understanding of the design process to create measures and the creation of measures

· Participate as a Lead Design Team member in shakedown and pilot testing of two measures developed at another institution in a class he is assigned to teach

Co-Principal Investigators

Dr. Arlen Gullickson is chief of staff of the Evaluation Center and Professor in the Department of Counselor Education and Counseling Psychology, WMU.  He is also Director of Project ATE, an NSF-funded project to assess the effectiveness and impact of the Advanced Technology Education (ATE) program and the Director of Project MTS, an NSF-funded project to improve the quality and use of program evaluation in the sciences.  He has numerous publications in educational evaluation [43, 44]

Dr. Gullickson’s responsibilities in the proposed project are to:

· Review, modify, and approve the methods of design to be use in the project, resulting in a design process that can be certified from the perspective of the evaluation community

· Take formative data from the shakedown and pilot tests to address the design process, testing process, training process, and the data collection process, resulting in a strong system for collecting and analyzing formative data to give feedback for improving the products of this project

· Supervise data collection and statistical analysis for determining the quality of the measures, resulting in validation of the measures and the processes

· Supervise the development of the technical guides, electronic data depository bank and clearinghouse, resulting in an effective system that support field testing and faculty development

Dr. Daniel K. Apple is founder and president of Pacific Crest. Having worked with higher education since 1986, Dr. Apple has visited more than 1,000 campuses, facilitated hundreds of faculty workshops, and conducted classroom sessions with thousands of students.  He is regarded as one of the foremost experts on Process Education™, which includes the development of evaluation and assessment methodologies.  He has also devoted considerable time to authoring papers and books, leading workshops and teaching institutes, and spends hundreds of hours consulting each year to improve key educational processes.  His company is ultimately interested in publishing and disseminating a Book of Measures aimed at engineering skills.

Dr. Apple’s academic training included extensive training in statistics and Industrial Engineering during his masters and Ph.D. programs. His dissertation included building and testing measures for valuing open space land. Consulting with U.S. Forest Service, he built econometric models for basing a fee system for use of Forest Service land. Also in the area of measurement, he helped CH2M Hill improve their Human Resource system by designing an instrument for weighting individual performance contributions in annual salary exercises. During the last fifteen years, Dr. Apple has devoted his efforts to helping faculty focus on key skills in the teaching/learning process.  In this capacity, he has formalized numerous methodologies for strengthening process-oriented skills, authored curricula for growing process-oriented skills in a disciplinary context, designed tools for assessing process-oriented skills, and mentored faculty in building performance skills into program assessment systems.

Dr. Apple will provide many roles and functions, and will lead in specific areas.  Specific responsibilities related to this project include:

· Collaborate with the Evaluation Center and Dr. Gullickson to produce the guidelines for designing performance measures, resulting in a consensus-based design process.

· Integrate expertise with the Evaluation Center and Dr. Gullickson to produce the training necessary for both designers and users of the proposed performance measures.

· Visit colleges to recruit designers and new users, build relationships among campus representatives, and support their local design and implementation, resulting in the formation of strong design teams and strong design efforts.

· Interface between the engineering and education communities, resulting in effective collaboration on each of the campuses participating in this project.

· Identify the resources needed for training and implementation, resulting in strong support systems for engineering and technology faculty in their efforts to create and use performance measures for classroom assessment and evaluation.
Dr. Daniel M. Litynski is Professor of Electrical and Computer Engineering and Dean of CEAS at WMU.  Since his arrival at WMU in July 1999, Dr. Litynski initiated a Strategic Self Study for the CEAS involving all constituencies that has promulgated a vision, mission, values, and goals that emphasize the preeminence of quality education and assessment.  He is the champion for engineering education excellence and assessment within the university, and has secured visibility and resources for their program execution from higher administration.  Dr. Litynski has been active in the practice and research of engineering education and administration for over twenty years.  He is a member of the ASEE Engineering Dean’s Council and one of the leaders of the IEEE Education Society, and he co-chaired the 2001 Frontiers in Education International Conference. For this project, Dr. Litynski’s responsibilities are

· Assist the PI with strategic planning, overall direction, analysis, and resource allocation of project
· Serve as the secondary contact person to the funding agency. 
Dr. Molly W. Williams is Professor of Mechanical and Aeronautical Engineering and Associate Dean for Research and Graduate Programs in CEAS-WMU.  Her responsibility in the college includes development and oversight of research activities, including the development of research on engineering pedagogy and the management of a series of workshops and institutes on teaching and learning [39].  For the project, she will 

· Participate as the leader from WMU on the Lead Design Team (see roles below)

· Assist the PI on budget and project management activities

The Lead Design Team

The Lead Design Team will consist of the PI and Co-PI’s and five other STEM faculty representing five institutions besides WMU.  The five Lead Design Team faculty listed below will serve as team leaders, and they have been actively engaged in Pacific Crest’s Process Education™ workshops, institutes, and other collaborative activities.  The roles of each of the Lead Design Team members are

· Recruit two engineering faculty to form an Extended Design Team and another ten faculty to form a Remote Design Team in the home institution

· Serve as leader of the Extended Design Team and Remote Design Team for the home institution in the construction of measures for one process and three skills, and in the testing during Shakedown and Pilot Test of measures developed in another institution

· Liaison with the Principal Investigator as leader of the participating institution

The members of the Lead Design Team from participating institutions are the following:

. Dr. Jim Morgan is Associate Professor of Civil Engineering at Texas A&M University.  He holds a Ph.D., M.S., and B.S.C.E. from the University of Illinois at Urbana-Champaign.  He has been integrally involved in the Foundation Coalition project since its inception at Texas A&M as both faculty in the first year classroom and on the management team.  His research areas are engineering education, structural engineering, structural mechanics and dynamics, earthquake engineering, and highway safety [45].
Dr. Daniel J. Moore is Associate Professor of Electrical and Computer Engineering and Acting Associate Dean at Rose-Hulman Institute of Technology.  He is actively involved in improving the educational process, especially at the undergraduate level.  This activity includes developing new methods and processes for dissemination of course material, student/faculty interaction and communication through the effective use of computers and communication networks, as well as through externally funded programs such as the NSF sponsored Research Experience for Undergraduates (REU) program [46, 47]. He is also one of the organizers of the Frontiers in Education conference in 1998 and 2001.

Dr. Jack F. Wasserman is Professor of Mechanical and Aerospace Engineering and Engineering Science, University of Tennessee.  He is the current coordinator for the Biomedical Engineering degree program in the department. He has been the recipient of numerous departmental, college and university teaching awards.  For the last two years, he has been a Fellow for the Center for Undergraduate Excellence, and he presented the first of several engineering education papers at the Frontiers in Education conference in October 2001 [48]. He currently is serving on the College of Engineering distance education committee.

William F. Collins, III is Associate Professor of Neurobiology and Behavior and Director of Undergraduate Biology at Stony Brook University (SBU).  Prof. Collins has extensive experience in the use of computer hardware and software in research and teaching and has developed instructional laboratories courses in physiology, computer modeling and introductory biology.  He is the recipient of a SUNY Merit Award for Excellence in Teaching and Course Development and the President's and Chancellor's Award for Excellence in Teaching. Prof. Collins is a member of the Steering Committee for the Center for Excellence in Learning and Teaching at SBU and has been actively involved in faculty development and the use of real-time assessment to grow student performance in laboratory and research process. 
Dr. Betsy Aller is assistant professor in the Department of Industrial and Manufacturing Engineering at Western Michigan University, where she teaches senior capstone design and technical communication courses.  Dr. Aller is the PI of a WMU-TLT grant to develop and implement an Online Assessment System to support faculty in the use of assessment to enhance teaching and learning. Dr. Aller has presented and published numerous papers on engineering education and assessment, particularly in the areas of communication and teamwork [49, 50]. Dr. Aller is active in professional organizations involved in engineering education, technical communication, and writing across the curriculum (WAC).
Denny Davis and Steven Beyerlein have developed and published a number of instruments for assessing competencies in team-based engineering design.  Because of this prior collaboration
and the proximity of their campuses, they recruit faculty from both of their institutions to serve as one development team for the proposed work.

Denny Davis is a professor of Biological Systems Engineering at Washington State University, where he served as Department Chair for two years and where he served as Associate Dean in the College of Engineering and Architecture for 12 years. For the past 10 years, he has directed the Transferable Integrated Design Engineering Education consortium in the Pacific Northwest. Dr. Davis' research interests include design pedagogy and assessment of engineering learning outcomes.

Steven Beyerlein is a professor in the Department of Mechanical Engineering at the University of Idaho, where he won the Outstanding Teaching Award in 2001.  He has overseen over 80 industry sponsored senior design projects and helped organize the Idaho Engineering Design Exposition for the UI College of Engineering for the last four years.  His research interests include catalytic combustion systems, application of educational research methods in engineering classrooms, and facilitation of faculty development activities.
There will be a total of about 60-70 collaborating faculty members in the six institutions involved in the design and shakedown and pilot testing of the assessment measures and tools.  One guard against bias based on gender, ethnicity, and age in the measures and tools is a truly diverse faculty team involved in the design and pilot testing. The participating faculty members from each institution will be selected from across academic disciplines, be gender balanced if possible and will include four ethnicities or countries of origin, including junior, mid-career, and senior faculty, with no more than two members from each academic department.

To ensure activities at each home institution are carried on time and with quality, the PI and Co-PI’s are each assigned a participating institution to mentor. An organizational structure to provide oversight is shown in Appendix VII.

Project Evaluation

The Evaluation Center of WMU will be responsible for formative and summative evaluation of the project.  Formative evaluation activity is to ensure 

· The designers of assessment measures and tools have the requisite expertise to create quality measures by pre- and post-assessments of the designers after receiving training.

· Course Instructors have the proper assessment and evaluation implementation skills through interviews and observation based on a standard developed by the Evaluation Center.

Summative evaluation includes 

· The quality of the Design Manual. This is accomplished by monitoring the skills of the designers, review and monitor of the measurement development activities, and the technical assistance to the designers

· The quality of measures and tools developed by the project. This is accomplished through direct review and test of all measures and instruments (Shakedown, Pilot, and Field Tests). The matrix-testing model developed the Evaluation Center will be used 

· The validity of the testing process of the developed materials.  The Evaluation Center will evaluate the quality of the testing process by using the accepted norm in education evaluation.

· The validity of the training processes for engineering and technology faculty in the implementation of classroom assessment and evaluation. The Evaluation Center will examine the differences, if any, among the groups in the use of the assessment materials in the Shakedown and Pilot Testing phases. 

· The robustness of the electronic data deposition bank to support reporting of field testing results and of the clearinghouse for dissemination and support of engineering and technology faculty.  This will be evaluated by comparing to current best practices of creating and maintaining an electronic data depository bank and clearinghouse.

In addition to regular verbal feedback, a preliminary report on the pre-assessments, a first year report, a database report, a case study that produced the strongest items, and a final report will be submitted. A draft of each major report will be sent to the identified audience for feedback, and the evaluation report will be completed following the feedback.

Future Work

Facilitators trained in this project will mentor and teach new designers to use the Design Manual to create quality measures. Additional engineering and technology faculty will be recruited and trained to use the pilot-tested measures for field testing. The electronic data depository bank will collect data from field testing for eventual validation of the measures. A proposal will be written to seek support to develop a more comprehensive set of measures in support of EC2000/TC2K.

Project Timeline

	Tasks and project timeline is shown below: Date
	Task
	Who
	Outcome
	Where

	May 03
	Meet to learn methodology and criteria for development of valid measures by creating five draft measures
	PI, Co-PI’s, Lead Design Team (3 from each campus) 
	6 draft measures 

Build experience with 20 professionals (Summer03 set)
	WMU

	Fall  03
	Shakedown Test of  Summer03  6 measures at 3 different institutions, disciplines, and course level.
	Lead Design Team (18 members)
	Preliminary test data of S03 measures.(3 case studies for each measure)
	Home campus

	January 04
	Meet to review test results and revised measures

Begin draft of methodology, design and users manuals
	PI, Co-PI’s, Lead Design Team
	6 revised measures 

draft of design and user manuals
	WMU

	Winter/

Spring 04
	Shakedown Test of revised S03 measures.
	Lead Design Team (18 members)
	Test data of revised S03 measures
	Home Campus

	Summer 04
	Training event to train 20 lead designers as facilitators

Refined S03 Measures 
	PI, Co-PI’s, Lead Design Team (3 from each campus) + 1 Evaluator from each home institution
	20 facilitators to train new designers

Six refined measures ready for Pilot Tests
	WMU

	Fall 04
	Events on each campus to train additional 10 faculty at each institution to create an additional measure
	Lead design team at each campus, plus 10 additional faculty. 
	Create 1 new measures per campus (F04 set) 
	Home Campus

	Fall 04
	Pilot Testing of S03 measures

by 4 lead team designers and 4 users recruited from faculty
	Lead design team and 4 additional faculty (40)
	Produce pilot test data of 8 cases studies per measure 
	Home Campus

	January 05
	Refine S03 & F04 measures.  Complete Users Manual for each measure +.

Draft of Facilitator Manual.
	PI, Co-PI’s, Lead Design Team (3 from each campus)
	Refined 12 measures

User Manual

Draft Facilitator Manual
	WMU

	Spring 05
	Shakedown Testing of F04 draft measures 
	4 designers per campus
	Shakedown Data Facilitator Manual
	Home Campus

	Spring 05
	Second Pilot Test of refined   measures
	8 design team and 8 additional faculty per campus (80)
	Produce pilot test data of 16 cases studies per measure


	Home Campus

	Summer 05
	Major national event to train other faculty in the design of measures.

Review Shakedown + Pilot Tests
	Lead Design Teams + anyone interested
	Design Manual 

Draft Implementation Manual

New Designers

Set of 12 measures    for Field Testing
	WMU or Home Campus

	Fall 05
	Pilot test F04 measures 
	Team of 40
	Pilot Test data 
	Home

Campus

	Fall 05
	Field test S03 measures


	Extensive Design
	6 Tested Measures
	Home

Campus

	Fall 05
	Create 6 new measures


	6 New Design Teams
	6 New measures
	Home

Campus

	Fall 05
	Draft of Book of Measures
	Lead Design Team 
	Examples for Book of Measures
	Pacific Crest

	October  05
	Book of Measures to printer

Evaluation Center to receive field tested data
	PI, Co-PI’s, Lead Design Teams 
	Pilot Book of Measures

Test data for validating measures
	WMU 
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