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Abstract

Outcomes-based accreditation not only supports systemic thinking about program design, but it also encourages formative assessment and student-centered instruction throughout the curriculum.  An example is the three-component Design Team Readiness Assessment developed by faculty participating in the NSF-funded Transferable Integrated Design Engineering Education (TIDEE) consortium.  The Design Team Readiness Assessment has been extensively pilot tested, refined, and evaluated for its reliability and validity in measuring skills required for participation on engineering design teams.  Implementation of the Design Team Readiness Assessment has brought about better coordination between 4-year engineering programs and community colleges in the Pacific Northwest, promoting transfer of students and credit hours. 

Based on lessons learned from the Design Team Readiness Assessment, TIDEE has begun development of an assessment and evaluation system for capstone design courses.  The system is intended to clarify capstone course outcomes in light of ABET expectations, help faculty prepare students for professional practice and life-long learning, and produce reliable course and program evaluation data.  The system will be applicable to all engineering disciplines, will be sufficiently flexible to meet local needs, and will support multiple implementation strategies.

Background

Engineering education has remained essentially unchanged for decades, with a focus on the teacher and what is taught, in contrast to the student and what is learned. Historically, this approach operates in an open-loop system where teachers pour forth the same content regardless of student needs. The advent of student-centered classrooms and outcomes-based education in the last decade has profoundly changed the paradigm for teaching and learning in engineering education. 

In the 1990s, engineering education reform was first evidenced by increased attention given to freshmen engineering courses. Courses were developed or redefined to be more attractive to traditionally under-represented students in engineering. New courses emphasized student teams, active learning exercises, and increased involvement in engineering design. These course elements were found to be both attractive and effective for students possessing a diversity of learning styles. 

At the same time, industry employers voiced concerns about the preparation of engineering graduates in professional skills such as teamwork, communication, social awareness, ethics, and business savvy.  National panels and roundtables raised the awareness of engineering educators and pressed for change in educational programs. In 1995, the Accreditation Board for Engineering and Technology (ABET) organized workshops with industry leaders to review accreditation criteria for engineering degree programs. This led to the outcomes-based Engineering Criteria 2000 that were circulated and reviewed extensively before they were phased-in between 1998 and 2001 [1].  

Adoption of ABET EC 2000 instituted requirements for outcomes definition and assessment which created serious confusion among engineering educators. This resulted from the limited faculty training in educational concepts such as learning objectives, outcomes, and assessments.  As a result, many faculty demonstrated limited interest in transforming their educational practices. Other faculty saw EC 2000 as a catalyst for continuous improvement, but lacked expertise to modify their course design and teaching techniques to an outcomes-based environment.

EC 2000 presented great challenges for engineering design faculty.  This resulted because engineering design is taught with much greater variation than most engineering science subjects.  Especially in the early years of engineering programs, debate centered around what should be taught about engineering design and whether this should be attempted before students had a full set of engineering fundamentals. For programs seeking to integrate design across the curriculum, and especially in places where a large fraction of juniors transfer from community colleges, articulating engineering design outcomes across institutions became a critical issue. 

Statewide Development of Outcomes-Based Activities for Design Education

Across the state of Washington, half the engineering graduates attend multiple institutions to complete their BS engineering degrees. For this reason, the Washington Council for Engineering and Related Technical Education (WCERTE) has played a key role in coordinating the transition to outcomes-based instruction. WCERTE was formed in 1969 to facilitate communication among 2- and 4-year schools offering engineering or engineering technology programs [2]. WCERTE holds semi-annual meetings at locations convenient for representatives from over twenty community colleges, two state universities, and a handful of private colleges and universities to maintain regular face-to-face communication. 

In October 1996, WCERTE members issued a statement endorsing the need for introductory design education:

“The foundations for design education must be incorporated into the first two years of engineering and engineering technology curricula. This includes development of competence in communication, teamwork, and the creative problem solving or engineering design process.”

The Transferable Integrated Design Engineering Education (TIDEE) consortium was originally formed with NSF funding to provide leadership in lower-division design education [3].  Emphasis was given to formulating outcome statements, creating instructional materials, and delivering faculty development workshops in diverse institutional settings and that helped engineering educators respond to ABET expectations in the areas of design, teamwork, and communication.  Special attention was given to curriculum models and pedagogical methods that met the needs of diverse student populations. 

Out of faculty workshops and focus groups, TIDEE identified three types of learning outcomes for design courses: (a) design team knowledge, (b) design team processes, and (c) design products.  Design team knowledge includes understanding of design team terminology, concepts, and relationships among design team actions and results.  Design team processes are the steps engineers utilize to create desired design products.  Design team processes include professional attitudes, self-awareness when design steps are executed, and self-control of transition between design steps.  Design products are the items created as a result of a design activity—new materials, objects, components, systems, documents, or processes to meet specified needs.

Figure I describes how the emphasis given to these three outcomes shifts at different stages of an engineering degree program.  First-year students need to gain foundational understanding of design team terms/concepts and to participate in guided-design experiences.  Although first-year students also will produce design artifacts, these are of lesser importance at this stage.  Students in their mid-program years need to focus on refinement of design team processes with less instructor prompting, while progressively giving more weight to design product quality.  Students nearing completion of their engineering degrees should be self-motivated to improve their design team skills and they should be focused on creating products that meet client requirements.

Figure I. Shifting Focus of Design Education
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From 1995 to 1999, the TIDEE consortium conducted over two dozen faculty workshops to train faculty in creating design activities and facilitating team learning.  By consensus of workshop participants, design was conceived as an iterative process leading toward solution of a stated problem or client need [4].  Distinct elements of design addressed in learning activities included information gathering, problem definition, idea generation, analysis and evaluation, decision making, implementation, and process improvement.  Through pre-college summer camps, TIDEE leaders tested a variety of these learning activities and found them to be effective with diverse student populations.  These activities were subsequently adopted in some form by a large number of WCERTE members.  An archive of the TIDEE design team activities is maintained on the web and can be downloaded from www.tidee.cea.wsu.edu. 

Regional Collaboration on
Mid-Program Assessment

Based on specifications by prospective users, TIDEE established three goals for a mid-program assessment instrument intended to examine engineering design skills:

(a) To create a tool for assessing the effectiveness of design learning accomplished via different instructional approaches found in community colleges, four-year colleges, and research universities,

(b) To communicate a set of design education outcomes for lower-division courses, and

(c) To provide a learning experience that heightens student awareness of the knowledge and skills necessary for effective design team performance.

By 1997 an instrument had been drafted for measuring student achievement with respect to the engineering design process, teamwork, and design communication [5]. The latest version of the instrument can be downloaded from www.tidee.wsu.edu.  It consists of three components.  The first component is a set of short-answer constructed response questions that assess students’ foundational knowledge about the design process, teamwork, and design communication.  The second component is a team performance assessment that requires students to identify customer requirements and to develop appropriate test procedures for a common hand tool.  Teams produce written documentation that report on team organization, design requirements, relevant test procedures, and actions taken at each stage in the design process.  A reflective essay constitutes the third component and provides insights about design team decision-making, team performance, and individual contribution.  Respondents are expected to provide evidence of thinking at the awareness, comprehension, and application levels in Bloom's taxonomy.

Consistent with the philosophy of continuous improvement and motivated by approaching accreditation visits to engineering programs in the region, TIDEE’s efforts recently shifted to refining the mid-program design assessment for use in program accreditation. Under a second NSF grant, the TIDEE consortium expanded to include Pacific Northwest states sharing engineering students and employer expectations of student capabilities. Efforts focused on documenting and improving the reliability of mid-program assessment instruments, determining their validity as measures of student design capabilities, and increasing their adoption and integration into program assessment systems [6].

Through administering the TIDEE mid-program assessment in a variety of courses, it was found useful for measuring students’ design preparedness in freshman, sophomore, and junior classes, as well as for entry to a senior capstone design course.  This versatility led to the renaming of the mid-program assessment as the TIDEE Design Team Readiness Assessment (DTRA).  DTRA reliability was determined by uniformly administering the assessment in a variety of classes at different institutions. Three persons scored work of over 130 students, through a process that produced refined scoring scales and decision rules for scoring. Inter-rater reliabilities, indicating the percentage of score variability attributable to the true score, reached 65% for individual raters and 85% for the mean of three raters. 

The validity of the DTRA as an assessment of students’ design capabilities was determined by comparison of DTRA scores to videotape analysis of students performing the team design exercise. Researchers used verbal protocol analysis of twenty teams to characterize their design processes. Comparisons showed the DTRA results to correlate with the verbal protocol results, indicating its validity as a design assessment tool [7].

Adoption of the DTRA has been supported by numerous workshops to train faculty to administer and score these assessments. In half-day workshops, faculty are introduced to the assessments, to typical student work, and to scoring principles. In all-day workshops, faculty are trained to score student work. After receiving training, faculty are able to reliably score student work from each part of the DTRA in 3 to 5 minutes.

Use of the DTRA has elevated assessment literacy and student learning across the Pacific Northwest.  Benefits include:

· Shared vision across the region about expected student capabilities in design.

· Model instrument, scoring criteria, and decision rules illustrating use of Stiggins’ principles of quality assessment [5].

· Concise, easy-to-score format that permits all components to be administered in almost any engineering course.

· Vehicle for tracking growth of student’s design capabilities at multiple points in their undergraduate programs.

· Platform for introducing higher levels of complexity in the design process and highlighting why certain aspects will be addressed in upcoming project work.

· Classwide results that help faculty understand the preparedness of their classes for planned design activities.

· Individual results that make students aware of areas needing improvement and that motivate their learning.

Emerging National Collaboration on Capstone Design Assessment 

The shift to outcomes-based accreditation has produced a discernable cultural change in engineering education. An evidence of this change is high faculty interest in assessment and improvement of student performance in capstone engineering design courses. In late 2001, McKenzie received over 300 responses to a survey of capstone instructors across the U.S [8]. Of these, over 150 indicated their interest in collaborating to develop assessments for capstone design courses. Faculty respondents also generally acknowledged their lack of training in assessment-related areas.

Data show that faculty are altering capstone design courses to align more closely with ABET outcomes-based Engineering Criteria. In McKenzie’s survey, he found that 57% of capstone design projects are one year in length, a significant increase over the 31% reported by Todd et al. in 1995 [9]. This appears to be caused, in part, by Engineering Criterion 4 requiring capstone projects that consider many practical constraints. Longer duration design courses allow projects with this complexity and also enable students to demonstrate their capabilities related to the broad set of outcomes listed under Engineering Criterion 3. Based on McKenzie’s survey, 80% of the respondents believed that each of the Criterion 3 outcomes can be assessed in the context of the capstone experience, but less than 60% of the respondents indicated that they actually assess each of the Criterion 3a-k outcomes in their capstone projects. Overall, these faculty feel that none of the competencies are assessed to the degree desired. They also acknowledge considerable discomfort about their grading consistency across students and projects.

ABET Engineering Criterion 2 has impacted the participation of engineering students and external advisory boards in the improvement of engineering programs. These groups have participated in defining educational outcomes and in providing feedback on student achievement.  In many cases, external advisory boards review student presentations for capstone design projects and score student achievement relative to Engineering Criterion 3 outcomes. According to McKenzie, 68% of capstone courses use students in assessing other students’ presentations; 68% use industry advisors to assess student project results [8].

The centrality of design in the preparation of engineers for professional practice makes design assessment tools crucial to any engineering program assessment effort. A Capstone Design Project Assessment (CDPA) is a suitable complement to the Design Team Readiness Assessment.  The DTRA provides feedback for classroom improvement and data for benchmarking student performance in early design education.  The CDPA provides measures of high-level-design student capabilities evidenced in complex capstone design projects.  Capstone courses exist in virtually all engineering disciplines and frequently involve extensive interaction with a variety of external constituents. 

A number of assessment and evaluation resources have been inventoried for use in developing the Capstone Design Project Assessment. These include:

· Definitions of learning outcomes for multiple audiences in capstone design courses (students, mentors, and clients),

· Draft performance criteria for examining capstone design learning outcomes,

· Performance review tools for providing timely feedback to students and for planning developmental actions intended to improve their capstone project performance, and

· Scoring rubrics for capstone design project oral presentations and reports.

Summary

Effective curricula for developing design skills, innovative pedagogical techniques for managing design projects, and reliable instruments for measuring design team performance are in high demand because of the new ABET EC 2000 requirements.  With respect to outcomes assessment, the key is to embed formative assessment at various levels within engineering programs so that quality can be progressively built-in by faculty across the entire curriculum, rather than inspected-in upon graduation by an ABET evaluator.  It is the experience of WCERTE and TIDEE that collaboration between schools that regularly exchange students is a robust model for defining outcomes, writing curricula, piloting assessment tools, and conducting faculty development.  In this regard, mid-program outcomes are as important as end-of-program outcomes.  Because of the wide variation in assessment targets for different outcome types and expected levels of performance, a suite of assessment tools such as the DTRA and CDPA are needed for continuous program improvement. TIDEE leaders look forward to playing a role in facilitating a national collaboration on outcomes-based development of capstone design courses, not only to efficiently collect end-of-program data, but also to build a stronger bridge between academic design-team preparation and professional engineering practice. 
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