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Beyond Measurement: Designing Engineering Outcomes
to Foster Student Achievement

Abstract

This paper describes the design of a novel program-level assessment framework consisting of

engineering student outcomes and associated developmental levels; this framework has been dra-

matically influenced by constituent input and the assessment structure and practices of Alverno

College. The outcomes have been designed to explicitly address student development; each out-

come has four associated developmental levels that describe student progress in achieving the

outcome. The outcomes are designed to provide structure to the educational experience for both

students and faculty, providing a common language that facilitates a focus on student achieve-

ment. To this end, the number of outcomes has been limited to eight and each outcome has a one

or two word descriptive title. This paper describes the process used to develop the outcomes, the

outcomes structure, and the initial experience of using the outcomes in the Fall 2005 semester.

1 Introduction

This paper describes the design of a novel program-level framework for student assessment in a

new multidisciplinary engineering program. This framework, consisting of engineering student

outcomes and associated developmental levels, has been dramatically influenced by constituent

input and the assessment structure and practices of Alverno College. This framework is intended

to play a central role in the student educational experience as well as structure the assessment of

student achievement and overall program effectiveness.

The engineering outcomes have been developed in the context of creating a multi-disciplinary

engineering program in the new Department of Engineering at Arizona State University’s Poly-

technic Campus. The team of founding faculty has been given a once-in-a-lifetime opportunity to

design a totally new engineering program from the ground up. Given no constraints on its design

– other than that it be responsive to the changing needs of the nation at the dawn of the 21st

century – this new BSE in Engineering program is designed around three core values: learning

through engagement, agility and focus on the individual. These values are the focal points of a

thorough and innovative redesign of the traditional Bachelor of Science in Engineering degree

with the goal of creating a unique and highly effective learner-centered program. The curricu-

lar structure is based on contemporary pedagogies of engagement and proven learning strategies

(i.e., team-based, cooperative problem-based, mastery-based, and experience-based learning).1

This curriculum structure, embedded in a pervasive departmental culture that focuses on indi-

vidual learners and their success, will produce highly prepared, agile engineers who are able to

provide technical leadership within a broad range of modern and emerging professional settings.

Beginning in July of 2004, the founding faculty team used an engineering design process to cre-

ate the new program. This design process included data gathering and analysis on the needs of

the program’s constituents; development of brand identity and program values; and design of a

novel curriculum structure. The engineering program will seek ABET accreditation under the

general engineering criteria as soon as possible; ABET requires that programs establish student
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objectives and outcomes as a central component of accreditation. Thus, the development of a

draft set of objectives and outcomes as a standard to measure student achievement and to eval-

uate the program effectiveness has been an on-going design activity begun as soon as the brand

values were established in late 2004. Components of this design process are described in more

detail in several conference papers.2–4 The Department of Engineering began teaching its inau-

gural class of freshmen in Fall 2005, providing the first (preliminary) opportunity to evaluate the

effectiveness of the outcomes in fostering student achievement.

The founding faculty have come to see individual student assessment as essential to achieving

the program values. In addition, the founding faculty agreed that a rigorous and comprehensive

system of program assessment and continuous improvement is necessary to ensure long-term

program success. The challenge faced by the faculty is to develop student outcomes that both

students and faculty understand and systematically use to structure the educational experience.

This challenge has been addressed by developing an outcome structure modeled in many respects

on Alverno College’s abilities.5–7 The engineering program has eight outcomes, and each is

identified by a descriptive word or phrase; each outcome is accompanied by four developmental

levels describing student progress in achieving the outcome.

In this paper, the process of developing the outcomes is briefly summarized. The outcomes and

associated developmental levels are described. The use of the levels in the Fall 2005 semester is

described, and some preliminary lessons learned in this semester are discussed.

2 Outcome Design Process

The outcome and level structure described in Section 3 is the result of an engineering design

process conducted by the founding faculty. This processes briefly summarized in the following.

2.1 Initial Process

The founding faculty conducted an initial design process for the outcomes. This process was

preceded by a significant amount of reading and discussion to become familiar with the issues

facing modern engineering education and the transition of the engineering environment into a

global work place. The actual design began with an affinity process that resulted in a list of

Desired Outgoing Student Characteristics; this was further developed to become a list of 16

initial outcomes. This initial process and its results are documented in more detail elsewhere.3

Additional input for the refinement of the program student objectives and outcomes was solicited

from external program constituents. These constituents included two groups of industry represen-

tatives: the advisory committee of JACMET (Joint Alliance of Companies Managing Education

for Technology, an industry group working with Arizona’s state universities), and the Engineering

Department’s Industrial Advisory Board. Both groups were asked to answer the two questions

“What should students be able to do at graduation?” and “What should graduates be able to do

within three to five years of graduation?” Also, two sections of ECE 100 (an introductory engi-

neering course consisting primarily of freshmen and sophomores) in the Ira A. Fulton School of

Engineering at ASU at the Tempe Campus were asked the same questions. The responses were

collated and compared to the initial program student objectives and outcomes developed by the
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founding faculty team; changes to the initial objectives and outcomes were made to reflect those

issues that appeared consistently in the industrial and student feedback.

After reflection, it became clear that the initial student outcomes could be succinctly expressed

by adopting ABET’s Criterion 3 Outcomes a - k (with some slight modifications) augmented by

three additional outcomes denoted l - n. With the outcomes so defined, an initial structure to

assess student achievement relative to these outcomes was developed. The structure consisted of

rubrics for each of the outcomes; each rubric contained a set of competency attributes associated

with that outcome and identified characteristics of competency achievement at three different

developmental levels (positions): developing, accomplished, and proficient.

2.2 The Alverno College Workshop

During the week of June 20-24, 2005, three founding faculty attended “Connecting Student

Learning Outcomes to Teaching, Assessment, Curriculum” at Alverno College in Milwaukee

Wisconsin. This workshop profoundly influenced the on-going development of the student out-

comes.

Alverno College has developed eight abilities which should result from a successful liberal edu-

cation; with each ability is a set of developmental levels that describe how students progress to

maturity in the ability.5–7 Alverno describes the abilities and levels as follows:

[The abilities] are integrated, developmental, and transferable. They represent an

integrated combination of multiple components including skills, behaviors, knowl-

edge, values, attitudes, motives or dispositions, and self perceptions. . . . In order to

make the eight abilities work as an organizing frame for a curriculum, the faculty

analyzed each of them into a sequence of six levels at which a student would be ex-

pected to demonstrate her ability as she progress through her course of studies. . . .

We found that, like the abilities themselves, these levels seemed best expressed in

generic terms that are free of context. However, we neither teach for nor assess them

in that abstract form. We rethink them into the concepts and terms that are informed

by a context, either disciplinary or interdisciplinary, that comes as close as possible

to a professional or other life situation. [7, pp. 9,11]

While at AlAlvernoverno, the engineering faculty made a startling observation: both Alverno

faculty and students understand and systematically use the abilities to structure the educational

experience. The abilities and development levels provide faculty and students a common lan-

guage, one facilitating a focus on student achievement first and program assessment second.

They also foster a culture in which both faculty and students use evidence to support judgments

about student achievements and capabilities. This is in sharp contrast to the engineering fac-

ulty’s previous experience in engineering departments where program outcomes and objectives

had little impact on the daily lives of students or faculty.

At the workshop and in subsequent discussions, the faculty concluded that the engineering pro-

gram student outcomes would be much more effective in engaging students in their educational
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process if they were restructured into a model similar to Alverno’s. Thus, in the months following

the Alverno workshop, the faculty made the following changes:

1. The outcomes were consolidated from fifteen down to eight.

2. Each of the consolidated outcomes was given a one- or two-word title and a short (one

phrase or sentence) description.

3. Developmental levels were added to each outcome.

The original fifteen outcomes were renamed rubrics and were retained to provide detailed criteria

for the outcomes.

3 Student Outcomes

For many engineering programs, the primary impetus for developing student outcomes has been

the requirements associated with ABET accreditation. The ABET definition of a student out-

come8 is: “outcomes are intended to be statements that describe what students are expected to

know or be able to do by the time of graduation from the program.” For example, a student

outcome on critical thinking might be phrased as “Graduates have an ability to think critically,

clearly identifying and using evidence, criteria, and values.” The ABET definition of outcomes

focuses on the “output” of an engineering program. In the experience of the founding faculty

prior to joining the engineering department, outcomes were used primarily to measure a pro-

gram’s effectiveness and secondarily as a final quality check on graduates; program outcomes

were not clearly and explicitly linked to the students’ experiences as they progressed through the

curriculum.

ABET accreditation at the earliest possible opportunity is a goal of the engineering program.

Thus, the founding faculty have designed the program assessment processes to be compatible

with the ABET definition of program outcomes. However, accreditation is not the primary pur-

pose of the engineering program outcomes. The founding faculty have come to see individual

student assessment as essential to achieving the core program values of learning through engage-

ment and focus on the individual. Also, the founding faculty believe that it is essential that the

outcomes reflect the developmental nature of student growth as they progress through the curricu-

lum.9 In the past, many engineering curricula have been designed according to a conventional

wisdom that “suggested that after first teaching a vast body of fundamental mathematics and sci-

ence – which students absorbed like sponges – [faculty] were free to teach engineering principles,

drawing as necessary on the deep well of basic knowledge internalized by the students. This was

(and is) a lovely idea, but depressingly unrealistic.”10 This approach ignores the developmental

nature of student learning.11 In contrast, the engineering program has designed outcomes that

explicitly address student development. In this respect, the engineering program outcomes are

similar to the competencies developed at Olin College.12
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Table 1: Student Outcomes and Levels
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3.1 Outcomes and Developmental Levels

Program student outcomes were developed using the design process described in Section 2. In

this process, eight outcomes were identified (Table 1). Each outcome has a title and a short

description (a phrase or sentence). The title and description facilitate student and faculty use of

the outcome in courses and other components of the curriculum; it is easier to remember and use

the title “Communication” than “ABET Outcome g”.

Each outcome (except Technical Competence) has four associated developmental levels that de-

scribe student progress in achieving the outcome. The developmental levels are similar to the

model developed by Alverno College.5–7 It is expected that students will typically progress from

lower to higher levels, but that this progression will not always be linear or proceed at a constant

rate. The primary approach to assess student progress in the outcomes is the requirement that

students demonstrate achievement of several specific levels in each course as described in Sec-

tion 3.3. Generally, students are required to demonstrate achievement of a given outcome level in

multiple contexts or settings (e.g. courses), insuring that their learning will be generalizable and

transferable to new contexts.

The levels in Table 1 are the result of the initial design process and have not yet received extensive

testing and use. These levels will be refined as the faculty better understand student development

through experience in each of the outcome areas.

3.2 Rubrics

Following the Alverno model, the outcomes and levels have been developed as fairly abstract

descriptions of student performance so that they can be applied in the many different contexts that

exist in the curriculum. To provide the detail necessary to structure and asses student learning,

each outcome is further defined by one or more rubrics that embody detailed criteria by which

achievement of some component of the outcome can be evaluated.

It is also at the level of the rubrics that the mapping between our eight outcomes and the ABET

Criterion 3 a-k outcomes is established. Primarily for historical reasons described in Section 2,

the rubrics are structured similarly to ABET Criterion 3 a-k with some modifications and two

additional topics denoted l and n. The relationship between the rubrics and the student outcomes

is shown in Figure 1. Additions and modifications to the ABET a-k are shown in italics in this

figure.

These rubrics have been developed in some detail to describe the many different facets of a given

outcome. They are also structured to evaluate developmental progress. Portions of the rubric

for the communication outcome are shown in Tables 2 and 3. As described in Section 4, one

significant difficulty experienced using this level of detail was managing all of the information

necessary to assess achievement of a given level; determining an appropriate level of detail is an

ongoing area of investigation.
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Table 2: Example of a rubric: the components of the Communication rubric

Professional Communication: Engages with individuals and in small groups, both speaking

and listening effectively.

Audience Engagement: Engages both technical and non-technical audiences with appropri-

ate consideration of audience background, culture, knowledge, and interests.

Visual Communication: Engages and meets the needs of the intended audience through

visual communication of information, concepts, and ideas.

Written Communication: Employs the writing process to effectively engage and meet the

needs of the intended audience.

Oral Presentations: Engages and meets the needs of the intended audience through oral

presentations.

3.3 Mapping Levels to Courses

The developmental levels associated with each outcome describe a possible path for a student to

achieve mastery of that outcome. A critical part of the assessment process for each student is to

track their development through the levels as they progress through the program. The mechanism

used to track student development is that the outcome levels are mapped to one or more courses

in the curriculum, and that student achievement of these levels is assessed in the corresponding

courses. A student can pass a given course (and proceed forward in the curriculum) only after

demonstrating mastery of all of the outcome levels associated with the course. Each course is

designed to support student mastery of the levels associated with that course. Table 4 shows the

current mapping of levels to courses.

4 Initial Experience With the Outcomes

In the Fall 2005 semester, the department began courses with its inaugural freshman class. The

department taught three courses:

• EGR 101–Introduction to Engineering (offered as EGR 194)

• EGR 103–Technology and Society (offered as EGR 194)

• EGR 294–Applied Project (A one credit-hour class to support a renewable energy project

conducted with the Hopi Nation)

The outcomes were used most extensively in EGR 101; they structured much of the student work,

and some data on their effectiveness was collected.
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Table 3: Developmental Levels for the Written Communication Component of the Communica-

tion Rubric
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Table 4: Mapping of Levels to Courses in the 4-year Curriculum
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Design 1 2 2 3 3 4 4 4

Problem Solving 1 2 2 2 3 3 4 4

Professionalism 1 2 2 3 3 4 4

Communication 1 2 1 2 1 2 2 3  3 4 4

Engineering Practice 1 2 1 2 2 3 3 3 4 4 4

Critical Thinking 1 2 1 2 1 2 2 3 4 3 4 3 4 4

Technical Competence 1 1 1 1 1 2 2 2 3 3 3 4 3 4 4

Perspective 1 1 2 2 3 3 3 4 4

4.1 EGR 101–Introduction to Engineering

EGR 101 was team taught by all seven engineering faculty and thus provided an excellent labo-

ratory to apply the outcome levels and develop assessment methods. The course was structured

around two team-based projects. The outcome levels associated with EGR 101 in Fall 2005 are

shown in Table 5. These outcome levels were introduced to the students in the beginning of the

semester. The rubrics for each outcome were made available to students on the class web page but

were not specifically covered in class; in practice, assessment of student performance on written

reports, oral presentations, and the oral exams was conducted using fairly small subsets of the cri-

teria contained in each rubric. The outcome levels, in conjunction with other material covered in

class, were used to structure midterm and final oral exams. In these exams, each student met with

two faculty members who assessed the student development relative to the course content and

components of the outcome levels. Each oral exam was preceded by a written student self assess-

ment exercise in which they described their progress in areas related to the outcomes associated

with the course. The final self assessment exercise also included questions to gauge the students

understanding of the outcome structure and to obtain feedback relative to the effectiveness with

which the outcomes were used.

4.2 Lessons Learned

On January 9, 2006, the department held a one-day retreat to assess the first semester. Prior to

the retreat, the student responses in the final self assessment document relative to the outcomes

and levels were collated and distributed to the faculty. Most students demonstrated a general

knowledge of the outcomes and associated levels and of the role played by the outcomes in the

curriculum. Most students demonstrated understanding of the relationship between achieving the
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Table 5: Outcomes and levels for EGR 101

Outcome Level

Design 1

Problem Solving 1

Professionalism 1

Communication 1

Engineering Practice 1

Critical Thinking 1

necessary outcome levels and their grade in the course, although there was often some inaccuracy

in their understanding of details in this relationship.

However, several issues were identified by the faculty both from the student responses and their

own experience. These issues included:

• There were too many levels assigned to each course, and the rubrics for each level were too

complex; in EGR 101, most students were unable to determine from the rubrics what was

expected from them to achieve the required levels.

• Rubrics had too many items; there is no effective way for faculty to assess all of the items

on each rubric for each level.

• Outcomes and levels were not clearly tied to assignments and class activities. Students

were often unclear and confused about what was necessary to achieve the required levels

in the course.

After discussion, the faculty felt that there was no need to change the outcomes, but several

potential changes to the levels and rubrics were identified, and several improvements in the way

the levels and rubrics are used in courses were suggested. These included:

• Limit the number of outcome levels to be achieved for each course; three was suggested

as an appropriate number. With this constraint in mind, revise the course/levels matrix in

Table 4.

• Give reading and writing assignments specific to the outcomes, levels, and rubrics in early

courses.

• During the spring 2006 semester, reevaluate each rubric to determine where it can be sim-

plified.

• Tie grading criteria to the levels and rubrics at the time each assignment is made.

Finalizing and implementing these changes will be completed in the Spring 2006 semester.
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5 Conclusions

This paper describes the design of outcomes and associated levels for the purpose of fostering

student achievement as they progress through the engineering curriculum. Initial application

of these outcomes in the Fall 2005 semester has been generally successful; several areas for

continued development and improvement of the outcomes structure have been identified.

References

[1] Karl A. Smith, Sheri D. Sheppard, David W. Johnson, and Roger T. Johnson. Pedagogies of en-

gagement: Classroom-based practices. Journal of Engineering Education, 94(1):87–101, January

2005. Available from: http://www.asee.org/about/publications/jee/upload/

SamplePages 87-101.pdf [cited March 11, 2005].

[2] Darryl Morrell, Chell Roberts, Robert Grondin, Chen-Yaun Kuo, Robert Hinks, Scott Danielson, and

Mark Henderson. A flexible curriculum for a multi-disciplinary undergraduate engineering degree.

In Proceedings of the 35th ASEE/IEEE Frontiers in Education Conference, pages F1D–18 – F1D–23,

October 19-22 2005.

[3] Chell Roberts, Darryl Morrell, Robert Grondin, Chen-Yaun Kuo, Robert Hinks, Scott Danielson, and

Mark Henderson. Developing a multidisciplinary engineering program at Arizona State University’s

East Campus. In Proceedings of the 2005 American Society for Engineering Education Annual

Conference & Exposition, Portland, OR, 2005.

[4] Scott Danielson, Mark Henderson, Chen-Yaun Kuo, Chell Roberts, Darryl Morrell, Robert Grondin,

Robert Hinks, and Thomas Sugar. A clean slate: Designing a mechanical systems concentration

within a new engineering program. In 2005 International Mechanical Engineering Conference and

Exposition, November 2005.

[5] Georgine Loacker, editor. Self Assessment at Alverno College. Alverno College Institute, 2000.

[6] Marcia Mentkowski and Associates. Learning That Lasts: Integrating Learning, Development, and

Performance in College and Beyond. Jossey-Bass, San Francisco, 2000.

[7] Student Assessment-as-Learning at Alverno College. Alverno College Institute, 1994.

[8] ABET Engineering Accreditation Commission. Criteria for accrediting engineering programs 2005-

2006, November 1 2004. Available from: http://www.abet.org/images/Criteria/

A004%2005-06%20Accredition%20Policy%20and%20Procedure%20Manual%

2011-29-04.pdf [cited March 10, 2005].

[9] William G. Perry, Jr. Forms of Intellectual and Ethical Development in the College Years-A Scheme.

Jossey-Bass, San Francisco, 1970.

[10] S.W. Director, P.K. Khosla, R.A. Rohrer, and R.A. Rutenbar. Reengineering the curriculum: design

and analysis of a new undergraduate Electrical and Computer Engineering degree at Carnegie Mellon

University. Proceedings of the IEEE, 83(9):1246–1269, September 1995.

P
age 11.270.13



[11] John D. Bransford, Ann L. Brown, and Rodney R. Cocking, editors. How People Learn: Brain,

Mind, Experience, and School. National Academy Press, Washington, DC, 1999. Available from:

http://www.nap.edu/html/howpeople1/ [cited March 5, 2005].

[12] Mark Somerville, Debbie Chachra, Jonathan Chambers, Ellen Cooney, Kristen Dorsey, John B. Ged-

des, Gill Pratt, Kathryn Rivard, Ann Schaffner, Lynn Andrea Stein, Jonathan Stolk, Stephen West-

wood, and Yevgeniya Zastavker. Work in progress - a provisional competency assessment system.

In 35th ASEE/IEEE Frontiers in Education Conference, pages S1C–1–S1C–2, October 19–22 2005.

P
age 11.270.14


