






Acknowledgements

A study of this complexity and magnitude requires the assistance of a large number of organi-

zations and individuals. We wish to acknowledge the many and important contributions of the

following to the success of this study:

� The 28 professional and technical societies that constitute ABET, Inc., and thus sup-

ported this study.

� Those societies representing the seven disciplines on which this study focused, for

their endorsements and assistance, and their members who responded to the survey

of engineering employers: The American Institute of Aeronautics and Astronautics,

the American Institute of Chemical Engineers, the Institute of Electrical and

Electronics Engineers, Inc., the American Society of Civil Engineers, the American

Society of Mechanical Engineers, and the Institute of Industrial Engineers.

� The American Society for Engineering Education for access to its engineering pro-

gram database, which enabled us to identify and specify the study population and

develop our sampling design.

� The National Science Foundation for its financial support of portions of our study

(NSF Grant No. EEC-9812888).

� The members of our National Advisory Board (see Appendix C) for their sage advice

and steady support.

� The deans, department chairs, faculty members, 1994 graduates, and 2004 graduates

of the 40 institutions that participated in our study; without their cooperation, this

project could not have happened.

� The Penn State College of Engineering faculty members and students, the ABET











To answer these questions, the Penn State research team examined educational practices

in engineering programs and assessed student performance pre- and post-implementation of

EC2000. The conceptual model guiding the study (see Figure 1) summarizes the logic of the

study’s design.

Figure 1 assumes that, if implementation of the EC2000 evaluation criteria is having the

desired effect, several changes in engineering programs would be evident:

� Engineering programs would make changes to align their curricula and instructional

practices with the 11 learning outcomes specified by EC2000 (Criterion 3.a-k, see

Appendix D). 

� Alterations in the faculty culture would be evident as faculty members engaged at a

higher rate than before EC2000 in activities such as outcomes assessment and curricu-

lum revision. 

� Faculty and program administrators would adjust program practices and policies

regarding faculty hiring, salary merit increases, tenure, and promotion criteria to give

greater recognition to the kinds of teaching and learning required by EC2000. 

� All of those program changes would reshape students’ educational experiences inside

and outside the classroom, which would in turn enhance student learning (defined as

improved student performance on measures of the 11 EC2000 learning outcomes). 
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Figure 1. Conceptual Framework for the Engineering Change Study





significant increase in their emphasis on the use of modern engineering tools, teamwork, and

engineering design in a course they taught regularly.

EC2000’s focus on professional skills might also be expected to lead to changes in teach-

ing methods as faculty members seek to provide students with opportunities to learn and

practice their teamwork, design, and communication skills. Consistent with that expectation,

half to two-thirds of the faculty report that they have increased their use of active learning

methods, such as group work, design projects, case studies, and application exercises, in a

course they teach regularly (See Figure 2).



of faculty support for these practices (see Figure 3). More than 75 percent of the chairs estimate

that either more than half or almost all of their faculty supported continuous improvement

efforts, and more than 60 percent report moderate to strong support for the assessment of stu-

dent learning. Faculty corroborated this finding: Nearly 90 percent of the faculty respondents

report some personal effort in assessment, and more than half report moderate to significant lev-

els of personal effort in this area. For the most part, moreover, faculty members do not perceive

their assessment efforts to be overly burdensome: Nearly 70 percent think their level of effort

was “about right.”

Learning how to do assessment or incorporate active learning methods into courses may also

influence faculty members’ engagement in professional development opportunities focused on

teaching and learning. This study finds that more than two-thirds of the faculty members report

reading more about teaching in the past year, and about half engage in formal professional

development activities, such as attending seminars or workshops on teaching, learning, and

assessment, or participating in a project to improve engineering education. Depending on the

activity, one-fifth to one-quarter of the faculty members say that in the past five years they have

increased their teaching-and-learning-related professional development efforts. 

One of the most important influences on faculty work in colleges and universities is the

institutional reward system, which can encourage or discourage attention to teaching. The

EC2000 accreditation criteria require that engineering programs be responsible for the quality

of teaching, learning, and assessment, but do faculty members believe that their institutions

value their contributions in these areas when making decisions about promotion, tenure, and

merit-based salary increases? About half of the program chairs and faculty surveyed see no

change in their institution’s reward system over the past decade. About one third of the pro-
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gram chairs, however, report an increase over the past decade on the emphasis given to teach-

ing in faculty hiring, promotion, tenure, and salary and merit decisions. In contrast, roughly

one-quarter of the faculty respondents believed the emphasis on teaching in their reward sys-

tems had decreased in the same time period. Senior faculty members, however, tend to report

increased emphasis on teaching in promotion and tenure decisions whereas untenured faculty

are more likely to report decreased emphasis. 

Differences in Student Experiences

Have the program changes reported by chairs and faculty had a measurable impact on the

educational experiences of engineering undergraduates? The evidence suggests they have.

Indeed, the experiences of the 2004 graduates differ in a number of ways from those of their

counterparts of a decade earlier. The direction of seven of the 10 differences, moreover, is

consistent with what one would expect if EC2000 were putting down roots. Compared to

their 1994 counterparts, and after taking differences in graduates’ and institutional character-

istics into account, 2004 graduates reported:

� More active engagement in their own learning;

� More interaction with instructors;

� More instructor feedback on their work;

� More time spent studying abroad;

� More international travel;

� More involvement in engineering design competitions; and

� More emphasis in their programs on openness to diverse ideas and people.

Although they tend to be small, seven of 10 statistically significant differences between

pre- and post-EC2000 graduates persist even after adjusting for an array of graduate and insti-

tutional characteristics.

The exceptions are the absence of differences in instructor teaching skills and the hours

spent in cooperative or internship experiences, as well as the 2004 graduates’ reports of a

somewhat chillier diversity climate than that cited by their predecessors. The latter finding

may be related to several factors: differences in the gender and racial/ethnic mix in 1994 and

2004, graduates’ awareness of diversity issues, and/or their willingness to discuss and challenge

prejudice or discrimination. The evidence provides no guidance in the way of an explanation.

Differences in Learning Outcomes

Assessments of graduates’ skill levels on each of nine scales
1

reflecting EC2000 Criterion

3.a-k learning outcomes are based on graduates’ self-reports of their ability levels at the time

of graduation (using a five-point scale, where 1=“no ability” and 5=“high ability”). A growing

body of research over the past 30 years has examined the adequacy of self-reported measures

of learning and skill development as proxies for objective measures of the same traits or skills.

When self-reports are aggregated to compare the performance of groups, they are generally

considered to be valid measures of the skills under study. Although results vary depending on
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1
In statistical analyses, two of the 11 scales developed a priori to operationalize the a-k criteria collapsed into other

scales, leaving a total of nine measurement scales to reflect student learning.



the traits and instruments examined, these studies

report correlations of .50 to .70, on average, between

self-reports and such objective criterion measures as

the ACT Comprehensive Test, the College Basic

Academic Subjects Examination, and the Graduate

Record Examination. The original research design

called for comparison of graduates’ scores on the 1996

and 2004 Fundamentals of Engineering examination as

a measure of graduates’ content mastery. However, the

research team was unable to obtain permission to use those scores.

Figures 4 - 6 show the differences between 1994 and 2004 graduates’ reports of their

achievements on each of the nine scales reflecting the Criterion 3.a-k learning outcomes. In

all cases, the differences are consistent with what one would expect under the assumption

that EC2000 is having an impact on student learning. All differences, moreover, are statisti-

cally significant (p < .001), with effect sizes ranging from +.07 to +.80 of a standard deviation

(mean = +.36).
2

Five of the nine effect sizes exceeded .3 of a standard deviation, an effect

size that might be characterized as “moderate.” 
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Finally, students’ undergraduate program experiences, both in- and outside-the-classroom,

are clearly linked to what and how much students learn. Nine of 10 measures of their in- and

out-of-class experiences have statistically significant, positive, and sometimes substantial

influences on graduates’ reports of their ability levels on all nine of EC2000’s a-k learning

outcome measures. The clarity of the instruction received, the amount of interaction with and

feedback from instructors, and exposure to active and collaborative learning experiences are

consistently the most powerful influences on learning of any factors in the study, all having a

positive influence on learning. Out-of-class experiences, however, also shape student learn-





declined modestly, although eight out of 10 employers judge the problem-solving skills of

their new hires to be at least adequate. In contrast, barely half of the employers give an ade-

quate rating to new graduates’ understanding of the organizational, cultural, and environmen-

tal contexts and constraints of their work. Additionally, graduates’ skills in this area, according

to their employers, appear to have declined somewhat over the past decade.

Despite their heterogeneity, employers are in substantial agreement not only about the

importance of a-k, but also about the preparation of new engineers, regardless of their engi-

neering discipline. An extensive series of tests indicated only a handful of significant differ-

ences related to employers’ engineering field, industry sector, degree attainment, or geo-

graphic location. Analyses indicate, however, that employers from larger companies that

recruit nationally and hire the most engineers are more favorable in their judgments both of

new engineers’ preparation and of the pre-post-EC2000 change than are employers from

smaller companies that recruit locally and hire fewer employees. This finding may suggest

that the impact of EC2000 is just beginning to become visible to employers, and the larger

national companies may be seeing the changes first.

Conclusions
The weight of the accumulated evidence collected for Engineering Change indicates clearly

that the implementation of the EC2000 accreditation criteria has had a positive, and some-

times substantial, impact on engineering programs, student experiences, and student learn-

ing. Comparisons of 1994 and 2004 graduates’ self-reported learning outcomes show 2004

graduates as measurably better prepared than their counterparts in all nine learning areas

assessed. The greatest differences in student learning before and after EC2000 are in recent

-12-     Engineering Change

(Preliminary)

22%

17%

26%

13%

19%

15%

32%

13%

28%

18%

52%

75%

80%

86%

92%

0% 20% 40% 60% 80% 100%

Understand
contexts/constraints

Communicate and
work in teams

Apply problem-
solving skills

Learn, grow, and
adapt

Use math, science,
and technical skills

Adequately or Well Prepared Increase in Ability Decrease in Ability

Figure 9. Employers’ Reports of Engineer Preparation and Changes in Ability



graduates’ better understanding of societal and global issues, their ability to apply engineer-

ing skills, group skills, and understanding of ethics and professional issues.

Engineering Change assumed that if the new EC2000 accreditation criteria were having an

impact, engineering programs would be moving to align their curricula and instructional

methods with the goals of the new criteria, thus increasing student engagement in experi-

ences that would promote the learning outcomes specified in the criteria. The findings from

this study strongly suggest that improvements in student learning have indeed resulted from

changes in engineering program curricula, teaching methods, faculty practices, and student

experiences inside and outside the classroom. Although many dimensions of engineering pro-

grams shape learning, the findings of this study indicate that students’ classroom experiences

are the most powerful and consistent influences. Engineering programs and faculty can be

confident that their efforts to improve engineering courses and programs will benefit students

and the profession.

In the spirit of continuous improvement, ABET made a decision in 2002 to sponsor this

study. The completion of the Engineering Change project establishes a baseline for the prepara-

tion of engineers and provides a model for future assessments of the state of undergraduate

engineering education and student learning. As the first national study of an outcomes-based

accreditation model, this research also informs ongoing discussions of accreditation policy

among regional and professional accreditation agencies, state and federal legislators, and the

general public – all of whom want evidence of the rigor of higher education quality assurance

practices. 
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Appendix B: Engineering Change Study Team
Center for the Study of Higher Education,The Pennsylvania State University

� Dr. Lisa R. Lattuca, Project Director and Co-Principal Investigator

� Dr. Patrick T. Terenzini, Co-Principal Investigator

� Dr. J. Fredericks Volkwein, Co-Principal Investigator 

� Dr. Linda C. Strauss, Senior Project Associate

� Graduate Research Assistants: Vicki L. Baker, Robert J. Domingo, Betty J. Harper,

Amber D. Lambert, Javzan Sukhbaatar

� Suzanne S. Bienert, Staff Assistant

The Pennsylvania State University’s Center for the Study of Higher Education (CSHE) is

one of the nation’s first research centers established specifically to study postsecondary edu-

cation issues. For over 30 years, research teams composed of nationally recognized faculty,

highly qualified graduate students, and experienced professional staff have examined critical

issues that influence the policies and practices of postsecondary institutions. To that end,

CSHE is dedicated to conducting and disseminating theory-based empirical research

designed to improve higher education practice and policy; providing high-quality data and

analysis to institutional, state, and federal policy-makers; and supporting graduate training for

students in the Higher Education Program at Penn State. 

Persons with questions or wishing additional information are invited to contact Dr. Lisa R.

Lattuca, Project Director (lattuca@psu.edu). 
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