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Assessing the Standards for Assessment:
Is it Time to Update Criterion 3?

Purpose

The ABET engineering accreditation criteria specify that engineering programs must implement
continuous quality improvement processes to ensure that they remain relevant and effective over
time. But how does ABET ensure that its criteria remain relevant and effective over time? In
2009, the Criteria Committee of the ABET Engineering Accreditation Commission (EAC)
sought to answer this question by exploring the possibility of initiating a continuous quality
improvement process for its accreditation criteria. Once implemented, this process is expected to
include an assessment of the continued relevance of the EAC Criterion 3 outcomes—statements
that define the minimum essential knowledge and skills that an engineer is expected to attain
through baccalaureate-level education.

The purpose of this paper is to support the EAC Criteria Committee’s initiative by providing a
preliminary assessment of the Criterion 3 outcomes, in the context of the strategic direction of
the engineering profession. The scope of the paper includes (1) background on the initial
formulation of Criterion 3, (2) a review of recent strategic vision statements that suggest a need
for changes to Criterion 3, (3) a discussion of potential barriers to change, and (4)
recommendations for aligning Criterion 3 with an emerging consensus about the essential
attributes of future engineering professionals.

ABET Engineering Criteria 2000

In 1992, in response to a growing perception that existing engineering accreditation criteria were
inhibiting educational innovation, ABET established an Accreditation Process Review
Committee (APRC) to advise on how to increase flexibility in accreditation criteria and
processes. Based on the APRC’s recommendations, ABET conducted a series of consensus-
building workshops in May 1994. One of these, the Criteria Reform Workshop, produced seven
recommendations, four of which are directly relevant to criteria development:'

e Engineering accreditation should be based on ongoing institutional processes for defining
educational objectives, evaluating achievement of objectives, and improvement of
educational effectiveness, with periodic external audits of the process by ABET.

e C(Criteria should specify a limited set of education objectives for any engineering program
and a limited floor of curricular content. Complete objectives, curricula to achieve them,
and processes to evaluate achievement would be defined by the institution.

e Program criteria could still be specified by the responsible professional societies but
would be restricted to curricular issues (subject areas, but not credit hours) and faculty
qualifications.

e C(riteria should include a core, consisting of both knowledge and skills. This core should
uniformly define what it takes to become an engineer and what constitutes the minimum
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content of an engineering curriculum. It should also ensure a broad education that
emphasizes the basics, encourages lifelong learning, and inculcates desirable experiences
and capabilities.

These recommendations served as the basis for the development of ABET Engineering Criteria
2000 (commonly abbreviated as EC2000). These criteria were formally adopted by ABET
Board in 1996 and were published for a three-year phased implementation, beginning with the
1998-99 accreditation cycle.

The ABET Criteria Reform Workshop’s recommendations for a “limited floor of curricular
content” and a core that would “uniformly define what it takes to become an engineer” were
manifested, to a large extent, in Criterion 3 of EC2000. This criterion defines eleven educational
outcomes that graduates of accredited programs are expected to achieve. These outcomes, as
published in the final year of EC2000 implementation (the 2000-01 accreditation cycle), are
shown in the center column of Table 1.> The right-hand column of this table shows the
equivalent educational outcomes in the most recently published EAC accreditation criteria (the
2010-11 accreditation cycle).3 The differences between the two sets of outcomes are highlighted
in bold type.

As Table 1 clearly illustrates, the Criterion 3 outcomes have remained remarkably stable over the
past decade. Indeed, of the two modest changes that have been made, the additional
specifications in Criterion 3(c) were actually just relocated from Criterion 4 (Curriculum); thus,
they represent a change in emphasis, rather than a set of new requirements.

In the author’s view, the long-term stability of the Criterion 3 outcomes has been entirely
appropriate. Implementation of EC2000 and the associated outcomes-based assessment and
improvement processes have been significant challenges for most educational institutions. Over
the past decade, definitions of key terms, guidance on acceptable measurement methods, and
standards of enforcement have all evolved significantly. During this period of flux, substantive
changes to Criterion 3 would have caused considerable confusion and would probably have done
more harm than good.

Nonetheless, it must be recognized that the current Criterion 3 outcomes reflect the professional
environment of the mid-1990s, when they were formulated. The world has changed
considerably since then—and there are increasing indications that the minimum essential
knowledge and skills required for engineering practice have changed as well. Hence, the EAC
Criteria Committee’s decision to consider changes to Criterion 3 is both well-founded and
timely.
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Criterion

2000-01 Accreditation Cycle

2010-11 Accreditation Cycle

3(a) An ability to apply knowledge of An ability to apply knowledge of
mathematics, science, and engineering mathematics, science, and engineering
3(b) An ability to design and conduct An ability to design and conduct
experiments, as well as to analyze and experiments, as well as to analyze and
interpret data interpret data
3(¢c) An ability to design a system, An ability to design a system,
component, or process to meet desired component, or process to meet desired
needs needs within realistic constraints such
as economic, environmental, social,
political, ethical, health and safety,
manufacturability, and sustainability
3(d) An ability to function on multi- An ability to function on multi-
disciplinary teams disciplinary teams
3(e) An ability to identify, formulate, and An ability to identify, formulate, and
solve engineering problems solve engineering problems
3(f) An understanding of professional and An understanding of professional and
ethical responsibility ethical responsibility
3(g) An ability to communicate effectively An ability to communicate effectively
3(h) The broad education necessary to the broad education necessary to
understand the impact of engineering understand the impact of engineering
solutions in a global and societal context | solutions in a global, economic,
environmental, and societal context
3(3) A recognition of the need for, and an A recognition of the need for, and an
ability to engage in life-long learning ability to engage in life-long learning
3() A knowledge of contemporary issues A knowledge of contemporary issues
3(k) An ability to use the techniques, skills, An ability to use the techniques, skills,

and modern engineering tools necessary
for engineering practice

and modern engineering tools necessary
for engineering practice.

Table 1. Comparison of Criterion 3 outcomes for the 2000-01 and 1010-11 accreditation cycles

Voices for Change

The emerging need to redefine the minimum essential knowledge and skills required for

engineering practice can be seen in four recent sources:

e The National Academy of Engineering’s strategic vision for the engineering profession

e Efforts by several professional societies to formally define their disciplinary bodies of
knowledge

e These societies’ adoption of Bloom’s Taxonomy to improve clarity and to explicitly
define levels of achievement in educational outcome statements

e A forthcoming National Society of Professional Engineers position statement regarding
the need for revisions to Criterion 3

¥'602°'GT abed



In 2003, the National Academy of Engineering (NAE) published a broad-based vision for the
engineering profession—The Engineer of 2020.* As part of that vision, the NAE identified the
following attributes of engineers in 2020:

Strong analytical skills

Practical ingenuity

Communication skills

Business and management

Leadership

High ethical standards

Professionalism

Dynamism, agility, resilience, and flexibility
Lifelong learning

It is noteworthy that four of these nine attributes—practical ingenuity, business and management,
leadership, and dynamism—are not addressed in the current EAC Criterion 3 outcomes.

The NAE report also identifies the Academy’s aspirations to:

e “engineers...who will expand their vision of design through a solid grounding in the
humanities, social sciences, and economics.”

e ‘“engineers who will assume leadership positions from which they can serve as positive
influences in the making of public policy and in the administration of government and
industry.”

e ‘“engineers [who] will continue to be leaders in the movement toward use of wise,
informed, and economical sustainable development.”

e ‘“engineers [who] are prepared to adapt to changes in global forces...”

These areas of emphasis—humanities, social sciences, economics, public policy, public
administration, sustainability, and globalization—are only addressed indirectly in Criterion 3.
Their inclusion in the criterion is sufficiently peripheral that a program could easily avoid
addressing these topics without any risk of noncompliance. For example, sustainability is
addressed in Criterion 3(c) as one of eight possible design constraints; thus, a program can avoid
addressing sustainability simply by including some of the other constraints in the design
experience. Humanities might be included in a “broad education,” as referenced in Criterion
3(h), but a program that included no humanities could easily achieve breadth by other means.
Evidently, a substantial portion of the NAE’s vision for the engineer of 2020 is not addressed, or
not adequately addressed, in the current Criterion 3 outcomes.

Concurrent with the development of the NAE vision, several disciplinary professional societies
that have been similarly engaged in attempting to define the strategic direction of the engineering
profession. For over a decade, ASCE has been involved in an ambitious effort to better prepare
civil engineering professionals to meet the technological, environmental, economic, social, and

G'602'GT abed



political challenges of the future.” This “Raise the Bar” initiative attained an important
milestone in October 1998, when the ASCE Board of Direction formally adopted Policy
Statement 465. The most recent version of this policy is as follows:

The ASCE supports the attainment of a body of knowledge for entry into the practice of civil
engineering at the professional level. This would be accomplished through the adoption of
appropriate engineering education and experience requirements as a prerequisite for licensure.’

In conjunction with the implementation of Policy Statement 465, ASCE initiated a
comprehensive project to formally define the profession’s body of knowledge (BOK). In
January 2004 this effort came to fruition with ASCE’s publication of the first edition of the Civil
Engineering Body of Knowledge for the 21st Century—a report describing the knowledge, skills,
and attitudes necessary for entry into the practice of civil engineering at the professional level.’

This report describes the civil engineering BOK in terms of fifteen outcomes, the first eleven of
which correspond nominally to the ABET Criterion 3 outcomes. BOK Outcome 12 describes a
requirement for knowledge in a specialized area related to civil engineering; and Outcomes 13,
14, and 15 require understanding of professional practice topics—management, business, public
policy, public administration, leadership, and attitudes. Given that these professional practice
topics are not specific to the civil engineering discipline, the BOK indirectly suggests that the
current Criterion 3 outcomes no longer reflect the full scope of knowledge, skills, and attitudes
required for engineering practice today.

Having published its BOK, ASCE then determined that that changes to the EAC accreditation
criteria constitute the only viable instrument for effecting the broad-based curriculum reform
required for BOK implementation. Although outcomes associated with general professional
practice topics would have been most appropriately included in Criterion 3, ASCE recognized
that making changes to any of the General Criteria would be infeasible in the short term. Thus,
ASCE’s Committee on Academic Prerequisites for Professional Practice (CAP3) chose instead to
implement changes to the Civil Engineering Program Criteria, which ASCE can more readily
influence.®

In conjunction with BOK implementation and the development of new Civil Engineering
Program Criteria, CAP? and its subcommittees discovered that the wording of the current
Criterion 3 outcomes (which had been adopted without modification as BOK Outcomes 1
through 11) was too ambiguous to clearly establish the expected level of achievement associated
with each outcome. This distinction was particularly important to ASCE, because the civil
engineering BOK differentiates the knowledge, skills, and attitudes gained through education
from those gained through experience. Given that both education and experience contribute to
the attainment of most outcomes, it was critical to be able to define the different level of
achievement expected from each source.

CAP’ addressed this problem by adopting Bloom’s Taxonomy as the basis for defining levels of
achievement—in revisions to accreditation criteria as well as future editions of the BOK.’
Bloom’s Taxonomy is a well-established framework for defining educational objectives in terms
of the desired level of cognitive development.'® Benjamin Bloom’s six levels of cognitive
development—knowledge, comprehension, application, analysis, synthesis, and evaluation—
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describe a hierarchy of increasing complexity and sophistication in thought. Definitions of the

six levels are provided in the center column of Table 2 below.

The fundamental premise of Bloom’s Taxonomy is that an educational objective can be
referenced to a specific level of cognitive development through the verb used in the objective

statement. Some illustrative examples of verbs associated with Bloom’s six levels are provided

in the right-hand column of Table 2.

Level

Definition

Illustrative Verbs

1. Knowledge

The remembering of previously learned material. This may
involve the recall of a wide range of material, from specific
facts to complete theories, but all that is required is the
bringing to mind of the appropriate information.

define; describe;
enumerate; identify;
label; list; match;
select; state.

2. Comprehension

The ability to grasp the meaning of material. This may be
shown by translating material from one form to another
(words to numbers), by interpreting material (explaining or
summarizing), and by estimating future trends (predicting
consequences or effects). These learning outcomes go one
step beyond simple remembering and represent the lowest
level of understanding.

classify; cite; convert;
describe; discuss;
explain; generalize;
give examples;
paraphrase; summarize.

3. Application

The ability to use learned material in new and concrete
situations. This may include the application of rules, methods,
concepts, principles, laws, and theories. Learning outcomes in
this area require a higher level of understanding than those
under comprehension.

apply; calculate; chart;
compute; determine;
demonstrate;
implement; relate;
report; solve; use.

4. Analysis

The ability to break down material into its component parts so
that its organizational structure may be understood. This may
include the identification of parts, analysis of the relationship
between parts, and recognition of the organizational principles
involved. Analysis represents a higher level than
comprehension and application because it requires an
understanding of both the content and the structural form of
the material.

analyze; correlate;
differentiate;
discriminate;
distinguish; formulate;
illustrate; infer;
organize, outline;
prioritize; subdivide.

5. Synthesis

The ability to put parts together to form a new whole. This
may involve the production of a unique communication, a
plan of operations (research proposal), or a set of abstract
relations (scheme for classifying information). Learning
outcomes in this area stress creative behaviors, with major
emphasis on the formulation of new patterns or structure.

adapt; combine;
compile; compose;
create; design; develop;
devise; generate;
integrate; modify; plan;
revise; structure.

6. Evaluation

The ability to judge the value of material for a given purpose,
based on definite criteria. Learning outcomes in this area are
highest in the hierarchy because they contain elements of all
the other categories, plus conscious value judgments based on
clearly defined criteria.

appraise; compare &
contrast; conclude;
criticize; critique;
decide; defend;
evaluate; judge; justify.

Table 2. Bloom’s Taxonomy.

It should be noted that recent scholarship by Anderson and Krathwohl has produced a substantial
revision to Bloom’s model.'" CAP? carefully considered this revision but ultimately decided to
use Bloom’s Taxonomy in its original form as the basis for defining levels of achievement. In
Anderson and Krathwohl’s model, “create” (the equivalent of Bloom’s “synthesis”) is placed at
Level 6, and “evaluate” is relegated to Level 5. In engineering practice, design is the most
common form of synthesis; and design work is generally evaluated and affirmed by a supervising
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engineer. Hence, from an engineering perspective, it makes more sense for evaluation to be
placed above synthesis in the cognitive hierarchy, as is the case in Bloom’s original model.

ASCE’s adoption of Bloom’s Taxonomy has won strong support from the society’s accreditation
community, in part because Bloom’s model is well established and well respected, but also
because the use of strong, action-oriented verbs has significantly improved the clarity,
conciseness, and measurability of its new Civil Engineering Program Criteria. The success of
this effort also highlights significant shortcomings in Criterion 3—the use of ambiguous, non-
measurable verbs and the lack of any purposefully delineated levels of achievement in all eleven
outcome statements.

ASCE’s publication of the BOK generated a good deal of healthy discussion across the
profession. In response to the extensive feedback it received, CAP® developed and published a
revised edition of the civil engineering BOK in 2008.'> This revised formulation increased the
number of outcomes from 15 to 24. A portion of this increase resulted from subdividing and
reorganizing the previous 15 outcomes to improve clarity and measurability. For example, the
previous Outcome 1 (which corresponds to EAC Criterion 3(a), “an ability to apply knowledge
of mathematics, science, and engineering”’) was reformulated as four separate outcomes in the
second edition of the BOK:

e Outcome 1 — Solve problems in mathematics through differential equations and apply
this knowledge to the solution of engineering problems. (Level 3)

e QOutcome 2 — Solve problems in calculus-based physics, chemistry, and one additional
area of natural science and apply this knowledge to the solution of engineering problems.
(Level 3)

e Outcome 5 — Use knowledge of materials science to solve problems appropriate to civil
engineering. (Level 3)

e QOutcome 6 - Analyze and solve problems in solid and fluid mechanics. (Level 4)

Note that, in these revised outcomes, the verbs (highlighted in bold type) communicate the
expected level of achievement (in italics), through the application of Bloom’s Taxonomy. Note
also the implication that the current EAC Criterion 3(a) requires considerable clarification.

In addition to reformulating and reorganizing existing outcomes, the second edition of the BOK
defines new outcomes addressing humanities, social sciences, sustainability, history and heritage,
risk and uncertainty. These new outcomes are not specific to civil engineering and, thus, are
reasonably applicable to all engineering disciplines. ASCE has begun considering how these
new outcomes might be addressed in an additional revision to the Civil Engineering Program
Criteria;13 however, the general character of these outcomes would make their inclusion in
Criterion 3 of the EAC General Criteria more appropriate.

In 2009, the American Academy of Environmental Engineers defined and published the
environmental engineering body of knowledge (ENVE BOK).'* Of the 18 outcomes that define
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the ENVE BOK, topics that are not addressed in EAC Criterion 3 and are not specific to the
environmental engineering discipline include risk, reliability, and uncertainty; problem
formulation and conceptual analysis; sustainability; globalization; project management; business
and public administration; and leadership. And like the civil engineering BOK, the ENVE BOK
fully incorporates the use of Bloom’s taxonomy as the basis for defining levels of achievement.

Also in 2009, the National Society of Professional Engineers (NSPE) initiated its own internal
evaluation of the continued relevance and adequacy of EAC Criterion 3, from the perspective of
engineering licensure. This effort is expected to yield a formal NSPE Position Statement within
the next six months. Although this evaluation is still ongoing, its product is expected to include
a call to expand the scope of Criterion 3—to include new outcomes associated with risk and
uncertainty, sustainability, project management, business, public administration, public policy,
and leadership.

These recent initiatives by NAE, NSPE, ASCE, and AAEE demonstrate a remarkable degree of
consistency with respect to their emphasis on topics beyond the scope of the current Criterion 3
outcomes. These areas of emphasis are summarized in Table 3 below. Of the 15 areas, eight are
emphasized in at least three of the four sources, and two more are emphasized in two sources.
The level of agreement is even higher if one considers the NAE’s “dynamism, agility, resilience,
and flexibility” to be a subset of ASCE’s “attitudes,” and economics to be a subset of the social
sciences. A number of influential engineering educators and practitioners have called for greater
emphasis on many of these same subjects as well.”'® It is evident that, if Criterion 3 is to be
updated, the most broadly endorsed of these subjects should receive first priority.

NAE ASCE AAEE NSPE
Outcome Engineer C]ildBOK ENVE Position
of 2020 2™ Ed. BOK
Attitudes V
Business \ \ \ \
Dynamism, Agility, Resilience, Flexibility \
History and Heritage \
Economics \
Globalization \ \ \
Humanities \ \
Leadership \ \ \ \
Management or Project Management \ \ \ \
Practical Ingenuity \
Public Policy \ \ \
Public Administration \ \ \ \
Risk and Uncertainty \ \ \
Social Sciences \ \
Sustainability \ \ \ \

Table 3. Areas of emphasis beyond EAC Criterion 3 in various strategic vision documents.
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Potential Barriers to Change

There are four substantial barriers that are likely to impede the EAC Criteria Committee’s efforts
to consider changes to EAC Criterion 3:

e Programs’ desire for stability in accreditation criteria

e Programs’ resistance to further increases in non-engineering content in the baccalaureate-
level curriculum

e ABET’s ongoing effort to achieve harmonization of criteria across its four commissions

e A general belief that changes to accreditation criteria are not effective in facilitating
curricular reform or are not necessary to motivate curricular reform

Engineering programs’ desire for long-term stability in accreditation criteria is well-founded.
Substantive changes to accreditation criteria typically trigger major curriculum changes within
programs. At most institutions, large-scale curricular change may take one or two full years to
design, approve, and publish. Furthermore, major curriculum change often requires a phased
implementation period of up to four years, because the courses available to incoming freshmen
are typically treated as a contract between the institution and the students. Thus the time lag
between the inception of a major curriculum change and the assessment of outcomes associated
with graduates who have experienced the revised curriculum can easily reach six years. If
additional accreditation criteria changes occur within this six-year period, the program is in the
unenviable position of initiating new curriculum changes even before the previous round of
changes has been fully implemented or assessed. This so-called “moving target problem” is real,
and it must be taken into consideration in any decision to make major accreditation criteria
changes.

The “moving target problem” notwithstanding, the current Criterion 3 outcomes were first
published in 1996 and could not feasibly be changed before 2013 (assuming, optimistically, that
changes could be formulated by 2011, approved for public comment by 2012, and approved for
implementation in the 2013-14 accreditation cycle). If a criteria change cycle of less than six
years is demonstrably too short, then a change cycle of seventeen years is clearly too long—
particularly in an era of profound and accelerating change in the world around us.

Programs’ resistance to increasing content in the baccalaureate-level curriculum is well-founded
as well. Even as the engineering BOK continues to expand, many programs are facing
institutional or governmental pressure to reduce credit-hour requirements in their baccalaureate
degree programs.'’ Logically, however, ignoring the expanding BOK cannot be an acceptable
answer to this problem. If the demand for additional knowledge and skills is increasing, then the
profession’s logical response must be to increase the supply of education. Given the practical
limitations on curricular content in a four-year baccalaureate program, and the historical fact that
five-year baccalaureate programs have generally not been successful, establishment of the
master’s degree as the academic prerequisite for professional engineering practice is, arguably,
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essential. Fortunately, the National Council of Examiners for Engineering and Surveying
(NCEES) has already paved the way for this solution by modifying its Model Law requirements
for engineering licensure.'® The revised Model Law states that admission to the engineering
licensing exam will require a bachelor’s degree plus a master’s degree or an additional 30 credits
of acceptable upper-level undergraduate or graduate-level coursework from approved course
providers. In 2008, the effective date for the new Model Law was set at January 2020.

ABET’s recent harmonization project is intended “to promote clear, consistent, and compatible
communications among its many constituents and commissions” by achieving greater
consistency in criteria and terminology across the four ABET commissions—the Engineering
Accreditation Commission (EAC), the Computing Accreditation Commission (CAC), and
Technology Accreditation Commission (TAC), and the Applied Science Accreditation
Commission (ASAC)." Proposed harmonized criteria are currently published for public
comment and are intended for implementation during the 2011-12 accreditation cycle.”® Within
the harmonized criteria, Criterion 3 is now titled “Student Outcomes” for all four commissions,
and the student outcomes defined therein are highly consistent, as shown in Appendix A.
Having invested considerable time and effort in achieving this level of consistency, ABET may
resist large-scale changes to Criterion 3 for a single commission.

The author suggests, however, that the worthy goal of harmonization cannot supersede the
requirement that accreditation criteria define the minimum essential knowledge and skills
required for engineering practice. Without question, the formalized process for assessing the
validity of Criterion 3 should occur in all four commissions, and in cases where new outcomes
(e.g., project management) are found to be applicable across commissions, consistency should be
maintained. But in cases where consensus across commissions cannot be achieved, it must be
acknowledged that the explicit linkage between engineering education and licensure (and,
therefore, the linkage between engineering accreditation and public safety) is a compelling
reason for some degree of uniqueness in the EAC criteria.

A final potential barrier to change lies in the common and closely related beliefs that changes to
accreditation criteria are not effective in facilitating curricular reform or are not necessary to
motivate curricular reform. Both beliefs are inconsistent with the available evidence.

In 2006, the Center for the Study of Higher Education at Pennsylvania State University
published the results of a comprehensive and rigorous study of the impact of EC2000.”' The
study demonstrated unequivocally that engineering programs changed their curricula, teaching
methods, and internal continuous improvement processes substantially in response to EC2000.
Over the period of EC2000 implementation, student learning outcomes also improved, at a
statistically significant level, in all areas associated with the Criterion 3 outcomes. In light of
these results, the claim that accreditation criteria do not make a difference is not supportable.

Could these benefits have been achieved without the element of compulsion implied in the use of
accreditation criteria? Some contend that the publication of a compelling vision, such as the
NAE’s Engineer of 2020, should be an adequate motivator for broad-based curriculum reform.
According to this line of reasoning, programs should change on their own initiative, rather than
in response to the dictates of accreditation criteria. And while self-directed change is certainly
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desirable, ASCE’s experience with the implementation of Policy Statement 465 suggests that it is
likely to occur in only a minority of programs. Studies performed by the CAP? Curriculum
Committee following the publication of the BOK 1* Edition and by the CAP’ Educational
Fulfillment Committee following the publication of the BOK 2" Edition show a consistent
pattern: despite the promulgation of a compelling vision for curricular reform, a majority of

programs do not implement curricular change until the vision is translated into accreditation
criteria.

Conclusions and Recommendations
The evidence presented above leads to three important conclusions:

(1) Recently published visions for the engineering profession are highly consistent in their
call for more broadly educated engineers. Most of the specific knowledge, skills, and
attitudes identified in these sources would be most appropriately addressed in Criterion 3
of the EAC accreditation criteria.

(2) These sources agree that greater breadth should be attained at the baccalaureate level,
with technical specialization achieved through master’s-level study.

(3) The professional societies that have formally articulated their disciplinary bodies of
knowledge have found that the wording of the existing EAC Criterion 3 can be greatly
clarified through the application of Bloom’s Taxonomy.

In response to these conclusions, the author recommends the following:

(1) The EAC Criteria Committee’s ongoing project to develop a continuous quality
improvement process for its accreditation criteria should be strongly supported by ABET
and its member societies. If the process is applied across all four commissions, ABET
should not feel constrained to preserve full consistency across all four sets of Criterion 3
outcomes. The continuous improvement process should give a high priority to
formalized strategic visions and policy positions published by the NAE, NSPE, and the
disciplinary professional societies. Once implemented, this process should be applied to
the Criterion 3 outcomes.

(2) In order to address the “moving target problem,” the process of systematically assessing
and updating criteria should be implemented at regular six-year intervals. This six-year
interval would correspond to both the normal accreditation cycle and the worst-case time
period required for a program to design, approve, publish, implement, and assess major
curricular change. Thus, constraining major ABET criteria changes to a predictable six-
year schedule would allow programs to integrate accreditation criteria changes into their
own internal assessment, curriculum change, and accreditation preparation processes.
And no one would be caught off guard by unanticipated criteria changes.

(3) The scope of EAC Criterion 3 (and, to the greatest extent possible, the scope of Criterion
3 for the CAC, TAC, and ASAC criteria) should be expanded to include student
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outcomes requiring knowledge of business, globalization, leadership, project
management, public policy and administration, risk and uncertainty, and sustainability.
As a second priority, outcomes associated with the humanities and social sciences should
be considered as well. These could be substituted for the current outcomes associated
with “broad education” and “contemporary issues,” but the references to humanities and
social sciences should be explicit, such that the criteria requirements cannot be bypassed.

(4) All of the Criterion 3 outcomes should be rewritten to incorporate Bloom’s taxonomy.
The wording of each outcome should reflect a purposefully defined level of achievement.

(5) In conjunction with the implementation of revised Criterion 3 outcomes, current Program
Criteria that include provisions related to the new outcomes can, and should, be
simplified through the elimination of redundancies. Program Criteria for Civil
Engineering, Ceramic Engineering, Construction Engineering, Electrical Engineering,
Engineering Management, Environmental Engineering, Ocean Engineering, Petroleum
Engineering, and Software Engineering are most likely to be affected.

To illustrate the author’s intent in (3) and (4) above, a recommended set of revised Criterion 3
outcomes is provided in Appendix B. For each outcome, the implied level of Bloom’s
Taxonomy is also provided.

Implementation of these recommendations would, no doubt, entail an immense investment in
time and effort—within ABET and across the engineering profession. In the author’s view, this
level of investment is necessary if the NAE’s aspirational vision for the engineer of 2020 is to be
achieved. The vision is sufficiently compelling to make this effort worthwhile.

Bibliography

1.

ABET, “The Vision for Change: A Summary Report of the ABET/NSF/Industry Workshops,” May 1995.
Accessed at http://www.abet.org/Linked%20Documents-UPDATE/White%20Papers/Vision.pdf, January 7,
2010.

ABET Engineering Accreditation Commission (EAC), “Engineering Criteria 2000, Third Edition,” 1999.
Accessed at http://www.ele.uri.edu/faculty/daly/criteria.2000.html, January 7, 2010.

ABET EAC. “Criteria for Accrediting Engineering Programs — Effective for Evaluations during the 2010-2011
Accreditation Cycle,” November 2007. Accessed at http://www.abet.org/Linked%20Documents-
UPDATE/Criteria%20and %20PP/E001%2010-11%20EAC%?20Ceriteria%?2011-03-09.pdf, January 7, 2010.

National Academy of Engineering. The Engineer of 2020: Visions of Engineering in the New Century, National
Academies Press, Washington, D.C., 2004.

Russell, Jeffrey et al. “ASCE Policy 465: Status and Next Steps,” Proceedings of the 2009 Annual Conference
of the American Society for Engineering Education, June 2009.

American Society of Civil Engineers (ASCE). “ASCE Policy Statement 465: Academic Prerequisites for
Licensure and Professional Practice,” 2007. Accessed at
http://www.asce.org/pressroom/news/policy details.cfm?hdlid=15, January 7, 2010.

€1°602'ST abed



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

ASCE. Civil Engineering Body of Knowledge for the 21st Century: Preparing the Civil Engineer for the Future,
Reston, VA, 2004.

Ressler, S. J. “Progress on Raising the Bar—New Civil Engineering Accreditation Criteria,” Proceedings of the
2006 Annual Conference of the American Society for Engineering Education, June 2006.

Levels of Achievement Subcommittee of CAP>. “Levels of Achievement Applicable to the Body of Knowledge
Required for Entry into the Practice of Civil Engineering at the Professional Level,” ASCE, September 2004.
Accessed at http://www.asce.org/raisethebar, January 7, 2010.

Bloom, Benjamin S. Taxonomy of Educational Objectives, New York: Longman, 1956.

Anderson, Lorin W. and Krathwohl, David R. A Taxonomy for Learning, Teaching, and Assessing, New York:
Longman, 2001.

ASCE. Civil Engineering Body of Knowledge for the 21st Century: Preparing the Civil Engineer for the Future,
2" Edition, Reston, VA, 2008.

Ressler, S. J., “Influence of the New Civil Engineering Body of Knowledge on Accreditation Criteria,”
Proceedings of the 2008 Annual Conference of the American Society for Engineering Education, June 2008.

Environmental Engineering Body of Knowledge Task Force. Environmental Engineering Body of Knowledge,
American Academy of Environmental Engineers, May 2009.

Augustine, Norman R. “Reengineering Engineering,” Prism, American Society for Engineering Education,
February 2009, 46-47.

Grasso, Domenico, et al. “Dispelling the Myths of Holistic Engineering,” PE, August/September 2008, 26-29.

Russell, Jeffrey S. et al. “Why Raise the Bar for Civil Engineers?” Proceedings of the 2002 American Society
for Engineering Education Annual Conference, June 2002.

National Council of Examiners for Engineering and Surveying (NCEES) (2006). “News Release: 9-25-2006
Council Votes to Increase Amount of Education Required for Engineering Licensure,” September 2006.
Accessed at http://www.ncees.org/news/index.php?release id=1, January 7, 2010.

ABET. “A Guide to the Criteria Harmonization for Engineering Accreditation.” Accessed at

http://www.abet.org/Linked%20Documents-UPDATE/Criteria%20and %20PP/EAC%20Readers %20Guide.pdf,
January 7, 2010.

ABET EAC, “Proposed Changes to the Criteria.” Accessed at http://www.abet.org/Linked%20Documents-
UPDATE/Criteria%?20and %20PP/E001%2010-11%20EAC%20Criteria%2011-03-09-PROPOSED.pdf, January
7,2010.

Center for the Study of Higher Education, Pennsylvania State University. “Engineering Change: A Study of the
Impact of EC2000.” ABET, 2006. Accessed at http://www.ed.psu.edu/cshe/abet/ec2000.html, January 7, 2010.

Fridley, Kenneth, et al. “Educating the Future Civil Engineer for the New Civil Engineering Body of
Knowledge,” Proceedings of the 2009 American Society for Engineering Education Annual Conference, June
2009.

¥T1°602°'ST abed



Page 15.209.15

ue pue Ioj padu Ay} Jo SurpueisIopun ue 'y

pue 10J pPaau dy} Jo uontusoday ()

paau ay) Jo uonru3odar e (1)

puE ‘10J paau 9y} Jo uoniugooa e (1)

1X9IU0D
[8QO[S pue [BIA100S B UI sUONN[os A30[0Uyd9)}
Suneaui3ua jo joedur oy Jo a3pojmouy e [

K)2100s pue

‘suoneziue3io ‘sfenpIArpur

uo 3unndwos jo joedur (eqo[3 pue
[e00] a3 9zAeue 01 A)jige uy (3)

1X9JU0D [BJA100S pue [8qO[3
& UI suonnjos jo joedur
9 puejsIopun 0} A1esS0oU
uoneonpa peoiq Ayl (s)

JX)JUOJ [BJAIO0S PUB ‘[BJUIWUOIIAUD
OTUIOUO0I? ‘[BqO[3 © UI SUOHN[OS
Suneaur3us Jo joedwr oy pueisiopun
0] AIeSS209U uonEeINpa peoiq ay (4)

SONIATIOR
A3o[ouyo9)

FunauI3us paurjop-A[peolq Surpredal
A[9A1}09}J9 9eoIUNWWOD 0} AJI[Iqe ue ‘3

soouaIpne
Jo a3ue1 e Yim A[OATIO91)
aredrunuIwod o) ANfIqe uy (J)

A[9A1}09}J0
9reoIUNWIWOod 03 AJJIqe ue (1)

A[9A1}09}J0
areoIuNWIWod 03 AJJIqe ue (3)

K)SIOATP 10J 10adsal v Surpnpour
soniIqisuodsal [eorye pue [euorssajord ssaippe
0] JUSUTWWOD B pue Jo Sulpue)siopun ue ‘1

soniqrsuodsax

pue sanssI [BI00S pue

A)1Inoas ‘1839 ‘[eoryle ‘Teuorssojord
Jo Surpuejsiopun uy (?)

Aypiqisuodsar
[eory3o pue [euorssojord
Jo Surpuesiopun ue (b)

Aypiqisuodsar [eory)e pue
Teuoissajoid Jo Surpueisiopun ue (J)

sworqoid
ASo[ouyo9) SurreauISuS paurjop-A[peoiq
QAJOS pue ‘azATeue ‘AJnuopr 03 AJJIqe ue °J

uonnjos syt 03 deridordde
syuowaainbar Sunnduwoo

oy} QuIjop pue AJIIuopI pue
‘worqoad e azATeue 0) ANjiqe uy (q)

sworqoid
Qouaros pardde aajos
pue Ajnuapt 01 Ajiqe ue (d)

suro[qold SurroauI3us 9A[0S pue
‘ore[nuLIog ‘AJniuapt 03 AJIqe ue ()

wea) [edIuyda) B U0 IOpea[ 10
IoqUISWI ® Sk A[9ATIO9)J0 uonouny o) AIIqe ue 9

[e0S uowwod e
ysi[dwoode 0) Swed) uo A[9ATIORJJo

uonouny 03 AYIqe uy (p)

swrea) Areurjdiosipnnu
uo uonouny 0} AJjIqe ue (0)

swred) Areurjdiosipnnu
uo uonouny 03 AJfIqe ue (p)

$oA1)03[qo TeUOTIBONPS

weisoid o) ojerrdordde swojqoid A3o1ouyo9)
SurreauI3ua paurjep-A[peolq 1oj sassadoid

Io ‘syuouodwod ‘sura)sAs usisop o) AJ[Iqe ue p

Spoau pairsap 39ow 03 wei3oid 10
9uouodwod ‘ssa001d ‘wraIsAs
paseq-1oindwos e 9jen[eAd pue
9uowordwir ‘usisop 01 A[Iqe uy (9)

Spaau

paxisap jeour 03 werdoid
10 ‘ss001d ‘ura)sAs e ugisop
10 9ye[nuIog 0} AJNfIqe ue (u)

AJ[1Iqeure)SNS pue ‘AJI[IqeInjoeynueur
‘K19yes pue yIeay ‘[ednye

‘Teonijod ‘[e100s ‘[BIUSWUOIIAUD
OTUIOU0Dd SB YOoNs SJUTeIsuod
JNISI[BAI UTYIIM SPISU PATISIP

199w 03 ss9201d 10 quouoduwod
‘wo)sAs & uIsap 03 AJqIqe ue (9)

$9ss9001d aao1dwir 0} synsar

[eyuswradxe Adde o3 pue ¢sjuowrradxa jordiojur
pue ‘azATeue JONpuod 0] SJUSWINSLIW

pUE $1$9) PIepue)s Jonpuod 0} AI[Iqe ue 0

ejep
jo1dioyur pue 9zA[eue o) se
oM se ‘sjuawirzadxe Jonpuod
pue usIsop 03 AI[Iqe ue(w)

eyep jo1diour pue
ozATeue 0 Se [[om St ‘sjuowradxa
1onpuod pue ugisep 03 AIqe ue (q)

sar3ojopoyjaut 10 sainpadsoid pardde

pue so[drourid jo uoneordde oy axmbai jeyy
swojqoid A3ojouyo9) SurreauI3ua 03 A3o[0uyd9)
pue ‘SULIOAUITUL ‘9oULIIS ‘SonBWAYIRW

Jo a3pajmouy e A1dde pue 10979s 01 AJ1Iqe UR °q

aurdiosip oy 03 9jeridordde
sonewayiew pue Junndwood jo
a8pomouy A1dde 01 Apiqe uy (e)

saoua1os pardde pue ‘0ouaros
‘SONBWAYIRW JO A paymouy
A1dde 0y Ly1qe ue (1)

Sureaui3ua
pue ‘90uards ‘sonewaylewt
Jo a3peomouy Adde 03 A1fiqe ue (e)

JVL

IVI

JVSV

IVH

SUOISSIUWO)) LAYV SSOIdE S9uodIN() ¢ UOLRILL) Jo uostedwo)) — y xipuaddy




Page 15.209.16

‘JuawoAoIdw snonunuod
pue ‘ssaurjown ‘Ayrenb 03 juounIIWos € Y

sanIAnoe A30[0uyo9)

Suresui3ua paurjep-A[peoiq o3 sourdrosip
II97} JO S[00) UISPOW PUR ‘S[[S ‘sonbruyoe)
‘a3 pormouy] o) A1dde pue 309195 03 A1[Iqe UE "B

-oonoead Sunndwos 10§ A1essa0ou

S[00) pue ‘SIS ‘senbruyo9)
jua1Ind asn 03 Aqiqe uy (1)

-9onoead Teuorssojord

10J AIBSSQ09U S[00] [BOIUYD9)
pue JIJIJUSIOS UIIPOL

pue ‘s[[ys ‘senbruyoa

ay) asn 03 A3IfIqe ue (A)

-oonoead SurioouISus 10j AIessedou
$[00) SUrIEaUISUS UISPOW pUE ‘S[[IYS
‘sanbruyos) Y asn 03 AfIqe ue (3)

sansst Arerodwauod sansst

Jo a3pajmouy & (n) Krerodwajuod jo a3pajmouy e (I)

juowdoroaap Teuorssejoid juowdoroaap Teuorssejord FuruIea] SUo[-9J1] ul Surures|

Sumunuod pajoaIIp-Jos ur age3us 03 A[Iqe Sumunuos ur 93e3us 0} A[Iqe ue a3e3us 01 A)1]1qe U pue J10J uo[-o17 ur 93e3us 03 A[Iqe UL

JVL

IVI

JVSV

IVH




Page 15.209.17

€ [0AT] ‘Surajos-wo[qold SurroauI3us ur uonezieqo[s jo surpueisiopun ue Addy
uonedrddy
€ [oAT] ‘Surajos-worqoid Surreaurdus ur Aiiqeureisns jo sojdrournd A[ddy
uonedrddy
€ [oAT] ‘swo[qoid juowaseuew Jo9(o1d dAj0S
uonedrddy -9onoeld SuLI9aUISUD 0] ATBSS09U S[00] JULIAUISUD
€ oA ‘swa[qold SuLIOoUITUS 9A0S 03 S[00) SULISAUISUS UISPOUT IS} wpow pue ‘s[ys ‘sonbruyos) oy asn 03 AyIqe ue ()
(mo]2q
S2OUD1DS [D1D0S PUD SIYIUDUNY YIIN PIIDIDOSSD SAUL02IN0 £q paov|day]) sonsst Arerodwajuod Jo agpajmouy e (f)
uoneorddy ‘SUIUIRI[ PIJOAIIP-J[OS Surures[ Suof
o€ [9A] oy Kyroeded oy djeajsuowdp pue ‘Surured] Juol-f1[ J0J padu oy} urefdxyy | -9J1] ur a3e3ud 01 AJ[Iqe UB pUR ‘I0J PAU Y} JO UONIUT0IAI € (1)
1X9JUO0D [BJA100S
(Mo]j2q | puE ‘[BIUSWIUOIIAUD ‘OIUOU0I? ‘TeqO[3 B UI SUOIIN[OS SULIOAUISUD
S2OUD1DS [D1D0S PUD SIYIUDWNY YIIN PIIDIDOSSD SAUL02IN0 £q paovday]) Jo joedwr oy pueIsIopun 0) AIRSSIOAU UONBINPS PeoIq Y (U)
SISA[euy *SUONEOTUNUILIOD
SV oA [eorydeIs pue ‘uonIm ‘TeqIdA AT JIAIAP PUR IZIUBSIQ AToATIOQJJQ 9redoIUNUILIOD 0) AJI[Iqe Uk (3)
SISA[euy "uoroe Jo 9s1n0d deridoidde ue ourIo)dp 03 SISAIANUL
¥ [OAT [eoryle pue [euorssojoid SunoIFuod JUTAJOAUT UOTIEN)IS B IZA[RUY Anqiqisuodsar [eony)e pue [euorssejoid jo Surpuelsiopun ue (J)
SISA[euy sworqoad
o7 1A ‘swo[qo1d SULIOoUISUD JA[OS PUR ‘dJR[NULIOJ ‘AJIIUIP] SurroouI3us QA0S pue ‘dje[nuLIo} ‘AJNuUaprI 0} AJ[Iqe ue ()
uonedrddy
€ oA ‘wred) Areur[dIosIp-nNW € JO IOqUISW B SB U0Ioun g sure) Areur[drosipnnu uo uorouny 0 AIqe ue (p)
“SJUTRI}SUOD Ajiqeure)sns pue ‘AJI[Iiqein)oejnue
Ayqiqeureisns pue ‘(A[1qeIonnsuod 10) AJ[Iqeinjoejnue ‘Kjojes pue ‘Kyoyes pue yreay ‘Teony)e ‘[eonijod qeroos ‘[ejusluoIAUS
SISOUIUAS PTe9Y ‘TeoryIa ‘[eontjod Teroos ‘TejuUsUIUOIIAUD ‘OMIOUO0I? I0J FUNUNOIIE OTUIOUO0I? SB YONS SJUTRIISUOD JT)SI[BAI UTYIIM SPIU PAIISIP
G [9A9T ‘SPaaU PAIISIP 199w 0 $s9201d 10 ‘yuouodwod ‘WSAS © uBIS( | 100w 0} ssado1d 10 Yuouodwios ‘weysAs € usisop 01 AfIqe ue (9)
SISOUIUAS ‘eiep [RIUAWILIddX9 eyep 101d1ojur pue ozATeue
S [AT] joadadyur pue IzA[eur pue ‘s)udwLIdX? JoNpuod pue USISAQ 0] SE [[om s ‘sjuduIadxd Jonpuod pue usIsop 0} AJ[Iqe ue (q)
uoneorddy ‘swo[qoid JureauISua Jo uonnjos Y} 03 AUAS SureauIua
€ oA pue sonewayiew A[dde pue ‘9oudIos pue sonewdYIew ur swajqoid JAjos PUE ‘Q0UIs ‘sonewayIew Jo apajmouy A[dde 03 LyifIqe ue (e)
TUB) SJUIPN)S I19Y) Jey) derjsuoudp jsnuwx sweidord Surrduisuy F53UI02310 SULMOJIO) dY) UEyE
: : : SJuIPN)S 119y} jey) djerjsuowdp jsnw swerdoxd Surduiguy
AWouoXe J,
S woogq SAW02IN() € UOLIIILI) PIPUIWWIOINY SAW0d)IN() ¢ UOLIIILI)) JUILIN))
JO 1PAYT

SOWI0IN() ¢ UOLIIILID) PISIAIY PIPUIWMOINY — { XIpuaddy




Page 15.209.18

IJRIISUOUIIP GIOA Y} UO Paseq ST € [AIT
-az1ue3.10 K19A oY) UO PAseq ST [9A] |
"3)e[NULIOY AIOA U} UO PIseq ST §7 [OA] q
"uSISAP qIOA YY) UO Paseq ST G [T

‘JuIA[OS
-worqoid SurIoaUISUD JO SUOISUWIP JMWOU0d pue ‘Tedntjod ‘Teroos
9} 10J Junodde 0) (A30[01008 10 ‘A3ojoydAsd ‘aouaras [eonijod ‘suonerar

uoneorddy [EUOTIRUIOIUI ‘SOTWIOUO0II ‘SAIpN)s [eIM[nd ‘AJo[ooeyote ‘AKSojodorpue
€ oA Ipn[our AeW Yorym) S9OURLOS [BIO0S Y} JO AFpojmouy] uodn mea(q
‘Fura[os-woqold SuLIUISUS JO UOISUAUWIIP UBUINY
uoneorddy 9} 10J JuUN0ddE 0) (s3Ie oY) 1o ‘uorrfa1 ‘Aydosoryd ‘A10ISTY ‘me[ ‘QInjeIa)n|
€ oA ‘soengue[ apnour Aew YoIym) sonruewny Y} jo a8pojmouy] uodn meaq
uorsuayaidwo)
7 [PA9] ‘paIdisTUnUIpe pue pajernuioy st Aorjod orqnd moy urepdxyy
uorsuayaidwo) ‘Fuiajos-wopqoad
7 [PA9] Surreour3ua ur 19ped[ 2y} Jo 9[o1 ) pue sordrourid diysropes| urejdxyy
uorsuayaidwo)
7 [PA9] ‘ssoursng ur pasn sassaoo01d pue sydeouod Koy ureydxy
uonedrddy ‘Suiajos-wapqoid Jurreauidua ur Ajurelreoun
€ [oAT] pue JSLI 10 Junodde 03 sonsnels pue Aiqeqoid jo sordrournd oy A[ddy
uonedrddy
AWOUoXeJ,
S woofg SAW0JIN() ¢ UOLII}LI)) PIPUIW0INY SAW0IN() ¢ UOLIIILI)) JULIN))

JO [9A




