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Dear Reader:

Your interest in this draft Body of Knowledge (BOK) report is appreciated. This evolving
document was initially prepared by the ASCE BOK Committee, which began its work in
November 2005. The report has gone through many drafts, initially prepared and reviewed
by the BOK Committee, and other drafts more recently reviewed by other groups within
ASCE, including the Committee on Academic Prerequisites for Professional Practice
(CAP"3), Committee on Professional Practice (CPP), Educational Activities Committee
(EJAC), Committee on Curricula and Accreditation (CC&A), and the Department Heads
Council (DHC). As of July 15, 2007, the report , in the form of Draft 10, was made available
for widespread review throughout ASCE and beyond. You have that draft.

Your comments are most welcome. Please submit them as soon as possible but not later than
October 1, 2007. The earlier your comments are received the more likely they are to receive

thorough consideration by the BOK Committee which has been and will continue to meet to

process input received. Please appreciate that as of October 1, the Committee will be under a
tight report production schedule.

Please provide comments in one or both of the following formats:
1) General, broad comments organized by chapter and/or appendix.

2) Specific comments referenced to a page number plus line number(s). Line numbers
are not displayed for some tables, figures, and appendices. In these cases, please
reference a page number plus another unique identifier; e.g., row number, outcome
number, table or figure number, etc.

Please note that the BOK Committee is discussing input received during the last round of
reviews of the draft report with most of those comments coming from heads of civil
engineering departments. Examples of suggestions being discussed by the BOK Committee
are listed below. Knowing the kind of changes that are already under consideration may help
you formulate your comments.

1) Reduce the number of outcomes. Specific suggestions include, but are not limited
to, combining the Humanities Outcome and the Social Sciences Outcome into one
outcome, moving the Sustainability Outcome and/or the Globalization Outcome into
the Contemporary Issues Outcome, and moving the Attitudes Outcome into the
Professional and Ethical Responsibility Outcome.

2) Rearrange outcomes. For example, move the Communications Outcome from the
Professional category to the Foundational category.

3) Reduce levels of achievement. That is, adjust the formal education and/or experience
levels of some outcomes. For example, in the Humanities Outcome and the Social
Sciences Outcome, reduce the B level of achievement from 4 to 3 and in the
Experiment Outcome reduce the B level of achievement from 4 to 3.



4) Improve the definition of the BOK. Further emphasize that the BOK is strategic,
comprehensive, future-oriented, and aspirational. Stress the idea that while the BOK
has and will have some impact on accreditation criteria, the BOK will never “map”
directly into accreditation criteria. The primary purpose of the BOK is to provide
guidance to those universities and employers who want to be leaders in preparing and
nurturing the civil engineers of tomorrow.

5) Further clarify the reason for expanding from 15 outcomes in BOK1 to 28
outcomes in BOK2.

You or others can download additional copies of the draft report from
www.asce.org/raisethebar. Thoughts and comments should be sent to CAP"3 at
comments@bok.asce.org. Input will be reviewed by the BOK Committee and the final report
will be modified as appropriate. To reiterate, the Body of Knowledge Committee must
receive your comments on or before October 1, 2007. The Civil Engineering Body of
Knowledge for the 21% Century (Second Edition) is scheduled for release during Engineer’s
Week in February 2008 and will be available through www.asce.org/raisethebar.

Thank you again for your interest. The BOK Committee looks forward to receiving your
comments in support of the draft report and/or your suggestions for improving it.

Thank you.
The BOK Committee
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The civil engineering
profession is proactively
preparing for the future.

ASCE’s Policy Statement
465 calls for attainment
of a BOK Knowledge for
entry into the practice of
civil engineering at the
professional level.

Executive Summary

Destiny is not a matter of chance,
it is a matter of choice.
(William Jennings Bryan, American statesman)

The manner in which civil engineering is practiced must
change. That change is necessitated by forces such as globalization;
sustainability requirements; emerging technology; and increased
complexity with the corresponding need to identify, define, and
solve problems at the boundaries of traditional disciplines. As
always within the civil engineering profession, change must be
accomplished mindful of the profession’s primary concern of
protecting public safety, health, and welfare.

The profession recognizes the need for change. One recent
indication is the American Society of Civil Engineers’ facilitation, in
June 2006, of a gathering of civil engineering and other leaders,
including international participants, who were asked to articulate an
aspirational global vision for the future of civil engineering. The
resulting vision*?® sees civil engineers as being trusted by society to
create a sustainable world and enhance the global quality of life.

Body of Knowledge

Another example of the profession’s recognition of the need
for change, and one that began in 1998, is the ASCE Board of
Direction’s adoption, confirmation, and refinement of ASCE Policy
Statement 465 which “...supports the attainment of a Body of
Knowledge (BOK) for entry into the practice of civil engineering at
the professional level.” The policy goes on to explain that this
“...would be accomplished through the adoption of appropriate
engineering education and experience requirements as a prerequisite
for licensure.” PS 465 recognizes that the profession’s principal
means of changing the way civil engineering is practiced lies in
reforming the manner in which tomorrow’s civil engineers are
prepared, through education and early experience, to enter
professional practice.

The permanent Board-level Committee on Academic
Prerequisites for Professional Practice (CAP®) is charged with
implementing PS 465. CAP® developed an implementation master
plan, for which the BOK is the foundation. As one of its actions,
CAP® created a BOK Committee which published the first BOK
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The original BOK was
refined in response to
stakeholder input and
recent developments in
engineering education
and practice.

The BOK will be fulfilled
by a combination of
education and
experience.

(BOK1) in January 2004. In response to the expanding use of BOK1
by various stakeholders, and the questions asked and suggestions
offered as a result of that use, CAP® formed the second BOK
Committee in late 2005. This Committee was asked to produce a
Second Edition of the BOK report in response to stakeholder input
and recent developments in engineering education and practice. The
result is the refined BOK (BOK?2) presented in this report.

The BOK2 Committee began its work by reviewing the 15
outcomes comprising the core of BOK1.*® Also examined were
recent National Academy of Engineering Reports,*****® which were
found to be aligned with the BOK1, and other documents. Outcomes
are the heart of the BOK because they define the knowledge, skills,
and attitudes necessary to enter the practice of civil engineering at
the professional level in the 21% Century.

The original set of 15 outcomes was expanded, after careful
deliberation, to 28 outcomes organized into these three categories:
foundational, technical, and professional. The evolution from 15 to
28 outcomes further describe the BOK. Rather than adding content,
the larger number of outcomes add specificity and clarity.

The Committee adopted Bloom’s Taxonomy, which is widely
known and understood across the education community, as the
means of describing the minimum cognitive levels of achievement
for each outcome. Figure ES-1 presents the 28 outcomes and, for
each one, the level of achievement that an individual must
demonstrate to enter the practice of civil engineering at the
professional level.

Fulfilling the Body of Knowledge

According to PS 465, the BOK will be fulfilled by means of a
bachelor’s degree plus a master’s degree, or approximately 30
credits, and experience. Two common fulfillment paths were
developed, one involving an accredited bachelor’s degree in civil
engineering followed by a valid master’s degree, or approximately
30 credits, and the other using an appropriate bachelor’s degree
followed by an accredited master’s degree.



ObRrwWN

Outcome Level of achievement
number
and 1 2 3 4 5 6
title Know- Compre- Appli-  Analy- Synthe-  Evalu-
ledge hension  cation sis sis ation

Foundational

1. Mathematics B B B
2. Physics B B B
3. Chemistry B B B
4. Breadth in basic science B B B
5. Humanities B B B
6. Social sciences B B B
Technical
7. Mechanics B B B B |
8. Materials B B B
9. Breadth in civil engr. areas B B B B
10. Engineering tools B B B M/30
11. Engr. problem recog./solving B B B M/30
12. Design B B B B B E
13. Experiments B B B B M/30
14. Contemporary issues B B B E
15. Risk/uncertainty B B B E
16. Sustainability B B B E
17. Project management B B B E
18. Technical specialization B M/30 M/30 M/30 M/30 | E
Professional
19. Communication B B B | B | E |
20. History and heritage B B
21. Globalization B B B B
22. Prof. & ethical responsibility B B B B E | E
23. Public policy B B E
24. Business and public admin. B B E
25. Teamwork B B B E
26. Leadership B B B E
27. Life-long learning B B B E E |
28. Attitudes B B E
Key: Portion of the BOK fulfilled through the
bachelor’s degree
Portion of the BOK fulfilled through the

master’s degree or equivalent
(approximately 30 semester credits of
acceptable graduate-level or upper-
level undergraduate courses)

Portion of the BOK fulfilled through the

pre-licensure experience

Figure ES-1. The BOK rubric integrates outcomes, levels of
achievement, formal education, and pre-licensure experience.

3



O©CoOoO~NO UL WN PP

The refined BOK is the
foundation of the Policy
Statement 465 Master
Plan.

This report offers
guidance to BOK
stakeholders.

The report concludes
with recommendation for
using the BOK to
continue implementation
of ASCE Policy
Statement 465.

The roles of bachelor’s degree, the master’s degree or
approximately 30 credits, and experience in fulfilling the BOK are
shown in Figure ES-1. A detailed version of the figure, known as an
outcome rubric, appears as Appendix | and non-prescriptive
explanations for outcomes are presented in Appendix J. These two
appendices are the heart of this report. The report presents two
models for validating the fulfillment of the BOK, one for each of the
two previously-mentioned common fulfillment paths.

This report stresses the foundational role of the BOK in
implementing the PS 465 Master Plan noting how the CAP?
Committee and its subcommittees have built on, are building on, and
will build on the BOK2. Also presented are ways the BOK could be
used by prospective civil engineering students, high school
counselors, parents, employers, and others.

Roles of Faculty, Students, Engineer Interns, and Practitioners

PS 465 and the foundational BOK will reform the education
and pre-licensure experience of tomorrow’s civil engineers. The
resulting changes may raise concerns for some faculty members,
students, Engineer Interns, and those practitioners who coach or
mentor Engineer Interns. Accordingly, the BOK2 Committee invited
various accomplished professionals, drawn from academia and
practice and from the private and public sectors, to offer guidance
ideas. Their ideas were used by the Committee to create separate
guidance for faculty, students, interns, and practitioners. That
guidance is offered in this report with the hope that it provides useful
insights and advice.

The Next Steps

The BOK2 Committee believes that this report will
significantly assist with further implementation of ASCE PS 465.
Accordingly, the report concludes with implementation
recommendations for many stakeholders including the CAP?
Accreditation, Licensure, Educational Fulfillment, and Experience
Fulfillment Committees; the ABET Accreditation Council Task
Force (Ed. Note: Need to verify); university departments of civil and
environmental engineering; employers of civil engineers; civil
engineering students and interns; and other engineering disciplines
and organizations.
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The vision: civil
engineers will be
entrusted by society to
create a sustainable
world and enhance the
quality of life.

Chapter 1.
Introduction

If you want to build a ship,
don’t drum up the people to gather wood,
divide up the work and give orders.
Instead, teach them to yearn for the vast and endless sea.
(Antoine de Saint-Exupery, French poet)

The Vision for Civil Engineering in 2025

The American Society of Civil Engineers defines civil
engineering as “...the profession in which a knowledge of the
mathematical and physical sciences gained by study, experience, and
practice is applied with judgment to develop ways to utilize,
economically, the materials and forces of nature for the progressive
well-being of humanity in creating, improving and protecting the
environment, in providing facilities for community living, industry
and transportation, and in providing structures for the use of
humanity.”% The civil engineering profession is moving forward.

For example, in June 2006, a diverse group of civil engineering
and other leaders, including international participants, gathered to
articulate an aspirational global vision for the future of civil
engineering. Participants in this Summit on the Future of Civil
Engineering saw a very different world for civil engineers in 2025.
An ever-increasing global population that is shifting even more to
urban areas will require widespread adoption of sustainability.
Demands for energy, transportation, drinking water, clean air, and
safe waste disposal will drive environmental protection and
infrastructure development. Society will face threats from natural
events, accidents, and perhaps other causes such as terrorism.

Informed by the preceding, an aspirational global vision was
developed that sees civil engineers entrusted by society to create a
sustainable world and enhance the global quality of life. The 2025
vision is:*#8
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Reform in education and
pre-licensure experience
will help achieve the

civil engineering vision.

The ASCE Board of
Direction adopted Policy
Statement 465 in 1998
and thus began
reformation of the
education and early
experience of civil
engineers.

Entrusted by society
to create a sustainable world and
enhance the global quality of life,
civil engineers
serve competently, collaboratively, and ethically as
master:

e planners, designers, constructors, and operators of
society’s economic and social engine, the built
environment;

e stewards of the natural environment and its
resources;

e innovators and integrators of ideas and technology
across the public, private, and academic sectors;

e managers of risk and uncertainty caused by natural
events, accidents, and other threats; and

e leaders in discussions and decisions shaping public
environmental and infrastructure policy.

As used in the vision, “master” means to possess widely-
recognized and valued knowledge, skills, and attitudes acquired as a
result of education, experience, and achievement. Individuals within
a profession who have these characteristics are willing and able to
serve society by orchestrating solutions to society’s most pressing
current needs while helping to create a more viable future.

Summit organizers and participants intend that the vision will
guide policies, plans, processes, and progress within the civil
engineering community and beyond including around the globe.
Civil engineers and leaders of civil engineering organizations should
act to move the civil engineering profession toward the vision. One
critical action is reform in the education and pre-licensure experience
of civil engineers. This report was prepared and is presented in the
spirit of that reform.

ASCE Policy Statement 465: Emergence of the Body of
Knowledge

In October 1998, after years of studies and conferences, the
ASCE Board of Direction adopted Policy Statement 465 (PS 465),
which has since been refined and confirmed. The ASCE Board last
revised Policy Statement 465 in April 2007 and, as it has since
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ASCE supports the
attainment of a BOK for
entry into the practice of
civil engineering at the
professional level.

October 2004, the statement explicitly includes the Body of
Knowledge (BOK).'® The Policy now reads, in part:

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.

The BOK is defined in the policy as “the necessary depth and
breadth of knowledge, skills, and attitudes required of an individual
entering the practice of civil engineering at the professional level in
the 21% Century.” The long-term effect of PS 465 is illustrated in
Figure 1 which compares today’s civil engineering professional track
with tomorrow’s.

Today’s CE professional track:

[ “sompliciy |

| I Professional
| Sggg P Exper. practice and
L - l life-long learning

Tomorrow’s CE professional track:
_______ More

Professional
practice and
— — — —]

life-long Iearning)
Master’s degree Possibly more  With specialty
or approximately comprehensive certification
30 credits option

Bacc.
| leduc.

A

Modified

Figure 1. Implementation of Policy Statement 465 will improve
the life-long career of tomorrow’s civil engineer.

The BOK thrust resulted in the Body of Knowledge Committee
of the ASCE Committee on Academic Prerequisites for Professional
Practice (CAP?®) completing, in January, 2004, the report Civil
Engineering Body of Knowledge for the 21% Century.'® Report
recommendations were cast in terms of 15 outcomes that, compared
to today’s bachelor’s programs, included significant increases in
technical and professional depth. Included in the 15 outcomes were
the 11 outcomes directly influenced by those used by ABET in its
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The second BOK
Committee was formed to
respond to questions and
suggestions raised by the
report produced by the
first committee.

Basic Level General Criteria. Each outcome was further described
with a helpful, non-prescriptive civil engineering commentary.

As a result of reviewing and using the recommendations in the
civil engineering BOK report, stakeholders identified a problem and
raised issues related to the BOK. The problem was ambiguity of the
three principal words used to define competency levels, namely
recognition, understanding, and ability.

To remove this obstacle, CAP® formed the Levels of
Achievement Subcommittee in February 2005. The Subcommittee’s
September 2005 report'® contained many recommendations which
addressed the problem and are being implemented. Relative to this
second edition BOK report, the Subcommittee recommended using
Bloom’s Taxonomy to define levels of achievement (Bloom’s
Taxonomy is explained in Chapter 2 of this second edition BOK
report and applied in Chapters 2 and 3). Bloom’s levels of the
cognitive domain are widely known and understood across the
education community. Furthermore, use of measurable, action-
oriented verbs would facilitate more consistent curricula design and
assessment. Refer to Appendix C for a more detailed account of PS
465.

Formation of and Charge to the Second Body of Knowledge
Committee

In response to the recommendations of the Levels of
Achievement Subcommittee, the expanding use of the civil
engineering BOK by various stakeholders, and the questions asked
and suggestions offered as a result of that use, CAP® formed the
second Body of Knowledge Committee (the BOK2 Committee) in
November, 2005. This action was anticipated in that the initial BOK
report was envisioned as a First Edition, that is, part of a work-in-
progress.

The charge to the BOK2 Committee appears as Appendix D.
The process used to select Committee members along with the
names, affiliations, and contact information for Committee members
are presented in Appendix E. In essence, the Committee was asked
to produce a Second Edition of the BOK report in response to recent
stakeholder input and other developments in engineering education
and practice.
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Corresponding
members contributed
significantly to the
substance of this report.

Using a variety of
mechanisms, Committee
members proactively
interacted with
stakeholders.

Committee’s Overall Approach

The BOK2 Committee carried out its work in an inclusive and
transparent manner and adopted an aggressive schedule. It conducted
?7?? conference calls over ??? months and held ??? face-to-face
meetings during the period of November, 2005 to May, 2007 when a
complete draft report was completed for CAP® review.

As soon as it was formed, the Committee created a
correspondents group to review draft materials, respond to questions,
and otherwise provide ideas and information for consideration by the
committee. Corresponding members are mostly civil engineers from
the public and private sectors and academia. A list of correspondents
is included in Appendix E. Corresponding members, some of whom
are from other countries, participated in many and varied email
discussions and frequently commented on draft materials. They
contributed significantly to the content of this report.

During the course of its work, BOK2 Committee members
spoke at and/or participated in various conferences, workshops and
meetings, and wrote BOK-focused articles and papers for selected
publications within and outside of civil engineering. These activities
provided additional means of sharing progress and soliciting input.

Note to the Reader

To assist you, a list of abbreviations is included as Appendix A
and Appendix B is a glossary. Many other appendices, providing
various types of detailed information, appear at the end of the report
and all are cited at least once in the text. Some aspects of the
Committee’s work required research. Accordingly, the Committee
decided to document that research in appendices for current and
future readers who value the additional detail. Examples are
Appendices F and | through N which address Bloom’s Taxonomy,
humanities and social sciences, sustainability, globalization, public
policy, and attitudes. The last appendix, Appendix O — Notes, is
keyed to the body of the report via superscript numbers.
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Outcomes define the
knowledge, skills, and
attitudes needed to enter
the practice of civil
engineering at the
professional level in the
21 Century.

The Committee started
with and thoroughly
reviewed the original 15
outcomes.

Chapter 2:

Body of Knowledge —
Knowledge, Skills, and Attitudes
Necessary for Entry into Professional
Practice

Engineers must be society-wise
as well as technology-wise.
(Warren J. Viessman, Jr., engineer)

Introduction

Refining the civil engineering BOK for the 21% Century
challenged the BOK2 Committee, just as defining the initial BOK
challenged the first BOK committee. The Committee began the
refinement process by reviewing the 15 outcomes as described in the
original BOK report,'® recent National Academy of Engineering
(NAE) reports,*¥*'*® and other relevant documents. Outcomes define
the knowledge, skills, and attitudes necessary to enter the practice of
civil engineering at the professional level in the 21* Century.

The Committee focused on outcomes without consideration of
courses, semesters, faculty expectations, co- and extra-curricular
activities, access and delivery systems, and other administrative and
logistical aspects of teaching and learning the outcomes. For
example, topics listed in the outcomes could appear in more than one
course, one course could contain many of the outcomes, and,
conceivably, one outcome could encompass an entire course.
Outcomes could also be at least partially fulfilled during pre-
licensure experience.

Task groups, comprised of members of the BOK2 Committee
and others, were formed to review the original 15 outcomes, to
evaluate the need for revised and new outcomes, and to consider the
possibility of consolidating outcomes. The idea was to determine if
the original outcomes were still appropriate, that is, if they had stood
the test of time over the several years that they have been available
for discussion and use. This process, which was guided by Bloom’s
Taxonomy (described in the next section), led to a refined set of
outcomes and a supporting BOK rubric.

10



Learning taxonomies
help to articulate BOK
outcomes and
achievement levels.
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22
23 Bloom’s Taxonomy

24 satisfied simplicity and
25 relevancy needs.
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

Bloom’s Taxonomy

Articulation of BOK outcomes and related levels of
achievement comes, in part, from the desire to clarify what should be
taught and learned. Clarification can be achieved through the use of
organizing frameworks or taxonomies that systematically
differentiate outcome characteristics and promote common
understandings for all potential users of the BOK.

Accordingly, the ASCE Levels of Achievement
Subcommittee,"® which completed its work in September 2005,
undertook a review of the educational psychology literature to find
potential frameworks that might be applicable to the BOK.
Specifically, the Subcommittee wanted a relatively simple
framework, informed by educational research, which could link
BOK outcomes to actual learning and achievement. The taxonomy
that met simplicity and relevancy needs was Bloom’s Taxonomy**
as discussed in more detail in Appendices F and G.'** Bloom’s
Taxonomy found in the Handbook™! continues to find use today.
The Handbook was “ahead of its time”™* and its impact nationally
and internationally is well documented.

In summary, Bloom’s Taxonomy provides an appropriate
framework for the definition of levels of achievement in the Civil
Engineering BOK. More specifically:

e Bloom’s Taxonomy is widely known and understood
across the education community and its application to
engineering education is documented in the literature.
Thus levels of achievement based on Bloom’s Taxonomy
have broad legitimacy that no internally developed
taxonomy could possibly have.

e Bloom’s emphasis on the use of measurable, action-
oriented verbs linked to levels of development creates
understandable and implementable outcome statements that
will support consistent and more effective assessment.

Bloom’s taxonomy employs three distinct domains, the
Cognitive, the Affective, and the Psychomotor, which are
described™* as follows:

e “...the Cognitive Domain ... includes those objectives

which deal with the recall or recognition of knowledge and
the development of intellectual abilities and skills.”
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The 28 outcomes will
broaden and deepen the
formal education and
pre-licensure experience
of civil engineers.

Relative to today’s
approach, the 28
outcomes in the refined
BOK add technical depth
and professional
practice breadth.

e “...the Affective Domain ... includes objectives which
describe changes in interest, attitudes, and values ...”

e the Psychomotor Domain which includes “... the
manipulative or motor-skill area.”

This chapter focuses on the cognitive domain because that
domain addresses many conventional learning outcomes associated
with engineering. The Affective domain is discussed in Appendix G.
It has historically received less attention in engineering, although the
BOK2 Committee considers its relevance noteworthy and potentially
a useful complement to the Cognitive Domain in engineering. The
third domain, Psychomotor, is not pursued here.

Outcomes: Introduction

Table 1 introduces the 28 outcomes—six foundational
outcomes, 12 technical outcomes and ten professional outcomes—
recommended by the BOK2 Committee. Figure 2 summarizes the
information graphically. The outcomes are organized by three
categories to further clarify the BOK.

The foundational category warrants some explanation. The six
outcomes are foundational in two ways. First, these outcomes help to
lay the foundation for the remaining technical and professional
outcomes, that is, these six outcomes will help the civil engineering
student or intern fulfill the technical and professional outcomes.
Second, these six outcomes are the foundation for a well-educated
person in the 21% Century. Equipped with an understanding of
mathematics, science, humanities, and social sciences, individuals
will be in a position to understand the workings of the physical
world and the behaviors of its inhabitants. The breadth of knowledge
included in the foundational outcomes will also offer career and
other life options.

The outcomes collectively prescribe the BOK, that is, the
necessary depth and breadth of knowledge, skills, and attitudes
required of an individual aspiring to enter the practice of civil
engineering at the professional level in the 21% century. Relative to
today’s approach, tomorrow’s civil engineer, before entry into the
practice of civil engineering at the professional level, will:

e master more mathematics, science, and engineering science
fundamentals,

e maintain technical breadth,
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Active verbs define, for
each outcome, the
necessary level of
achievement.

e acquire broader exposure to humanities and social sciences,
e gain additional professional practice breadth, and
e achieve greater technical depth, that is, specialization

In Table 1 and Figure 2, outcomes are listed in approximate
pedagogical order within the foundational, technical, and
professional categories. Note how active verbs, indicated in bold
italics and consistent with Bloom’s Taxonomy, help define for each
outcome the level of achievement that must be demonstrated for
entry into the practice of civil engineering at the professional level.

The evolution from 15 outcomes in the BOK1 report to 28
outcomes in this BOK2 report warrants discussion. In reviewing the
original 15 outcomes, the Committee determined that some of the
individual outcomes could be clarified if they were presented as two
or more outcomes.

For example, BOK1 Outcome 1, with the short name Technical
core becomes, in this BOK2 report, these five outcomes: 1.
Mathematics, 2. Physics, 3. Chemistry, 7. Mechanics, and 8.
Materials. Similarly, BOK1 Outcome 10, Contemporary issues,
becomes, in this BOK2 report, Outcome 14, Contemporary issues
and their relationship to engineering, and Outcome 21,
Globalization. These and the other relationships between the 15
BOK1 outcomes and the 28 BOK2 outcomes are shown in Appendix
H.

While some outcomes were added to further clarify the BOK1
outcomes, other outcomes were added to clarify other aspects of the
BOK. For example, consider ABET’s Criteria for Accrediting
Engineering Programs.*® “Criterion 4, Professional Component” in
the General Criteria for Basic Level Programs states that one
required element of the professional component is “a general
education component that complements the technical content of the
curriculum and is consistent with the program and institution
objectives.” Given the importance of this general education
requirement and the effort expended on general education in the
typical civil engineering curriculum, the BOK2 Committee endorsed
this important requirement and concluded that it should be defined in
terms of outcomes. Accordingly, the Committee added Outcome 5,
Humanities and Outcome 6, Social sciences.
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Evolving from 15 to 28
outcomes provides
specificity and clarity.

The ABET Program criteria for Civil and Similarly Named
Engineering Programs™® calls for “proficiency in a minimum of four
recognized major civil engineering areas.” The BOK2 Committee
concluded that this well-intentioned requirement should be clarified
with the assistance of Bloom’s Taxonomy. The result is Outcome 9,
Breadth of civil engineering areas.

In summary, the evolution from 15 outcomes to 28 outcomes
further describe the BOK. Rather than adding content to the BOK,
the larger number of outcomes add specificity and clarity.

Reaching the recommended levels of achievement, that is,
fulfilling the BOK, will be accomplished through a combination of
formal education and early experience. The next major section of
this report presents a comprehensive discussion of fulfilling the
BOK.
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Table 1. Entry into the practice of civil engineering at the
professional level requires fulfilling 28 outcomes to the various
levels of achievement.

Key: L1 through L6 refers to these levels of achievement:

Level 1 (L1) - Knowledge
Level 2 (L2) - Comprehension
Level 3 (L3) - Application
Level 4 (L4) - Analysis

Level 5 (L5) - Synthesis
Level 6 (L6) - Evaluation

Outcome To enter the practice of civil engineering at the
number professional level, an individual must be able to
and demonstrate this level of achievement
title
Foundational Outcomes
1 Solve problems in  mathematics through

Mathematics

differential equations and apply this knowledge to
the solution of engineering problems. (L3)

2 Solve problems in calculus-based physics and
Physics apply this knowledge to the solution of
engineering problems. (L3)
3 Use knowledge of chemistry to solve problems
Chemistry appropriate to civil engineering. (L3)
4 Use knowledge of an area of science other than
Breadth in basic | mathematics, physics, and chemistry, to solve
science problems. (L3)
5 Formulate applicable criteria grounded in the
Humanities humanities a