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Professional Skills:
The Globalization Equalizer

Ronald Welch

The University of Texas at Tyler
United States of America

1. Introduction

According to the International Monetary Fund (IMF Staff, 2008), globalization “refers to the
increasing integration of economies around the world, particularly through the movement of
goods, services, and capital across borders.” This integration can be positive or negative
depending on one’s point of view. The current trade deficits and job losses for the United
States as companies outsource their work to countries where the labor costs are extremely low
can be seen as negative (e.g., The North American Free Trade Agreement or NAFTA), while the
economic development of these poorer nations can be seen as positive. Friedman’s (2005) Book,
The World is Flat, highlights how technology has allowed many countries to include China and
India to become part of the global supply chain for manufactured goods as well as services
such as engineering. Of course, globalization not only affects economics, but there are also
broader political, environmental, and cultural dimensions which have resulted in globalization
becoming a major focus for many companies and universities as well as nations.

What are the skills needed to compete in the global economy? How does one gain these skills?
The European Union is currently studying how to not only improve the workforce skills
through “New Skills for New Jobs” (European Commission, 2011), but to ensure they have a
unified employment strategy that builds upon successful cooperation between higher
education and businesses to modernize educational preparation of new graduates with skills
for the global markets of the future. Many schools point toward their International Studies
programs as the gateway to a “broad, interdisciplinary program with a flexible curriculum
that emphasizes the development of knowledge and analytical approaches needed to
understand the contemporary global system.” (UW-Parkside, 2011) Others require a semester
abroad or the completion of a team project abroad. Some schools require the faculty to travel
abroad in hope they will pass along their global perspectives to their students. One Dean has
stated that “international study shouldn’t be elective.” (Goinglobal, 2011)

Career counselors highlight the need to be not only strong in one’s discipline expertise using
cognitive skills such as problem-solving, decision making, and knowing how to learn, but
also through the use of social skills such as working in multi-cultural teams and personal
skills such as being flexible and innovative. (Peters-Behrens, 2011) Work experience during
summer internships as well as semester abroad experiences provides real-world
opportunities for applying these skills. Even the prime minister of the United Kingdom
called for expanded apprenticeships to aid in Britain’s “global skills race” to remain
internationally competitive. (Brown, 2008)
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50 New Knowledge in a New Era of Globalization

These same questions have been the source of discussions among US engineering firms and
societies for many years leading to new ABET EC2000 (adopted in 1997) criteria supported
by the engineering societies. (ABET, 2011) A quick look at these criteria depicts the
importance of professional and global skills by their inclusion within ABET Criterion 3 a-k.
The generally recognized ABET professional skills are: ability to function on a multi-
disciplinary team (3.d), understanding professional and ethical responsibility (3.f), ability to
communicate effectively (3.g), broad curriculum (3.h), recognition of need by an ability to
engage in life-long learning (3.i), and knowledge of contemporary issues (3.j). Investigation
of program criteria provides insight into additional professional skills being required within
the Civil Engineering program criteria - leadership, business practices, public policy and
administration, and asset management. All of these professional and global skills point to
the growing importance of the management of engineering services over a focus solely on
number crunching work. Are these not some of the same skills desperately needed within
engineering companies as they move toward international markets?

If these professional skills are possibly a globalization equalizer and initial understanding and
skill development occurs within university curriculum, then academic programs must provide
the correct emphasis of these professional skills within their programs. (Steering Committee,
2006; Downey et.al., 2006) Based on the author’s experience teaching senior design courses and
as an ABET program evaluator (PEV), students applying professional skills for the first time in
the curriculum during the senior design will not attain the level of performance desired in the
professional skills (ABET Outcome 3d, f, g, i, j). These topics are sometimes relegated to a
senior seminar during the last semester before graduation. If they are important enough to be
elevated to outcomes, and some feel they are difficult to master and assess, then why are they
sometimes addressed and demonstrated only once in the curriculum? PEV experience
highlights that programs tend to focus only on what they understand.

1.1 Professional outcomes

What is the current emphasis of professional outcomes within curriculums? The ABET
criteria are based on input from the numerous professional societies that are continuously
evolving the required skills of future employees. The Engineering Accreditation
Commission (EAC) works with the professional engineering societies to establish the skills
required for future engineers. After many years of discussion and negotiation, EC2000
Criterion 3 a-k were adopted in 1997. The ABET EC2000 professional skills are: ability to
function on a multi-disciplinary team (3.d), understanding professional and ethical
responsibility (3.f), ability to communicate effectively (3.g), broad curriculum (3.h),
recognition of need by an ability to engage in life-long learning (3.i), and knowledge of
contemporary issues (3.j). Even though the EC2000 criteria and the professional skills have
been part of the assessment process for two assessment cycles for many programs, programs
are still experimenting with how best to assess and demonstrate accomplishment of these
professional skills. The difficulty arises in how students demonstrate or fully understand
what these outcomes are asking when the demonstration is occasionally left to a single event
such as a seminar within the senior year.

These professional outcomes have been referred to as “soft” outcomes by many when they were
first presented as part of ABET EC2000 Criterion 3. (ABET, 2011; Shuman et. al., 2005) Others
have used the word “squishy” when considering how difficult it is to assess professional skills
compared to the “hard” skills of engineering. (Welch et. al, 2005) “Soft” or “Squishy”, the
professional skills are not as easily assessed and many times require multiple assessment
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methods, multiple activities within the academic setting as well as possible activities like
Engineers Without Borders (EWB) or other service activities to be able to properly demonstrate
accomplishment of the outcome. (Shuman et. al, 2005) However, not every student will
participate in EWB or other service activities unless a program requires participation as part of
their graduation requirements. Another example of the difficulty is that students may properly
assess a situation based on proper ethical reasoning, but there is no assurance that they will
actually act ethically. Some define professional skills as how we perform in professional
settings, but how do educators develop and assess such skills? Does the educator possess
professional experience and a professional engineer (PE) license? Even a PE needs a
methodology understood by all to properly and continually assess professional practice skills.
Even though EC2000 was newly adopted and programs were investigating how best to
demonstrate accomplishment of all new criteria, ASCE recognized the lack of certain
knowledge and skills among civil engineering graduates. ASCE took the lead in education
reform and formed a committee to study and develop a Civil Engineering Body of Knowledge
(BOK) (ASCE 2004) to document the requisite knowledge, skills, and attitudes necessary for
future civil engineers. This new civil engineering BOK included the ABET EC2000 3 a-k
outcomes. Two key factors associated with the BOK were: 1) a lack of a clear definition of
expected performance levels by these new engineers even though the wording was consistent
with ABET definitions which are generally difficult to define clearly, and 2) the addition of
four new outcomes focused on additional professional topics and discipline depth.

Very quickly it was determined by most programs and ASCE that the discipline depth could
only occur at the Master’s level with larger breadth occurring at the undergraduate level.
The addition of professional skills above what even ABET EC2000 requires reflects greater
recognition of the importance of the development of professional skills at the bachelor’s
level. How/Where are these supplementary professional topics to be included in current
curriculums? How are these additional topics to be covered when some programs are
required to decrease credit hours for faster graduation rates without decreasing the required
Core courses? The engineering programs within the University of Texas System decreased
their credit hours to 128 or less in 2007 based on legislative requirements to decrease time to
graduation. Currently, there are discussions to possibly decrease the number of credit hours
to 120 credit hours for all programs within publically supported programs to decrease the
amount of funding being sent to schools of higher education as part of state-wide cost
cutting measures. Many universities are facing similar conditions while needing to meet
global skills of future engineers.

ASCE also realized that adjustments to the first edition of the BOK (ASCE, 2004) were
needed based on the comments that arose from the ASCE Curriculum Committee (ASCE,
2007) investigating how to implement the outcomes. The central issue was the lack of a
methodology to determine how well and at what level a program needed to demonstrate
accomplishment of outcomes. Some of the schools on the ASCE Curriculum Committee
working towards implementation of the outcomes decided after reviewing numerous
taxonomies that Bloom’s Taxonomy (Bloom et. al., 1956) should be used to define the proper
level of demonstration of outcomes. One of the first orders of business of the new BOK II
committee (ASCE, 2008) was to apply Bloom’s Taxonomy (read action verbs) to define the
level of demonstration of each outcome at not only the undergraduate level, but master’s
and experience levels as well. This level of definition of demonstration was applied to ABET
Outcomes 3 a-k as well. Another focus as a result of the earlier ASCE Curriculum
Committee’s work was the splitting of ABET outcomes into a larger number of smaller
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outcomes. For example, ABET Criteria 3.a is “an ability to apply knowledge of mathematics,
science, and engineering,” (ABET, 2011) which became in BOK II outcomes 1 Mathematics, 2
Natural Sciences, 5 Materials Science, and 6 Mechanics. (ASCE, 2008)

Graduates:

1. Can apply knowledge of traditional mathematics, science, and engineering skills, and use
modern engineering tools to solve problems.

2. Can design and conduct experiments, as well as analyze and interpret data in more than
one civil engineering sub-discipline.

3. Can design systems, components, and processes and recognize the strengths and areas
for possible improvement of their creative designs within realistic constraints such as
regulatory, economic, environmental, social, political, ethical, health and safety,
constructability, and sustainability.

4. Can work independently as well as part of a multidisciplinary design team.

5. Can identify, formulate, solve and evaluate engineering design problems using
engineering models in the four of the six sub-disciplines civil engineering: structural
engineering, transportation engineering, construction management, geotechnical
engineering, hydrology and/or environmental engineering.

6. Can analyze a situation and make appropriate professional and ethical decisions.

7. Can demonstrate effective oral, written, and graphical communication skills.

8. Can demonstrate a commitment to learning and continued professional development
outside the classroom, incorporate contemporary issues and historical issues during
problem solving, and determine the impact of engineering solutions in a global and
societal context.

9. Can explain professional practice attitudes, leadership principles and attitudes,
management concepts and processes, and concepts of business, public policy, and public
administration.

10. Can demonstrate the importance of humanities in the professional practice of civil
engineering.

11. Can demonstrate the incorporation of social sciences knowledge into the professional
practice of civil engineering.

12. Can use the knowledge of material sciences to solve problems appropriate to civil
engineering.

13. Can analyze and solve problems in solid and fluid mechanics

14. Can apply principles of sustainability to the design of traditional and emergent
engineering systems.

15. Can apply the principles of probability and statistics to solve problems containing
uncertainties and risk assessment.

Table 1. UT Tyler CE program outcomes

The previous discussion surrounding the addition of new outcomes to BOK I, when reviewing
skills needed by graduating engineers, resulted in the addition of outcomes to BOK II when
necessary entry level skills were readdressed. The new outcomes are: sustainability, historical
perspectives, globalization, humanities, social sciences, risk and uncertainty, and breadth in
civil engineering areas. Some of these new outcomes may be considered professional practice
skills such as humanities, social sciences, historical perspectives, sustainability and, of course,
globalization. The ASCE Fulfillment Committee (Fridley, 2010) is currently studying
implementation techniques for the new outcomes as well as implementation of adjusted levels
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of outcome demonstration at the undergraduate level using Bloom’s Taxonomy. It is only a
matter of time before these new outcomes and levels of demonstration occur within ABET
general program criteria as is being called for by some (Ressler, 2010) or CE program criteria as
the new outcomes in BOK I did in 2008 just four years after BOK I was in print. Some even hint
that changes every six years are reasonable to consider. (Ressler, 2010) This current BOK II list
of professional skills is a mixture of the skills gained through many international studies,
management, business, and engineering programs.

The current CE program criteria professional outcomes are leadership, public policy and
administration, business practices and asset management (adopted in 2008). What are the
best methodologies and location for demonstrating these outcomes? Can programs
successfully demonstrate these professional outcomes at the Bloom’s Taxonomy levels
indicated in the BOK II?

As a case study, this chapter will provide an in-depth look at the CE program at The
University of Texas at Tyler (UT Tyler). The professional topics emanate from Program
Outcomes (PO) 4, 6, 7, 8, 9, 10, 11, and 14 (Table 1 (Bold)) which are derived from ABET
Outcomes (3.d), (3.f), (3.g), (3.h), (3.i), and (3.j) (Table 2 (Bold)) and the CE program criteria
with additions and adjustments based on BOK II. PO 9 specifically incorporates the new
undergraduate professional requirements located within the current CE program criteria
(from BOK I). Outcomes 10-15 in Table 1 are the new program outcomes emanating from
BOK II. Like a number of programs, UT Tyler has added the new outcomes and adjusted
others to begin experimenting with how best and where to implement and demonstrate
them. (Fridley, 2010)

Demonstration (incl. Process & Measurements) that Graduates have:

(a) ability to apply knowledge of math, engineering, and science

(b) ability to design and conduct experiments

(b) ability to analyze and interpret data

(c) ability to design system, component or process to meet needs within realistic constraints
such as regulatory, economic, environmental, social, political, ethical, health and safety,
constructability, and sustainability.

d) ability to function on multi-disciplinary teams

e) ability to identify, formulate, and solve engineering problems

f) understanding of professional and ethical responsibility

h) broad education

i) recognition of need by an ability to engage in life-long learning

j) knowledge of contemporary issues

(
(
(
(g) ability to communicate effectively
(
(
(
(

k) ability to use techniques, skills, and tools in engineering practice

Table 2. ABET criterion 3 a-k

1.2 Alumni and employer assessment of professional skills

How important are current professional outcomes to recent graduates working within the
civil engineering profession? The importance of professional skills to engineering is clear
through the inclusion of professional outcomes within ABET EC2000 and the civil
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engineering profession through the inclusion of professional outcomes within the program
criteria in 2008. An available data source for investigating the importance of professional
skills is surveys from recent alumni of UT Tyler and their employers within East Texas. As
expected, the return rates were much better for the alumni (82 percent) than the employers
(33 percent). Using these results presented in Table 3 (professional outcomes are bold), it is
clear that the alumni felt they had improved their professional skills through their one year
of experience and that the demonstration of the professional skills as worded was highly
appropriate. The employers also rated highly the alumni professional skills and felt that
even in East Texas that the assessment of these professional skills as worded was highly
appropriate.
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1b. Can apply knowledge of traditional science
(calculus-based physics, Chemistry, additional 4.4 4.8 4.6 4.5 4.5
science) to solve problems

1c. Can apply knowledge of traditional engineering

skills to solve problems 48 4.6 48 5.0 4.5

1d. Can use modern engineering tools (excel,
MathCAD, etc.) to solve problems

2. Can design and conduct experiments, as well as
analyze and interpret data in more than one civil 4.6 4.4 4.5 4.5 4.5
engineering discipline

4.7 4.5 4.8 4.5 4.5

3a. Can design systems, components, and processes | 4.5 4.5 4.1 4.0 4.0

3b. Can recognize the strengths and areas for
possible improvement of their creative designs
within realistic constraints such as economic, 45 4.6 4.8 45 5.0
political, social, constructability, sustainability,
public health and safety, environmental, and ethical.

4. Can work independently as well as part of a

multidisciplinary design team 47 | 48 4.8 4.5 45

5a. Can identify, formulate, and solve engineering
design problems using engineering models in the 4.4 4.6 4.8 4.5 4.5
discipline of structural engineering
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5b. Can identify, formulate, and solve engineering
design problems using engineering models in the 4.2 41 44 4.5 4.5
discipline of transportation engineering
5c. Can identify, formulate, and solve engineering
design problems using engineering models in the 4.3 4.6 4.6 4.5 4.5
discipline of construction management
5d. Can identify, formulate, and solve engineering
design problems using engineering models in the 42 44 4.8 4.0 4.5
discipline of hydrology and hydraulic design
5e. Can identify, formulate, and solve engineering
design problems using engineering models in the 3.1 3.4 4.0 4.0 4.5
discipline of environmental engineering
6a. Can'analyze a s.1tuat10n and make appropriate 46 46 46 5.0 5.0
professional decisions
6b. .Can an?lyze a situation and make appropriate 44 46 48 5.0 5.0
ethical decisions
7. Have e.ffec-tlve OTal, written, and graphical 16 16 4.9 45 45
communication skills
8a. Demonstrate a commitment to learning and
continued professional development outside the 4.7 4.8 4.9 4.5 4.5
classroom
8b. Incorporafe contemporary issues during 43 48 44 45 45
problem solving
?c. Determine the 1.mpact of engineering solutions 40 45 48 4.0 40
in a global and societal context
9a. Can explain professional practice attitudes 4.3 4.3 4.6 4.0 4.5
9b. Can explain leadership principles and attitudes| 4.4 4.5 4.5 4.0 4.5
9c. Can explain management concepts and 44 16 16 45 45
processes
9d. Can explain concepts of business practices 44 4.5 4.6 4.5 4.5
9e. Can explain public policy and public 47 48 46 45 45

Table 3. Alumni and employer assessment of program outcomes
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The employers did feel that the alumni did not have the same skill development as the other
outcomes in demonstrating the impact of engineering solutions in a global and societal
context, professional attitudes, and leadership principles and attitudes. The local focus of
the firms and the limited leadership opportunities for new Engineering-in-Training (EIT)
engineers would severely limit rapid development through on-the-job experiences. The
results did highlight for the program that these outcomes may require more emphasis
within the curriculum such that alumni may more aggressively take on leadership roles
when opportunities arise. The employers also did not feel that demonstrating the impact of
engineering solutions in a global and societal context was as appropriate, and from the East
Texas focus of the firms the result is expected. As with any survey, the perception of those
being surveyed must be considered.

The transition to a need to understand and demonstrate the impact of engineering solutions
in a global and societal context within all engineering firms is somewhat similar to the
transition by structural engineers from Allowable Stress Design (ASD) to Load Resistance
and Factored Design (LRFD) for steel and reinforced concrete design a number of years ago.
A major portion of the transition work was completed within universities through their
preparation of the next generation of employees. (ASCE, 2004) The universities researched
the methodologies, developed new techniques, and taught the new LRFD techniques that
are now the standard in most structural firms. The firms were able to make the necessary
senior level hires to manage new hires through a successful transition to the new structural
analysis and design techniques. Could a similar process that provides some level of stability
within a company be used during the development of required global skills in all
employees?

A key point from the data in Table 3 is that the employers did not feel that an outcome such
as demonstrating the impact of engineering solutions in a global and societal context was
inappropriate at all, just not as important for their firm. On the other hand, the employers
provided a maximum score not only on the alumni demonstration, but the appropriateness
of demonstrating proper analysis of a situation and making appropriate professional and
ethical decisions. A large step towards the desired global skill set. Many programs are still
investigating, applying, and assessing how, where, and how much demonstration of each
professional skill is required within engineering problem solving.

2. A possible process to improve professional skills

Can professional (global) skills be taught? Should ABET use Bloom’s taxonomy to elevate
and demonstrate the professional outcomes? What techniques are best to assess professional
outcomes? Every program is challenged with how best to teach and then assess the
demonstration of each outcome, but especially professional outcomes. As a PEV, the data
and assessment of professional outcomes were the hardest to interpret and evaluate for
proper demonstration based on the wording used by ABET (ability, recognize, understand).
The use of action verbs with each outcome would greatly decrease the uncertainty of
whether a program has demonstrated accomplishment of an outcome.

The UT Tyler program used the following process to teach and then assess the professional
outcomes. First, action verbs were associated with an appropriate Bloom's level, and more
recently with the levels proscribed within the BOK II (Table 1). The ABET professional
outcomes (3.d) multi-disciplinary teams, (3.g) communicate effectively, (3.i) life-long
learning, and (3.j) contemporary issues are being addressed in multiple courses and the two-
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semester senior design (capstone) courses (CENG 4115/4315). ABET outcome (3.h) broad
education is addressed within the confines of the healthy Core (44 credit hours) program at
UT Tyler, but are students making the connection between the humanities and social
sciences that they are taking and how these disciplines influence engineering design? This
type of questioning most likely led to the adjustments from BOK I to BOK II where
humanities and social sciences were elevated to an outcome. The BOK II has led many
programs to begin the process of demonstrating all newly proposed outcomes. ABET
Outcome (3.f) professional and ethical responsibility is addressed in the senior design and
an Introduction to Ethics Course (sophomore year), but could students miss fully
understanding and demonstrating this outcome when completing an engineering design
since all of the work within the senior design is completed in teams?

The UT Tyler Civil Engineering Program decided to add a required course to the curriculum
to ensure coverage of the professional topics in the title as well as integration of the other
professional skills. The course is CENG 4341 Leadership, Public Policy, Business Practices,
and Asset Management (Figure 1, second semester, senior year) which provides coverage of
the three new outcomes in the BOK I (represented by PO 9) as well as demonstration of
parts of PO 6, 7, and 8 (Welch, 2010a; 2010b; CENG, 2009). Formal assignment of embedded
indicators to courses based on ability to demonstrate an outcome as well as annual
assessment of these embedded indicators collected not only provided BOK compliance, but
also accreditation through ABET (Welch, 2009a). CENG 4341 synergistically assisted
students in seeing the big design picture and the nuances of teamwork, leadership and
management required in internships prior to the senior year, and within the two-semester
senior design (CENG 4115/4315) by analyzing and discussing solutions to leadership issues
seen during the one credit hour CENG 4115 in the fall and current public policy affecting
engineering projects in Texas, business practices that could constrain their capstone project
design as well as how well they have been managing their personnel assets within their
team during CENG 4315 in the spring. Even though some public policy is being covered in
environmental engineering, the in-depth coverage of public policy and administration
within CENG 4341 along with leadership, business practices, asset management and other
professional skills provides a synergistic meshing of these multiple professional practice
issues as they occur within practice. The course also provides demonstration of ethical
responsibility, contemporary issues, and life-long learning.

2.1 Leadership, public policy, business practices, asset management, CENG 4341

CENG 4341 is comprised of four modules each with papers and an exam leading to a
comprehensive final exam. The original idea was to draw upon the expertise across campus
and have the individual teaching a course covering the topic to develop a 10 lesson block
with an exam (i.e., team teaching). When the issue of how to give credit for one-fourth of a
course became a stumbling block, the author decided to develop each block himself. Upon
reflection of the order of topics to develop a richer experience as well as provide linkage to
additional professional topics, it was obvious that all of the professional topics focus on the
engineer being a leader within their firm - so it is covered first. Public policy affects a firm’s
business practices and it takes leaders within government for public policy to be enacted. So
it was taught next followed by business practices. The key focus in small business practices
(a large number of civil engineering firms are considered small) is the development of a
business plan which is affected by public policy and the leaders within the firm. Once the
business plan is in place, leaders manage firm assets to accomplish assigned tasks and
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missions to meet the desired level of business performance. Sometimes a single focused non-
technical course is more synergistic for the learning process than inserting single or multiple
lessons into existing technical courses.

2.2 Senior design, CENG 4115/4315

The senior design experience (CENG 4115/4315) within the UT Tyler CE Program (many

programs refer to this as a ‘capstone’ course) is a 4 credit, 2 semester Senior Design course

that has been conceived to do the following;:

1. Give students a real-world, design office design experience tackling an open-ended
design scenario that encompasses high level (Bloom et. al.,, 1956) cognitive thinking
across seven CE sub-disciplines

2. Ensure students wrestle with professional issues such as communication with
engineers, policy makers and the public

3. Ensure students are faced with issues associated with typical design constraints such as
regulatory, economic, environmental, social, political, ethical, health and safety,
constructability, and sustainability in a multi-disciplinary design.

4. Provide a platform where student performance against the ABET general criteria for
engineering programs (3 a-k ) (ABET 2011) and civil engineering program specific
criteria can be assessed (basically BOK I now and BOK II in the future).

The senior design experience was tailored to ensure coverage of the appropriate program

material - items (1) - (3) in the above list suggests this. In some ways, constructing the

appropriate assessment vehicle(s) was a more considerable challenge. The open-ended
nature of realistic design does not always lend itself to concrete assessment methodologies.

So the creation of a time effective assessment scheme that forces an experience that includes

coverage of all outcomes to include professional skills was a focus.

The UT Tyler CE Program’s senior design experience is a two course sequence, with CENG

4115 a one credit fall offering that introduces the students to the year’s project through

activities up to 35% design completion, and CENG 4315 a three credit spring offering that

takes the project to 100% design completion. The experience centers on a multidisciplinary
design project. Ideally, this project is aligned with an actual project being designed or
constructed in the local area, so that at the end of the project students can review parallel
plans and designs that have been professionally produced. The 2007-2008 project was a new

UT Tyler art complex (completed in 2009), 2008-2009 project was renovation and expansion

of the University Center (completed in 2010), 2009-2010 project was an outdoor multi-use

amphitheater at UT Tyler, the 2010-2011 project is a realignment of Lazy Creek and Patriot

Avenue at the south-west corner of campus, and the 2011-2012 project will be the

development of a parcel of university property for an intramural complex and campus

shops and eateries.

CENG 4115 begins with a review of the 9 step engineering design process (Woodson, 1966)

and primarily revolves around targeted submittals at typical early project milestones - 10%

and 35% submittals. A discussion of nine primary constraints to engineering design

(sustainability, environmental, constructability, economics, ethics, political, social,

technology, and public health and safety) follows, and these are emphasized throughout the

experience such that the program requires consideration of all nine. In preparation for the

10% submittal, the course involves client meetings during which students gather needs,

functionality requests and client driven constraints. A site orientation visit follows, and the

class becomes fully enmeshed in the design project for the rest of the academic year. Each
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Department of Civil Engineering

Bachelor of Science in Civil Engineering
2008-200% Curriculum

POLS 2306  Imiro. Texas Politics 3
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MATH 24493 Calculus | 4
CHEM 1311 General Chemistry | 3
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CEMNG 2333
MEMG 3308
MATH 3303
ENGR 2302
ECON 2302
FHIL 2306
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Diffzremtial Equations
Enginearing Mechanics —
Microeconomics
Intrcduction to Sthics

Semester Cradit Houra
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18

CENG 3434 Cwi Engr. Maledals, Codes & Sgecs 4
MEMG 3310 Fluid Mechanics 3
ENGR 3301 Prokakility & S:atistics for Engineers 3
CENG 4338 CE Corstruction Management 3
i 1 Additonal Science Elective 3

Jameater Credit Hours 16

CENG 3361
CENG 3351
CENG 3371
CENG 3338
CENG 3325

Appizd Engineerng Hydmobagy
Transportation Engr. Systems
Intro to Exvironmenital Engineering
Sail Mechanics
Structural Aralysis

Bamastar Gradit Hours

13

CENG 4351 Traffic Eng: Opns & Cirl (w Lak) 3
CENG 4317 Struchural Stesl Design 3
CENG 4371 Envirommental Engineenng Design 3
CENG 4115 Senior Design | 1
HIST 1304 United States Histary | 3
ENGR 410% Senior Seminar 1

Samaster Cradit Houra 14

Fig. 1. UT Tyler curriculum
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senior design course (CENG 4115/4315) includes lessons, assignments and other activities
supplemental to the design project. These are additional advanced design topics that
prepare students to complete the design project (such as activities around wetland
identification, ESA development, etc.) or that bridge sub-disciplines covered in other
courses (such as parking lot material and roadway section design that bridges structural,
geotechnical and transportation concerns). These advanced topics also close holes in the
program identified through other assessment vehicles or the previous year’s senior design
assessment. Other successful features of the experience are ‘fact finding missions” (FFM)
that task student design teams with finding information (e.g., local code requirements
regarding architectural features, ADA building requirements, ESA interviews, traffic
signaling requirements, etc.) on their own that has not been covered elsewhere in the
curriculum. FFM simulate real-world design practice and give an opportunity for self
directed learning (lifelong learning 3.i.). (Welch & McGinnis, 2010) CENG 4115 culminates
with the submission of a 35% design package that is graded over the semester break.

The students are immediately enmeshed back in the project when they receive feedback on
the 35% design package on the first day of CENG 4315 the next semester. They are required
to present this design to faculty and clients within the two weeks, after making necessary
changes and developing an architectural and/or site model, a K'Nex structural model if a
bridge, building, etc. is required, and a stand-alone presentation board. CENG 4315
continues to 100% design completion with an intermediate review at 65% that is structured
to simulate a desk-side review with an engineering supervisor in a design office. The 65%
review gives students practice in identifying the critical parts of a project to relay to a
supervisor - there will usually not be time to cover every detail in a design review meeting,
and identifying what is important is a critical skill. At 100% design completion, students
submit their design package and deliver a final oral presentation. At this time they field
questions from working engineers (evaluation panel) regarding their design, receive
feedback from clients and faculty, and review actual plans from existing designs if they exist
and time permits. (Welch & McGinnis, 2010)

2.3 Demonstration of outcomes

A portion or the entire assignment in every course can be used as an embedded indicator for
an outcome if the assignment is properly designed. In CENG 4341 the use of action verbs
(Table 4) ensures that the assignment focuses the students work to demonstrate their
knowledge, skills and attitudes at the given Bloom's level desired by the program even prior
to the levels being defined within BOK II. As a departmental team, embedded indicators are
assigned to each course based on first the perceived ability of the course projects to
demonstrate the outcome, and after annual assessments based on the need to spread the
coverage of outcomes across the curriculum. (Welch, 2009b)

Grading of each major milestone in the senior design (10% design report, 35% design report,
35% oral presentation, 65% Review Reports, 100%, and 100% oral presentation) is done
using ‘cut sheets” - rubrics that incorporate the key features of the design. Figure 2
(professional skill - asset management, construction management schedule) shows a portion
of the grading cut sheet from the 35% design submission as an example (modified from
rubrics used at the United States Military Academy (Meyer & Bert, 2007)). The grading of
the senior design is accomplished by the assigned instructor and the discipline expert in the
department for each discipline section. Industry partners review the design using the
rubrics for comment during the final presentation and submission.
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Assignment

Outcome

Paper 1 - define your leadership skills and attitudes.

9b - Leadership

Paper 3 - define your leadership strategies for ensuring your
Capstone team is successful.

9b - Leadership

Paper 4 - Define public policy while considering T. Boone Pickens
and West Texas Water rights

9e - Public Policy

Paper 5 - Define and provide the pros and cons for wetland public
policy

9e - Public Policy

Paper 6 - define a business plan through the eyes of a junior
engineer

9d - Business

Paper 7 - explain how you would improve the efficiency of assets
used within the company you worked for this past summer

9c - Management

Exam 3, Question 1, define and explain business practices

9d - Business

Exam 3, Question 4, Define and explain asset management though
lean six sigma and waste limitation

9c - Management

Table 4. Portion of embedded indicators in CENG 4341

/10: /15 points. Existing Site Plan (focused on existing site)

/10: /10 points. Site Use Plan (focused on proposed site)

(1) Footprint of building to scale overlaid on AUTOCAD topo map
(2) Access to spaces shown

(2) Equipment access/egress (traffic lanes and routing plan)
(2) Pedestrian Circulation and sidewalks
(1) Trees / Setbacks

o000 Oo

/10: /10 points. Site Prep and Demo Plan

Q Excavation for structure is shown
Q Completed existing topo

/10 Points. Water Resources

O Estimates of water needed and waste water generated are calculated

/10: /10 Points. Construction Management Schedule

O Major categories of consideration outlined

Q /10: /15 Points. Existing Traffic Counts

(2) Vehicle circulation (roads) and parking lot (# spaces & sizes incl. handicapped)

O Structures to be altered/demolished are labeled and changes are noted

/10: /15 Points. Environmental Considerations — Green Buildings and Site Development
O “Green” Requirements outlined
Q Target certification identified
O Table provided listing means to attain target certification
O Impact on cost of building addressed

Fig. 2. Portion of the grading rubric for 35% design submission
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3. Assessment activities and results

3.1 CENG 4341

The students feel that their understanding of professional topics improved due to in-class
discussions defining these skills, how these skills were applied in their internships with in-
depth analysis of their supervisors and companies, and then applying their understanding
to their senior design teams using the newly acquired skills. Figure 3 displays the Fall 2007
(071S) and 2008 (081S) and Spring 2010 (092S) data of the students perception of how well
they understood and demonstrated the new professional skills within the CE program
criteria. Student comments from Fall 2007 pointed to the need to increase the number of
papers of smaller length to allow greater specificity for each paper when studying the
numerous topics within the course. They also asked for case studies and guest speakers.
(CENG, 2009) The suggestions were applied during the next offering of the course with the
resulting improvements (081S, Figure 3). Additionally, it must be noted that teaching the
course the second time could have had some effect on the results. Student comments on the
leadership section highlighted the limited ability to reflect on what was happening within
the capstone teams (CENG 4115) with the leadership portion at the beginning of the fall
semester, so CENG 4341 was moved to the spring semester of the senior year (Figure 1) and
the second environmental engineering course was moved to the fall to improve
environmental content coverage prior to the fall FE exam. Even though the course was
moved to the spring and the instructor taught three courses during that semester, the
assessment remained fairly consistent with the ability to apply leadership principles being
rated the highest (Figure 3).

CENG 4341 Muti-Year Course Objectives

Scale (1-5)

C1. Definel/explain Idrsp using a variety of Idrsp models.

C2. Better apply leadership principles.

C3. Explain publicpolicy, define public policy

C4. Better analyze/manage company assets

C5. Explain/define business practices

C6. Explain/describe/analyze operation management.

1 I |

C7.Describe/apply/analyze asset mgt withinan org. _

d 1 I

Bo71s ®@081S 00928

Fig. 3. CENG 4341 Course Objectives Assessment
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3.2 Senior design

As noted, the UT Tyler CE program has embraced the ‘embedded indicator” approach to
assessment (supplemented by several other methods of assessment such as capstone,
external exams, internal gateway exams, and surveys). However, in a large, open-ended
design project, a dilemma results if too many separate submissions are required. Too many
assignments can cause the problem to be over-defined. A key part of open-ended design
problems is that students must develop skills to properly define the scope and natural
breaking points of the problem themselves. Assessment methods requiring subdividing the
project into multiple predefined problem sets were thus eliminated. Furthermore, grading,
managing and providing feedback to multiple student design teams as they pursue different
solution strategies is already a time consuming endeavor for the course director. The
program administrator strongly desired an assessment method that did not add an undue
administrative burden on to the course director.

9¢ 10%R Long Lead 0 5 0.0 10%R 8 0 14 [oal
10%R Cost Estimate 8 9 88.9 35% 5 / 5 100.0
35% Cost Estimate 5 5 100.0 65%
100% Cost 5 5 100.0 100% 5 / 5 100.0
n 35% OP Prep 30.0 40.0 75.0 35% Oral 72.0 90.0 80.0
35% OP Method 420 50.0  84.0 100% Oral 47.5 55.0 86.4
n 100% OP Prep 213 250  85.0 Total 1375 / 169 814
100% OP Method 263 30.0 875
= 10%R Set-backs 00 5 0.0 10%R 184 0 29 |oom|
10%R Access/Eggress 24 5 48.0 35% 73.6 0 [86 85.6
10%R ESA1 notusedin2010 0.0 0 #DIV/0! 65%
10%R Life Safety 8.0 10 80.0 100% 342 0 382895
10%R Constraint (Politics) 3.0 4 75.0 35% Oral
10%R ADA 50 5 100.0 100% Oral
35% Trees-Setbacks 1.0 1 100.0 Total 126.2 / 153.282.4
35% Life Safety 40 5 80.0
35% Green Buildings 11.0 15 73.3
35% Constraint (Politics) 46 5.0 92.0
35% ESA 1 23.0 250 920
35% SPPP 30.0 35 85.7
100% setbacks 02 0.2 100.0
100% Life Safety 30 3 100.0
100% Env. Green Bldgs 11.0 15 73.3
100% Asbestos Not Used 2010 #DIV/0!
100% Constrain (Politics) 50 5.0 100.0
100% Social, Politica 15.0 15 100.0

Table 5. Matrix ‘bucket’ for program outcome 9c and 9e (portion of CE Program Criteria
Professional Outcomes). Dark Green - Acceptable, Light Green - Not enough points as
assigned, Yellow - Marginal, Red - Not Acceptable, #Div/0! - highlights items not currently
considered
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Fortunately the faculty were able to evaluate a process followed at USMA for assessing their

capstone course that focused heavily on four CE sub-disciplines. (Meyer & Bert, 2007)

Inspired by the USMA approach, the UT Tyler CE Program created a matrix that tied

specific portions of the grade to specific program outcomes while covering seven CE sub-

disciplines. Items on each cut-sheet (Figure 2) were linked in the matrix to one or more
program outcomes. As each item in a cut-sheet is graded, these grades accumulate in

‘buckets’ for each outcome. Table 5 depicts an excerpt of the matrix showing the activities

accumulating in the 9c and 9e bucket (construction management and public policy and

administration). The benefits of this approach are numerous:

1. The overall weight of the grade that is ultimately assigned to each program outcome
can be readily identified. Like most of us, students typically focus their efforts where
they identify the greatest impact on their grade can be made (i.e., the activities with the
most points assigned). Thus, a review of all of the points assigned to each program
outcome can reveal if areas without enough focused attention exist within the capstone.
Of course, this must be done in conjunction with other methods of assessment that look
at the whole program. Sometimes areas that are covered extensively in other areas of
the program can be lightly covered in the capstone to allow effort and the limited time
within the capstone to be expended properly.

2. Areas where students achieve below an accepted standard of performance can be
readily identified. Within the UT Tyler CE Program the performance standard is
currently set as 70% - scores above the threshold are considered to demonstrate
successful completion of an outcome. This allows a simple determination of which
program outcomes need more attention within the program.

Table 6 shows the assessment matrix from 2007-2008 and 2008-2009. It is shaded in several

ways to show key features related to the two points noted above (color scheme within titles).

The overall points allocated to a particular outcome is coded to show outcomes below 50

and 100 points (note that the exact number of points for this threshold is somewhat arbitrary

and can vary from year to year depending on the overall points for the senior design project)
to clearly show areas with minimal points assigned that need more emphasis in future
years.

3.3 Assessment results

Since the senior design experience is being used to try and assess all program outcomes,
points are shifted to reflect the proper distribution or desired effort across the outcomes.
Additionally, the percentages earned by each design team and overall are shaded differently
for scores below and above 70% and above 80%. This methodology provides a visual
determination of areas where students do not achieve an acceptable standard on an outcome
and areas where students are excelling in achieving outcomes. Note, the format changed in
Table 6 from 2007-2008 to 2008-2009 because of the program’s assessment of the assessment
process and how the data should be displayed (i.e., closing the loop).

The strength of this approach is perhaps best illustrated by discussing the changes made
as a result of this assessment vehicle. Several major changes to the course sequence from
year 1 (2007) to year 2 (2008) to year 3 (2009) resulted, but only the one for professional
skills is provided here: more Emphasis Needed in Professional Practice Skills (Outcomes
4, 6-9); faculty not totally pleased with overall professional skills development in 2008-
2009 so increased total points in outcomes 4 and 6-9 and moved CENG 4341 to spring
semester.
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1a
1b
1c
1d

3a
3b

5a
5b
5c
5d
5e
6a
6b

8a
8b
8c
9a
9b
9c
ad
9e

Raw

130.0/
0.0/
193.0/
493.2 /
44.5/
195.0 /
10.0/
0.0/
333.4 /
323/
153.3/
139.7 /
111.4/
402.2 /
50.0 /
593.7 /
0.0/
113.8/
114.5/
436.7 /
0.0/
171.1/
271.9/
111.2/

BS

Avail

0.0

Avg

#DIV/0!

77.9
73.0

#DIV/0!

76.0

#DIV/0!

#DIV/0!

Raw
130
0
195
492
42
175
9
0
329
31
148
140
97
369
49
542
0
112
113
387
0
143
236
105

.0/
.0/
5/
A
4/
3/
3/
.0/
6/
2/
4/
.0/
3/
9/
.8/
4/
.0/
4/
A
.8/
.0/
4/
3/
.8/

NU

Avail

Avg

0.0" #DIV/0!

77.7
61.0

10.0
0.0" #DIV/0!
75.1

5153

#DIV/O!

#DIV/0O!
79.3

Table 6. Assessment matrix: (a) 2007-2008; (b) 2008-2009
Table 6. (a) Dark Green - Acceptable, Light Green - Not enough points as assigned, Yellow
- Marginal, Red - Not Acceptable, #Div/0! - highlights items not currently considered

Raw

130.0/
0.0/
194.3/
492.7 /
43.4//
185.1//
9.6/
0.0/
5/
7
150.8 /
139.8 /
104.4 /
386.1 /
49.9 /
568.1 /
0.0/
113.1/
113.8//
412.3 /
0.0/
157.3/
2541/
108.5/

331
31

Average
Avail

Avg

0.0" #DIV/0!

77.8

71.2

#DIV/0!
75.5

#DIV/0!

#DIV/0!

Outcome Sekai AAA GMC Average

Raw Avail [ Avg | Raw Avail | Avg | Raw Avail [ Avg | Raw Avail | Avg
1a 139.0 / 152.0L 91.4 | 145.0/ 152.0| 95.4 | 140.7/ 152.0] 92.6 | 141.6/ 152.0| 93.1
1b 0.0/ 0.0[#DIV/0! 0.0/ 0.0[#DIV/0! 0.0/ 0.0[#DIV/0! 0.0/ 0.0[#DIV/0!
1c 192.1/ 220.0| 87.3 | 205.0/ 220.0| 93.2 | 197.1/ 220.0| 89.6 | 198.1/ 220.0| 90.0
1d 593.8/ 668.2| 88.9 | 592.2/ 668.2| 886 | 541.7/ 668.2| 81.1 | 575.9/ 668.2| 86.2
2 101.8/ 131.0[ 77.7 | 758/ 131.0f 57.9 | 954/ 131.0f 728 | 91.0/ 131.0f 695 |
3a 2536/ 281.0/ 90.2 | 230.6/ 281.0 82.1 | 229.3/ 281.0| 81.6 | 237.8/ 281.0| 84.6
3b 1145/ 135.0| 84.8 | 114.7/ 136.0| 84.4 | 128.8/ 1350 954 | 119.4/ 135.0| 88.2
4 1061.37 1285.1| 82.6 |1035.7 / 1285.1| 80.6 [1069.0 / 71285.1| 83.2 [1055.3/ 71285.1[ 82.1
5a 4152/ 450.5| 92.2 | 420.1/ 450.5| 93.2 | 383.3/ 450.5| 85.1 | 406.2/ 450.5| 90.2
5b 138.2/ 199.6| 69.2 | 118.3/ 199.6 181.7// 199.6| 91.0 | 146.1/ 199.6| 73.2
5¢c 234.8/ 294.0[ 79.9 | 2182/ 294.0| 74.2 | 232.0/ 294.0| 78.9 | 228.3/ 294.0| 77.7
5d 137.2/ 178.0| 77.1 | 161.1/ 178.0| 90.5 | 1346/ 178.0| 75.6 | 144.3/ 178.0| 81.1
5e 136.0/ 163.0/ 83.4 | 118.0/ 163.0| 72.4 | 137.3/ 163.0| 84.3 | 130.4/ 163.0| 80.0
6a 445.7/ 535.0| 83.3 | 450.0/ 536.0| 84.0 | 448.2/ 535.0| 83.8 | 448.0/ 535.0| 83.7
6b 34.0/ 87.2 33.8/ 86.6 36.1/ 92.5 34.6/ 88.8
7 626.4/ 672.0 932 | 590.3/ 672.0| 87.8 | 572.2/ 672.0| 85.1 | 596.3/ 672.0| 88.7
8a 15.0 / 75.0 14.0 / 70.1 16.3/ 81.3 15.1/ 75.4
8b 99.0/ 110.0| 90.0 | 188.0/ 246.0| 76.4 | 215.0/ 245.0| 87.8 | 167.3/ 245.0| 84.7
8c 131.3/ 159.2| 82.5 | 115.0/ 159.2| 72.2 | 133.0/ 159.2| 83.5 | 126.4/ 159.2| 79.4
9a 482.2// 545.0| 885 | 484.1/ 545.0| 88.8 | 444.7/ 545.0| 81.6 | 470.3/ 545.0| 86.3
9b 0.0/ 0.0[#DIV/0! 0.0/ 0.0[#DIV/0! 0.0/ 0.0[#DIV/0! 0.0/ 0.0[#DIV/0!
9c 167.2/ 189.0| 88.5 | 167.4/ 189.0| 88.6 | 159.6/ 189.0| 84.5 | 164.8/ 189.0| 87.2
ad 279.8/ 314.0| 89.1 | 278.3/ 314.0| 88.6 | 264.3/ 314.0| 84.2 | 2741/ 314.0| 87.3
9e 132.2/ 163.2| 81.0 | 120.0/ 163.2| 735 | 130.9/ 163.2| 80.2 | 127.7/ 163.2| 78.2

Table 6. (b) Light Green - Acceptable, Yellow - Marginal, Red - Not Acceptable, #Div/0! -
highlights items not currently considered
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With the possible addition of new outcomes in the future, the program assessment is
looking for more efficient methods of teaching and assessing outcome demonstration.
Experience teaching CENG 4341 has provided insight into how much coverage is needed to
actually demonstrate at the required BOK II level and with the possible requirement to
decrease the number of credit hours even further due to budget constraints, the program is
analyzing the possible conversion of the current ten hours on leadership in CENG 4341 to
five hours with three hours in CENG 4115 and two hours in CENG 4315. Public policy could
be completely covered in the two course environmental sequence with one hour in CENG
4315 to focus the senior design solution based on the current public policy issues. The
program could convert ten hours on business practices in CENG 4341 to five lessons
culminating in each team developing a business plan as part of the 100 percent submission
in CENG 4315. The program could convert eight hours on asset management to four hours
culminating in each team developing a construction management plan as part of the 35 and
100 percent submissions in CENG 4315 that includes management of people within the
team. However, individual assignments from CENG 4341 could be used within the senior
design courses to ensure each student can demonstrate accomplishment of the professional
outcome before the team uses their combined skills to accomplish a team product within
senior design. The increased requirements within the senior design to provide coverage of
the professional outcomes will be reflected with increased point totals and requirements,
both individual and team.

Outcome 9c: Can explain management concepts and processes.
Direct Measures Tab | Standard 2 el
Performance Average
CENG 4339, HW 3, Pr 2 1 80.0 81
CEG 4339, Final Exam, Question #26 2 80.0 99.0 100
CENG 4341, Paper 7 3 80.0 89.7
CENG 4341, Exam 3, Question 4 4 80.0 88.8
CENG 4341, Final Exam Question 5 80.0 94.5 81.7
CENG 4315, 100% Submittal 80.0 87.2 86.9
Indirect Measures Standard UL Sl
Performance Average
Question A22. Senior survey 4/5 44/5 4.35/5
Question A22. Faculty survey 4/5 4.2/5 4.0/5
Question A22. Alumni survey 4/5 4.6/5 4.2/5
Question A22. Employer survey 4/5 45/5 3.75/5
Curriculum Measures Standard S B
Performance Average
Completion of CENG 4341, CENG 4339 5 5 5
2009-10 Assessment: 4+ (out of 5)

Table 7. Performance measures and results for Outcome 9c.
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Table 7 presents a representative excerpt from the annual program assessment for
professional outcomes where the results of each assessment method are collated to allow
an aggregate review of each outcome. As can be seen the outcome assessment within
CENG 4341 and senior design (CENG 4315) are critical pieces demonstrating
accomplishment of the professional outcomes. Note also the use of survey results as part
of the multiple assessment methods used to provide a clearer picture. Due to the age of
the department, the survey data is from alumni and employees within one year of
graduation. The alumni and their employers will be assessed at the four and eight year
marks as well.

3.4 Results

The program presented has been able to adequately demonstrate knowledge, skills and
attitudes associated with professional topics demonstrated within CENG 4341, the senior
design experience and other senior year courses. The program continues to fully integrate
professional topics across the curriculum and has already seen improvement in student skill
development within each group of seniors as compared to the previous graduating classes.
As can be seen from Table 6, there were a number of professional outcomes not being
assessed and a number below 80 percent in 2007-2008, while more were being assessed and
only two with below 50 points in 2008-2009 (PO 6b & 8b). 2009-2010 results are not provided
in this chapter due to the table’s size; however, there was only one outcome with a result
barely less than 80 percent and two with less than 100 points. The students are simply more
comfortable with using their new skills due to more required repetition and focus within
their undergraduate curriculum. The CE program has determined that the best method to
integrate and assess demonstration of professional skills is to insert embedded indicators in
appropriate courses. Requirements to consider professional skills are needed within the
sophomore and junior years, while the seniors must address the professional skills within
the 10, 35, and 100 percent design submittals.

The key has been identification of the required embedded indicators for each course before
the assessment cycle begins and for each faculty member to establish which assignments
before the semester begins will include demonstration of program outcomes, but especially
professional outcomes such as leadership, the impact of engineering solutions, and
consideration of contemporary issues. Adequate thought is required to craft assignments
that not only demonstrate course objectives that feed seamlessly into demonstrating the
“hard” outcomes like design and use of modern tools, but especially to demonstrate
“professional” outcomes such as ethics, consideration of contemporary issues, leadership,
business practices, and asset management. (Welch, 2009b)

4. Current actions

The faculty are experimenting with Public Policy coverage in the two course environmental
sequence (CENG 3371 and 4371) since much of environmental activity is grounded in past
and present public policy. With the current level of Bloom's taxonomy for the new outcomes
within the CE program criteria (leadership, business practices, public policy and
administration, and asset management) at Explain (PO 9, Table 1) (ABET, 2011; ASCE, 2004)
which could be covered by 2-3 lesson blocks rather than the current use of a 10 lesson block,
the program is studying if the minimal coverage of leadership, business practices, and asset
management within the senior design two-course sequence as listed in Section 3.3 of this
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chapter as well as if possible additional embedded indicators within sophomore and junior
year courses will be satisfactory. The consideration of modules of professional outcomes
throughout the curriculum allows the program to consider accreditation of its master’s
program as well. (Welch, 2009b; 2010a) Without it, any student wanting to graduate from an
accredited program would need to complete the undergraduate program before starting the
graduate program to ensure coverage of all of the outcomes. Requiring accomplishment of
modules will also allow students without an accredited undergraduate degree to take the
accredited graduate degree and complete modules for outcomes not covered within their
previous undergraduate program. This methodology will allow modules to be moved
between courses without affecting the overall course structure or focus, while providing the
program flexibility to meet defined outcomes as the technical body of knowledge advances
and faculty skills improve. Since many non-accredited degrees do not require a capstone
experience, the senior design will be ideal to provide demonstrated accomplishment of

Outcome Course or Module
Professional
Communication English I and II, paper and presentation in each graduate
course
Module in CENG 4341 Leadership, Public Policy, Business
Public Policy Practices, and Asset Management

(moving to CENG 3371 Intro to Environmental Engineering)

Module in CENG 4341 Leadership, Public Policy, Business

Practices, and Asset Management

(moving to CENG 4315 Senior Design II)

Senior Design, Module in ENGR 4109 Senior Seminar

(to be completely covered in CENG 4315 senior design)

Module CENG 4341 Leadership, Public Policy, Business

Practices, and Asset Management, CENG 4115/4315

Senior Design (Moving completely to CENG 4115/4315

Senior Design)

CENG 4115/4315 Senior Design, projects in senior level

Teamwork design courses (CENG 4412, CENG 4351, CENG 4371, CENG

4381, etc.) (remain the same)

Module in CENG 4341 Leadership, Public Policy, Business

Practices, and Asset Management, CENG 4115/4315

Senior Design (Move completely to CENG 4115/4315

Senior Design)

Projects in senior level design courses (CENG 4412, CENG

Lifelong Learning 4351, CENG 4371, CENG 4381, etc.), CENG 4115/4315

Senior Design (remain the same)

Module in CENG 4341 Leadership, Public Policy, Business

Professional and Ethical | Practices, and Asset Management, CENG 4115/4315
Responsibility Senior Design (Move completely to CENG 4115/4315

Senior Design)

Business and Public
Administration

Globalization

Leadership

Attitudes

Table 8. Professional outcome matrix versus course or module
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many outcomes with the insertion of individual assignments; thereby, decreasing the
number of leveling courses and modules required by graduate students from non-ABET
accredited undergraduate programs. Many of the outcomes currently not covered by non-
ABET accredited programs are the professional skills.

The initial work to develop the matrix of coverage of professional skill outcomes for
graduate leveling is shown in Table 8. The level of detail is whether a course or a module
within a current course is required. As can be seen, the movement of condensed modules
from CENG 4341 into the senior design experience would be efficient; especially with a
decrease in technical lessons needing to be covered in the senior design with the maturing of
other senior level design courses. However, there will be a need for students to complete
individual assignments on each professional outcome prior to applying in a team setting to
ensure each graduate can demonstrate each outcome.

Many programs experience problems within the design experience and the recent ABET
visit noted that the coverage of seven CE sub-disciplines and the assessment process
working toward coverage and assessment of all outcomes within the senior design was the
best the PEV had seen in all of his numerous visits. The fact that the students must address
demonstration of their skills for each outcome truly brings the entire process together and
reinforces what skills they must have at the time of graduation. The comments have been
reinforced by the engineering firms who have reviewed the senior design documents and
provided comments on the design experience by the UT Tyler CE students. Increasing
coverage of professional skills within the senior design will only strengthen the senior
design since professional skills are critical during the design process and the profession has
been active in demanding more professional skill development as evident with the
additional outcomes generated from BOK I (ASCE, 2004) and the increased level of Bloom's
for professional skills within BOK II. (ASCE, 2008)

5. Conclusions/lessons learned

The faculty team must decide the courses that should be able to provide an embedded
indicator for each program outcome. However, this is usually not enough; each professor
must also develop a plan before the semester starts as to which assignments within the
course will contain an embedded indicator. If the plan is not fully developed prior to the
start of the semester, the normal day-to-day activities may (usually will) inhibit quality
development of embedded indicators or prevent collection of embedded indicators that
leaves some program outcomes without adequate demonstration of accomplishment. This is
especially true for some of the professional outcomes which appear harder to demonstrate
than other outcomes.

Currently the UT Tyler Civil Engineering program has successfully implemented a single
synergistic course CENG 4341 Leadership, Public Policy, Business Practices, and Asset
Management which includes multiple modules to demonstrate many of the professional
outcomes. The offering of this course along side of the senior design allows for the
students to study the concepts using their senior design experience as a focus. The single
course provided a solution to properly demonstrate multiple outcomes that do not
naturally align with traditional technical courses. The experience has also enlightened the
faculty to the possible use of modules to successfully level graduate students desiring an
ABET accredited graduate degree without graduating from an ABET accredited
undergraduate program.
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The current investigation to move accomplishment of the professional outcomes from
CENG 4341 into the senior design would allow for the removal of CENG 4341 as the
program investigates the affect of a possible mandated decrease in credit hours from 128 to
120. Additional embedded indicators for the professional outcomes in sophomore and
junior level courses would be required to ensure multiple opportunities to apply skills and
develop confidence before the senior design since one of the opportunities maybe deleted
(CENG 4341). The senior design is a part of the solution and as shown above can assess
more outcomes than just multi-disciplinary design alone.

The senior design is already being taught and each assignment is being assessed. Once
developed, the evaluation rubric only needs to be modified each year to improve the
balance of points between outcomes. Many faculty within the UT Tyler CE Program are now
part of the senior design grading since the design usually includes all seven traditional sub-
disciplines of CE. Where better to demonstrate through the actions of the faculty as well as
the design products of the students that professional skills are integral to a successful
design. Since design products and construction of these designs is the heart of the
globalization issue for engineers, the active demonstration of professional or global skills
during the senior design will develop new engineers who are ready to meet the
globalization challenges as firms adjust to a global perspective while completing day-to-day
company missions, especially as companies move toward international markets to remain
competitive. Professional skills are the globalization equalizer.
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