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An International Comparison of Engineering Programs in
Their Emphases and Professional Skills Development

Introduction

In the face of grand challenges for engineering, several efforts have been undertaken to identify
the vision for what we should expect from our undergraduate engineering students. For example,
one of the significant reports? indicates that our graduates should aspire “to have the ingenuity of
Lillian Gilbreth, the problem solving capabilities of Gordon Moore, the scientific insight of
Albert Einstein, the creativity of Pablo Picasso, the determination of the Wright brothers, the
leadership abilities of Bill Gates, the conscience of Eleanor Roosevelt, the vision of Martin
Luther King, and the curiosity and wonder of our grandchildren.” This statement implies that not
only should our graduates be very well equipped with analytical skills, but also master problem
solving and professional skills. Indeed, given the near certainty that grand challenges will require
complex problem solving skills in multi-disciplinary global settings?, our graduates will need to
develop professional skills to a higher degree than they currently do.

It is unlikely that there will be one good “problem solving and professional skills attainment”
recipe for all to follow, given that our historical evolution as institutions of education are
different and our identified emphases are shaped by our surroundings (e.g., industrial sectors,
socio-economic setting, etc.) and our educational resources. Further, the admission processes,
curricula structures and emphases might be different. For example, while in Europe most
countries use an entrance exam for placement of students, in the U.S. we opt for a more holistic
view, and review application packages which are designed not only to convey test scores but also
leadership accomplishments. Also, while in terms of credit hours count, engineering students
have about the same level of course engagement, most European students will have a much
higher level of engineering courses (~95%) whereas US students will have less (~65%) by the
time their degrees are conferred. Then, there could be differences in both the level and
mechanisms to impart problem solving and professional skills around the world.

Despite the unavoidable differences we still expect that our engineering graduates will, at some
point in their careers, work with their international peers in collaborative settings. Cognizant of
this, engineering programs provide opportunities for course level collaborations across multiple
countries to provide students with an understanding of working in global engineering teams.
Mostly, programs involve design-based problem solving in order to practice professional skills
(i.e., teamwork, communication, leadership) in a context. We have not found an extensive
quantitative study showing the differences in the way students and faculty members perceive
how their program is imparting problem solving and professional skills. We fill this void in the
literature by replicating the P2P surveys® developed as part of an NSF funded project. With the
replication at hand, we extend the study to enable comparison across countries. In this paper, we
focus on the replication in Ireland and limit revealing our findings to the problem solving and
professional skills attainment perceptions of students.
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Literature Review

Engineering programs are required to show their outcomes in professional skills attainment as
the EC2000 criteria* "% **% for program level outcomes focused on these criteria. However, it is
not trivial to assess the progress of students on attainment of these skills and there is no
consistent and practical approach to assess students’ progress targeting these skills. Assessment
of ABET learning outcomes, at different stages of students’ development, is challenging, but
must be done. In fact, prominent engineering education scholars note the importance of assessing
professional skills>®, and offer potential solutions . In many cases, however, what is offered as
an assessment method requires significant faculty involvement and time, or constant supervision
by assessment specialists, and hence, has not been adopted due to budget constraints and a lack
of faculty buy-in for the long term.

Professional skills necessary for students are well documented for engineering® 8. Assessment
rubrics and tools exist in some areas (e.g., teamwork, communications skills) and additional
research and experimentation are needed in some other areas (e.g., globalization and creativity).
Most existing tools, however, are developed only for individual skills. For leadership skills
assessment, student perception surveys® and quantification of observed leadership behaviors™
are among the most widely used. Several instruments have been proposed to assess students’ oral
and written communication skills****. Team Diagnostic Survey (TDS) is designed to assess the
concepts in the model of team effectiveness proposed by Hackman™™®, and its development and
validation have been well-documented®’. Rubrics for outcome assessment of student’s ability to
understand ethical responsibility and resolve ethical dilemmas are proposed for the engineering
context'®?°. Some recent work®* also addresses the assessment of global awareness skills,
particularly in engineering education. Student portfolios have been used to record and assess
creative thinking skills®>. A number of the diagnostic tools and surveys measure students’
perceptions of their skills and/or their confidence in using these skills, and not the actual
attainment of the relevant learning outcomes. Therefore, they are often perceived by faculty as
not having the same rigor and objectivity associated with more traditional assessment tools, such
as examination results.

One major problem with these existing assessment tools is that they have been developed based
on different frameworks, and hence, the integration of non-consistent assessment tools into an
overall program assessment is challenging. Beard et al.” suggest that an assessment plan to
evaluate curricular efforts to integrate professional skills into programs should include
standardized rubrics.

Beyond the studies that focused on assessment of individual skills (e.g., teamwork), a few recent
studies proposed more comprehensive assessment tools targeting a larger set of professional
skills. For example, Huyk et al.”® studied engineering students enrolled in multi-disciplinary
project team courses to investigate the impact of reflections on the service learning and other
project outcomes. Some students completed three written assignments per semester that
contained reflective thinking questions. The responses to the questions were coded into three
levels of reflective thinking based on the Reflective Judgment Model®*. Huyk et al. also used a
self-assessment tool to assess how each student felt about their accomplishment of the overall
program objectives related to communication, teamwork, ethical, and multicultural awareness,
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and project management. The questionnaires provided a definition of each learning objective,
and 10 statements assessing competencies under that domain, with responses on a 5-point scale.
A series of hypotheses testing of results indicated that neither service learning projects nor
reflection exercises appear to increase students’ perceptions of their own performance.

Kranov et al.”® focused on assessment of professional skills relating to ethical, global, economic,
cultural/societal, and environmental issues through the use of an authentic performance task
called curricular debrief. Up to eight randomly selected senior year students from each
engineering discipline in Washington State University participated in the study. Students were
presented with a discipline specific scenario which was meant to measure students’ critical
thinking skills as well as problem formulation and management expertise through debriefing
transcripts, which subsequently were rated by assessment specialists and faculty raters. Due to
the labor intensive nature of the assessment, not all the students were provided with an
assessment of their learning.

One last recent study pertaining to assessment of a number of professional skills is by Kremer
and colleagues®?’. In this work, the project team collected electronic portfolio-based data from
engineering student subjects who were enrolled in two different courses, and at various stages of
their education. A portfolio is a collection of work (“artifacts™) that demonstrates certain
competencies from which the student has selected a subset to demonstrate growth over time. The
portfolio contains a reflection on each artifact as well as an overall reflection on the content of
the portfolio ®% %8, One of the most important advantages of portfolios is their potential to
engage students in intentional learning, resulting in an increased ability in life-long learning®®*.

The portfolios were created by students enrolled in a wide range of engineering disciplines to
assess their development in effectiveness in teams as a professional skill. One-way analysis of
variance studies (ANOVA) and post-hoc tests were utilized to examine differences between the
engineering discipline and students’ class standing (i.e., first-year to junior). Overall, the analysis
indicated that the adopted e-portfolio approach along with rubrics based on Alexander’s Model
of Domain Learning was effective in assessing student development as captured in their e-
portfolios. However, the assessment was time consuming despite the fact that only few skills
were targeted in total.

Given the inadequacy of assessing professional skills individually, and the taxing nature of
qualitative assessment of a bundle of them®% %, in this study we employ a quantitative approach
to assess the students’ perception of their attainment of professional skills and their relevant
views on program emphases.

Methodology

As previously stated, this study employed the Prototype to Production (P2P)*® surveys and
extended the data collection to include Ireland. P2P is a three-year (2006-09), National Science
Foundation-funded study, which assesses the alignment between undergraduate engineering
program goals, curricula, and instruction and the goals of the National Academy of
Engineering’s recent report entitled, The Engineer of 2020: Visions of Engineering in the New
Century. The "P2P" study investigates the educational experiences of undergraduates in two- and
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four-year colleges, examining how diverse students (women, low-income, and historically
underrepresented students) experience their engineering programs and perceive the engineering
profession.

The P2P study’s original institutional population was defined as all four-year U.S. engineering
schools where the six engineering disciplines (biomedical/ bioengineering, chemical, civil,
electrical, industrial, and mechanical) accounted for 70 percent of all baccalaureate engineering
degrees awarded in 2007. Because the P2P study was also designed to inform analyses of a
closely related set of the six case studies from the P360 study (one of which offered only a
baccalaureate-level general engineering program, Harvey Mudd College), the sample was also
refined to include institutions offering a general engineering program. A 6x3x2 disproportional
stratified random sample of institutions was drawn using the following strata: six discipline
levels, three levels of highest degree offered (bachelor's, master's, or doctorate), and two levels
of type of control (public or private). The sampling design ensured that the sample institutions
are representative of the population with respect to type, mission, and highest degree offered.

The P2P research team completed a series of factor analyses to provide a more compact
summary of the individual-item data. The research group adopted principal axes analysis and an
Oblimin criterion with Kaiser Normalization rotation. To form a scale, the research teams used
only items with rotated factor loadings greater than .40. However, because factors may be
correlated, some items may load above .40 on multiple factors. In those cases, items were
assigned to a factor based on the magnitude of the loading, the effect of keeping/discarding the
item on the scale’s reliability, and on professional judgment. Factor scale scores were formed by
summing respondents’ responses on the component items of a factor and then dividing by the
number of items in the scale. Once scales were initially developed, Cronbach's alpha was used to
evaluate their internal consistency reliability.

The analyses reported below are based on the responses of 5,249 students (a response rate of
16% overall) in 31 colleges of engineering during the 2009 spring and summer terms along with
the Irish data. Weights were developed to adjust for response bias (at the campus level) and for
differences in institutional response rates. The weighting adjustments produced a nationally
representative sample of students with respect to sex, race/ethnicity, class year, and engineering
discipline. Missing data were imputed using procedures recommended by Dempster et al.*® and
by Graham®'. P2P staff imputed all missing data using the Expectation-Maximization (EM)
algorithm of the Statistical Package for the Social Sciences (SPSS) software (v.18).

Consequently, the adjusted sample can be considered representative of the population of
engineering students (as specified) both on each campus and nationally. During the data
collection in Ireland, Dublin Institute of Technology was involved where 256 data points across
all engineering disciplines were collected during Fall 2010.

Results and Discussion on Follow-Up Work
The collected data points from Ireland were compared against the P2P (E2020) data, which

represent the situation in the US. In this paper, we reveal the data for three classroom
experiences pertaining to topics emphasized in the curricula, professional skills and problem
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solving, and design skills development. In Table 1, below, we first show the comparison of the
P2P data to the Irish set. In the table, mean, standard deviation as well as the significance of the
differences across means are provided. As it can be observed in the following table, on the four
distinct items, Irish data and the P2P data significantly differed, three of which are in the topics
in engineering. While Irish students perceived that the ethical issues in the engineering practice
are addressed better in their curriculum, the comparisons indicated that the US sample students
perceive the inclusion of emerging engineering technologies and how theories are used in
engineering practice to a higher extent.

Table 1. The Comparison of P2P and Irish Data on Selected Items (*p < .05 **p < .01 ***p <.001)

Irish Group E2020 Group
(N=256) (N=5406) Sig
Mean SD Mean SD
TOPICS IN ENG
Ethical issues in engineering practice. 3.00 97 299 1.12 ok
The importance of life-long learning. 3.54 1.04 367 1.02
Examining miy beliefs and values and how
— . .. 278 1.13 2.62 1.15
they affect my ethical decisions.
The value of gender. racial/ethnic. or cultural
. . c . 268 1.19 2.53 1.16
diversity in engineering.
Creativity and innovation. 3.72 99 371 1.03
Current workforce and economic trends
.. . 321 1.10 315 1.10
(globalization. outsourcing, etc.).
Emerging engineering technologies. 344 1.18 350 1.05 A
How theories are used in engineering
. h h 363 98 372 1.00
practice. *
PROFESSIONAL SKILLS
Professional skills (knowing codes and
standards. being on time, meeting deadlines, 3.81 90 3.59 1.12
etc.) ok
Written and oral communication skills 3.70 88 374 92
Leadership skills 336 1.02 332 1.09
Working effectively in teams 391 84 402 89
Project management skills (budgeting,
o N . N . 334 1.06 332 1.06
monitoring progress. managing people, etc.)
PROBLEM SOLVING
Understanding how an engineering solution
can be shaped by environ, cultural, econ, and 3.27 99 3.00 1.08
other considerations
Understanding how non-engineering fields
2.86 1.08 2.60 1.05

can help solve engineering problems
Systems thinking 315 1.03 323 1.07
Applying knowledge from other fields to

. . 3.05 1.03 2.85 1.07
solve an engineering problem
Defining a design problem 3.65 91 379 93
Generating and evaluating ideas about how to
- - 3.70 84 3.81 89

solve an engineering problem

We have also opted to understand how the students' perception changed across the years based
on the students’ class standing. We reveal this information in Table 2 for the US data. As one can
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follow in the last column of the table, for all survey items we have found significant shifts across
the years. Note also that despite its length we have opted to include Table 2 as it provides the
scale items.

Table 2. A Comparison of Data Based on Class Standings

E2020 Student Class Std.

Curricular Emphases on... Standing N Mean Dev. Sig.
Sophomore 1182 293 1.09 .000
Topics in Engineering - Junior 1856 279 1.17
Ethical issues in engineering  Senior and Fifth-year or 2264 319 1.06
practice. higher
Total 5303 2,99 1.12
Sophomore 1182 3.69 1.10 .010
Topics in Engineering - The  Junior 1856 3.61 .94
importance of life-long Senior and Fifth-year or 2264 371 1.03
learning. higher
Total 5303 3.67 1.02
Topics in Engineering - Sop_homore 1182 258 1.12 .000
Examining my beliefs and Junl_or . 1856 244 112
values _and hov‘.’ 'ghey affect ﬁ;egnr:g: and Fifth-year or 2264 279 1.16
my ethical decisions. Total 5303 262 115
. S Sophomore 1182 250 1.12 .000
Topics in Engineering - Th .
ve?lﬂgf)f genc?er,ereaciagllethn?c, Junl_or . 1856 240 116
or c_ulturgl diversity in ﬁ;egnhlg: and Fifth-year or 2264 265 1.16
engineering. Total 5303 253 116
Sophomore 1182 3.81 1.05 .000
Topics in Engineering - Junl_or . 1856 359 105
Creativity and innovation. Sgnlor and Fifth-year or 2264  3.76 .99
higher
Total 5303 3.71 1.03
Topics in Engineering - Sophomore 1182 3.20 1.15 .000
Current workforce and Junior 1856  3.07 1.07
economic trends Senior and Fifth-year or 2264 320 1.09
(globalization, outsourcing, higher
etc.). Total 5303 3.15 1.10
Sophomore 1182 352 1.12 .016
Topics in Engineering - Junior 1856 344 1.04
Emerging engineering Senior and Fifth-year or 2264 353 1.01
technologies. higher
Total 5303 3,50 1.05
Sophomore 1182  3.65 1.04 .000
Topics in Engineering - How  Junior 1856  3.58 1.04
theories are used in Senior and Fifth-year or 2264 387 .93
engineering practice. higher
Total 5303 3.72 1.00
Professional Skills - Sophomore 1182 3.60 1.07 .000
Professional skills (knowing  Junior 1856  3.34 1.27
codes and standards, being Senior and Fifth-year or 2264 378 .97
on time, meeting deadlines, higher
etc.) Total 5303 359 1.12
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Table 2 (Continued). A Comparison of Data Based on Class Standings

Curricular Emphases on... Class Standing N Mean gtec\j/ Sig.
Sophomore 1182 3.55 1.00 .000
Professional Skills - Written  Junior 1856  3.64 .84
and oral communication Senior and Fifth-year or 2264 392 .90
skills higher
Total 5303 3.74 .92
Sophomore 1182 3.40 1.07 .000
Professional Skills - Junl_or . 185 31l 117
Leadership skills ngor and Fifth-year or 2264 346 1.00
higher
Total 5303 3.32 1.09
Sophomore 1182 4.03 .96 .000
. . . Junior 1856 390 .85
E{%ﬁ?iﬁ;ﬁ;ﬁi!#ﬁ; Working Senior and Fifth-year or 2264 410 .88
higher
Total 5303 4.02 .89
Professional Skills - Project ~ Sophomore 1182  3.32 1.15 .000
management skills Junior 1856 321 .97
(budgeting, monitoring Senior and Fifth-year or 2264 341 1.07
progress, managing people, higher
etc.) Total 5303 3.32 1.06
Problem Solving - Sophomore 1182  3.04 1.02 .000
Understanding how an Junior 1856 2.79 1.13
engineering solution can be Senior and Fifth-year or 2264 315 1.03
shaped by environ, cultural, higher
econ, and other Total 5303 3.00 1.08
considerations
Problem Solving - Sophomore 1182 2.68 1.03 .000
. Junior 1856 246 1.06
Understanding how non- Senior and Fifth-year or 2264  2.67 1.04
engineerir)g fie_lds can help higher y ' '
solve engineering problems Total 5303 260 105
Sophomore 1182 321 1.13 .000
Problem Solving - Systems .]unl_or . 1856 3.13 106
thinking S_enlor and Fifth-year or 2264 331 1.04
higher
Total 5303 3.23 1.07
Problem Solving - Applying Sop_homore 1182 291 107 .000
knowledge from other fields .]unl_or . 1856 272 111
to solve an engineering S_enlor and Fifth-year or 2264 293 1.02
problem higher
Total 5303 2.85 1.07
Sophomore 1182 3.59 1.03 .000
. - Junior 1856  3.69 .89
zgg%lﬁn;rig:zmg - Defining a Senior and Fifth-year or 2264 397 .87
higher
Total 5303 3.79 .93
Problem Solving - Sop_homore 1182 3.70 .99 .000
Generating and evaluating Junl_or 4 Fifth 1856 372 .86
ideqs abc_)ut how to solve an ﬁ;agnr:g: and Fifth-year or 2264 3.93 .85
engineering problem Total 5303 381 .89
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Interestingly, however, similar shifts in the Irish data were not evident with the exception of the
item: professional skills (knowing codes and standards, being on time, meeting deadlines, etc.).
This requires further investigation to understand its cause. For example, it is possible that the
way the engineering curriculum is structured at DIT allows for the above mentioned skills’
development in students to be more rapid at the onset with little follow up increments across the
years. Such a curriculum design might reflect the higher percentage of engineering courses in
Ireland (also across Europe). Conversely, the progression of engineering curriculum upon a
foundation of a general education curriculum may not support problem solving and design skills
to be grasped at a higher level to start with. As a follow up on this issue, we will further analyze
the curriculum programs and include a comparison of the courses across the years for a typical
engineering program in the US, and its European equivalent — in this case, the engineering
curriculum at DIT,

One other significant limitation of the work presented is that we have not investigated the
contexts where professional skills attainment takes place across these educational settings. In an
effort to determine the settings that provide a higher likelihood of success for our students to gain
these skills efficiently and effectively and by diverse student populations, our follow up work
will involve a qualitative study. Specifically, we will study students: 1) who are enrolled in
minor programs that are designed to improve professional skills, and 2) who have sustained
participation in co-curricular activities. A qualitative study is planned for this.

Overall, we consider our work to be preliminary in nature in terms of identifying differences
across the national boundaries. First of all, as a comparison set we have only included one Irish
school. Efforts are underway to expand the data set in Ireland to a larger number of schools.
Further, although engineering education programs are fairly regulated in Europe, and hence,
similar learning outcomes are aimed to be achieved, contextual factors might present differences
in different national settings. Accordingly, our current comparison cannot be stretched to be
meaningful at a U.S. and E.U. comparison scale, and thus, further data collection in other
European countries is needed and planned.

Conclusions

In the paper, we have undertaken a quantitative comparison of student perceptions on program
emphases on topics in engineering, professional skills, and problem solving and design skills, as
experienced by students in their engineering curricula. Overall, while we find the average US
data to be equivalent to the Irish set, we observe a few minor differences. An important point of
note is that while a progression in attainment of these skills is evident in the US data, the Irish
data do not reflect that, pointing to a potential curriculum structure difference.
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