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Research in global competency for engineers often focuses on what colleges and universities can provide to their students in
terms of intercultural and global experiences. There is also an impetus to study how employers view global competency,
and what can be done to align employer expectations with how global competency is valued and practiced within higher
education institutions. This study explores the importance that 442 employers from more than 20 multinational companies
place on engineering global competencies when making hiring decisions. Furthermore, we investigate how contextual
factors of an employer such as gender, job title, and company size affect the views and attitudes of these engineering global
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are developing among their student populations.
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1. Introduction

As companies continue to increase their global
reach, it is vital for newly graduated engineering
students to be prepared by developing global com-
petencies prior to entering the workforce. The need
for the identification and assessment of these com-
petencies has been a focus of industry leaders as well
as researchers. Today, many now recognize that
engineering work involves interaction in transna-
tional environments [1-4]. Engineering programs
are responsible for producing globally competent
graduates who, by working cross culturally and
across national boundaries, can effectively identify
opportunities, understand global market forces,
and successfully commercialize new technologies
[5]. An additional set of global attributes and skills
must be developed, such as good communication
skills, including multiple languages; the ability to
work in teams; cross-cultural sensitivity and knowl-
edge; social awareness; capacity to handle complex
systems; business acumen and sense of entrepre-
neurship [6]. An understanding of globalization is
key to an engineer’s success in today’s global
society. It will be these fundamental capacities
that will enable 21st-century engineers to develop
into professionals capable of working successfully
both domestically and globally, highly respected by
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the general public, and regarded the world over as
professionals of the highest order [7]. For the
purposes of this research, global competency is
defined as “having an open mind while actively
seeing to understand cultural norms and expecta-
tions of others, leveraging this gained knowledge to
interact, communicate, and work effectively outside
one’s environment [8].

In this study, we built upon the prior work out-
lined above to examine the importance of these
global competency skills from the perspective of
industry. The goal of our work was to investigate
how current engineering employers view the knowl-
edge, skills, and attributes that impact an engineer’s
ability to be successful in a global work environ-
ment. This research addressed the following
research goals:

(1) Explore how employers view global compe-
tency and how these competencies play a role
in the hiring and success of engineering gradu-
ates.

(2) Explore how these views change as a function of
employer characteristics such as gender, job
title, and company size.

Our work was motivated by the interest of univer-
sities, specifically engineering programs, to prepare
students to meet the expectations of the global
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workforce by offering and encouraging different
international and intercultural opportunities.
When considering the development of such pro-
grams, it is essential that they be strategically
aligned with skills that are highly valued by employ-
ers as contributing towards global competency. To
produce successful globally competent engineers
(with the accompanying skill sets), the gap between
employers’ global competence expectations and
how engineering programs integrate global compe-
tence into its curriculum must be better understood
and reduced. Engineering programs and the general
body of research would benefit from the exploration
of how employers view global competency when
making hiring decisions and what company profile
characteristics affect these viewpoints.

2. Review of the literature

2.1 Study motivation

Business in the 21st century continues to become
more globalized, leading to an increase in the
frequency of interactions among people of different
cultural and ethnic backgrounds. Today, products
and services of multinational corporations are
developed, designed, and produced by engineers
who, while trained domestically, find themselves in
key roles in a global economy. While the U.S. ranks
as one of the most technologically advanced coun-
tries, there is a serious risk that the number of native
born engineers and scientists produced will fail to
sustain a competitive edge. According to Open
Doors Data, over 141,000 international students
study engineering in the U.S each year in 2011/12,
accounting for almost 19% of the international
students who study abroad in the U.S. In contrast,
only 11,000 engineering students from the U.S. are
going abroad, which only accounts for 3.9% of the
total U.S study abroad population [9]. As a result,
international students already have an engineering
global competency advantage over their U.S stu-
dent counterparts.

Multinational corporations are major stake-
holders in the global competency of their newly
hired graduates, indicating they prefer engineers
with international mobility to provide diversity in
engineering and R&D skills in locations throughout
the world [10]. Global competency has become an
important educational outcome and is a natural
extension to recent concerns by a number of
national commissions as well as scholars [8, 11,
12]. The report Global Competence & National
Needs: One Million Americans Study Abroad pre-
pared by the Commission on the Abraham Lincoln
Study Abroad Fellowship Program in 2005 make
some salient points which highlight the importance

of a globally competent workforce, noted by [13],
including:

(1) Fully one in six American jobs is now tied to
international trade;

(2) Corporate leaders rank international curricula
high on their priority list of what is important in
higher education; and

(3) There is near unanimity among American
personnel officers that job applicants with inter-
national experience are likely to possess desir-
able skills in cross-cultural communication,
cultural awareness, leadership and indepen-
dence.

Additionally, the Final Report of the Global Engi-
neering Excellence Initiative study, which is an
industry sponsored study on global engineering
excellence regarding the education of the next gen-
eration of engineers who will take their place in a
global work environment, outlined four critical
challenges that face the preparation of tomorrows
engineering workforce. These challenges, outlined
in [14] include:

(1) Global competency needs to become a key
qualification of engineering graduates;

(2) Transnational mobility for engineering stu-
dents, researchers, and professionals needs to
become a priority;

(3) Global engineering excellence is critically
dependent on a mutual commitment to partner-
ships, especially those linked to professional
practice; and

(4) There is an urgent need for research on engi-
neering in a global context.

The cultural and economic effects of globalization
have created a need for fundamental changes in
engineering education, and have increased the
importance of the industry and academic partner-
ship.

2.2 Industry perspective of competencies

There have been numerous research studies that
focus on an industry perspective of the relevant
competencies of graduating engineers. Educators
now face the difficult task of looking at how to
contextualize learning to achieve more complex
competencies within a rapidly changing global
world [15]. However, research on student learning
outcomes has showed that engineering graduates
are not necessarily developing the skills required by
industry [15-18]. The global mobility of the engi-
neering profession, multicultural workplace envir-
onments, growth in student enrollment and
graduating in engineering were highlighted as key
issues that need to be addressed [17]. There is
increasing evidence of mismatch between graduated
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student’s skills developed during their studies and
those needed in the workplace. Numerous scholars
in a variety of disciplines have developed their own
studies to address this mismatch, of which global
competency was included.

Parkinson presented 13 dimensions of global
competence and survey results from engineering
educators and leaders in industry regarding the
relative importance of these dimensions [19].
These dimensions ranged from the ability to
appreciate other cultures to viewing themselves as
“citizens of the world” as well as citizens of a
particular country. After surveying educators and
leaders in industry, the five most important global
competency attributes were: (1) Can appreciate
other cultures; (2) Are proficient working in or
directing a team of ethnic and cultural diversity;
(3) Are able to communicate across cultures; (4)
Have had a chance to practice engineering in a
global context; and (5) Can effectively deal with
ethical issues arising from cultural or national
differences. Furthermore, industry respondents
from this study (representing 12 companies) indi-
cated that the importance of global competence for
engineering graduates to be between ‘‘highly desir-
able” to “essential’ [19].

Ball et al. conducted research to outline a com-
prehensive set of engineering global competencies,
along with a corresponding conceptual model, that
was validated by engineering academics and indus-
try experts [4]. By administering a survey to both of
these populations (37 industry experts and 42 aca-
demic experts), it was found that the most important
global competencies involve attitudes and abilities
focused on working effectively with individuals in
culturally diverse team settings. In contrast, acquir-
ing a second language, representing your company
or culture, and developing a desire to learn about
world cultures were deemed relatively less impor-
tant. Specifically, the top rated competencies
according to the industry respondents were:
appreciate and respect cultural differences, collabo-
rate and work on a multicultural team, use colla-
boration technologies in intercultural interactions,
practice tolerance and flexibility, and practice cul-
tural equality [4].

Warnick has also conducted extensive research
on global competence and its importance for engi-
neers working in global environments. While his
study focused on ABET specified engineering learn-
ing outcomes in the set of skills to assess along with
eight categorized global competencies, the top
global competencies valued by the surveyed
employers were the ability to communicate cross-
culturally, followed by the appreciation and under-
standing of different cultures and the ability to work
in international teams [20].

2.3 Factors affecting viewpoints of competencies

According to Passow, the overall pattern of impor-
tance in competencies (in general) depends on the
practice setting. That is, different academic disci-
plines and work environments require different
competencies and different relative importance
among them [21]. In his study, undergraduate
engineering alumni were surveyed on how they
value certain ABET competencies (in which global
competency was included) in their professional
experience. Passow found that groups of alumni
differed in their responses based on work environ-
ment and academic major, and not necessarily on
variables that are demographic in nature or time-
related [21]. Passow’s work supports the theory of
vocational behavior which says that each environ-
ment, whether it is a work environment or an
academic discipline, has a distinctive pattern of
competencies, values, attitudes, interests, and self-
perceptions [22].

Another theory called “models for superior
performance” synthesized 286 studies of the char-
acteristics of people who perform well at various
jobs. Its two central findings were (1) that there is a
different overall pattern of importance among the
competencies for different jobs and (2) that generic
models will not fit any specific job perfectly because
there is such variation in the competencies required
in different jobs [23]. A third theory, by Stark,
Lowther, and Hagerty posits that patterns of
importance among competencies are based on
professional field [24]. Part of the dissertation
work done by Warnick aimed at determining the
influence different variables had on the relative
importance of competencies when hiring mechan-
ical engineers to work in a global environment [20].
He found that mechanical engineering alumni who
worked for larger companies, in terms of annual
revenue and number of employees, placed a higher
importance on global competence than did those
who worked for smaller companies. This study also
found a positive correlation between job title and a
high GPA, but a negative correlation between job
title and the ability to speak more than one
language including English.

In the study conducted by Ball et al, a cursory
analysis was done on how contextual factors influ-
ence the importance ratings of various global com-
petencies specifically. They found that Managers
and Directors considered using collaboration tech-
nologies in intercultural interaction as very impor-
tant, whereas all other job-types regarded this
competency with relatively less importance [4].
Moreover, Ball et al aggregated their results based
on respondent geographic location, job title, aca-
demic background, and former international
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experience. Interestingly, there were no significant
differences in academic responses.

2.4 Novelty of research

Our study draws upon this prior research and
extends to a more robust set of variables to build
upon these findings. We expand upon these previous
studies by increasing the sample size and diversity of
respondents from industry settings. We addressed
two areas currently in need of further exploration in
the area of engineering global competency. First, we
focused on the responses of those alumni directly
involved in hiring, as opposed to analyzing the
responses from all alumni, who may not have a
major role or experience in the hiring process. This
allowed us to determine if there is a match between
the people who value global competencies and those
who are actually doing the hiring. Second, unlike
much of the work cited above, we are primarily
interested in how global competencies specifically
are affected by contextual factors such as industry
segment, job title, and company size. This approach
provides benchmark information for engineering
departments and programs that they can use to
evaluate their approach in preparing their students
to successfully become globally prepared engineers.

3. Methodology

3.1 Research design and study context

The purpose of this study was to evaluate whether
those directly involved in making hiring decisions at
multinational companies consider global compe-
tence an important skill in engineering graduates.
We were also interested in what kind of global
competencies are considered the most important
when making hiring decisions and how contextual
factors such as industry segment, job title, and
company size affect an employer’s viewpoint on
global competency.

From an academic perspective on the current
state of engineering global competence, there is
still limited consensus on how to define global
competence, how best to develop global competence
in engineering students, and how to match the
learning outcomes from international experiences
to appropriate assessment instruments [12]. From
an employers’ perspective, there is a lack of
grounded research on how multinational compa-
nies view global competencies (knowledge, aware-
ness, and skills) in respect to the traditional
technical competencies, and how employers differ
in this regard. To this end we developed an explora-
tory descriptive study using survey information
from industry respondents to help facilitate a mean-
ingful discussion on how employers view global

competencies, and what higher education institu-
tions can do to better prepare their students to enter
the global workforce. Exploratory studies are con-
structed when there is scarce knowledge about a
particular issue or topic and/or the research objec-
tive of such studies is uncertain. Given the nature of
the study, we used a survey instrument created by
Dr. Gregg Warnick that evaluated both quantita-
tive and qualitative aspects of engineering global
competency, and offered insights into the relative
importance that employers put on these competen-
cies [20]. We investigated the following exploratory
research questions regarding global competency for
newly graduated engineering students from the
perspective of an employer:

(1) What global competencies are most highly
valued by those directly involved in hiring
engineering graduates?

(2) How do contextual factors of employers (e.g.
gender, job title, and industry segment) affect
the views and attitudes of global competency
traits?

3.2 Instruments used

In this study we used the survey items developed by
Warnick and added three additional items to the
survey (marked in italics) as shown below. The
survey items were developed after a meta-review
of over 50 papers related to global competency [20].
Warnick’s instrument was then refined with focus
groups comprised of industry subject matter experts
and faculty including Dr. Alan Parkinson the Dean
of the College of Engineering at Brigham Young
University (BYU). The survey was piloted to 15
BYU engineering alumni with a diverse set of
experiences and improvements to the instrument
were made as a result of feedback. During the
instrument development phase, the competencies
and their associated definitions were established.
This survey was then sent to ~2800 mechanical
engineering alumni from BYU in May of 2010.
We identified the 8 skills of 15 that were directly
related to global competencies versus general tech-
nical skills. The resulting 8 skills (plus the three
additional competencies added by the authors) were
rated by these alumni on a 3-point Likert scale from
“Unimportant/Little Importance (1) to Very
Important (3)” and are listed in Table.

The last three skills were added as a result of their
importance as identified from a variety of sources.
First and foremost, these skills were identified by a
formal survey effort deployed by the Industry-Uni-
versity-Government Roundtable for Enhancing
Engineering Education (IUGREEE) [25]. More
specifically the motivation for adding designing a
system, solution, or process to meet desired needs
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Table 1. Engineering Global Competency Items and Definitions

Competency Definition

Exhibit a global mindset

Establishes self-awareness, understands cultural norms and expectations, and realizes that

they are part of a global world

Appreciate and understand different
cultures

A developed awareness, appreciation, and understanding of, as well as adaptability to
diverse cultures, perceptions, and approaches with an ability to interact with people from

other cultures and countries

Demonstrate world and local knowledge

Understands the major currents of global change and its implications and demonstrate

knowledge within a global and comparative context

Communicate cross-culturally

Interacts with and understand people from different cultures and recognize the importance

of both appropriate verbal and nonverbal communication including the ability to
communicate and interact in a globally interdependent world

Speak more than one language including
English

Communicates in the international business language of English both orally and in writing,
and the ability to speak another language

Understand international business, law,
and technical environment

Understands the different cultural contexts of how business, law, engineering and
technology might be approached and applied and the implications of each within an

international environment

Live and work in a transnational
engineering environment

An ability and awareness to live and work effectively in international settings

Work on international teams

Collaborates and contributes professionalism in multicultural work environments either in

person or in geographically distributed teams with person of different cultures and
linguistic backgrounds where diverse ways of thinking, being, and doing are the basis of

practice.

Design a system, solution, or process to
meet desired needs within realistic
constraints such as economic, environmental,
social, political, ethical, health/safety
manufacturability, and sustainability

Demonstrates the attainment of this skill as defined by ABET 2000 Criterion 3 outcome C

Work on problems with a global scalelscope
country

Appreciates the increase in complexity of projects whose boundaries impact more than one

Identify risks and formulate solutions/plans to Integrates risk management principles and create a plan during process or product

mitigate risks development

within realistic constraints stemmed from the educa-
tional outcome c as defined by ABET, working on
problems with a global scalelscope is directly related
to outcome h, and identifying risks and formulate
solutionslplans to mitigate risks is a sub-skill of
ABET outcome d (as defined in the [UGREEE
study). Though the ability to conduct risk manage-
ment is not an ABET outcome, the importance of
risk management in all engineering disciplines has
been widely reported on an international scale [26],
[27]. Thus we felt there was sufficient support and
relevance for adding this skill to our assessment
survey.

3.3 Selection, recruitment of respondents, and
study population

The survey was distributed to alumni of the two
institutions that have contributed to this research
objective, Brigham Young University (BYU) and
North Carolina State University (NCSU). These
institutions were chosen for this study given the
accessibility of alumni data and the degree to
which its alumni work internationally. NCSU is a

public, coeducational research university located in
the South East portion of the United States. NCSU
has a current enrollment of roughly 6,000 engineer-
ing undergraduate students, and 2,300 engineering
graduate students. BY U is one of the largest private
universities within the world and is located in the
Western portion of the United States. BYU has a
current enrollment of roughly 3,600 engineering
and technology students (both undergraduate and
graduate). The survey was directed at selected
alumni of these two institutions. The engineering
disciplines that were polled were Chemical Engi-
neering, Electrical/Computer Engineering, Indus-
trial/Manufacturing Engineering, and Mechanical
Engineering since both institutions offer these
degree programs.

To have a diverse set of study participants, by
both years of experience and discipline, we solicited
participants by contacting alumni from NCSU’s
alumni database from 1980-2011 from the follow-
ing departments: Mechanical, Electrical & Compu-
ter, Industrial, and Chemical Engineering. For
BYU, we contacted graduates from BY U’s alumni
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database who graduated from 1980 to 2011 in
Electrical and Computer Engineering, Manufactur-
ing Engineering Technology, and Chemical Engi-
neering (Mechanical Engineering alumni were
contacted in Warnick’s original research on this
topic and therefore not used in this study). We
used Qualtrics to administer the survey via email;
and participants consented to the use of this data for
research purposes as required by IRB.

The survey was distributed to 21,208 engineering
alumni, with 882 respondents, resulting in a 4.2%
response rate. Out of the engineering alumni who
responded, 442 (48%) were directly involved in
recruiting or making hiring decisions for new engi-
neers. It is this subset of respondents that were the
primary focus of this paper. It is believed that, in
assessing the importance of engineering global
competency, we must first start with those alumni
who are directly involved in hiring newly graduated
engineers. The statistics below, as well as the analy-
sis that follows, was developed from this subset of
the total sample.

4. Preliminary results and analysis

4.1 Profile of respondents

Among various different types of questions, study
respondents were asked to indicate if they spoke a
foreign language, and of the respondents involved
in hiring decisions, 167 (47%) said yes and 190 (53%)
said no. Of these same respondents, 97% are
employed at least part time, 100% work for compa-
nies that conduct business internationally, and 86%
have worked in a global environment during part of
their careers.

The profile data also showed the majority of
survey respondents were employed by larger com-
panies, with 64% of respondents employed by
companies with annual revenue exceeding $1 bil-
lion. In terms of graduation year, 147 (33%) grad-
uated between 1980 and 1989, 146(33%) graduated
between 1990 and 1999, and 149 (34%) graduated
between 2000 and 2011. The majority of respon-
dents work in the areas of “technology” or “man-
ufacturing”, with a fair amount of respondents
choosing ‘“‘other” as the best categorization of
their field of work. Finally, over 54% of the respon-
dents of the survey who are involved in hiring
decisions indicated that they spend time with col-
leagues located in another country more than 25%
of the time. See Table 2 for a detailed summary of
the relevant contextual factors for those directly
involved in hiring. We chose to include both indus-
try segment and academic discipline as contextual
factors in this analysis. This was justified as the
Pearson correlation between the two variables was

very low and not significant (p = 0.031, p = 0.632).
Therefore, industry segment and academic disci-
pline should yield results independent of each
other. Because the respondents were not forced to
answer every question (and could choose to leave
out personal information if desired), the counts for
each contextual category did not match. However,
because we leveraged the survey development by
Warnick [20], validation was not necessary for this
part of the study.

4.2 Relative importance of engineering global
competencies

There has been growing interest in exploring how
engineering alumni, especially those directly
involved in hiring newly graduated engineers,
value certain skills, attitudes, and knowledge in
terms of their importance in a global work environ-
ment. It was also a fruitful and relevant exercise to
investigate which contextual factors affect these
viewpoints in turn. To measure the importance
that employers place on these global competencies,
the following survey question was posed to the
respondents:

e Rate how important it is for engineers hired by a
company who will either work immediately or
eventually in a global environment to have the
following skills.

The 11 global competencies the respondents were
asked to evaluate are described in detail in the
Methodologies section above. The survey question
had the respondents rate the different competencies
on a 3-point importance Likert scale, with the
following coding:

e 1 = Unimportant/Little Importance
e 2 = Moderately Important
e 3 = Important/Very Important

Table 3 displays the descriptive statistics of the
relative importance ratings of each global com-
petency, ranked from highest rated competencies
to lowest rated competencies in terms of impor-
tance.

In addition to rating the importance of the var-
ious global competencies developed by [20], we also
conducted an analysis to determine if there was
significant associations between the value of these
competencies and certain contextual factors of the
respondents. How much influence do the different
contextual factors have on the relative importance
of global competencies? The 6 factors used in the
study were Gender, Academic Discipline, Percen-
tage of Time Spent Working Internationally, Job
Title, Company Size, and Industry Segment. A
Pearson Chi-Squared Test for Association was
conducted to test for significant relationships



An Exploratory Study of Global Competencies Considered by Multinational Companies: A Hiring Perspective 1245

Table 2. Sample Size Breakdown of Predictor Variables for Those Directly Involved in Hiring

Gender Sample Size Percentage
Female 45 12.64
Male 311 87.36
Total 356 100.00
Academic Discipline Sample Size Percentage
Chemical Engineering 74 30.96
Electrical Engineering 96 40.17
Industrial Engineering 40 16.74
Mechanical Engineering 29 12.13
Total 239 100.00
Percentage of Time Working Internationally Sample Size Percentage
Less than 25% 144 46.45
Between 25-49% 101 32.58
Between 50-74% 49 15.81
Between 75-100% 16 5.16
Total 310 100.00
Job Title Sample Size Percentage
Senior Leadership/Executive 109 24.66
Manager 130 29.41
Engineer/Technical 184 41.63
Other 19 4.30
Total 442 100.00
Company Size Sample Size Percentage
Less than 1,000 employees 94 21.27
1,000 — 10,000 employees 105 23.76
More than 10,000 employees 243 54.97
Total 442 100.00
Industry Segment Sample Size Percentage
Aerospace 26 5.88
Automotive 14 3.17
Construction 4 0.09
Consulting 32 7.23
Consumer Products 30 6.79
Government/Military 20 4.52
Manufacturing 104 23.53
Media/Entertainment 4 0.09
Medical/Biotech 33 7.47
Technology 110 24.89
Other 65 14.71
Total 442 100.00

Table 3. Descriptive Statistics of Importance of Engineering Global Competencies (SD = Standard Deviation)

Ability to: Valid Mean SD

Identify Risks and Formulate solutions/plans to mitigate risks 361 2.63 0.54
Design a system, solution, or process to meet desired needs within realistic constraints 360 2.59 0.60
Appreciate and understand different cultures 359 2.48 0.64
Work on international teams 362 2.40 0.68
Communicate cross-culturally 362 2.39 0.66
Work on problems with a global scale/scope 360 2.27 0.68
Exhibit a Global Mindset 363 2.26 0.68
Live and work in a transnational engineering environment 358 2.09 0.73
Demonstrate world and local knowledge 360 1.94 0.64
Understand international business, law, and technical elements 363 1.65 0.66
Speak more than one language including English 359 1.55 0.65

between two categorical variables. An alpha level of
«a = 0.05 was used throughout the statistical analy-
sis. All methodological assumptions were met.
Namely, there was a sufficiently large sample size

and expected cell count for each contextual factor
category and independent observations. Table 4
provides a summary of the significant findings
from chi-squared test analysis.
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Table 4. Significant results from Pearson Chi-Squared Tests

Significantly Associated Item Pearson Chi-Squared Sample
Contextual Factor Test Statistic (df) p-value Size (n)
Gender Demonstrate world and local knowledge ¥ (2)=10.18 0.006 353
Academic Discipline No significant associations with any engineering global competency item
Percentage of Time  Exhibit a global mindset x> (6) = 22.64 0.001 310
Spent Working Communicate cross culturally X (6)=17.55 0.007 309
Internationally Live and work in a transnational engineering environment x> (6)=15.71 0.015 305
Work on international teams 2 (6) =37.91 <0.001 309
Work on problems with a global scale/scope X2 (6) =18.91 0.004 307
Job Title Exhibit a global mindset 2 (6) =12.77 0.047 363
Demonstrate world and local knowledge X2 (6) =20.32 0.002 360
Speak more than one language, including English x> (6) =18.15 0.006 359
Live and work in a transnational engineering environment x> (6) = 13.70 0.033 358
Company Size Design a system, solution, or process to meet desired needs with ¥’ (4)=11.77 0.019 360
realistic constraints
Speak more than one language, including English X (4)=12.34 0.015 359
Understand international business, law, and technical elements > (4)=12.71 0.013 363
Work on problems with a global scale/scope (4 =10.11 0.039 360
Identify risks and formulate solutions/plans to mitigate risks x> (4)=11.85 0.018 361
Industry Segment Speak more than one language, including English x> (20) = 49.97 <0.001 359
Understand international business, law, and technical elements x> (20) = 36.84 0.012 363
Work on international teams > (20) = 34.42 0.039 362
Identify risks and formulate solutions/plans to mitigate risks x> (20) = 40.92 0.004 361

4.3 Correlation between frequency of significant
associations and mean importance rating

In addition to the rating of engineering global
competencies, and the contextual factors that help
shape the pattern of importance among the employ-
ers, we analyzed the frequency of the engineering
global competency items that had significant asso-
ciations with contextual factors of employers. We
investigated whether certain global competencies
are more affected by contextual factors of employers
and whether there was any correlation between the
global competencies that are highly effect by con-
textual factors and how employers rate these com-
petencies in terms of importance when making
hiring decisions. This type of comparison helped
uncover the details behind the various patterns of
importance found above, and further describes the
nature of the mean importance ratings for each
global competency. Fig. 1 displays this comparison.

A Spearman’s rank-order correlation was calcu-
lated between the frequency of significant associa-
tions for each global competency and the mean
importance rating. The Spearman’s rank-order
correlation, measured by p (rho), measures the
strength of association between two ranked vari-
ables. It is also the nonparametric version of the
Pearson product-moment correlation. There was a
significantly high negative correlation between the
frequency of significant associations per global
competency item and that item’s mean importance
rating according to the employers, p = —-0.639, p =
0.034.

In the analysis above, we found that engineering
global competency items that are rated higher by
employers in terms of their importance tend to have
fewer significant associations with contextual fac-
tors. On the other hand, the global competency
items that are rated lower by employers tend to
have more significant associations with contextual
factors. It seems as though the competencies
regarded as “most important” (i.e. appreciate and
understand different cultures, design a system, solu-
tion or process to meet desired needs within realistic
constraints, and communicate cross-culturally) are
not as affected by employer variables such as
company size and job title, meaning that the top
global competencies are more universally regarded
as being “‘vital” when making hiring decisions.
Compare this with the competencies deemed “‘less
important, which are affected more by these
employer variables. For example, the competencies
such the ability to understand international business,
law, and technical elements and the ability to speak
more than one language including English while
regarded as the least important of the 11 global
competencies, have less consensus on the impor-
tance rating due to the myriad of contextual factors.
In the end, these factors of the employer and
respective company ultimately determine how
much importance is placed on these particular
items. The responsibility is then placed on engineer-
ing programs to better understand the variation of
global competency views among employers and to
become familiar with the employer landscape before
designing engineering curricula.
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Fig. 1. Correlation between frequency of significant associations and mean importance rating of global competency items.

4.4 Following-up chi-squared tests—Pearson
standardized residuals

Since Pearson Chi-Square Tests only tests for asso-
ciations between 2 variables and provides little
information about the nature or strength of the
association, the next step was to calculate the
Pearson Standardized Residuals for each cell in the
statistically significant contingency tables. A cell-
by-cell comparison of observed and estimated
expected frequencies helps show the nature of the
dependence [28]. Under the null hypothesis, Hy, that
the 2 variables are independent (no association), the
Pearson Standardized Residuals will have a stan-
dard normal distribution, with a mean of 0 and
variance of 1.

(1) Astandardized residual thatis greater than 1.96
(or 2 as common convention) indicates that the
number of cases in that cell is significantly larger
than would be expected if the null hypothesis
were true, with a significance level of 0.05.

(2) A standardized residual less than —1.96 (or 2 as
common convention) indicates that the number
of cases in that cell is significantly smaller than
would be expected if the null hypothesis were
true.

An analysis of these standardized residuals allowed
us to hone in on what cells provided most of the
contribution to the large chi-square test statistic for
a particular table. The formula used to calculate the
Pearson Standardized Residuals is in Appendix A.

4.4.1 Gender

A categorical comparison was conducted for the
importance the ability to demonstrate world and
local knowledge, by gender (male or female).
According to the table of standardized residuals,
the significant association is characterized by how
respondents rated this item as moderately impor-
tant and important/very important across gender.
For example, there was a significantly fewer amount
of males who rated this global competency item as
“important/very important” than would be
expected if Gender and the importance of the ability
to demonstrate world and local knowledge were
independent of each other. Similarly, a significantly
larger amount of females rated this item as “impor-
tant/very important” than would be expected under
Hy. Generally speaking, females value this global
competency item with more regard when compared
to males. Table 5 provides more detailed summary
of the standardized residuals for this item.

4.4.2 Academic discipline

When conducting Pearson Chi-Squared tests on
academic discipline and the global competency
items (see Table 4), there were no significant asso-
ciations between this contextual factor and any of
the items on the survey. Therefore, the standardized
residuals were not analyzed. The results from this
support the findings from [23, 24], which assert that
there is a different overall pattern of importance
among the competencies for different jobs and
professional fields, but not necessarily academic
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Table 5. Pearson Standardized Residuals, r;;, for Gender

Gender
Demonstrate world and local knowledge Male Female
Unimportant/Little Importance -1.3 1.3
Moderately Important 3.0 -3.0
Important/Very Important -2.5 2.5

disciplines. However, it does contrast the findings
from[21, 22], which emphasizes the role of academic
discipline more strongly in relation to the impor-
tance of competencies. This difference could be due
to the difference in population samples (employers
vs. students) and in the nature of the competencies
themselves.

4.4.3 Percentage of time spent working
internationally

A categorical comparison was conducted for impor-
tance of the ability to exhibit a global mindset, the
ability, communicate cross culturally, live and work in
a transnational engineering environment, work on
international teams and work on problems with a
global scalelscope, by the percentage of time spent
working internationally (Less than 25%, Between
25-49%, Between 50-74%, Between 75-100%).
According to the table of standardized residuals,
the significant association is characterized by how
respondents rated this item among all importance
levels across the percentage of time spent working
internationally. In general, those employers who
have spent less than 25% of their time working
internationally responded to these items ‘“‘impor-
tant/very important” in significantly lower counts
than would be expected under Hy (that the time
spent working internationally is independent of the
importance ratings of global competencies). The
five items showed a similar pattern of difference,
with employers who have spent substantial amounts
of time working internationally viewing the above
global competency items as more important than
those who have had less time working internation-
ally. Table 6 in Appendix B provides an example
how employers responded to these item by percen-
tage of time spent working internationally, repre-
sented by the standardized residuals.

4.4.4 Job title

A categorical comparison was conducted for impor-
tance of the ability to exhibit a global mindset,
demonstrate world and local knowledge, speak more
than one language including English, and live and
work in a transnational engineering environment, by
employer job title (Senior Leadership/Executive,
Manager, Engineer/Technical, Other). There were
significant standardized residuals for how respon-

dents rated these on all importance levels across the
job titles. For example, the standardized residuals
for speak more than one language, including English
told us that, in general, Senior Leadership/Execu-
tives view this item as “‘unimportant/little impor-
tance” in much lower numbers than would be
expected under H,. Likewise, this same item is
seen, as ‘‘unimportant/little importance” in much
greater numbers than would be expected under Hy
for Engineers/Technical. In general, the higher up in
the company the respondent was, the more likely
they value the acquisition of a second language.
Similar patterns were found for the other three
items, observing that employers with more
advanced job titles give more importance to these
engineering global competencies. Table 7 in Appen-
dix C provides more detail of how employers
responded to this item by job title, represented by
standardized residuals.

4.4.5 Company size

A categorical comparison was conducted for impor-
tance of the ability to design a system, solution, or
process to meet desired needs with realistic con-
straints, speak more than one language including
English, understand international business, law, and
technical elements, work on problems with a global
scalelscope and identify risks and formulate solu-
tionslplans to mitigate risks, by employer company
size (<1,000 employees, 1,000 to 10,000 employees,
>10,000 employees). There were significant stan-
dardized residuals for how respondents rated these
on all importance levels across company size. For
example, the number of employers who work for
companies with <1,000 employees who rated the
ability to identify risks and formulate solutions/plans
to mitigate risks as ‘“‘important/very important” is
significantly lower than would be expected under
the Hy. Similar patterns were found among the
other items and in general, the smaller companies
tended to not view these global competencies as
highly as the largest companies (>10,000 employ-
ees), with the exception of the ability to speak more
than one language, including English.

The number of employers who work for compa-
nies with <1,000 employees who rated this item as
“important/very important™ is significantly higher
than would be expected under Hy and the number of
employers who work for companies with > 10,000
employees who rated this item as “important/very
important” is significantly lower than would be
expected under Hy. In general, we observed the
pattern of employers who work for larger compa-
nies (in terms of number of employees) give more
importance to the engineering global competencies
when making hiring decisions, with the exception of
the ability to speak a foreign language. The initial
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impression from our study is that, while larger
companies may have a more expansive global
footprint and may have substantially more work
in global business, the employers from these same
companies don’t necessarily place great importance
on second language acquisition. This result can and
should be explored further to help students prepare
themselves to work in a global environment post-
graduation. Table 8 in Appendix D provides more
detail of how employers responded to these items by
company size, represented by standardized resi-
duals.

4.4.6 Industry segment

A categorical comparison was conducted for impor-
tance of the ability to speak more than one language
including English, understand international business,
law, and technical elements, work on international
teams and identify risks and formulate solutions/
plans to mitigate risks, by employer industry seg-
ment (Aerospace, Automotive, Construction, Con-
sulting, Consumer Products, Government/Military,
Manufacturing, Media/Entertainment, Medical/
BioTech, Technology, and Other). Since many of
the categories within industry segment have very
small sample sizes, the focus of Pearson standar-
dized residual analysis are on those industry seg-
ments with greater number of employers, which
includes Aerospace, Consulting, Consumer Pro-
ducts, Manufacturing, Medical/BioTech, and Tech-
nology. There were significant standardized
residuals for how respondents rated these items on
all importance levels across industry segment. For
example, the amount of employers who work in the
aerospace industry who rated the ability to under-
stand international business, law, and technical
elements as ‘“‘important/very important” is signifi-
cantly higher than would be expected under Hy and
the amount of employers who work in the manu-
facturing industry who rated this item as “impor-
tant/very important” is significantly lower than
would be expected under Hy . Another finding
below suggests that those employers who work in
the Technology field view “the ability to understand
international business, law, and technical elements as
less important in greater numbers than expected
under Hy, but view the ability to work on interna-
tional teams as less important in fewer numbers than
expected under Hy,. However, there weren’t any
emerging themes or patterns regarding industry
segment and how employers view the importance
of engineering global competencies. Certain global
competency items applied more to certain indus-
tries, and less to others, which is the hypothesized
reason for categorical differences. It is posited that
many of the true differences among industry seg-
ment in the study might not be found due to a low

sample size per category, causing a lack of statistical
power. Table 9 in Appendix E provides more detail
of how employers responded to these items by
industry segment, represented by standardized resi-
duals.

5. Summary and discussion

Over the past decade research on identifying engi-
neering global competencies has laid a foundation
for additional work that will provide institutions of
higher education with a deeper understanding of the
skills that should be developed during a student’s
undergraduate education. We built upon this work
by developing a survey instrument that was
deployed to engineering alumni from NCSU and
BYU’s departments of Chemical, Electrical/Com-
puter, Industrial/Manufacturing, and Mechanical
engineering who are involved in the hiring process of
new engineering graduates. The goal of our survey
was to develop a quantitative analysis framework to
answer two research questions. First, we were inter-
ested in measuring ‘““What global competencies are
most highly valued by those directly involved in
hiring engineering graduates?” By answering this
question we are able to (at an aggregate level) assess
which competencies are most valued by industry.
We presented descriptive statistics that show the
mean rating across the 11 competencies as rated by
engineers involved in the hiring process. We can take
these results and prioritize initiatives that support
the acquisition of these skills in our engineering
undergraduates. We hypothesized that the impor-
tance of these skills varies by characteristics of the
study participants. This hypothesis led to our second
research question: “How do contextual factors of
employers (e.g. gender, job title, and industry seg-
ment) affect the views and attitudes of global com-
petency traits?” We analyzed this hypothesis by
firstly formulating a Pearson Chi-Squared for Asso-
ciation between factors and competencies and sec-
ondly by a Pearson Standardized Residuals analysis
to describe the distribution of the ratings across the
Likert scale. By exploring the relationship between
these factors and the importance ratings, we were
able to identify significant associations that led to a
more comprehensive view of how these factors
impact the value placed on these skills.

This study’s limitations have provided direction
for future work. Specifically the analysis presented
in this paper does not incorporate qualitative meth-
ods such as in-depth interviews which could further
frame the quantitative results. Expanding the
respondent demographics to include hiring man-
agers educated and working outside of the United
States would allow us to compare between country
factors.
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6. Conclusions

RQ 1: What global competencies are most highly
valued by those directly involved in hiring engineer-
ing graduates?

Our results show that the top five valued global
competencies were the ability to: (1) Identify Risks
and Formulate solutions/plans to mitigate risks, (2)
Design a system, solution, or process to meet desired
needs within realistic constraints (3) Appreciate and
understand different cultures, (4) Work on interna-
tional teams, (5) Communicate cross-culturally.
The relative ratings of these competencies provide
the necessary backdrop in order to delve deeper into
the rationale for these rankings as they pertain to
contextual factors of the employers. These findings
are consistent with other research which supports
the notion that skills beyond technical competence
are critical to being a successful globally competent
engineer. Possessing engineering technical compe-
tencies is essential if one wants to be employed as an
engineer, regardless of the nature of the environ-
ment. However, global competencies are critical as
well and engineering graduates should focus on the
developing these kind of competencies, specifically
the ability to appreciate and understand different
cultures, the ability to work on international teams,
and the ability to communicate cross-culturally. We
explored the relationship between employer char-
acteristics and importance of global competencies in
our second research question.

RQ 2: How do contextual factors of employers (e.g.
gender, job title, and industry segment) affect the
views and attitudes of global competency traits?

The results of our study indicated that not all
engineers who are involved in the hiring process
view the skills required to be a successful global
engineer equally. We considered 6 contextual fac-
tors that we hypothesized would influence the
importance placed on global competencies, they
are: Gender, Academic Discipline, Percentage of
Time Spent Working Internationally, Job Title,
Company Size, and Industry Segment. A Pearson
Chi-Squared Test for Association and a Pearson
Residuals Analysis was conducted to test for sig-
nificant relationships between two categorical vari-
ables. Gender was a significant predictor of the
importance of ‘“demonstrating world and local
knowledge” and female respondents valued this
competency higher than males. We found that
significant relationships between the competencies
did not exist between Academic Disciplines and
potential reasons for this are discussed in Section
4.4.2. The respondents who spent more time work-
ing internationally rated five of the competencies

higher than those who spent less time working
internationally. This result supports the notion
that students and academia should be aware of the
requirements of their students’ future workplace. If
the engineer is interested or destined to work in a
global company then supporting the acquisition of
these competencies could be critical to their success
as a practitioner. Similarly, the results for Job Title,
Company Size, and Industry Segment reveal that
workplace characteristics and career experience (as
measured by job title) influence the competencies
that are highly valued. Another interesting result
was revealed by calculating the Spearman’s rank-
order correlation to determine if there was a high
and significant pattern between the frequency of the
global competency items with signficant associa-
tions with contextual factors and mean importance
of those items. The global competency items that
were deemed “most important” tended to have less
signficant associations with the factors which imply
they are universally important. Conversely, the
items that were deemed “‘less important” tended to
have more signficant associations with the factors.
Together these results provided a deeper under-
standing of industry expectations which is not a
“one size fits all”” perspective and these expectations
should be reflected in the education of future
engineers.

The significance of these findings lies in the
groundwork they lay in sparking additional
research to further characterize and explore how
engineers view the importance of global compe-
tency. An understanding of student career goals
and workplace environment are critical in prioritiz-
ing the competencies that will be emphasized by
places of higher education. Future qualitative
research could complement the results of this
research by providing explanations to the differ-
ences in perspectives revealed by this study. Engi-
neering education researchers must continue to
explore how the differences as identified by the
analysis of contextual factors can be linked to
curriculum and international programming devel-
oped by universities. Furthermore, future reseasrch
is needed in order to develop a deeper understand-
ing of how the preparedness of our graduates aligns
against these expectations. This work is a critical
next step to understand and reduce the gap between
engineering students’ global competency and pro-
fessional expectations by those employ the engineer-
ing workforce of the future.
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— My

Tijg = ——
V(= pi) x (1 —pyy)

where,

n; = the observed cell count from row i and column j.

i = the expected cell count from row i and column j under Hy,.
pi+ = the marginal probability of row i.

p+; = the marginal probability of column j.

Cells in the contingency tables that have significantly high or low standardized residuals are highlighted in
gray, as these cells help describe the nature of the significant association. Only the relevant information
(Pearson standardized residuals) is presented in the tables below.
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Appendix B

Table 6. Pearson Standardized Residuals, r;;, for Percentage of Time Spent Working Internationally

Exhibit a global mindset

Percentage of Time Spent Working Internationally

Less than 25% Between 25-49% | Between 50-74% | Between 75-100%
Unimportant/Little Importance 1.5 -1.8 0 0.3
Moderately Important 3.0 -0.1 -2.9 -1.9
Important/Very Important -4.0 1.1 3.0 1.7
Communicate cross culturally Less than 25% Between 25-49% | Between 50-74% | Between 75-100%
Unimportant/Little Importance 2.7 -2.1 -0.4 -1.2
Moderately Important 1.4 0.6 -1.7 -1.7
Important/Very Important -2.8 0.5 1.9 2.3
Live and work in a transnational engineering Less than 25% Between 25-49% | Between 50-74% | Between 75-100%
environment
Unimportant/Little Importance 33 -1.7 -1.0 -2.0
Moderately Important -0.5 0 -0.5 2.0
Important/Very Important -2.1 1.4 1.3 -0.4
Work on international teams Less than 25% Between 25-49% | Between 50-74% | Between 75-100%
Unimportant/Little Importance 4.8 -3.4 -1.5 -1.1
Moderately Important 2.7 -1.6 -1.7 0
Important/Very Important 5.1 33 24 0.6
Work on problems with a global scope Less than 25% Between 25-49% | Between 50-74% | Between 75-100%
Unimportant/Little Importance 3.8 -2.8 -1.5 0
Moderately Important 0.5 0.1 -0.4 -0.7
Important/Very Important -3.1 1.8 1.4 0.7

Appendix C
Table 7. Pearson Standardized Residuals, r;;, for Job Title

Exhibit a global mindset Percentage of Time Spent Working Internationally

Senior Leadership/ | Manager Engineer/ Other

Executive Technical
Unimportant/Little Importance 2.2 0.1 2.2 0.6
Moderately Important 0.5 -0.3 0.5 -1.8
Important/Very Important 1.1 0.2 2.0 2.3
Demonstrate world and local knowledge Senior Leadership/ | Manager Engineer/ Other

Executive Technical
Unimportant/Little Importance -3.5 1.2 2.5 -1.4
Moderately Important 33 -0.4 -2.3 -0.4
Important/Very Important -0.3 -0.7 0.2 2.0
Speak more than one language, including English | Senior Leadership/ | Manager Engineer/ Other

Executive Technical
Unimportant/Little Importance -3.5 1.2 2.5 -1.7
Moderately Important 2.3 -1.1 -1.5 1.2
Important/Very Important 2.1 -0.3 -2.0 0.8
Live and work in a transnational engineering Senior Leadership/ | Manager Engineer/ Other
environment Executive Technical
Unimportant/Little Importance -0.8 1.7 -0.2 -1.9
Moderately Important 1.0 2.2 1.5 -0.9
Important/Very Important -0.4 0.8 -1.4 2.7
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Appendix D

Table 8. Pearson Standardized Residuals, r;, for Company Size
Design a system, solution, or process to meet desired needs | Company size
with realistic constraints <1,000 employees 1,000 to 10,000 employees >10,000 employees
Unimportant/Little Importance 1.4 0.3 -1.5
Moderately Important 2.2 0.9 2.6
Important/Very Important -2.8 -1.0 3.2
Speak more than one language, including English <1,000 employees 1,000 to 10,000 employees >10,000 employees
Unimportant/Little Importance -1.3 1.1 0.2
Moderately Important -0.2 -1.7 1.5
Important/Very Important 2.7 0.9 -3.0
Understand international business, law, and technical <1,000 employees 1,000 to 10,000 employees | >10,000 employees
elements
Unimportant/Little Importance -1.8 1.1 0.6
Moderately Important 3.2 -1.8 -1.2
Important/Very Important 22 1.0 1.0
Work on problems with a global scale/scope <1,000 employees 1,000 to 10,000 employees | >10,000 employees
Unimportant/Little Importance 1.2 -0.6 -0.6
Moderately Important 2.3 -0.7 -1.3
Important/Very Important -3.2 1.1 1.7
Identify risks and formulate solutions/plans to mitigate <1,000 employees 1,000 to 10,000 employees | >10,000 employees
risks
Unimportant/Little Importance 1.2 -1.1 -0.1
Moderately Important 2.7 0.5 2.7
Important/Very Important -3.1 -0.1 2.7

Appendix E

Table 9. Pearson Standardized Residuals, r;;, for Industry Segment
Speak more than one language, | Industry Segment
including English Aerospace Consulting Consumer Manufacturing | Medical/ Technology

Products BioTech
Unimportant/Little Importance | 1.5 -2.0 0.3 1.7 1.6 0.6
Moderately Important -1.2 1.8 0.2 -0.6 -1.4 -0.9
Important/Very Important -0.6 0.3 -0.8 -2.0 -0.5 0.5
Understand international Aerospace Consulting Consumer Manufacturing | Medical/ Technology
business, law, and technical Products BioTech
elements
Unimportant/Little Importance | —1.9 -1.8 0.5 1.0 -0.7 2.6
Moderately Important 0.1 2.2 -1.1 0.2 0.9 -2.3
Important/Very Important 2.9 -0.6 1.0 -2.1 -0.3 -0.5
Work on international teams Aerospace Consulting Consumer Manufacturing | Medical/ Technology
Products BioTech

Unimportant/Little Importance | 0.5 -1.3 -1.1 0.8 0.7 -2.3
Moderately Important 0.3 -0.6 -0.4 0.4 -0.1 0.2
Important/Very Important -0.6 1.4 1.1 -0.8 -0.4 -0.9
Identify risks and formulate Aecrospace Consulting Consumer Manufacturing | Medical/ Technology
solutions/plans to mitigate risks Products BioTech
Unimportant/Little Importance | 1.9 -1.0 -0.9 -0.5 1.1 -1.2
Moderately Important -2.6 0.1 1.1 0.6 0.7 0.6
Important/Very Important 1.9 0.3 -0.8 0.7 -1.0 0.1
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