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Global Engineering Competencies and Cases

Whether working on multi-national project teams, navigating geographically dispersed supply
chains, or engaging customers and clients abroad, engineering graduates encounter worlds of
professional practice that are increasingly global in character. This new reality poses challenges
for engineering educators and employers, who are faced with the formidable task of preparing
engineers to be more effective in diverse global contexts. In response, more global learning
opportunities are being made available to engineering students, as reflected in gradual yet steady
increases in the number of global engineering programs and participating students.' Many
companies are also offering professional development opportunities to help their employees
learn foreign languages and cultures, cultural etiquette, and global leadership skills. Nonetheless,
there remains a lack of clarity about what specific competencies are most important for global
engineers, much less what training techniques best support development of such capabilities.
These difficulties are further compounded by a large and diffuse body of literature discussing
technical work practices in global context, including for engineers and other professionals.

In response to these challenges, this paper reports preliminary results of a comprehensive
literature review focused on engineering in global context. The analyzed literature includes
articles, papers, and reports drawn primarily from the fields of engineering education, business
and management, organizational psychology, and human resources. The primary inclusion
criteria for creating this collection centers on identifying descriptions of situations that involve:
1) a need for globally competent behaviors, 2) individuals from multiple national, regional,
and/or ethnic cultures, and 3) technical tasks and/or problem solving. Particular emphasis is
placed on finding case studies that provide detailed, practice-based accounts of global technical
work, allowing us to identify specific kinds of situations, as well as associated context-
appropriate behaviors.

We begin by discussing the background for our study, including a review of related literature and
reasons for looking at global engineering from new and different angles. We then turn to a brief
overview of our current data collection and analysis efforts, including interactions with subject
matter experts, i.e., global engineers with industry experience. After reviewing some preliminary
findings from our literature analysis, we conclude with a discussion of next steps, including how
our research is being used to inspire creation of situational prompts and activities that can be
leveraged for both assessment and instructional purposes. The audience for this paper includes
engineering educators and representatives from industry who seek clarity regarding desirable
attributes for global engineers. Additionally, many of the case studies and other materials
discussed in this paper can potentially be used in existing training programs and courses.

Background

Since at least the late 1940s and early 1950s, commentators have discussed what kinds of
capabilities and training are important for engineers tasked with working across countries and
cultures.! However, a variety of globalization trends, including intensified economic and
technological competition among both countries and firms, have helped amplify these
conversations in recent decades. The result has been a long string of commentaries and reports
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calling on educators to better prepare students in engineering and other STEM fields for the
global realities they will likely face in their careers.””’

These and many other reports and studies have also addressed questions about what specific
kinds of attributes are important for the so-called “global engineer.” For example, one forward-
looking NRC report published in 1999 outlined a “global engineering skill set” with four main
items: “(1) language and cultural skills, (2) teamwork and group dynamic skills, (3) knowledge
of the business and engineering cultures of counterpart countries, and (4) knowledge of
international variations in engineering education and practice.” Many other authors and groups
have since compiled or created their own partially unique lists of attributes, and other efforts of
this type are ongoing.”** Accreditation guidelines and curriculum reports stand as yet other
important sources of evidence regarding the global dimensions of engineering practice.”>*°

Wading into this large body of literature reveals two interrelated issues, the first methodological.
There is considerable variability in how these lists of attributes have been developed, often
accompanied by a lack of transparency and rigor. More specific shortcomings include a tendency
among the leaders and authors of these initiatives to generate lists of attributes based on
relatively weak sources of empirical data, including prior literature (which itself often lacks
empirical grounding), the experiences of the authors themselves, and/or pre-existing learning
outcomes from relevant courses or programs. In other instances, the stakeholders who are
consulted to help generate such lists are not adequately characterized, making it difficult to
evaluate their qualifications. Still other concerns include limited grounding in relevant theoretical
frameworks (e.g., Bloom’s Taxonomy), and little discussion of how certain attributes might be
developed through specific types of learning experiences. Most of the studies cited above suffer
from at least one or more of these faults.

A second kind of concern centers on the limited theoretical understanding around the attributes
themselves. Most notably, there is often a lack of clarity regarding how the target attributes are
defined, much less what they mean in practice. The literature offers many dozens of attributes
and competencies, yet it is difficult to make sense of these existing documents due to differences
in terminologies, theoretical foundations, and intended practical applications. The current state of
engineering education literature calls for more systematic research that is grounded in theory and
informed by extensive empirical data, including to address the following questions: what
attributes are most important for global engineering, how are they related to one another, and
how are they understood and experienced by students and practitioners?

Our research is addressing these issues in two ways. To begin, we acknowledge that the extant
literature provides many valuable insights about what kinds of attributes are often viewed as
important for global engineering practice, even if no widespread consensus has yet been reached.
For the sake of conceptual clarity, we sort the existing lists of attributes into three major
categories.”’ The first category centers on foundational technical and professional attributes that
are not explicitly global in nature, but are frequently viewed as important for most any practicing
engineer, including engineering problem solving and design skills, communication and
teamwork capabilities, etc. A second major category includes a variety of attributes that are
viewed as important for most any global professional, such as foreign language proficiency,
intercultural competence, a “global mindset,” and appropriate cultural and historical knowledge.
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We distinguish and bracket these two categories based on a twofold rationale. First, there are
already large and growing bodies of literature concerned with defining, developing, and
assessing these attributes. Second, we call into question a longstanding tendency to view
engineering practice as segmented, where the “technical core” is viewed separately from other
knowledge, skills, attitudes, and abilities, including those global and professional in nature.”®

This brings us to our third major domain of interest, global engineering competency, which we
use as an umbrella term for those attributes and capabilities uniquely or especially relevant for
engineering practice in global context.”’ We focus on this category since there is a considerable
lack of literature in this area, which acknowledges that expertise — including that of engineers —
is often situated and domain-specific. For example, teamwork skill requirements may change
when attention shifts from teams in general to engineering teams, and change yet again when
looking at multicultural engineering teams. Recognition of such dynamics can be traced back to
at least the aforementioned NRC report, which emphasized the importance of knowing about
different “engineering cultures,” including geographic variations in engineering education and
practice.® As we discuss below, many reports and documents have discussed attributes that seem
to fit within this category.

Nonetheless, there remain methodological questions about how one might go about identifying
and validating what counts as “global engineering competency.” Here we again acknowledge
that considerable efforts have already been made to directly interrogate subject matter experts
about what attributes they think are important for global engineers, primarily through surveys,
interviews, and focus groups. However, this data often provides limited insights about what
typical types of work situations challenge global engineers to perform specific kinds of context-
appropriate behaviors, which themselves may require certain foundational attributes. To address
this limitation, we begin by setting aside the question of what underlying competencies or
attributes are most important for global engineers, and instead probe how experts actually
experience global engineering practice. As our study methods indicate, this is in part
accomplished through a search for case studies and other rich descriptions of global engineering
practice, and in part through the kinds of critical incident interview and focus group techniques
that are gaining considerable visibility and credibility in the engineering education literature.”
Systematically probing and identifying global engineering situations and behaviors can also help
us establish essential foundations for other objectives, such as improving our understanding of
what underlying competencies and attributes are important, developing related instructional
materials, and creating new assessment instruments to measure global engineering competence.

Study Design

Our study design begins by asking: What types of work situations do global engineers typically
encounter, and what kinds of context-appropriate behaviors are required in these situations? To
address this question, we use two main sources of data: previously published literature, and
direct interaction with subject matter experts (i.e., global engineers). To scope our data collection
efforts, we specifically seek out descriptions of critical incidents, case studies, and other kinds of
situations that involve: 1) a need for globally competent behaviors, 2) individuals from multiple
national, regional, and/or ethnic cultures, and 3) technical tasks and/or problem solving.

v'82 T abed



Our ongoing search for relevant literature has been wide-ranging, but with a particular focus on
publications from engineering and other technical fields, business and management, and cross-
cultural studies. To date we have collected more than 50 relevant case studies from more nearly
twenty different sources, including books, case study collections, and journal articles. The
majority of the cases are based on actual, real-world situations, while others are hypothetical.

The research team has also conducted one-on-one and group (2-5 participant) interviews with 25
subjects. Most of these individuals hold one or more engineering degrees, and all have previous
or current job roles involving global technical work, typically in large corporations. The data
collection procedure involved first sensitizing interviewees to the domain of interest through
discussion of a relevant global scenario prompt, presented as Figure 1 in the final section of this
paper. The rest of the conversation utilized a critical incident approach to elicit stories of global
engineering practice from participants.’® The interviewer’s role was largely limited to probing
for details and helping respondents understand what kinds of stories were most relevant. All data
was collected following appropriate procedures for interacting with human subjects.

Our data analysis efforts involve development and application of a common coding framework
for all of the cases and situations drawn from the literature and elicited from our research
subjects. The categories and codes are being refined iteratively using both inductive and
deductive approaches, which allow us to leverage our prior knowledge of the domain of interest
as well as our growing familiarity with the collected data. The current categories include:

* National Cultures Involved: Including host location and culture, and guest culture(s).

e Situation-Motivation: The main reason or motivation for the situation or case, such as ex-
patriate assignment, greenfield plant start-up, cross-national collaborative project, etc.

e Situation-Cultural Dimensions: Relevant cultural dimensions evident in the case, such as
those drawn from Hofstede’s work (e.g., power distance, individualism vs. collectivism,
etc.) and/or other salient categories (e.g., nepotism, low vs. high context culture, etc.).

¢ Situation-Other Dimensions: Other salient dimensions evident in the case, including
those related to global engineering competency (e.g., engineering cultures, ethics, etc.).

* Personal Attributes: Particular attributes or competencies explicitly mentioned as relevant
or important for the case or situation described.

While data collection and analysis remains ongoing, we can report on three thematic dimensions
coming out of our work, and particularly from our study of the extant case literature. We also
discuss how our results are being leveraged to write questions for a new assessment instrument.
Finally, it should be noted that this phase of the study allows us to discuss the kinds of situations
and behaviors appearing most often in our data set, while future phases of research will involve
clarifying the specific kinds of attributes that are most salient for these situations and behaviors.

Preliminary Findings
One important question emerging from our research centers on the extent to which the kinds of

situations and behaviors evident in the case studies and critical incidents we have collected can
be mapped to the various kinds of global capabilities presented in the lists of attributes reviewed
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above. The sections that follow address this question by focusing on what appear to be some key
dimensions of global engineering competency that have surfaced in our data collection efforts.

Technical Coordination

The broadest and most prevalent category of situations and behaviors evident in our data set
involve what Trevelyan calls “technical coordination,” or “working with and influencing other
people so they conscientiously perform some necessary work in accordance with a mutually
agreed schedule.”' This is perhaps not surprising given growing evidence that technical
coordination is often the most prominent type of work performed by engineers. This usually
involves informal rather than formal management tasks, and per Trevelyan may include activities
such as: cooperating and coordinating with others both within and beyond the organization;
supervising, monitoring, and reporting work progress, negotiating points of view; delegating
work; team building and leading; networking; and developing policies and procedures.

Wading into the literature, we find that most of the cases presented by Acosta et al. in their
Global Engineering text describe examples of technical coordination in cross-national/cultural
context, including situations that involve working with others to design parts or tooling, diagnose
and address problems, and implement new procedures or programs.’> Common underlying
motivations for these situations include quality control, inventory control, supply chain and
logistics, worker productivity, and expansion/relocation issues. To interpret the cultural
dynamics of these situations, the authors utilize Hofstede’s cultural dimensions.”> Many of the
case studies and vignettes presented in Laroche’s Managing Cultural Diversity in Technical
Professions also involve technical coordination in the midst of cultural diversity, including in
relation to supply chain issues, dealing with difficult customers and clients, working with non-
technical managers, and grappling with context-dependent styles of delegating, overseeing, and
executing technical work.>* A Harvard Business Review case study by Yemen, on the other
hand, examines Cisco Systems, Inc.’s move into China, focusing on both informal and formal
management and leadership challenges in the context of a high-tech, multi-national firm.*

Yet to what extent are facets of cross-cultural technical coordination reflected in the lists of
attributes reviewed above? While not explicitly described, professional capabilities in related
areas such as communication, leadership, teamwork, and project management are sometimes
mentioned.*® Other writers are more explicit about the cross-cultural dimensions of such
attributes, as reflected in Mohtar and Dare’s assertion that global engineers be able to “adapt to
cultural norms in the professional arena and act appropriately,” “communicate professionally in a
culturally-appropriate manner,” and “contribute to a culturally-diverse team.”** Ball et al.
mention a number of similar attributes, with particular emphasis on multicultural teamwork.”'
Allan and Chisholm’s list of global competencies represents an especially well-developed set of
attributes that are readily associated with technical coordination in global context, including a
thoroughgoing emphasis on the importance of diversity awareness (including racial, cultural,
ethnic, and linguistic) in relation to leadership, teamwork, and interpersonal communication
competencies. These authors also note the importance of global engineers embracing “culturally
appropriate relationship-centred [sic] involvement in the global environments in which they
work” and “support[ing] in their job role culturally aware developments and practices.”"*
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A number of prior writings have also emphasized understanding and following global business
norms and standards, as in Parkinson’s discussion of the “international aspects of ... business
practices,”'® Warnick’s mention of “an ability to understand international business,”'’ and Ball et
al.’s reference to “basic principles of global businesses.”*' Yet many of the materials we have
reviewed to date focus instead on considerable contextual variations in management processes
and professional conduct. For instance, cases by Acosta et al. and Shepherd help illustrate the
difficulties and resistances that frequently emerge when organizations attempt to standardize
corporate practices, processes, and values across disparate cultural contexts.”>~° Hence, it may be
the case that the biggest difficulties facing engineers and other technical professionals center on
cross-national differences in business practices rather than standards and commonalities.

Another relevant question centers on the extent to which an engineer’s technical knowledge,
skills, and abilities are germane to situations involving technical coordination. As Trevelyan has
argued, coordination itself tends to be significantly non-technical, but nonetheless often requires
considerable technical expertise and authority. We therefore acknowledge that some cases that
involve technical coordination might appear as though the associated engineering issues or
technical context are largely incidental. While we return to this issue below, the sections that
follow highlight many cases where engineering or technical factors are pivotally important.

Understanding and Negotiating Engineering Cultures

A number of commentators and reports have emphasized the importance of global engineers
understanding cross-national/cultural differences in the actual technical practices of engineers.
As noted above, the 1999 NRC report was prescient in this regard. More recent variations on this
theme include statements stressing the importance of: “Applying engineering solutions and
applications within a global context,”'® “[A]nalyz[ing] how national differences are important in
engineering work,”” “Socio/political impact on problem definition,”'* and “Understand[ing]
implications of cultural differences on how engineering tasks might be approached.”'® Extensive
historical and ethnographic research by Downey and Lucena also highlights the significance of
these issues.” Yet to what extent do engineers encounter situations where differences in
engineering cultures are salient to their work practices?

The literature reviewed thus far suggests such situations do occur. For example, Laroche’s
volume presents one case highlighting differences in Japanese and American understandings of
technical standards, production quality, and organizational culture, and another case contrasting
more theoretical versus practical approaches to technical problem solving among French and
American engineers, respectively.”* Other cases from Laroche reveal cross-national differences
in divisions of expert labor and expectations around the use of technical terms. Acosta et al. offer
their own case contrasting differences in technical problem solving among French and Mexican
production engineers.> Still other cases help illustrate how aesthetic considerations — which are
often deeply rooted in history and culture — come into play when technical experts come together
to do design work,* giving further credence to Parkinson’s claim that engineers should
“understand cultural differences relating to product design, manufacture and use.”'®

Even more generally, the specific processes used to solve technical problems may be culturally
inflected, which can generate conflict and controversy. For instance, a case by Thomke and
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Nimgade discusses problems caused by different product development processes in Germany
and India, while Hatvany and Pucik document considerable differences in decision-making
processes in the U.S. and Japan.***' Additionally, Acosta et al. have discussed how widespread —
and often faulty — assumptions about “rational actor models” often influence strategic thinking
and decision-making among Americans and many other Westerners, with significant
implications for how technical work is coordinated and technical problems are approached.*
While the fundamentals of engineering science may be immutable across the globe, these cases
provide considerable support for the argument that engineers trained and practicing in different
parts of the world may often define and solve technical problems very differently.’’

Navigating Ethics, Standards, and Regulations

There is also widespread recognition that practicing engineers should be aware that there are no
universal, global expectations for what counts as ethical engineering practice. The ASCE, for
instance, notes “[t]he challenge of practicing ethically in a global environment,”** while
Parkinson argues that engineers should be prepared to “effectively deal with ethical issues
arising from cultural or national differences.”'® Mohtar and Dare similarly stress “[t]he ability to
make ethical and socially responsible decisions in the context of a culture divergent from my
own,”** while Ragusa emphasizes “moral responsibility to improve conditions and take action in

. . . . 40
diverse engineering settings.”

Often intertwined with these themes are questions about standards and regulations, including the
extent to which engineers are obligated to meet legal and other obligations prevailing in their
home and/or host countries and cultures. Mohtar and Dare frame this issue in terms of
“awareness of varying regulations, codes of practice, standards, technical specifications,
testing/inspection procedures, environmental regulations, and systems of measurement between
countries and regions,” >* while Patil notes the salience of “[i]nternational labor market and
workplace imperatives.”'’ Parkinson adds that global engineers should “[h]ave some exposure to
international aspects of topics such as supply chain management, intellectual property, liability
and risk, and business practices.”"®

The literature examined thus far reveals a number of cases related to these themes, including a
handful drawn from engineering ethics textbooks. One of the more prominent ethical topics in
this domain centers on gift giving and bribery, as illustrated through two cases by Humphreys
focused on China, and a brief hypothetical scenario by Robinson et al. that does not specify a
specific host country.*** Additionally, a chapter in an ethics textbook by Harris presents cases
covering a wider variety of issues that cut across many geographic contexts, including lax
pollution standards, corporate paternalism, nepotism, tax avoidance, workplace conditions, and
employee remuneration.” A multimedia case by Raju and Sankar, on the other hand, highlights
the importance of global engineering standards, and explores issues of corporate and professional
responsibility when problems surface in multi-national design projects.*® While most of these
cases can be categorized as what Herkert calls “micro-ethical” situations, others emphasize
“macro-ethical” issues, i.e., those involving larger questions of collective, social responsibility.*’
Most notably, Vesilind and Gunn present cases involving human rights issues and environmental
racism, while Lawrence and Tolley present a case focused on human rights concerns surfacing
around infrastructure projects in the formerly authoritarian state of Myanmar.*** As suggested
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by this summary, there is strong evidence to suggest that cross-national differences in ethics,
standards, and regulations represent an important facet of global engineering competency.

Conclusions and Future Work

While the areas discussed above have thus far emerged as most prominent in our data collection
and analysis, additional domains and dimensions have also surfaced. For example, knowledge
brokering and boundary spanning capabilities have been described in a handful of case studies,
including Johri’s research on global software engineers and DiMarco et al.’s study of global
engineering project networks.”>' We will continue probing these areas in future work, possibly
as additional sub-dimensions of technical coordination. Additionally, we still have much work to
do in triangulating the literature reviewed above with the qualitative interview data we continue
to collect and analyze. In doing so we intend to firm up our core domains of interest, including
by identifying an expanded array of associated situations and behaviors.

Our efforts are also supporting another core project objective, namely generating a situational
judgment test that can be used to evaluate 3-4 major dimensions of global engineering
competency across multiple cultural contexts. Creating this multiple-choice assessment tool
involves a systematic, iterative process of generating item stems and response options, in part
inspired by the literature reviewed above and our interview data. Figure 1 presents a sample
assessment question that was developed and piloted during the preliminary phases of this project.
We expect the finished instrument will have 15-20 such questions. Further background details
regarding use of scenario-based and situational approaches to assessment appear elsewhere.’”

As an employee in a large multinational corporation, you are temporarily assigned to your company’s branch
operations in Shanghai, China. You are a member of a team consisting of three Chinese engineers, all about the
same rank as you. Your team reports to an engineering manager, who is also Chinese. You are in a team meeting
where your manager proposes a solution to a difficult quality control problem. However, you are concerned that the
proposed solution will fail. Consider these possible actions:

a) Have the entire team approach the manager together.

b) Bring up your concerns in the meeting.

c) Set aside your concerns and follow the manager’s lead.

d) Discuss the issue with the manager later, in a private meeting.

e) Consult your Chinese team members about appropriate actions to take.
f) Discuss your concerns with a higher-ranking manager.

Which of these actions (a-f) would you MOST likely take?
Which of these actions (a-f) would you LEAST likely take?

_— — — —

Figure 1. Sample Situational Assessment Question for Global Engineering Competency

This scenario largely falls within the domain of technical coordination, testing the extent to
which respondents can pick both appropriate and inappropriate behavioral responses, including
by drawing on prior cultural knowledge (e.g., understanding the concept of “saving face” in East
Asian cultures) and aligned with their own levels of cultural sensitivity. We propose that placing
a quality control issue at the heart of this scenario helps ground the situation in a salient technical
context that is very familiar to engineers and other technical professionals. Our initial efforts to
use this question as a discussion prompt in the context of global competency courses and
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workshops, as well as in individual and focus group interviews with subject matter experts,
suggests that the scenario has the intended effect. Nonetheless, much work remains to create and
validate a much larger set of questions falling squarely within the realm of global engineering
competency, mirroring the types of real-world situations and behavioral expectations that global
engineers frequently encounter in their work.
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