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Human Behavior Skills in Engineering Education
Abstract

This past decade has been characterized by a series of changes in engineering education,
beginning with the recognition of the need to incorporate human behavior skills in engineering
education. Now, it is important to understand the importance and benefits that human behavior
skills can bring engineers as they apply their technical knowledge in today’s ever-changing and
multidisciplinary world. This paper will report and discuss what human behavior skills
encompass, the importance of human behavior skills in engineering education, methods for
teaching human behavior skills in engineering, and the future of human behavior skills in
engineering.

Introduction

More than a decade ago, the American industry was satisfied with engineering graduates who
were proficient on technical skills and attributes. However, the current dynamic world in which
engineers operate require them not only to have an education in the technical disciplines of
engineering, but furthermore, to have a balanced education in both technical and non-technical
skills and attributes. “These days, engineering is typically practiced in teams with several
engineers from different disciplines who work with contractors, business people, and sales and
marketing personnel” (Hsu, 2004, p.54). Therefore, in order to get hired, and later on be able to
have a successful long term career engineers need to be trained on human behavior skills so that
they are able to talk, interact, and work with people from different backgrounds; be worldly; be
leaders if the situation calls for it; be ethical; and know how to effectively conduct themselves at
professional environments. This need for a more broad-based engineering education which
incorporates human behavior skills as part of the engineering curriculum has been acknowledged
within the last decade (ABET, 2004; Bjorklund & Colbeck, 2001; Hsu, 2004; Nguyen, 1998).

In order to effectively talk about the incorporation of human behavior skills as part of university
engineering curriculums, it is important to clarify what human behavior skills in engineering
takes into account for the purpose of this paper. For the purpose of this paper, human behavior
skills in engineering encompasses many of the skills that have been referred to as soft and/or
non-technical skills in past literature. This paper focuses on the human aspects of these skills due
to the fact that engineers are assumed to be technically competent, but the literature shows that
they lack the people skills that are needed in order to have a successful long term career (ABET,
2004; Baren, & Watson, 1991; Darling, & Dannels, 2003; Manseur, 2003; Selinger, 2003).

Human Behavior SKkills for Engineers

Over a decade ago, the U.S. engineering community (industry, academe, and government)
collectively concluded that engineering students need to be trained on human behavior skills in
order to succeed within the modern American industry, and that consequently, a change in
engineering education needed to be made (Accreditation Board for Engineering and Technology,
2004). Since then, some actions have been taken to incorporate human behavior skills as part of
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the curriculum of university engineering programs. However, in spite of some increases in the
last decade, human behavior skills in engineering continues to be limited.

Many authors in the literature have emphasized the human behavior skills engineers need in
order to apply their technical expertise successfully. Selinger (2003) noted that non-technical
skills, such as making decisions, setting priorities, working in teams, running meetings, and
negotiating, that every engineer needs to be more effective in the workplace and happier in life.
Orsted (2000) stressed the importance of human behavior skills, which govern behavior at
meetings, towards colleagues, on the phone, and the way problems and conflict are approached
are needed by engineers in the daily interaction with others. In addition, Hissey (2000) pointed
out human behavior skills, such as teamwork, communication, leadership, and interpersonal
skills that have a career enhancing value and may save engineers from downsizing. In addition,
Nguyen (1998) pointed out human behavior skills and attributes such as communication, social,
presentation, interpersonal, leadership, management, and team-working skills that engineers need
to confront new challenges in the ever-changing and multidisciplinary field that constitutes
engineering in today’s global environment. Additionally, Manseur (2003) refers to the need of a
“broad education that goes beyond traditional engineering topics and includes areas such as
ethics, team work, oral communication, life-long learning, and an awareness of the impact of
engineering on society to name just a few” (p.1). All the authors mentioned above brought
attention to the human behavior related skills that engineers need in order to successfully apply
their technical knowledge in today’s ever-changing and multidisciplinary world.

In 1994, industry, academe, and government collectively concluded and stated that engineering
students need to receive human behavior skills in order to be successful professionals within the
modern American industry (ABET, 2004). Since then, several studies have also expressed this
need by stating that human behavior skills are of particular relevance in the formation and
success of the modern engineer (Bjorklund & Colbeck, 2001; Eck, 2000; Hecker, 1997; Hsu,
Nguyen, 1998; Porbahaie, 1994; Watson, 2000).

The need for human behavior skills in engineering was first recognized by industry and
educational leaders. On one hand, industry leaders voiced concerns to the community that
engineering graduates were not properly prepared to function within the American industry due
to the fact that they lacked the ability to team effectively, and “had little grasp of concepts such
as customer service, environmental sensitivity, social responsibility, and continuous quality
improvement” (ABET, 2004, p. 2). On the other hand, forward-thinking educational leaders
voiced concerns regarding the need to modify the engineering curriculum in order to better
prepare engineering graduates to face the new challenges that the current engineering
environment presented. In 1994, “industry and academe realized that their concerns were the
same, [therefore] they began to mobilize through ABET, the organization responsible for setting
the standards of engineering education” (ABET, 2004, p. 1). As a result, the Accreditation
Board for Engineering and Technology (ABET) acknowledged this call from industry and
educational leaders, and started working towards changing the standards of engineering
education in order to guarantee that engineering students not only have an education in the
technical disciplines of engineering but also in human behavior skills. Consequently, ABET
instituted the Accreditation Process Review Committee which was formed by people
representing all facets of the engineering community and was responsible of making
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recommendations to change the standards of engineering education. The final recommendations
of this committee were “captured in the Vision for Change, published by ABET in 1995 and
circulated to the engineering community the same year” (ABET, 2004, p. 1). By October 1995,
the committee recommendations were already being instituted and new accreditation criteria,
Engineering Criteria 2000, was developed. Since then, ABET has actively engaged in the
change process to include human behavior skills in engineering (ABET, 2004; Lang, Cruse,
McVey, McMasters, 1999).

This past decade has been characterized by a series of changes in engineering education,
beginning with the recognition of the need to incorporate human behavior skills in engineering.
Now, it is important to understand the importance that human behavior skills can bring
engineering students in order to work towards providing students with opportunities to develop
these skills.

The Importance of Human Behavior Skills for Engineers

Due to the fact that these days engineering is typically practiced in teams with people from
different disciplines, educational, and cultural backgrounds, it is crucial for engineers to receive
human behavior skills as part of their training. This section offers a review of the importance
and benefits engineers can obtain by receiving opportunities to develop communication, team-
working, interpersonal, leadership, management, ethical, life-long learning, emotional
intelligence, and creativity skills.

Communication Skills in Engineering

“Effective communication occurs when each party conveys ideas that are accurately understood”
(Kaye, 1998, p.44). Possessing good oral and written communication skills is very important; in
fact, it is the key of success at work, play, and at home (Kaye, 1998). As Baren and Watson
(1991) noted, communication is an essential component of most engineers’ jobs since practicing
engineers spend 50 to 75% of their time on some form of written or oral communication.
Therein, lays the importance of providing engineering students with opportunities to develop
good communication skills, which are as important as their technical training in their success as
professional engineers.

“Most individuals graduating from a university feel relatively confident in their communication
skills. While it is true that some have perfected these skills to a point where they are
accomplished communicators, those really proficient individuals are still in the minority”
(Hissey, 2000, p.1368). Today’s fast paced, global, and competitive workplace requires
engineers to convey technical information effectively, clearly, and quickly to audiences from
diverse cultural and professional backgrounds (Darling, & Dannels, 2003; Sageev, &
Romanowski, 2001). As several researchers have noted, communication skills such as
translation, clarity, negotiation, and listening are vital to practicing engineers in order to be able
to communicate problem definitions, solutions, and results; encourage implementation of
solutions; reinforce positive responses; lead and/or effectively participate in training sessions,
group meetings, and seminars; negotiate; clarify needs; create need awareness; handle
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objections; and translate technical information into a form that is simple and clear to understand,
yet numerically rich (Dannels, 2002; Darling, & Dannels, 2003; Eck, 1990; Rosenbaum, 1986).

The importance of communication skills in the workplace translates in the fact that one of the
major requirements of today’s recruiters is that new hires have excellent communication skills
(Baren, & Watson, 1991; Pet-Armacost, & Armacost, 2003). Furthermore, “engineers who
communicate well, therefore, stand out from others in their field and generally have more
success in engineering pursuits, while those who communicate poorly often find themselves
unable to advance, no matter what their technical expertise” (Robar, 1998, p.26).

In response to the importance and need of communication skills in engineering, several
researchers and the Accreditation Board for Engineering and Technology (ABET) have stated
the need to train engineering students in both oral and written communication skills (Baren, &
Watson, 1991; Darling, & Dannels, 2003; Kitto, & Sylvester, 2002; Passino, 1998; Pet-
Armacost, & Armacost, 2003; Porbahaie, 1994). Currently, most engineering curricula provide
limited or no opportunities for students to develop communication skills (Baren, & Watson,
1991; Darling, & Dannels, 2003). “In many cases, Freshman Composition and a Technical
Writing course are all that are required over the four year curriculum” (Baren, & Watson, 1991,
p-419). In addition, within engineering courses, communication skills are not taught explicitly;
however, students are expected and held accountable for being able to speak and write well.
Consequently, there is a need to change university engineering programs in order to provide
opportunities for students to develop communication skills (Pet-Armacost, & Armacost, 2003).
The importance and need for oral and written communication skills in engineering has been
clearly recognized. Engineering students who have good communication skills are more likely
to succeed and advance in the professional world than those who don’t.

Team-Working Skills in Engineering

In today’s work environment, project tasks generally involve the establishment of teams formed
by people from different functional departments of the company. In addition, many U.S.
corporations work towards hiring the best and brightest people regardless of race, color, sex,
religion, national origin, age, sexual orientation, or disability. Consequently, engineers should be
prepared to work in team projects that are diverse and multifunctional in order to succeed in the
professional environment (Chen, & Lin, 2004; DiTomaso, & Farris, 1992; Lovgren, & Racer,
2000; Seat, & Lord, 1999; Thamhain, 1992b).

Companies look for engineering graduates who are not only technically proficient, but who also
have good team-working skills that allow them to “communicate and interact with other people
in adaptive and contributing styles” (Seat, & Lord, 1999, p. 385). Furthermore, in order to
perform effectively within a company and get promoted, engineers need to be able to work
successfully in teams and be team leaders should the situation call for it. Taking this into
consideration, several researchers have stated the need for engineers to possess good team-
working skills (Braham, 1992; Chan, Ho, & Tam, 2001; Dahir, 1993; Hawkins, & Barclay, 1990;
Simmons, 1999; Thamhain, 1992a; Yost, & Mohankrishnan, 1998). In addition, the National
Science Foundation (NSF) and the Accreditation Board for Engineering and Technology
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(ABET) have stressed the importance of preparing engineers to effectively work in team oriented
environments (Lovgren, 2000).

Currently, many university engineering programs promote team-work by having students
complete group projects. However, few teach students the necessary skills to perform effectively
in a group environment before assigning team-work. Consequently, students may gain
experience working in teams, but they may not gain effective team-working skills, which in turn
may cause the team not to work successfully and/or to develop negative views about the value of
team work (Chen, & Lin, 2004; Lingard, & Berry, 2002; Seat, & Lord, 1999). “In order for
students to benefit from these team projects, efforts must be made to ensure that the teams are
well formed and given the knowledge and tools necessary to operate effectively” (Lingard, &
Berry, 2002, p. 1). Researchers have stated that a team operates effectively when team members
agree on team goals, problems, and solutions; communicate effectively; hold themselves
mutually accountable; trust each other; train and coach each other; listen and respect each other;
have pride and enjoyment in group activity; have strong performance norms and result-
orientation; and commit to team objectives (Chan et al., 2001; Lovgren, & Racer, 2000; Ramirez,
Velez-Arocho, Zayas-Castro, & Torres, 1998; Thamhain, 1992b).

Possessing good team-working skills not only helps engineering students obtain jobs and
advance in their careers, but it also makes their work life easier in the sense that by effectively
working in diverse and multifunctional groups engineers can benefit from the creativity,
ingenuity, and assistance of their co-workers. Having good team-working skills is essential for
engineering students.

Interpersonal Skills in Engineering

Interpersonal skills “include the ability to read and manage the emotions, motivations, and
behaviors of oneself and others during social interactions or in a social-interactive context”
(North Central Regional Educational Laboratory). Today’s work environment, in which
engineers work on cross-functional teams formed by culturally diverse members who may not
share common norms, values, or vocabularies but who do offer unique expertise, insights, and
perspectives, has placed increased importance on an engineer’s interpersonal skills (NCREL,;
Simmons, 1999).

Several researchers have stated that having good interpersonal skills allows engineers to build
consensus, effectively manage conflict, be able to work with others and get a common
understanding with them, effectively manage groups, enhance the strengths and abilities of
others, use effective communication and persuasive strategies, listen well, understand and
positively manage the emotions of others, and effectively manage their own behavior during
social interactions (Dreyfus, 1991; Eck, 1990; NCREL; Simmons, 1999; Thomas, 1999).
Consequently, engineers who have good interpersonal skills are able to obtain jobs and advance
in their careers easier and faster than engineers who just have a technical background.
“Interpersonal skills play an important role throughout a career from engineer, to engineering
manager, to organizational manager, and to executive” (Simmons, 1999, p.25). On the other
hand, a weak understanding and inability to apply interpersonal skills can seriously limit an
engineer’s career (Simmons, 1999; Tao, 1993).

91821 abed



For the most part, engineers currently learn and develop interpersonal skills by trial and error,
humanity classes, and extracurricular activities. However, through these sources, engineers
practice their interpersonal skills through peer setting rather than supervisor/subordinate
management situations which are common in engineering practice (Simmons, 1999; Tao, 1993).
By developing good interpersonal skills engineers can have a wide variety of benefits that will
help them in their professional and personal lives.

Leadership Skills in Engineering

Leadership can be described as the ability to influence other people to follow through and
accomplish meaningful results. Leadership also includes the ability to make decisions and assist
peers and subordinates in maximizing the use of resources to reach a common goal. One can say
that leadership is about coaching; developing others; mentoring; and sharing experiences,
knowledge and insight (Crawford, 1998; DeLisle, 2000; 1llinois Leadership; Petcher, 1997). As
Crawford (1998) states:

We are now recognizing that leadership can and does occur at all levels of

organizations and in all kinds of settings. Leadership is increasingly being

recognized as an interactive process that takes place between members of an

organization. It is not simply a skill employed by a person in a position of power

within an organization. (p. 2)
Therefore, it is important that engineering students are presented with opportunities to develop
leadership skills that will allow them to successfully work collaboratively with other people to
change organizations, lead and/or participate in multidisciplinary engineering activities, build
teams, motivate people, create organizational structures conducive to innovative and effective
work, plan and facilitate meetings, solve problems, among others (Askew, & Price, 2003;
Thambhain, 1992b; 2004a).

“Increasingly, those who hire engineering graduates look for employees who are not only
technically proficient, but who also have demonstrated leadership and initiative in team settings”
(Yost, 1998, p.1). In addition, as Farr (1996) stated organizational influences such as global and
increased competition are forcing junior engineers into more managerial and leadership roles.
Therefore, in order to get hired and later on get promoted, today’s engineers need to have good
leadership skills. Consequently, as several researchers have stated, university engineering
programs should provide students with opportunities to develop these skills (Ashley, 1993;
Askew, & Price, 2003; Brungardt, 1996; Farr, 1996).

Management SKkills in Engineering

Engineering and management have been perceived as separate functions for a long time. But
because the world is changing and organizations are downsizing, de-layering, restructuring and
re-engineering engineer needs to stand out from others and management skills are one aspect
which provide them the competitive edge over others. The need for management skills does not
rise suddenly as an engineer is transformed from engineer to manager, but are developed as
his/her career progresses. The probability and ease of the success are seen to be greatly
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enhanced if the engineer has mastered good management skills with sufficient technical
knowledge of his/her discipline. (Redfem, 1997).

Lannes (2001) described the importance of the very concept of management skills and their
importance to engineers. He stated there has been an increasing trend to give engineers
management assignments earlier and earlier in their careers. ABET (2000) criteria confirms the
importance of management skills from the initial career formation stage of the engineer during
their undergraduate program. It is necessary for engineers to be well versed in management
skills because they spend most of their working lives managing people more than technical
problem solving. Most engineers work on teams and often it is necessary for them to take on the
leadership role of the team, which may lead them to take up management of the team’s projects
(Richardson, 1996).

Thamhain (1993) indicated that the needs of the engineers should be addressed by including
management skills in engineering education. He stressed the fact that most of the professional
engineers who have had several years of experience believe that management skills are required
and are essential to success in engineering. According to Visser (2005), management skills are
important for engineers to improve their job performance, job satisfaction and promotion
prospects. Management skills also provide engineers with the ability to provide clear direction
and guidance to others, integrate multidisciplinary efforts, plan and obtain commitments,
communicate effectively, provide problem-solving assistance, collect and filter relevant data
valid for decision-making, and integrate individual demands, which benefits the overall
engineering task (Visser, 2005)

Johnston (1987) reported that the majority of engineers are required to assume a degree of
management responsibility as they approach mid-career, and for some, the opportunity may
come even earlier. Management skills are also important since engineers are more likely to
become entrepreneurs these days and the opportunity to start and grow their own successful
companies requires them to learn effective management skills. Also engineers who start
businesses are potential leaders and they must be able to find way to satisfy customers and
produce successful profitable products (Gross, 2000).

Ethical Skills in Engineering

“A concern for ethical behavior has been a part of technological activity since the dawn of
history” (Stephan, 2002, p.8). As early as 1940, the Accreditation Board for Engineering and
Technology (ABET, then known as the Engineers’ Council for Professional Development)
showed interest in the introduction of ethical education in engineering programs by forming a
committee on Principles of Engineering Ethics and conducting a survey on the teaching of
engineering ethics. However, before 1975, no one spent much effort considering engineering
ethics as a discipline in its own, in fact, the doing of engineering ethically remained simply
something that most of the time people did because they did not want penalties against them, but
not because it was the right thing to do. Engineering ethics started being considered a discipline
in its own when the post-Watergate era, the Vietnam War, and the environmental movement
contributed to the force of cultural factors which encouraged academics to look for practical
problems (such as engineering ethics) to address. Consequently, the National Science
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Foundation and the National Endowment for the Humanities encouraged studies on engineering
ethics, which caused the field to become an established and recognized discipline. The subject
of engineering ethics is now a full-time study by numerous researchers (Davis, 1999; Herkert,
2000; McGinn, 2003; Steneck, 1999; Stephan, 2002).

“The last quarter of the 20" century witnessed many notable changes in engineering education in
the USA, including growing recognition of the importance of ethics and social responsibility”
(Herkert, 2000, p.303). This acknowledgement of the importance of ethics in engineering has
been spurred on by academic institutions, engineering employers, researchers, and ABET’s
Engineering Criteria 2000, which requires that engineering programs demonstrate that their
graduates have an understanding of professional and ethical responsibility (Bekir, Cable,
Hashimoto, & Katz, 2001; Herkert, 2000; Hissey, 2000; Passino, 1998; Stephan, 2002; Stern, &
Pimmel, 2002). The importance of incorporating ethical education in engineering programs lies
on the need of properly preparing engineering graduates for their careers. As Stern and Pimmel
(2002) stated,

An engineer’s work can have significant impact on society; therefore the practice

of engineering carries certain obligations and responsibilities. Engineers need to

assess both positive and negative impacts of particular engineering solutions, to

inform society of these impacts, and to gain informed consent before a particular

solution is implemented. Engineers need to act ethically, to recognize and resolve

potential conflicts of responsibilities to society, to employers, to fellow workers,

and to self. (p.13)

In addition, Stephan (2002) states the importance of providing engineering students with
opportunities to develop ethical skills by saying that, “in the engineering world of the future, a
sound understanding of the theoretical and practical sides of engineering ethics will be as
necessary to the proper education of engineers as a knowledge of differential equations is today,
if not more so” (p.7). Stephan (2002) supports this statement by saying that engineering ethics is
now an established discipline that deals with practical problems; engineering work is now more
complex than ever, and its ethical effects can no longer be dealt with simple intuition; and that
engineering students need classroom practice to understand and deal with the complex and subtle
issues of professional responsibility in engineering before they encounter ethical issues in the
real world.

Ethical skills in engineering graduates are required by the members of the global workforce of
the 21* century (Hissey, 2000; Passino, 1998). In order to succeed in the professional world
engineers need to have good ethical skills that allow them to have self-confidence in identifying
and reasoning about moral problems, evaluate actions according to moral criteria, act morally,
distinguish between ethical and unethical situations, and understand the consequences of their
actions and their responsibility to society (Loui, 2004). Therefore, it is important that university
engineering programs provide students with opportunities to apply their ethical principles to
situations and problems that are peculiar to engineering (Loui, 2005; Stephan, 2002).

Currently, engineering programs across the United States are experimenting with ways to
integrate engineering ethics to their curriculums. Nevertheless, Stephan (2002) determined that
nearly 70% of university engineering programs do not require their students to take ethics-related

6’1821 abed



courses. In addition, researchers have pointed out that few faculty members are familiar or
comfortable teaching engineering ethics courses (Herkert, 2000; Honour, 1996). As noted, many
challenges remain in order to fully incorporate engineering ethics as part of engineering
curriculums.

Life-Long Learning Skills in Engineering

Over a decade ago, a group of experts estimated the half-life of an engineer’s technical skills.
Essentially they estimated how long it would take for half of everything an engineer knew about
his [or her] field to become obsolete. For mechanical engineers, it was 7.5 years. For electrical
engineers, it was 5, and for software engineers, it was a mere 2.5 years, less time than it takes to
get an undergraduate degree. Today, those numbers are surely even smaller. (Smerdon, 1997,

p.21)

The engineering profession is subject to continuous innovation; in order to maintain competitive
advantage engineers must have a rapid response to the pressures of the global market by always
being one step ahead in their incorporation of new knowledge into their products (Fink, 2001;
Midwinter, 1999; Whittaker, 1989). Consequently, to remain professionally effective, and hence
be able to maintain their jobs and advance in their careers, engineers must update their
knowledge continuously throughout their professional endeavors (Fink, 2001; Midwinter, 1999;
Smerdon, 1997).

Additionally, the importance and need of life-long learning skills in engineering lays on the fact
that “as technological change accelerates and product lines rise and fall in ever-diminishing life
cycles, engineers find themselves switching jobs more often” (Smerdon, 1997, p.21).
Furthermore, global competition has caused job security to be “a fond memory of yesterday’s
workplace” (Baldwin, 1996, p. 10). Therefore, engineers must have life-long learning skills in
order to succeed in today’s marketplace.

As Midwinter (1999) and Atkinson (1989) stated, having life-long learning skills allows
engineers to stay highly marketable and compete more effectively in today’s professional world.
Therefore, as several researchers have stated, engineers must not think that their education in
technical and human behavior skills ends after college, but they must see it as a lifetime project
(Baldwin, 1996; Fink, 2001; Hecker, 1997; Midwinter, 1999; Smerdon, 1997). “Ultimately it is
up to the individual to pursue lifelong learning of these skills, and it is the role of employers and
educators to instill in a student the need and desire to hone these skills for the rest of their
professional career” (Hecker, 1997, p.62).

Emotional Intelligence in Engineering

According to Goleman (1998), emotional intelligence “refers to the capacity for recognizing our
own feelings and those of others, for motivating ourselves, and for managing emotions well in
ourselves and in our relationships” (p.317). Various surveys and past research have identified
that the engineering graduate requires many skills and a great deal of knowledge when entering
the workforce. Essential for this are elements such as interpersonal skills, teamwork,
communication, as well as a strong sense of motivation (Cookie & Miggs, 2005; Burns &
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Chisholm, 2002; Pearce, 1998; Reimer, 2003, Thomas, 1999). Such skills are particularly
relevant in this era of globalization, which is taking place at an ever-increasing speed and
provides an environment in which the modern engineer must interact. Engineering education
programs need to be able to prepare graduates, not just with engineering fundamentals, but also
for success and actual on-the-job skills. Essential for the skills set for an engineer includes
capabilities in emotional intelligence (Goleman, 1999). Goleman identified five domains of
emotional intelligence, namely: self-awareness; self-regulation; motivation; empathy; and social
skills. These areas need to be incorporated into engineering students’ educational programs in
order to prepare them for their professional working life.

According to Kelley (1999), 1Q gets you hired, but emotional intelligence (EI) gets you
promoted. For example, managers at AT&T Bell Labs were asked to rank their top performing
engineers. High IQ was not the deciding factor, but instead how the person performed regarding
answering e-mails, how good they were at collaborating and networking with colleagues , and
their popularity/relationship with others were identified. A study conducted by the Center for
Creative Leadership (1994) found that 75% of careers are derailed for reasons related to
emotional competencies, including inability to handle interpersonal problems; unsatisfactory
team leadership during times of difficulty or conflict; or inability to adapt to change or elicit
trust.

A study conducted by Sunindijo and Hadikisumo (2005) focused on investigating the benefits of
El in project management in terms of leadership style, conflict resolution style and client
satisfaction. Their study concluded the following in terms of growing sense of self awareness
and its importance in overall development of emotional intelligence: (1) People with good self-
awareness tend to delegate works to others and to motivate and bring out the best efforts in them.
(2) People with good self-management have a proactive attitude and take an anticipatory action
to avoid problems and also take advantage from available opportunities. (3) People with social
awareness care and hear what other people are really saying. Caring and hearing indicates that
the person is open and empathetic toward others.

Emotional intelligence furnishes a person with compassion, empathy, adaptability and self-
control. If persons strengthen their EI, then they also are more able to strike a healthy balance
between personal needs and the needs of others (Segal, 1997). Emotional intelligence skills can
be applied across different work environments. EI skills improve teamworking skills, especially
with regard to communication between team members. Furthermore, the context of the receiver
of the communication, whether it be written, non-verbal or oral, is taken into account through
empathy and self-awareness. This is important whether the context be cultural, educational,
professional, social or otherwise (Riemer, 2001).

Riemer (2003) noted that emotional intelligence offers various components that can improve
communication skills of engineers. Furthermore, Reimer (2003) states that a lack of sufficient
communication skills serves only to undermine the image of the engineer, but this can be tackled
by engaging features of emotional intelligence in the education of engineers. Riemer
emphasized that communication could be inhibited depending on the self-actualization of the
communicator as it ties with EI elements of self-awareness and self-regulation. EI plays an
important role in strengthening the communication skills of an engineer, which are considered as
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one of the primary attributes an employer requires from a new engineering graduate (Palmer &
Slavin, 2003).

Emotional intelligence is a prime factor in the success of the individual. Goleman (1998)
asserted that emotional intelligence abilities were about four times more important than 1Q in
determining professional success and prestige, even for those with a scientific background.
Furthermore, the engineer’s stereotypical negative image of the socially inept genius can inhibit
student recruitment and retention (Yurtseven, 2001). This may be countered through graduates
employing EI skills in the workplace, thereby generating an improved image for engineers
through interaction. However, these skills need to be taught to engineering students in their
educational programs.

Creativity in Engineering

Sternberg (1999) defines creativity as the ability to produce work that is novel (i.e., original,
unexpected), high in quality, and appropriate (i.e., useful, meets task constraints). Engineering is
the creative application of scientific principles (Standler, 1998). Engineering requires
innovation, creativity and flair focused in a design process. Design is at the heart of engineering
and it’s where professional engineers demonstrate their creativity and innovation (Felder, 1997).
Given that the complexity surrounding every engineering project mounting as natural resources
dwindle, the world population increases, and the global infrastructure and economy grow ever
more intertwined, the creativity and innovation necessary to address the big issues facing
civilization will only continue increase in importance (Stouffer, Russell, & Oliva, 2004). Most
engineering projects demand creative or innovative approaches in the design or equipment,
systems, and facilities (Standler, 1998). While creativity is an essential component in
engineering design, focused interviews with leading creative engineers has found that
engineering schools do not adequately prepare students for creative endeavors or for the
realities of modern industry (Richards 1998).

Engineers are not commonly perceived as creative professionals. A recent Harris Poll sponsored
by the American Association of Engineering Societies and IEEE-USA found that “only 2 percent
of the public associate the word ‘invents’ with engineering; and only 3 percent associate the
word ‘creative’ with engineering (Bellinger 1998; Wulf 1998). Engineering as a profession has
not been intentional about educating students to become creative in their application of their
technical and professional skills. In other words, the value of creativity is not explicitly
communicated to engineering students as a priority of their education (Stouffer, Russell, &
Oliva, 2004). Yet even in the most technical of positions, engineers must find novel and unique
ways to approach and solve design challenges, whether this means placing piping in unique
formations or finding a way to stabilize soil in a nontraditional manner.

Many engineering projects require significant communication, leadership, systems thinking, and
creative problem solving. For example, designing today’s big and complex highways and
keeping them operational necessitated innovative and creative management techniques and
construction methods, including the use of global positioning technology, laser measuring tools,
and the use of slurry walls, ground freezing, and chemical stabilization of soil (Angelo 2001).
According to Heller (2001), if engineers are to solve the critical issues surrounding the
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infrastructure, economic development, and the natural environment, then new and innovative
solutions will be demanded to meet the needs of our greatly changed world. Infrastructure
system life cycles need to be rethought and reengineered to serve their original purposes under
new conditions, such as globalization, deregulation, telecommunications intensity, and increased
customer requirements (Heller 2001).

Employers in many corporations consider creativity an important attribute when hiring new
engineers. According to Munroe (1995), 70% of the cost of a product is determined by its design,
so that creative design can lead to substantial cost savings in corporations. As a result, creativity
training for employees is becoming widespread (Clapham, 1997; Thackray, 1995). According to
the 1995 US Industry Report, corporations are now budgeting billions of US Dollars for
creativity training programs, and demand for training is said to be outstripping the supply of
trainers (Hequet, 1995).

At the level of the individual engineer, considerations of the global marketplace and the creative
skills regarded as essential for a successful career in engineering (Dekker, 1995) have also raised
the issue of fostering creativity in engineering education (Steiner, 1998). A survey of
engineering employers in the United Stated (Todd, Magleby, & Sorensen, 1993), however,
suggests that this training is not taking place, or is ineffective if it is. According to employers in
the survey, three-quarters of new graduates are “unsuitable” for employment because of “skill
deficiencies” in creativity, problem-solving, and independent and critical thinking.

Creativity can be a powerful tool to enhance technical efforts to solve engineering problems of
all kinds. As one professor has stated: “As educators, we are responsible for stimulating creative
thinking among our students . . . . Our ultimate goal is to require original creative work as part of
every engineering course” (Richards 1998, p. 55). Snyder (1967), found that students at an
American university who preferred trying new solutions dropped out of engineering courses
three times more frequently than those who preferred conventional solutions. Taking a creative
look at engineering education does not mean ignoring or choosing to disregard the normal
project parameters or technical constraints that must be imparted to the next generation of
professionals. Instead, using creativity can mean generating excitement in students as they
approach engineering problems in original ways that have a tremendous impact on society
(Raskin 2003).

Methods for Incorporating Human Behavior Skills in Engineering Education

There have been various methods that have been incorporated to enhance the human behavior
skills of students in engineering programs. Some of the initiatives are describe below for each of
the human behavior skills.

Communication skills

Engineering students need to improve their communication skills in order to meet job demands
(Beer, 2002). The communication of information is an essential element of successful
engineering practice, and the ability to communicate and use information effectively is critical to
professional success and advancement of engineers. Feedback from industry rates
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communications and information use skills high in terms of their importance to engineering
practice. Feedback from professional engineers and from engineers’ supervisors concerning
engineering competencies ranks communications and information use skills-the ability to write
effectively, to make oral presentations, and to search out and acquire information-high in terms
of importance to engineering practice. (Chisman, 1987).

At a number of universities, communication skills are taught in isolated classes, separate from
the rest of the engineering curriculum. Other schools have chosen a “writing across the
discipline” approach, to partner with a writing center, or to use a writing consultant (Walker,
2000). An example of a communication skills development program is the Writetalk
Communication System (WCS), which was developed by the engineering departments at Temple
University, in conjunction with an outside consultant. The WCS was developed to address some
of the most important communication skills required for a successful engineering career. The
purpose of the WCS is to increase both student and faculty awareness of the importance of
communication and to improve students’ skills in reading, listening, written, and verbal
communication. The WCS accomplishes this while students are involved in existing engineering
academic programs (Baren & Watson, 1991). Another example is the Department of Industrial
Engineering and Management Systems at the University of Central Florida, which offer an
introductory engineering course that covers professional development communication skills
(e.g., oral, presentation, written, active listening). The introductory course is designed to expose
students to the various engineering technical skills that they will need to develop during their
entire program of study and to teach them some of the professional skills they will need to
succeed in the workplace (Pet-Armacost & Armacost, 2003).

Team-working skills

Some initiatives have been created to ensure that engineering students develop good team-
working skills that “allow them to communicate and interact with other people in adaptive and
contributing styles” (Seat, & Lord, 1999, p. 385). For example, Yost and Mohankrishnan (1998)
implemented a formal cooperative learning component in engineering courses. Cooperative
learning, which Yost and Mohankrishnan define as the instructional use of small groups so that
students work and study together to maximize their own and each others’ learning, has been
documented in numerous studies to have a positive effect on the development of team-working,
communication, and leadership skills in engineering students (Cavalier, Klein, & Cavalier, 1995;
Hilborn, 1994; McDonald, 1995; Smith, 1995; Yost, & Mohankrishnan, 1998). According to
Yost and Mohankrishnan (1998), in order to help students effectively develop team-working
skills and make the most of cooperative learning, instructors need to form the teams so that they
are diverse, be prepared to help teams manage conflict, address the entire class just enough to
situate the day’s topic in proper context, use an absolute grading scale, carefully plan group
exercises, offer extra points to groups where all team members showed good understanding of
the topic, and make attendance obligatory.

In addition, Goodwin, Hundley, Fox, and Wolter (1999) propose two approaches that
engineering programs can implement to assist in the development of students’ team-working
skills. The first method suggests the creation of courses specifically designed to help students
develop human behavior skills. The second approach suggests the creation of integrated courses
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in which there are two professors: an engineering professor who teaches an engineering concept
and requires students to complete a group project, and a professor trained in team dynamics.

Interpersonal skills

A study conducted by Simmons (1999) revealed a fundamental set of five interpersonal skills
that were most important to junior engineers and engineering managers, which included
communication, team building, creative problem solving, conflict resolution, and negotiation.
Many colleges of engineering are now seeing interpersonal skills as critical traits needed by
graduates to be successful in their careers. The College of Engineering at the University of
Texas-Austin, offers a special course designed for engineering students, "Interpersonal
Communication Skills Training for Engineers", which provides engineering students with the
opportunity to develop their interpersonal and group communication skills. The development of
these skills enables engineering students to function better in both professional and personal
relationships. Over a period of ten weeks, the one hour sessions deal with self-awareness and
perception, verbal and non-verbal communication, leadership and power, defensiveness, team
building, creative problem solving, communications and ethics, and conflict resolution
(University of Texas)

Also, the College of Engineering at University of Wisconsin-Madison offers a course on Teams
and the Engineering Profession. The course provides engineering students with the
communication strategies necessary for effective teamwork in engineering and science
professions. Key components of this class include: team structures and roles; leadership skills;
group facilitation and conflict resolution; interpersonal skills and personality styles; research and
analysis of team theories; application of team concepts to real-world issues; and evaluation of the
team process (University of Wisconsin).

Leadership skills

An understanding of leadership skills are essential for effective management of multidisciplinary
engineering activities. The ability to build project teams, motivate people, and create
organizational structures conducive to innovative and effective work requires sophisticated
interpersonal and organizational skills (Thamhain, 2004b). The importance of leadership is
recognized by a number of engineering programs. For example, engineering students at Virginia
Polytechnic University organize an annual Engineering Leadership Conference (Schwartz,
1998). Pennsylvania State University has developed a leadership minor to help engineering
students bridge the gap between what they learn in school and what they will be expected to do
in industry (Black, 1994). Another example is The Cooper Union, School of Engineering’s
Leadership in Engineering Advancing the Profession (LEAP) program. This leadership and
professional development program is designed to offer engineering students a structured, yet
flexible, selection of participatory leadership experiences, workshops, and courses. The LEAP’s
program goal is to cultivate the professional and interpersonal skills of engineering students and
to enhance their leadership potential both in college of engineering and the workplace, thereby
advancing the profession of engineering (Lyczko, 2000).

Management skills
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Today's competitive global market and changing work environment demand that engineers
possess management skills in addition to technical skills, and they must be able to understand
project goals and have theability to accomplish them with available resources. Currently,
engineers learnleadership and management skills while working—Ilearning them the hard way.
In order to meet the demands of this changing world, engineering programs are challenged to
come up with innovative ways to teach classes so that graduates are prepared totake on the
challenges twenty-first century engineers face (Morse & Babcook, 2007). Increasingly,
attention is given to the teaching of management and communication skills in engineering
programs. The College of Engineering at the University of Texas-Austin offers a course on the
Management of Software Project Teams. In this course engineering students study the
complex role of today’s software project manager. Global competition, downsizing, resource
limitations, time-to-market, team building, conflict resolution, delegation, empowerment,
marketing, communication, and leadership skills are topics that are covered this course
(Dobbs, 2007). In addition, management courses are often offered jointly by Colleges of
Engineering and Schools of Business.

Ethical skills

Engineering programs across the country are experimenting with new ways to integrate ethics
into the engineering curriculum. For the most part, this has been motivated by criterion three of
ABET’s Engineering Criteria 2000 that requires that engineering programs demonstrate that their
graduates have an understanding of professional and ethical responsibility (Kitto & Sylvester,
2002). Engineering faculty are challenged to find an appropriate way to integrate material on
ethics into their curricula. Instructors from Western Washington University’s Engineering
Technology Department teach engineering ethics by using both general case studies and specific
case studies within the department. Students improve their oral skills by formally presenting
case studies and leading class discussions about the ethical issues raised. Oral communications
also reinforces effective writing. In an assignment engineering students write instructions for
laboratory machines, non-disciplinary readers review the instructions. As a result, students learn
not only how difficult it is to write clear instructions, but also how necessary it is, ethically and
practically, to make instructions safe and useful for users from different backgrounds (Kitto &
Sylvester, 2002).

In addition, some schools such as the University of Detroit Mercy requires a single course on
Politics and Ethics of Engineering for all engineering undergraduate students. Other schools
such as Drexel University have chosen a more integrative approach that combines technical and
non-technical material taught by both engineering and humanity instructors. The topics of study
range from professionalism and case studies to readings in fiction and dramatized presentations
by students (Stephan, 2002). Stanford University is another school that requires all engineering
students to take at least one course on the interaction of technology with values and beliefs,
social institutions, or behavior (Stephan, 2002).

Life-long learning skills
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The ability for engineers to stay abreast of conceptual and technical developments in the
engineering field and to deploy new knowledge in interdisciplinary contexts is increasingly
essential (Jiusto & DiBiasio, 2006). Universities in recent years have devoted attention to
developing educational programs that promote learning that is necessary to prepare students for
lifelong learning. For example, Worcester Polytechnic Institute’s experiential Global Studies
program engages its engineering students in semester-long, open-ended team projects executed
in locations around the world, to assist in developing their lifelong learning readiness. The
program goals include the ability to solve open-ended, multidisciplinary problems and
understanding how technology and society interact. The students also have the opportunity to
collaborate and work in teams. Another lifelong learning example is at Marietta College in Ohio
where students develop personal portfolios in their engineering courses. The students’ portfolios
include a systematic and purposeful collection of their goals for learning, work in progress, and
reflections on their work and processes. The portfolios with reflective assessment support habit
and discipline, promotes continuous improvement for students, and clarifies the relationship
between course learning and life-long learning and career development. The portfolios focus
engineering students’ attention on the quality of the lifelong learning process (Cress &
McCullough-Cress, 1999).

Emotional intelligence

Emotional intelligence skills can be integrated within an engineering course effectively. For
example, Rensselaer School of Engineering at Rensselaer Polytechnic Institute introduces their
engineering design students to EI skills at the very start of the course (Riemer, 2003). The five
simple secrets of success (rapport, empathy, persuasion, cooperation, consensus building), as
suggested by Goleman (1998) are communicated to the students. The students then engage in
recognition exercises of these aspects in groups throughout the course. These group exercises
contributed to increased student awareness of these skills and improves students’ communication
skills and teamworking abilities. These exercises also include the delivery of oral presentations,
which enhance the students presentation skills. Video playbacks of the oral presentations also
stimulate reflection in the students (Ladyshewsky & Gotjamanos, 1996). Role-playing exercises
are also used which encourage self-awareness and contribute to the students’ understanding of
empathy.

Also, the University of Illinois, Department of Industrial and Enterprise Systems Engineering
offers a one semester course on Interpersonal Skills and Emotional Intelligence. The course
provides students with the opportunity to develop their interpersonal and emotional intelligence
skills. The course topics include understanding emotions in self and others, assessing and
improving interpersonal skills and emotional intelligence competencies including: self-
regulation, motivation, empathetic listening, communication, collaboration and cooperation,
conflict management, leadership, teamwork, and managing change. Participation in the class is
voluntary and students must be at least juniors or seniors in their engineering major (University
of Illinois).

Creativity

There are many ways to design classroom assignments or teamwork activities to develop
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creativity in engineering. Some engineering professors make creativity an explicit component of
their courses (Ghosh 1993; Masi 1989; Richards 1998). Torrance encourages instructors to
develop constructive, as opposed to critical attitudes in themselves and in their classrooms. In a
series of experiments “‘students who assumed a constructive rather than a critical attitude toward
available information were able to produce a larger number of creative solutions as well as more
original ones” (Torrance, 1977, p. 34). A few programs such as Olin College and Worcester
Polytechnic Institute even go to great lengths to cultivate creativity throughout their curricula
(Sanoff, 2003). For example, at Olin College of Engineering students in their project design
course are given the opportunity to set their imaginations free to generate multiple, original ideas
and solutions to real world problems in the field of engineering. Students are given the freedom
to explore by setting aside time in the course for guided brainstorming and other creative acts
such as looking at their ideas form several different points of views and coming up with multiple
hypotheses (Sanoff, 2003). Another example is at University of Nevada-Reno were freshman
students in mechanical engineering students work in teams to design and build LEGO machines
and structures in classroom exercises that simulate the industrial design process. This team-
based, hands-on approach not only encourages creativity and helps in recruitment of students, it
also gives them “an overview of engineering practice and exposure to the environment that
engineers generally work in” (Wang 2001, p. 11).

Conclusions

The future success of engineering graduates will increasingly depend not only on solid training
in scientific and engineering principles, but also a more rigorous education in human behavior
skills. As stated above there are many different educational approaches that universities are
using to develop human behavior skills in engineering students. Some engineering curricula
include “liberal arts’ subjects in undergraduate programs. Others teach isolated human behavior
skill classes, separate from the rest of the engineering curriculum. Additionally, other
universities integrate different aspects of human behavior skills into their engineering core
courses. Still in a few universities some engineering courses are taught jointly with faculty from
other disciplines, such as humanities or business. In some schools specialists or consultants are
brought in to conduct workshops or seminars related to human behavior skills. Many of these
approaches have achieved some successful outcomes for their own institutions and have
influenced the development of new approaches and ideas in engineering education. However,
despite these efforts the engineering education reviews still reflect dissatisfaction with engineers’
human behavior skills ability and competence (Hsu, 2004; Nguyen, 1998; Riemer, 2004;
Selinger, 2003)

Engineering is not only a discipline of study, but also a community of practice, human behavior
skills for engineering practice must incorporate an understanding and knowledge of the
interrelation of communication, team-working, interpersonal, leadership, management, ethical,
communication, life-long learning, emotional intelligence, and creativity in a more planned and
systematic way. These are the skills that are critical for successful professional development and
fall into the larger category of human behavior skills needed for engineers in order to assurance
that engineers can apply their technical knowledge in today’s ever-changing and
multidisciplinary world (see Figure 1).
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Recent studies have shown that both technical knowledge and human behavior skills are closely
bound together when it come to career success of engineers (Cookie & Miggs, 2005; Nguyen,
1998; Riemer, 2004; Watson, 2000). As the engineering graduate’s required skills base
continues to expand and evolve beyond the basic technical engineering knowledge, universities
need to recognize that the skills base now needed in the knowledge era has extended to a greater
need of human behavior skills. Human behavior skills offers more than just learning tools for the
engineering student, but also life-long career skills. Human behavior skills are not a standalone
fad, but rather an element that can have a significant impact on an engineering student’s
education and his/her future career. Furthermore, the globalization of private industry and other
organizations will continue at increasing levels. Consequently, the professionals involved in
international business will need to be equipped with new and expanded competences and skills
from an intercultural perspective. Technical skills alone are no longer sufficient for advancing
engineering education. Human behavior skills are a prime component that will facilitate the
adaptation of future engineering graduates in an intercultural and global world.

Goleman (1999) has stated that engineering education has ignored human behavior skills in the
past, skills that incorporate communication and collaborative abilities, teamwork, selling an idea,
accepting criticism and feedback, learning to adapt, and leadership. He further stated that when
engineers are promoted to leadership positions, they often lack the requisite leadership and
managerial skills. These human behavior skills need to be planned and systematically integrated
into the engineering curricula for engineering to regain relevance in education, across disciplines,
society, and the world. This means that students, educators and leaders in educational institutions
need to be educated in human behavior skills. By providing the right engineering curricula
contents, universities can seize the opportunity to contribute in shaping the future engineer who
has the skills and understanding needed to make vital contributions to society and the world.
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Figure 1. Human Behavior Education in Engineering Model.
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