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Abstract
Today's engineers must be change masters and the challenge to bring about change will test the very best engineers in their very best leadership skills.  The engineering curriculum is packed with required technical skills and training going to the very heart of the discipline, yet it appears the training in the leadership skills is missing.  Bringing about change and providing leadership requires real people skills. A survey of several engineering schools’ curriculums indicates engineers may not be receiving the human relation and leadership skills needed to fully develop the engineer for success in future leadership roles.

Introduction

Today’s workplace is changing rapidly.  Futurist Ed Barlow (2003) notes that 20 percent of what we know today will be obsolete in five years.  Today’s trained engineer graduates with a competitive edge in engineering and cutting edge technology.  The engineer is trained very well for innovation and task, but what about that other set of skills the engineer will need to lead change, the leadership development interpersonal skills?  Are the universities providing the necessary leadership development skills to ensure the engineer’s success in leading change – or is there a serious gap in the training that must be bridged?  As the engineers assume more leadership responsibility, do they have the necessary competitive edge in interpersonal and conceptual skills to remain competitive and even grow in leadership in today’s marketplace?  As they grow in their job responsibilities the need for the human skills, change, leadership, teambuilding, motivation, communication, etc., are increasing.  It seems many programs assume engineers already know how to interact with others at all levels of the organization.  After all, they know how to solve problems, write technical reports, and set goals.  The engineer knows how to plan and to organize a project to meet all the standards.  Surely, the engineer knows how to interact with others in a manner to achieve the best results.  Yet, when it becomes necessary to lead others toward the task, many engineers struggle in getting the tasks accomplished on time with the level of excellence needed to be successful.  Why is this the case?  The engineers, as the experts, often have to accomplish their jobs with and through others.  The use and understanding of interpersonal skills – the people skills – are paramount.  Many engineers believe the ability to lead is just common sense; when, in fact, interpersonal skills training requires a very disciplined and systematic study if the engineer is to maximize results.  Many corporate executives have noted these interpersonal skills are the true determinant in selecting an engineer for a leadership position.  Leadership, the catalyst that is needed to bring about change, is much more than just knowing the technical requirements for the job.

The Research
The research included a survey of the curriculums from several engineering disciplines.  Included in this survey were:  Aeronautics Engineering, Agricultural and Biological Engineering, Chemical Engineering, Civil and Construction Engineering, Electrical Engineering, Electrical Engineering Technology, Computer Science, Industrial Engineering, Materials Engineering, Mechanical Engineering, Mechanical Engineering Technology, and Nuclear Engineering curriculums.  In addition to the survey of the curriculums, twenty-six (26) engineers were interviewed using a standardized set of questions relating to their training, education, and development of their technical, interpersonal, and conceptual skills.  Eight employers that hire engineers were also interviewed with respect to the need for interpersonal skills upon graduation.

What does the engineering curriculum offer in interpersonal skills training?  The survey of the various engineering curriculums focused on two courses that may be interpreted as interpersonal skills training that all engineering students must take – Fundamentals of Speech Communications and English Composition I.  Of the schools investigated, several electives in the humanities were also available for selection.  In the electives, the student engineer may take courses in Audiology and Speech Sciences, Communications, Creative Arts, Economics, English, Foreign Languages, History, Philosophy, Political Science, Sociology, Anthropology, Child Development or Interdisciplinary Studies.  It appears courses in leadership and management are missing.  Most of the curriculums allow a maximum of six courses (18 credit hours) for this elective work, but some curriculums allow only one or two courses as electives.

What are the students saying?  The interviews with the seniors and the recently graduated students provided interesting insights into several areas for potential curriculum development.  When asked, “How have you prepared yourself in your education to support your eventual movement into a leadership and management position?” many of the responses reflected concern for this need in interpersonal skills and leadership training.  The majority of the undergraduates responding believed they would be able to pick up any needed interpersonal and leadership skills in their internships and “on-the-job” training.  The responses were, “I have not really prepared much at all other than my working experience.  My internship at Honda really helped to interact more effectively with management and to lead people.”   Another senior noted, “I have not taken any courses in this area; however, my internship experience has allowed me to see and observe management.  It has allowed me to gain more understanding and insight.  I will follow the example I observed where I was working.  It seemed to work okay.”   A recent graduate shared, “Leadership should come from on-the-job experience.  Management positions should require MBA and no courses of training for leadership were a part of my engineering program.  I expect my employer to send me back for my MBA when my job requires me to take on a greater leadership role.”  And many undergraduate students noted leadership is just “common sense” and it should not require any additional courses.  Is there a gap in the understanding of needed leadership skills necessary to bring about leadership success and change reflected in these comments?

Discussion

The three broad types of skills leaders need are technical, human, and conceptual.  Technical skills refer to a person’s knowledge of and ability in any type of process, material, specialized knowledge or technique – the technical skills required for successful completion of the task.  Interpersonal, or “people” skills, is the knowledge and ability to work effectively with and through people and to build teamwork.  The leadership skill of getting the job done through others requires understanding and use of multiple interpersonal skills in human relations such as labor/management relations, motivation stress, agility and communications.  The conceptual skills provide the leader with the ability to think in terms of models, frameworks, and broad relationships, such as long-range and strategic plans.  Exhibit 1 illustrates the perceived balance curriculum between the technical training, interpersonal skills training, and the conceptual training with reference to time that employers believe the curriculum offers.

Exhibit 1. Balanced Curriculum.
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The training of the technical skills is very well understood and developed in the engineering curriculum and gives the graduate a competitive edge in the marketplace. However, as noted above, one needs to recognize much of this knowledge will be replaced with newer information and technology in a very short period of time.

Much research has also focused on identifying the interpersonal skills for success.  Steven Covey (1989) has made a living by sharing the seven habits of effective leaders.  Anthony Robbins (1986) shares the secrets for personal power and leadership.  No leader at any organizational level escapes the need for knowledge for effective human skills development.  It is a major part of the desired leadership behavior model a graduate is expected to have; thus, allowing the person to grow in areas of greater responsibility and leadership as he or she progresses through his or her career.  As Exhibit 1 illustrates, as the professional engineer grows in management responsibility, the technical skills become less relevant and the interpersonal skills remain critical and the conceptual skills grow in importance (Newstrom and Davis, 1997).  In an engineer’s initial employment, the training received represents the latest in technical skills.  As the model in Exhibit 1 illustrates, the importance of the interpersonal skills never diminishes throughout one’s career.  Many would argue that as one’s career progresses in responsibility and leadership the need for understanding the use of the interpersonal skills actually increases.  The engineer is not only working with many more leadership levels within the organization, but also with a more diversified employee population.

But what is actually happening?  When looking at the engineering curriculum, we find a much different story.  Exhibit 2 better represents what is actually happening in the engineering curriculum.   As noted above, several engineering schools’ plans of study allow only six credit hours of the total hours needed for graduation to be directed toward interpersonal skills development.  

Exhibit 2. Current Engineering Curriculum.
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Does this represent an interpersonal skills deficit?  The engineering curriculum requires so much technical and discipline specific training that very few hours remain for the complimentary skills.  To help close this interpersonal skills and leadership skills gap, more management and leadership skills could be offered as electives.  With the number of required technical courses as shown in Exhibit 2, the interpersonal skills and leadership skills needed early in the career can only come from experience and trial and error made while dealing with others.  This results in a very precarious situation.  The question must also be raised, how much more effective could engineers have been early on in their careers if they had received training in leadership, change management, team dynamics, communication, motivation, conflict management and other critical interpersonal skills?

Exhibit 3 illustrates the potential interpersonal skills deficit and should beg the question, “What interpersonal skills are missing?”  The interviews conducted with many employers indicate satisfaction in the technical education and technical training of the graduate; however, many have expressed frustration and some dismay that new engineers do not have the desired level of people skills for positive interaction with their peers and customers.  Several employers noted many of the recent graduates fail to deliver the expected results on the job due to the lack of interpersonal skills.
One example shared told of several chemical engineers, after being employed for over a year, were required to go back and take undergraduate courses in Human Behavior and Applied Leadership and it was a requirement before any would be considered for advancement.  Another example shared told of severe communication problems between the Vice Presidents of a high tech engineering research firm and the other Ph.D. chemical engineers.  The conflict was at such a high level that the company decided to reorganize to minimize the reporting relationships between the engineers.  With these examples we need to ask, “What interpersonal skills are important for engineers to realize their potential?”  
Exhibit 3. Interpersonal Skills Deficit.
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Discussion with various employers noted more training in communications is the number one priority.  Being able to just listen and provide positive feedback was a high priority.  Understanding the advantage of greater culture and gender diversity, group dynamics, teamwork were also noted many times.  Many requested training in conflict resolution, conference leadership, labor and management relations and managing stress.  In addition to these areas of training, leadership and change management would certainly prove beneficial in today’s changing workforce and global competition.

Is there an interpersonal skills training deficit as shown by Exhibit 3?  The majority of the students interviewed felt as though they had not taken the necessary courses to prepare them for leadership roles in today’s workforce.  Unanimously, every one of the students interviewed agreed there needs to be a better-rounded curriculum to include skills needed for leadership.  In all fairness, the students also felt all of the technical skills training was also critical for their careers and they would not want to sacrifice any of the technical courses nor did any of them suggest increasing the number of credit hours required for graduation.

Interpersonal Skills Needed

Today’s workplace is changing rapidly.  There is certainly more diversity – gender and cultural – in the workplace.  The use of technology has provided new opportunities, yet challenges, to the engineer.  New technology and processes have also brought about the need of quicker change.  Today’s engineer must be a change master, a leader, to meet the challenge of getting others to understand and embrace change.  This leadership skill will test even the best engineer.  Are the universities providing the necessary interpersonal skills development to ensure the engineer’s growth and success when trying to bring about change through effective leadership?

Research indicates that poor communication is probably the most frequently cited source of interpersonal conflict and takes up to 30 percent of the leaders time (Thomas and Schmidt, 1976).  We know individuals spend nearly 70 percent of their waking hours communicating through writing, reading, speaking, listening, or some related actions.  It seems reasonable to conclude that one of the most inhibiting forces to successful performance is a lack of effective communications.  We often assume everyone knows how to communicate; however, that is not the case.  Engineers frequently have a tendency to communicate for information and to persuade others; however, they are less likely to communicate to gain commitment and understanding on the part of the follower.  The engineer appears to be much more task oriented and, as a result, the felt need to listen and to provide meaningful feedback is reduced. The belief that simply informing another is the same as gaining understanding leads to many miscommunications, leadership problems and issues.  Gerald Roche, Senior Chairman, Heidrick & Struggles International notes, “Human understanding and sensitivity are absolutely critical for success.  Only the fool finds total comfort in technical or specialized knowledge without developing his or her human and interpersonal skills,” (Ashley and Miles, 2002a, 10).

Another key interpersonal skill needed today is an understanding of group dynamics for effective teamwork.  A simple and irrefutable fact is that all of us working together can accomplish more than one of us working alone.  Over 80 percent of the companies today involve some sort of team.  The engineer will need to get things done through the use of teams and the understanding of teams is critical for professional growth.  Perhaps the greatest obstacle to teamwork rests in the limitation of team leadership (McCaslin, 1998).  When groups of professionals gather together to address an issue that crosses several disciplines, leaders of such groups are more likely selected for the technical and intellectual understanding of the problem.  From the research and surveys conducted, many students noted the increased level of group and teamwork; however, they did not know or understand the group dynamics as part of the team building process.  As a result, surveys of cross-functional teams show that the greatest complaint among team members revolves around the lack of perceived leadership and the leader’s use of interpersonal and team building skills.

Another increasingly important area is one of instituting change in the workplace.  As noted earlier, engineers must be change agents to move the organizations forward and to remain competitive in the world marketplace.  Change is everywhere, everyone is effected by change, and the pace of change is increasing; however, change is still resisted at all levels.  How does one overcome this resistance?  An engineer needs to recognize the forces that are resisting change and know how to employ driving forces to overcome the resistance; yet, the research did not find one course offered that focused on managing change.

Many of the other interpersonal skills needs have been noted; however, the list of interpersonal skills needed for leadership is almost endless.

Summary

The engineer, while technically proficient, needs to be comfortable in the interpersonal and leadership skills to be able to successfully make the transition to middle and top management.  To be successful in this endeavor, the engineers must know the challenges and opportunities facing them as they move into various leadership roles.  In the beginning of their careers, the engineers need to recognize the benefit of having a good balance between the technical and interpersonal skills.  As they move through their careers and are given more management and leadership responsibilities, the need is even greater for more interpersonal skills and conceptual skills.  The engineering curriculum needs to recognize this need.

The education and “core content skills” needed to manage effectively would include communicating for commitment, teaming skills, delegating, employment empowerment training, motivation, leadership, TQM, decision-making, planning, and identifying and prioritizing key concerns.

Are today’s engineers being shortchanged in their education?  No!  But is there a gap in the engineers’ training that may put them at a disadvantage when being considered for greater leadership roles?  Yes, the research suggests there is.  There is a need to enhance the engineering curriculum to provide the engineers greater opportunity to acquire these critical leadership skills that in turn will provide greater opportunities for success that may occur earlier in their careers.  The majority of the students interviewed felt as though they had not taken all the courses necessary to prepare them for leadership roles in the workforce; however, many felt this need for leadership skills would be met with their “first-hand” experience once they enter the workforce.  Following the examples demonstrated by others and using this as the correct method may prove dangerous.  Several graduating engineers indicated they would not take on a leadership role unless they acquire an MBA, at which time they would receive the necessary interpersonal skills training.  Neither position reflects the reality of the need to have the necessary interpersonal skills at the beginning of the career.

With new emphasis toward more interpersonal skills training and development, new levels of trust and the development of relationships can be realized.  Dr. Margaret Wheatly (1999) in her book, Leadership and the New Science, notes relationships are the very foundation for all interactions and leadership.  Development of leadership skills yields open and improved communications, better understanding of motivation skills, and team development.  In the world of engineering and technology, people still make the difference.  Knowing how to work with the people to gain positive results makes one a winner.  Engineering schools need to continually evaluate the curriculum in light of the total engineer providing the needed balance for success.
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