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INTRODUCTION

The NSPE Industry Advisory Group (IAG) is an informal body of representatives of (currently) 38 major industrial organizations employing significant numbers of engineers.  The IAG was formed in 1980 to provide participants an opportunity to meet and discuss matters of mutual interest and to provide input to the Society’s programs which involve industry concerns.  

In the course of  meetings over the past five years, lengthy discussion has been devoted to major recent changes affecting the industrial employment environment for engineers, how it had changed, and how engineers, their societies and educational institutions, should prepare for the future.  The group concluded that a report on consensus of the group would be of value to NSPE and its members, and that such a distillation should be prepared and made available.   A report was prepared and published in October, 1996, and a second edition in 1997.  Because of continuing changes since then, the group felt that a third edition should be published in 1998.  While the participants have reviewed the resulting revised report, specific endorsements have not been sought, and none of the statements or conclusions should be construed as representing the views of any individual involved in the IAG or of the organizations they represent, but rather as a consensus arrived at through informal discussion.  Organizations currently participating in the IAG are listed on the front cover.
SUMMARY
Recent advances in communications, information, production technology, and knowledge of how to manage these advances, have converged in a way to permit development of global markets for even the most common goods and services, and at the same time, to enable development, production and distribution of these products with a cost effectiveness never before possible.  These efficiencies extend to nearly every field of endeavor, from durable goods to food production to medical care, and at rates of advancement which would have been beyond comprehension a decade ago, and which promise even greater gains, and changes, in the future. 

While this progress has not come evenly, or without disruption, it is clearly progress in the broadest sense.  Standards of living are higher, life spans are longer, and despite ongoing ethnic strife in many parts of the world, food supplies have continued to expand.  This is true not only for the developed world, but for nearly every nation on earth.  We can expect these trends to continue, especially that of change. 

When the curve of change first became noticeably steeper, nearly every organization was to some degree caught by surprise, with considerable upheaval the result.  Competition was greatly intensified, and through experimentation, industries learned to hard-wire the process of continual self analysis and improvement of all internal and external processes.  Not all organizations survived this process, and many individuals, including engineers, suffered.  Those organizations which did survive are those which  most successfully transformed their structures and cultures to be ever more efficient and ever more adaptable to a future in which change has become the focus of daily routine.    

Representatives of the major organizations participating in the NSPE Industry Advisory Group (IAG) have reported that recently the pace of change has become somewhat more orderly, and companies which successfully adapted to the new market challenges are focused once again on growth.  

Thus, while reevaluation continues, and “adjustments” still cost jobs in some cases, the sustained growth in the domestic economy over the past three years has taken much of the edge from the worst fears of those viewing the future.  Most major corporations report they have returned to campuses to hire new graduates, often facing strong competition for the best, especially those with skills in software technology.   Starting salaries for bachelor’s candidates are up in nearly all fields, with engineering rates frequently exceeding $40,000, and signing bonuses common.   Corporations are also seeking non-monetary incentives to attract the best young engineers, and are cognizent that non-career interests in family and recreation are in some cases equally as important as pay.   

Although demand for new graduates is suddenly brisk, corporations will continue to be selective, and will seek young engineers who are best prepared to adapt to the more challenging realities.  They will seek engineers not only with sound technical backgrounds, but with enthusiasm for their work, and the ability to communicate this enthusiasm and to work with others, as well as to manage their own technical development, and their own careers.  They will also seek a closer relationship with educational institutions and professional societies to help develop preparation and support systems needed to cope with continuing, rapid change.  Life-long education has become, and will continue to be, a necessity.

Increased Competition  

Over the past decade, revolutionary improvements in communications, information, and production technologies combined to make emerging world markets accessible to vastly greater numbers of enterprises,  with corresponding increases in competition.  Improved technology and increased competition forced a fundamental shift in structure, culture, and management philosophy, and brought a sea change to the industrial employment environment.  The machinery of industrial development, production, and marketing now works faster, better, and more cheaply, and continues to improve. 

While many foreign markets have been opened to U.S.-based industries, the competition for such markets is also worldwide and includes ever-increasing, vigorous, challenges for domestic markets formerly taken for granted.  In addition, investment capital flows to those organizations which lead markets and promise the best returns, creating a climate where organizations must expand and dominate, seek the temporary protection of ever-changing niche markets, or fail. These changes, which are likely to continue into the foreseeable future, have affected every industrial employee, including engineers.

PRIVATE 

The Pace of Change

Even in the currently strong economy, no corporation can insulate itself from these intensified market forces.  With the increasing pace of technological innovation comes market volatility and the need to view the shelf-life of all products and services as temporary.   Corporations can no longer assume future viability based on the continuance of any current activity.  Long term past success is no longer an indicator of  future performance.  Shrinking margins fuel the search for harder-to-find  market niches, deregulation has brought chaos to formerly “safe” industries, and the most stable organizations must often scramble to keep short-sighted investors from intervening.  The future is sometimes measured in weeks and months, not years.   

In this climate, corporate management must determine how to provide existing products and services more efficiently and must develop a stream of new products and services which can be brought to market at the right time, with ever more efficient use of resources, including manpower, especially engineering manpower.  Engineers, their professional and technical organizations, and institutions preparing them for their careers must recognize and deal with this changed environment, not only for the benefit of engineers, but for their own survival as well.

Past Employment Patterns

In the past, engineering employment was characterized by long term jobs, hiring quotas not tied to immediate needs, relaxed personnel incubation periods, elaborate internal professional support systems, and multi-level management structures needed for control and information processing.  Salaries grew with years of service, benefits and perks accumulated, and mediocre performance slowed, but did not stop, the growth in  rewards.  Promotions frequently reflected years of service, rather than competence.

In manufacturing, increased production was the only imperative.  Quality was left to inspectors, and increased costs were passed on to customers who had limited options. 

Over a period of twenty years, this entire system has been dismantled, piece by piece,  most of it in the past decade.  What has replaced it has established the pattern for the future.  

Upheaval

Almost every corporation in the United States passed through a period where shrinking profits (or in some cases their anticipation) resulted in reductions in the numbers of people who develop, produce, market and service their products.  Many reductions were made possible by new technology and better management, and some were simply mandated to cut costs.  As the information processing function of middle management, including engineering management, became redundant, the number of levels shrank.  As the focus shifted, every step in every process was examined to be sure it added value which could not be gained at less cost in some other way.  For the first time, the weight of downsizing fell on engineers and other  white collar workers, sometimes in large numbers.  To find employment, displaced senior engineers were often forced to accept salary cuts.  Others became unwilling consultants, or temporary or contract employees, or accepted early retirement.  As companies ceased campus recruiting,  some young engineers found it expedient to begin their careers with less-than-permanent jobs.  

A drumbeat of highly publicized  layoffs, carried out in seemingly ruthless fashion,  led some to see the future of the engineering profession as one of risk, rather than opportunity, with highly mobile employees, cycling from employer to employer following the latest project, with marginal salaries and benefits.  It was believed that an increased number of  future engineers would act as independent contractors negotiating individual employment agreements, with salaries, benefits and duration, dependent on individual “value” in an ever-changing mass market.   It appeared to many that the profession was faced with an uncertain future.

PATTERNS FOR THE FUTURE

On a positive note, IAG participants report that the present strong economy has put greater emphasis on growth, and that layoffs and dislocations within most major corporations have become less frequent.  Most also report that after a hiatus of five years or more, they have for the past two to three years resumed college recruiting, and are seeking to reestablish a more normal age distribution among core engineering employees.  

 At the same time, the need for organizational self analysis has become institutionalized, and will continue indefinitely.  In the future, all organizational units and individual positions will face the risk of zero-based evaluation.  In the face of competition, some companies will inevitably face reverses requiring mergers, acquisitions, spin-offs and outright elimination of organizational units.  Even in the midst of the current prolonged growth cycle, business pages continue to report layoffs, although less frequently, as predominantly U.S.-based industries have reassumed their historical position of leadership.

Buoyed by ever-increasing technological change, the future pattern of engineering employment is likely to be one of opportunity for those prepared.  The trend toward use of contract employees has reversed, as more companies stress keeping competency strong by retaining the best talent for the long term.  While they expect to continue their use of outsourcing in appropriate circumstances, many employers are emphatic that the core technologies underlying their primary products will be carried out by permanent employees.  Experience has shown that past a certain point,  outsourcing and use of less-than-permanent employees is counterproductive and in some cases a threat to corporate information security.  It would appear that the pendulum has ceased to swing toward greater reliance on outside skills.   

Performance-based Compensation

As part of the effort to make better use of resources, industrial organizations have made it clear that in the future they will seek to establish the best possible match between organizational objectives and those of individual employees, and groups of employees.  Corporations are now pressing for “alignment” of employees with strategic goals, and will reward and retain those who contribute most directly.  To achieve this they expect to rely heavily on financial incentives, with a larger portion of compensation at risk, as employers experiment with a combination of individual, group, and company-wide programs to reward and retain those whose performance advance company objectives.  Such programs will seek to minimize internal competition, and provide fair treatment for individuals and groups in cases where company objectives change.  Plans will seek to focus all employees on return on investment, rather than local goals.  It also is noted that all incentive plans must maintain consistency with market scales.

Engineering Education

As corporations have sought to improve their internal processes, they have also moved to limit the number of suppliers with which they do business, and to work more closely with those selected.  It is now common for major corporations to involve themselves in the internal processes of suppliers to assure the best quality inputs to their own processes.  Similarly,  corporations have begun to develop closer relationships with educational institutions, limiting ties to those few which maintain programs most responsive to their individual corporate needs.  Some are seeking to assess the long-term value of graduates to identify the most productive educational programs.

Industry recognizes that colleges and universities are under conflicting economic and political pressures in revamping engineering programs.  These pressures on the one hand seek to reduce costs and the number of hours required for undergraduate programs, including “hands on” lab and hardware programs, while on the other to include more business, humanities, and communications courses, without reducing technical content.  It is perhaps natural that academia feels pushed in the direction of five year first-degree programs leading to a master’s degree as a solution.  

While industry favors experimentation and diversity among educational programs, it also believes that gradual, evolutionary, improvement in existing patterns of education should precede drastic change.  There would appear to be much room for improvement in traditional university structure and processes, and only after major efforts are made in this regard should an additional year be considered for the basic degree.  To the extent that some schools may choose to add time to basic engineering programs, most major industrial employers participating in the IAG would prefer to see this time devoted to hands-on work experience, especially cooperative programs, and on oral and written communications, interpersonal relations, business economics, regional (extra-national) studies, and foreign language proficiency.  Schools should focus on providing a basic set of fundamental skills, and the outlook and tools for engineers to use in a life-long learning process.  They should not attempt to teach the functional technical skills to engineers for use on their jobs.  The focus must be on education, not training.

Despite the pressures mentioned above, industry believes that today's bachelor's degree holders are at least as well prepared as any in the past, and believes its own hiring patterns will reflect this.  Corporations will continue to seek well qualified graduate degree candidates, but will continue to rely primarily on four-year bachelor's degree holders for the majority of their new hires.  

On-the-Job Education

The bulk of business-specific technical knowledge will continue to be gained after completion of undergraduate programs, on the job.  This knowledge is gained from a combination of university programs, short courses, and technical literature, but mostly from relatively informal association with peers. Product related technical knowledge needed to provide value to employers advances so rapidly that no program of formal education can prepare bachelor’s degree holders to be immediately productive.  The most important technical training which can be imparted by formal education, and the area most in need of improvement, is teaching students how to learn in a self-directed mode.  Employers can and will provide assistance for continuing education, including programs leading to advanced degrees. They emphasize, however, that continuing education should be the shared responsibility of employers and employees.  

Professional Activities
Similarly, industrial assistance or approval for outside professional or community activity will require that personal growth or development from such activity be job related or provide direct benefit to the employer.  Fewer employers will provide blanket approval or financial support for such activities. Each request will be individually considered, with approval made locally.  Time off, and payment of dues and travel expenses will require demonstration of active participation which is directly job related. In all cases, approval will hinge on the trust that assigned duties will not suffer.  

 How Engineers Can Prepare - What Industry Will Seek

As corporations become more careful about how they reward engineers in the future, they will become much more careful about which ones they hire, and what attributes they will seek in prospective employees.  New hires, especially the inexperienced, will face longer, more structured probationary periods, and will be expected to demonstrate the potential for long-term contributions to company profitability.  While there are many ways to delineate the qualities which will be sought, the following attributes are those most often listed by industrial executives when describing the successful engineer of the future.


Communications and interpersonal skills  - Recent engineering graduates are better equipped than in the past.  Continued development of oral, written and graphic communications abilities and “people” skills will be a major factor in determining who will advance.  Major corporations want both technical and people skills.  As they become more selective, they will look for those with the ability to communicate and work with other engineers, technicians, management, and customers, and who possess the potential for leadership.  They will expect all employees to possess cultural and social awareness.


Engineering science fundamentals, design and manufacturing processes -   Employers want communications and interpersonal skills, but they expect engineers to have good science fundamentals backgrounds, including mathematics, physical and life sciences, and information technology.   They must also have a good understanding of design and manufacturing processes.


Commitment to lifelong learning
- Most inexperienced bachelor’s degree holders are not readily able to read the literature in the field of their new employers.  Only after an average of two years of intensive mentoring, on-the-job training, and continuing education, do they become productive.  Young engineers must be aware that they are only beginning their education when they receive their first degree, and must develop the habit and ability to learn throughout their careers.  


Skills in the use of information technology  - Along with the commitment to learning must come the knowledge of how and where to obtain needed technological information.  Vast new information resources have become available in recent years, and engineers are expected to be able to find out what they do not know, on their own. 

 
Multi-disciplinary, systems perspective - Industry operates around systems, not disciplines.  Engineers must develop a sense of the broader implications of  their work, and how it fits the bigger picture.   This understanding should include economics, history, the environment, and customer and societal needs. 


Licensure - Companies participating in the IAG recognize licensure as evidence that an individual has gone beyond the minimum requirement to practice in most industrial settings.  While they generally do not require licensure except in limited circumstances, they encourage engineers to seek this credential for the value it has in establishing their commitment and dedication to professionalism.  When selections are made among potential candidates for job openings, licensure is a factor which will be considered along with others.  


Ethical standards, integrity - The increased pressure of  competition makes it more important for engineers to have the respect of others, in both customer dealings and internally, in day-to-day interactions.  As organizations become flatter and more decentralized, the importance of honesty and trustworthiness are magnified.  Engineers who do not possess these qualities will not be trusted either by fellow employees or customers, and will be less likely to survive in the future than in the past.   Examples of behavior which quickly turn into distrust are making promises unlikely to be kept; putting different “spin” on the same facts for different audiences; inability to admit mistakes, blaming them on circumstances or others instead; being critical of others behind their backs; encouraging or participating in destructive politics; putting immediate gains ahead of long-term goals; misrepresenting one’s capabilities; or taking credit for the efforts of others.  An engineer’s reputation is his or her most valuable asset, and once established, good or bad, is difficult to change.

Career Planning



In addition to developing personal attributes which will help engineers grow, they must expect that continuing changes in technology, global markets, and organizational structure will mean that upward mobility will require job changes, job retraining, or even career changes.  Engineers should begin early in their careers to prepare for a future  which entails half a dozen or more internal or external job changes.  For both engineers and others, future employer-employee loyalty will be based on continued mutual interest and “value added” rather than tradition or habit, and career patterns are likely to reflect the increased pace of industrial change.  

This climate will make it even more important for engineers to develop and pursue well thought out career plans, making changes when conditions dictate or new opportunities present themselves.  Such plans should include formal and continuing education in both technical and nontechnical areas, and continuing assessment of interests, opportunities, and markets.  In addition, career  plans should have a target of financial independence, should include provision for life and health insurance, sufficient savings to bridge periods between employment, and a retirement plan independent of any single employer.  Young engineers must come to understand that the best time to plan for retirement is in their first year of employment.  Employers will not look askance at questions about retirement or profit-sharing options.  To the contrary, such an interest is evidence of vision and ability to make and pursue long term goals.  The day is past when employers want new graduates simply to trust in the future and exhibit uninformed loyalty.   


 Continuing Education - Engineers must continually broaden and deepen their knowledge in both technical and nontechnical fields, with employer assistance where possible, without it where necessary.  Most knowledge related to current employment assignments will occur on the job from contact with peers, company development programs, customers and publications.  The employment environment is one of the most important sources of information available to engineers.  It should be viewed not just as a place to use knowledge, but as a place to acquire it.  Assignment options should be evaluated as learning opportunities which contribute to career potential, as well as for personal interest.  

Short courses and other in-house offerings should be pursued where available, and similar offerings sought from outside sources.  Professional societies should cooperate with employers in developing continuing education programs for members.


Presentation of Competencies - Engineers must learn to document and be prepared to make presentations detailing their competencies.    Personal resumes should be reviewed regularly, and engineers should get used to thinking of current work assignments in terms of how they fit with an overall, marketable package.  In conjunction with other methods, regular attention to a resume is an excellent way to assess marketability.  Skills needed to keep a job are the same as those needed to find one.


Networking - The majority of jobs are still located through personal contacts.  At an early age, engineers should join and become active in professional and technical societies, resources most likely to bring them into contact with others in the same or related fields.  Active participation in such organizations will help not only to keep abreast of technical and business developments, but to gain self confidence, professional visibility,  establish career contacts, and improve organizational and communications skills.  The stress should be on “active” participation in meetings, committees, and other activities.


Job Searching - In the real world there are times when, through no fault of their own or their employers, good engineers lose their jobs with very little warning.  Engineers should have a plan for dealing with such an event, and they should have the help of the professional societies and other organizations which represent them.  Such help should include contact with job referral services, or other job location assistance, and provision of “bridge” or independent insurance plans.  Organizations which can lobby, should seek legislation to permit establishment of more portable pension and health care plans.  

Conclusion

Intensified, world-wide competitive pressures, combined with new information, communications, and manufacturing technology, have fundamentally changed the way industrial organizations structure and conduct operations.  In the recent past this resulted in unprecedented upheavals which forced top-to-bottom reevaluation of manpower use and large-scale redirection of resources to deal with rapid changes in markets and technology.  Large, traditionally structured organizations met this challenge by greatly reducing both the resources and time needed to bring products and services to market.  While they are now refocused on growth, nearly all of these organizations now employ fewer workers at all levels in all functions.  

While this process of self analysis continues, and will certainly be a standard feature of corporate process for the foreseeable future, most major U.S. employers of engineers have now largely completed the initial, and most painful, phases.  Most have identified those functions for which permanent, core employees, will be needed, and are moving to a more stable employment environment.  

At the same time, the changed corporate culture requires that engineers in the future be better prepared than in the past to deal with change, to work and communicate with others, to network with fellow professionals, and to manage their careers.    Their formal education will need to reflect this new climate, and their professional and technical organizations will need to provide greater direct assistance in both continuing education and career management.  In the past, the institutions involved have largely worked alone.  In the future educational institutions, professional societies, and employees and employers will need to establish forums so they can work together to make needed changes.  
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