Excerpts from Michael Griffin, System Engineering and the “Two Cultures” of Engineering
I have always loved the view of the engineering profession captured by the great Theodore von Karman when he said, “Scientists study the world as it is; engineers create the world that has never been.” Less eloquently, engineers are designers; they synthesize knowledge to produce new 

artifacts. Von Karman speaks to what most of us, and certainly most laymen, would consider the essence of engineering: engineers create things to solve problems. 

But all of us who are engineers know that the engineering profession also has a rich scientific side, the analysis of these artifacts and the prediction of their behavior under various environmental and operational conditions. Adapting von Karman’s observations, it may be said that engineering science is the study of that part of the world which has been created by man. Sadly, many students have been led to believe that engineering science is engineering! In a curriculum of 120 or more credits leading to a bachelor’s degree in a branch of engineering, the typical student is required to take one, or maybe two, courses in design. Everything else, aside from general-education requirements, focuses on the analysis, rather than the creation, of engineered objects. Graduate education often has no design orientation at all. So, engineering as taught really deals with only a part of engineering as it is practiced. 

But if the present excessive focus on engineering science in the engineering curriculum is of concern, it is nonetheless true that the fundamental difference between modern engineering and that practiced prior to the Enlightenment is the development of formal analytical methods and their application to man-made objects. This has allowed the prediction of performance, and the limits of that performance, in the environment in which a given device must function. It has 

allowed the refinement of designs through methods more sophisticated than the trial-and-error techniques to which our ancestors were limited. It has enormously shortened the time required for a design cycle for the objects we create. A control system engineer might say that the formal methods of engineering science have produced an enormously improved feedback path for the engineering design loop. 

More simply, engineering science has taken engineering beyond artisanship. But, interestingly, the development of formal methods has not altered in any way the fundamental nature of design, which still depends, as it did in antiquity, upon the generation of a concept for a process, technique, or device by which a given problem might be solved. The engineering sciences have provided better, and certainly quicker, insight for the designer into the suitability of the concept than can be provided solely by building it and examining its performance in its intended application. But a human being must still intuit the concept. We have no idea how we do that. And until we do, we have little hope of developing a formal method by which it can be accomplished. 

But at least for now, there remains an artistic side of engineering, and it is fully as much an art for its practitioners as any painting, sculpture, poem, song, dance, movie, play, culinary masterpiece, or literary work. The difference between the cultural and engineering arts lies not so much in the manner of creation of a given work, but in the standards by which that work is judged. In the humanistic disciplines, human aesthetics sets the standard by which merit is assigned to a finished product. In the end, aesthetic sensibilities vary with place and time, and are ultimately matters of opinion. The role of opinion in evaluating a work of engineering is, by comparison, much restricted. In engineering, more objective methods are employed to judge the degree to which 
The completed work meets the standards established for it, or fails to do so. 

This brings us to the role of failure in engineering design. Regardless of the sophistication of the analytical methods brought to bear, they are applied to a theoretical model of a device operating in a theoretical model of the real world. The model is not reality, and the differences produce opportunities for the real device to fail to operate as intended in the real environment.
System engineering is the art and science of developing an operable system capable of meeting requirements within imposed constraints. The definition is somewhat independent of scale, and so

these words are useful only if one understands that it is the big-picture view which is taken here. 

We are talking here about developing an airplane, a spacecraft, a power plant, a computer network. We are not talking about designing a beam to carry a particular load across a known span.

System engineering is a holistic, integrative discipline, wherein the contributions of structural engineers, electrical engineers, mechanism designers, power engineers, and many, many more disciplines are weighted and considered and balanced, one against another, to produce a coherent whole that is not dominated by the view from the perspective of a single discipline. System 

engineering is about tradeoffs and compromises, about generalists rather than specialists. 

System engineering is not about the details of requirements and interfaces between and among subsystems. Such details are important, of course, in the same way that accurate accounting is important to the Chief Financial Officer of an organization. But accurate accounting will not distinguish between a good financial plan and a bad one, nor help to make a bad one better.

Accurate control of interfaces and requirements is necessary to good system engineering, but no amount of care in such matters can make a poor design concept better. System engineering is about getting the right design.
Complex systems usually come to grief, when they do, not because they fail to accomplish their nominal purpose. While exceptions certainly exist, it remains true that almost all systems which proceed past the preliminary design phase will, in fact, accomplish the tasks for which they were explicitly designed. Complex systems typically fail because of the unintended consequences of their design, the things they do that were not intended to be done.

System engineering is the link which has evolved between the art and science of engineering. The system engineer designs little or nothing of the finished product; rather, he seeks a balanced design in the face of opposing interests and interlocking constraints. The system engineer is not an analyst; rather, he focuses analytical resources upon those assessments deemed to be particularly important, from among the universe of possible analyses which might be performed, but whose completion would not necessarily best inform the final design. There is an art to knowing where to prove and what to pass by, and every system engineer knows it.
One of my favorite books is a fascinating text entitled “Structures: or, Why Things Don’t Fall Down”, by Prof. J.E. Gordon of the University of Reading, England, written in 1978, at the end of Prof. Gordon’s long career as a structural analyst. Regarding the matter of spectacular engineering failures, I quote Professor Gordon (pps. 352-353): 

“... there are, of course, a certain number of great dramatic accidents which, for a while, monop

olize the headlines. Of such a kind were ...[numerous disasters follow] … These are very often intensely human and intensely political affairs, caused basically by ambition and pride. … One can at once recognize a certain inevitability about the whole procedure. Under the pressure of pride and jealousy and ambition and political rivalry, attention is concentrated on the day-to-day details. The broad judgements, the generalship of engineering, end by being impossible. 

The whole thing becomes unstoppable and slides to disaster before one’s eyes. ...”

In thirty-six years of engineering practice, of many kinds and in many situations, I have not seen a more appropriate assessment of what is truly important in engineering. We must of course get the details right. However, to be a complete engineer, one must also possess what Professor Gordon calls “the generalship of engineering.”
Educators are far less certain how to teach “generalship” than we are of how to teach the laws of thermodynamics. And yet it is clear that an understanding of the broad issues, the big picture, is so much more influential in determining the ultimate success or failure of an enterprise than is the mastery of any given technical detail. The understanding of the organizational and technical interactions in our systems, emphatically including the human beings who are a part of them, is the present-day frontier of both engineering education and practice.
Characterize the two cultures of engineering described by Griffin.

System engineering as managing projects vs. system engineering 

Management of complex projects (paperwork, plans, etc.)

       Vs. Top-Down design of complex systems

