
72 Category: Software & Systems Design

INTRODUCTION

It is commonly supposed that software engineering is—and 

-
ability. Within this constellation of important technological 
concerns, it might seem that design aesthetics should hold 
a secondary, marginal role, and that aesthetic considerations 
might enter the design process, if at all, only after the bulk of 
the engineering is done. This article discusses the important 
role that aesthetics can play in engineering, and in particular 
in software engineering, and how it can contribute to achiev-
ing engineering objectives.

BACKGROUND

Certainly, aesthetic considerations have not been completely 
absent from software engineering. For example, the devel-
opment of structured programming ideas was accompanied 
with conventions for the textual layout of programs, which 
aimed for conceptual clarity, but also aesthetic appeal. 

-

practice of literate programming in which composites of 
programs and their documentation are treated as “works of 
literature.” Elegance has been discussed as a criterion of 

-

the criteria of elegance have been inherited primarily from 
mathematics and theoretical science, in which beauty is a 

these and similar cases, however, there has been little direct 
work on an aesthetic theory for software.

One exception to the relative lack of explicit work on 
software aesthetics is the research program in aesthetic 

software concepts are abstract, they do not have a natural 
sensuous representation, and so Fishwick argues that they 

step” is the choice of metaphor and the expression of the 

medium for the aesthetic expression and appreciation of 

Software engineering is a new discipline, and so it does 
not have a long aesthetic tradition as do many of the other arts 
and engineering disciplines. Therefore, it is helpful to look 

-
ties to software engineering. One of these is mathematics, 
in which we may include theoretical science, which has 
in common with software engineering the fact that formal 

exact sciences to be informative.
Another source of useful analogies comes, perhaps 

surprisingly, from the structural engineering of towers and 
bridges, which has in common with software engineering 

design and construction of reliable, large, complex systems, 
the failure of which may be expensive and dangerous. We will 

-
tion of the role of aesthetics in structural engineering.

AESTHETICS, FORMALITY, AND
SOFTWARE

Importance of Aesthetics

three E
associates with three dimensions of the design process: the 

S
-

engineering, the fundamental requirement is safety, which 
is also important in software engineering, in which other 
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A
important issues are real-time response, dynamic stability, 
robustness, and accuracy, among others.

values, both monetary and other. Certainly, many economical 
considerations can be reduced to money, which is almost the 
common denominator of value in the modern world, but it is 
problematic, at very least, to treat some costs, such as human 

design depends on many social factors, including the costs 
of materials, equipment, and other resources; the availability 
and cost of labor; governmental regulations; and so forth. 
As a consequence, the economic worth of a design is more 

This brings us to elegance, the aesthetic criterion, and 
while it will probably be granted that beautiful designs are 

-
gineering worthiness of elegant designs, which also apply 
to software engineering.

As will be explained, elegance is a means of conquering 
complexity. In terms of their numbers of components and 
their interactions, software systems are some of the most 
complicated systems that we design. Even programs as 
simple as text editors may have hundreds of thousands of 

in complex ways so that the number of potential interactions 
to be considered rises to at least the square of the number of 
lines of code. In addition, software engineers are at a dis-
advantage compared to other engineers for the components 
of programs are abstract operations, whereas designers in 
other engineering disciplines can depend on their physical 

Software engineers have designed various analytical tools 
to help them conquer this complexity, but it is important to 
understand the inherent limitations of analysis. Analysis 

understand some system of interest. These models are use-
ful because they make simplifying assumptions that permit 
the models to be understood more easily than the modeled 

-
relevant to its purpose so that our limited cognitive resources 
can be devoted to the relevant matters. Often, the simplify-
ing assumptions are made consciously; for example, we 
may use a linear model for a nonlinear system if we have 
reason to believe that the nonlinear effects are irrelevant to 

irrelevant or, in some cases, because some factors have never 
-

after it was opened because aerodynamic stability had not 
-

systems because our cognitive capacities are strictly limited, 
therefore so is the completeness of the model; hence, the 
gap between the modeled factors and the system increases 
with increasing system complexity. The risk of intentionally 
or inadvertently omitting relevant factors increases with 
system complexity.

elegance compensates for the limitations of analysis. This is 
because in an elegant design, the disposition and balance of 

designs that look stable are in fact stable. More generally, 
designs that look good are good. For example, the Tacoma 
Narrows Bridge and several other bridges, which were de-
signed on the basis of extensive mathematical analysis and 
computer models, collapsed because aerodynamic stability 
was not included in the analysis, whereas earlier bridges, 
whose designs were guided by aesthetic judgment, were 

of structural engineering, we may say that elegant designs 

why should we expect any correlation between aesthetic 
values and engineering values?

-
tion” is not as applicable as its converse, “function follows 

should strongly determine its form. In structural engineering, 

-

of form, the engineer can choose designs that manifest a 
stable disposition of forces, that is, elegant designs. More 
abstractly, engineers who are guided by elegance choose 
to work in a region of the design space in which aesthetic 

judgment, which is a highly integrative cognitive faculty, 
to guide the design process.

The same considerations apply even more so in software 
engineering, where there are typically very many possible 
software solutions to an application need. That is, software 
engineers can compensate for the limitations of analysis by 
limiting their attention to designs that are elegant, that is, 

this region of the design space, where aesthetic values cor-
respond to engineering values—where good designs look 
good—designers can rely on their aesthetic judgment to 
guide them to good engineering solutions.

Elegance is associated with the symbolic dimension of 
a design because, in the appropriate region of the design 
space, aesthetic values symbolize engineering values. 
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