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ABSTRACT 
 
The twentieth century has seen the total reinvention of both music and architectural 
languages. While radically new music composition systems have known a large popularity by 
composers – less so by the public – they still occupy only a niche, albeit a large one, in the 
word of composition. On the other hand, modern architecture sought to dominate the 
landscape completely, and largely succeeded in it, not only by offering a higher profit margin 
for developers, but mainly by proclaiming the ideological superiority of its approach, based 
on criteria that were arbitrary and had no scientific foundation – in other words, on dogma. 

We discuss here some structural parallels between pre-modern and modern music and 
architecture, and propose that Alexander’s 15 Properties and Salingaros’ 3 Laws of 
Architecture that derive from them are the equivalent of the basic laws of tonality and 
harmony in music. We also propose an experimental setting for further investigating the 
neurological correlates of forms corresponding – or not – to these laws. 
 
 
 
Keywords: Architecture, music, brain, neuro-aesthetics, modernism, fractal, complexity, 
tonality, syntax. 
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INTRODUCTION 

What is wrong with today’s cities? Why is it that people view the architecture of the last 
several decades more as something they just have to live with, rather than as a source of 
comfort and pleasure? Is it because they are slow to adapt? A long time has already passed 
since the beginnings of modern architecture, and one would expect that a period of roughly a 
century should be enough. And, of course, the question why should they adapt also springs to 
mind. Architecture is supposed to serve the needs of the people, not create environments in 
which people must try to fit.  

A similar question can be asked about some types of modern/contemporary music – we do not 
mean pop music, but “modern classical” music, as some people call it, for lack of a better 
generally recognizable term. Certainly, music is a pure art and does not have a utilitarian 
aspect, like architecture. It does not define the living environment and is not forced upon non-
consenting individuals like architecture is (at least this type of music is not). The advent of 
new material – regardless of whatever disagreements one might have with the rationale 
behind its creation – is welcome, or at worse indifferent, as it represents an addition to the 
existing corpus, not a replacement and an imposition as in the case of architecture. But while 
the importance of the issues is not comparable, in the sense of their impact on society, there 
are parallels to be drawn between the courses of architecture and music in the twentieth 
century, and lessons to be learned by the way both modern architecture and modern music are 
received and perceived by the individual.  

From a mathematical point of view, both music and architecture are ways of combining basic 
materials to form more complex structures. The way that these materials are combined 
follows certain sets of rules in both cases. These sets of rules have been formed through 
millennia of technological and artistic evolution (these two are inseparable) and, despite the 
differences in the forms they resulted in, they all had some common structural features - 
before the advent of modernism, that is.  

Based on observations on architecture from across the globe, and a plethora of theoretical and 
experimental data from Mathematics and the Natural Sciences, Salingaros (1995, 1998, 2006) 
has formulated a new Theory of Architecture. This Theory seeks not only to explain the 
success of pre-modern architecture in connecting with the user, but also to give guidelines for 
future applications, based on the distilled knowledge of thousands of years. It is assumed that 
the reader is familiar with this literature, which is the main basis upon which the rationale of 
the present paper is elaborated. These studies, in conjunction with pioneering work by 
Christopher Alexander (Alexander et al, 1977), have led Salingaros to codify his “3 laws of 
architecture”: 

1. Order in the smaller scale is established by paired contrasting elements, existing in a 
“balanced visual tension” 

2. Large-scale order occurs when every element relates to every other element at a distance in 
a way that reduces the entropy 

3. The small scale is connected to the large scale through a linked hierarchy of intermediate 
sales with scaling factor of approximately e=2.7. 

These laws can be viewed as an algorithm that can describe all pre-modern architecture; 
accumulating evidence supports the idea that the nature of this algorithm is not arbitrary, but 
originates in human physiology itself, thus allowing a connection to the human senses – to the 
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human perception mechanisms, to be more precise. Certainly, completely different and 
intellectually interesting algorithms can – and have – been devised, but their application in an 
applied art, such as architecture, is of questionable value in meeting actual user needs.  

Viewing modern architecture under this prism may explain why contemporary buildings, 
despite the advertised virtues of their “purity” and “minimalism”, usually fail to engage the 
user/viewer. The relevance of “pure forms” to the user, the idea that these forms should strike 
a chord within our psyche, is an intellectual construct, which has never been verified at any 
level, an unfounded claim based on the confusion between reality and mathematical 
abstraction. The sphere, the plane, the line do not exist; they are mathematical approximations 
of spherical, planar or linear objects. They are useful for practical reasons, for calculating 
volumes, surfaces and distances, but they are nothing more than tools for understanding the 
world. Their idealized nature makes them more irrelevant, not more relevant, to us. There is 
no doubt that objects in pure forms can be beautiful: their unnaturalness makes them 
interesting aesthetically because they are not common in nature - but does not give them any 
preeminent position among other forms. Quite the contrary, it puts them on one end of the 
“form spectrum”, as acceptable as countless other configurations. We can see pure forms in 
the details of all buildings of all ages. What we had not seen, up until a century ago, was 
whole buildings made up of pure forms. However, for the best part of the last hundred years, 
we have been building using only this part of the “form spectrum”. What was once attractive 
because it was rare has become so tyrannically common and omnipresent that suffocates us 
and alienates us from forms that are truly relevant to our nature. Hundertwasser (1968) wrote 
“The Austrian Adolf Loos brought this atrocity into the world. In 1908, with his manifesto 
aptly entitled ‘Ornament and Crime’. No doubt he meant well… but (he) was incapable of 
thinking fifty years ahead. The world will never be rid of the evil he invoked”. More recent 
“decontructivist” architecture has abandoned pure forms, not to return to organized 
complexity but to turn to disorganized complexity, with results that are usually even less 
agreeable for the user/viewer. 

Here, we aim to discuss findings on organized complexity in the light of data from cognitive 
neuroscience and to draw parallels between music and architecture in the context of their 
perception by the individual, proposing to explore these parallels in experimental settings. 

 
 
NEUROESTHETICS 

Neuroesthetics is a term coined by Zeki (1999) and refers to the study of the neural bases of 
beauty perception in art. The field, as stated by Zeki himself, is not really an approach to 
studying art: it is an approach to studying the brain through the art that the brain creates. 
However, inevitably, this comes full circle: knowledge about the source of this art gives us 
knowledge about the art itself.  

For the reader who is not interested in a purely neuroscientific discussion, there is one take-
home message to remember before moving on to the next section: in a recent study, Ishizu & 
Zeki (2011) demonstrated that whenever a visual or musical stimulus was deemed by the 
viewer or listener as beautiful, this judgment was accompanied by increased activation of a 
specific brain area (called area A1 of the medial orbitofrontal cortex / mOFC).  

This was not a study on art, but on beauty by itself, as not all art is necessarily beautiful, and 
not everything that is beautiful is art. Many older studies that had addressed the neural 
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correlates of the experience of beauty had also found activity in mOFC (briefly reviewed in 
Ishizu & Zeki, 2011), and their findings help corroborate the claim of the authors, that the 
experience of beauty, regardless of the sensory modality through which it is perceived, always 
correlates with increased activity in this specific area.  

Edmund Burke, in his Philosophical Enquiry into the Origin of Our Ideas of the Sublime and 
Beautiful, wrote that, “Beauty is, for the greater part, some quality in bodies acting 
mechanically upon the human mind by the intervention of the senses” (Burke, 1757). Ishizu & 
Zeki (2011), based on their experimental data, were able to modify this definition to “Beauty 
is, for the greater part, some quality in bodies that correlates with activity in the mOFC by the 
intervention of the senses”. Their approach indeed “shifts the definition of beauty very much 
in favor of the perceiving subject and away from the characteristics of the apprehended object 
and gives added strength to the Latin proverb that ‘‘De gustibus non est disputandum’’”, as 
the authors state. At the same time, they stress that they “do not wish to imply that objects that 
are classified as beautiful do not have certain characteristics that aid in this classification, 
although what these characteristics are has been, and continues to be, a subject of debate.” At 
this point it becomes clear that, just as when talking about art, so when talking about beauty, 
the investigation eventually has to come full circle. For it is inevitable that it becomes an issue 
of neurobiological importance to investigate what is this “quality in bodies” that correlates 
with mOFC activity, and how this correlation is effected in practice.  

Some components of what constitutes beauty are certainly shaped by cultural factors 
(Cunningham, Barbee, & Philhower, 2002), but there seems to be a universal neurological 
underpinning upon which these factors exert their influence. Infants have been shown to look 
longer at attractive faces within a week of being born, and the effects of facial attractiveness 
on infants’ gaze generalize across race, sex and age by 6 months (Slater et al., 1998; Langlois 
et al, 1991). This data suggests that there are some common properties in these forms that are 
recognized as “attractive”. Not surprisingly, it has been reported in various studies that 
attractive faces activate neural circuitry involved in reward systems, including orbitofrontal 
cortex, the nucleus accumbens, the ventral striatum (Aharon et al., 2001; Ishai, 2007; Kranz & 
Ishai, 2006; OʼDoherty et al., 2003; Kampe, et al, 2001), and the amygdala (Winston et al, 
2007) - a function related to mate selection (Ishai, 2007; Kranz & Ishai, 2006). Viewed in the 
context of architecture, these observations immediately bring to mind one of Alexander’s key 
assumptions: that we can use the human body as a sensing instrument for what is good and 
bad in architecture (Alexander, 2001). The aesthetic criterion is the result of our ability to 
detect what is likely to be good for us. “There’s a sound reason why the ripe tomato, 
glistening with dewdrops, looks beautiful to us, and the rotten meat looks ugly and 
disgusting” (Mehaffy & Salingaros, 2011). Aesthetics is the result of computation, and the 
existence of this computational function in our brains is biologically relevant and not a 
“superficial” byproduct of other functions. It can be cultivated, like any other intellectual 
skill, but the basis for its existence is universal. 

 
 
RESONANCE 

Going back to the mOFC, it is very tempting to consider that there may be cross-modal 
similarities in the nature of the stimuli that result in its excitation. These similarities would be 
expected to be of a structural nature – that is, how the shapes or the sounds are organized, a 
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common mathematical underpinning of these diverse stimuli that, through some sort of 
“resonance”, always leads to a common reaction in a specific brain area.  

The use of the word “resonance” may not be metaphorical.  

There is a growing amount of evidence that sensory stimuli that can be described in specific 
mathematical terms have a higher impact on our sensory perception system than signals that 
do not fall into this category.  

It has been shown (Zhou et al., 2012) that steady audio pink noise at comfortable levels has a 
significant effect on reducing brain wave complexity and inducing a more stable sleep, thus 
improving sleep quality of individuals. What is so special about pink noise is its power 
distribution over the audible spectrum, its structure, so to speak.  

Pink noise, or 1⁄f noise, is a signal (not necessarily an audio signal) or process with a 
frequency spectrum such that the power spectral density (energy or power per Hz) is inversely 
proportional to the frequency (Bak et al, 1987). The name arises from the pink appearance of 
visible light with this power spectrum.  

Intriguingly, this 1⁄f distribution seems to be universal and is observed in systems as diverse 
as resistors, the hourglass, the flow of the river Nile, and the luminosity of stars (Bak et al, 
1987). Voss and Clark (1975) showed that the power spectrum for pitch and intensity 
fluctuations in a recording of Bach's Brandenburg Concerto No. 1 and other recordings of 
music were approximately 1/f over about 3 decades of frequency. A similar finding was 
demonstrated for the power spectrum for intensity fluctuations of human voices. Inside the 
nervous system itself, Musha (1981) showed that the series of fluctuations in the time density 
(the inverse of transmission speed) of action potentials traveling down the squid giant axon 
have an approximately 1/f power spectrum below about 10 Hz. Novikov et al. (1997) found 
that the activity of ensembles of neurons in the brain, recorded from relaxed human subjects 
by the magnetoencephalogram, shows a 1/f power spectrum. The examples seem endless.  

Linked with the 1/f distribution is the ubiquitous phenomenon of self-similarity or fractal 
structure in nature (Mandelbrot 1967, 1977). Mandelbrot demonstrated that the complexities 
and apparent irregularities of natural patterns could not be modeled using Euclidean 
geometry. Many natural objects can only be described by fractal geometry, and are made up 
of patterns recurring at different scale levels (for example, a tree with its branches). Fractal 
geometry uses a parameter called “fractal dimension” (D) to describe the fractal scaling 
relationship between the patterns observed at different scales. A smooth line has D=1, while a 
filled black area has D=2. For the repeating patterns of a fractal line, D lies between 1 and 2.  

Fractal patterns seem to be everywhere in the natural world: coastlines (D=1.05–1.52; Feder, 
1988; Mandelbrot, 1982), galaxies (D=1.23; Mandelbrot, 1982), geothermal rock patterns 
(D=1.25–1.55; Cambel, 1993), plants and trees (D=1.28–1.90; Morse et al., 1985), sea 
anemone (D= 1.6; Burrough, 1981), snowflakes (D=1.7, Nittmann & Stanley, 1987) etc. 
Taylor et al (2006, 2011) have shown that exposure to fractal visual patterns, be it in nature, 
architecture or the visual arts, has positive physiological (stress reduction) and cognitive 
(better performance at problem solving) effects. Along the same lines, clinical advantages 
(faster hospital healing and pain relief) of natural environments, as well as artificial 
environments mimicking geometrical qualities of natural environments, have been 
demonstrated (Frumkin, 2001). Interestingly, the fractal dimension of the eyes’ saccadic 
trajectory when scanning various images is always mid-range (around 1.5), regardless of the 
D value of the images themselves (Fairbanks & Taylor, 2011; Taylor et al, 2011)-bringing 
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once again to mind the concept of “resonance”. These and other lines of evidence point to the 
direction of a hard-wired predisposition of our nervous system to be “tuned” to mid-range 
fractals, like those to which the organism is exposed in its natural environment. But there is 
more to the natural geometry than fractal dimension. Our information processing “… system 
is acutely tuned to the visual complexity of the natural environment, specifically to respond 
positively to the highest levels of organized complexity. … Fractals are an important 
component of this effect, but by no means represent the full gamut of connective qualities” 
(Salingaros, 2013). An extensive analysis of the geometrical properties that exist both in 
Nature and in all pre-modern architecture – but are absent in in modern buildings – can be 
found in the work of Nikos Salingaros. The reader can also find a concise overview of the 
subject in Mehaffy & Salingaros (2012a). 
 
 

 
 
Fig. 1 (from, Hsü & Hsü, 1991). Upper: “silhouette” of Bach's original Invention no. 1 composition. Lower: the 
half reduction. The ordinate gives the numerical value of I (acoustic frequency), and the abscissa is a parameter 
of time. The scores for the right hand are shown by the upper lines, while the scores for the left are shown by the 
lower lines. This is one of many examples of fractal structure revealed in music (© 1991, PNAS). 
 
 
Keeping all this in mind, let us take a step back and look at music once again. Hsü & Hsü 
(1990; 1991) published a fractal study of some movements from works of Bach and Mozart, 
containing a fractal reduction of Bach's Invention no. 1 in C Major, BWV 772, showing the 
similarity after halving the quantity of notes (see Fig. 1) They reported: “to a novice, the half- 
or quarter-Bach sounds like Bach, although he gains the impression that the composition has 
an economy of trills and ornamentations. Further reductions to 1/8, 1/16, and 1/32 tend to 
eliminate more of the “irregularity of the silhouette”, yet the distinguishing overall line of the 
music landscape is preserved. The final reduction to 1/64 gives only three notes; they are the 
three key notes, the foundation upon which the whole composition is built.” As expected, the 
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relative abundance of individual notes of different frequencies is not fractal; it is the 
abundance of the intervals that is fractal and is demonstrated in these examples. It seems that 
both loudness and pitch fluctuations are scale-free in all classical, blues, jazz and pop music, 
as well as traditional music from various parts of the globe. Scale-freeness seems to be 
associated with our perception of beauty in music (Gardner, 1978; Voss and Clarke, 1975, 
Hsü and Hsü, 1991).  

 
 
ATONAL MUSIC – JUST LIKE MODERN ARCHITECTURE – IS NOT FRACTAL 

There is an interesting twist to the story: in atonal music, these fractal features are absent, as 
shown in analyses of works of Schoenberg and Stockhausen (Voss & Clarke, 1975; Hsü & 
Hsü 1990). Consequently, reduced landscapes like the one demonstrated for Bach earlier 
would be unrecognizable by the listener when applied in modern atonal music. 

So how is this related to architecture? Hopefully it will soon start to become evident. 
Discussing Mandelbrot’s 1977 book, Freeman Dyson wrote in 1978: “Nature has played a 
joke on the mathematicians. The 19th century mathematicians may have been lacking in 
imagination, but Nature was not. The same pathological structures that the mathematicians 
invented to break loose from the 19th century naturalism turn out to be inherent in familiar 
objects all around us”.  

In fact, it is tonal music, figurative artwork and pre-modern architecture that have elements of 
fractal structure-which can be described by non-Euclidean mathematics. And it is the atonal 
music and modern visual art and architecture that lack such structure. An extra level of irony 
is added when we think that the application of mathematics to music composition –such as 
that employed be Xenakis (see below) – result in the production of music of a mathematically 
simpler form, as far as its fractal values are concerned. 

 
 
TOWARDS A NEW MUSIC LANGUAGE – OR NOT 

 Xenakis described his 

…effort to materialize movements of thought through sounds, then to test them in 
compositions; the effort to understand better the pieces of the past, by searching for an 
underlying unit which would be identical with that of the scientific thought of our time; 
the effort to make “art” while” geometrizing,” that is, by giving it a reasoned support 
less perishable than the impulse of the moment, and hence more serious, more worthy 
of the fierce fight which the human intelligence wages in all the other domains -all these 
efforts have led to a sort of abstraction and formalization of the musical compositional 
act... It is not so much the inevitable use of mathematics that characterizes the attitude 
of these experiments, as the overriding need to consider sound and music as a vast 
potential reservoir in which a knowledge of the laws of thought and the structured 
creations of thought may find a completely new medium of materialization, i.e., of 
communication. (Xenakis, 1971) 

He concludes that “for this purpose the qualification” beautiful” or “ugly” makes no sense for 
sound, nor for the music that derives from it; the quantity of intelligence carried by the sounds 
must be the true criterion of the validity of a particular music.” 



JBU III (2013) 1&2 · 18 
 

___________________________________________________________________________ 
 

© 2013, 2014 Journal of Biourbanism 

What this rationale lacks, is a true appreciation of the function of the human mind. It 
dismisses all the affective parameters of art – and of art creation – as “impulse of the 
moment”, hence rendering the aesthetic criterion of “beautiful” and “ugly” as obsolete and 
unworthy of our intelligence, and tries to impose extrinsic, non-artistic methods in music 
creation. And therein exactly lies the pitfall. Xenakis – and dozens of others – does not 
appreciate the fact that the aesthetic criterion, the “beautiful” or “ugly” verdict, is the result of 
computation – albeit an immensely complicated and subconscious one. The work of Zeki, 
mentioned earlier, is a clear proof of that, and it equally applies to music, architecture, or any 
visual art. “The quantity of intelligence carried by the sounds” is indeed the measure of the 
validity of a particular music – but the instrument by which this intelligence is calculated is 
embedded in our appreciation of music and is reflected in its affective influence. Gottfried 
Leibniz had said, “music is a secret exercise in arithmetic of the soul, unaware of its act of 
counting” (quoted in Sacks, 1987). This concept, evident to Leibnitz centuries ago, is often 
overlooked today.  

Certainly, there is another pitfall here one has to avoid: that is, to believe that this 
subconscious computation is all there is to music experience. This is certainly not the case; 
but what is in fact true is that the phonology, the vocabulary and the syntax of the language of 
music are based on the affective properties of sound intervals and of consonance and 
dissonance, emerging from the overtone series. The subconscious computation is there to 
decode the language. Using this language, music can carry all sorts of different meanings.  

Transmitting “structured creations of thought” is exactly what music has been doing for 
millennia, using a language that the brain can understand. By destroying the language, one 
destroys the code of message transmission. With nothing much to gain:  

These sonic symbols of a mathematical method are not able, except only by chance, to 
stimulate the thoughts and, even more so, the emotions of the listener. For they cannot 
convince that they have any reason to exist other than the realization of a self-styled 
exercise, of a “game” one might say, without any intention to doubt the seriousness of 
the endeavor in its scientific field. We could …accept… a contribution of mathematical 
thought in music creation…if the whole process had the opposite direction, if it started 
based on data on human psychology, if through calculations it sought to discover 
correlates of affective stimulation... i.e., which combinations of frequencies cause an 
affect (in the psychological sense of the word) or can cause an affect through 
habituation. It is, by all means, completely feasible to translate art of any form, not just 
music, into mathematics – but what kind of contribution to his science would a 
mathematician see in these sequences of numbers that would arise? The same question 
can be asked when art is merely a translation of a mathematical process. (Lavdas, 1975). 

It seems clear that the fundamental affective properties of musical language (for example, 
why a minor scale sounds “sad”) have to do with deep innate responses, for reasons that we 
will not analyze here. “We translate a phonological disturbance into an emotional one – we 
are affected by it” (Bernstein, 1976). There is recent work that supports the existence of an 
innate response (Curtis & Bharucha, 2010), as it demonstrates that the minor third interval 
also occurs in the pitch contour of speech conveying sadness (in non-tonal languages). 

Leonard Bernstein supported the idea of a worldwide, inborn musical grammar and that, like 
languages, all music of every culture, shares certain built-in traits, namely, a connection to the 
overtone series (the relationship of a fundamental pitch to its harmonic overtones). 
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That means that harmonic languages for all music rely on the existence of a tonal center. A 
certain degree of tonal anchoring is inevitable because “the human ear” – i.e. the physiology 
of our perceptive system – demands it. When we completely deviate from it, we do not 
enhance creativity – we simply loose the connection to the listener. 

The reader may be wondering why we have taken this extensive detour into the world of 
music. There is a good reason: the idea of a messianic mission to save modern music from the 
“impulse of the moment”, as described by Xenakis, has its exact counterpart in modern 
architecture. Architects sought to embrace “basic” mathematical forms – lines, cubes – etc., 
under the dogmatic (and, as such, unproven) principle that going “back” to them would 
somehow purge architecture of all unnecessary (and unnatural, by their rationale) forms that 
had dominated it (for a detailed analysis of this, see Salingaros, 2006). 

Here are some practical lists of rules given by modernist architects (from Salingaros, 2013): 

Naum Gabo and Antoine Pevsner, 1920: “Reject closed mass and volume, and model space 
from within outwards. Reject color, and use only the natural color of the building materials. 
Reject all ornament.” 

Ludwig Mies van der Rohe, 1923: “Open plan for interiors. Materials are limited to concrete, 
iron, and glass. Use only curtain walls and reinforced concrete – no load-bearing 
construction.” 

Le Corbusier, 1927: “Lift the building from sitting with its basement in the earth, to being 
suspended on posts (pilotis) Only curtain-wall construction is allowed. Roofs have to be flat. 
Windows can only be horizontal and will extend from one load-bearing pillar to another, 
which makes them very wide (narrow and long).” 

Most remarkably, Le Corbusier (1923) had also proclaimed that “Decoration is of a sensorial 
and elementary order, as is color, and is suited to simple races, peasants and savages” – 
which, one has to presume, must include all of the people that created the art of Renaissance 
and antiquity. Both St Peter’s and the Parthenon – originally painted in bright colors – are 
automatically classified in this category of primitive art for “savages”. Loos (1908) was, of 
course, the first to use such rhetoric, including, for example, the question whether it matters if 
“are we no longer capable of doing what any Negro can do” (i.e. decoration).  

These texts, in their confidence of revealing some unknown truth, resemble more some post-
WWII certainties in modern music, such as those described by Xenakis, than their 
contemporary’s Schönberg’s writings, as the latter “did not share the scientistic utopianism of 
those who later took up dodecaphonic composition” (Ashby, 2008) or other modern atonal 
compositional techniques. 

One could argue, at this point, that the paths of architecture and music in fact diverged in the 
modern era: the abandonment of tonal ground in music can be seen as the end result of an 
ever-increasing chromaticism (Bernstein, 1976; Webern, 1963), which in fact constitutes an 
increase in complexity. Is this not the opposite of the simplification that modern architecture 
brought? On a superficial level, yes. However, the process underneath is common: the 
abandonment of a well-established system of structured complexity, in favor of another, new, 
system that lacks this structured complexity.  
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ON ATONAL BUILDINGS AND DISSONANT ENVIRONMENTS 

Are there real parallels between music and architecture? 

Drawing parallels between music and architecture has not always been well received. It has 
been suggested that the temporal dimension of music makes comparisons with architecture 
difficult, as a building is fixed in time - at least during short periods of time - while music is 
“flowing” in time. Attempts have been made to parallel this temporal flow of music with the 
changing view of a building when the observer is moving at constant speed: “A dynamic 
sense of rhythm and tempo can be created in architecture through a choreographed 
progression of spaces varied in accentuation, scale, and form. One notable example of this 
approach in a contemporary context is the pedestrian tunnel at the Chicago United Airlines 
terminal designed by sculptor Michael Heyden and architect Helmut Jahn. Time in this space 
is firmly orchestrated. Moving along a conveyor belt, the observer's precepts are sequentially 
and linearly controlled. Like music, the “piece” has a beginning, variations, a climax of fiber 
optics and sound, and an end”. (Moris, 1996). This is an argument that seems valid for the 
particular building, provided the desire of the architect was to produce this effect. 

However, this is an exceptional case: in almost every other case, the changes in the aspects of 
a building when viewed by a moving observer –even one moving at constant speed- are 
extrinsic to the architectural work. They are not really similar to the flow of music in time - 
they are more similar to the differences in acoustics one will get when moving from the front 
to the side or the back of an orchestra: changing soundscapes created by the action of the 
listener, not by changes in the orchestration.  

The tempo (or, in fact, the melodic and chord progression within the tempo) is intrinsic to the 
music – it is not an extrinsically imposed modulator like movement is, in the examples above. 
So what is the solution to the “time problem”? I would argue that the problem in fact does not 
exist: the temporal aspects of music are part of a whole. The time domain and the harmonic 
space in which the composition exists are integral parts of the music space, the same way that 
the 3 dimensions are an integral part of architecture space. A symphony is a whole unit – from 
beginning to end- much like a building is a whole unit. A building does not change over time, 
and neither does a symphony. It is just that their frame of reference is different.  

 
“Syntax” and “tonality” in architecture 

The similarities in the way the brain processes both linguistic and musical “syntax” have 
already been demonstrated. Event related potentials (ERPs) have been recorded off the scalp 
of volunteers, and analysis has shown that syntactic violations, such as violations of gender, 
word order or noun/verb agreement, elicit a positive component, peaking around 600 ms 
(P600). Corresponding experiments showed that violations of harmonic expectancies (by 
presenting a chord that belongs to a different tonality) are also associated with P600 
components with similar scalp distribution. These similarities seem to indicate that the ERPs 
reflect qualitatively similar functions and that the same cognitive processes are called into 
play when participants are asked to process the structural aspects of an organized sequence of 
sounds, be it language or music (see Besson & Schön, 2001, for review). 

So, we now know that music and language processing have a similar neurological substrate. 
They both have a grammar and a syntax –called tonality and harmony in the case of music – 
and the violation of this grammar and syntax results in specific reactions from the brain. 
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We also know that all tonal music and pre-modern architecture have some common 
mathematical features, at least in terms of their fractal structure.  

There is an element lacking in this equation: we know the laws of linguistic and musical 
“grammar and syntax”, but what about the laws of “visual grammar and syntax”? Can they be 
extracted from structures that “connect” affectively with the user/viewer- and then applied to 
future structures? The argument of this paper is that the answer is “yes” – and these laws have 
already been described:  

 The 15 Properties of good design by Christopher Alexander (Alexander, 2001-2005), along 
with Salingaros’ three Laws of Architecture (Salingaros, 1995, 1998) that derive from them, 
can be considered as the first codification of the laws of visual grammar/tonality and 
syntax/harmony, in direct parallel with the relevant linguistic and music theory terms. For the 
past several years, the work of Salingaros has proved not only the existence of laws of “visual 
grammar and syntax”, but also resulted in their decipherment and codification – which was a 
step of major importance both for the systematization of the study of the phenomena they 
govern, as well as for practical applications.  

It is very intriguing to view these laws and properties in parallel to properties in music. For 
example, Alexander’s property number 8 (Deep interlock and ambiguity: “Ambiguity… 
comes about when a subsystem belongs simultaneously to two different overlapping larger 
systems”) brings to mind Bernstein’s discussion about ambiguity in music – either in the 
rhythmic structure or harmonic base of a musical phrase – as a source of intellectual and 
emotional stimulation (Bernstein, 1976).  

Maybe then we can paraphrase Leibnitz and say that not only music, but also “appreciation of 
architecture and visual arts is a secret exercise in arithmetic of the soul, unaware of its act of 
counting.” When Alexander says that we can use the human body as a sensing instrument for 
what is good and bad in architecture, he does not propose that we abandon an exact science 
for the sake of obeying arbitrary reactions; instead, he proposes to use the enormous – and yet 
so often forgotten – computing power of our non-verbal brain. 

 Let us think again of Bach’s “reduced” music (Hsü & Hsü, 1991) – and this time let us 
consider how the early reduction stages could be paralleled to architectural styles during the 
transitional period of the 1920s and 1930s: “To a novice, the half- or quarter-Bach sounds like 
Bach, although he gains the impression that the composition has an economy of trills and 
ornamentations.” This description – if we replace the musical with visual terms when needed 
– would nicely fit many buildings of the art deco era. The ornamentation is less, but the 
scaling hierarchy persists. The laws of visual syntax have not been broken yet. 

It may be the case that we could find even more basic cross-modal structural parallels 
between music and architecture, that we may reach a level where we can pin-point not only an 
architectural consonance or a dissonance, but even affective visual equivalents of a certain 
interval, a certain melodic line or chord progression. We need to be careful not to get carried 
away in our effort to draw parallels, of course: we are seeking affective equivalents, not direct 
ones.  

It is a paradigm-shifting perspective to view Alexander’s properties and Salingaros’ laws as 
the equivalent of the harmonic laws of music. And it immediately equips us with a new set of 
arguments. Here is an example: In the famous “1982 Alexander-Eisenman debate”, at some 
point Eisenman says: 
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…if I went out in certain places in the US and asked people about the music they would 
feel comfortable with, a lot of people would come up with Mantovani. And I’m not 
convinced that that is something I should have to live with all my   life, just because the 
majority of people feel comfortable with it (Alexander & Eisenman, 2004).  

We can now see why this argument is wrong. The architecture that Alexander was defending 
in this discussion was not the equivalent of the music of Mantovani. It was the equivalent of 
all tonal music ever written. It could be the Mantovani or the Beatles, Bach or even 
Stravinsky – who, in all his modernism, never abandoned the tonal ground. The architecture 
that Eisenman was supporting is the built equivalent of a lifetime of listening to Stockhausen 
and Xenakis. Alexander was not defending a style, he was defending the “tonal” nature of the 
built environment.  

This, of course, is just one example. In this debate alone, there are many other points that can 
be viewed under a totally different light, if one has the “structured complexity” concept in 
mind. At another point Eisenman says: 

...in things like a Mozart symphony or a piece of literature… we can… talk about the 
innate structure or order… And… this order has little to do with the hierarchical, 
mechanistic, and deterministic order of the past 300 years. Rather it is based on an 
alternative to Western values as determined by metaphysics. This order suggests not so 
much an opposition as an alternative view, which suggests that structures are not 
dialectical in nature but, rather, that they are made up of differences. 

Eisenman seems not to understand it, but the realization that it is the innate structure of the 
work of art that makes it “work”, is in fact in favor of Alexander’s view. The innate structure 
is not based on “an alternative to Western values” – it is based on sets of rules that are so 
universal that can go unnoticed. 

In this whole debate – and in almost any other debate on this issue – this scheme persists: 
modernists present their arguments as “logical” and their opponent’s arguments as 
“emotional”; at the same time, they use these two words as signifying opposing values, in a 
simplistic division that equates “emotion” with lack of logic. The fact that the internal 
mathematical logic present in works of art that elicit emotional responses may be of a higher 
degree of complexity than their own rules, seems to elude them. Yet, they claim to follow a 
“scientific” approach to designing. As it has been pointed out by Mehaffy & Salingaros 
(2012b): 

Today’s designers seem to love using new ideas coming from science. They embrace 
them as analogies, metaphors, and in a few cases, tools to generate startling new designs 
(computer algorithms and spline shapes are a good recent example of the latter). But 
metaphors about the complexity of the city and its adaptive structures are not the same 
thing as the actual complexity of the city. The trouble is, this confusion can produce 
disastrous results… such confusion pervades the design world today, and spreads from 
there into the general culture. It plays a key role in the delusional expectation that 
metaphors will create reality. 

An additional, related, issue is that architecture (and the arts in general) seem today to be in 
need of a verbal narrative, which, by its nature, is extrinsic to the building or artifact. Pre-
modern art and architecture had no such need; the artifact “spoke” by itself by – and maybe 
the expression is not entirely metaphorical: breaking the laws of visual syntax has resulted in 
buildings that have nothing to say, so their designers speak instead. But, however good the 
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verbal interpretation of their building may be, whatever great ideas may be presented and 
elaborated in such texts, their intellectual virtues lie outside the object itself. The fact is that 
things are what they are – a simple yet fundamental concept that is often forgotten these days. 

Back to the newly codified laws of architecture, we should remember that their application 
does not give pre-determined results, no more than using a tonal system and respecting the 
laws of harmony makes two composers create identical compositions, or respecting 
grammatical and syntactic laws makes two writers produce identical literature. It just helps 
avoid errors – the monkey hitting the keys of a computer or a piano. It takes nothing out of 
creativity – indeed, it helps it, by giving it a ground to stand on, or, more appropriately, to 
have roots in.  

We have a lot to learn from the relevant discussion in music. “The creative mystery”, 
Bernstein wrote, “is inextricably rooted in the rich earth of our innate response, in those deep, 
unconscious regions where the universals of tonality and language reside” (Bernstein, 1976). 
There is nothing in this sentence that could not apply to architecture – we should just add 
“visual” to the tonal and linguistic universals. The same is true for this closing statement of 
his “Harvard Lectures”:  

I believe a great new era of eclecticism is at hand, eclecticism in the highest sense. And 
I believe it is made possible by the rediscovery, the reacceptance of tonality, that 
universal Earth out of which such diversity can spring. And no matter how serial or 
stochastic, or otherwise intellectualized music may be, it can always qualify as poetry as 
long as it is rooted in Earth. I believe, along with Keats, that the poetry of Earth is never 
dead, as long as spring succeeds winter and man is there to perceive it. I believe that 
from that Earth emerges a musical poetry, which is by the nature of its sources tonal. I 
believe that these sources cause to exist a phonology of music, which evolves from the 
universal known as the harmonic series, and that there is an equally universal musical 
syntax, which can be codified and structured, in terms of symmetry and repetition. And 
that by metaphorical operation there can be devised particular musical languages that 
have surface structures noticeably remote from their basic origins but which can be 
strikingly expressive, as long as they retain their roots in Earth. I believe that our 
deepest affective responses to these languages are innate ones, but do not preclude 
additional responses which are conditioned or learned. And that all particular languages 
bear onto one another and combine into always new idioms perceptible to human 
beings. And that ultimately all these idioms can merge into a speech universal enough to 
be accessible to all mankind. And that the expressive distinctions among these idioms 
depend ultimately on the dignity and passion of the individual creative voice (Bernstein, 
1976). 

Pre-modern architecture is also “rooted in the earth” of the natural forms that surround us and 
have surrounded us long before we attempted to construct any dwellings, in the geometry of 
nature that can be found in all levels of the micro- and macrocosm. We argue that the 
resonance to structured visual complexity lies in the brain “in those deep, unconscious regions 
where the universals of tonality and language reside”. 

When those lines above were written by Bernstein four decades ago (the 1976 publication is a 
documentation of lectures from 1973), the parallels drawn between music and language, 
influenced by the work of Chomsky (1957), were considered by some to be far-fetched and 
contrived. However, subsequent research has shown that in principle they were remarkably 
far-sighted, at least as far as the neuronal substrate behind the comprehension of music and 
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language structure is concerned. We are not really far from taking the next step and 
incorporating architecture in this equation. The discussion about a visual equivalent to 
Chomsky’s “deep structure” of language has already been started by Ramachandran & 
Hirstein (1999), where these authors propose the existence of 8 principles which define what 
we call “art”. Remarkably, some of these principles (contrast, symmetry, grouping and 
binding, perceptual problem solving) either directly coincide or at some level overlap with 
some of Alexander’s properties and Salingaros’ laws. Also, there is data correlating the fractal 
dimension of visual stimuli with human physiological responses (Taylor 2006, 2011 among 
others; see Salingaros, 2013 for discussion and review), and these results support the idea that 
structures which correspond to the three laws are neurologically more agreeable. What we 
now need, at an experimental level, is to directly correlate the presence or absence of a 
geometry corresponding to Salingaros’ laws in visual scenes, to quantifiable physiological 
brain responses, through studies using eye tracking, Evoked Response Potentials and 
functional Magnetic Resonance Imaging. Will we be able to correlate exposure to patterns 
described by these laws to mOFC stimulation? Will we see involvement of reward centers? 
Are there perhaps systematic correlations between the degree of conformity to these laws and 
the degree – and perhaps the topology – of response and activation patterns? The simplicity of 
the three laws, and the ease with which we can apply them to design computerized drawings 
that are not reminiscent of any particular cultural setting, allows us to use them to produce 
visual stimuli for such experiments, which are as free as possible from cultural bias, and thus 
can probe our innate responses to visual structure.  

 
 
CONCLUDING REMARKS 

The answers to the questions posed above would be fascinating from a neuroscientific point 
of view. At the same time, such investigations may prove to have practical applications that 
would not only interest neuroscientists, but also architects and urbanists. There are already 
studies, which correlate perceived scenic beauty to geometrical parameters of landscapes - 
see, for example, Schirpke et al (2013), where the intended practical application is to use 
“scenic beauty assessments of mountain regions as a basis for policy making and landscape 
planning.” We will be tapping onto an even deeper source if we manage to associate 
neurological, objectively quantifiable responses to geometrical patterns relevant to 
architectural and urban design. We could then eventually be able to test specific designs 
against batteries of pre-determined neurological responses, and come up with algorithms 
automatically assessing these designs based on the responses. This, in a way, would give us 
another level of feedback, in addition to the “on-site design” type of feedback proposed by 
Alexander.  

But we should not forget that the purpose of these tools should, ultimately, be to test the ideas 
of the existence an innate visual language, perhaps even to facilitate decisions in some cases, 
but not to replace human intuition and aesthetic judgment. The computing power involved in 
these processes, as carried out by the human brain, far outweighs anything that any algorithm-
driven machine can do. 

The ideology of Modernism put emphasis on novelty, following a rationale that considered 
that all old design was flawed and “irrational”, and everything should be designed from 
scratch. It was perhaps an unavoidable by-product of the social, economic and scientific 
developments of its age, but today it is becoming more and more obvious that discarding the 
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amassed experience of millions of people over thousands of years was a uniquely mistaken 
gesture that distanced the built environment from its users. Using solid data from 
Mathematics and Neuroscience, and having outgrown the adolescent stage of breaking rules 
without considering why they were there in the first place, Architecture can once again 
become relevant to its users, its creative process no longer dictated by a restrictive dogma, as 
it has been for the better part of the last century, but only by “the dignity and passion of the 
individual creative voice”. 
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