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ABSTRACT 

 Previous studies of musical creativity lacked strong foundations in music 

theory and music analysis. The goal of the current project was to merge the study of 

music perception and cognition with the study of expertise-based musical creativity. 

Three hypotheses about the nature of creativity were tested. According to the 

productive-thinking hypothesis, creativity represents a complete break from past 

knowledge. According to the reproductive-thinking hypothesis, creators develop a 

core collection of kernel ideas early in their careers and continually recombine those 

ideas in novel ways. According to what can be called the field hypothesis, creativity 

involves more than just the individual creator; creativity represents an interaction 

between the individual creator, the domain in which the creator works, and the field, 

or collection of institutions that evaluate creative products. In order to evaluate each 

hypothesis, the musical components of a sample of songs by two eminent 20th century 

American songwriters, Cole Porter and Irving Berlin, were analyzed. Five separate 

analyses were constructed to examine changes in the psychologically salient musical 

components of Berlin’s and Porter’s songs over time. In addition, comparisons 

between hit songs and non-hit songs were also drawn to investigate whether the 

composers learned from their cumulative songwriting experiences. Several 

developmental trends were found in the careers of both composers; however, there 

were few differences between hit songs and non-hit songs on all measures. The 

careers of both composers contain evidence of productive and reproductive creativity. 

Implications of the results and suggestions for future research are discussed. 
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CHAPTER 1 

INTRODUCTION 

 

Among the theoretical approaches to the study of creativity is the expertise-

based perspective, which is related to the study of human problem solving and expert 

performance (c.f. Weisberg, 1995; 1996; 2006). From this perspective, creativity is 

thought to arise from the ordinary thought processes (e.g., retrieval of information 

from memory, inductive and deductive logic, problem solving) of individuals with a 

high level of expertise in a particular domain (Weisberg, 2006). Differences between 

creative products produced by different individuals in the same domain are 

considered to be the result of the personal experiences of those individuals (c.f. 

Weisberg, 2004). For example, the abstract painter Jackson Pollack was reputed for 

the use of a splattered-paint technique in his later work. Pollack’s work, done by 

dripping, pouring, and smearing paint onto the canvas, was seen as a break with the 

tradition of applying paint directly to the canvas with brushes. That innovation can be 

traced to Pollack’s interest in the work of the Mexican muralist, David Siquerios 

(Weisberg, 1995). Pollack and other contemporary painters attended a workshop led 

by Siquerios at which, among other things, the technique of dripping paint onto the 

canvas was discussed and used in creating new works. Thus, innovation can result 

from the interaction between an individual’s expertise and personal experience.  

 Often, the individuals who are historically remembered as most creative are 

those who contribute a substantial body of work to a particular domain (Howe, 1999). 
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For example, people like Einstein, Mozart, and Newton tend to be labeled geniuses 

due to the sheer quantity of their work and the substantial impact of their work within 

their specific domains (Howe, 1999). There are historical examples of people with 

great intellectual potential who do not tend to be labeled as eminent creators or 

geniuses. For example, Sir Richard Burton was prominent in Victorian England for 

his work translating foreign texts into English, and for studying botany, zoology, and 

geology. Despite his abilities, Burton did not appear as frequently on lists of British 

geniuses as did Sir Isaac Newton (Howe, 1999). Unlike Newton, Burton’s career was 

not marked by a large amount of creative productivity, nor did any of Burton’s 

achievements significantly impact any of the domains in which he worked. Thus, the 

focus of research from the expertise-based perspective has been on the products of 

eminent creators. This focus is advantageous for two reasons: (1) it allows for 

objective examination of the most salient aspects of eminent creativity, and (2) it 

allows for the study of both historically eminent creators and contemporary creators. 

The quantitative case-study methodology (c.f. Hayes, 1989; Martindale, 1990; 

Simonton, 1977; 2003; Weisberg, 1995; 2006) was developed to provide quantitative 

data concerning the products of eminent creators. This methodology has been applied 

to the study of artists (e.g. Kozbelt, 2005; Weisberg, 1995; 2004; 2006; Weisberg & 

Hass, 2007), composers (e.g. Hass & Weisberg, in press; Hayes, 1989; Kozbelt, 2004; 

2005; Simonton, 1977), inventors (Buonanno, 2005; Carlson & Gorman, 1992), and 

scientists (Weisberg, 1995; 2006). In contrast to qualitative case-studies, which 

involve a large amount of observational data collected from a single subject, 

quantitative case-studies allow for the collection of quantitative data from the 
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products of single creators. Past research has been conducted in two ways: (1) 

examination of the preliminary steps (i.e. sketches, notebooks) taken by creators 

leading up to the creation single works (e.g. Weisberg, 2004), and (2) examination of 

trends in production across the entire career of one or many individual creators (e.g. 

Simonton, 1977; Kozbelt, 2004; Hass & Weisberg, in press).The present project was 

designed as a follow-up to a study by Hass and Weisberg (in press), which utilized 

the latter of the two case-study methodologies. 

Hass and Weisberg (in press) measured the aesthetic success of all 

compositions by American popular composers Cole Porter and Irving Berlin. 

Aesthetic success was defined as the production of hit songs across the careers of 

both composers. Hit songs were those which had been recorded more than 10 

different times or appeared on 10 different albums according to the online database 

maintained by the All Music Guide (www.allmusic.com). Results revealed that each 

composer’s career was marked by an initial lull in the proportion of hits in his 

compositions (the hit ratio) followed by a sharp increase only after each composer 

had been writing for 10 or more years (Hass & Weisberg, in press). The results 

presented by Hass and Weisberg (in press) were similar to the results of a previous 

study of the aesthetic success of classical compositions (Kozbelt, 2004, see also 

Hayes, 1989; Weisberg, 1999). Kozbelt found that the careers of 18 classical 

composers were marked by initial lulls in hit-ratio, with substantial increases in hit-

ratio emerging around 10 years into each composer’s career. Thus, evidence suggests 

that composers’ careers are marked by an increase in the quality of their output 

throughout the first 10 or so years of their careers. 
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The results of the case studies of composers just presented are consistent with 

what has been called the 10-year rule of expert performance (c.f. Chase & Simon, 

1973; Ericsson, 1996; 1998; Ericsson & Charness, 1994). According to the 10-year 

rule, individuals require something on the order of 10 years of extensive practice of 

domain-specific skills in order to reach expert levels of performance. Howe, 

Davidson, and Sloboda (1998) investigated a number of potential predictors of 

performance levels of a large sample of British music students. The only significant 

predictor of expert performance levels that Howe, Davidson, and Sloboda identified 

was the amount of time the individual spent practicing his or her instrument. 

Similarly, Hayes (1989) found that many classical composers did not produce a work 

of substantial impact (masterwork) until ten or more years into their careers. While it 

is impossible to investigate the practice habits of deceased composers, Howe (1999) 

presented biographical evidence that the majority of Mozart’s early life was dedicated 

to musical studies (see also Weisberg, 2006). Similar evidence is present in the 

biography of Beethoven, whose father was determined to shape Beethoven into a 

composer similar to the likes of Mozart (Howe, 1999). Thus, it may be that creative 

individuals benefit from intense and directed practice and learning.  

In summary, there is some evidence that the quality of musical compositions 

increases as the composer’s career progresses. That change in the quality of 

compositions may be evidence of the composer learning from experience. However, 

in the studies discussed above, no information was collected to examine the 

relationship between the content of each song and its aesthetic success. Hass and 

Weisberg (in press) concluded that learning might be occurring in the first 10 years of 
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Berlin’s and Porter’s careers, but acknowledged that more data pertaining to the 

music-theoretical components of the songs were needed in order to make a strong 

claim for learning. To date, no single study has sought to quantify the possible music-

theoretical components of aesthetically successful compositions. Thus, the present 

project was designed to identify possible music-theoretical correlates of the aesthetic 

success of Berlin’s and Porter’s compositions.  
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CHAPTER 2 

PERCEPTION AND COGNITION OF MUSIC 

 

 In order to identify music-theoretical correlates of aesthetic success in the 

music of Berlin and Porter, it is essential to describe the components of music that 

hold psychological salience for the listener. Music has been a topic of psychological 

inquiry for over one hundred years. For example, Helmholtz first published his 

psychoacoustic treatise on musical tones in 1875 (English Translation). More 

recently, the fields of perception and cognition of music and psychomusicology have 

sought to integrate music-theoretical information into the psychology of music (for 

review see Krumhansl, 1995). In constructing the present analysis, an effort was 

made to investigate as many relevant psycho-musical variables as possible. The 

following paragraphs will describe some of the components of music that are salient 

to perception and cognition. Some of the terms introduced in the following 

paragraphs will be elaborated on later in the paper.  

 Recent studies have found that music has a profound impact on the brains of 

children and adults (c.f. Molnar-Szakacs & Overy, 2006; Tervaniemi, 2003). The 

network of brain structures that respond to musical stimuli is highly similar to the 

network of brain structures that process the syntactic properties of language (Besson 

& Schon, 2003; Koelsch, et al, 2002). Music perception also involves a substantial 

amount of left frontal lobe activation (Tillman, Janata, & Bharucha, 2003). In 

addition, children demonstrate the ability to discriminate between differing melodies 
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much in the same way that they discriminate between salient linguistic stimuli (c.f. 

Trehub, 2003; Overy, 2004). Studies have also shown that music shapes the brains of 

musicians, often leading to greater activation in the auditory sensation areas in the 

Temporal lobes (Pantev, et al, 2003). In addition, musical training leads to more 

hemispheric lateralization in musicians compared with non-musicians (Ohnishi, et al., 

2001). That is, expert musicians tend to have more activation in their left temporal 

lobes, when listening to music compared to non-musicians, due to perhaps to the 

experts’ ability to analyze specific aspects of musical stimuli. In addition, musical 

training seems to lead to larger anterior corpus callosum volume, which facilitates 

information flow between the right and left hemispheres (Lee, Chen, & Schlaug, 

2003).  

 Research on human musical perception provided the basis for those 

neuroscientific findings. There are three lines of music-perception research of central 

importance to the current project: (1) the perception of melodic pitches and their 

relationships to harmonic contexts, (2) the relationship between music-perceptual 

organization and musical memory, and (3) the relationship between a listener’s 

expectations and schemata and the perception and cognition of music. In the 

following paragraphs I will describe the theoretical bases for those lines of research. 

More detailed aspects of the research will be discussed later, within the context of 

each specific analysis.    

 There is sufficient evidence to suggest that humans implicitly learn to 

recognize and process melodic information through experience with culture-specific 

musical stimuli (c.f. Krumhansl, 1990; Tillman, Bharucha, & Bigand, 2000). That is, 
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throughout development, humans learn to categorize specific tones based on their use 

in the particular tonal system they are exposed to. The human auditory system 

exhibits tonotopic organization, meaning that neurons in the primary auditory cortex 

differentially respond to specific frequency ranges (c.f. Weinberger, 1999). From a 

connectionist perspective, the process of musical enculturation leads to a “tuning” of 

those primary auditory neurons, allowing for categorical perception of musical 

stimuli (Bharucha, 1987; 1999). The process is strikingly similar to that of early 

phonemic development in infants, who must learn to associate a varied array of 

sounds to specific phonetic categories. In both cases, categorical perception is 

essential for deriving meaning from events in the outside world. That is, one cannot 

perceive a melody without first recognizing the specific pitches in the melody. In the 

same way, one cannot perceive a word without first recognizing the phonemic content 

of the word. Categorical perception has been shown to play an essential role in the 

perception and conception of particular melodies (Dowling & Harwood, 1985; 

Krumhansl, 1990; Huron, 2006).  

 Most of the music composed in western cultures between the 17th century and 

the middle of the 20th century employed a system of melodic organization that has 

been called Western tonality (Randel, 1978/2002). The music composed within this 

period of time has been referred to as Western common-practice music (Lerdahl & 

Jackendoff, 1983; Temperley, 2001). Tonality provides another analogue between 

music and language, as it can be considered a rule-based system for both the 

conception and production of music (Lerdahl & Jackendoff, 1983). For example, 

Western-tonal music has two key features, which can be considered constraints on the 
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melodic and harmonic content that may appear in a tonal composition. First, all tonal 

music has a primary tonal center (the tonic), a pitch around which the rest of the 

pitches in the music are organized. The tonal center also mandates the use of at least 

one scale, or collection of primary pitches (including the tonic) used throughout the 

piece. This information is represented graphically by the key-signature, which in 

sheet music indicates the specific comprising the primary scale. The tonic is often 

referred to as the key-center because each key-signature is named for its tonic (i.e. C 

is the tonic in C-major). It is important to note that tonality represents one of many 

rule-systems for composing melodies. The following section describes some of the 

rules of tonality in more detail. 

There are two types of scales used in tonal pieces: major and minor. Figure 1 

depicts the C-major scale.  

 

 
Figure 1: The tones of the C-Major Scale, the C-Major tonic triad, and G7. 
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Major scales are composed of seven tones, each separated by six fixed intervals. An 

interval is the distance between a pair of notes sounded in direct succession (melodic 

interval) or sounded simultaneously (harmonic interval). The smallest melodic 

interval that can appear in a scale is a half step, which consists of two notes that are a 

semitone apart, and a difference of two semitones is called a whole step (i.e. two half-

steps make a whole-step). Major and minor scales differ only in the position of half-

steps and whole-steps. Major scales (e.g. C-Major) are constructed in the following 

fashion starting with the tonic: whole-step (C to D), whole-step (D to E), half-step (E 

to F), whole-step (F to G), whole-step (G to A), whole-step (A to B), half-step (B, 

back to C). Minor scales (e.g. C-Natural-Minor) are constructed in the following 

fashion starting with the tonic: whole-step (C to D); half-step (D to E-flat), whole-

step (E-flat to F), whole-step (F to G), half-step (G to A-flat), whole-step (A-flat to B-

flat), whole-step (B-flat back to C).  

 One primary interest of music-perception researchers has been to quantify the 

cognition of tonal music. For example, Krumhansl (1990) reported that Western 

musicians and non-musicians have at least implicit knowledge of the basics of 

tonality (i.e. they are perceptive of the tonic and the scale in a piece). To demonstrate 

that knowledge, Krumhansl and Kessler (e.g., 1982) pioneered the use of the probe-

tone technique, a task in which participants rate the degree of relationship between a 

particular pitch (the probe) and a wide variety of possible musical contexts (e.g. 

scales and chords). In each study, participants might hear the seven notes of the C-

major scale as a context. Participants would then rate how well each of the 12 tones 

that comprise the chromatic scale (a scale which only has half-steps; see Figure 2) fit  
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with the preceding context.    

Participants judged the tonic as most related to a particular key-context, with 

the rest of the pitches in the scale judged as successively less related to the key-

context. Such an effect is more prominent in musicians, who are explicitly trained to 

categorize pitches according to their musical functions (Krumhansl, 1990). Musicians 

tend to rate the tones in major and minor scales according to what Krumhansl called 

the “tonal hierarchy.” That is, the tones that make up the tonic triad (tonic, mediant, 

dominant, see Figure 1) are judged as most related to a key-context, the other in-scale 

tones (supertonic, subdominant, submediant and subtonic) are judged as moderately 

related to a key-context, and all out of scale notes (see Figure 2) are judged as 

minimally related to that key-context. According to Krumhansl, the notes of the tonic 

triad have the greatest amount of stability in a key-context. That is, they provide 

listeners with clear information about how to interpret local musical events.  

Krumhansl’s results provided quantitative support for Meyer’s (1956) theory 

of the cognition of music based on Gestalt principles. According to Meyer, humans 

learn to both recognize and then expect small-scale, local musical events (e.g. small 

motives) relative to the large-scale, global musical context (e.g. an entire 

composition). The Gestalt principles of similarity, proximity, and closure aid in the 

    C       C#      D     D#      E       F      F#       G     G#       A      A#     B       C (oct.) 

Figure 2: The 12-tone chromatic scale starting at middle-C and ascending using sharps. 
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learning process by helping the individual organize the perceptual complexity of a 

musical sound-signal (Meyer, 1956). Krumhansl’s (1990) work was important in that 

it demonstrated that humans learned to organize their music perception according to 

rules derived from tonality. That is, even without direct instruction, humans tended to 

identify the most important pitches in a context as being highly similar or continuous 

with that specific context. To summarize, humans acculturated to Western tonality 

learn to perceive musical stimuli by acquiring at least implicit knowledge of the 

organizational rules of tonality.   

 In addition to evidence that tonality influences perception, there is extensive 

evidence that tonal-musical sequences are more accurately remembered than both 

post-tonal musical sequences (Dibben, 1994; Dowling, Kwak, & Andrews, 1995), 

and musical sequences that employ no tonal organization (Boltz, 1991, Deutsch, 

1999; Dowling, 1991; Halpern & Bower, 1982, Tillman, et al, 2003). The tonality 

effect was originally thought to occur only in musicians; Halpern and Bower (1982) 

exposed musicians to sheet music and asked them to recreate the pitches in the sheet 

music on paper as accurately as possible. Halpern and Bower found that musicians 

were more accurate in their recollections when the sheet music illustrated tonal 

melodies, rather than randomly constructed melodies. However, Dowling (1991) 

compared recognition memory between musicians and non-musicians and found no 

significant differences in recognition accuracy between the two populations. On the 

other hand, Dowling also noted that musicians might encode melodies in a more 

analytical fashion than non-musicians, as a result of direct musical instruction (see 

also Fujioka, et al., 2004). The latter fact is consistent with the differing auditory-
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cortex activation between musicians and non-musicians previously discussed (c.f. 

Pantev, et al., 2003).  

In light of the positive impact that tonality seems to have on westerners’ 

perception and cognition of music, much of the analysis in the current project was 

designed to measure the level of tonality in the songs of Berlin and Porter. Both 

composers wrote songs according to the rules derived from tonality. That is, all of 

their songs employ a single key-center, around which all of the pitches in the piece 

are organized. However, their songs may vary in their level of fidelity to both the 

tonal hierarchy, and, more generally, to the rigid rules of tonal composition laid down 

by music-theorists for classical music (c.f. Schenker, 1968). It may be that songs from 

different periods in these two composers’ careers feature differing levels of tonality, 

and it may also be that hit songs and non-hits feature differing levels of tonality.   

While, tonal theory describes the organization of melodic and harmonic tones 

in much of the music from the Western common-practice period (c.f. Lerdahl & 

Jackendoff, 1983; Temperley, 2001), many analyses that quantify tonality-effects (i.e. 

probe-tone studies) fail to quantify the specific relationships between successive tones 

as they occur in an actual piece of music. Only a few studies have examined the 

nature of intervallic content in melodies (e.g., Simonton, 1980; 1994; Weisberg, et al, 

2005), and only Weisberg, et al, explored the music-theoretical implications of 

interval content.  

Melodic intervals are important from a pitch perspective (i.e. it is important to 

identify the specific tones in an interval), but also from a temporal perspective. All 

musical stimuli unfold over time, and such temporal effects can be difficult to 
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quantify. For example, rhythm is a purely temporal component of music. Rhythm 

describes temporal phenomena that occur on a small to medium scales within formal 

sections of pieces of music (e.g. phrases and measures, Clarke, 1999). Rhythmic 

elements, such as strong beats (i.e. the downbeat: the first beat of every measure), 

play a role in organizing the boundaries of specific musical events (Temperley, 2001). 

Those broad elements of rhythm are referred to as meter or metric elements. For 

example, most humans have the tendency to tap their feet or fingers to the beat of a 

song, and sometimes do so more strongly on the downbeat (c.f. London, 2004). There 

is considerable debate in the music psychological literature about whether melodies 

can be studied without respect to temporal and rhythmic information (c.f. Boltz, 

1998; London, 2002). However, due to the consistency of rhythmic events across the 

output of Berlin and Porter, most of the analyses in the present project will investigate 

melodic and harmonic data without respect to rhythm.  

  

Thus far, the discussion of tonality has centered on melodic events. The rules  

Figure 3 - The six diatonic triads and the diminished triad built on the seven diatonic 
scale-steps in C-Major (scale steps in roman numerals). Below each diatonic chord 
is its relative major or minor (the altered note appears in parenthesis). 
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Thus far, the discussion of tonality has concentrated on melodic events. The 

rules derived from tonality also govern the use harmonies (simultaneously sounded 

intervals) which provide contextual information for the perception and cognition of 

melodic events (c.f. Bigand & Pineau, 1997; Bigand, et al, 1999). When three or more 

notes (i.e. two or more intervals) are sounded harmonically (i.e. simultaneously), they 

create a chord (melodically: an arpeggio). Three-note chords (consisting of two 

“stacked” third intervals, e.g. C-E-G) are called triads, and as will be explained later, 

major and minor scales each have 7 triads built upon the 7 notes in each scale (see top 

of Figure 3).  The C-major triad is depicted at the bottom of Figure 1, and is 

composed of a major third (whole-step, whole-step; C to E) and a minor third (half-

step, whole-step; E to G). 

In classical music, melodies often interact more directly with chords (e.g., 

counterpoint), however, that does not seem to be a necessity in popular music. Stated 

differently, chords are primarily used in popular music to provide a harmonic 

foundation over which a melody is played or sung. Krumhansl (1990) reported that 

when chords and arpeggios are used as the context in a probe-tone experiment, 

participants’ ratings of specific probe tones are highly similar to ratings when scale-

tones are used as a context. In addition, chords and chord sequences effectively prime 

perception of related probe-tones (Justus & Bharucha, 2001), and also facilitate 

perception of related target chords (Tillman, et al, 2003). Thus, humans have at least 

an implicit understanding of tonality evidenced not only by results of melodic 

priming studies (e.g. Hutchins & Palmer, 2001), but also by studies of harmonic 

priming (for review see Tillman, et al, 2003). 



 16

As humans become more experienced with the music of a particular culture, 

their musical knowledge may evolve to include more schematic representations of 

musical information (Huron, 2006). Huron suggested that such schemata might be 

comprised of idealized representations of melodic and harmonic information 

abstracted from actual experiences with particular genres of music. Humans do not 

encode musical information in a template-matching fashion, but rather abstract 

meaningful bits of information from musical performances for later recollection (c.f. 

Snyder, 2001). Humans then use musical schemata primarily to form expectancies 

about what kinds of musical events ought to occur in a given context (Huron, 2006; 

Narmour, 1990; 1996). That is, over time, human music processing is aided by the 

schematic representation of complex musical events.  

The relationships among tones in musical contexts provide the most salient 

information for musical schemata and the expectancies created thereby (Fredrickson, 

1999; Huron, 2006; Krumhansl; 1996; Temperley, 2007). As discussed previously, 

Krumhansl (1990) provided support for Meyer’s (1956) theory of the stability of 

certain melodic pitches. In addition to discussing the notes themselves, Meyer wrote 

that musical intervals also differ in the level of stability that they create. That is, some 

transitions between tones elicit in a listener feelings of stability, relaxation or 

completeness (roughly equated with consonance), and other transitions elicit feelings 

of tension, longing, or incompleteness (roughly equated with dissonance; Huron, 

2006; Meyer, 1957; Narmour, 1990). According to Meyer, those affective responses 

also inform a listener’s cognitive processes, to the extent that a listener learns that 

certain contexts have previously elicited feelings of relaxation or tension. Over time, 
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that learning causes a listener to expect tension or relaxation to occur when they are 

exposed to a familiar musical context. Like priming, the learning process that allows 

for the creation of expectancies is most likely implicit in the average music listener 

(i.e. a non-musician; Krumhansl, 1990; Narmour, 1990). However, as stated 

previously, musicians are often trained to identify consonant and dissonant intervals 

early in their development. That training may lead to more explicit expectations for 

tension and relaxation (Dowling, 1991; Krumhansl, 1990).  

While much has been written theoretically about expectancies, tension, and 

relaxation (c.f. Huron, 2006; Lerdahl, 1996; Lerdahl & Jackendoff, 1983; Narmour, 

1990; Temperley, 2007), only a few studies have aimed to quantify the expectancy-

formation process while a person actually listens to a piece of music. For example, 

Krumhansl (1996) instructed participants to continuously indicate the level of tension 

they experienced while listening to the melody from the first movement of Mozart’s 

Piano Sonata, K.282 by moving a slider on a computer screen. Across participants, 

tension ratings were fairly consistent and often climaxed prior to the ends of melodic 

sections. Krumhansl also found consistency among participants’ tension ratings when 

the timbre and tempo of the melody was manipulated. Similarly, Fredrickson (1999) 

had participants squeeze a pair of tongs to indicate the level of tension that they 

experienced while listening to the melody from Holst's First Suite in E-Flat. 

Fredrickson compared musicians and non-musicians and found no differences in their 

tension ratings. Again, participants’ tension ratings were dynamic and often climaxed 

near the end of melodic sections.  
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Other studies of tension employed computer models of listener’s ratings. For 

example, Margulis (2005) created a computer model of expectancies that a listener 

might form while listening to Mozart’s Piano Sonata, K.282. The program was based 

on previous analytical study of the same piece by Narmour (1996), and on 

Krumhansl’s (1996) experiment. The computer modeled the dynamic tension changes 

found in the experimental studies previously mentioned. Temperley (2007) created a 

computer model that calculated expectancy based on the probability that two notes 

would appear in succession given a particular context. Temperley based his Bayesian 

probability calculations on a large sample of the intervals in pieces from the Western 

common-practice period. As Temperley’s program “listened” to a song, it estimated 

aspects of tonality (e.g. key-center and scale) based upon the transitional probabilities 

among the notes in the song. Human language learning may also be supported by 

probability calculations (c.f. Xu & Tenenbaum, 2007), which provides another link 

between music cognition and linguistic processing. Stated differently, learning to 

perceive both language and music may involve the use of expectancies generated by 

sensitivity to transitional probabilities. In summary, the results of the studies just 

discussed indicate that musical expectancies, based on tension and relaxation, are 

psychological realities.  

In light of the psychological salience of note-to-note relationships and melodic 

and harmonic contexts, one goal of the current project was to quantify the kinds of 

harmonies and intervals used by Berlin and Porter in their compositions. In addition, 

based on Krumhansl’s (1996) and Fredrickson’s (1999) results, the final goal of the 

current project was to collect tension ratings from participants while they listened to 
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Berlin’s and Porter’s music. Together with examination of overall tonality, the latter 

measures will provide more complete analysis of the musical dynamics in Berlin’s 

and Porter’s music. It is very possible that different periods of each composer’s career 

were marked by different kinds of harmonies, intervals, and differing tension levels. 

Those musical components may also be the basis of differences between hit songs 

and non-hits by each composer.  

In summary, studies of the perception and cognition of music have illustrated 

that humans are sensitive to a number of music-theoretical components of musical 

stimuli. Much of the research focused on perception and cognition of melodies and 

harmonies. In addition, humans seem to be sensitive to dynamic temporal aspects of 

music such as note-to-note transitions. Over time, musicians and non-musicians 

implicitly learn to perceive musical stimuli relative to their listening experiences. 

Knowledge is organized into musical schemata which aid in music perception and 

cognition by providing information from which a listener generates expectancies 

while listening to a piece of music.   

One aim of the current project was to identify psychologically salient features, 

like those presented above, in the songs of Berlin and Porter. The second aim of the 

project was to examine whether either composer systematically varied the musical-

components in his songs as his career progressed. As stated previously, Hass and 

Weisberg (in press) found that Berlin’s and Porter’s hit-ratios increased throughout 

the first 10 to 20 years of the career. Three hypotheses regarding musical creativity 

and the variation of musical-components will be discussed in the next few sections. 

Each hypothesis provides general predictions for possible musical differences 
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between hits and non-hits and among three large-scale periods (early, middle, and 

late) in each composer’s career. If learning is occurring in the early phases in the 

careers of Berlin and Porter, it should be associated with some change, however 

limited, in the songs of both composers.  
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CHAPTER 3 

THREE HYPOTHESES 

 

Hypothesis 1: Creativity as Production of New Ideas 

 From a historical perspective, creativity has sometimes been viewed as a 

complete break from the existing knowledge of a particular domain (e.g. Campbell, 

1960; Hausman, 1975). From that perspective, creativity involves the production of 

new constituent ideas to be used by a domain or the production of a new approach to 

solving domain-specific problems (c.f. Weisberg, 1995; 2006; Wertheimer, 1982). 

According to what can be called the productive-thinking hypothesis, an eminent 

composer would continually insert new musical components into his or her songs, or 

in other ways continually change his or her approach to the songwriting process. Over 

time, this would result in a distribution of different musical components in 

compositions written in the early, middle, and late periods of a composer’s career. 

Similarly, the most important compositions (hits) should contain significant breaks 

with past knowledge while the least important compositions (non-hits) should be 

more consistent with past products. 

One of the best examples of productive creativity comes from the music of 

jazz trumpeter Miles Davis. Davis became a superstar in the jazz scene by the early 

1950’s and was reputed for the influence he had on other trumpeters of the time 

(Brofsky, 1993). Though Davis did not always write original material, his 

arrangements of songs were certainly innovative (Brofsky, 1993; Walser, 1993). 
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Throughout the years, Davis did compose a number of tunes and his style changed in 

each of the 4 decades that he was active (Bergstein, 1992). In the late 1940’s and 

early 1950’s, he composed music and arranged other songs in the then-current bebop 

style. By the early 1960’s he was working on orchestral arrangements with Gil Evans, 

a well known conductor and arranger. In the late 1960’s and early 1970’s he started to 

include electric instruments and his original compositions began to be influenced by 

funk, rock, and African music (Bergstein, 1992). In the early 1980’s he started to 

write and perform longer pieces which exhibited influence from contemporary 

composers such as Stockhausen (Bergstein, 1992). Thus, throughout his career, 

Davis’s approach to composing and arranging emphasized novelty and progression. 

Examples of productive creativity can be found in popular music as well. The 

Beatles’ main composers, John Lennon and Paul McCartney, continually changed 

their approach to composition throughout the 1960’s (c.f. Middleton, 1990; Price, 

1997; Weisberg, 1995; 2006). The early Beatles compositions contained simple 

melodic and harmonic components distilled from the aesthetic of American rhythm 

and blues (Price, 1997). By the late 1960’s, the compositions of McCartney, Lennon, 

and guitarist George Harrison became increasingly complex culminating with the 

final song medley on Abbey Road in 1969 (Everett, 1995). Starting with Revolver in 

1966, the Beatles began to include orchestral arrangements as the background to their 

songs, primarily driven by collaboration between McCartney and producer, George 

Martin (Everett, 1995).  In addition, Harrison’s compositions (e.g. “Love You Too” 

and “Within You Without You”) became increasingly novel after this point, often 
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employing eastern instruments such as the sitar and the use of drones on a single 

chord (Hammond, 2006).   

The careers of Berlin and Porter may be marked by the stylistic changes just 

mentioned. That is, Berlin and Porter may have continually updated their 

compositional style to include more modern or ambitious musical elements. Each 

composer enjoyed a long career (approximately 40 years) and it would be expected 

that the public would tire of Berlin’s or Porter’s songs if they did not increase the 

novelty of their compositions over time. Thus, the criteria for productive creativity in 

music are as follows: (1) increasing novelty of musical elements in songs as career 

progresses, (2) little or no reproduction of musical elements already used by the 

composer, and (3), more novelty and variation of musical components in hit songs 

compared with non-hit songs. 

 

Hypothesis 2: Creativity as Reproduction and Recombination of Old Ideas 

Middleton (1990) wrote that popular music thrives on reproduction and 

recombination of previously successful musical ideas. That statement is the essence 

of what can be called the reproductive-thinking hypothesis of creativity in music (c.f. 

Weisberg, 1995). According to that hypothesis, the kernel ideas around which 

compositions are formed will be established early on in the composer’s career leading 

to a relatively fixed knowledge base of musical components and lyrical themes. That 

is, a composer would spend his or her formative years learning the style of a 

particular genre and for the remainder of his or her career the composer would rarely 

part from the musical constraints of the genre. This, however, does not mean that 
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reproductive creativity is devoid of novelty. Rather than novelty arising out of the 

incorporation of new ideas in the knowledge base, this hypothesis proposes that the 

novelty of compositions can be reduced to the novelty of the combinations of musical 

ideas within the piece.  

Reproductive creativity can be found within many of the movements in 

popular music throughout the last 50 years, especially in rock music. For example, 

much of the musical materials used in rock songs were culled from previously 

successful blues songs, Rhythm and Blues (R&B) songs, and even from church music 

(c.f. Moore, 1995). Many rock bands throughout the 1960’s and 1970’s, including the 

Rolling Stones and Led Zeppelin, continually utilized melodies, harmonies, and 

rhythmic patterns that can be directly traced to earlier sources within American folk, 

blues, and R&B songs (c.f. Moore, 1992; Middleton; 1990). The careers of those 

bands were certainly not devoid of stylistic changes. However, in many cases, the 

stylistic changes were not breaks with the past, but recombination of past ideas. For 

example, the beginning of Led Zeppelin’s most famous song, “Stairway To Heaven” 

(1971) is built around Dorian harmonies found in traditional English folk songs like 

“Greensleeves” (c.f. English, 2007; Moore, 1995). While the use of English folk-

harmonies was certainly a departure from the R&B based rock music of the time, it 

did not represent a break with past knowledge, and thus, it did not represent a 

productive innovation.  

Wilder (1972) suggested that Berlin approached songwriting from the 

reproductive perspective, and it is possible reproductive creativity is evident in 

Porter’s songs as well. As previously mentioned, Middleton (1990) observed that, 
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throughout the 20th century, popular songwriters relied upon the reuse of successful 

musical components to create songs that appealed to mass culture. Thus the criteria 

for reproductive creativity in music are as follows: (1) consistency of musical 

components across songs (2) little or no introduction of new musical kernel ideas 

throughout later stages of career, and (3), hit songs should feature more continuity 

with past knowledge than non-hits. 

 

Hypothesis 3: The Incongruity of Creativity and Popular Culture 

 Finally, it is possible that the musical components in Berlin’s and Porter’s 

songs do not vary among the three periods in each composer’s career, or that hit 

songs feature the same kinds of musical components as are featured in non-hits. 

Csikszentmihalyi (e.g. 1996; 1999) has described the creative process as a dynamic 

relationship between three entities: (1) the individual creator, (2) the domain in which 

the creator works, and (3) the field, or representative institutions that evaluate creative 

products. Csikszentmihalyi (1999) considers all three influences as essential in 

describing the nature of creativity. Inherent in Csikszentmihalyi’s theory is the idea 

that creative products are assigned value based upon their validity and impact within 

the domain. One important implication of such a theory is as follows: if a product is 

created that is incomprehensible to the field, or not totally consistent with the 

methods of a particular domain, that product may be labeled as not creative, or at the 

very least, undervalued by the field. That is, it may be that quality is not an inherent 

property of the components of creative products, rather, quality is a judgment made 

within a socio-cultural context.  
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 As stated earlier, Middleton (1990) identified the possible incongruity 

between the quality of musical components in a popular song and the evaluation that 

that song receives by the public. According to Middleton, popular music thrives on 

reproducing previously successful musical ideas, and thus, the most popular songs 

may not always be the most innovative songs. Popular music is rife with examples of 

songwriters who did not achieve commercial success, but were retrospectively 

evaluated as supremely innovative and extremely influential on subsequent 

songwriters. One of the most famous examples is Lou Reed, the primary songwriter 

in the Velvet Underground. Paddison (1982) suggested that the Reed continually 

made use of rough and avante-garde sounds in his songs, which stood in stark 

contrast to the sheen of popular music in the 1960’s. Specifically, Reed and fellow 

songwriter John Cale favored extended passages on a single chord, similar to the 

drones found in Indian ragas. Cale would often provide the drone with his violin 

while Reed thrashed on detuned guitars. Thus, Reed’s music represented a departure 

from the consonant vocal harmonies and tonal construction of most of his 

contemporary 1960’s songwriters (Middleton, 1990).  

 Despite the innovations represented in Reed’s songs, the Velvet Underground 

was a commercial and financial failure according to record industry standards, as they 

were dropped from Verve Records in 1968 (Bockris, 2003). Reed enjoyed limited 

commercial success as a solo artist (e.g. “Walk on the Wild Side” in 1970), but his 

work as a part of the Velvet Underground remained overlooked (English, 2007). 

However, by the end of the 20th century, Reed became positively regarded for his 

influence on the Punk movement in the late 1970’s, and is now considered one of the 
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most influential songwriters in the history of American music (Bockris, 2003). So 

there may be some incongruity between production of popular songs and the value 

assigned to such songs by the field.  

The criteria for confirmation of the incongruent hypothesis are as follows: (1) 

musical components of songs may or may not vary according to the period in which 

they were written, and (2) there should be little covariance between musical 

components of songs and the evaluations of songs by the field. However, Berlin and 

Porter’s songs did enjoy commercial success in their own time, and the two 

composers have been historically praised for their creative production (Kimball, 

1983; Wilder, 1972). Thus, it is not expected that such incongruity will be found in 

Berlin’s and Porter’s careers.   
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CHAPTER 4 

METHOD AND RESULTS 

 

A Note on Music-Theoretical Terminology 

Several music-theoretical terms have been defined thus far. The term musical 

components collectively describes those terms (e.g., key, scale, interval, chord, etc.). 

In each methodological section, some musical components will be reintroduced and 

elaborated on. In addition, each methodological section will present a more detailed 

discussion of the specific music-theoretical and music-psychological aspects of the 

data collection process. The definitions presented herein represent the conventions of 

Western common-practice music and western popular music, all of which have been 

detailed in various music reference books (e.g. Randel, 1978/2002).   

Methodology 

Song Samples 

 Thirty songs by Porter and thirty by Berlin served as the samples for analysis. 

Those samples were culled from a two larger lists of songs for which sheet music was 

available (91 songs for Porter; 94 songs for Berlin). Each song on both lists had been 

previously defined as a hit or non-hit by Hass and Weisberg (in press). Generally, hit 

songs were those that were recorded 10 or more times: however, Cole Porter’s early 

career contained only 2 songs that met that criterion. Therefore, some of Porter’s 

early “hits” were recorded fewer than 10 times.  
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Table 1 – Irving Berlin’s songs used in the analysis (see appendix for sources). 

Song Name Date Recording Count
Say It With Music 1921 23
A Pretty Girl Is Like A Melody 1919 65
When The Midnight Choo-Choo Leaves For Alabam' 1912 36
I Love A Piano 1915 38
Alexander's Ragtime Band 1911 398

Early That's My Idea Of Paradise 1914 0
He's A Rag Picker 1914 0
Always Treat Her Like A Baby 1914 0
My Sweet Italian Man 1912 0
The Whistling Rag 1911 0
It's A Lovely Day Tomorrow 1939 67
Always 1925 200
Happy Holiday 1942 81
Let Me Sing And I'm Happy 1928 87
Supper Time 1933 54

Middle I'm On My Way Home 1926 4
What Does It Matter 1927 3
Roses Of Yesterday 1928 6
An Old Fashioned Tune Is Always New 1939 0
I Can't Remember 1933 3
The Hostess With The Mostess At The Ball 1950 19
I Got The Sun In The Morning 1946 163
Doin' What Comes Naturally 1946 97
Steppin' Out With My Baby 1947 67
The Best Thing For You 1950 108

Late Lichtenburg 1950 3
Can You Use Any Money Today? 1950 9
They Like Ike 1950 5
This Is A Great Country 1962 1
Mrs. Sally Adams 1950 4  
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Songs from the different periods in each composer’s career (early, middle, and 

late), were randomly selected for inclusion in the sample to be analyzed. Tables 1 and 

2 list the songs by period for each composer (hit songs are highlighted in gray). 

 In all of the analyses presented below, comparisons were drawn between hits 

(NBerlin = 15; NPorter =15) and non-hits (NB = 15; NP = 15), as well as among the early 

(NB = 10; NP =10), middle (NB = 10; NP = 10), and late (NB = 10; NP = 10) periods in 

each composer’s career.  

Structural Analysis: Mode, Meter, Modulation, and Phrase Structure 

 Method. All of the songs were first coded by two independent raters for four 

global musical components: major versus minor mode, meter (time-signature), 

number of modulations, and phrase structure. For major versus minor mode, raters 

only indicated whether the key signature and harmony of the piece was generally in 

the major (happy-sounding) or minor (sad-sounding) mode. Raters also indicated the 

time signature of the piece (2/4; 3/4 (waltz); 4/4; 6/8; 6/4; 12/8; or other). 

Modulations were defined as the appearances of a new key in the sheet music (see 

Figure 4). The modulation variable was scored according to the number of times a 

new key appeared (0 for a single key signature, 1 for one change (modulation), 2 for 

one change and a change back, etc.). 

The phrase-structure measure referred to the organization of repeated or 

varied melodic lines in a song. Early 20th century American popular-music composers 

employed several schemes for organizing their melodic sections (c.f. Wilder, 1972).  
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Table 2 – Cole Porter songs used in the analysis (see appendix for sources). 

Song Name Date Recording Count
I've A Shooting Box in Scotland 1914 11
I'm In Love Again 1923 32
My Cozy Little Corner In The Ritz 1919 1
Old Fashioned Garden 1919 4
That Black And White Baby Of Mine 1919 2

Early In Hitchy's Garden 1919 0
I Introduced 1919 0
Looking For Dear Old Broadway 1912 0
Esmerelda 1915 0
When the Summer Moon Comes Along 1909 0
So Near And Yet So Far 1941 21
I Love You 1943 281
Ev'rything I Love 1941 108
It's Delovely 1936 149
You'd Be So Nice To Come Home To 1943 367

Middle Let's Not Talk About Love 1941 8
I've Still Got My Health 1940 9
Make It Another Old Fashioned, Please 1940 2
From Alpha To Omega 1938 0
Far away 1938 0
It's Alright With Me 1953 396
Bianca 1948 14
Wunderbar 1948 91
Well, Did You Evah? 1956 29
Tom, Dick, Or Harry 1948 18

Late Never Give Anything Away 1953 6
Every Man Is A Stupid Man 1953 1
Maidens Typical Of France 1953 5
Ca, C'est L'amour 1957 9
I've Come To Wive It Wealthily In Padua 1948 7  
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For example, a very common phrase structure was the AABA format. In that format, 

the song consisted of 32 measures broken into four 8-measure sections: A, A’, B, and 

 

 

 

A’’. After the first A-section, the lyrics change, but the melody and harmony are 

repeated (sometimes with small variations). The B-section, sometimes called the 

bridge, comes next and usually the melody and harmony change to a different, but 

related, key center. The final eight measures are a return to the A-section melody. 

Probably the most famous example of this format occurs in George and Ira 

Gershwin’s “I Got Rhythm.” Raters indicated whether the song resembled one of 4 

standard forms (AABA, compound 32-bar, 16-bar/12-bar blues, sectional) or 

Figure 4 - Modulation in “So Near And Yet So Far” (Porter). The first four 
measures (below) are in C-Major. The change of key is circled. The song modulates 
from C-Major (no flats) to E-flat-Major (three flats). 
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indicated that it did not resemble standard form (other). Compound 32-bar referred to 

songs that were 32 measures in length but did not exhibit AABA format. A 12-bar 

blues songs consists of four measures on the tonic chord (C in C-major context), two 

measures on the IV-chord (F in C-major context), two more measures on the tonic 

chord, one measure on the dominant chord (G in C-major context), one measure on 

the IV-chord, and two final measures back on the tonic chord. A 16-bar blues song 

consists of either: (1) four measures on the tonic chord, four measures on the IV-

chord, four measures on the dominant, and four measures back on the tonic, or (2) 

eight measures on the tonic, 4 measures on the IV-chord, two measures on the 

dominant and two measures on the tonic. A sectional song is a song that features 

different stanzas of lyrics sung over the same music. 

 Results. The most striking result from the structural analysis was that all of the 

songs by both composers were written in major keys. However, as other analyses will 

show, the songs were not all overtly happy-sounding. Table 3 lists the frequencies of 

the various structural components in Berlin’s and Porter’s songs. 

 The majority of songs written by both composers were in 4/4 time (83% for 

Berlin and 80% for Porter). Three songs by each composer were waltzes, and the 

remaining songs were written either in 2/4 (similar to 4/4) or 6/8 (similar to waltz). 

Chi-Square analysis revealed no differences in time signature between Berlin’s hits 

and non-hits, X2(df =1, N=30)  = 1.15, p > 0.05). Also, no differences in time 

signature were found between Porter’s hits and non-hits, X2(df =1, N=30) = 1.72, p > 

0.05. 
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Porter and Berlin differed in the use of modulations. Overall, fewer 

modulations appeared in Berlin’s songs (total modulations = 5) than appeared in 

Porter’s songs (total modulations = 17). Though the number of modulations used by 

Berlin across the three periods in his career was low, and there were no significant 

differences in the number of modulation among the three periods in his career, F(2, 

24) = 0.78, p = 0.47. There were also no significant differences in the number of 

modulations between Berlin’s hits and  

Table 3 – Frequency data from the structural analysis of Berlin’s and Porter’s songs 

Major Minor 4/4 2/4 3/4 6/8 AABA 32-bar Blues 16-bar other Modulations
Early 10 0 10 0 0 0 4 0 0 0 6 0

Middle 10 0 6 1 3 0 5 2 0 0 3 3
Late 10 0 9 0 0 1 5 0 0 0 5 2

Hits 15 0 13 1 1 0 4 1 0 0 10 1
Non 15 0 12 0 2 1 10 1 0 0 4 4

Early 10 0 7 3 0 0 0 3 0 4 5 0
Middle 10 0 10 0 1 1 1 3 0 0 6 3

Late 10 0 7 0 2 1 1 0 0 0 9 14

Hits 15 0 11 3 1 0 0 3 0 1 11 14
Non 15 0 13 0 2 2 2 3 0 3 7 3P

or
te

r

Key-Signature Time-Signature Phrase Structure
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non-hits, F(1, 24) = 1.00, p = 0.33.There were significant differences in the number 

of modulations among the three periods in Porter’s career, F(2, 24) = 3.58, p = 0.04. 

Pairwise post-hoc tests revealed that songs from the later period of Porter’s career 

included a significantly larger number of modulations than the early period in his 

career, (t(28) = 2.54, p = 0.01). There were no significant differences in the amount of 

modulations between Porter’s hits and non-hits, F(1, 24) = 2.66, p = 0.12.  

 The five phrase-structure categories were collapsed into AABA and non-

AABA for the purposes of a Chi-Square Analysis. Berlin’s hit songs did not feature 
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AABA format as frequently as his non-hits, however the difference was only 

marginally significant, X2(df =1, N=30) = 3.10, p = 0.08. There were no differences in 

phrase structure between Porter’s hits and non-hits, X2(df =1, N=30) = 2.14, p > 0.05. 

 Discussion. Some general trends can be observed in the above analyses. First, 

all of the songs by both composers were written in major keys. It is important to note 

that each composer had written minor-key hits (“Blue Skies” by Berlin and “Too 

Darn Hot” by Porter), yet the majority of Berlin’s and Porter’s songs are written in 

major keys. However, as later analyses will reveal, many of the songs employ 

extended tonality (c.f. Schoenberg, 1969). That is, many of the songs imply 

movement to and from secondary key-centers, while still maintaining some fidelity to 

the primary key-center. These kinds of mini-modulations or tonicizations can give the 

impression of a minor key-center within the context of a major-key song. So the fact 

that all of the songs were written in major keys does not imply that the songs only 

used major-scale tones. 

 Both composers showed a preference for writing songs in 4/4 time. It is 

interesting to note that none of Berlin’s or Porter’s early songs were waltzes. Berlin 

experimented with meter in the middle period of his career (with 3 songs in waltz 

time and one song in 2/4) while the later period exhibited a return to 4/4 (all except 

for “They Like Ike” which is in 6/8). His only hit to feature waltz time was “Always,” 

published in 1925. The first Porter song in the analysis to include a time-signature 

other than 4/4 was “Let’s Not Talk About Love” in 1941. However, the deviation 

from 4/4 appears only in the introduction, while the song transitions to 4/4 for the 
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refrain. The final period of Porter’s career features the only hit song in his sample 

written in waltz-time, “Wunderbar” (1948).  

 Regarding modulations, Berlin included far fewer modulations in his songs 

than did Porter. Berlin’s use of modulations did not vary with the three periods in his 

career, nor did his hit songs feature a different number of modulations compared with 

his non-hits. As Porter’s career progressed, the number of modulations that appeared 

in his songs increased. However, there was no difference in the number of 

modulations between Porter’s hits and non-hits. A later analysis will show that 

Berlin’s and Porter’s songs featured the use of implied, secondary key-centers that 

were not signaled by a full change in the primary key signature in the sheet music (i.e. 

the technical definition of modulation, see Figure 4).  

Finally, Berlin’s and Porter’s songs frequently broke from the standard AABA 

format. For example, songs often included a 16-measure introduction or verse in 

addition to a 32 to 48-measure refrain. The songs were rarely 32-measures in length, 

and often included interludes, repeats, and other non-AABA devices. Berlin’s hits 

tended to feature non-AABA format, however the difference in phrase-structure 

between hits and non-hits was only marginally significant. Ninety-percent of Porter’s 

hits and non-hits featured the non-AABA format, and thus, there were no differences 

in phrase-structure between Porter’s hits and non-hits. 

Tonality 

 As outlined above, all of the songs in the samples from both composers were 

written in major keys, with little or no change in key signature. As previously 

mentioned, Berlin’s and Porter’s songs exhibit tonality, a system whereby a single 



 37

pitch, the tonic, is made central, and all of the other pitches in the piece are organized 

around it. This compositional system imposes constraints on the tones that appear in 

the melodies of compositions written under the system. Evidence suggests that people 

acculturated in the Western tradition have at least implicit knowledge of the 

constraints inherent in tonal systems (c.f. Bharucha, 1987; Dowling, 1999; 

Krumhansl, 1990; Lerdahl & Jackendoff, 1983; Temperley, 2001). In addition, there 

is evidence that even some of the more experimental composers in the Western 

tradition adhered, in the most part, to the rules of tonality (Huron, 2006; Krumhansl, 

1990).  Figure 5 presents the frequencies of occurrence of the 12 chromatic tones in a 

large sample of Western tonal music, as presented by Huron (2006). Music from the 
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Western canon featured extensive use of the three tones that create the tonic triad (in 

C-major: C, E, G) more than the other 4 scale degrees (still in C-major: D, F, A, B; 

Figure 5: Frequency distribution of tones from a large sample of Western tonal 
melodies (adapted from Huron, 2006). 
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see Figure 1). In addition, all 7 of the scale degrees were used more than the 

remaining 5 chromatic tones (C#/Db, D#/Eb, F#/Gb, G#/Ab, A#/Bb).  

One of the main differences between different periods in classical music was 

the rigidness of adherence to tonality in melodic organization (c.f. Simonton, 1980). 

All of the songs by Berlin and Porter qualify as tonal compositions; however, there is 

evidence that they did not always follow the melodic rules mandated by tonality. The 

following is an analysis of the degree of tonality found in Berlin’s and Porter’s songs. 

The goal of this analysis was two-fold: (1) examine whether each composer 

demonstrated knowledge of the system of tonality, and (2) determine how rigidly 

each composer followed the rules of tonality.  

 Method. For all 60 songs, frequencies of all 7 scale degrees were tallied along 

with frequencies of out-of-scale tones. In this case, all 5 out-of-scale tones were 

combined into a single category, as it was not essential to compare among them. 

Tallies were based on a particular tone’s relation to the prevailing key signature, and 

not to the momentary harmonic context in which it is used. For example, in C-major 

(see Figure 1), a Bb is often used as a segue into the F-major context (a highly related 

context). In this case, if a song had no sharps or flats written in the key signature, a 

Bb was categorized as an out-of-scale note. This was done to eliminate any 

subjectivity in the tonality measures. A tone was either in-scale (and so categorized as 

one of the 7 in-scale tones) or out of scale.  

 Results. Two separate analyses were carried out on the frequency data. First, 

the frequencies of the in-scale and out-of-scale notes from each song were correlated  
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Figure 6 – Median tonality correlations (a), and proportion of in-scale tones (b) for 
Berlin’s songs 

(a) 

(b) 
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with the frequencies reported by Huron (2006). Second, the proportion of in-scale 

notes was calculated for each song.  

Figure 6(a) depicts the median tonality correlations for hits and non-hits 

throughout Berlin’s career. Berlin’s early-period songs exhibited lower median 

tonality correlations than songs from the middle and late periods. Hit songs from the 

early period exhibited extremely low tonality correlations as compared with hits and 

non-hits from the later period. An analysis of variance was used to examine 

differences in proportion of in-scale tones among the three periods and between hits 

and non-hits. Figure 6(b) depicts the proportion of in-scale tones for hits and non-hits 

throughout Berlin’s career. There was a significant difference in proportion of in-

scale tones among the three periods in Berlin’s career (F(2, 24) = 5.61, p = 0.01). 

Tukey’s pairwise comparisons revealed that the songs from Berlin’s early period had 

a significantly lower proportion of in-scale tones than both the middle period (t(18) = 

-3.15, p = 0.01) and the late period (t(18) = -2.56, p = 0.04). However, there were no 

significant differences in the proportion of in-scale tones between hits and non-hits 

(F(1, 24) = 2.91, p = 0.10).  

Figure 7(a) depicts the median tonality correlations for hits and non-hits throughout 

Porter’s career. Porter’s early-period non-hits exhibited very low tonality correlations, 

as did middle-period hits. The remaining songs exhibited moderately low tonality 

correlations. Figure 7(b) depicts the proportion of in-scale for hits and non-hits 

throughout Porter’s career. An analysis of variance was used to examine differences 

in proportion of in-scale tones among the three periods and between hits and non-hits. 

There were significant differences in proportion of in-scale tones among  
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Figure 7 – Median tonality correlations (a), and proportion of in-scale tones 
(b) for Porter’s songs 

(a) 

(b) 
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the three periods in Porter’s career (F(2, 24) = 4.14, p = 0.03). Tukey’s pairwise 

comparisons revealed that songs from the early period of Porter’s career featured 

significantly lower proportions of in-scale tones than the late period (t(18) = -2.85, p 

= 0.02). There were no significant differences in the proportion of in-scale tones 

between hits and non-hits F(1, 24) = 1.23, p = 0.28). 

Discussion. The present analyses revealed more evidence of extended tonality 

in Berlin’s and Porter’s songs. For both composers, there were relatively low 

correlations between the distributions of in and out-of-scale tones in the songs and the 

frequency distributions reported by Huron (2006). However, each composer exhibited 

a clear developmental trend: both Berlin’s and Porter’s later songs featured higher 

proportions of in-scale tones compared with songs from the earlier periods. In 

addition, save for Porter’s middle period, median tonality correlations increased 

across both composers’ careers. 

Furthermore, the tonality correlations were relatively lower than expected, 

based on previous research reporting relatively large correlations between tonal 

distributions in classical works and the frequency distribution used in the analysis 

(c.f. Huron, 2006; Krumhansl, 1990). Despite the lack of strong tonal relationships 

between the songs and the majority of the Western canon, approximately 90% of the 

tones utilized by both composers in all of their songs were in-scale tones.  

In conclusion, Berlin and Porter demonstrated at least implicit knowledge of 

the Western tonal system. This is not surprising considering that people with little or 

no musical training can often demonstrate implicit knowledge of the system (c.f. 

Krumhansl, 1990; Krumhansl & Kessler, 1982). However, the relatively low 
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correlations between tones in Berlin’s and Porter’s songs and the distribution of tones 

in Western-Classical compositions suggest that Berlin and Porter were not overly 

rigid in applying the system to their songs. A later analysis will demonstrate that each 

composer used a large proportion of chromatic intervals (i.e. out of scale notes) early 

in his career.  

Harmonic Structure and Tonal Regions 

One of the ways that a composer can elicit a feeling of extended tonality is to 

use harmonic structures or chords that imply a change in key. Chord sequences are 

highly implicative (i.e., a listener might expect to hear certain melodic tones in the 

context of a specific chord sequence; Narmour, 1990) and several priming studies 

have demonstrated facilitation in listeners’ processing of chords from related contexts 

compared with unrelated contexts (Bigand, et al., 1999; Justus & Bharucha, 2001; 

Tillman & Bigand, 2001). That is, listeners are sensitive to changes in the harmonic 

context of a song, which can change their expectations for what melodic and 

harmonic events will occur in the future. Listeners are also sensitive to structural 

elements within a harmonic context that imply closure of a melodic section (c.f. 

Huron, 2006; Krumhansl, 1990; Meyer, 1956; Narmour; 1990, 1996).Given the 

psychological implications of harmonic events on music perception, the following 

analysis was designed to code for such psychologically relevant harmonic structures 

in Berlin’s and Porter’s music.  

Three measures were devised to examine possible harmonic differences 

between hits and non-hits and among periods in each composer’s career. First, the 

series of chords, or cadence, that provides closure to the end of a melodic section (i.e. 
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end of a verse) or at the end of a song was examined. Second, the use of four 

categories of “context-altering” chord substitutions by each composer was examined. 

Finally, extended tonality was examined by tabulating the number of distinct 

harmonic “regions” or transient, secondary key-contexts appeared in a given song.  

In a given key signature, there are seven possible 3-note combinations that can 

be formed into chords. Six of these are called diatonic triads and in a given key 

signature there are three major diatonic triads, three minor diatonic triads, and one 

diminished triad (which is not a diatonic triad), each with root notes on one of the 

seven diatonic scale steps. The top half of Figure 3 illustrates the 6 diatonic triads 

with the diminished triad, with Roman numerals (I-VII) denoting the scale degree on 

which the chord is rooted. The three major diatonic triads are labeled with capital 

numerals, and are rooted on the first (I or tonic-triad), fourth (IV), and fifth scale 

degree (V or dominant-triad) respectively. The three minor diatonic triads, indicated 

by lower-case numerals are rooted on the second (ii) third (iii), and sixth (vi) scale 

degree, respectively. The chord built on the seventh scale degree (vii) is a diminished 

chord. The bottom half of Figure 3 illustrates the relative major-chord counterparts to 

the diatonic minor-chords and the relative minor-chord counterparts to the diatonic 

major-chords. 

The tonic-triad and the dominant-triad have a special relationship, which also 

holds perceptual relevance, especially when an extra note is added to the dominant-

triad: the dominant 7th. The bottom of Figure 1 depicts a G-major chord and a G-

dominant 7th chord (hence: G7). Music theoretically, the addition of the flat-7th (F) 

creates a very dissonant interval, the tritone (in this case B & F), which resolves to a 
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consonant major-third in the tonic triad (in this case C and E; see Figure 1). 

Psychologically, the dominant-7th is extremely implicative of a return to the tonic 

triad (c.f. Krumhansl, 1990; Narmour, 1999). That is, when a listener hears a G7, he 

or she feels a strong expectation for that chord to be followed by a C-major chord. A 

special kind of cadence (the “deceptive” cadence) exploits that strong expectation and 

a composer can deliberately “deceive” the listener by substituting the tonic with any 

other diatonic chord (c.f. Randel, 1978/2002). Rigidly monotonic songs (i.e. songs 

with only one key-context), such as some folk tunes, baroque compositions and early 

classical compositions use only diatonic chords with a strong dominant-tonic 

relationship. 

 In addition, listeners judge the diatonic chords to be more related to a given 

major key-context than any non-diatonic chord (c.f. Krumhansl, 1990; Tillman, et al., 

1999). Thus in any major key context, listeners should expect to hear those chords 

more often than other chords, and the appearance of non-diatonic chords should be 

quite salient. As stated previously, Berlin’s and Porter’s music is characterized by 

extended tonality, or the implication of more than one key-center in a piece of music. 

One way a composer can imply a second key-center in a piece is by substituting 

diatonic chords with chords composed of at least one note outside of the diatonic 

scale (i.e. a note from the chromatic scale, see Figure 2). Those are called chromatic 

substitutions. The following analysis examined the use of chromatic substitutions and 

cadences in Berlin’s and Porter’s music. In addition, the number of secondary key-

centers in a piece was tallied. The next section explains the music theory behind the 

analysis in more detail.  
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 Method. Four classes of chromatic-chord substitutions were identified as 

relevant to the genre of early 20th century American popular music. Figure 8 depicts 

the three of the four types of substitutions: minor-substitution, augmented-chord, and 

diminished chord.  

 

 

 

A major-chord substitution (e.g. Dmin to Dmaj in Figure 3) was defined as 

substitution a major-chord for any diatonic minor-chord rooted on the same scale 

degree. The best example of diatonic substitution comes from “The Entertainer” by 

Scott Joplin (see Figure 9). The song is in C-major and the diatonic chord rooted on 

the second scale degree in C is a D-minor chord. In the 6th measure of the main 

section of “The Entertainer,” a D7 chord replaces D-minor, and an F-sharp appears in 

the melody instead of an F-natural (which is the 4th scale degree in C). These kinds of 

substitutions have been described as perceptual pivot-points because they quickly 

establish a new dominant-tonic relationship in the music (c.f. Krumhansl, 1990). 

Figure 8 - Three possible chromatic substitutions for the C-Major Chord (top). 
Tonic six-four chord in C-Major (bottom). 
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An augmented chord was defined as any diatonic chord in which one or more 

of the tones is raised by a half step. For example, the C-major chord consists of the 

notes C-E-G, and a C-augmented chord consists of C-E-G#. This kind of chord was  

 

 

used by both Berlin and Porter to punctuate a line within a verse, and is often heard as 

very dissonant. For example, in Porter’s “It’s Delovely,” a C7-augmented chord is 

used in place of a C7 as a part of the cadence that leads into the song’s refrain. 

Presumably, the raised 5th adds additional dissonance that is then resolved in the next 

section. 

 A minor-chord substitution is similar to a major-chord substitution. It was 

defined as the substitution of a diatonic major chord (I, IV, or V7) with its natural 

minor (i.e. substituting a C-major chord with a C-minor chord). A good example of 

minor-substitution appears at the end of the blues standard “When the Saints Go 

Marching In.” The words “…I want to be in that number…” in the melody are 

harmonized by a IV-chord (i.e. F-major in a C-major context), followed immediately 

by F-minor. This became very popular in blues standards as the lowered 3rd in the 

Figure 9 - Two melodic regions in the melody and harmony of “The 
Entertainer” (Joplin). 
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minor chord has been described as a “blue-note” and is central to the pentatonic-blues 

scale that appears in many blues melodies (Huron, 2006; Temperley, 2001).  

The definition of a diminished chord varies, but this definition is related to the 

definition of augmented chords above. Diminished chords were defined as any chord 

with both a lowered 3rd and lowered 5th, and sometimes a lowered 7th or a lowered 9th. 

Diminished chords frequently appear in early 20th century American popular songs 

and in many jazz compositions, commonly as a substitution for the diatonic dominant 

7th chord. Like augmented chords, diminished chords presumably supply more 

dissonance, which may add to the expectation for resolution to the tonic.The total 

frequency of each kind of chord was tallied for one cycle through the verse and 

refrain of each song. That is, if a C-diminished chord appeared in 7 different places 

throughout the song, it was counted 7 times.  

Next, the cadences that appeared at the end of each section in a song were 

categorized according to classifications supplied by Randall (1978/2002). Four types 

of cadences were applicable to the present analysis: authentic, plagal, mixed, and 

deceptive. An authentic cadence was defined as any final sequence in which any 

diatonic chord or chromatic substitution was followed the dominant chord of the key 

context (V or V7), and then followed by the tonic chord (I) for the key context. Many 

folk tunes, such as “Happy Birthday,” utilize this final cadence (the “to you” in the 

final part of the melody of “Happy Birthday” is harmonized with an authentic 

cadence). A plagal cadence was defined as any diatonic or chromatic chord followed 

by the subdominant chord (IV) and then the tonic-chord. This cadence appears 

commonly in rock music, and is often preceded by the V7-chord (for example in the 
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Who’s “I Can’t Explain”). A mixed cadence was defined as any diatonic or chromatic 

chord followed by a tonic-six-four chord (a tonic chord in the second inversion, with 

the dominant note in the bass, see  the bottom of Figure 3) followed by the V7-chord 

and then the tonic chord in a written key context. This is an overtly “classical-

sounding” cadence, for example this cadence punctuates the popular wedding 

recessional “Trumpet Tune in D-Major” by Purcell. Finally, a deceptive cadence, 

mentioned above, was defined as any diatonic or chromatic chord, followed by the 

V7-chord, followed by any diatonic chord except the tonic. For example, the V7-

chord followed by a minor-seventh chord built on the sixth scale degree of the key 

(vi7) is a very common deceptive cadence.  

 In each song, cadences were coded according to the above criteria and tallied. 

Most songs included two to three cadences, not including repeats. In addition to 

tallying the kinds of cadences used in each song, a special categorical variable was 

created to track whether an authentic cadence was used as the very last cadence in 

each song, as was often the convention in classical music (c.f. Caplin, 2004). 

 Finally, in order to examine extended tonality in Berlin’s and Porter’s songs, 

the number of distinct tonal regions was counted. Two independent raters examined 

Berlin’s and Porter’s songs for melodic and harmonic sections (one or more measure 

in length) in which both the melody and harmony included non-scale tones and for 

which a sense of a new tonic was created thereby. Again, “The Entertainer” provides 

a good example of this. As explained above, there is a major-chord substitution in the 

6th measure of the main melody (D7 instead of Dm7, see Figure 9). As a result, an F# 

appears in the melody and the harmony momentarily moves to the region of G-major 
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(a key signature with F#, and a D7 as its dominant chord). That section of the melody 

resolves on the note G, and then the entire melody is repeated starting with the C-

major region. Thus, two regions (C-major and G-major) appear in this restricted 

analysis of “The Entertainer.”  

 Results. The majority of cadences used by both composers were authentic 

cadences. Seventy percent of the cadences in Berlin’s songs were authentic; 8% were 

plagal cadences; 17% were mixed cadences; 6% were deceptive cadences. Fifty-three 

percent of Berlin’s songs ended with an authentic cadence. Eighty-one percent of the 

cadences in Porter’s songs were authentic; 9% were plagal; 2% were mixed; 9% were 

deceptive. Seventy percent of Porter’s songs ended with an authentic cadence. A Chi-

Square analysis was used to examine the use of authentic and non-authentic cadences 

between hits and non-hits. There were no significant differences in cadence use 

between hits and non-hits for Berlin (X2(df=1, N=30) = 1.82, p = 0.18) or for Porter, 

X2(df=1, N=30) = 0.73, p = 0.79. 

 An analysis of variance was used to examine differences in chromatic 

substitutions among the three periods in each composer’s career and between hits and 

non-hits. In order to control for the variation of song length, the number of 

substitutions was divided by the number of measures in each song. Figure 10 depicts 

the number of major-chord substitutions, per measure, in Berlin’s songs. There were 

no significant differences in major-substitutions per measure among the three periods 

in Berlin’s career, F(2, 24) = 0.281, p = 0.76. There were also no significant 

differences in the number of major-chord substitutions between hits and non hits, F(1, 

24) = 2.75, p = 0.11.  
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Figure 11 depicts the number of augmented chords per measure used in 

Berlin’s songs. There were significant differences in the number of augmented chords 

per measure among the three periods in Berlin’s career (F(2, 24) = 3.85, p = 0.04), 

however, there were no differences in augmented chords between hits and non hits, 

F(1, 24) = 2.13, p = 0.15. Tukey’s pairwise comparisons revealed a significant 

decrease in augmented substitutions between the middle and late periods of Berlin’s 

career, t(28) = 2.77, p = 0.01. 

The number of minor-chord substitutions was low for all of Berlin’s songs (M 

= 2.17; SD = 2.16). There were no significant differences in the number of minor 

substitutions per measure among the three periods in Berlin’s career, F(2, 24) = 

0.485, p = 0.62. There were also no significant differences in minor substitutions 

between Berlin’s hits and non-hits, F(1, 24) = 0.14, p = 0.71.  

Figure 10 – Number of major-substitutions per measure in Berlin’s songs. 
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Similarly, Berlin’s songs used a moderate number of diminished-chord 

substitutions (M = 6.16; SD = 4.1). However, no significant differences in the number 

of diminished chords per measure were found among the three periods in Berlin’s 

career (F(2,24) = 0.694, p = 0.51) or between his hits and non-hits, F(1, 24) = 0.24, p 

= 0.63.  

Finally, Berlin’s songs included an average of 3 regions (SD = 1). In order to 

control for the length of the song, the number of regions was divided by the number 

of measures for each song. An analysis of variance revealed no significant differences 

in regions per measure among the three periods in Berlin’s career (F(2,24) = 1.47, p = 

0.25), and no significant differences between his hits and non-hits, F(1, 24) = 0.105, p 

= 0.75. 

Figure 11 – Number of augmented chords, per measure, in Berlin’s songs. 
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 Figure 12 depicts the number of major-chord substitutions, per measure, in 

Porter’s songs. There were significant differences in the number of major 

substitutions per measure among the three periods in Porter’s career, F(2, 24) = 4.30, 

p = 0.03. Tukey’s pairwise post-hoc tests revealed that Porter’s late-period songs had 

significantly fewer major-substitutions per measure than middle-period songs, t(28) = 

2.91, p = 0.01. There were, however, no differences in the number of major-

substitutions per measure between hits and non hits, F(1, 24) = 0.37, p = 0.55.  
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Figure 13 depicts the number of augmented-chord substitutions, per measure 

in Porter’s songs. There were significant differences in the number of augmented 

substitutions among the three periods in Porter’s career, F(2, 24) = 3.61, p = 0.04. 

Tukey’s pairwise comparisons revealed that Porter’s late-period songs had 

significantly fewer augmented substitutions than his early period songs, t(28) = 2.67, 

Figure 12 – Number of major-substitutions, per measure, in Porter’s songs. 
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p = 0.03. However, no significant differences in the number of augmented 

substitutions were found between Porter’s hits and non-hits, F(1, 24) = 0.21, p = 0.65. 
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Figure 14 depicts the number of minor-chord substitutions, per measure, in 

Porter’s songs. There were differences in the number of minor-substitutions among  
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Figure 13 – Number of augmented chords, per measure, in Porter’s songs. 

Figure 14 – Number of minor-substitutions, per measure, in Porter’s songs. 
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the three periods in Porter’s career, however, the differences were only marginally 

significant, F(2, 24) = 3.12, p = 0.06. There were also no differences in the number of 

minor-substitutions between Porter’s hits and non-hits, F(1, 24) = 0.62, p = 0.44. 

Figure 15 depicts the number of diminished-chord substitutions per measure 

in Porter’s songs. There were significant differences in the number of diminished 

substitutions per measure among the three periods in Porter’s career, F(2, 24) = 4.71, 

p = 0.02. Tukey’s pairwise comparisons revealed that Porter’s early-period songs 

featured greater numbers of diminished substitutions than middle-period songs (t(28) 

= 2.31, p = 0.03) and late-period songs, t(28) = 2.90, p = 0.01. However, there were 

no significant differences in the number of diminished substitutions between Porter’s 

hits and non-hits, F(1, 24) = 0.42, p = 0.52. 
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Finally, Figure 16 depicts the number of regions per measure in Porter’s 

songs. There were significant differences in the number of regions among the three 

Figure 15 – Number of diminished chords, per measure, in Porter’s songs.  
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periods in Porter’s career, F(2, 24) = 4.30, p = 0.03. Tukey’s pairwise comparisons 

revealed that Porter’s early-period songs featured significantly more regions per 

measure than his late-period songs, t(28) = 2.93, p = 0.01. In addition, a significant 

period by hit interaction was found (F(2, 24) = 7.95, p < 0.01), such that early-period 

non-hits had a greater number of regions per measure than did hits, but middle and 

late period hits had slightly greater numbers of regions per measure than did non-hits. 

However, there were no significant differences in the number of regions per measure 

between Porter’s hits and non-hits, F(1, 24) = 2.57, p = 0.12. 
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Discussion. The analysis just presented was designed to examine the use of 

perceptually salient harmonic structures throughout the careers of Berlin and Porter. 

While many developmental trends were found, especially throughout Porter’s career, 

there were very few differences between hits and non-hits for both composers. 

However, there was a significant interaction between song type and period for the 

Figure 16 – Number of regions, per measure, in Porter’s songs. 
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regions in Porter’s songs. Many of those issues will be addressed later in the paper in 

the context of the other analyses.  

Regarding cadences, Berlin and Porter showed a preference for authentic 

cadences; each using them to punctuate more than 70% of their melodic sections. 

This was common for both hits and non-hits. As stated above, Berlin’s and Porter’s 

songs featured an average of three tonal regions. It is plausible that the use of 

authentic cadences at the ends of sections served to establish the true tonality of the 

piece amid a range of tonal information. That result will be discussed in more detail 

later. 

More generally, the use of the 4 categories of chord substitutions by each 

composer can be said to represent a link between the tonal ambiguity used by late-

Romantic and Impressionist composers (e.g. Wagner, Debussy, etc.) and the 

“rootless” chords and harmonies used by jazz arrangers such as Duke Ellington and 

Gil Evans (c.f. Schoenberg, 1969). That is, Romantic composers in the 19th century 

experimented with similar kinds of chord substitutions in their pieces as did early 20th 

century American composers. In addition, Romantic melodies tended to exhibit less 

tonal rigidity, as the chord substitutions often appeared simultaneously with out-of-

scale notes in the melody (Schoenberg, 1969). The results of the analysis of tonal 

regions suggest that Berlin’s and Porter’s songs were heavily influenced by 

Romantic-period music. That kind of tonal ambiguity may have been appealing to the 

early 20th century jazz musicians, who adopted and re-arranged many of Berlin’s and 

Porter’s songs. The next analysis will examine the structure of Berlin’s and Porter’s 

melodies. 
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Analysis of Intervallic Formulas 

 This phase of the analysis was designed to quantify the nature of two-note 

transitions, or intervals, in Berlin’s and Porter’s songs. Previous research by 

Simonton (1980; 1994) suggested that the fame of a given melody is based partly on 

the probability of occurrence of each two-note transition. That is, multi-note melodic 

phrases (called motives or motifs in classical music) may be more or less probable in 

a given melodic context, and that probability contributes to how original a melody 

sounds to a listener. According to Simonton, melodic originality varies among 

individual composers, but hits tend to contain moderately probable melodic intervals. 

That is, popularity of a song may depend on whether a listener is able to accurately 

interpret the melodic transitions that form the melody.  

Similarly, Weisberg, et al (2005) examined the use of 5 and 9-note “formulas” 

by jazz saxophonist Charlie Parker, and found that Parker often produced the same 

formulas in different improvisations on the same tune and across different tunes. The 

latter finding has implications for musical memory, as it can be taken as evidence that 

Parker used these formulas as he soloed, and that he did not merely group random 

notes together. Similar results were found in solos by saxophonist Lester Young and 

the bassist Jaco Pastorius (Weisberg, et al., 2005) 

 Essentially, improvisation is composition without revision (Limb & Braun, 

2008). Thus it is logical that Berlin and Porter would employ melodic formulas within 

their songs. That is, Berlin’s and Porter’s melodies should be formulaic to the extent 

that they reduplicate the same formula within the same song, and possibly across 

different songs. A computer program was written which was able to tabulate the 
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intervals that comprised each melody. Following methodology used by Weisberg, et 

al (2005), the present analysis examined the use of 4-interval formulas (Delta-4) and 

8-interval formulas (Delta-8). As will be explained below, the computer program 

identified all of the Delta-4s and Delta-8s that were repeated 2 or more times within a 

single song. In addition, the program identified the longest formula to be repeated 

within a song.   

It was hypothesized that hit songs should feature more repetitions than not-hit 

songs, as that might render hit songs more memorable than non-hits. Second, in an 

effort to further characterize extended tonality in Berlin’s and Porter’s songs, the 

proportion of chromatic and diatonic intervals in each melody was calculated. Finally, 

the use of Delta-8 formulas across compositions was also examined. 

 Method: MIDI files for each of the songs by both composers were created 

using Finale. A MIDI file represents pitch information with a number between 0 and 

127. A computer program was specially designed to transform the note numbers into 

a long string of intervals. For example, the MIDI label for middle-C is 60, 61 for C#, 

62 for D, and so forth (each chromatic step up in pitch increases the number by 1). 

Thus, a melody would be represented by an array of numbers corresponding to each 

tone in the melody. That array was then fed into a second program which calculated 

the change in pitch (plus or minus) between each number in the note-array. 

Figure 17 depicts the opening measures of the melody from Berlin’s 

“Alexander’s Ragtime Band”. The first section of the melody is comprised of 8 notes 

and 7 intervals, thus it would be referred to as a Delta-7 formula since there are 7 

intervals. The top row of Figure 17 contains the pitch information from the MIDI 
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array and the Delta-7 formula (-1, +1, +3, -3, -1, +1, +3) appears underneath. The 

computer program first created a large string of deltas that contained all of the 

intervals in the entire melody as indicated in  

 

Figure 17. The program then identified delta strings ranging from 3 to 26 intervals 

long. Finally, the program indicated the specific deltas that were repeated twice or 

more throughout the melody. The program output the entire melody in the delta 

format as well as the specific deltas and their locations within the melody itself.  

 Several measures were devised according to previous research by Weisberg, 

et al. (2005). From the computer output for each song the following data were culled: 

the total number of distinct 4-interval formulas (delta-4s), the average number of 

times a delta-4 was repeated, the total number of distinct 8-interval formulas (delta-

8s), the average number of times a delta-8 was repeated, and the size of the largest 

formula (up to Delta-26). In addition, the proportion of chromatic intervals (half-

steps) in each song was calculated by counting up the number of plus-or-minus-1 

(chromatic) intervals and dividing by the total number of notes in the song, minus 1. 

The proportion of diatonic whole-steps (an interval that contains two half-steps) in 

each song was calculated by counting up the number of plus-or-minus-2 (whole-step) 

intervals and dividing by the total number of notes in the song, minus 1.  

Figure 17 – Intervalic coding for “Alexander’s Ragtime Band” (Berlin). 
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 Results: An analysis of variance was used to examine differences among the 

three periods and between hits and non-hits on all measures described above. Table 4 

presents the total number of delta-8 formulas in Berlin’s songs and the length of the 

largest delta string. There were no significant differences in total delta-8 among the 

three periods in Berlin’s career (F(2,24) = 2.21, p = 0.13), however hits featured 

significantly more delta-8s than non-hits, F(1,24) = 5.88, p = 0.02. Similarly, there 

were no differences in the length of the largest formulas among the periods in 

Berlin’s career (F(2,24) = 1.73, p = 0.20). However, the length of the longest formula 

was larger in Berlin’s hits than in his  

 

Table 4 – Largest formulas and total number of delta-8 formulas in Berlin’s and Porter’s 

melodies 

Hit 20.47 (6.97) 20.4 (12.51)
Non-hit 15.53 (5.98) 11.07 (8.49)

Early 15.3 (6.92) 11.8 (9.75)
Middle 18.2 (5.63) 14.1 (9.21)
Late 20.5 (7.03 21.3 (13.92)

Hit 18.93 (7.15) 38.8 (16.17)
Non-hit 18.13 (6.55) 56.67 (77.77)

Early 17.4 (6.2) 32 (16.17)
Middle 16.9 (7.39) 50.9 (77.78)
Late 21.3 (6.38) 60.3 (40.39
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non-hits, F(1,24) = 4.65, p = 0.04. There were no differences in average repetitions of 

delta-4s (M = 2.89; SD = 0.72) among the periods in Berlin’s career (F(2,24) = 0.52, 
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p = 0.60), nor were their differences between hits and non-hits, F(1,24) = 1.04, p = 

0.32. There were also no differences in average repetitions of delta-8s (M = 2.35; SD 

= 0.77) among the periods in Berlin’s career (F(2,24) = 1.55, p = 0.23), nor were 

there differences between hits and non-hits, F(1,24) = 1.86, p = 0.18. Finally, there 

were no differences in the total number of delta-4s (M = 23.4; SD = 11.5) among the 

periods in Berlin’s career (F(2,24) = 1.79, p = 0.19), nor were there differences 

between hits and non-hits, F(1,24) = 1.76, p = 0.20.  

 Table 5 lists the means and standard deviations for Porter’s songs on the 

above measures. There were no significant differences in the total number of delta-4s 

among the three periods in Porter’s career (F(2,24) = 0.55, p = 0.58), or between his 

hits and non-hits, F(1,24) = 0.55, p = 0.47. There were no significant differences in 

the total number of delta-8s among the three periods in Porter’s career (F(2,24) = 

0.77, p = 0.47), or between his hits and non-hits, F(1,24) = 0.89, p = 0.35. There were 

also no significant differences in the number of delta-4 repetitions among the three 

periods in Porter’s career (F(2,24) = 0.12, p = 0.89), or between his hits and non-hits, 

F(1,24) = 0.07, p = 0.80. No significant differences in the number of delta-8 

repetitions were found among the three periods in Porter’s career (F(2,24) = 0.68, p = 

0.51), or between his hits and non-hits, F(1,24) = 0.00, p = 1.0. Finally, there were no 

significant differences in the length of the largest formula in songs among the three 

periods in Porter’s career (F(2,24) = 1.72, p = 0.30), or between his hits and non-hits, 

F(1,24) = 0.11, p = 0.75. 
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Table 5 – Descriptive statistics from the analysis of intervals in Berlin’s and Porter’s 

melodies. 

Mean 23.43 15.73 2.89 2.35 18.00
SD 11.51 11.53 0.72 0.78 6.69

Mean 81.00 47.73 2.84 2.45 18.53
SD 54.45 51.07 0.85 1.05 6.75P
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Figures 18 and 19 depict the proportions of chromatic intervals in Berlin’s and 

Porter’s songs. There were significant differences in the proportion of chromatic 

intervals among the three periods in Berlin’s career (F(2,24) = 16.72, p < 0.001), and 

among the three periods in Porter’s career, F(2,24) = 5.43, p = 0.01. Tukey’s pairwise 

post-hoc tests revealed that Berlin’s early-period songs contained a significantly 

larger proportion of chromatic intervals than his middle-period songs (t(28) = 4.51, p 

< 0.001) and late-period songs, t(28) = 5.39, p < 0.001. Post-hoc tests of Porter’s data 

revealed similar results.  

Porter’s early-period songs contained significantly larger proportions of 

chromatic intervals than middle-period songs (t(28) = 2.61, p = 0.02), and late-period 

songs, t(28) = 3.51, p < 0.01. However, there were no significant differences in the 

proportion of chromatic intervals between hits and non-hits for Berlin (F(1,24) = 

0.07, p = 0.79) or Porter, F(1,24) = 0.285, p = 0.60.  
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Finally, there were no significant differences in the proportion of diatonic 

(whole-step) intervals among the three periods in Berlin’s career (F(1,24) = 0.14, p = 

0.87), nor were there differences between his hits and non-hits, F(1,24) = 0.258, p = 

Figure 18 – Proportion of chromatic intervals in Berlin’s melodies. 

Figure 19 – Proportion of chromatic intervals in Porter’s melodies. 
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0.62. Similarly, there were no differences in the proportion of diatonic intervals 

among the three periods in Porter’s career (F(1,24) = 0.82, p = 0.45), nor were there 

differences between hits and non-hits, F(1,24) = 0.258, p = 0.17.  

Discussion. The present analysis was designed to quantify the note-to-note 

transitions that appeared in Berlin’s and Porter’s melodies. There were two 

potentially important results of the analysis. First, Berlin’s hit songs not only featured 

more delta-8s than his non-hits, but his hit songs also featured longer formulas in 

general than his non-hits. This may be evidence that Berlin’s songs were easier to 

remember because they repeated themselves more often. Additional analysis revealed 

that Berlin did not reuse any of his delta-8 formulas in other songs in the current 

sample, and the same was true for Porter. Thus, all songs by both composers 

continued to use novel formulas in their songs, at least at the delta-8 level.  

The second result of considerable interest is the fact that both composers 

exhibited developmental trends regarding the proportion of chromatic intervals in 

their songs. The proportion of chromatic intervals in Berlin’s and Porter’s songs 

increased monotonically across the three periods in their career. There are several 

possible reasons for this trend. First, both composers began their careers in the era of 

ragtime and vaudeville. One hallmark of songs from that era is the use of chromatic 

intervals, especially alternating up-and-down between the 3rd scale degree and its 

lower chromatic counterpart. It is plausible that Berlin and Porter styled their early 

compositions to fit that model. However, as the twentieth century progressed, Jazz-

era melodies began to influence popular music, and visa versa (c.f. Middleton, 1990). 

Though chromaticism was not absent from Jazz-era songs, the melodies from such 
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songs resembled the expressionist style of 19th century romantic melodies. Chromatic 

intervals were used more sparingly in those songs, mainly as transitions between 

melodic regions and to include more complex textures in melodic contours. While 

these conclusions are speculative, the data suggest that, at the very least, both 

composers were sensitive to the stylistic changes that occurred in American music 

throughout the first half of the 20th century.   

Finally, one potential caveat to the analysis was the fact that the melody was 

analyzed without respect to the text (i.e. the lyrics). Some songs repeat the same 

melodic formula, but vary the number of notes to compensate for words with different 

numbers of syllables. The essence of the melody would remain the same between 

repetitions, yet the computer program would classify each repetition as distinct. 

However, the program was still able to identify many repeated formulas, especially in 

Berlin’s melodies. Further analysis is needed to investigate whether Porter’s varied 

his melodies according to his lyrics, or whether he varied the motives themselves. 

The psychological implications for such results will be explained at length later. 

Perception of Melodic Tension 

 The final phase of the current project was designed to examine listeners’ 

reactions to Berlin’s and Porter’s songs. Several music psychologists and music 

theorists have suggested that expectation plays a central role in a listener’s perceptual 

experience of a piece of music (c.f. Huron, 2006; Meyer, 1956; Krumhansl, 1996; 

Narmour, 1996, Temperley, 2007). For example, Krumhansl (e.g., 1996) wrote that 

expectancies fluctuate depending upon the melodic and harmonic content of a piece 

of music. Expectancies are influenced by the complex interplay between tension and 
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relaxation of consonant and dissonant tones within a piece of music (c.f. Krumhansl, 

1990; Margulis, 2005; Meyer, 1956; Narmour, 1990; 1996). For example, when 

listening to Mozart’s Piano Sonata K. 282, listeners reliably provided high tension 

ratings around the end of melodic sections and particularly low tension ratings toward 

the beginning of sections (Krumhansl, 1996). Stated differently, as each melodic 

section progressed, listeners’ expectations became increasingly strong until they 

became aware of the conclusion. As described early, composers often use harmonic 

cadences to mark the end of a melodic section. In Krumhansl’s experiment, listeners’ 

reliably exhibited low tension ratings following cadences. Psychologically, this may 

be evidence that the cognitive conception of a piece of music has at least some basis 

in affective experiences elicited the resolution of dissonant tones.  

 The following experiment was a simplified adaptation of the methods used by 

Krumhansl (1996). In Krumhansl’s experiment, listeners’ continuously manipulated a 

slider on a computer screen to describe the level of tension in the music. The position 

of the slider was recorded once every four seconds to provide real-time tension 

ratings that could later be matched with specific melodic events in Mozart’s Piano 

Sonata, K. 282. Instead of providing continuous tension ratings, participants in the 

current experiment supplied a tension rating when prompted to do so every 4 seconds. 

That methodological change was made for two reasons: (1) Krumhansl averaged the 

tension ratings over 2-measure intervals, which roughly equated to 4 seconds; and (2) 

the goal of the current experiment was to compare average tension ratings across 

different songs, and not to provide detailed analysis of a single composition, as was 

done by Krumhansl (1996). It was hypothesized that tension profiles of hits and non-
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hits would differ and that tension ratings would increase as a particular melody 

reached its conclusion. 

 Participants. Twenty-two undergraduate students (14 female) from Temple 

University participated in the experiment. Data from five participants were discarded, 

two experienced an error in the computer program, and three failed to follow 

directions. The remaining seventeen participants had at least one year of experience 

playing a musical instrument. Participants reported spending an average of 4.6 hours 

per day (SD = 2.8) listening to music in their spare time. In the experiment, half of the 

participants listened to Cole Porter songs and the remainder listened to Irving Berlin 

songs.  

 Materials and Procedure: The melodies from all 30 songs by both composers 

were converted to the MIDI file format using the Finale software package. Melodies 

were reproduced as they appeared in the sheet music, with no syncopation or 

variation in timbre, as tension ratings in Krumhansl’s (1996) were robust to changes 

in tempo and timbre. Participants listened to the melodies at a moderate volume 

through Sony MDR-V150 stereo headphones. Participants listened to one pass 

through the song with no repeats. For most songs this included one verse and one 

refrain (some songs had no verse). The experiment was designed using E-Prime 2.0 

and participants were administered the experiment on a Dell Inspiron 6400 laptop 

computer. 

 Participants were instructed to listen to each song and indicate how much 

tension they perceived in the melodies. Every 4 seconds the word “respond” would 

flash on the screen as a prompt. Participants were instructed to respond by pressing a 
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number between 1 and 9 on the keypad every time the prompt appeared. Participants 

were further instructed that their responses indicated the level of tension that they 

perceived in the music at any given time (1 = lowest tension; 9 = highest tension). 

Participants were then provided with an example of a point of high tension in the 

melody at the end of “Happy Birthday.” The experimenter sang the following: 

“HAPP-Y BIRTH-DAY TO…”, and paused to exaggerate expectancy for the song to 

finish. All of the participants agreed that they felt a need for the song to complete or 

resolve on the ending note (“YOU”). The experimenter then answered any remaining 

questions about the experiment. 

 Participants were given two short training trials (melodies from “Happy 

Birthday” and from “Three Blind Mice”) in order to learn to respond quickly to the 

prompt. Participants were monitored during practice to ensure that they continued to 

respond every time the prompt appeared. Participants then began the experiment by 

pressing the spacebar. To eliminate bias, each participant listened to the melodies in 

random order. Participants were continuously monitored during the experiment to 

ensure that they were following the prompts. Upon completion of the experiment, 

participants filled out a short survey regarding their level of musical expertise and 

their music-listening habits outside of the lab. Berlin-song sessions lasted 

approximately 30minutes and Porter-song sessions lasted approximately 40 minutes. 

 Results: Responses were collapsed across participants to create a tension 

profile for each song. Songs were then divided into quartiles based upon the number 

of responses per song. Figure 20 depicts the average tension profile, per quartile, for 

Berlin’s (a) and Porter’s (b) hits and non-hits. As expected, tension ratings increased  
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Figure 20 – Tension ratings, per quartile, of Berlin’s (a) and Porter’s (b) melodies. 

(a) 

(b) 
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as the songs neared completion; however, Porter’s tension profile resembles a 

backward inverted-j function. As Figure 20 indicates there were no differences in 

tension profiles between hits and non-hits by either composer.Tension ratings from 

each song were then used to compute four additional dependent variables: average 

tension rating, minimum tension rating, maximum tension rating, and a composite 

variable (delta-tension) computed by subtracting the minimum tension rating from the 

maximum tension rating for each song.   

An analysis of variance was used to examine differences in the four dependent 

variables among the three periods in each composer’s career and between hits and 

non-hits. Figure 21 depicts the average tension ratings across songs from the early, 

middle, and late periods of Berlin’s (a) and Porter’s (b) careers. There were no 

significant differences in average tension among the periods in Berlin’s career (F(2, 

24) = 0.54, p = 0.59) or among the periods in Porter’s career, F(2, 24) = 0.12, p = 

0.89. Similarly, there were no differences in average tension between Berlin’s hits 

and non-hits (F(1, 24) = 0.02, p = 0.89), or between Porter’s hits and non-hits, F(1, 

24) = 0.20, p = 0.65.  

Figure 22 depicts the minimum and maximum tension ratings for Berlin’s 

songs and Figure 23 depicts the minimum and maximum tension ratings for Porter’s 

songs. There were no significant differences in minimum tension among the periods 

in Berlin’s career (F(2, 24) = 0.32, p = 0.72), nor were there significant differences in 

maximum tension among the three periods, F(2, 24) = 0.30, p = 0.74. There were also 

no significant differences in minimum tension between Berlin’s hits and non-hits 

(F(1, 24) = 0.95, p = 0.34), nor were there significant differences in maximum tension  
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Figure 21 - Average tension ratings across periods in Berlin’s (a) and Porter’s (b) 
careers. 
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Figure 22 – Minimum tension ratings (a) and maximum tension ratings (b) for 
Berlin’s songs. 
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between his hits and non-hits, F(1, 24) = 0.46, p = 0.50. However, there was a period 

by hit interaction for minimum tension ratings of Berlin’s songs (F(2, 24) = 3.60, p = 

0.04. As Figure 22a indicates, early and late hits received lower minimum-tension 

ratings than non-hits, while middle period non-hits received lower minimum-tension 

ratings compared with hits. 

There were no significant differences in minimum tension among the periods 

in Porter’s career (F(2, 24) = 0.80, p = 0.46), nor were there significant differences in 

maximum tension among the three periods, F(2, 24) = 0.21, p = 0.75. There were also 

no significant differences in minimum tension between Porter’s hits and non-hits 

(F(1, 24) = 1.06, p = 0.31), nor were there significant differences in maximum tension 

between his hits and non-hits, F(1, 24) = 0.75, p = 0.35. A similar period by hit 

interaction was found for minimum tension ratings of Porter’s songs, however, the 

result was only marginally significant, F(2, 24) = 2.77, p = 0.08. 

 Figure 24 depicts the delta-tension ratings for Berlin’s and Porter’s songs. 

Again, there were no significant differences in delta-tension among the three periods 

in Berlin’s career (F(2, 24) = 0.65, p = 0.53), nor were there differences between his 

hits and non hits, F(1, 24) = 0.15, p = 0.70. However, as Figure 24a indicates, there 

was a significant period by hit interaction for delta-tension ratings of Berlin’s songs, 

F(2, 24) = 3.96, p = 0.03. Tension profiles from Berlin’s early hits contained larger 

tension-rating fluctuations than did his middle-period and late-period hits. In addition, 

tension profiles from Berlin’s early non-hits contained smaller tension-rating 

fluctuations than did his middle-period and late-period non-hits. There were no 

significant differences in delta-tension among the periods in Porter’s career (F(2, 24)  
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Figure 23 - Minimum tension ratings (a) and maximum tension ratings (b) for Porter’s 
songs. 
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Figure 24 – Maximum tension change for Berlin’s (a) and Porter’s (b) songs. 
 

(a) 

(b) 



 77

= 1.35, p = 0.28), nor were there differences between Porter’s hits and non-hits, F(1, 

24) = 0.00, p = 1.0. 

Discussion: As expected, average tension ratings increased as the songs 

neared conclusion, an effect that did not vary according to a song’s classification as a 

hit or non-hit. Contrary to expectation, there were no differences in tension ratings 

between hits and non-hits by either composer. However, there were period by hit 

interactions for minimum-tension ratings of songs by both composers. In addition, 

there was a significant period by hit interaction for delta-tension in Berlin’s songs.  

 There were some limitations to the current analysis that may have contributed 

to the opaque results presented above. First, participants listened only to the melodies 

of the songs and did not hear the lyrics to the songs, nor did they hear the 

accompaniment. Participants in Krumhansl’s (1996) listened to unaccompanied 

melodies, however, Mozart’s Piano Sonata, K.282, has no lyrics. Wilder (1972) has 

argued that Porter’s lyrics were more salient to listeners than his melodies 

themselves. A discussion of the possible perceptual salience of lyrics will appear in a 

later section, but it may be of interest for future studies to compare between listeners’ 

experiences of popular-song melodies with and without lyrics.  

 In addition to the limitation due to lack of lyric information, participants 

varied in their range of responding. In an effort to examine more detailed changes in 

tension ratings as the songs progressed, participants were encouraged to indicate 

tension levels within a wide response range (the numbers between 1 and 9 on the 

keypad). Despite that effort, participants tended to respond within a more restricted 

range which varied from participant to participant. Some participants tended to 
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respond with generally high numbers and others tended to respond with generally low 

numbers. In Krumhansl’s (1996) experiment, participants moved a slider on a 

computer screen and the position of the slider was recorded every second by a 

computer program. Thus, participants’ ratings in Krumhansl’s experiment were 

standardized. However, further analysis revealed little difference between 

standardized and un-standardized tension profiles of songs in the current experiment 

(only the un-standardized results were reported). A follow-up study will mandate that 

participants indicate tension using only the numbers 1, 2, 3, and 4.   

 Regardless of the limitations of the tension experiment, the results suggest that 

Berlin and Porter constructed their melodies with tension climaxes near the beginning 

or middle of the refrain. That result is consistent with the results of previous analyses 

by Forte (e.g. 1993), who found that Porter often positioned the lowest note (nadir) 

and highest note (apex) of his melodies in strategic locations in the refrain. However, 

Forte also observed that Porter’s apexes and nadirs often emphasized important 

portions of the text (lyrics). Thus it seems, at least in the case of Porter, that the 

melody and the text of each song were constructed with respect to the other. Further 

implications of these results will be discussed in the context of the rest of the 

analyses. 
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CHAPTER 5 

THE CREATIVITY OF BERLIN AND PORTER 

 

General Discussion 

 The goals of the current project were two-fold: (1) to examine the 

development of musical-creative expertise in the careers of Berlin and Porter, and, (2) 

to examine possible music-psychological correlates of hit songs compared with non-

hit songs. No single psychological study to date had attempted to quantify creative 

development in music using domain-specific criteria. As such, it seems appropriate to 

view the analysis described above as a series of pilot studies for future work. In 

constructing the analysis described above, an effort was made to examine all possible 

musical variables that have been shown to hold psychological relevance. It is perhaps 

not surprising that not all of the analyses provided clear results. At the same time, the 

results did indicate that there were general similarities among compositions by Berlin 

and Porter. A number of developmental trends were also found in the careers of each 

composer. Unfortunately, there were only a few significant differences found between 

hits and non-hits, aside from some period-by-hit interactions. Before discussing the 

differing results in the case of each composer, I will first discuss some general 

tendencies found in the careers of both Berlin and Porter.  

 As explained above, 100% of the songs by Berlin and Porter included in the 

analysis were written in major keys. A great majority of their songs were also written 

in 4/4-time, sometimes referred to as “common-time.” Berlin and Porter both 
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preferred to use authentic cadences to punctuate the melodic sections of their songs, 

especially at a song’s conclusion. Berlin and Porter also used a similar frequencies of 

AABA and non-AABA song structures; however Berlin’s hits primarily featured non-

AABA formats. In addition, none of Berlin’s or Porter’s delta-8 formulas appeared in 

more than one song. Participants’ tension ratings of both Berlin’s and Porter’s songs 

tended to increase across the first three quartiles of the song, indicating that both 

composers inserted melodic climaxes into the refrains of their songs. Finally, and 

perhaps more importantly to the current discussion, songs by both composers can be 

said to employ extended tonality. That is, despite being written with one key-center 

(tonic) and in major keys, Berlin’s and Porter’s melodies and harmonies implied the 

presence of secondary tonics throughout the course of each song.  

As stated earlier, extended tonality was a hallmark of romantic and 

impressionist compositions from the late 19th century (Schoenberg, 1969). Thus, 

Berlin and Porter demonstrated explicit knowledge of the complex relationships 

between melodic notes, chords, and key-centers. This is not surprising given Porter’s 

strong music-theoretical background (he was a graduate of Yale Music School). In 

contrast, Berlin did not receive any formal musical training, but rather worked as a 

busker, and then later a singer and lyricist for publishing companies. It has been 

reported that Berlin spent a great deal of time on the streets of Tin Pan Alley singing 

and writing throughout his formative years (Wilder, 1972). That kind of experience 

may have sufficed to instill, in Berlin, implicit knowledge of the harmonic systems 

employed in 19th century operas and other contemporary music. The following 
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sections will tie together more direct evidence that Berlin and Porter continued to 

learn and alter their styles throughout their long careers. 

 As stated earlier, there is agreement among music psychologists and music 

theorists that individuals in a given culture demonstrate implicit knowledge of the 

tonal systems that exist within the music of that culture (c.f. Dowling, 1999; Huron, 

2006; Krumhansl, 1990; Meyer, 1956; Temperley, 2001). Most of the significant 

developmental trends found in the analysis of Berlin’s and Porter’s careers can be 

taken as evidence of the composers’ sensitivity to cultural musical conventions. The 

results of several analyses presented above demonstrated that Berlin’s and Porter’s 

melodies became more tonal as their careers progressed. For example, early songs by 

both composers contained a significantly larger proportion of chromatic intervals than 

did their middle-period and late-period songs. Many of Berlin’s early songs had the 

words “rag” or “ragtime” in the title indicating the influence of ragtime music on the 

composer. As stated above, ragtime music often employed chromatic intervals in an 

alternating pattern. Thus, Berlin’s and Porter’s early songs seemed to be constructed 

around the ragtime model. 

 As their careers progressed, the proportion of chromatic intervals in Berlin’s 

and Porter’s melodies declined significantly. At the same time, the median tonality 

correlations of their songs increased and the proportion of in-scale tones in their 

songs also increased. In addition, Berlin’s middle and late period songs contained 

fewer augmented chord substitutions than his early period songs. Similarly, Porter’s 

middle and late period songs contained fewer augmented-substitutions and fewer 

diminished-substitutions than his early period songs. Those trends can also be taken 
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as evidence that the composers were moving away from the chromaticism found in 

their early period songs. 

 Regarding extended tonality, Berlin’s and Porter’s songs contained an average 

of three distinct tonal regions (or two secondary tonal centers). The number of regions 

in Berlin’s songs did not vary according to the period in which a song was written. 

Porter’s early-period songs contained a significantly greater number of tonal regions 

than his middle and late period songs. However, comparison of Porter’s hits and non-

hits revealed that his early hits contained fewer regions than his early non-hits, an 

effect that reversed as his career progressed. This may be evidence that Porter was 

aware of the elements of his songs that contributed to popularity. Figure 16 depicts 

the number of regions per measure in Porter’s songs. There is little difference in the 

number of regions contained in hit songs throughout Porter’s career. The major 

change occurs in non-hits. As stated above, Porter’s early non-hits contained a larger 

number of regions than his early hits. However, his middle-period hits and non-hits 

contained a roughly equal number of regions, which was much lower compared with 

the number of regions in early non-hits. As mentioned previously, people exhibit 

greater accuracy for musical material that conforms to tonality (c.f. Dibben, 1994; 

Dowling, 1991; Halpern, & Bower, 1982). Thus, early non-hits were more tonally 

complex than early hits, an effect that disappeared in the middle and late period of his 

career. Stated differently, Porter may have been aware that his early non-hits 

contained many secondary tonics, which may have limited the ability of the public to 

understand and remember the tunes. 
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 Another interesting result regarding possible learning in Porter’s career is the 

number of major-substitutions that appear across his compositions. Porter’s middle 

period songs contained more major-substitutions than his early period songs. As just 

mentioned, Porter’s early songs contained more augmented and diminished 

substitutions than his middle period songs. As stated in the section on harmony, 

secondary tonal regions are often indicated by chromatic substitutions. One of the 

most salient substitutions is the “secondary dominant” (Schoenberg, 1969), a major-

chord substitution which implies a new transient tonic-dominant relationship (see 

Figure 9, “The Entertainer”). One advantage to major-substitutions is that major 

triads are perceived as more stable, and more implicative of a harmonic context than 

any other type of chord (Krumhansl, 1990). Porter increased the proportion of major-

substitutions in his songs between the early and middle periods of his career. It can be 

argued that, along with the change in the number of regions, middle and late period 

songs may have been more popular because they were easier for the casual listener to 

follow. That is, the use of a greater number of major-substitutions to navigate through 

a smaller number of tonal regions most likely increased the probability that listeners 

would accurately conceptualize the musical materials contained in Porter’s songs. 

This would lead the songs to be highly interpretable and also interesting for the casual 

listener. Thus, though there were no clear differences between hits and non-hits in 

Porter’s career, examination of the changes in the harmonic content of his songs can 

be taken to imply that Porter identified some successful components of his early hits 

and sought to eliminate some of the unsuccessful components of his early non-hits. 
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 Regarding melodic content, it was stated previously that Porter may have 

constructed his melodies with regard to the lyrics (Forte, 1993; 1995). There were no 

significant developmental trends related to Porter’s melodies nor were there 

significant melodic differences between Porter’s hits and non-hits. However, the same 

was not true for Berlin’s career. Berlin’s hit songs contained a larger number of delta-

8s than non-hits, and the largest formulas were found in hit songs. The two measures 

are highly correlated when one considers that a delta-16 formula can be broken up 

into 15 overlapping delta-8 formulas. If hit songs contained larger formulas overall, 

then it is not surprising that they also contained a greater number of different delta-8s. 

The repetition of large melodic formulas is common in many popular songs (c.f. 

Middleton, 1990). Margulis (2005) wrote that the affective experience of a melody 

does not significantly change across different listening experiences; however, the 

formation of expectations for certain melodic events can become more accurate (see 

also Narmour, 1990; 1996). Thus, the repeated formulas in Berlin’s hit songs may 

benefit the listener by providing him or her with several chances to comprehend the 

melodic formula, albeit with different lyrics. It is plausible that Berlin’s hit songs 

positively influenced the musical memory of the listener. Wilder (1972) remarked 

that many of Berlin’s lyrics were not especially interesting, and so his melodies, 

themselves, may have provided listeners with a salient and rewarding musical 

experience.  

 Music psychologists and music theorists have also agreed that there is a direct 

relationship between the formation of expectations by listeners and the tension and 

stability of specific musical events (c.f. Deutsch, 1999; Huron, 2006; Krumhansl, 
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1990; 1996; Meyer, 1956; Narmour, 1990; 1996). Given the fact that Berlin’s hits 

feature larger formulas than non-hits, one would expect that tension ratings between 

hits and non-hits to also differ. However, no significant differences between hits and 

non-hits were found in Berlin’s career. On the other hand, a greater change in tension 

ratings was found for Berlin’s early hit songs compared with his early non-hits. The 

average difference between minimum and maximum tension ratings (delta-tension) 

was 2.4 for Berlin’s early-period hits and 1.7 for his early-period non-hits. One might 

conclude that Berlin’s early hit melodies caused more dynamic expectations in the 

listener than his non-hits. Results from the middle period of Berlin’s career suggest 

that the effect reversed; delta-tension for middle-period non-hits was 2.3 and delta-

tension for middle-period hits was 1.7. Delta-tension for late period hits and non-hits 

was equal. In light of some of the limitations of the tension experiment addressed 

earlier, further research is needed to properly interpret changes in tension ratings both 

Berlin’s and Porter’s songs.  

 Despite some of the positive results from the current analysis, three possible 

limitations can be identified, in addition to the limitations of the tension experiment 

already discussed. First, Schoenberg (1969) wrote that it may be impossible analyze 

the aesthetics of late-romantic and early 20th century music without respect to the text 

or lyrics. Though some significant differences between hits and non-hits were found 

in Berlin’s career, it is quite possible that there may be lyrical differences between 

Porter’s hits and non-hits. As previously addressed, Porter was renowned for his 

lyrical ability (c.f. Kimball, 1983; Wilder, 1972). Wilder (1972) suggested that the 

increase in popularity of Porter’s work after 1923 may have been due in part to his 
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ability to supply the New York theatre circuit with slightly racy lyrical content 

derived from his experience with the Paris music scene. However, very few studies of 

creativity have featured lyrical content analysis. Simonton (1989) analyzed the 

various themes that appeared in Shakespeare’s sonnets. Similarly, Dukes, et al. 

(2003) examined the use of different love-themed lyrics in songs that topped the 

Billboard 100 charts from 1958-1998. However, no study to date has attempted to 

correlate lyrical content to psychological phenomena. The main goal of the current 

project was to correlate known music-psychological phenomena to the musical 

components of Berlin’s and Porter’s songs. 

 Second, Porter’s career began much more slowly than Berlin’s career. That is, 

Berlin achieved one large-scale success with “Alexander’s Ragtime Band” in 1913. 

As a result, there was a large difference in recording counts between Berlin’s early 

hits and non-hits (see Table 1). Hass and Weisberg (in press) found that Porter 

published only three songs with more than 10 recordings before 1923. Thus, there 

was a smaller difference in recording counts between Porter’s early hits and non-hits 

than there was in Berlin’s career. The lack of early hits in Porter’s career may have 

contributed to the lack of significant differences found between Porter’s hits and non-

hits.  

 Finally, many of the interactions examined in the analyses may have been 

rendered insignificant due to the low number of songs by each composer included in 

the analysis. It was originally expected that hits and non-hits by both composers 

would differ substantially, so comparisons between 15 hit song and 15 non-hit songs 

seemed appropriate. As stated above, sample size was also kept small in lieu of the 
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large number of analyses that were to be performed. In addition, music-theoretical 

analyses commonly examine only one or a few songs in great detail. Thus, the lack of 

power in the analysis due to the relatively low number of songs in each cell may have 

limited the significance of many of the statistical results. 

Still, a number of positive results can be taken from the analysis, and future 

work will investigate some of the same variables in other songs by each composer. 

For example, many of the significant differences in chord-substitutions may have an 

effect on tension ratings of the songs. One interesting follow-up study would be to 

compare tension ratings from listeners who only heard the melodies of songs to 

tension ratings from listeners who heard melodies and harmonies together. In 

addition, as mentioned previously, one might also compare tension ratings from 

listeners who heard melodies with lyrics to tension ratings from listeners who heard 

instrumental melodies.  

Before such work can be done, however, an effort will be made to standardize 

tension data from individual subjects to more accurately compare tension profiles 

across songs. More recent studies of melodic tension have employed behavioral 

measures such as the strength of a person’s grip on a pair of metal tongs to indicate 

the amount of tension they feel (e.g. Fredrickson, 1999). In addition, it would be of 

interest to use neuroimaging techniques (e.g. EEG or fMRI) to detect changes in brain 

states that correspond to the formation of a listener’s expectancy and tension ratings. 

 

Conclusions 
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This paper began with a discussion of three possible models for creativity in 

music. According to the productive-thinking hypothesis, creativity represents a 

complete break with the existing knowledge of a particular domain (c.f. Campbell, 

1960). As such, productive thinking composers should routinely change their 

approach to writing songs, and commonly insert completely new variations of 

musical elements into songs throughout the course of their careers. In addition, hit 

songs should exhibit less continuity with past work, and thus, be more innovative. 

According to the reproductive-thinking hypothesis, creativity is a process in which 

previously successful ideas are continually recombined into novel configurations. 

That is, from this perspective, composers should develop a repertoire of musical 

components early in their careers and continue to elaborate upon only those musical 

components. In addition, hit songs should feature more previously successful musical 

components than non-hits, and thus, be more continuous with the past. Finally, 

according to the systems hypothesis (c.f Csikszentmihalyi, 1996; 1999) creativity is a 

triadic process that involves the individual creator, the domain in which the creator 

works, and the field or institutions which evaluate creative output. The systems view 

suggests that there might be little difference between hits and non-hits due to the fact 

that the evaluation of creative products by the field can vary along with the level of 

socio-cultural impact of such products. 

Neither Berlin nor Porter seemed to represent pure examples of any of the 

three hypotheses just described. Of the two composers, Berlin’s work provides more 

evidence of reproductive thinking, especially when one considers the large amount of 

repetition found within each of his melodies. In addition, Berlin’s songs showed little 
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variation in harmonic structures. Berlin tended to use major-substitutions as the main 

method for establishing extended tonality within his songs. Berlin’s songs also 

became more tonal as his career progressed and there was little variation in tension 

ratings between periods. Thus, Berlin may have established his compositional style 

early in his career, and seemed to change very little throughout the rest of his career. 

Porter’s work also provides examples of reproductive creativity. Though there 

was some variation between his early and middle period songs regarding harmony, he 

tended to simplify the harmonic content of his songs, rather than experiment with 

more complicated harmonic structures. Yet, the fact that most of Porter’s songs were 

of the non-AABA format may be evidence of some productive thinking. Porter’s 

songs were mainly written as parts of Broadway shows. Such songs varied in length 

and in format (sometimes including extended dance sections, preludes, and orchestral 

reprises). His later period songs tended to be longer than his early period songs; 

however, when length of song was controlled for, the later songs were not found to be 

more harmonically complex than the early songs.  

In addition, there is evidence that both composers were subject to social 

dynamics described in the systems view of creativity. For example, the songs that 

Porter wrote at Yale University are still performed today, however, that may be due to 

tradition rather than to the quality of the songs. Similarly, sheet music from Berlin’s 

early songs, such as “Ragtime Soldier Man” (1912), sold in moderate numbers, but 

those songs failed to make a long-lasting aesthetic impact. However, since many of 

the results of the present analysis were in conclusive, it may also be premature to 

draw any conclusions about any of the three hypotheses. 
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Coming now to an authentic cadence, the analyses presented herein represent 

a first step toward understanding the music-psychological correlates of musical 

creativity. The results suggest that Berlin and Porter used their musical expertise to 

create songs that the public could enjoy. There is a large amount of evidence to 

suggest that Berlin and Porter composed their songs according to many of the 

compositional traditions used by 18th and 19th century classical and romantic 

composers. Their early songs broke with that tradition by incorporating the elements 

of ragtime into theatre and vaudeville music. Overall, the composers’ use of extended 

tonality, chromatic substitutions, and varied phrase structures suggests that they 

understood the music of the past, especially that of the late-Romantic period. That 

understanding enabled them to continually recombine elements of old and new world 

music throughout their 40-year careers.  
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