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Introduction 

The development of intonation skills among students is among the many challenges 

facing music educators who teach wind instrumentalists. There is no shortage of research studies, 

dissertations, and publications along with clinics, master classes, and informal discourse on the 

subject. In fact, Yarborough, Karrick, and Morrison (1995) found that “intonation, or the ability 

to perform in tune is consistently one of the primary considerations in the musical evaluation of 

both ensemble and ensemble performances” (p.232).  The late William D. Revelli (1938) 

believed that  “it is safe to presume that intonation represents one of the most important and 

difficult phases which directors of school music have to teach” (p.227). In fact, it has been 

demonstrated that listeners prefer superior performance in intonation over tone quality (Geringer 

& Madsen, 1981; Madsen & Flowers, 1981; Madsen & Geringer, 1976, 1981). One important 

aspect of developing these skills is raising awareness and recognizing tendencies amongst these 

heterogeneous instrument groups.  

Much research in this area has addressed the ability to match on a single pitch (Miles, 

1972), isolated intervals (Duke, 1985), pitches within a melodic context (Morrison, 2000) and 

instrument specific tuning tendencies (Stauffer, 1954). In addition, a considerable amount of 

research has studied intonation perception and performance in specific musical situations. 

(Edmonson, 1972; Forsythe, 1967; Geringer, 1978) However, few research studies have explored 

the effects of harmonic context on intonation performance.  Karrick (1998) studied how specific 

harmonic intervals impacted intonation performance while Dunnigan and Geringer (2002) 

examined tempo, bass loudness, and tonic chord degree on intonation perception and 

performance. Tuning of thirds performed by professional flautists showed that harmonic context 

effected preference for equal temperament or pure tuning (Leukel & Stoffer, 2004). 
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Unfortunately, there is a paucity of research exploring the effects of dissonance on intonation 

performance.  

Within the context of the modern repertoire, it is rare that an instrumentalist will 

encounter an absence of harmony within the musical texture. Furthermore, with the 

Schoenbergian concept of the “emancipated” dissonance, many modern composers use an 

increasingly dissonant language as a compositional device (Whittall, 2010). Instrumental 

musicians, particularly those in wind bands, should benefit from an understanding of intonation 

performance tendencies within a variety of harmonic contexts.  

The purpose of this research study is to explore how dissonance affects intonation 

performance of wind instrumentalist. By examining intonation tendencies within a harmonic 

context we offer music educators and performers a better understanding of the variables that 

affect instrumental performance. 

Literature Review 

Intonation Preference 

Numerous studies have been dedicated to the preference of consonance over dissonance.  

Zentner and Kagan (1998) tested thirty-two healthy four months old infants (sixteen males, 

sixteen females) by exposing them to both consonant and dissonant melodies. The infants fretted 

or turned away from the music source more frequently during the dissonant than the consonant 

versions. The results suggest that infants are biologically prepared to treat consonance as 

perceptually more pleasing than dissonance. In another study, Trainor, Tsang, and Cheung 

(2002) investigated whether infants as young as two months old are sensitive to consonance and 

dissonance. Forty infants, from two to four months old were exposed to two sets of four highly 
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consonant intervals and dissonant intervals. The consonant intervals consisted of two perfect 

fifths (A3–E4 [220.0–329.6 Hz] and C4 to G4 [261.6–392.0 Hz]) and two octaves C4–C5 

[261.6–523.3 Hz] and E4–E5 [329.6–659.3 Hz]). The two dissonant intervals consisted of two 

tritones B 3–E4 [246.9–329.6 Hz] and F4–B4 [349.2–493.9 Hz]) and two minor ninths (B 3–B4 

[246.9–493.9 Hz] and E4 to F5 [329.6–698.5 Hz]). Results indicated that infants as young as two 

months old are sensitive to consonance and dissonance, and they prefer to listen to harmonic 

intervals that are consonant.  However, some research has suggested that musical experience 

plays a factor in consonance over dissonance. McDermott, Lehr, and Oxenham, (2010) tested 

250 participants, finding that they preferred consonant over dissonant chords, but also found a 

correlation with the number of years playing a musical instrument and preference for 

harmonicity. Rasch (1985) examined the perception of melodic and harmonic intonation 

discrepancies using two-part musical fragments. Results suggested that listeners tend to 

recognize intonation deficiencies in melodic mistunings more strongly, followed closely by the 

harmonic mistunings. 

While nearly all normal listeners possess some degree of preference for consonance and 

an aversion to "beating.” “Beating,” or “destructive interference” refers to the interference 

between frequency components within the cochlea. This suggests that beating may contribute in 

an important way to their perception of consonance verses dissonance.  Studying amusics 

allowed for testing of these theories against a control group of normal listeners, Cousineau, 

McDermott, and Peretz, (2012) tested participants with congenital amusia and a control group 

without amusia in the attempt to dissect previous theories of musical consonance and sound 

preference. Studying amusics allowed for testing of these theories against a control group of 

normal listeners. In the first experiment, participants were asked to rate the pleasantness of 
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chords on a nine-step scale. Intervals spanned from a minor second to a major seventh. As 

previous research suggests, amusics gave similar ratings to all chords, with consonant chords 

rated no more highly than dissonant chords while the control group preferred consonant 

intervals, as expected. In the second experiment, recordings of non-verbal vocal sounds were 

played of humans expressing sadness, fear, surprise, or happiness (cries, gasps, laughing, etc.). In 

contrast to the results of the first study, the two groups showed nearly identical rating patterns. In 

a third experiment, preferences for harmonicity and beating were investigated using stimuli taken 

from a previous study in normal listeners. Preference measures were derived from differences of 

ratings between stimuli that either did or did not contain these acoustic factors (harmonic and 

inharmonic, nonbeating and beating), but that were matched in other respects such as number of 

frequencies and amplitude.  

Control subjects showed preferences for consonance, harmonicity, and the absence of 

beats, as expected. In contrast, amusic listeners failed to show preferences for consonance or 

harmonicity. However, the amusics studied exhibited an aversion to beating comparable to that 

of the control group. This led the experimenters to create a fourth experiment where they tested 

whether the lack of preference for harmonicity in amusics was due to an inability to discriminate 

harmonic from inharmonic frequencies relations. While control subjects scored high on this task, 

amusics performed poorly, suggesting that harmonic and inharmonic spectra are poorly 

distinguished by the auditory system within amusics. Cousineau et al. (2012) posit that amusics’ 

ability to perceive beating vs. nonbeating while being unable to distinguish consonance and 

dissonance suggests dissonance is not a product of destructive interference. This suggest that the 

widely believed view that dissonance is a product of an increase in “beating” (Cazden, 1962) 

may not be accurate.  
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Intonation Tendencies 

Edmondson (1972) examined the effects of interval direction on pitch acuity in solo vocal 

performance. Forty undergraduate students were randomly chosen from each of five populations: 

vocalists, string instrumentalists, pianists, brass instrumentalists, and woodwind instrumentalists. 

Edmondson found that vocal pitch acuity on ascending intervals was highly superior to acuity on 

the same descending intervals. Kantorsky (1986) and Sogin (1989) found that string 

instrumentalist performed descending four-note scalar passages significantly more sharp than 

ascending figures while Yarbrough and Ballard (1990) found string players to be sharper when 

performing an ascending figure. 

Duke (1985) examined forty-eight junior high school, high school, and college 

undergraduate wind instrumentalists on intonation performance on four diatonic intervals (major 

third, perfect fourth, perfect fifth, and major sixth) both melodically and harmonically. Results 

indicated no significant differences in overall intonation accuracy in relationship to performed 

ascending and descending directions or among the four test intervals. However, when subjects 

descended, intervals were performed slightly sharper; when subjects ascended, intervals were 

performed slightly flatter. Morrison (2000) investigated whether melodic pitch accuracy was 

affected by location or duration of the target pitch and whether or not more experienced 

musicians demonstrated greater accuracy than less experienced musicians. “Pitches approached 

from above and below, repeated, or sustained were all performed with similar accuracy. The 

absence of melodic context altogether, however, did appear to have a significant impact” 

(Morrison, 2000). 

Unfortunately, limited research has been dedicated to tuning within a harmonic context. 

Karrick (1998) examined intonation trends of experienced wind instrumentalists on harmonic 
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intervals. Sixteen experienced wind instrumentalists (eight professionals, eight advanced 

students). Subjects recorded a duet, first playing the melody with a synthesized harmony line, 

and then vice versa. Results indicated that deviation was greatest when compared to just tuning 

and least when compared to equal tempered tuning. Thirds and sixths were performed slightly 

less in tune than fourths, fifths, unisons, and octaves. Location affected direction of deviation as 

subjects played sharp and less in tune when performing below the stimulus. Participants played 

sharp and less in tune overall when playing the harmony. Leukel and Stoffer (2004) investigates 

how professional orchestral musicians perform major and minor thirds in different harmonic 

contexts. Results indicated that major thirds and sixths when performed independent of the 

harmonic context, the pure tuning is preferred. With minor thirds, pure tuning prevailed over 

equal temperament tuning when the interval occurs within a harmonic context, such as a major 

triad or a dominant seventh chord. In addition, results found that Pythagorean tuning fared worse 

in terms of intonation in the performance of both intervals.  

With the focus of previous research studies on the examination on intonation tendencies 

within a melodic context or within a consonant harmonic context, there is a need for an 

examination of intonation tendencies within a dissonant harmonic context. “Dissonant musical 

compositions may be exceptionally destructive or stimulating, which in turn may induce stress 

responses in listeners” (Joeng and Park, 2015, p.20), so it is worth investigating how these 

stressors may impact musical performance. If dissonant music indeed causes psychological and 

negative responses in the human body, one could posit that it could also have an effect on 

intonation performance.  Examination of these effects could provide meaningful insight for 

music educators who are tasked with teaching intonation skills in both individual and ensemble 

performance situations where dissonant compositions are part of the idiom.  



 Atchison  - 8 
	

Methodology 

Sample 

The phenomenon to be investigated is the effects of dissonance on the pitch in 

intermediate and advanced wind instrumentalists. Participants will be limited to individuals with 

five or more years of experience in instrumental music experience on wind instruments. A 

combination of undergraduate music majors and non-music majors from a large university on the 

east coast and college age musicians from The Cadets Drum and Bugle Corps will provide the 

sample for this study.  This population represents a convenience sample that is available to the 

researcher. The desired sample size for this study is forty participants, which will be grouped 

together in pairs by like instruments within the brass family and assigned to treatment groups by 

random assignment.  Given the sample size of previous studies on intonation performance, forty 

participants would be a comparable sample size and should be generalizable to intermediate and 

advanced wind instrumentalists. Some research studies have found that many beginning wind 

instrumentalists lack pitch-matching skills (Morrison, 2000; Miles, 1972; Karrick, 1998) 

therefore these results may not generalize to that population. String and vocal musicians are not 

represented in the sample group, so results will not be generalizable to that population.  Entry 

into the setting in which data collection will occur will be requested in December, 2017. This 

study poses no threats to the participants, but participation will be completely voluntary and no 

incentives for participation will be provided. Participants will be drawn from auditioned 

performing ensembles; therefore all involved should demonstrate similar achievement levels and 

a simple random sample will be appropriate.    
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Design 

The design for this study is experimental research. The goal of this study is to describe 

the effects of dissonance on intonation performance tendencies. To ensure sound research design, 

testing will take place over two examinations to allow for the treatments to be varied: 

Participants will be grouped into two groups, with the first group being given the consonant 

treatment in the first trial and the dissonant treatment on the second trial, while the second group 

will perform the treatments in reverse order. In previous research studies it has been shown that 

pitch level has been affected, regardless of treatment, with most instances resulting in a rise in 

pitch. This may suggest that pitch tends to deviate in correlation with the amount of time spent 

playing during trails. Therefore, dividing participants into two groups as outlined above should 

help ensure sound research design and aide in protecting against order effect. Both treatment 

groups will be tested in normal acoustical environments.  

Measures 

Participants will be given written instructions concerning the performance procedures. 

Following a brief warm-up period, participants will be allowed to practice the musical examples 

for up to three minutes, then they will be tuned with a Chromatic Tuner set at A = 440. 

Participants will then perform a series of musical examples, one with only consonant intervals 

(unison, major third, perfect fourth, perfect fifth, and octave) and one with dissonant intervals 

(minor seconds, majors seconds, tritone, minor seventh, and major seventh). Pitch will again be 

tested after the treatments to measure the overall deviation in pitch from the pre-test. Pitch will 

be measures in Hz, both pre-test and post-test.  

The tuning pitches will be as follows: flute, oboe, alto saxophone on B-flat (466.16Hz), , 

trumpet, horn, trombone, baritone on B-flat (233.08Hz), and tuba on B-flat (Tuba: 116.54 Hz). 
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Six musical examples within each treatment group will be performed in random order, and 

performed at a moderate tempo (♩ = 100 beats per minute) separated by a thirty-second break in 

between each musical example.  Use of a metronome will be used to promote tempi consistency 

and control for the tempo variable. Following this procedure, all subjects will return to the 

chromatic tuner and have their pitch measured on the same tuning pitches in the pretest. Both 

pre-test and post-test trials will be recorded with a Tascam Digital Recorder (DR-05) for data 

analysis.  

Timeline 

1. Contact Penn State School of Music and The Cadets Drum and Bugle Corps for 

official permission by the beginning of December 2017. 

2. Establish interview questions by the middle of December 2017. 

3. Submit human subjects materials by the end of December 2017.  

4. Conduct experiments from January–March 2018.  

5. Complete data analysis by April 2018. 

6. Present findings at the beginning of May 2018.  

7. Complete formal written paper by the end of July 2018. 

8. Submit written case study for publication by August 2018. 

Analysis 

Following procedures reported by Byo, Schlegel, and Clark (2011), all recorded material 

will be isolated and analyzed for frequency readings in Hz using Audacity and Praat software 

will be used to assess mean frequency of the pre-test and post-tests tuning pitches for each 

treatment group. Mean frequency will be plugged into a frequency to cent deviation calculator 
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found at www.petersontuners.com (South, 2015) and frequency readings will be converted to 

cent deviation scores using a conversion table (Young, 1952).  

A dependent t-test will be used and data will be analyzed using SSPS. The intent is to 

measure whether the mean pitch of each treatment group deviates from the pre-test, a one-tailed 

design would be appropriate. If the results were to indicate a significant deviance in pitch 

between the two treatment groups, further inquiry may be needed to explore whether the causes 

in that change are due to playing exposure or hearing exposure of the two harmonic groupings. If 

pitch tends to deviate more in one direction (sharper or flatter), those results will be represented 

in the analysis.  It is the hope that these results will prove to be useful for music performers and 

educators who regularly encounter music with a dissonant harmonic language. 
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Appendix A 

Computer Search Plan and Sample Search Results 

 The computer search for the literature review was conducted using the Music Index, 

ERIC (ProQuest), and JSTOR databases. Search parameters included various combinations of 

the following terms: Intonation, consonance preference, effects of musical dissonance, 

psychological effects of consonance, psychological effects of consonance, physiological effects 

of dissonance physiological effects of dissonance, harmonic context, and intonation tendencies. 

Searches with these terms were combined in various ways.  

 


