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ABSTRACT 

The primary purpose of this study was to assess the effect of varied conditions on 

undergraduate music majors’ audiation accuracy. Undergraduate music majors (N = 100) 

participated in three experimental tasks: melody preparation, error detection and sung 

response following one measure of audiation. The preparatory activity tasked participants 

with indicating familiarity levels for folk melodies (stimuli). Following which, 

participants identified the accuracy of a single test note through error detection or sung 

response following one measure of audiation. Data included response accuracy under 

varied conditions of error detection versus sung response, notation versus no notation, 

familiar versus unfamiliar melodies, instrumentalists versus vocalists and upperclass 

versus underclass students. Chi square contingency table analysis indicated a significant 

difference overall. Post hoc analysis indicated significant differences between the 

following pairs of proportions: error detection × unfamiliar melodies; notation × 

unfamiliar melodies; familiar × unfamiliar melodies; and vocalists × unfamiliar melodies. 

Results validated both the presence and measurability of audiation via methodology that 

mirrored common classroom assessments. Results indicated sung response following one 

measure of audiation of familiar notated melodies produced the most reliable audiation 

assessment. These results informed development of a simple, efficient and reliable 

methodology to assess audiation that mirrors common instructional practice. The newly 

developed methodology will provide researchers and music educators the tools to assess 

effectiveness of audiation as an instructional strategy. 
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CHAPTER I  

JUSTIFICATION 

The experience of purely imagining music is a common and shared occurrence 

among both musicians and non-musicians alike (Herholz, S., Lappe, C., Knief, A., 

Pantev, C., 2008; Zatorre, 2012). A mode of cognition that is the aural equivalent to the 

mind’s eye, aural imagery occurs when we recall a favorite song or can’t seem to 

eliminate the constant loop of another playing in our mind. In the mind’s ear, musicians 

are often trained to create aural representations of music exclusively from visual stimuli 

such as the notated score (Brodsky, Henik, Rubinstein, & Zorman, 2003; Brodsky, 

Kessler, Rubinstein, Ginsborg, & Henik, 2008). Research has suggested an interrelated 

nature for numerous terms that similarly define or describe the phenomenon of aural 

imagery. This experience, commonly shared in the musical community, is described and 

identified utilizing a variety of terms and phrases. Fine, Goldemberg, Wise and Bravo 

(2015) outline a number of these phrases and terms as follows: “…audiation; 

visualization; hearing the music internally; seeing the score or the performance situation 

in one’s mind; kinesthetic imagery; …imagining the expressive aspects of performance; 

…tunes in the brain; and ...involuntary musical imagery” (p. 73-74).  

Cognitive representations during mental practice and the aural representations 

referred to as audiation are generally the same phenomenon. This notion of an 

exclusively cognitive aural experience in the absence of any external engagement, 

although common, is scattered throughout the empirical research. The diversity of 

terminology alone utilized to reference cognitive musical experiences absent external 
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sound is problematic in and of itself. The phenomenon that Edwin Gordon initially 

coined as audiation is commonly utilized in instructional strategies. A recent masters 

thesis (Jezek, 2017) indicated widespread employment of audiation as an instructional 

strategy, reporting 77% of high school choral directors (63 of 82) and 72% (108 of 150) 

choirs under their direction employed audiation as a pre-sight singing protocol during 

adjudicated state assessments.  

Published materials related to instructional strategies that include audiation are 

numerous (Gordon, 2001; 2003; 2005; 2009; 2012; 2013; Haasemann & Jordan, 1991; 

Jordan & Mehaffey, 2001; Vodicka & Jordan, 2016). Empirical evidence is lacking to 

support the effectiveness of audiation as an instructional strategy particularly related to 

vocal sight singing. Literature pertaining to the inclusion of audiation as an instructional 

strategy is relatively numerous related to mental practice in the instrumental classroom. 

This stands in contrast to the relatively fewer studies specific to audiation as a 

preparatory strategy for vocal sight singing. Literature pertaining to the verification of 

aural imaging or audiation by any nomenclature is relatively numerous in cognitive 

psychology and related fields via neuroimaging, and all but absent related to the 

effectiveness of audiation as a teaching strategy in classroom settings. There is relatively 

substantial research verifying audiation involving neuroimaging as well as Gordon’s own 

work in support of audiation related music aptitude testing. The wealth of this research 

stands in stark contrast to the all but absent empirical evidence to validate audiation or 

support its effectiveness as an instructional strategy.  
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Statement of the Problem 

The gap in research warrants an investigation of audiation as a teaching strategy 

mirroring classroom assessment practices. Limitations in the measurability of audiation, 

as investigated almost exclusively through cognitive psychology and related disciplines 

via neuroimaging, have hindered any opportunity to investigate the effectiveness of 

audiation as an instructional strategy. In such investigations, it would be critical to assess 

audiation accuracy among participants prior to including audiation as an independent 

variable. This study represents one of the first to investigate audiation under purely 

pedagogical conditions. A pedagogy-based methodology to assess the presence and 

measurability of audiation absent neuroimaging is needed. Once audiation proficiency is 

verified and established through procedures that mirror classroom assessment strategies, 

the employment of audiation as a preparatory strategy for vocal sight singing or 

component of mental practice may be included as an independent measure in conjunction 

with traditional physical practice strategies.  

Purpose Statement 

The primary purpose of this study is to assess undergraduate music majors’ 

audiation accuracy using methods that emulate classroom assessment practices. This 

study validates the presence and measurability of audiation without the use of costly, 

time-intensive neuroimaging technology. Results can inform the development of a 

methodology to assess audiation proficiency, and therefore facilitate its inclusion as an 

independent variable in future research. In such studies, one can hope to extend the 
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protocols to address gaps in the research related to implications of audiation as an 

instructional strategy for music literacy and rehearsal in the classroom.     

Definitions 

1. Audiation: Edwin Gordon coined the term audiation in his early work with music 

aptitude tests and as the founding component of Music Learning Theory (Gordon, 

2011). Specifically, Gordon defined the term as: “hearing and comprehending in 

one’s mind sound or music not, or may never have been physically present” (p.10). 

For purposes of this study, the term audiation will be utilized in general form to 

encompass all nomenclature of aural imaging.  The research will demonstrate the 

term audiation as a general reference to the phenomenon of either hearing (passive), 

singing, playing or otherwise manipulating (active) music in one’s mind in the 

absence of external physical sound. The term is referenced in numerous forms and 

nomenclature across a vast body of literature (Fine et al., 2015)  

2. Subvocalization: The kinesthetic act of articulation in the absence of phonatory 

production (Smith, Wilson & Reisberg, 1995). The term is most often associated with 

audiation related to music or silent speech while reading.  

Abbreviations 

The studies that follow utilize one or more of the following abbreviations and 

terminology related to the neuroimaging tests utilized in cognitive psychology and 

related fields. In nearly all cases, the specific neuroimaging tests as defined below are 

utilized to measure specific neuro-activity or topography in correlation to aural stimuli.  

1. Cerebral Blood Flow (CFB): In simplest terms, CFB refers to the blood supply 
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in a given region of the brain during a given period (Zatorre, et al., 1996).  

2. Electroencephalography (EEG): A typically noninvasive electrophysiological 

monitoring method that places electrodes along the exterior of the scalp to record 

electrical activity, specifically of the neurons within the brain (Niedermeyer, 

2004). 

3. Functional Magnetic Resonance Imaging (fMRI): A noninvasive neuroimaging 

test that measures and maps structural characteristics (anatomy) as well as activity 

of the brain (Voisin, Bidet-Caulet, Bertrand, & Fonlupt, 2006).  

4. Magnetic Resonance Imaging (MRI): A noninvasive neuroimaging test that use 

magnetic fields, magnetic field gradients and radio waves to generate images of 

internal organs. In neurology, MRI’s are utilized to exclusively measure and map 

the structural characteristics (anatomy) of the brain (Berger, 2002). 

5. Magnetoencephalography (MEG): A noninvasive neuroimaging test that maps 

brain activity by recording magnetic fields occurring naturally in the brain using 

very sensitive magnetometers (Herholz, Lappe, Knief, & Pantev, 2008). 

6. Positron Emission Topography (PET): An imaging test of the brain. PET 

imaging tests inject a radioactive substance (tracer) into the participant to show 

how the brain and its tissues are working (Zatorre, Halpern, Perry, Meyer, Ernst, 

& Evans, 1996). 

7. Water Bolus Method: A method to determine the location of Cerebral Blood 

Flow (CFB) utilized in conjunction with PET imaging tests (Zatorre, et al., 1996).   
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CHAPTER II  

REVIEW OF LITERATURE 

Origins of the term Audiation 

Edwin Gordon, with the assistance of editor Claire Ives, coined the term 

audiation, a derivative of the verb to audiate in the mid 1970’s related to his early work 

with music aptitudes (Gordon, 2011). Audiation is defined by Gordon as: “hearing and 

comprehending in one’s mind sound or music not, or may never have been physically 

present” (p.10). He differentiates this from aural perception, which he defines as 

“…hearing music when sound is physically present” (p. 49). Audiation serves as the 

founding principle of Gordon’s Primary Measures of Music Audiation (PMMA), 

Intermediate Measures of Music Audiation (IMMA) and Advanced Measures of Music 

Audiation (AMMA), evaluative instruments developed specifically to determine musical 

aptitude in children through quantified measurements of their audiation abilities (Gordon, 

1965, 1979, 1984, 1989). In conjunction with Gordon’s Music Aptitude Profile (MAP) 

the instruments are intended to provide a valid and predictable measure of developmental 

music aptitudes (Grashel, 1991). Gordon identified eight specific types and six stages of 

audiation: The eight types of audiation identified by Gordon are not intended to be 

sequential and are as follows: listening to music; reading music; recalling music from 

memory; writing music from memory; creating or improvising music from memory; 

creating or improvising music from figured bass or charted chords; writing (composing) 

and creating or improvising music (Gordon, 1997). The six stages of audiation identified 

by Gordon are intended to be sequential. The sequential stages include: momentary 
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retention; imitating and audiating tonal patterns and rhythm patterns and recognizing and 

identifying a tonal center and microbeats; establishing objective or subjective tonality 

and meter; retaining in audiation tonal patterns and rhythm patterns that have been 

organized; recalling tonal patterns and rhythm patterns that have been organized; 

anticipating and predicting tonal patterns and rhythm patterns. The sequential nature of 

the stages is intentional as each stage is dependent on the listener’s active engagement in 

concurrent preceding stages of audiation (Gordon, 1997). Dissertations, dissertation-

based articles and peer-reviewed studies indicate that Edwin Gordon’s PMMA is a more 

appropriate predictor for musical aptitudes for students with and without exceptionalities 

as compared to standardized intelligence measures (Atterbury, 1983, Bell, 1981; 

Drennan, 1984; Holahan & Thomson, 1981). In a pair of related studies, Simmons (1981) 

and Webb (1984) compared the PMMA as a measure of music aptitude to measures of 

scholastic aptitude and academic achievement including the Cognitive Abilities Test 

(CAT), California Achievement Test (CAT-C), Wechsler Intelligence Scale for Children 

– Revised (WISC-R) and Wechsler Preschool and Primary Scale of Intelligence 

(WPPSI). Results indicated a weak correlation between general scholastic or intelligence 

aptitudes and musical aptitudes as indicated by the PMMA.  

Edwin Gordon referred to the specific practice of notational audiation, a term he 

defined as the ability to hear the musical sound of and give syntactical meaning to what is 

perceived visually through notated music without the aid of physical sound (Gordon, 

1985, 2011). Gordon stated that one may additionally audiate through the written act of 

composing music. (Gordon, 1985). The key elements required are the presence of the 



 Texas Tech University, Patrick M. Antinone, August 2019  
 

8 
  

notation and the musician’s ability to derive musical meaning from the notation through 

audiation. Gordon was quite clear that simple decoding or identifying the musical 

symbols does not constitute musical meaning and therefore does not qualify as notational 

audiation. Notational audiation carries the stipulations that musicians achieve an internal 

aural realization of the music. Through this process Gordon contends notational audiation 

produces an exclusively cognitive musical experience prior to performance in a pre sight-

reading or practice scenario. In addition to Gordon, Brodsky (2003) defined notational 

audiation as “…the silent reading of musical notation resulting in auditory imagery” (p. 

602).  

A significant body of literature in support of Gordon’s theories related to 

audiation lie in published works by Gordon himself. As his work began with the 

development of the Musical Aptitude Profile in 1965, a book of the same title 

accompanied the undertaking subsequently followed by the publication of self-

administered longitudinal studies (Gordon 1967; 1970, 2011). With the development of 

the Primary Measures of Music Audiation (PMMA), Intermediate Measures of Audiation 

(IMMA) and Advanced Measures of Music Audiation (AMMA), Gordon published 

comprehensive findings of both the data utilized to develop the testing programs as well 

as data to support the validity of the instruments (Gordon, 1979; 1982, 1984, 1989a, 

1990). Gordon eventually developed his theories on audiation into the central 

components of his complete Music Learning Theory. Once again his efforts were 

accompanied by research in support of the new body of material by Gordon himself in 

books and peer-reviewed publications (Gordon, 1997; 2003).  
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The most common empirical examinations of Gordon’s audiation theory involve 

the employment of the PMMA in a pretest or posttest design to establish a baseline or 

measure the effect of one or more experimental treatments, typically in the form of 

teacher designed instruction (Flohr, 1981, May, 1983, Palmer, 1976; Rutowski, 1986). In 

a notable exception, Jessup (1984) utilized the PMMA as a pretest in a study designed to 

develop an evaluative instrument for instructor rather than student evaluation. 

Additionally, portions of the PMMA including the tonal subtest have been utilized as 

research conditions to determine correlations among readiness training and specific 

preparation in tonal patterns with aural perception abilities, achievement in early 

instrumental performance, achievement on convergent and divergent musical tasks as 

well as the establishment of baseline tonal aptitude levels among elementary school 

children (DeCarbo, 1981; Jarjisian, 1981, Schmidt & Sinor, 1986, Woodruff, 1984). 

Meta-analysis of 47 published music education journal articles related to Gordon’s work 

in music aptitudes indicated: “Music aptitude (as measured by Gordon’s tests) was shown 

to hold moderate, statistically significant relationships with many musical outcomes, 

especially performance achievement” (Hanson, 2019; p. 13). 

 

Audiation: Broader History and Related Research 

Diversity of Terminology  

Although audiation as a term was coined in the 1970’s, the phenomenon of 

experiencing music in the mind’s ear is neither new nor unique as a musical concept. The 

variety of means by which audiation is manifest by musicians is as broad as there are 
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musical genres themselves. Moreover, the terminology employed throughout the body of 

research related to the experience of an internal auditory experience in the absence of an 

external source of sound is widely diverse and lacking in consistency among disciplines. 

Along with the term audiation as coined by Gordon, equivalent terms include, but are not 

limited to imagined music (Bailes, 2007), involuntary imagery (Liikkanen, 2012), 

auditory image (Brodsky et al., 2003; Halpern & Roedeger, 1988; Halpern & Zatorre, 

1999), aural perception (Grutzmacher, 1987), aural image (Hayward & Grumco,2009), 

auralizing (Karpinsky, 2000), silent singing (Wildgruber, Ackermann, Klouse, Kardinski 

& Grodd, W., 1996), and musical imagery (Clark & Williamon, 2012; Hubbard & 

Stoeckig, 1992; Godøy & Jorgensen, 2001).   

Mental Practice as it Relates to Audiation 

Empirical studies have approached audiation related to mental practice in two 

different ways: (1) as a component of mental practice; and (2) the complete act of mental 

practice. Mental practice is defined as the cognitive or imaginary act of rehearsal in the 

absence of any external muscular movement or sound (Coffman, 1990; Driskell et al., 

1994; Ross, 1985). In simplest terms, mental practice may be described as any activity 

that is executed exclusively through one’s imagination. (Highben & Palmer, 2004; 

Miksza, 2005). The term, although utilized across a broad spectrum of disciplines, is 

“…generally agreed to cover the use of imagery and the development and manipulation 

of cognitive representations to enhance performance...” (Fine et al., 2015, p. 69). In the 

case of music, this most often implies the act of creating musical images in the absence 

of the kinesthetic act of playing, singing or physically reproducing sound.  
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If one is to define mental practice as an intentional cognitive activity in the 

absence of intentional, external physical activity or the external reproduction of sound, 

the earliest published research into the process dates back to a study conducted by 

Jastrow in 1892. Jastrow measured a connection between involuntary movements of the 

hand in correlation with an aural or visual task. The tasks involved counting aloud in 

tandem with the aural stimulus of a metronome or visual stimulus of a silent swinging 

pendulum. Observations included involuntary hand movements toward the stimuli as 

well as those that emulated keeping time with the both the metronome (aural) and 

pendulum (visual) (Jastrow, 1892). Results “…indicated the close connection of mind 

and muscle, and…suggested the many other and subtler means by which we may give to 

others some notion of what is going on in our own minds” (p. 407). Subsequent 

investigations by Jacobson (1930a, 1930b, 1930c, 1931) measured the connection 

between muscular movement and mental practice during a series of significant studies in 

the early 1930’s where he discovered slight muscular movements in subjects’ arms 

coinciding with imagined movements of the participants. Rubin-Rabson (1941) only a 

few years later examined mental practice specifically related to musical performance 

when he studied the effectiveness of mental rehearsal on memorization for advanced 

pianists. Employment of mental practice, physical practice, and combinations of mental 

and physical practice demonstrated significant gains over no practice (control) (Brooks, 

1995; Feltz, 1983; Vendall, Davis, & Clungston, 1943).  

The vast majority of research related to mental practice has been focused on 

instructional strategies in instrumental classroom settings. Experimental designs have 
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commonly included pre-test with practice or instructional periods that included 

conditions of mental practice followed by a post-test (Coffman, 1990). Additional 

conditions included alternating combinations of physical practice and mental practice 

(Cahn, 2008; McHugh-Griffa, 2011; Miksza, 2005; Ross, 1985), as well as the use of a 

metronome to regulate tempo during post-tests. (Cahn, 2008; Coffman, 1990; Ross, 

1985). Researchers have included surveys as a supplemental portion of their design in 

determining perceived impact of mental practice for participants (Cahn, 2008; Highben & 

Palmer, 2004; Lim & Lippman, 1991; McHugh-Griffa, 2011; Ross, 1985; Theiler & 

Lippman, 1995). Design criteria included participants’ indication of their response via 

Likert-type scales as well as opportunities for free responses (Fine et al., 2005, McHugh-

Griffa, 2011). Although the impact of mental practice on performance outcomes is a 

primary focus of study for many mental practice researchers (Cahn, 2008; Coffman, 

1990; Miksza, 2005; Ross, 2005; Theiler & Lippman, 1995), its effect on memorization 

(Highben & Palmer, 2004; Holmes, 2005; Lim & Lippman, 1991; Rubin-Rabson, 1941) 

and auditory perception (Fine et al., 2015; Frega & DeUria, 1993, Highben & Palmer, 

2004; Miksza, 2005) are also explored. Scoring for mental practice studies has focused 

largely on objective criteria such as pitch errors (Cahn, 2008; Coffman, 1990; Miksza, 

2005; Ross, 1985). Subjective criteria such as musical expression and performer 

perception are also included (Cahn, 2008; Lim & Lippman, 1991; McHugh-Griffa, 2011; 

Rosenthal, 1988; Theiler & Lippman, 1995). These subjective criteria further reflect the 

focus on performance outcomes.  
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As an instructional strategy in instrumental classroom settings, mental practice, 

although traditionally investigated as a silent and motionless activity, at times has 

included the condition of emulating the kinesthesia of playing while engaging in the 

cognitive activity of performance. There is limited formal research exploring mental 

practice inclusive of this additional condition, commonly referred to as “air performance” 

or “air playing.” Godøy, Haga and Jensenius (2006) employed precisely these conditions 

in their study of the relationship between the inclusion of air performance and mental 

practice. Participants (N = 5) included individuals with incrementally increasing 

experience levels in music and movement from novice to expert. Participants were 

observed via video playing “air piano,” as they listened to recorded excerpts of selected 

piano performances. Data included “…the minimum necessary real sound-producing 

gestures by any pianist to generate the sound heard in the excerpts” (Godøy et al., 2006, 

p. 263). Results suggested a correlation between movement and music as participants 

who were incrementally more experienced in music and movement demonstrated a 

higher level of accuracy in their gestures. McHugh-Griffa (2011) included playing “air 

cello” as one of three conditions of mental practice in a study involving collegiate-level 

cellists (N = 12). Mean improvement scores were highest for the control group that 

engaged in physical practice. There was no significant difference demonstrated between 

the three conditional manifestations of mental practice. Ross (1985) included air 

performance with mental practice in the form of simulated slide movements for 

trombonists as one of five conditions in his study involving college trombonists (N = 30). 

The study utilized conditions of all physical practice, all mental practice, a combination 
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of physical and mental practice, mental practice with the added condition of simulated 

slide movement, and no practice (control). Results indicated the mental practice group 

that included the condition of simulated slide movements scored significantly better than 

the control group (no practice) and slightly better than the group which engaged 

exclusively in mental practice. Results of both studies indicated further exploration into 

mental practice including the condition of performance gesture was warranted. Godøy et 

al. (2006) suggested a relationship between the structure of one’s experience of music 

and the interrelatedness of physical gesture and sound as an expression of one’s 

perception of music itself. Mental practice studies typically included no verification or 

measurement specific to audiation beyond performance outcomes related to the study’s 

primary musical task.  

Neuroimaging Studies Related to Audiation 

As with mental practice, the diversity of terminology utilized to describe 

cognitive musical experiences in the absence of physical muscular movement or external 

sound can be problematic. Cognitive Psychologists commonly utilize the terms musical 

imagery or auditory imagery in reference to audiation (Clark, Lisbon, & Williamon, 

2014; Halpern, 1989; Halpern & Zatorre, 1999; Hubbard & Stoeckig, 1992; Zatorre, 

Halpern, Perry, Meyer & Evans, 1996). Over the course of numerous studies, participants 

engaged in a series of exclusively cognitive musical tasks. These tasks included tonal 

exercises such as creating the mental image of raising a tone or chord by a specified 

interval, cognitively creating a song’s starting pitch, determining the similarity between 

pitches experienced externally and those experienced internally, or cognitively scanning 
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a dictated melody for pitch characteristics (Halpern, 1989; Hubbard & Stoeckig, 1992; 

Zatorre et al., 1996). In addition, rhythmic activities such as setting a metronome to 

cognitively experienced music, creating a physical representation of the beat of a 

cognitively experienced tune, or cognitively scanning a dictated melody for duration 

characteristics were employed (Halpern, 1988; Halpern & Roediger 1988). 

Neuroimaging results of the studies revealed that cognitive representations of music 

“…are generated in real time, encode fairly precise information about tempo and pitch, 

and contain information about harmonic relationships” (Brodsky et al., 2008, p. 443). A 

series of related PET studies (Halpern & Zatorre, 1999; Zatorre, Halpern, Perry, Meyer, 

& Evans, 1996) and EEG studies (Beisteiner, Altenmuller, Lang, Lindinger, & Decke, 

1994) demonstrated clear connections between neuro-topography and the aural imagery 

commonly experienced by musicians (Halpern & Zatorre, 1999).  

Active involvement in the auditory cortex during audiation was explored and 

confirmed utilizing various neuroimaging techniques while participants engaged in 

musical tasks exclusively by means of audiation (Halpern, Zatorre, Bouffard, & Johnson, 

2004; Halpern & Zatorre 1999; Kraemer, Macrae, Green, & Kelley, 2005; Voisin et al., 

2006; Zatorre, et al., 1996). Halpern et al., (2004) employed functional magnetic 

resonance imaging (fMRI) to explore the involvement of specific areas of the brain 

during active conditions of perception, timbrel imagery, and visual imagery (control). 

She also sought to explain the involvement of the supplementary motor area (SMA) 

present in prior studies during active audiation in the form of subvocalization. Halpern 

concluded: “The pattern of judgments in perceived and imagined conditions was similar, 
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suggesting that [active aural] perception and [passive aural] imagery access similar 

cognitive representations of timbre” (p. 1281).  

Zatorre, et al., (1996), utilizing the water bolus method to measure cerebral blood 

flow (CBF), looked at the neurological relationship between imagery processing and 

perception specific to the impact of aural imagery. Participants completed three tasks: (1) 

judging the length of paired words with no additional stimulus; (2) judging the length of 

paired words from a familiar song while simultaneously listening to the song as an added 

stimulus; and (3) judging the change in pitch associated with the presented text. 

Procedures of the second task were replicated with the omission of the simultaneous 

playing of the text source (song). In doing so, participants had to complete the additional 

condition of judging pitch change by audiating the song. Results indicated that both 

experimental tasks accessed similar regions of the brain as demonstrated by CBF 

measurements and MRI imaging. Implications additionally suggested subvocalization as 

one component of audiation.  

Halpern & Zatorre (1999), utilizing Positron Emission Topography (PET), 

examined cerebral activity patterns associated with the audiation of familiar tunes. 

Participants were presented with two tasks: 1) listening to a short sequence of notes 

followed by the audiation of a repetition of the short sequence following its initial 

sounding; 2) audiating the continuation of an additional tune that had been cued by a 

playing of the first few notes. Results indicated audiation for familiar tunes produced 

activity of the right auditory association cortex, the right and left frontal cortices as well 

as supplemental motor area (SMA). SMA involvement in the generation of aural images 
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suggested motor involvement in aural processing regardless of the presence of a physical 

stimulus.  

Voisin et al., (2006) utilized Functional Magnetic Resonance Imaging (fMRI) to 

explore active areas of the brain for participants searching for an external auditory input. 

Participants were tasked with detecting an auditory stimulus emerging from silence. 

Auditory stimuli were generated from varied physical positions in relation to participants. 

fMRI revealed activity in the same area of the brain regardless of the direction of the 

auditory stimuli. Results indicated activation of the auditory cortex in the absence of an 

external auditory stimulus (during silence) as participants engaged in the search for an 

auditory input. 

Additional early research into the nature of audiation has been focused primarily 

on a passive form of the act. This focus on perceptual rather than manipulative aspects of 

audiation involved participants being asked to imagine a musical task such as a familiar 

tune and draw conclusions about it (Reisberg, 1992). Researchers initially discovered 

similarities in sensory processing deficiencies among patients with damage to either the 

auditory or visual cortical regions of the brain. Specifically, in the same manner that a 

person with damage to the visual cortex will demonstrate measurable deficits in visual 

imagery and perception, a person with like damage to the auditory cortex will experience 

deficits in tonal processing (Farah, Hoffman, & Martin, 1998; Zatorre & Halpern 1993).  

In a study of particular relevance to the current study, Herholz et al., (2008), 

utilizing magnetoencephalography (MEG), explored the effect of musical expertise on 

the processing of auditory images (audiation). Participants (N = 29) were musicians (n = 
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15) and non-musicians (n = 14) tasked with listening to the beginnings (the first six 

tones) of nine popular nursery rhymes (songs) followed by a 4.1 second gap of silence 

during which participants were tasked with audiating the continuation of the melody. 

Following the gap of silence, the thirteenth note of the familiar tune was presented as a 

test tone. The test tone was presented either correctly or incorrectly by no more than two 

semitones, and within the diatonic structure of the provided melody. Participants were 

tasked with identifying the correctness of the test tone. “Our results suggest that in 

trained musicians imagery and perception rely on similar neuronal correlates [sound 

perception], and that the musicians’ intense musical training has modified this network to 

achieve a superior ability for imagery and pre-attentive processing of music” (p. 2352).  

The psychological reality of audiation as a mode of thought is confirmed by both 

passive and active representations of aural imaging (Coffman, 1990; Herholz, et al., 

2008; Highben & Palmer, 2004; Reisberg, 1992; Theiler & Lippman, 1995). Zatorre 

(2012) utilizing functional magnetic resonance imaging (fMRI) explored differential 

neuro-pathways within the auditory cortex for musicians required to manipulate musical 

information through audiation. Results suggested two processing pathways are utilized 

within the auditory cortex: a superior pathway and a dorsally directed pathway. The 

superior pathway of the auditory cortex is generally tasked to manage monitoring 

activities, whereas the dorsal pathway is utilized for tasks requiring manipulation.  

Although there exists research demonstrating the differentiation of pathways for visuo-

motor tasks, research to support similar activity in audio-motor tasks is generally lacking 

(Zatorre, 2012).  
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Findings related to neuroimaging are consistent with the earliest observations of 

music psychologist Carl Emil Seashore (1938), who stated the necessity of musical 

images as a condition for musical learning, retention and recognition. Further studies into 

the nature of audiation as a more active pursuit for musicians involved the utilitarian 

benefits of score study, a means to improve intonation, improvisation or simply 

components of the music learning process related to sight singing and the impact of eye 

movements (Azzara, 1991; Highben & Palmer, 2004; Silva & Castro, 2018). 

Gaps in the Research 

Although there has been substantial research on the fundamental principles of 

audiation and the music aptitudes developed for early childhood and adolescent 

populations (DeCabo, 1981; Forsythe, 1984; Geissel, 1985; Gordon, 1980, 1984, 1985, 

Holahan, 1983; Holahan & Thompson, 1981; Jessup, 1984; Rutowski, 1986; Stamou, 

Schmidt & Humphreys 2010; Webb, 1984; Woodruff, 1984), the empirical evidence to 

support audiation as it is related directly to notation is unfortunately all but absent in 

empirical literature. Research into the nature of audiation focused primarily on a passive 

form of the act, often in the absence of notation. This focus on the perceptual versus 

manipulative aspects of audiation involved passive activity such as participants being 

asked to imagine a musical task such as a familiar tune and draw conclusions about it 

(Halpern, 1988; 1989; Schmidt & Sinor, 1986; Zatorre & Halpern, 1993). A collection of 

studies and articles exist that serve a purpose similar to that of the majority of Edwin 

Gordon’s work framing, defining and validating the term and conceptual nature of aural 
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images and audiation itself (Hubbard & Stoeckig, 1992; Reisberg, 1992; Smith, Reisberg, 

& Wilson, 1992; Taggart, 1989; Walters, 1989, & Woodruff, 1984).  

There are however, three notable studies that directly consider the interrelatedness 

of musical notation and auditory images. The initial two related studies make the initial 

validation of notational audiation in an empirical context (Brodsky et al., 2003; 2008). 

Brodsky et al. (2003) developed a series of experiments to investigate the ability of 

musicians to cognitively experience notated music through theme and variation. In 

experiment one, participants were charged with the task of identifying a familiar melody 

that had been embedded within a newly embellished score. Conditions included 

variations or embellishments of the original melody. On hearing the tune in the absence 

of the score, participants either accepted or rejected the tune as the original melody. 

Participant task performance during post-testing employed additional conditions 

including rhythmic and phonatory (sung) “impairments” or distractors (p. 605).  

Rhythmic distractions consisted of a secondary, non-relevant rhythmic pattern. Phonatory 

interference involved the singing of an additional folk tune on a neutral vowel from an 

external source. Experiments two and three utilized singular conditions to validate results 

of experiment one. Results of the combined experiments negated earlier suggestions that 

notational audiation was not measureable (Sloboda, 1984).  

Brodsky et al., (2008), in a series of three experiments, researchers sought to 

validate previous results through a replication of the 2003 study with the addition of 

throat-audio and larynx-electromyography measurement. Researchers investigated the 

interrelatedness of the motor processing systems beyond the larynx by adding a tactile 
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condition to the replication of experiment. Researchers hypothesized that the additional 

condition would improve task performance, and verify the findings of the prior two 

experiments with a non-tonal examination of professional drummers. Results indicated a 

successful replication of the 2003 study’s findings related to the presence and 

measurability of notational audiation for musicians. The third experiment served to 

validate the results of experiments one and two. The interrelatedness of auditory and 

motor imagery was determined to be significant. As a capstone of the five interrelated 

experiments, Brodsky et.al., (2008) stated: “We would like to consider the idea that silent 

reading of music notation is essentially an issue highlighting cross-modal encoding of a 

fundamentally unisensory input, [and concluded] among musicians…music notation 

appears to be quite automatically and effortlessly transformed from its inherently visual 

form into an accurate, covert, aural-temporal stream perceived as kinesthetic phonatory 

and manual motor imagery” (p.443).  

In a related investigation, Jezek (2017) reported 77% of high school choral 

directors (63 of 82) and 72% (108 of 150) choirs under their direction utilized notational 

audiation as a pre-sight singing protocol during an adjudicated state ensemble 

assessment. Results indicated 89% of these choral directors scored the highest composite 

rating, defined as 1st of 5 divisions or Superior for at least one choir under their direction. 

No attempt was made to individually assess the audiation proficiency of students in 

performing ensembles for this study. Although results of the study indicated a high level 

of success among choral ensembles that utilized audiation as part of their preparation 

procedure, no significant difference was found between all ensembles that employed 
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audition versus ensembles that utilized alternative strategies for preparation. There were 

relationships demonstrated between regional demographics and the use of audiation in 

choral sight singing (Jezek, 2017). Of the five regions that were observed, directors in 

predominantly suburban regions were more likely to employ audiation at rates of 86% 

and 93%. Directors in predominantly urban regions were less likely to employ audiation 

at rates of 69%, 66% and 57%. Relatively lesser employment of audiation in urban 

settings was attributed to inconsistencies related to enrollment, administrative support 

and the quality of middle school feeder programs. These inconsistencies represented 

barriers unique to student development enrolled in choral programs in urban settings. 

These demographic results additionally imply that audiation is an advanced music 

literacy skill stating directors in urban regions were “…teaching more basic music 

reading and music-making techniques than their colleagues in [predominantly suburban] 

regions” (p.43). 

Summary 

Research related to audiation falls into one of three categories: (1) Validation and 

inclusion of audiation related to Edwin Gordon’s early work in musical aptitudes; (2) 

Mental practice studies that directly involve or infer audiation as a condition; and (3) 

Validation of audiation in cognitive science and related disciplines through measurement 

via neuroimaging techniques. Much of the research related to Gordon’s early work in 

music aptitudes was conducted and published by Gordon himself. Mental practice studies 

were limited in number and typically included no verification or measurement specific to 

audiation beyond performance outcomes related to the study’s primary musical task. 
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Only two related studies referenced the presence and measurability of notational 

audiation. Only a single study empirically investigated the widespread employment of 

audiation as a pre-sight singing instructional strategy. Further research is warranted to 

assess the presence and measurability of audiation without the use of neuroimaging. 

Results will inform the development of a reliable, pedagogy-based assessment method 

for future investigations.  
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CHAPTER III  

METHODOLOGY AND MATERIALS 

Research Questions 

The breadth and depth of methodologies utilized to verify and explore the 

effectiveness of audiation is dispersed throughout a diverse sampling of scholarly 

literature and across multiple disciplines. This proves problematic as one seeks to inform 

research design and methodology through existing practice and research. Audiation in 

Edwin Gordon’s Primary Measures of Music Audiation (PMMA) and Intermediate 

Measures of Audiation (IMMA) functions primarily as an indicator of musical aptitudes 

among pre-adolescent children (Gordon, 1980). Gordon’s instruments, although 

longitudinally verified as reliable for their intended purpose, require extensive and time-

intensive testing procedures. These procedures, as more extensive and time intensive 

relative to common classroom assessment strategies have limited application to inform 

assessment methodology for the current study. The many published instructional 

materials to facilitate audiation as an instructional strategy (Gordon, 2015; Haasemann & 

Jordan, 1991; Karpinsky, 2000; Vodicka & Jordan, 2016), offer a wealth of support 

predominantly for classroom instruction. This predominant focus on instruction in lieu if 

assessment limits the application of these materials to inform assessment methodology 

for the current study. When reviewing the empirical literature, audiation was examined 

and verified under the most comprehensive, varied and efficient conditions through 

cognitive psychology and related disciplines utilizing neuroimaging. Therefore, the 

purpose of this study was to utilize methodology informed by the cognitive sciences to 
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design a methodology mirroring common classroom assessment and absent 

neuroimaging to address the following research questions:     

1. What effect will conditions of aural identification (error detection) versus 

physical reproduction (singing) of a test tone have on the audiation accuracy of 

undergraduate music majors?  

2. What effect will the inclusion versus absence of notation for melodies have on the 

audiation accuracy of undergraduate music majors?  

3. What effect will familiarity of melodies have on the audiation accuracy of 

undergraduate music majors? 

4. What effect will participants’ demographic information including academic 

classification and primary discipline as either vocal or instrumental have on the 

audiation accuracy of undergraduate music majors?  

Materials: Melodic Stimuli 

Ten familiar and four unfamiliar melodies were used as stimuli for the experiment 

(Appendix A). For purposes of the experiment, pre-determined familiar melodies were 

specifically selected via pilot study to be clearly identifiable. As a pilot test of melody 

familiarity, pre-service and early in-service vocal and instrumental music educators (n = 

13) responded to 22 melodies with the following instructions: 

You will hear a sequence of short melodies. Once the listening activity is 
completed for each individual melody, please rate each melody by 
recording a number from 0-10 that corresponds with HOW QUICKLY 
you recognized the melody & HOW WELL you know it on the GOOGLE 
FORM (Figure 1). Reserve (0) for “Melodies I do not recognize” and 
Reserve (10) for “Melodies I recognized almost immediately”; (1 – 3) for 
“It took me most or all of the tune to recognize it”; (4 – 6) for “It took less 
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than half/I know it pretty well”; (7 – 9) for “It took only a few notes/I 
know it well.” Melodies will begin automatically on the next slide.   
 

 

Figure 1. Graphic representation of a response for the familiar melody pilot study Note: 
asterisk (*) indicates a required response to the test item.    

 

Results were cross-referenced with results of two independent studies that 

examined the nature of “knowing” or familiarity in melodies (Killian, 1993; 1996). The 

researcher in collaboration with an independent panel of three experienced music 

educators finalized the fourteen melodies utilized as stimuli (Appendix B). Experienced 

educators consisted of: (1) a PK-6 Music teacher from a large urban school district; (2) a 

9-12 Choral director from a medium suburban school district; and (3) a tenured professor 

of music education at a large state university.  

All melodies were notated in in either 3/4 or 4/4 meter. Melodies in 3/4 meter 

were comprised of four full measures plus the downbeat of the fifth measure. Melodies in 

4/4 meter were comprised of three full measures plus the downbeat of the fourth 

measure. Prior research demonstrated a preference for diatonic over non-diatonic tones 

among both highly-trained and early-developed musicians (Krumhansl, 1979, 2001; 

Krumhansl & Keil, 1982; Krumhansl & Shepherd, 1979). Therefore, melodies 

exclusively contained diatonic tones. Computer generated tones in the sound of a grand 
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piano were utilized for all experimental procedures to maintain consistency. Melodies 

were played at a tempo of 96 beats per minute to control for variation in tempo (Herholz 

et al., 2008).  

A pilot study of complete testing procedures determined participant familiarity 

with tunes to be of higher priority than the preservation of complete phrasing. Therefore, 

melodies rated as most familiar included 5 of 10 that represented a full musical phrase 

terminating on a cadential note, and 5 of 10 that terminated short of a cadential note. No 

reference to text including titles was present, as prior research demonstrated dependence 

of music on specific brain circuitry for processing disassociated from other classes of 

sounds including speech and text (Zatorre & Krumhansl, 2002; Zatorre, 2012). Familiar 

melodies were determined by participant responses via a Likert-type scale in the 

preparatory activity anchored by ≥ 7 qualifying as familiar for any given melody. 

Unfamiliar melodies were determined by participant responses via Likert-type scale in 

the preparatory activity anchored by ≤ 3 qualifying as unfamiliar for any given melody. 

Additionally, four of the melodies for the study were pre-determined to be unfamiliar for 

all participants. Pre-determined unfamiliar melodies were either identified by pilot study 

(1) or newly composed (3). Melodies rated 4, 5, or 6 in the preparatory activity were 

excluded from raw data related only to familiar and unfamiliar melodies.  

Participants  

Participants comprised a single experimental group (N = 100) involved in a single 

musical task: to audiate the continuation of a melody followed by the identification of a 

final test tone by either error detection or sung response. As experimental design 
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involved an exclusively musical task, undergraduate music majors were sought as 

volunteer participants. Specific designations included students at three large state 

universities (n = 50, n = 40, n = 10) who self-identified via background survey as: (1) 

classification as undergraduate; (2) university declared major as Music with a primary 

discipline in vocal or instrumental studies (music education, music performance, music 

theory/composition, music business, or music therapy); (3) successful completion of a 

minimum of one semester of the required Music Theory Aural Skills course. Participants 

verified personal background information via online platform through a Google Forms 

survey (Appendix C). Demographic data included academic classification (underclass n = 

55; upperclass n = 45) and primary discipline (instrumental n = 65; vocal n = 35).  

Procedures 

Testing procedures occurred on participants’ home campuses during regular-

scheduled class hours. Volunteers who chose to participate had the option to sign up for a 

specific testing time via online platform or “walk-in” at any time the researcher was 

available. Student identity was protected as specified by Institutional Review Board 

(IRB) exempt protocols and provided clear expectations of experiment protocols prior to 

participation in the study including their status as volunteers (Appendix D). Testing 

instructions, items and demographic prompts were administered via 13” MacBook air 

laptop computer (early 2015 model) utilizing Microsoft Office 2011: PowerPoint 

software. Participants viewed all testing content on a dedicated external screen (Dell 

Model 1704 FPVt). Audio was generated by MacBook Air computer at a pre-determined 

level of volume and proximity. Response to demographic prompts, melody preparation 
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activity and error detection activities were recorded via Google form or Apple iOS voice 

memos audio recording software on a researcher-provided 6th generation 32 GB apple 

iPad 9.7 (early 2018 model). Participants completed all testing procedures individually in 

a dedicated office or classroom space in the music building on their respective campus.  

Methodological Framework 

The primary purpose of this study was to assess the effect of varied conditions on 

undergraduate music majors’ audiation accuracy. Participants: (1) listened to the initial 

portion of a familiar melody (auditory stimulus); (2) continued the melody in their 

imagination (audiated) during timed silence; and (3) identified a final test note as a 

continuation of the stated melody via error detection or sung response. Varied conditions 

included the final/cadential test note identified through (1) an additional auditory 

stimulus (error detection); or (2) sung response. The activity was executed (3) with 

notation; or (4) without notation; (5) utilizing familiar melodies; or (6) unfamiliar 

melodies. 

Procedures modeled after Herholz et al., (2008) were employed to address the 

question of audiation accuracy. Testing was conducted at three medium-large state 

universities on eight separate days over a period of four weeks. IRB exempt protocols 

were reviewed and approved by each campus (Appendix E). Testing sites were secured 

for each of the three campuses to allow for participants to individually complete the 

audiation activities. The researcher administered testing via computer interface. To 

control for testing consistency and account for an individualized experience throughout 

the testing procedure: (1) participants viewed all testing content on a dedicated external 
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screen (Dell Model 1704 FPVt); (2) audio was generated by the MacBook Air computer 

at a pre-determined level of volume and proximity; and (3) two randomized orders for 

testing items were utilized to create A and B test versions (Appendix F).  

Pilot Study 

Final instructions, test items and answer documents were piloted to ensure clarity, 

consistency and timing prior to the collection of data. As a pilot test of procedures, 

graduate music educators, professors and secondary music educators experienced in 

research (n = 8) responded to 24 test items including instructions, examples and timings. 

Participants representing both vocal (n = 3) and instrumental (n = 5) disciplines engaged 

in three short exercises: (1) Preparation and rating of melodies; (2) Error detection 

following six beats of audiation; and (3) Sung response following six beats of audiation. 

Data included test results collected via printed answer sheets and qualitative feedback 

collected via Google response form. Raw data included correct responses to test items. 

Results indicated a moderate level of success among all participants for error detection 

(73 ± 15%) and singing (67 ± 8%) (Table 1).  

Table 1 

Pilot Test: Error Detection versus Singing Responses by all items 

Condition Items Raw Success Percentage 

Error Detection Items 48 35 73% 

Singing items 48 32 67% 

 

Qualitative data included response to prompts related to test item design, timing 

and instructions (Appendix G). Feedback included suggestions to include practice items, 
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the length and complexity of instructions, and the necessity of easy, common melodies 

with simple rhythms to be used as stimuli. Participants indicated test design provided an 

accurate assessment of their ability to create aural images with 100% of ratings ≥ 4 of 5 

on a Likert-type scale. Participants indicated both error detection (75 ± 8%) and sung 

response (75 ± 8%) following a period of audiation as an accurate assessment of their 

ability to create aural images. Additionally, participants indicated the inclusion of 

notation made a positive difference in their performance for the both the error detection 

(77 ± 9%) and singing (77 ± 9%) exercises. All participants indicated little concern 

related to the need for male singers to transfer the octave from the melodic stem (played 

in treble range) to their natural tenor-bass range in sung responses. Male participants (n = 

6) response was low (28 ±11%) with the majority of respondents (5 of 6) recording a 

rating of ≤ 2 of 5 indicating little difficulty with the need to transfer the octave. 

Participant response to a preference for melodies to be played in both treble (TR) and 

tenor-bass (TB) range was neutral at (39 ±11%) with half of respondents (3 of 6) 

recording a rating of 3 of 5 (Table 2).  
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Table 2 

Pilot Study Qualitative Response Summary 

Question  Average Response (x of 5) Percentage 

Accurate Audiation Assessment?  
 Error Detection Items  4.38/5 73% 
 Sung Response Items  4.00/5 67% 
Inclusion of Notation Beneficial?   
 Error Detection Items  4.63/5 77% 
 Sung Response Items  4.63/5 77% 
Octave Transfer in Sung Response? 
 Difficulty with the Task  1.67/5* 28% 
 Preference for TR and TB Range Stimuli 2.33/5* 39% 

Note: *Participant pool included only male participants (n = 6). 
 

Suggestions included: (1) reducing the time required to complete the test; (2) the 

addition of an introductory “overview” slide; (3) the necessity of melodic familiarity for 

successful response to experimental tasks; (4) less detailed instruction and the addition of 

practice items prior to error detection and singing activities. The final test version 

included: (1) reduction in the time between items in the preparatory activity; (2) 

simplified, brief instructions; (3) the addition of an introductory “overview” slide; and (4) 

inclusion of practice items to improve instruction clarity and reduce the time devoted to 

verbal instruction related to procedures.   

Overview and Preparation Activity 

A general overview of the study including activities and procedures in scripted 

narrative was both audio recorded and appeared on the computer monitor in the form of 

bulleted slides to control for consistency:  
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OVERVIEW: Today you will engage in 3 short exercises: (1) Preparation 
of melodies; (2) Error detection following one measure of audiation; (3) 
Singing following one measure of audiation.  
 
In order to build familiarity with the precise timbre and tempo of the melodies for 

testing procedures, participants engaged in a preparatory listening activity. Recordings of 

the ten (10) familiar melodies were played in their entirety, during or after which, 

participants provided a rating of familiarity on a Likert-type scale from 0-10 anchored by 

ratings of 0 for least familiar and 10 for most familiar (Herholz et al., 2008). Pre-

determined unfamiliar melodies were not included in the preparation activity to preserve 

unfamiliarity. Prior to initial testing, participants were provided a general overview of the 

study including activities and procedures in the following scripted narrative that was both 

audio recorded and appeared on the computer monitor in the form of bulleted slides to 

control for consistency:  

PREPARATION ACTIVITY: You will hear a sequence of short melodies. 
Once the listening activity is completed for each individual melody, please 
rate each melody by recording a number from 0-10 that corresponds with 
HOW QUICKLY you recognized the melody & HOW WELL you know it 
on the GOOGLE FORM (Figure 2). Reserve (0) for “Melodies I do not 
recognize” and Reserve (10) for “Melodies I recognized almost 
immediately”; (1 – 3) for “It took me most or all of the tune to recognize 
it”; (4 – 6) for “It took less than half/I know it pretty well”; (7 – 9) for “It 
took only a few notes/I know it well.” Melodies will begin automatically 
on the next slide. 
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Figure 2. Graphic representation of a response item for the preparation activity.  
Note: asterisk (*) indicates a required response to the test item.    
 

Participants were permitted to ask questions or request further clarification in 

order to ensure the highest level of comfort and confidence with procedures during the 

instruction period and following practice examples (Herholz et al., 2008). Once 

procedures and instructions were clarified, the activity proceeded via automated 

computer interface without interruption unless a participant encountered a technical 

difficulty.  

Error Detection Audiation Activity 

Upon completion of the preparation activity, participants engaged in an error 

detection activity. Participants received experimental instructions through computer 

interface (Herholz et al., 2008). Prior to the initial testing, participants were provided a 

general overview of the study including activities and procedures in the following 

scripted narrative that was both audio recorded and appeared on the computer monitor in 

the form of bulleted slides to control for consistency: 

For each item, you will hear a selected melody from the collection of 
melodies you have just prepared for this activity. For each item, you will 
hear the first two full measures, followed by a measure of silence, 
followed by the final note of the melody that may be played as accurate or 
inaccurate. Your task is to audiate during the measure of silence to 
determine the accuracy of the final note (Figure 3). 
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Figure 3. Graphic representation of a test melody indicating initial auditory stimulus, 
continuation of silence and final test note (error detection) 
 

The error detection activity will begin on the next slide with 2 practice 
examples prior to the scored activity. Please listen to the melody only once 
(1x) choose accurate or inaccurate for the final note and continue on to the 
next melody (Figure 4). 
 

 

Figure 4. Graphic representation of an answer item for the error detection activity.  
Note: asterisk (*) indicates a required response to the test item.    
 

Participants were permitted to ask questions or request further clarification in 

order to ensure the highest level of comfort and confidence with procedures during the 

instruction period and following practice examples (Herholz et al., 2008). Once 

procedures and instructions were clarified, the activity proceeded via automated 

computer interface without interruption unless a participant encountered a technical 

difficulty.  
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Singing Audiation Activity  

Upon completion of the error detection audiation activity, participants engaged in the 

singing audiation activity. Participants received experimental instructions and engaged in 

practice trials administered through computer interface (Herholz et al., 2008). Prior to the 

activity, participants were provided instructions as a scripted narrative that was both 

audio recorded and appeared on the computer monitor in the form of bulleted slides to 

control for consistency: “Instructions are identical to those for error detection except: 1) 

You will now sing the final test note; 2) Your responses will be audio recorded” (Figure 

5). 

 

Figure 5. Graphic representation of a test melody indicating initial auditory stimulus, 
continuation segment of silence (audiation) and final test tone (sung response). 
 
 

Note: Sound of any kind produced by a participant during the measure of 

audiation will result in that item to be scored as inaccurate (invalid). The singing activity 

will begin on the next slide with 2 practice examples prior to the scored activity. Please 

listen to the melody only once (1x), sing final note and continue on to the next melody. 

Participants were permitted to ask questions or request further clarification in 

order to ensure the highest level of comfort and confidence with procedures during the 

instruction period and following practice examples (Herholz et al., 2008). Once 

procedures and instructions were clarified, the activity proceeded via automated 
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computer interface without interruption unless a participant encountered a technical 

difficulty.  

Limitations 

There were four limitations of this study, one concerning melodic stimuli, a 

second concerning tempo and intonation variability, a third concerning the binary nature 

of answer choices related to error detection and a fourth concerning participants.  

1. The use of familiar melodies as stimuli for the study presented inherent bias. The 

notion of familiarity with regard to tunes, whether folk, patriotic, children’s songs 

or hymns is an inherently cultural phenomenon.  

2. Tempo and intonation variables were not controlled for in sung responses. No 

indication of tempo including an audible “click” or visual marker was provided to 

participants. Intonation was only relevant if sung responses crossed the threshold 

of tuning into a new pitch class above or below the notated pitch.  

3. The binary nature of response choices facilitated the possibility of a successful 

response under conditions including a guess at chance (50%) or better.  

4. The students and universities that participated in the study: Although the overall 

sample size was sufficient (N = 100), representation from the three participating 

universities was largely unbalanced (n = 50, n = 40, n = 10). Additionally, 

demographic data including specific instruments and voice classifications were 

largely unbalanced (instrument groups n = 1 ≤ ≥ 11) or not collected (voice 

classification).  A relatively balanced data set representing the three participating 

universities, specific instrument groups and voice classifications would have 
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afforded the opportunity to analyze potential differences between these variables.  

In the case of the first limitation, research design involving participant determination 

of familiar versus unfamiliar melodies accounted for inherent cultural bias. Intonation 

and temporal variance were addressed during assessment. Independent graders 

established a threshold for intonation and temporal variance for sung responses. All 

responses that occurred within 1/2 beat (tempo) and 1/2 step (pitch) of the test note were 

scored as correct. No attempt was made to address limitations imposed by the binary 

nature of possible answer choices in error detection. Modification in research design was 

necessary in response to the fourth limitation. The relatively unbalanced data sets 

produced among the three universities and demographic data eliminated the opportunity 

to observe performance between these conditions.  
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CHAPTER IV  

RESULTS 

For the purposes of this study, raw scores represented the number of correct 

responses to a test note that was either presented as aural identification (error detection) 

or physical reproduction (sung response). All responses followed a one-measure passage 

of audiated notes. In doing so, participants had to continue the melody for one measure in 

their imagination, maintaining both pitch and tempo prior to the sounding or singing of 

the final test note. Had a participant’s internal tonal or temporal accuracy faltered during 

the period of audiation, the task of identifying or physically producing the test tone with 

any certainty would have been greatly diminished. Reaction time was not considered as 

part of this study. Reaction time was governed by pre-determined timing in the 

preparation and error detection activities and tempo in the singing activity. Primary 

research questions examined (1) the effect of aural identification (error detection) versus 

physical reproduction (singing) of the test tone on audiation accuracy (2) the effect of 

notation versus no notation on audiation accuracy, (3) the effect of familiar versus 

unfamiliar melodies on audiation accuracy, and (4) the effect of participants’ self-

reported demographic data including primary discipline as either vocal or instrumental 

and classification (freshman/sophomore or junior/senior) on audiation accuracy.  

The preparatory activity tasked participants with recording their level of 

familiarity to ten folk melodies that were identified as familiar via pilot test and befitting 

to test design requirements. Raw data included participant responses via a Likert–type 

scale anchored by 0 corresponding to “do not know this melody” and 10 corresponding to 
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“I know this melody well” to allow analysis of the effect of song familiarity (Herholz et 

al., 2008). The error detection activity presented a single test note as either a correct or 

incorrect continuation of a melody following a one-measure period of audiation. Raw 

scores for error detection were determined by a correct or successful (score = 1) versus 

incorrect or failed (score = 0) response to test notes (Herholz et al., 2008). The singing 

activity tasked participants to sing a single test note to represent an accurate continuation 

of the melody following a one-measure period of audiation. An independent panel of two 

experienced music educators graded audio-recorded responses to determine raw scores 

for the singing activity. Experienced educators consisted of a PK-6 music teacher from a 

large urban school district and a 9-12 choral director from a large mature suburban school 

district. Graders independently scored sung responses as either correct or successful 

(score = 1) versus incorrect or failed (score = 0). Each sung response was scored as 

correct if graders determined by ear that a participant sang closer to the notated pitch and 

rhythm than any other pitch or rhythm (Antinone, 2000; Killian, 1991). For the purposes 

of this study, no consideration of intonation or tempo variance within the boundaries of 

the notated pitch was made. All responses that occurred within 1/2 beat (tempo) and 1/2 

step (pitch) of the test note were scored as correct.  

Test design included a single population engaged in a single test. The single test 

was presented in two randomized versions to allow examination of possible order effects. 

Test parameters included responses that were scored as either accurate or inaccurate to a 

single test note following one measure of audiation. Variables included: error detection 

(12 of 24 items) and singing (12 of 24 items); notation (12 of 24 items) versus no 
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notation (12 of 24 items); familiar melodies (20 of 24 items + items based on melodies 

rated by ≥ 7 participants) versus unfamiliar melodies (4 of 24 items + items based on 

melodies rated ≤ 3 by participants).  

Analysis  

Initial data analysis included a comparison of the two test versions to establish 

validity. A Chi-square goodness of fit test indicated no significant difference between 

randomized test versions among all items χ2 (1) = 0.046, p < .01. Therefore both tests 

were combined for all subsequent analyses. Raw data consisted of categorical rather than 

quantitative outcomes, as each item produced a categorical value of either success (score 

= 1) versus failure (score = 0) (Seltman, 2018).  

Regression analysis tools including ANOVA procedures carry assumptions of 

normality and equal variance. These assumptions, carried by the ANOVA were strongly 

violated by the binary nature of the raw data. Specifically, in the case of a categorical 

outcome with only two possible values, the outcomes are so far from the bell-shaped 

curve required by regressive measures, “…that the null sampling distribution [is] 

drastically altered and the p-value completely unreliable (Seltman, 2018; p. 380). 

Furthermore, binary data sets inherently produce different means, and subsequently 

different variances, violating the assumption of equal variance required by regression 

analysis (Seltman, 2018; p.380). In short, the use of regression analysis tools designed for 

normal, quantitative data when data is actually categorical violate assumptions of 

normality and equal variance resulting in unreliable p-values and “…meaningless out-of-

range predictions for some levels of the explanatory variables”(Seltman, 2018; p. 381). 
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Furthermore, categorical outcomes for each item of either success (score = 1) versus 

failure (score = 0) changed the question to be addressed from differences within-between 

interactions between the variances to whether the probability distribution of the one 

measure was dependent or independent of the second measure (Seltman, 2018). 

Therefore, a Chi-Square contingency table was employed to test for homogeneity 

between proportions represented in the data. Additionally, the Marascuillo procedure was 

employed post hoc to simultaneously test for differences between all pairs of proportions 

among the independent measures (Seltman, 2018). The raw data satisfied assumptions of 

independent random selection, large sample size and expected frequencies of ≥ 1 with at 

least 80% ≥ 5 carried by Chi Square analysis (Seltman, 2018).  

Dependent Measures included: accurate (1) vs. inaccurate response (0) (success v 

failure). Independent measures included: error detection; singing, notation; no notation; 

familiar and unfamiliar melodies as well as demographic data including participant 

primary discipline of instrumental or vocal, and classification as underclass (freshman 

and sophomore) or upperclass (junior and senior) (Table 3).   
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Table 3 

Dependent and Independent Measures 

Measure Condition A   Condition B 

Dependent Measure  Accurate Response vs. Inaccurate Response 

Independent Measure Error Detection vs. Singing 

Independent Measure Notation vs. No Notation 

*Independent Measure Familiar Melodies  vs. Unfamiliar Melodies  

Independent Measure Instrumental (discipline) vs. Vocal (discipline) 

Independent Measure Underclass vs. Upper-class 

Note: * Condition differences are significant at p < .05. 
 

Analysis of results indicated a significant difference among all items and 

conditions χ2 (10) = 462.751, p < .05 (Appendix H). Post hoc results via the Marascuillo 

procedure to identify among which factors the significant difference occurred indicated 

significant differences between the following pairs of proportions: (1) error detection × 

unfamiliar melodies p2-p7  = .306, p < .05; (2) notation × unfamiliar melodies p4-p7  = 

.286, p < .05; (3) familiar × unfamiliar melodies p6-p7  = .293, p < .05; (4) Primary 

discipline as vocal × unfamiliar melodies p9-p7  = .294, p < .05 (Table 4).  
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Table 4 

Marascuillo Procedure Summary 

 

Experimental methodology towards the development of a pedagogical protocol to 

validate audiation proficiency involved audiation assessment of undergraduate music 

majors under multiple conditions. A Chi Square contingency table encompassing all 

conditions indicated a significant difference relative to responses on all items. With 

specific regard to conditions of error detection versus sung responses, participants (N = 

100) achieved an accuracy of 74.13 ± 11% (SD) on all items 82.33 ± 11% (SD) in error 

detection responses versus 65.92 ± 16% (SD) in singing responses (Table 5). These 

results are consistent with existing research including error detection under similar 

conditions that reported a success rate of 87 ± 9% (SD) (Herholz et al., 2008). 
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Table 5 

Error Detection versus Singing Responses by All Items 

Condition Items Raw Success Percentage 

All Items 2400 1779 74.13% 

Error Detection Items 1200 988 82.33% 

Singing items 1200 791 65.92% 

 

With regard to conditions of notation versus no notation, observations indicated 

no significant difference between the two conditions relative to responses on all items. 

Participants (N = 100) achieved a success rate of 74.13± 11% in response to all items and 

80.25 ± 13% in response to notated melodies versus 68.00 ± 13% for non-notated 

melodies (Table 6). 

Table 6 

Response to Notated versus Non-notated Melodies by All Items 

Condition Items Raw Success Percentage 

All Melodies 2400 1779 74.13% 

Notated Melodies 1200 963 80.25% 

Not Notated Melodies 1200 816 68.00% 

 

With regard to conditions of familiar versus unfamiliar melodies, observations 

indicated a significant difference between the two conditions relative to responses on all 

items. Participants (N = 100) achieved a success rate of 73.43 ± 19% in response to all 

items and 80.97 ± 13% in response to familiar melodies versus 50.71 ± 13% for not-
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notated melodies (Table 7). Results indicated only participant responses to familiar 

melodies were significantly above chance level versus responses to unfamiliar melodies 

that were statistically equivalent to chance at 50% (Herholz et al., 2008; Halpern, 1988; 

1989; Halpern & Zatorre 1999). 

Table 7 

Response to Familiar versus Unfamiliar Melodies by All Items 

Condition Items Raw Success Percentage 

All Melodies 2111 1550 73.43% 

Familiar Melodies 1566 1268 80.97% 

Unfamiliar Melodies 545 282 50.71% 

 

With regard to conditions of participants’ demographics including primary 

discipline and academic classification, observations indicated no significant difference in 

response between both pairs of conditions on all items. Participants (N = 100) achieved a 

success rate of 73.43 ± 19% in response to all items. Participants who self-identified their 

primary discipline as instrumental (n = 65) achieved a success rate of 69.87 ± 8% versus 

participants who self identified their primary discipline as vocal (n = 35) who achieved a 

success rate of 81.07 ± 9%. Participants classified academically as underclass (freshman 

& sophomore) (n = 55) achieved a success rate of 71.74 ± 13.7% versus participants 

classified academically as upperclass (junior & senior) (n = 45) who achieved a success 

rate of 76.30 ± 9.6% (Table 8).  
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Table 8 

Response Under Demographic Conditions by All Items 

Condition Items Raw Success Percentage 

All Melodies 2111 1550 73.43% 

Discipline: Instrumental 1560 1090 69.87% 

Discipline: Vocal 840 681 81.07% 

Underclass 1320 947 71.74% 

Upperclass 1320 947 76.30% 

  

Summary 

Undergraduate music majors performed with moderate to high levels of success 

for test items involving audiation under varied conditions. Performance outcomes 

indicated success at 74.13% for all melodies, 82.33% for error detection versus 65.92% 

for sung responses, 80.25% for notated versus 68.00% for not notated items, 80.97% for 

familiar versus 50.71% for unfamiliar melodies, 81.07% for singers versus 69.87% for 

instrumentalists and 76.30% for upperclass versus 71.74% for underclass (Figure 61).  

 

	

	

	

	

	

	

	

	

	

1	In	Figure	6,	“Condition	1”	refers	specifically	to	the	first	condition	in	each	pairing,	i.e.	Error	Detection,	Notation,	
Familiar,	Vocal,	Upperclass;	“Condition	2”	refers	to	the	second	condition	in	each	pairing,	i.e.	Sing,	No	Notation,	
Unfamiliar,	Instrumentalists,	Underclass.	
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Figure 6. Bar Graph illustrating results by condition.  
*Condition differences are significant at p < .05.  

 

A Chi square contingency table suggested an overall significant difference under 

varied conditions. Post hoc testing identified significant interaction between the 

following pairs of proportions: (1) error detection × unfamiliar melodies p2-p7  = .306, p 

< .05; (2) notation × unfamiliar melodies p4-p7  = .286, p < .05; (3) familiar × unfamiliar 

melodies p6-p7  = .293, p < .05; (4) Primary discipline as vocal × unfamiliar melodies 

p9-p7  = .294, p < .05 (Figure 7). 
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Figure 7. Bar Graph illustrating significant results by conditional interactions.  
Proportion differences are significant at p < .05.  
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CHAPTER V 

DISCUSSION 

There is relatively substantial research in the cognitive sciences related to aural 

imaging and Gordon’s work in support of audiation related music aptitudes. These 

investigations stand in contrast to the all-but-absent empirical evidence to validate the 

presence and measurability of audiation without the use of neuroimaging. The expense 

and inaccessibility of neuroimaging for the average music educator warrants further 

research to assess audiation as an instructional strategy utilizing methodology that does 

not employ neuroimaging and more closely mirrors common classroom assessments. 

This study sought to inform the development of a protocol to assess audiation under these 

parameters. Methodology mirroring common classroom assessments was utilized to 

investigate undergraduate music majors’ audiation accuracy under varied conditions. I 

sought to answer the following research questions: (1) What effect will conditions of 

aural identification (error detection) versus physical reproduction (singing) of a test tone 

have on the audiation accuracy of undergraduate music majors? (2) What effect will 

notation versus no notation have on the audiation accuracy of undergraduate music 

majors? (3) What effect will familiarity of melodies have on the audiation accuracy of 

undergraduate music majors? and (4) What effect will participants’ demographic 

information including academic classification and primary discipline as either vocal or 

instrumental have on the audiation accuracy of undergraduate music majors? 
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Question 1  

What effect will conditions of aural identification (error detection) versus 

physical reproduction (singing) of a test tone have on the audiation accuracy of 

undergraduate music majors?   

Although consistently higher scores were observed during error detection, results 

demonstrated no significant difference between error detection and sung response 

following one measure of audiation. Error detection included the sounding of the test 

note with only two pre-determined response choices of either (1) accurate or (2) 

inaccurate for each test item. Sung responses did not include playing of the test note as 

stimulus or pre-determined response choices. Sung responses were assessed on the same 

binary scale as error detection of either (1) accurate or (2) inaccurate for each test item.  

Observed audiation strategies among participants included silent physical manifestations 

of tempo and emulation of playing, singing or conducting. Emulation included “air 

playing” among instrumentalists, physical use of Curwen hand signs or “mouthing” of 

solfège and head nodding, conducting and silent hand or foot tapping to maintain tempo. 

These observations are consistent with prior research that suggest interrelatedness among 

physical gesture and audiation (Cahn, 2008; Godøy et al., 2006; McHugh-Griffa, 2011; 

Miksza, 2005; Ross, 1985). Overall success rates for both error detection and sung 

response suggest a positive relationship between undergraduate music curricula and its 

role in the early development of general musicianship among undergraduate music 

majors. Additionally, the success of early-degree undergraduate music majors 
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(underclass) suggests effectiveness of the application and audition process among the 

three participating universities.  

Question 2 

What effect will notated melodies versus non-notated melodies have on the 

audiation accuracy of undergraduate music majors?  

Although consistently higher scores were observed for notated items, results 

demonstrated no significant difference between test items that included notation versus 

those that excluded notation. For the purpose of this study, the inclusion or absence of 

notation was a key question to be addressed to inform the development of a methodology 

to validate audiation for future investigations of its use in classroom settings. There are 

numerous published materials incorporating audiation as a component of classroom 

instruction (Haasemann & Jordan, 1991; Jordan & Mehaffey, 2001; Vodicka & Jordan, 

2016). These publications related to mental practice in the ensemble setting and audiation 

in vocal sight singing almost exclusively involve the use of notational audiation (Fine et 

al., 2015; McHugh Griffa, 2011; Miksza, 2005; Rosenthal, 1988; Ross, 1985; Theiler et 

al., 1995). No significant difference was demonstrated between items involving notated 

versus not notated melodies for either vocalists or instrumentalists. These indications are 

consistent with prior research related to musicians who utilize musical imagery 

predominantly from notation  (Brooks, 1995; Fine, et al., 2015; Godøy et al., 2006; 

McHugh-Griffa, 2011; Ross, 1985) as well as in the absence of notation (Halpern, 1988; 

1989; Hubbard & Stoeckig, 1992; Zartorre, 1996). Brodsky et al., (2003) validated 

notational audiation as a cross-modal transfer of visual input to an auditory experience 
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both present and measurable among musicians. As a capstone of their subsequent 

investigations Brodsky et al. (2008) characterized notational audiation as effortless, 

automatic, occurring in real time and involving an interrelation between auditory and 

motor imagery (subvocalization). The present study aligns with this prior research in 

assessing audiation among participants who self identified as musicians and carried 

assumptions of familiarity with notation, music theory and aural skills including ear 

training. Future research warrants similar investigations among students earlier in their 

musical training and therefore less knowledgeable of notation and less developed in the 

areas of music theory and aural skills should be considered.  

Question 3 

What effect will familiarity of melodies have on the audiation accuracy of 

undergraduate music majors?  

Melodic familiarity proved to be critical to participant success in testing activities. 

Results indicated significantly greater success for test items that included familiar 

melodies. In contrast, the condition of unfamiliar melodies produced the most numerous 

significant differences between all experimental conditions. Chi square contingency 

analysis indicated significant main effects for unfamiliar melodies × error-detection (p2-

p7 = .0.306, p < .05), unfamiliar melodies × notated melodies (p4-p7 = .0.286, p < .05), 

unfamiliar melodies × familiar melodies (p6-p7 = .0.293, p < .05), and unfamiliar 

melodies × vocalist interaction (p7-p9 = .0.294, p < .05). Interactions of unfamiliar 

melodies with other conditions approached significance in several instances including 

unfamiliar melodies × all melodies (p1-p7 = .0.224, p < .05), unfamiliar melodies × non-
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notated melodies  (p5-p7  = .0.163, p < .05). unfamiliar melodies × instrumentalist (p7-p8 

= .0.182, p < .05), unfamiliar melodies × underclassmen (p7-p10  = .0.200, p < .05) and 

unfamiliar melodies × underclassmen (p7-p11  = .0.246, p < .05). Results are consistent 

with prior research indicting melodic familiarity as an important variable for 

investigations of music literacy, mental practice and aural imaging  (Herholz et al., 2008, 

Killian 1993, 1996; Lim & Lippman, 1991; Zatorre & Halpern, 1993). Future research is 

warranted in tasks involving audiation with a recommendation that melodic familiarity be 

considered a necessary condition for reliable test design.  

Question 4 

What effect will participants’ demographic information including academic 

classification and primary discipline as either vocal or instrumental have on the audiation 

accuracy of undergraduate music majors?  

Academic classification as underclass students (n = 55), as defined by freshman 

and sophomore participants versus upperclass students (n = 45), as defined by junior and 

senior participants demonstrated no significant differences. Results indicated all 

participants, whether upperclass or underclass students, functioned as musicians by 

designation as music majors who had completed a minimum of one full semester of 

study. Demographic data related to participants’ primary disciple as vocal or instrumental 

additionally demonstrated no significant differences. Results are consistent with prior 

research indicating a student’s primary discipline has no bearing on their skills or 

potential for success related to aural skills including audiation and sight singing (Jones & 

Bergee, 2008). Overall findings suggest undergraduate musicians of all academic 
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classifications and disciplines achieve higher proficiencies in tasks involving musical 

imagery than non-musicians (Herholz et al., 2008, Highben & Palmer, 2004; Holmes, 

2005; Hubbard & Stoeckig, 1992; Ross 1985). Demographic data related to parameters 

for participation including a more specific examination of either declared major including 

music education, music performance, music theory/composition, music business, or 

music therapy provided no significant results due to limitations inherent in the data. 

Limitations included 100% of participants meeting the parameter of undergraduate music 

major with 82% of participants listing music education as their specific major either 

exclusively or in conjunction with an addition major in the school of music. The small 

sample size of participants listing a major other than music education (n = 12, n = 4) 

reduced the opportunity for meaningful comparisons between declared majors. 

Additionally, a more specific investigation of participants’ primary discipline beyond 

vocal or instrumental to include specific instruments or instrument groups as well as 

specific voice designations for singers provided no significant results due to limitations 

inherent in the data. Small sample sizes related to participation rates within specific 

instrument groups ranging from n = 1 (oboe) to n = 11 (trumpet) reduced the opportunity 

for meaningful comparisons. No specific data related to gender or specific vocal 

classifications were collected eliminating the opportunity for meaningful comparisons of 

more specific data related to gender or voice classification.  
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CHAPTER VI  

CONCLUSION 

The primary purpose of this study was to examine undergraduate music majors’ 

audiation accuracy under multiple conditions that mirrored classroom assessment 

practice and did not employ neuroimaging. By examining the audiation accuracy of 

musicians under these conditions, one can more efficiently assess the presence and 

measurability of audiation. Baseline audiation assessment will facilitate its inclusion as 

an independent variable in future research. In such studies, one can hope to address gaps 

in the research, and thus explore the implications of audiation as an instructional strategy 

for music literacy and rehearsal in the classroom. Variables included undergraduate 

music majors who were either instrumentalists or vocalists tasked with error detection 

and sung responses in continuation of a melody following one-measure of audiation. 

Further conditions included familiar versus unfamiliar melodies, and notation versus no 

notation. A review of the literature indicated substantial research exists in the cognitive 

sciences validating the presence and measurability of audiation through neuroimaging. 

These findings stand in contrast to the virtually absent empirical evidence to assess 

audiation without the use of neuroimaging. An investigation of recent trends in teaching 

practice indicated widespread employment of audiation in secondary choral classrooms, 

with specific regard to its use as pre-sight singing protocol. Numerous graded materials 

are in publication to facilitate audiation as a rehearsal strategy support observations. 

(Gordon, 2001; 2003; 2005; 2009; 2012; 2013; Haasemann & Jordan, 1991; Jordan & 

Mehaffey, 2001; Vodicka & Jordan, 2016). A recent master’s thesis indicated 72% (108 
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of 150) choirs’ utilized audiation as a preparation strategy in adjudicated contest settings 

(Jezek, 2017). The clear gap in research warranted an investigation of audiation as a 

teaching strategy in classroom settings. In such investigations, it will be critical to 

establish audiation accuracy among participants prior to including audiation as an 

independent variable in any subsequent investigation. Once audiation proficiency is 

established, audiation as a preparatory strategy for vocal sight singing or component of 

mental practice may be compared with traditional physical practice strategies. 

Experimental design of this nature will facilitate exploration of audiation versus 

traditional physical practice including singing, playing or chanting for music literacy and 

rehearsal in choral and instrumental classrooms. 

Findings 

This study of audiation accuracy among undergraduate music majors included 

multiple variables for the purpose of informing the development of a pedagogy-based 

methodology to validate the presence and measurability of audiation. Data provide 

answers to primary research questions posted at the beginning of the study. The 

following findings reflect results supported from that data.  

Question 1 

Statistical analysis indicated both error detection and singing produced successful 

measures of audiation accuracy through a pedagogy-based method. Although differences 

were not demonstrated as statistically significant, the binary nature of limited response 

choices for error detection versus the open nature of sung response must be considered. 

The binary nature of response choices in the error detection activity indicated the 
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likelihood that any response, including a guess by a participant could represent a correct 

response consistent with the chance level of 50% (Herlolz et al., 2008). The absence of 

pre-determined answer choices in sung response items indicated the likelihood of success 

under any circumstances could only be achieved if the participant independently 

produced (sung) the correct pitch. The likelihood of an accurate guessed response under 

these circumstances would be significantly less than chance at 50% (Herholz et al., 

2008). Therefore, test design including sung response is recommended as a more reliable 

assessment of audiation. Observations are consistent with prior research demonstrating 

interrelation between silent physical gesture and aural perception. These observations 

suggest future research is warranted to consider silent physical engagement as a condition 

related to audition assessment.  

Question 2 

Statistical analysis indicated items both notated and those without produced 

successful measures of audiation accuracy through a pedagogy-based method. Although 

differences were not demonstrated as statistically significant, success rates for notated 

items (80.25%) versus non-notated items (68.00%) represented an important 

observational difference. These results were consistent with prior research indicating 

common practice among trained musicians related to audiation includes the presence of 

notation (Brodsky et al., 2003; 2008, Fine et al., 2015, Miksza, 2005). Therefore, the 

inclusion of notated melodies, as consistent with common practice and producing 

stronger rates of success among trained musicians, is recommended for future audiation 

assessments. 
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Question 3 

Results indicated a significant difference between items based on familiar versus 

unfamiliar melodies. Detailed analysis revealed unfamiliar melodies produced the most 

significant differences when compared to the ten remaining conditions. Statistical 

analysis revealed all four significant interactions between pairs of conditions included 

unfamiliar melodies. Moreover, participants recorded their poorest performance at no 

better than chance (51%) for all items involving unfamiliar melodies (Herholz et al., 

2008). Additionally, interactions between unfamiliar melodies and the remaining seven 

conditions produced differences that approached significance in all but two conditions 

(sung response and no notation). Higher success rates for test items based on familiar 

melodies versus relatively poor performance for unfamiliar melodies indicated melodic 

familiarity as the most prominent and necessary condition related to participant success. 

Therefore, the inclusion of familiar melodies is recommended for future audiation 

assessments. 

Question 4 

Items under demographic conditions including participants’ primary discipline as 

instrumental versus vocal and academic classification as upperclass versus underclass 

produced reliable measures of audiation accuracy through a pedagogy-based method. 

Findings are consistent with prior research indicating a student’s primary discipline has 

no bearing on their skill or potential for success related to aural skills including audiation 

and sight singing (Jones & Bergee, 2008). Participants functioned as trained musicians by 

designation as music majors who had completed a minimum of one full semester of 
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study. This designation aligns with existing research suggesting trained musicians 

achieve higher proficiency in tasks involving musical imagery than non-musicians 

(Herholz et al., 2008, Highben & Palmer, 2004; Holmes, 2005; Hubbard & Stoeckig, 

1992; Ross 1985). Results indicate future investigation is warranted related to music 

students at earlier stages of instruction and development.  

Conclusions 

Based on the findings outlined above, the following conclusions can be drawn 

from this study: 

1. A purely pedagogical model can be a reliable measure of audiation among 

musicians. Results validated both the presence and measurability of audiation 

among undergraduate music majors.  

2. Recommended conditions for effective test design to validate presence and 

measurability of audiation in an instructional setting should include: (1) familiar, 

notated melodies as stimuli; (2) sung response following a period of audiation. 

3. Future studies are warranted to investigate: (1) silent kinesthetic engagement as a 

condition related to audition assessment; (2) audiation assessment for music 

students at earlier stages of instruction and development. 

Recommendations 

The primary purpose of this study was to examine undergraduate music majors’ 

audiation accuracy under multiple conditions mirroring teaching practice and absent 

neuroimaging. Notable research gaps included validation of the presence and 

measurability of audiation consistent with its role in instructional practice. This was 
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particularly the case with notational audiation, prominently utilized in mental practice, 

score study and vocal sight singing, yet relatively absent research literature. Assessing 

the audiation accuracy of musicians under varied conditions facilitated the development 

of a methodology to validate audiation accuracy. This validation of audiation as both 

present and measurable through method that mirrors classroom assessment opens the 

door to multiple and varied possibilities for future research. 

Research design of this study was tailored to mirror individual assessment 

procedures commonly utilized in secondary classroom settings. Band, orchestra and 

choral directors routinely assess technical skills, repertoire passages, memorization and 

sight reading as part of their ensemble curriculum. Assessment procedures, although 

relatively unique to a given task, share a number of commonalities including: (1) self-

guided testing protocols often via computer, smart phone or tablet; (2) isolated testing 

environments; (3) consideration of narrow, specific performance objectives; (4) a focus 

on efficiency; (5) the production of concrete, measurable outcomes and (6) inclusion of 

notated scores.  

To assess audiation as a teaching strategy, it will be critical to establish a baseline 

for proficiency among students prior to its inclusion in assessments of mental practice, 

score study, memorization and sight-reading. Simple and efficient audiation assessment 

strategies that mirror classroom assessments are recommended. These instruction-based 

assessments will facilitate establishment of a baseline for audition proficiency without 

the need for costly and time intensive neuroimaging. Recommended criteria to establish 
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this baseline for audiation proficiency include familiar, notated melodies as stimuli and 

sung response following a period of audiation.  

Future audiation assessments may also employ variations including the omission 

of notation and error detection provided an accounting for the limitations imposed by the 

binary nature of responses related to error detection. These variations provide a degree of 

flexibility within the method allowing directors to tailor baseline audiation assessments 

to mirror assessment tasks to which they are tethered. Examples include notational 

audiation (mental practice) versus physical practice, whether sung, played, or heard via 

recording, as repertoire preparation, score study assessment or preparation for sight 

singing assessment. Audiation both with and without notation may be assessed through 

error detection or sung response.  

Future researchers may choose to replicate this study either in full or part. In such 

cases, the researcher offers the following recommendations: To account for potential 

guessing, investigate the current methodology with specific regard to error detection with 

the inclusion additional responses including (1) accurate, (2) inaccurate above or (3) 

inaccurate below the notated pitch. The error detection methodology may also be 

extended to include notated response to stimuli. To mirror common practice, extend the 

methodology related to sung, played or error detection response to include four measure 

exercises that represent a complete musical phrase where the full final measure is sung, 

played or notated by participants following a period of audiation. This protocol may be 

utilized with both familiar and unfamiliar melodies under sung and played response 

provided melodies are notated. The sung response may also be investigated with the 
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inclusion of a click or other tempo management protocol to isolate the task of audiation 

to pitch only. The number of test items: 34 total including 10 preparation, 12 error 

detection and 12 sung items were necessary to investigate numerous varied conditions to 

inform the development of a pedagogy-based methodology. Observations indicate a 

greatly reduced number of test items can provide a reliable assessment for audiation. The 

researcher recommends use of no more than 6 melodies (4 if only familiar melodies will 

be utilized) and a total of 4-6 test items following the preparation of melodies. In such 

cases, test time would be reduced from 15 to ≤ 6 minutes. In a classroom versus research 

setting, instructions and preparation of melodies may be completed in a group setting. In 

such cases, test time would be reduced from 15 to ≤ 3 minutes. For instructional settings, 

procedures utilizing notational audiation of familiar melodies under condition of sung 

response are recommended. Finally, current instructional trends related to pre-sight 

reading protocols indicate audiation for a period of up to 40 measures of notation and for 

a duration of up to eight minutes in choral and instrumental ensemble assessments. An 

investigation of longer periods of audiation related to score length and duration of the 

activity to determine regression is warranted. 

Implications for Music Education 

Current trends in music classrooms suggest widespread and common employment 

of audiation. Evidence to support the trend includes numerous published instructional 

materials supporting notational audiation as well as research indicating a majority of 

secondary ensemble directors utilize notational audiation as preparatory strategy for sight 

reading. This trend towards inclusion of audiation has become an accepted and 
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sometimes even expected “best” practice in regional environments. Limitations in the 

measurability of audiation, as investigated almost exclusively by cognitive psychologists 

via neuroimaging, hindered any opportunity to investigate the effectiveness of audiation 

as an instructional strategy in these settings. This study represents one of the first to 

investigate audiation under purely pedagogical conditions. Results suggest a pedagogy-

based model can be a reliable validation of both the presence and measurability of 

audiation. Results informed development of a simple, efficient and reliable methodology 

to assess audiation that mirrors instructional practice common in band, orchestra and 

choral ensemble rehearsals. With the newly developed methodology, researchers and 

music educators now have the tools to investigate the effectiveness of audiation as an 

instructional tool. Per recommended methods directly developed though this study the 

effectiveness of audiation versus traditional physical practice may now be investigated.  

Knowledge gained through these investigations will inform best practices for ensemble 

instruction and the development of a variety of effective instructional materials for the 

next generation of music educators 

.  
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APPENDIX A  

MUSICAL SCORES OF MELODIC STIMULI 

PRACTICE MELODY A 

 
 
PRACTICE MELODY B* 

 
 
MELODY 1* 

 
 
MELODY 2 

 
 
MELODY 3* 

 
 
MELODY 4* 

 
 
MELODY 5  

 
 
MELODY 6* 
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MELODY 7 

  
MELODY 8 

 
 
Unfamiliar Melody A* 

 
 
Unfamiliar Melody B 

 
  
Unfamiliar Melody C* 

 
 
Unfamilar Melody D* 

 
 
*Indicates melodies that terminate with a cadential test tone.
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APPENDIX B  

FAMILIAR MELODY PILOT STUDY DATA SUMMARY 

Table 9 

Familiar Melody Pilot Study Data Summary 

  

 

PARTICIPANTS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

1	(vocal) 10 8 10 9 10 0 6 10 10 0 0 0 5 8 0 10 10 0 10 6 0 9

2	(vocal) 8 8 9 4 0 7 6 10 8 0 7 0 6 10 0 10 10 0 4 4 0 10

3	(vocal) 10 8 10 10 8 9 7 10 10 8 7 3 10 10 0 10 10 0 9 8 4 8

4	(vocal) 10 8 10 6 3 10 3 7 10 0 5 2 9 9 3 9 10 10 4 6 0 7

5	(vocal) 10 10 10 10 9 0 4 10 10 2 10 0 0 0 0 10 10 0 6 7 0 10

6	(vocal) 10 10 10 8 10 9 6 10 10 0 10 0 10 10 0 10 10 10 10 10 0 10

7	(vocal) 10 9 10 7 10 9 7 10 10 6 10 7 9 10 5 10 8 10 8 10 0 10

8	(vocal) 9 6 7 5 6 7 7 7 7 6 0 2 7 10 0 10 10 9 8 8 1 10

9	(vocal) 9 8 7 2 10 8 5 7 10 0 4 0 10 10 8 10 10 10 10 10 0 9

10	(vocal) 8 10 10 8 9 8 9 10 10 8 9 9 10 10 7 10 10 10 10 10 2 9

11	(inst) 8 9 8 8 9 9 7 8 10 6 8 10 9 9 5 10 9 9 8 8 3 7

12	(inst) 9 9 9 4 5 5 7 8 9 0 2 1 7 8 0 10 9 1 8 7 1 9

13	(inst) 10 10 10 8 10 10 6 10 10 9 10 10 10 10 1 10 0 0 10 10 0 9

Mean 9.31 8.69 9.23 6.85 7.62 7.00 6.15 9.00 9.54 3.46 6.31 3.38 7.85 8.77 2.23 9.92 8.92 5.31 8.08 8.00 0.85 9.00

Median 10 9 10 8 9 8 6 10 10 2 7 2 9 10 0 10 10 9 8 8 0 9

Meter 4 4 4 4 4 4 4 3 4 4 4 4 4 3 4 4 4 4 4 4 4 4

Cadence Y Y N Y N Y N Y N Y Y N N Y N N Y N Y Y Y N

Killian	'93 x x x x x x x x x x x x x

Killian	'96 x x x x x x x x x x x

IR1(6-12) 1 2 1 2 1 2 1 1 1 2

IR2(PK-5) 2 1 2 2 1 1 1 1 2

IR3(Univ) 1 2 2 2 1 1 2 1 1 1

FINAL	 S S S P S S S S P S

Familiar	Melodies

Independent	Recommendations:	1	=	1st	tier	recommendations;	2	=	2nd	tier	recommendations

Final	Choices:	S	=	Melodies	for	Study;	P	=	Melodies	for	Practice	Examples
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APPENDIX C  

PARTICIPANT BACKGROUND SURVEY 

The following questions were completed via online platform through a Google Forms 

survey:  

1. University currently attending:  
a. TTU  
b. TWU  
c. Texas A&M Commerce 

2. My Academic Classification:  
a. Freshman  
b. Sophomore  
c. Junior  
d. Senior 

3. My declared major is: (check all that apply):  
a. Music (Education)  
b. Music (Performance)  
c. Music Other (Composition, Theory, History, Business, Therapy, etc.) 

4. My primary discipline:  
a. Vocal  
b. Instrumental 
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APPENDIX D  

TEXAS TECH UNIVERSITY IRB APPROVAL 

  

To:Killian, Janice; Antinone, Patrick;  

Jan 31, 2019 1:09 PM CST  

Janice Killian School of Music  

Re: IRB2019‐53 Music in the Mind’s Ear: The Effect of Notation on Undergraduate 

Music Majors’ Audiation Accuracy Findings: Good luck with your research! Dear Dr. 

Janice Killian, Patrick Antinone:  

The Human Research Protection Program determined that your project meets at 
least one of the federal exempt categories under 45 CFR 46 Category 3.﴾i﴿﴾A﴿. Research 
involving benign behavioral interventions in conjunction with the collection of 
information from an adult subject through verbal or written responses ﴾including data 
entry﴿ or audiovisual recording if the subject prospectively agrees to the intervention and 
information collection.  

The information obtained is recorded by the investigator in such a manner that the 
identity of the human subjects cannot readily be ascertained, directly or through 
identifiers linked to the subjects. Category 3.﴾ii﴿. For the purpose of this provision, benign 
behavioral interventions are brief in duration, harmless, painless, not physically invasive, 
not likely to have a significant adverse lasting impact on the subjects, and the investigator 
has no reason to think the subjects will find the interventions offensive or embarrassing. 
Provided all such criteria are met, examples of such benign behavioral interventions 
would include having the subjects play an online game, having them solve puzzles under 
various noise conditions, or having them decide how to allocate a nominal amount of 
received cash between themselves and someone else.  

The determination was made on January 31, 2019. Annual review is not required, 
and no expiration date will be listed on your letter.  

The research must follow Texas Tech University’s Operating Procedures, the 
Belmont Report, and 45 CFR 46. If changes to the approved protocol occur, a 
Modification Submission must be reviewed and approved by the IRB before 
implementation. Please contact the Human Research Protection Program to determine if a 



 Texas Tech University, Patrick M. Antinone, August 2019  
 

81 
  

modification is needed or submit a Modification Submission in Cayuse IRB. Please be 
aware that changes to the research protocol may prevent the research from qualifying for 
exempt review and require submission of a new IRB application or other materials to the 
Texas Tech University IRB.  

A goal of the IRB is to prevent negative occurrences during any research study. 
However, despite our best intent, unforeseen circumstances or events may arise during 
the research. If a deviation, unanticipated problem or adverse event happens during your 
research, please notify the Texas Tech University, Human Research Protection Program 
as soon as possible ﴾45 CFR 46﴿. We will ask for a complete explanation of the event and 
for you to submit an Incident Submission in Cayuse IRB.  

Your study may be selected for a Post‐Approval Monitoring ﴾PAM﴿. You will be 
notified if your study has been chosen for a PAM. A PAM investigator may request to 
observe your data collection procedures, including the consent process.  

Once your research is complete, please use a Closure Submission to archive this 
study. IRBs that remain active are subject to audit by the IRB.  

Sincerely,  

 
 
Scott Burris, Ph.D. Chair Texas Tech University Institutional Review Board Professor, 
Department of Agricultural Education and Communications Human Research Protection 
Program 
357 Administration Building  
Lubbock, Texas 79409‐1075  
T 806.742.2064  
www.hrpp.ttu.edu  
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APPENDIX E  

IRB APPROVAL: TEXAS WOMAN’S UNIVERSITY; TEXAS A&M 
UNIVERSITY COMMERCE 
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APPENDIX F 

RANDOM ORDER FOR TWO (2) TEST VERSIONS 

Table 10 

Random Order for Two Test Versions 

	 	 	 	 	 	 	 	 	 	 	
	

Test Version A 
 

Test Version B 
	

	
Error Detection 

 
Error Detection 

	
	

Item Melody Condition 1 Condition 2 
 

Item Melody Condition 1 Condition 2 
	

	
1 Familiar 4 No Notation Accurate 

 
1 Familiar 8 No Notation Accurate 

	
	

2 Familiar 6 Notation Inaccurate (A) 
 

2 Familiar 5 No Notation Accurate 
	

	
3 Familiar 1 No Notation Accurate 

 
3 Familiar 6 Notation Accurate 

	
	

4 Familiar 2 Notation Inaccurate (B) 
 

4 Unfamiliar A No Notation Inaccurate (A) 
	

	
5 Familiar 5 Notation Accurate 

 
5 Familiar 4 No Notation Accurate 

	
	

6 Familiar 7 Notation Inaccurate (B) 
 

6 Unfamiliar B Notation Inaccurate (A) 
	

	
7 Familiar 8 No Notation Accurate 

 
7 Familiar 7 Notation Inaccurate (B) 

	
	

8 Familiar3 Notation Accurate 
 

8 Familiar 3 No Notation Inaccurate (A) 
	

	
9 Unfamiliar B No Notation Inaccurate (B) 

 
9 Familiar 1 No Notation Accurate 

	
	

10 familiar 5 Notation Inaccurate (A) 
 

10 Familiar 2 Notation Inaccurate (B) 
	

	
11 Unfamiliar A No Notation Accurate 

 
11 Familiar 3 Notation Inaccurate (B) 

	
	

12 Familiar 4 No Notation Inaccurate (A) 
 

12 Familiar 7 No Notation Accurate 
	

	
Singing 

 
Singing 

	
	

1 Familiar 1 Notation 
  

1 Familiar 4 Notation 
 	

	
2 Familiar 8 Notation 

  
2 Familiar 2 

No 
Notation 

 	
	

3 Familiar 6 No Notation 
  

3 Unfamiliar C Notation 
 	

	
4 Unfamiliar D Notation 

  
4 Familiar 4 

No 
Notation 

 	

	
5 Familiar 3 No Notation 

  
5 Familiar 6 

No 
Notation 

 	
	

6 Familiar 6 Notation 
  

6 Familiar 2 Notation 
 	

	
7 Familiar 4 Notation 

  
7 Familiar 8 Notation 

 	

	
8 Familiar 7 No Notation 

  
8 Unfamiliar D 

No 
Notation 

 	

	
9 Familiar 2 No Notation 

  
9 Familiar 3 

No 
Notation 

 	

	
10 Familiar 1 No Notation 

  
10 Familiar 7 

No 
Notation 

 	
	

11 Unfamiliar C No Notation 
  

11 Familiar 5 Notation 
 	

	
12 Familiar 5 Notation 

  
12 Familiar 1 Notation 
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APPENDIX G  

PILOT STUDY QUALITATIVE SURVEY 

The following questions were completed via online platform through a Google Forms 

survey:  

1. Gender 
a. Female 
b. Male  

2. My primary discipline:  
a. Vocal  
b. Instrumental 

3. I felt like the instructions for the PREPARATION EXERCISE were clear. I knew 
precisely what was going to occur and what was expected during the exercise. 

a. Strongly Disagree - 1 
b. Disagree - 2 
c. Neutral - 3 
d. Agree - 4 
e. Strongly Agree - 5 

4.  
5. The ERROR DETECTION AUDIATION EXERCISE was an acccurate 

assessment of my ability to create aural images. (Likert-type scale) 
• Strongly Disagree - 1 
• Disagree - 2 
• Neutral - 3 
• Agree - 4 
• Strongly Agree – 5 

2. I felt like the instructions for the ERROR DETECTION AUDIATION 
EXERCISE were clear. I knew precisely what was going to occur and what was 
expected during the exercise. 

• Strongly Disagree - 1 
• Disagree - 2 
• Neutral - 3 
• Agree - 4 
• Strongly Agree - 5 

6. I have the following suggestions to improve the instructions for the SINGING 
AUDIATION EXERCISE: (free response) 

 
7. The SINGING AUDIATION EXERCISE was an acccurate assessment of my 

ability to create aural images. (Likert-type scale) 
• Strongly Disagree - 1 
• Disagree - 2 
• Neutral - 3 



 Texas Tech University, Patrick M. Antinone, August 2019  
 

86 
  

• Agree - 4 
• Strongly Agree - 5 

8. I felt like the instructions for the SINGING AUDIATION EXERCISE were clear. I 
knew precisely what was going to occur and what was expected during the exercise. 

a. Strongly Disagree - 1 
b. Disagree - 2 
c. Neutral - 3 
d. Agree - 4 
e. Strongly Agree - 5 

9. I had difficulty transferring the recorded pitch to my vocal register during the 
SINGING AUDIATION EXERCISE. 

a. Strongly Disagree - 1 
b. Disagree - 2 
c. Neutral - 3 
d. Agree - 4 
e. Strongly Agree - 5 

10. I would prefer to have had the stem notes of the melody played in my vocal 
register or in both the treble and TB octaves during the SINGING AUDIATION 
EXERCISE. 

a. Strongly Disagree - 1 
b. Disagree - 2 
c. Neutral - 3 
d. Agree - 4 
e. Strongly Agree – 5 

11. I have the following suggestions to improve the instructions for the SINGING 
AUDIATION EXERCISE: (free response) 

 
12. I have the following suggestions or thoughts to share concerning the study. (free 
response) 
 

 

 

  



 Texas Tech University, Patrick M. Antinone, August 2019  
 

87 
  

 APPENDIX H  

CHI SQUARE CONTINGENCY  
AND MARASCUILLO PROCEDURE  

Table 11 

Chi Square Contingency with Post Hoc Test 

 
 

All ED SNG NOTATIONNO	NOTATION FAM UNFAM Instrumental Vocal Underclass Upperclass Totals Propotrtions

p1 p2 p3 p4 p5 p6 p7 p8 p9 p10 p11

Success 1779 988 791 963 816 1268 282 1090 681 947 824 10429 73.907%

Failure 621 212 409 237 384 298 263 470 159 373 256 3682 26.093%

Totals 2400 1200 1200 1200 1200 1566 545 1560 840 1320 1080 14111

Condition Sample F0
1

F0
2

Total Contrast X2 PJ PJ

Absolute	

Difference critical	range Significant?

All P1 1775.184 624.816 2400.000 P1-P2 4.279 0.741 0.823 0.082 0.249 NO

ED P2 887.592 312.408 1200.000 P1-P3 4.279 0.741 0.659 0.082 0.276 NO

SNG P3 887.592 312.408 1200.000 P1-P4 4.279 0.741 0.803 0.062 0.253 NO

Notation P4 887.592 312.408 1200.000 P1-P5 4.279 0.741 0.680 0.061 0.274 NO

No	Notate P5 887.592 312.408 1200.000 P1-P6 4.279 0.741 0.810 0.069 0.252 NO

Familiar P6 1158.308 407.692 1566.000 P1-P7 4.279 0.741 0.517 0.224 0.284 NO

Unfamiliar P7 403.115 141.885 545.000 P1-P8 4.279 0.741 0.699 0.042 0.271 NO

Instrumental P8 1153.870 406.130 1560.000 P1-P9 4.279 0.741 0.811 0.070 0.251 NO

Vocal P9 976.351 218.686 1195.037 P1-P10 4.279 0.741 0.717 0.024 0.269 NO

Underclass P10 798.833 343.649 1142.482 P1-P11 4.279 0.741 0.763 0.022 0.261 NO

Upperclass P11 798.833 281.167 1080.000 P2-P3 4.279 0.823 0.659 0.164 0.260 NO

P2-P4 4.279 0.823 0.803 0.020 0.236 NO

P2-P5 4.279 0.823 0.680 0.143 0.258 NO

Observed Expected Difference Difference2 Values P2-P6 4.279 0.823 0.810 0.013 0.234 NO

F
0

F
E

F
0
-F

E
(F

0
-F

E
)
2

(F
0
-F

E
)
2

/F
E

P2-P7 4.279 0.823 0.517 0.306 0.269 YES
1779.000 1775.184 3.816 14.561856 0.008 P2-P8 4.279 0.823 0.699 0.124 0.255 NO

988.000 887.592 100.408 10081.766 11.359 P2-P9 4.279 0.823 0.811 0.012 0.234 NO

791.000 887.592 -96.592 9330.014 10.512 P2-P10 4.279 0.823 0.717 0.106 0.253 NO

963.000 887.592 75.408 5686.366 6.407 P2-P11 4.279 0.823 0.763 0.060 0.245 NO

816.000 887.592 -71.592 5125.414 5.775 P3-P4 4.279 0.659 0.803 0.144 0.265 NO

1268.000 1158.308 109.692 12032.431 10.388 P3-P5 4.279 0.659 0.680 0.021 0.285 NO

282.000 403.115 -121.115 14668.771 36.389 P3-P6 4.279 0.659 0.810 0.151 0.263 NO

1090.000 1153.870 -63.870 4079.326 3.535 P3-P7 4.279 0.659 0.517 0.142 0.295 NO

681.000 976.351 -295.351 87232.331 89.345 P3-P8 4.279 0.659 0.699 0.040 0.282 NO

947.000 798.833 148.167 21953.519 27.482 P3-P9 4.279 0.659 0.811 0.152 0.263 NO

824.000 798.833 25.167 633.388 0.793 P3-P10 4.279 0.659 0.717 0.058 0.280 NO

621.000 624.816 -3.816 14.562 0.023 P3-P11 4.279 0.659 0.763 0.104 0.273 NO

212.000 312.408 -100.408 10081.766 32.271 P4-P5 4.279 0.803 0.680 0.123 0.262 NO

409.000 312.408 96.592 9330.014 29.865 P4-P6 4.279 0.803 0.810 0.007 0.239 NO

237.000 312.408 -75.408 5686.366 18.202 P4-P7 4.279 0.803 0.517 0.286 0.273 YES
384.000 312.408 71.592 5125.414 16.406 P4-P8 4.279 0.803 0.699 0.104 0.260 NO

298.000 407.692 -109.692 12032.431 29.514 P4-P9 4.279 0.803 0.811 0.008 0.239 NO

263.000 141.885 121.115 14668.771 103.385 P4-P10 4.279 0.803 0.717 0.086 0.257 NO

470.000 406.130 63.870 4079.326 10.044 P4-P11 4.279 0.803 0.763 0.040 0.249 NO

159.000 218.686 -59.686 3562.371 16.290 P5-P6 4.279 0.680 0.810 0.130 0.261 NO

373.000 343.649 29.351 861.493 2.507 P5-P7 4.279 0.680 0.517 0.163 0.293 NO

256.000 281.167 -25.167 633.388 2.253 P5-P8 4.279 0.680 0.699 0.019 0.280 NO

462.751 P5-P9 4.279 0.680 0.811 0.131 0.261 NO

P5-P10 4.279 0.680 0.717 0.037 0.277 NO

P5-P11 4.279 0.680 0.763 0.083 0.270 NO

P6-P7 4.279 0.810 0.517 0.293 0.272 YES
Sample F

0
F
E

Proportions P6-P8 4.279 0.810 0.699 0.111 0.258 NO

P1 1779.000 2400.000 0.741 χ2(10),	.05 18.31 P6-P9 4.279 0.810 0.811 0.001 0.237 NO

P2 988.000 1200.000 0.823 √ 4.279 P6-P10 4.279 0.810 0.717 0.093 0.256 NO

P3 791.000 1200.000 0.659 P6-P11 4.279 0.810 0.763 0.047 0.248 NO

P4 963.000 1200.000 0.803 P7-P8 4.279 0.517 0.699 0.182 0.290 NO

P5 816.000 1200.000 0.680 P7-P9 4.279 0.517 0.811 0.294 0.272 YES

P6 1268.000 1566.000 0.810 P7-P10 4.279 0.517 0.717 0.200 0.288 NO

P7 282.000 545.000 0.517 P7-P11 4.279 0.517 0.763 0.246 0.281 NO

P8 1090.000 1560.000 0.699 P8-P9 4.279 0.699 0.811 0.112 0.258 NO

P9 681.000 840.000 0.811 P8-P10 4.279 0.699 0.717 0.018 0.275 NO

P10 947.000 1320.000 0.717 P8-P11 4.279 0.699 0.763 0.064 0.268 NO

P11 824.000 1080.000 0.763 P9-P10 4.279 0.811 0.717 0.094 0.255 NO

P9-P11 4.279 0.811 0.763 0.048 0.247 NO

P10-P11 4.279 0.717 0.763 0.046 0.265 NO

Absolute	Differences	and	Critical	Values	Table

χ2	Critical	Values

Marascuillo	procedure

Observed	Frequencies	Table

Expected	Frequency	Table

χ2	Contingency	Table

	χ2(10)=462.751,	p<0.05	
p0.01	=	18.31 df	=	10
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APPENDIX I  

RAW DATA TEST A  

Table 12 

Raw Data for Test Version A 
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BLUE 1 20 10 10 10 10 1 1 15 13 I 2
BLUE 2 19 11 8 11 8 7 5 6 2 I 2
BLUE 3 22 11 11 11 11 10 7 4 2 I 1
BLUE 4 12 9 3 7 5 15 14 4 2 I 1
BLUE 5 18 9 9 10 8 11 8 4 2 I 2
BLUE 6 17 9 8 9 8 20 20 4 2 I 2
BLUE 7 20 10 10 11 9 14 12 6 3 V 4
BLUE 8 11 8 3 4 7 13 6 6 2 I 2
BLUE 9 22 11 11 11 11 11 10 4 2 V 4
BLUE 10 17 8 9 10 7 14 13 4 1 I 4
BLUE 11 19 10 9 12 7 20 18 4 3 I 1
BLUE 12 13 6 7 8 5 13 11 4 3 I 1
BLUE 13 14 7 7 8 6 12 10 4 1 V 1
BLUE 14 23 12 11 12 11 13 11 6 2 I 4
BLUE 15 14 6 8 8 6 14 10 6 5 I 2
BLUE 16 20 10 10 11 9 14 9 6 4 I 3
BLUE 17 18 9 9 11 7 11 10 8 4 I 1
BLUE 18 17 9 8 9 8 16 10 6 2 I 4
BLUE 19 21 11 10 11 10 14 13 8 4 V 1
BLUE 20 21 11 10 12 9 18 15 6 2 V 1
BLUE 21 19 12 7 10 9 14 7 8 5 V 2
BLUE 22 19 10 9 11 8 16 15 8 2 I 1
BLUE 23 21 11 10 12 9 15 12 6 3 V 2
BLUE 24 13 8 5 7 6 18 15 6 4 I 4
BLUE 25 19 10 9 11 8 14 13 4 2 V 4
BLUE 26 18 9 9 9 9 16 13 4 1 V 4
BLUE 27 16 9 7 10 6 15 8 4 4 V 3
BLUE 28 16 7 9 8 8 16 16 6 3 V 4
BLUE 29 22 11 11 11 11 16 13 4 3 V 4
BLUE 30 17 8 9 10 7 9 8 6 3 I 3
BLUE 31 20 11 9 10 10 14 9 6 3 I 1
BLUE 32 19 11 8 11 8 18 16 4 1 I 1
BLUE 33 18 8 10 10 8 18 13 4 2 V 1
BLUE 34 14 6 8 7 7 15 11 9 3 I 2
BLUE 35 19 10 9 10 9 18 15 4 1 I 3
BLUE 36 15 9 6 9 6 18 17 4 2 I 3
BLUE 37 18 12 6 9 9 20 20 4 2 V 2
BLUE 38 21 10 11 11 10 29 20 4 3 I 2
BLUE 39 17 10 7 9 8 29 20 4 2 I 2
BLUE 40 21 12 9 12 9 18 12 4 1 I 4
BLUE 41 17 9 8 10 7 16 14 6 3 I 4
BLUE 42 18 9 9 11 7 16 15 4 2 I 4
BLUE 43 17 9 8 11 6 20 20 4 2 I 4
BLUE 44 12 8 4 6 6 20 19 4 1 I 2
BLUE 45 22 11 11 11 11 18 17 6 4 I 2
BLUE 46 15 10 5 7 8 18 10 4 2 I 2
BLUE 47 18 9 9 11 7 18 16 4 3 V 4
BLUE 48 15 8 7 10 5 20 18 4 1 V 1
BLUE 49 18 10 8 11 7 18 15 6 2 I 1
BLUE 50 13 5 8 8 5 20 14 4 1 I 3
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APPENDIX J  

RAW DATA TEST B 

Table 13 

Raw Data for Test Version B 
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GREEN 1 22 12 10 11 11 13 9 10 5 V 1
GREEN 2 9 7 2 4 5 9 6 7 5 I 4
GREEN 3 13 10 3 8 5 12 9 4 2 V 2
GREEN 4 20 12 8 10 10 9 7 7 3 I 4
GREEN 5 22 11 11 12 10 5 5 7 5 V 4
GREEN 6 18 8 10 10 8 15 13 4 2 I 1
GREEN 7 11 8 3 6 5 4 3 7 3 I 1
GREEN 8 18 11 7 10 8 9 6 4 1 I 4
GREEN 9 22 12 10 11 11 7 7 4 3 V 2
GREEN 10 16 10 6 8 8 12 5 4 1 I 4
GREEN 11 16 9 7 9 7 15 5 4 2 I 2
GREEN 12 16 9 7 8 8 8 4 12 6 I 2
GREEN 13 23 12 11 12 11 6 6 10 6 V 3
GREEN 14 19 11 8 9 10 14 10 7 5 I 1
GREEN 15 21 11 10 12 9 8 6 6 2 I 2
GREEN 16 17 9 8 10 7 17 16 4 3 V 3
GREEN 17 22 12 10 11 11 20 14 4 2 I 4
GREEN 18 19 11 8 9 10 14 9 4 1 I 4
GREEN 19 14 10 4 8 6 11 10 10 8 I 1
GREEN 20 13 9 4 7 6 20 19 4 2 I 1
GREEN 21 21 12 9 10 11 14 13 7 4 I 1
GREEN 22 23 12 11 12 11 12 11 12 9 V 1
GREEN 23 18 12 6 9 9 11 9 4 2 V 3
GREEN 24 21 11 10 11 10 20 17 4 2 I 2
GREEN 25 18 11 7 9 9 17 14 4 2 I 1
GREEN 26 22 12 10 11 11 20 9 4 0 V 2
GREEN 27 20 11 9 9 11 9 6 7 4 V 4
GREEN 28 21 11 10 12 9 20 20 4 2 V 4
GREEN 29 21 10 11 11 10 20 20 4 3 I 4
GREEN 30 18 11 7 9 9 20 20 4 1 I 3
GREEN 31 12 8 4 6 6 12 10 11 4 I 2
GREEN 32 16 11 5 9 7 20 20 4 2 I 2
GREEN 33 13 10 3 7 6 20 17 4 3 I 2
GREEN 34 18 8 10 8 10 20 19 4 2 V 4
GREEN 35 20 11 9 12 8 20 15 4 2 V 1
GREEN 36 17 10 7 8 9 20 16 4 2 I 3
GREEN 37 15 9 6 10 5 14 9 10 4 I 3
GREEN 38 21 11 10 11 10 18 12 7 3 I 2
GREEN 39 12 8 4 6 6 29 18 4 2 I 2
GREEN 40 18 9 9 11 7 29 19 4 2 V 4
GREEN 41 16 11 5 10 6 12 8 9 5 I 3
GREEN 42 22 11 11 12 10 20 17 4 1 V 3
GREEN 43 10 9 1 6 4 17 10 7 3 I 2
GREEN 44 14 9 5 7 7 13 10 4 2 I 4
GREEN 45 23 12 11 12 11 20 20 4 2 V 4
GREEN 46 20 11 9 11 9 20 20 4 2 V 4
GREEN 47 19 11 8 10 9 20 17 4 4 V 3
GREEN 48 20 12 8 11 9 20 20 4 3 V 1
GREEN 49 13 9 4 7 6 20 19 4 3 I 2
GREEN 50 21 12 9 12 9 20 20 4 3 I 1
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APPENDIX K  

PARTICIPANT RECRUITING FLYER 

 

AUDIATION STUDY 
Patrick Antinone 

Texas Tech University PhD Fine Arts/Music Education  
Graduate Teaching Assistant 

 
Undergraduate Music Majors: You are cordially invited to participate in a study 
about how we as musicians use audiation in our practice.  
 

Audiation in Music Education 
 

PURPOSE STATEMENT: ...to examine the effect of notation on undergraduate 
music majors’ audiation accuracy. 
 
METHODOLOGY: …will include error detection and singing following a measure 
of audiation. 
 
PARTICIPANTS: (Undergraduate Music Majors) will engage in 3 short 
exercises:  

1. Preparation of familiar melodies  
2. Error detection following a measure of audiation  
3. Singing following a measure of audiation. 

 
Including the collection of background information, (i.e. classification, primary instrument etc.) the entire process 
is designed to require 15-minutes of your time.  
 
 
 

Scheduling:	
https://doodle.com/poll/ct4n38z9nmx336v4 

 

 
 

Location: 
TTU SOM Room 244 

 

 
Questions: 

patrick.antinone@ttu.edu


