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SIGHT SINGING WITH INDIVIDUALIZED REAL-TIME FEEDBACK: 

THE EFFICACY OF SINGING COACH IN THE MUSIC THEORY CLASSROOM 

 
D’ariel Barnard 

 

New College of Florida, 2010 

 

ABSTRACT 

 
Sight singing research in the past has focused on group achievement rather than 

individual sight singing ability. Computer technology can provide cost-effective, 

individualized feedback for singers, as well as visual feedback in a real-time format, 

which may be a helpful tool for students who want to learn to sight sing. This study 

examined the effect of visual, real-time feedback from computer-assisted musical 

instruction provided by Singing Coach (SC) on beginning music theory students’ 

individual sight singing ability. Students practiced their sight singing skills in one of two 

feedback conditions: a traditional auditory control group (TA) or an experimental visual 

(EV) group. For TA feedback, the SC program played the melody as the student sight 

sang it, which emulated TA sight singing pedagogical practices that have students sing in 

a group. For EV feedback, the program provided the student’s current pitch as a blue 

tracking line overlaid onto the sheet music on the screen. Individual learning style 

preferences (auditory vs. visual) were controlled across groups and had no statistically 

significant effect on sight singing performance. The EV feedback group improved 

significantly in sight singing performance on a difficulty-controlled melody presented at 

the beginning and end of the course, whereas the TA feedback group did not. However, 

both groups performed similarly on the sight singing final tests of difficult, unfamiliar 

melodies. Practiced melodies were learned best when TA feedback was available. 
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Overall, the data suggest that singers improve their sight singing skills best when they 

receive individual, visual feedback.  
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“Think of chopsticks up your nose.” 

 

 -Carlo Thomas, on raising the soft palette, vocal technique, 2009    

 
 

 Sight singing (reading a piece of sheet music for the first time and singing the 

correct pitches in their correct rhythms), an inevitable and historical companion to written 

musical notation, is a prominent component of many musical education programs. It is an 

important part of state competitions for primary and secondary schools in the United 

States, can greatly increase job market value for professional musicians, and has been 

studied widely by many scholars from various fields. It is not, however, an easy task, and 

can take beginners a long time to learn. The current study investigates and evaluates 

traditional and nontraditional pedagogical feedback methods concerning sight singing 

practices today.   

 Similarly to learning a language, a significant amount of effort is invested by both 

teacher and student for skilled sight singing and application. Some scholars have been 

interested in being able to predict sight singing ability. Chadwick (1993) found that the 

Seashore Musical Talent Test, a musical aptitude measure, was better at predicting sight 

singing performance than an intelligence or general knowledge test. Salisbury (1929) 

found that tonal memory had the highest correlation with sight singing ability (.641), 

followed by pitch (.60) and dictation (.60). Yarbrough, Orman, and Sheri (2007) studied 

strategies employed and the time allotted to them by choral directors in the eight minutes 

of preparatory time before adjudication of sight singing at a district festival. They found 

that both middle and high school choral directors emphasized the musical element of 

pitch (M = 62.49%), followed respectively by rhythm, form, tempo, harmony, key 
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signature, phrasing, dynamics, style, meter, texture, and tone quality. Pitch was the only 

element addressed by every director, indicating its importance hierarchically for sight 

singing.  

Sight Singing and Solfège Systems 

 Sight reading refers to the practice of translating written notation into the musical, 

aural experience (“Sight-reading, sight singing,” 2010). Solfège is a common pedagogical 

tool developed to help sight singers in the accuracy of this task. In solfège, a different 

solfa syllable is assigned to each note of a scale. Ideally, the mapping of the syllables 

onto the scale structure provides an additional cue and context for the singer. There are 

various forms of tools and varieties of solfège used to teach sight singing. The moveable 

doh system is one in which doh always refers to the tonic of the key such that even if the 

starting note changes, the relationship between the notes is always the same and the 

relationship between the syllables is always the same. Fixed doh refers to always labeling 

the note C as doh, regardless of key. Curwen hand signs, developed by Curwen in 1870 

and later modified by Kodaly (Bernarr & Spencer, 2010) are also sometimes used to 

provide an additional kinesthetic cue for the singer (McClung, 2008). 

 An important distinction must be drawn between sight singing a written melody 

with the help of solfège syllables, and applying solfège syllables to a memorized melody. 

One can only be sure that a singer is sight singing a score when that score represents a 

piece of unfamiliar music. If the music is familiar, the singer may be accessing his or her 

memory of the melody. For example, one can sing “Twinkle, Twinkle, Little Star” with 

solfège syllables (“Doh, doh, sol, sol…” via the moveable doh system), but probably one 

cannot sight sing such a popularized tune because it is too familiar. Much research has 
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focused on the implications of using one solfège system over another, but there is little 

evidence that one system works better than another.  

Henry and Demorest (1994) found no significant difference in sight singing 

achievement between moveable and fixed doh. In their study, high school students from 

two Texas choirs with outstanding state contest ratings for the last three years were tested 

individually for sight singing ability. One choir had 50 students and used moveable doh, 

whereas the other 47-member choir used fixed doh. The individual sight singing test 

consisted of being handed the sheet music for the exercise, hearing both the tonic chord 

and starting pitch, being allowed to prepare as taught for as long as necessary, and then 

hearing the tonic chord and starting pitch again before beginning the test. Tests were 

recorded and analyzed later by two raters. The exercise had fifteen notes, so a score of 

fifteen was considered perfect, with half a point being deducted for each rhythmic or 

pitch error. A full point was taken away for tempo changes or repeated notes and two 

points were deducted for starting over. The mean sight singing scores for the moveable 

doh group was 10.18 (SD = 3.37) and the mean score for the fixed doh group was 9.56 

(SD = 3.36). There was no statistically significant difference in sight singing performance 

scores between the moveable doh choir and the fixed doh choir.  

  One year later however, Demorest and May (1995) found that students using 

moveable doh score significantly higher than those using fixed doh. In their study, 

students from four Texas high school choirs with high contest ratings were individually 

assessed for sight singing ability. The first two schools used the fixed doh system while 

the other two schools used the moveable doh system. The sight singing assessment and 

taped performance scoring was virtually identical to those used in the previous study. The 
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moveable doh choirs (Melody A: M = 12.89, SD = 2.72) scored significantly higher than 

the fixed doh choirs (Melody A: M = 8.79, SD = 3.75), however the authors noted that 

there was also a significant difference in years of instrumental lessons for the two groups. 

It is unclear whether the moveable doh system acted as a superior form of a sight singing 

tool in this instance than the fixed doh system, or if students in the moveable doh 

condition happened to have more musical experience in some way.   

 Yarbrough, Orman, and Sheri (2007) found via survey methods that a majority of 

choir directors at a district sight singing festival used moveable doh (76 out of 84). 

Demorest (2004) surveyed 221 middle and high school choir directors who included sight 

reading in their curriculum from 45 different American states through an on-line survey. 

When asking which system the choir director used, the question was phrased such that 

the respondent could demonstrate his or her preferred system rather than naming it. 

Results from the self-selecting respondents showed that an average of 9.5 minutes of 

rehearsal was spent on sight singing instruction per rehearsal. The majority of the 

directors (47%) favored the moveable doh-minor la system of solfège. Of the rest, 17% 

favored the moveable doh-minor do system, 11% favored numbers-minor1, 10% favored 

numbers-minor6, 8% favored neutral syllables, 4% favored fixed doh, and 3% favored 

another system. Though there is yet little evidence to demonstrate one system’s 

superiority over another in helping students learn to sight sing accurately, this indication 

that a majority of American choir directors use the moveable doh system while a 

significant portion of directors use another system should not be dismissed. Using a 

system that is comfortable for both teacher and student may provide a more comfortable 

atmosphere for learning.  
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 In a study on kinesthetic and verbal solmization, or solfège systems, McClung 

(2008) took a random sample from a population of 132 high school students from three 

large choral groups who had been extensively trained to use both solfège and curwen 

hand symbols in sight singing. Forty-two participants were randomly selected from the 

sample. Thirty-eight were included in the analysis. Individual sight singing tests included 

the tonic note and chord, a 60-beat-per-minute tempo, and, only if necessary, one restart 

without penalty. All participants went through the same procedure twice: once for singing 

with hand signs, and once for singing without hand signs. The order of test conditions 

was counterbalanced. The tests were recorded and analyzed later by two raters. Each 

measure received a maximum of two points: one for correct rhythm, the other for correct 

pitch. A perfect score was a 16 since there were eight measures in the melodies.  

McClung found no significant difference in the sight singing performance of the group 

using both solfège and curwen hand signs (M = 10.37, SD = 4.23) and the group using 

just solfège (M = 10.84, SD = 3.96). Interestingly, in surveying the participants, McClung  

(2008) found that over half preferred a modified, simplified version of hand signs which 

only indicated a sort of rise and fall gesture without the specific pitch-sign made by the 

hand position (57% preferred the rise and fall gesture, 23% preferred the Curwen 

gestures, and 18% preferred no gestures). Again, there is a clear preference for a specific 

system, but there is no evidence showing that one system is clearly more effective than 

another.  
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Choral and Group Singing 

 Although some singers appear to learn to sight sing in a group, many do not. In 

their research on choral singers, Henry and Demorest (1994) found that group 

achievement was not a good indicator of individual achievement in sight singing. 

Students from four Texas high school choirs with high contest ratings were individually 

assessed for sight singing ability. Test assessment procedures included the tonic chord, 

starting pitch, and preparation time. They were recorded for later rater evaluation and 

analysis. A score of 15 was considered perfect, with half a point being deducted for each 

rhythmic or pitch error. A full point was taken away for tempo changes or repeated notes 

and two points were deducted for starting over. The scores for the individuals from both 

high-achieving choirs ranged from 2 to 15, indicating that not all individuals were 

necessarily sight singing at the high level of the group performance.  

 Additionally, Demorest (1998) found individual testing to be beneficial over 

identical group instruction for sight singing performance. Participants in his study were 

students in two Washington state high schools that had been studying sight singing for at 

least one year. One choir from each school acted as the experimental or control group. 

Students in the experimental choirs were given a week to practice assigned exercises and 

then individually tested. The test required students to sing the tonic triad and tap out their 

rhythm before beginning the test. These tests were given approximately once a month 

three times. Feedback was given to students afterwards such as “try singing scales for 

practice,” which was meant to be scripted and helpful, but vague (Demorest, 1998, p. 

186). The control group received similar instructions in a group and also as a group were 

exposed to the same materials used in the individual tests. Students who experienced 
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individual testing performed significantly better on major melodies than those who had 

group instruction. These benefits of individual testing could be due to any number of 

reasons including the presence of individualized feedback, the pressure and level of 

expectation associated with assessment, or the efficiency that comes from learning in a 

personalized program rather than when the temptation and possibility of following others 

in a choir is present.  

Cognitive Styles 

 Preference for specific systems and enhanced performance with individual 

feedback may be related to learning styles. Recently, psychologists, educators, and others 

have become more sensitive to modalities of teaching and communication styles and 

mediums, and much recent scholarship has gone into investigating their effects (Renou, 

2009; Leutner & Plass, 1998; Korenman & Peynircioglu, 2007; Hagen, 2001; Campbell, 

1991; Burns, 1999; Barsch, 2009). The basic principle behind the concept of learning 

styles is that individuals have their own preferred learning style and will perform better 

on tasks suited towards or presented in their style. Research on learning styles varies 

widely in its definitions, vocabulary, results, and conclusions (Burns, 1999), but the focus 

on meeting the needs of the individual student has some relevant support in the area of 

music and sight singing. 

The traditional form of feedback in the private voice lesson usually follows 

Welch’s model (Welch, Howard & Rush, 1989) in which the teacher gives a 

demonstration of the desired sound, the student attempts to reproduce it, the teacher gives 

verbal feedback, the student attempts to apply the feedback in a second reproduction, and 

the cycle continues until desired results are produced. In this scenario, however, there is a 
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time delay between feedback and response. In addition, the student must utilize hidden 

muscle groups and reproduce certain techniques the teacher is demonstrating when, in 

fact, no two voices are alike. The student makes an attempt at imitation, and then it is up 

to the teacher to be able to tell from the sound how and why it is different from the 

desired result. This requires that the teacher understand physiologically what the student 

is doing to produce the attempted sound, and then he or she must communicate it verbally 

to the student. Teachers very often resort to creative, sometimes personalized and 

individual metaphors to trick the student psychologically into doing the appropriate 

physiological corrections via mental images. Voice students must “imagine” both the 

origin and destination of the sound and breath in order to use the actual muscles needed 

to produce desired tones or tonal qualities. The terms “head voice” and “chest voice” are 

a simple example. Some students are unfamiliar with the physical or physiological make-

up of the vocal muscles in the body, or what it feels like kinesthetically to be 

manipulating them in specific ways.   

Welch, Howard, & Rush (1989) describe some traditional forms of feedback as 

not fully maximizing knowledge of results, since singers who may not always understand 

how to apply subjective verbal feedback may end up merely producing an accurate 

melodic contour rather than exact pitches. A more immediate and visceral method of 

providing feedback could be useful.  Figure 1 below shows diagrams of Welch’s 1985 

models of singing with feedback. The top diagram illustrates the time-line and steps 

involved in traditional feedback approaches. The bottom diagram demonstrates how real-

time feedback, an immediate continual evaluation of the student’s response, can increase 

the student’s improvement. A teacher with absolute pitch, for example, could nod his or 
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her head as the student was singing as a way of providing real-time feedback, but those 

teachers are rare.  

 

 

 

 

 

 

 

 

Figure 1. 

Welch’s 1985 Models of Feedback Loops. The top model refers to a traditional feedback 

loop. The bottom model incorporates the potentially more effective real-time feedback 

method. 

 

 Fortunately, scholars (Biggs et al., 2008; Korenman & Peynircioglu, 2007; Murbe 

et al., 2002; Rossiter, Howard & DeCosta, 1996; Watts, Murphy & Barnes-Burroughs, 

2003; Hagen, 2001; Banton 1995; Welch, Howard & Rush, 1989; Gaudette, Prins & 

Kahane, 1983; Hoppe, Sadakata & Desain, 2006) are now recognizing and researching 

the possibilities open to us now that we have the ability to provide, in real time, 

unprecedented musical feedback. As computer technology, especially pitch recognition 

software, becomes more prolific, music education is easier to access privately through 

educational and mainstream market programs ranging from Rock Band to Karaoke 

Revolution to Singing Coach. This may also provide lessons in a novel and engaging way 

for students grown accustomed to learning via computer and multimedia tools.  The 

Traditional: 

Real-time: 
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question readily surfacing then is to what extent do these software programs and new 

music computer technologies actually contribute to a student’s musical learning and 

abilities? 

Biofeedback and Real-time Feedback 

 Various biofeedback techniques, such as those for relaxation, provide a useful 

model for how computer technology can enhance musical learning, especially with 

singing, by bringing awareness to the vocal muscle groups and airflow breath pathways 

used for singing. Both visual and auditory feedback methods were used with positive 

outcomes in biofeedback research (Gaudette, Prins & Kahane, 1983). In this study, 27 

randomly selected psychology undergraduate students were assigned to three groups: 

visual, auditory, or control. Each participant received individual biofeedback sessions of 

30 minutes a day for five days. All participants were instructed to close their eyes during 

the session and attempted to reduce tension in the facial and laryngeal muscles. The first 

third of the session involved no feedback and was used as a baseline. Thereafter, 

measurements of microvoltage levels were taken every five minutes. Binary auditory 

feedback consisted of a 100 Hz tone played when participants were reaching relaxation 

thresholds.  A 60-watt white light provided functionally equivalent feedback for the 

participants in the visual group, who had their eyes closed, but could perceive the light on 

their faces. The control group received no feedback. Mean microvoltage levels for the 

first through the fifth day were 7.7, 6.5, 5.9, 5.3, and 5.5. The decrease indicated that all 

participants got better at reducing tension in the forehead muscle with practice over the 

five-day study, but the most improvement was made over the first two days. However, 

though the two feedback groups showed a greater response in relaxation by learning how 
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to decrease their microvoltage levels, the feedback modes did not lead to significantly 

different responses (Gaudette, Prins & Kahane, 1983).  

 Rossiter, Howard, and DeCosta (1996) investigated the effects of visual feedback 

of proprioceptive, internal physiology in a case study of 2 previously untrained male 

participants in six singing lessons. One participant learned to sing with conventional 

methods and one learned to sing with additional biofeedback using ALBERT (Acoustical 

and Laryngeal Biofeedback Enhancement Real Time). Both participants were tested at 

the beginning of the study and after each lesson for vocal performance. The test consisted 

of reading a passage aloud and singing a two-octave scale up and down. Two different 

forms of a visual feedback display were given to the experimental participant for two 

weeks each, and then in the final two weeks both feedback displays were used together. 

The first feedback display was of the student’s CQ, or closed laryngeal quotient. The 

second was a display of the ratio of amplitude levels of a student’s spectral partials at the 

frequency range where a singer’s formant is usually located (2-4 kHz) over the amplitude 

levels of the spectral partials in the full band (0-5 kHz). The CQ and formant ratio are 

positively correlated with mean intensity levels of speech, which are usually greater for 

trained than untrained vocalists. The mean intensity levels of speech increased for both 

participants throughout the study. For the experimental participant, this increase was 

inconsistent because the greatest leaps in performance with biofeedback were made very 

early on with the onset of feedback, usually the first lesson but not the second. For the 

control participant, the mean intensity levels of speech rose gradually throughout the six 

weeks. The results indicated that real-time visual feedback supports certain 

characteristics of vocal performance above and beyond conventional singing lessons. 
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 Watts, Murphy, and Barnes-Burroughs (2003) investigated singers’ use of 

internal, proprioceptive feedback with and without auditory feedback in trained singers 

(TS), untrained talented singers (UTS), and non-talented singers (NTS). The talent and 

training levels were determined by raters listening to recordings of a pre-test performed 

by the singers. Five singers in each group were asked to match a pitch played in two 

conditions. In the first condition, participants heard the pitch through external room 

speakers. In the second condition, participants heard the pitch briefly through headphones 

followed immediately by white noise meant to mask any auditory feedback from the 

pitch or singer’s voice. The average difference scores for the TS, UTS and NTS groups in 

the external (auditory feedback) condition were 15 Hz, 8 Hz, and 53 Hz respectively, and 

in the internal (proprioceptive feedback) condition were 17 Hz, 6 Hz & 45 Hz 

respectively. The lower the average difference score, the smaller the discrepancy between 

sung and correct pitch. The talented and trained singers were significantly more accurate 

at pitch matching in the external, auditory feedback condition than the non-talented, 

untrained group. However, only the untrained, talented singers were significantly more 

accurate than the other two groups at pitch-matching in the internal, proprioceptive 

feedback condition. These results support the idea that many singers can rely on internal, 

motor coordination to produce accurate pitch, but also suggest that certain aspects of 

training can emphasize auditory feedback (Watts, Murphy & Barnes-Burroughs, 2003).  

 Computer technology may be able to enhance the type and quality of feedback 

available to musicians, but further research is needed to understand more specifically the 

best situation or contexts for it. An experiment using one of the first real-time visual 

feedback singing training computer programs, SINGAD (Singing Assessment and 
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Development), suggested that meaningful feedback targeted to a singer’s knowledge of 

results will result in increased pitch accuracy in vocal performance (Howard & Welch, 

1987). Thirty-two 7-year-olds were pre-tested for pitch matching ability using 8 random 

pitches in SINGAD, and then put into three groups. All three groups started with average 

equal singing ability. The groups practiced for ten minutes a week for seven weeks. The 

Experimental Interactive group (EI) used SINGAD and had an author present to facilitate 

discussion of the meaning of the visual real-time feedback and to suggest when to switch 

to different exercises. The Experimental Non-Interactive (ENI) group used SINGAD but 

without adult intervention. Visual real-time feedback provided by SINGAD included a 

representation of the student’s pitch as a line on a blank screen, a screen with target 

blocks, and a screen with target blocks accompanied by a played target auditory pitch. 

The control group sang songs in a group while the adult played guitar accompaniment 

and gave verbal feedback to the group. The results showed that both experimental groups 

were significantly better at pitch matching in the post-test than the control group. 

Moreover, another post-test administered six months later revealed that the improvements 

demonstrated by the experimental interactive group had been sustained, although the 

other two groups were not available for the second post-test assessment. The results 

further suggest that studying and/or practicing pitch accuracy on a computer with real-

time visual feedback, or at the very least individualized feedback, may indeed have 

positive results on young singers’ pitch accuracy abilities.  

Memory Processes 

  Working memory may have an especially important effect on sight singing 

ability, as the typical student is required to remember tonal information temporally, such 
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as the key scale or previous notes, in order to produce correct pitches in sight singing. 

Baddeley’s (Goldstein, 2008) classic model of working memory, shown in Figure 2, has 

three main components: the phonological loop, the visuospatial sketch pad, and the 

central executive. According to the model, the central executive works to coordinate 

distribution of resources for the different types of information handled in the other two 

components. Some studies (Brooks, 1968) suggest that new information coming from one 

modality (e.g., vision), makes rehearsal in a second modality (e.g., aural) easier. That is, 

if the central executive can distribute resources towards both the phonological loop and 

the visuospatial sketch pad, a person may experience greater working memory capacity 

than if s/he were overloaded with information based on only one modality (Goldstein, 

2008).  

 

Figure 2. 

Baddeley’s model of working memory. The Central executive controls the distribution of 

processing in the Phonological Loop and Visuospatial Sketch Pad. 

 

This model has definite applications for certain musical tasks such as learning to 

sight sing. Baddeley’s working memory model suggests that if a student engaged with an 
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auditory task such as sight singing is given feedback via computer technology in the 

visual modality, he or she may perform better than s/he would if s/he received that 

feedback in a competing modality (e.g., traditional aural feedback). Another advantage to 

certain visual displays is that they can be much simpler to understand for beginning 

music students. It can take a long time to learn to sing and recognize pitches by ear, but a 

visual feedback display system such as one based on colors or position may be inherently 

and immediately easy to learn to read for all levels of musicians.  

One study suggested that visual feedback, at least in a traditional form, appears to 

play a significant role in reducing errors made by pianists when sight reading (Banton, 

1995). Fifteen pianists each sight read three test pieces in three different feedback 

conditions: normal sight reading (both visual and auditory feedback present), sight 

reading when unable to view the keyboard (only auditory feedback present), and sight-

reading when unable to hear what was being played (only visual feedback present). 

Visual feedback was removed by having a wooden board placed six inches above the 

keyboard so the pianist could not see his or her fingers and was forced to play by ear or 

feel. Auditory feedback was removed by turning off the keyboard’s output sound, so the 

pianist could not hear what he or she was playing. Kinesthetic feedback, or being able to 

feel the keys, was always available. Participants were grouped by piano grade level, 

frequency of sight-reading practice, and sight-reading ability. Performance on the task 

was evaluated by comparing recorded notated scores of each sight-read performance with 

original notated scores. Errors were classified as either melodic, rhythmic, or specific. 

The number of melodic and total errors increased significantly when subjects were in the 

auditory only feedback condition. Mean number of total errors in the normal condition 
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was 11.53; in the auditory only condition, 30.41; and in the visual only condition, 10.07. 

The discrepancy in the means was mostly due to the significantly high number of 

stepwise errors – errors involving adjacent keys - that occurred in the auditory only 

condition as opposed to normal or visual. The number and type of errors indicate that 

pianists had more trouble sight-reading when their visual feedback was removed (Banton, 

1995). 

 In any case, multiple forms of feedback are useful for vocal performance. In one 

study, 28 participants who were about to begin solo vocal careers sang a triad chord 

arpeggiation up and down in a number of different conditions: with and without auditory 

feedback, fast or slow, and legato or staccato (Murbe et al., 2002). The results were 

analyzed for pitch errors. Singers had less or smaller pitch errors when their auditory 

feedback was not masked by white noise. In the white noise condition they were still 

relying on some kind of a feedback system to perform the exercise: a musculature or 

kinesthetic feedback system (Murbe, 2002). Musicians and singers commonly agree that 

proprioceptive devices (“singing by feel”) is used in conjunction with listening to their 

own voice to stay on pitch, however, the study indicated that auditory feedback is also a 

powerful tool for singers in controlling pitch accuracy and intonation. 

 Carry A Tune (CAT) technology’s Singing Coach delivers real-time visual 

feedback of a singer’s pitch, and overlays it onto sheet music, an uncommon feature in 

real-time musical feedback software, but a highly useful pedagogical application. 

Additionally, Singing Coach has been shown to increase reading scores for middle school 

students (Biggs et al., 2008). Students in the study were seventh and eighth graders who 

had scored a non-passing level 1 or 2 on the FCAT. Twenty-four participants assigned to 
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a music elective class for the second nine weeks of the school year were assigned to the 

experimental CAT condition and matched for gender, FCAT score, grade level, and 

language arts teacher with students in a control group. Mean reading scores for students 

using CAT technology improved more than for students engaged in control reading 

sessions (Biggs et al., 2008). 

The Current Study 

 The current study incorporates the use of Singing Coach with a beginning music 

theory class at a small, public liberal arts honors college in South West Florida. Previous 

research has focused on the sight singing abilities of groups, but group achievement is not 

a good predictor of individual sight singing ability (Henry & Demorest, 1994; Demorest, 

1998). Individual sight singing tests may improve sight singing ability (Demorest, 1998), 

and this could be due to assessment procedures as well as individualized feedback from 

the assessment. Moreover, Welch’s model (1985) lends itself to the hypothesis that real-

time feedback will be more helpful for singers and sight singers than a traditional model 

of imitation-response or what a single teacher can provide.  

In addition to providing individualized feedback in individualized ways, which 

can take into account a student’s learning style preference, computer technology may be 

able to act as a biofeedback mechanism in making students more aware of how to 

manipulate vocal productions of pitch and rhythm. Both auditory and visual biofeedback 

can reduce muscle tension (Gaudette, Prins & Kahane, 1983). Because sight singing 

already requires a certain amount of auditory processing, Baddeley’s working memory 

model suggests visual feedback can provide individualized and continuous real-time 

feedback as a student is sight singing while not overwhelming his or her auditory 
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processes (Brooks, 1968; Goldstein, 2008). Therefore, the present study attempts to 

investigate this application of the different kinds of phonological loops with the different 

types of information processing required by the cognitively complicated task of sight 

singing. Moreover, certain kinds of visual feedback displays could be much more 

accessible for beginning students to use as feedback before they have acquired an ear for 

tonality. Some research suggests individualized visual feedback for singers is most useful 

at the immediate onset or for beginners (Rossiter, Howard, & DeCosta, 1996). 

 The current study investigated the efficacy of providing individualized real-time, 

visual feedback for beginning music theory students via the Singing Coach computer-

assisted musical instruction program. Singing Coach has been used to improve reading 

levels of middle school students (Biggs et al., 2008), but no previous scholarship has 

demonstrated its ability to improve musicianship. Additionally, studies evaluating the 

effectiveness of various visual or computer-delivered feedback systems have focused on 

various musicianship qualities, including much emphasis on singing, but not sight 

singing. The current study addresses this lack of scholarship with regards to sight singing 

and computer-assisted, individualized, visual feedback. In this study, half of the students 

comprised a control group and used traditional auditory feedback provided by Singing 

Coach; the other half comprised an experimental group and used real-time visual 

feedback provided by Singing Coach. The visual feedback included sheet music overlaid 

with a real-time, blue pitch tracking line of the individual’s own vocal pitch. When a 

student was sharp, the blue line passed above the note head. Similarly, when the student 

was flat, the blue line passed below the note head. The auditory feedback included 

sounding of the correct pitches by the computer program, in an attempt to reproduce 



SIGHT SINGING WITH INDIVIDUALIZED FEEDBACK 

 19 

traditional learning experiences similar to a choral or group sight singing condition. It 

was hypothesized that students using the experimental, individualized, visual, real-time 

feedback system would improve in their sight singing performance more than students 

using the traditional, group-simulated, auditory feedback system.  

Methods 
 

Participants 

 

 Participants were 20 students (15 female, 5 male), ages 18 to 22. One student was 

identified by the course professor as having absolute perfect and was not included in the 

statistical analyses, leaving a final sample of 19 students. All participants were enrolled 

in the beginning music theory class at a small, public, liberal arts honors college in South 

West Florida. Participants had 1-15 years of instrumental or vocal music training and 0-6 

previous semesters of music theory.  

Materials 

 

 The sight singing class pre-test, which was also used to help form the two 

feedback treatment groups (traditional auditory and experimental visual), consisted of 

individual appointments with the instructor in which the student was given a relatively 

simple melody to sing, approximately one minute of preparation time, a chance to 

rehearse the scale, and the starting pitch. This was also the same format, with an 

additional melody added, used in the class sight singing tests performed midway through 

the study, at the end of the study, and approximately six weeks later at the end of the 

semester. In the final test, students also repeated the exact pre-test melody used in the 

original pre-test. When students were required to sing two melodies for a test, they were 

given 2-4 different possibilities about a week prior to the test to practice and then would 
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be assigned one of the practice melodies at random to sing at the test; they would also 

sing a new, unprepared melody. The prepared melodies were assigned out of the class 

textbook, “Music for Sight Singing 5
th
 edition” (Benjamin, Horvit, & Nelson, 2009), and 

the unprepared melodies were taken from Berkowitz (1997). Only the unprepared, non-

familiar material from the individualized sight singing class tests was analyzed in the 

final analysis, with the exception of the very last test which had students repeat the 

original melody from the pre-test they had only experienced fourteen weeks ago.  

 The software used to provide the real-time feedback was an E-Learning product: 

Carry A Tune Technology’s Singing Coach Ultimate Edition. The microphone headset 

included featured stereo sound, an adjustable microphone boom, 105 db/mW sensitivity 

level, 32 ohm (1Khz) impedance, and 8 to 22,000 Hz frequency response. Students were 

instructed to place the microphone about two finger’s width from their mouths.  

 All melodies used with Singing Coach were taken from Berkowitz’s (1997) “A 

New Approach to Sight Singing.” All melodies selected were in a major key because the 

students would not be introduced to minor scales until shortly before completion of the 

study. When implemented into the SC program, additional notes were added at the 

beginning that formed at least part of the key scale of that melody. Traditional 

pedagogical practices usually allow students to hear and/or sing the scale before singing 

the melody as it primes the student’s ear for the appropriate tonalities. Thus, every 

melody that the students sang in Singing Coach, and for which they received a score 

representing their pitch and rhythmic accuracy, actually consisted of the scale of the key 

that the melody was in as well as the melody itself. Melodies were prepared and modified 

in Finale 2008 and then transferred as midi files into Singing Coach. Some melodies were 
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modified to include extra rests as the SC software program would deduct points from 

scores if students stopped to take a breath during a place in which a note was supposed to 

be sustained. The standard four-measure phrase was used as a guideline for maximum 

breath length.   

 The Singing Coach software program comes with various features and settings. 

Students used the “sheet music view” exclusively for the purposes of the study. A student 

could put any melody in a range that was comfortable for his or her voice. The program 

provided a score from 0 to 100 based on singing performance of pitch and rhythm for 

every trial. Auditory feedback provided by Singing Coach consisted of the software 

program playing the melody along with the student as he or she practiced sight singing it. 

Visual feedback provided by Singing Coach consisted of the software program displaying 

the student’s sung pitch in real-time in a continuous blue line on the screen and overlaid 

appropriately onto the sheet music on the screen. If the blue line passed above the target 

note head, then the sung pitch was sharp, and similarly if the blue line passed below the 

target note head, then the sung pitch was flat. All students received rhythmic feedback 

during all trials while using Singing Coach via a metronome provided by the software 

program.  

 Each group of 10 students practiced together in the laboratory classroom with five 

rows of five computers. Table 1 shows a seating chart of the laboratory set up. The other 

group meanwhile attended one of a twice weekly Aural Skills TA session, where they 

went over sight singing in a group, harmonic and melodic dictation, and reviewed class 

material. Because of set up time required, the auditory-feedback group always went to the 

Singing Coach sessions first, and the visual-feedback group went to the TA session first. 
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After approximately twenty-five minutes, the two groups switched. In the SC lab, white 

and brown noise, which maintain equal intensity across frequencies, from 

freewhitenoisemp3.com played on adjacent computers not being used by students and 

provided sound buffers between students. The two different kinds of masking noise were 

used to create a stronger sound buffer. Students who missed that week’s session attended 

a semi-private or private make-up session later in the week, and all students were able to 

complete each week’s practice session before the next Tuesday’s group session.  

 

Map of Seating Chart for Singing Coach Lab Sessions 

 

 

1a (student) 

 

White (noise buffer) 

 

White 

 

4a 

 

White 

Brown 7a Brown Brown 10a 

11a White White 14a White 

Brown 17a Brown Brown 20a 

21a 

 

White 

 

White 

 

24a 

 

White 

 

Table 1.  

 

The seating chart shows five rows of five computers. Numbered seats show where 

students are located. Other stations were used for white and brown noise buffers. 

 

Procedures 

Students were match-paired on the basis of age, gender, learning style, and a 

preliminary sight singing pre-test, and randomly assigned a feedback condition (auditory 

or visual) for learning to sight sing such that the two groups had a roughly equal make-up 

of musical background, age, gender, and learning styles. The first group was given 

auditory feedback for the duration of the study, while the second group was given visual 

feedback for the duration of the study. Table 2 presents the average sight singing pre-test 

score, learning style score, age, gender, years of music training, semesters of theory, and 
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theory enrollment quiz score for each group. The sight singing pre-tests were recorded 

and then distributed to three music professors in the department, including the course 

instructor. Personal identifiers were removed from the recordings before being 

distributed. The professors gave a rating from 1 (least accurate) to 5 (most accurate) for 

pitch performance. All ratings of individualized class tests were only ratings of pitch, 

whereas scores generated by Singing Coach effectively evaluated both rhythm and pitch. 

Age, gender, years of music training, and semesters of theory taken previously were 

obtained via self-reports from the students. The learning style score was generated with a 

modified self-report scale questionnaire developed by Barsch (2009).  

 

Item Mean Scores for Traditional Auditory and Experimental Visual Feedback Groups 

 

Musical Background Item 

 

Traditional Auditory 

Feedback Group 

Experimental Visual 

Feedback Group 

Sight singing pre-test (1-5) 2.62 3.21 

Learning Style Score 

0=auditory, 1=visual 

.625 .78 

Age 18.7 19.4 

Gender (0=male, 1=female) .7 .8 

Years of Training 7.2 6.05 

Semesters of Theory .4 1.1 

Theory enrollment quiz (0-5) 2.2 2.09 

Table 2.  

The sight singing pre-test was rated by three music professors on a scale of 1-5, and the 

three ratings were averaged together. This sight singing pre-test was used to help form 

the groups as well demonstrate improvement on the same difficulty-controlled melody 

from the beginning to the end of the semester. The learning style score was derived from 

the auditory and visual scores from the Barsch Learning Style Questionnaire. The mean 

number of years of training and semesters of theory reported for each group was derived 

from a self-report questionnaire that students filled out at the beginning of their music 

theory class. The theory enrollment quiz was given prior to the start of the class to help 

students determine their level of preparation for handling material in the course.  

 

 All students spent approximately 30 minutes a week for eight consecutive weeks 

using Singing Coach to practice sight singing with four melodies, with the exception of a 
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one week break for the school’s scheduled fall break in which no classes were held. 

During the first two weeks, students sang each melody six times using their assigned 

feedback. In the third week, a mini post-test for each melody, i.e., 7
th
 sight singing trial, 

was implemented. In a “sight singing/performance” trial, all students received no 

feedback, using the binders over the computer to prevent themselves from seeing the 

pitch tracking line. In the fourth week a mini pre-test for each melody, a “zero” sight 

singing trial, was implemented bringing the total number of times that students sang each 

of the four melodies up to eight. During the first four weeks students were asked to sing 

all melodies on a neutral syllable such as “la.” In continuing to complement the 

curriculum in the music theory class and in keeping with accepted sight singing 

pedagogical practices, students were asked to use solfège in weeks five through eight. As 

this was difficult for some students, they were instructed to sing any pitch on “la” if they 

could not remember to sing the solfège syllable in time with the music. In week six, 

students were told to change the tempo setting in the software program from 120 to 110, 

to allow the students more time to integrate the different components of the task 

(breathing, rhythm, solfège, and pitch), but it was not possible to determine if all students 

used the same new tempo setting for all four melodies, so for the last two sessions the 

procedure reverted to the 120 tempo as a default. Only scores from the Singing Coach 

pre-tests (i.e., from the zero trial or very first run-through of a melody) and Singing 

Coach post-tests (i.e., from the seventh trial or very last run-through of a melody) were 

used in the final analysis of melodies in the Singing Coach lab sessions. 

Because the auditory feedback group was only supposed to use exclusively 

auditory feedback, and because SC would not provide a performance score without 
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having the visual pitch tracker line present, the auditory feedback group utilized binders 

with the appropriate sheet music. These binders could be easily placed in front of and 

taken off of the computer screen monitor. SC allows one to place a melody in a range that 

is comfortable for the singer, and students were encouraged to use this feature. In doing 

so, the computer version of the sheet music would be transposed to whatever range they 

chose. Their options were soprano, alto, tenor, bass, and baritone. Students in the 

auditory feedback group, however, since they were viewing paper copies of the sheet 

music rather than the computer copy, did not view transposed music, but they did hear 

the transposed accompaniment when their feedback played. Relationships among pitches 

were preserved in this setting, and students were familiar with transposition methods 

since they were taught and encouraged to use the moveable doh pedagogy of sight 

singing throughout their music theory course. The visual feedback group was able to 

view the computer screen during practice trials, but also utilized the binders with paper 

copies of the sheet music for the pre- and post- sight singing tests with every melody. 

Students noted the scores they received after performing each melody and, starting in the 

second session of the study, wrote them down. 

 All 20 students sang four melodies each week. There were no order effects from 

the melodies, F(3) = .17, p = .92, meaning students were just as likely to do equally well 

on the first, second, third, and fourth melodies practiced in each session. For all Singing 

Coach analyses, each student contributed a “mean score” from the average of the pre-test 

and post-test scores from the four different melodies.  
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Individual Class Test Ratings 

Students engaged in regular individual sight singing tests in weeks zero (class pre-

test), five (second class test), nine (third class test), and fourteen (class post-test or 

retention test) by scheduled appointment with the music theory professor. These sessions 

were recorded and scored on a scale of 1 (not accurate) - 5 (extremely accurate) for pitch 

accuracy by members of the music department faculty. With the exception of the original 

pre-test, students performed two melodies at each test, the professors gave a separate 

rating for each melody performance, and the ratings for the unfamiliar melodies were 

correlated using a Pearson correlation. Only unfamiliar melody scores were analyzed as 

they were the only accurate assessments of sight singing. The correlations between the 

professors were very high, so all ratings were averaged to get a single performance rating 

for each student for each test. In the class pre-test, the correlation between the first and 

second professor was r = .95, p = <.0001, the correlation between the second and the 

third professor was r = .92, p = <.0001, and the correlation between the first and the third 

professor was r = .95, p = <.0001. A test of internal consistency for the pre-test gave a 

high Cronbach’s alpha, ! = .975. In the second class test, the correlation between the 

second and third professor was r = .96, p = <.0001. A test of internal consistency for the 

second class test gave a high Cronbach’s alpha, ! = .982. In the third class test, the 

correlation between the second and third professor was r = .85, p = <.0001. A test of 

internal consistency for the third class test gave a relatively high Cronbach’s alpha, ! = 

.9. In the class post-test (retention test), the correlation between the first and second 

professor was r = .89, p = <.0001, the correlation between the second and third professor 

was r = .68, p = <.003, and the correlation between the first and third professor was r = 
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.74, p = <.0007. A test of internal consistency for the fourth and last class test also gave a 

relatively high Cronbach’s alpha, ! = .909. 

Outside Practicing 

 Students were also regularly assigned melodies for practicing sight singing from 

Benjamin (2009) and would go over those melodies at many of the Aural Skills sessions 

with the course teaching assistants. Midway through the study, and again at the end of the 

study, students were asked to estimate approximately how much time per week they spent 

outside of the study Singing Coach sessions practicing sight singing on their own. Many 

students reported a range rather than an average, so the midpoint of the range was used 

for statistical analysis. There was no significant difference between the average outside 

practice times for the auditory and visual feedback groups in either the first half, t(17) = 

.4, p = .69, or the second half, t(17) = .45, p = .66, of the course. The auditory group 

practiced sight singing outside of class for an average of 54.06 (SD = 32.82) minutes a 

week for the first half of the study, and 66.39 (SD = 56.17) minutes a week for the second 

half. The visual group practiced sight singing outside of classes for an average of 47.75 

(SD = 35.58) minutes a week for the first half of the study, and 55 (SD = 54.67) minutes a 

week for the second half. Students did not have access to Singing Coach outside of the 

study lab sessions. 

Melody Difficulty Level 

 The melodies used during the SC practice sessions were rated for difficulty level 

by three professors from the school’s music department. In complementing class 

curriculum, the melodies were supposed to increase gradually in difficulty across each 
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week’s session. Paper copies of all the melodies in a randomized order were rated from 1 

(least challenging) to 5 (most challenging) by each music professor.  

 A session or week’s difficulty level was derived by averaging the difficulty level 

rating for the four melodies used in the same session, resulting in 8 average difficulty 

ratings for the 8 weeks in the study. The Pearson correlation for the first and second 

professor was r = .78, p = <.0001, for the second and third professor, r = .68, p = <.0001, 

and for the first and third professor, r = .87, p = <.0001. Given the strength of the 

correlations between the professors, the ratings from the three professors were averaged. 

A test of internal consistency for the three different sets of ratings gave a high 

Cronbach’s alpha, ! = .912. The correlation between week and Singing Coach melody 

difficulty level, r = .85, p = .007, indicated that, as intended to complement course 

curriculum, the melodies increased in difficulty throughout the study. Figure 3 displays 

the increase in difficulty level of the melodies used in the Singing Coach lab session. 

Graph of SC Melody Difficulty Level 
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Figure 3.  

The difficulty level of the melodies increased over the study.  
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Accounting for Learning Styles 

Having approximately equal numbers of auditory and visual learners in the 

auditory and visual feedback groups controlled for individual learning style preferences. 

A modified form of Barsch’s (2009) learning style questionnaire, included in Appendix 

A, was used to determine a student’s learning style as either auditory or visual. Questions 

pertaining to kinesthetic, tactile learning were omitted, leaving sixteen statements, half of 

which determined tendency towards being a visual learner with a score from 8-40 while 

the other half determined tendency towards being an auditory leaner with a score from 8-

40. A statement pertaining to auditory learning might be “I can remember more about a 

subject through listening than reading.” A statement pertaining to visual learning might 

be “I feel the best way to remember is to picture it in my head.” The questions were 

intermixed on the survey.  

Students were designated as auditory learners if they had higher scores on the 

auditory scale than the visual scale in the Barsch Questionnaire, and vice-versa for visual 

learners. These designations were used to help assign students to a particular feedback 

group. If an auditory-learner student was in the auditory treatment during the Singing 

Coach sessions, then he or she was in the “congruent” learning style condition. If the 

auditory-learner was in the visual treatment, he or she was in the “incongruent” learning 

style condition. Students in the congruent learning style condition used feedback that 

matched their designated learner-style preference. Students in the incongruent learner 

style condition used feedback that did not match their designated learner-style condition. 

Two students had exactly equal auditory and visual learner scores from the Barsch 

questionnaire. One student had both an auditory and visual score of 30 points on the 8 - 
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40 point scale and the other with both an auditory and visual score of 24 points on the 8 - 

40 point scale, so they were not included in the learning style analysis. There were a total 

of 10 students in the congruent group and 7 students in the incongruent group. Table 3 

presents the number of auditory and visual learners in each feedback group. 

Constitution of Individual Learning Preferences in Feedback Conditions 

 Auditory Learner Visual Learner 

Auditory Feedback Congruent (3) Incongruent (5) 

Visual Feedback Incongruent (2) Congruent (7) 

Table 3. 

Students in a feedback condition which matched, or was congruent to their learning style 

were in a congruent learning style condition. There 10 students in the congruent condition 

and 7 students in the incongruent condition.  

 

This method did appear to control for learning style preference on sight singing 

measures. There were no significant differences in sight singing performance on Singing 

Coach pre-tests between the congruent and incongruent learning style groups in weeks 

four through eight. Table 4 presents the means and standard deviations of SC sight 

singing pre-tests each week for the two different learning style groups. Figure 4 shows a 

graph of the mean Singing Coach sight singing pre-test scores for congruent and 

incongruent groups.  
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 Mean Singing Coach Session Scores During Sight Singing Pre-test Trials for Learning 

Style Groups 

 

Week 

 

Incon Group 

 

Con 

 Mean SD Mean SD 

Four 31.57 18.82 30.40 23.16 

Five 19.86 11 24.1 12.84 

Six 37.86 20.73 34.9 17.33 

Seven 31.14 15.72 32.48 16.02 

Eight 22.36 14.43 24.48 16.88 

  Table 4.  

 

*Significant difference between congruent and incongruent group at p < .05, two tailed t-

tests. There were none. 
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Figure 4. 

 

*Significant difference between congruent and incongruent group at p < .05, two tailed t-

tests. There were none. 

 

 There was also no significant difference for the incongruent and congruent groups 

in the class pre-test (I: M = 3.03, SD = 1.3; C: M = 2.97, SD = 1.54), t(12) = .06, p = .95, 

second class test (I: M = 3.61, SD = 1.31; C: M = 2.85, SD = 1.4), t(15) = 1.13, p = .28, 

and third class test (I: M = 2.61, SD = 1.57; C: M = 2.23, SD = 1.18), t(15) = .57, p = .57. 

The graph in figure 5 shows the average class test scores by Learning Style condition. 
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Graph of Average Class Test Scores by Learning Style condition 
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Figure 5. 

 

*Significant difference between congruent and incongruent group at p < .05, two tailed t-

tests. There were none. 

 

Results 

Individual Class Test Results 

To determine whether students had improved their sight singing abilities during 

the course, a matched pairs t-test was conducted separately for each feedback group. The 

experimental visual feedback group improved significantly in sight singing performance 

from the pre-test to the post-test, t(7) = -2.39, p = .048, whereas the traditional auditory 

feedback group did not, t(7) = -1.37, p = .21. Figure 6 shows the sight singing 

improvement over time of the two feedback groups.  

Expert 

Ratings 

(1-5) 
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Graph of Sight Singing Improvement for Visual and Auditory Feedback Groups 

Throughout the Course. 

2.62

3.233.21

3.95

0

1

2

3

4

5

Cl Pre 1 Cl Post 4 (repeat of first

melody 14 weeks later)

E
x
p

e
rt

 R
a
ti

n
g

s
 (

1
-5

)
Auditory

Visual*

 

Figure 6.  

 

*Significant difference between auditory and visual group at p < .05, two tailed matched 

paired t-test. Only the visual group significantly improved from test 1 to test 4.  

 

There were no significant performance differences in pitch accuracy between the 

auditory feedback and visual feedback groups in the expert ratings of non-familiar 

melodies given in the individualized sight singing class tests, as shown in Figure 7 for the 

class pre-test (A: M = 2.62, SD = 1.26; V: M = 3.21, SD = 1.39), t(14) = -.88, p = .39, 

second class test (A: M = 3.39, SD = 1.38; V: M = 3.03, SD = 1.46), t(17) = .56, p = .58, 

and third class test (A: M = 2.2, SD = 1.09; V: M = 2.5, SD = 1.47), t(17) = -.46, p = .65. 
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Figure 7.  

*Significant difference between auditory and visual group at p < .05, two tailed t-test. 

There were none. 

Expert 

Ratings 

(1-5) 



SIGHT SINGING WITH INDIVIDUALIZED FEEDBACK 

 34 

Students also repeated the original pre-test melody they sang in the first class test 

fourteen weeks later in the class post-test. There was no significant difference between 

the traditional auditory and experimental visual group in sight singing performance on 

this last fourth post-test, (A: M = 3.23, SD = 1.1; V: M = 3.95, SD = .96), t(14) = -.14, p = 

.18. Note that these are the same ratings used in the matched paired t-test to determine 

overall sight singing improvement. Figure 8 shows a graph of the mean ratings for both 

groups on the individualized class post-test.  
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Figure 8. 

 

*Significant difference between auditory and visual group at p < .05, two tailed t-test. 

There were none. 

 

Singing Coach Sessions 

 There was no significant difference between feedback groups in sight singing 

performance on the Singing Coach pre-tests in weeks four through eight. The mean SC  

scores for the traditional auditory and experimental visual feedback groups on the pre-

tests are presented in Table 5, and the graph of the means is presented in Figure 9. 
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Mean Singing Coach Session Scores During Pre-test Trials 

Week 

 

Auditory Feedback Group 

 

Visual Feedback Group 

 Mean SD Mean SD 

Four 29.39 15.41 31.65 23.72 

Five 20.44 11.03 22.8 12.44 

Six 32.39 7.94 38.08 23.01 

Seven 32.92 13.26 28.75 17.03 

Eight 21.97 12.44 24.26 17.01 

   

Table 5. 

*Significant difference between auditory and visual group at p < .05. There were none. 
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Figure 9. 

 

*Significant difference between auditory and visual group at p < .05, two tailed t-test. 

There were none. These pre-test scores were an average of the Singing Coach ratings of a 

student’s performance on sight singing the four melodies for the first time each week. 

 

Singing Coach Memorized Melodies 

While not a measure of pure sight singing abilities, singing post-test scores were 

also generated and recorded by Singing Coach after the students had practiced a melody 

with their assigned feedback. On the Singing Coach post-tests, the auditory feedback 

group performed significantly more accurately than the visual feedback group in weeks 
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four, six, and seven, as seen in Table 6. Figure 10 shows the average post-test Singing 

Coach scores for the two groups. 

Mean Singing Coach Session Scores During Post-test Trials 

Week 

 

Auditory Feedback Group 

 

Visual Feedback Group 

 Mean SD Mean SD 

Three 40.47 23.74 38.63 23.13 

Four* 69.17 14.48 44.65 25.76 

Five 51.03 13.18 36.21 18.44 

Six* 65.08 11.24 47.6 21.04 

Seven* 58.33 11.31 38.83 19.91 

Eight 49.69 17.71 34.9 19.54 

  Table 6. 

*Significant difference between auditory and visual group at p < .05, two tailed t-tests. 

These post-test scores were an average of the Singing Coach ratings of a student’s 

performance on singing the four melodies for the last time each week. 
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Figure 10. 

*Significant difference between auditory and visual group at p < .05, two tailed t-tests. 

The auditory group significantly outperformed the visual group on performance of the 

singing coach melodies after practicing them with feedback in weeks four, six, and seven. 
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Discussion 

Sight singing is a very difficult skill to learn. Indeed, in the population used in the 

current study, students were not required to meet a certain level of sight singing ability at 

any point during the course, but were encouraged to make progress throughout, 

competing with their own previous level of sight singing ability. One researcher 

suggested students need more than a year to learn this task (Henry, 2004). Nevertheless, 

the current study examined the progress of beginning theory students learning to sight 

sing across a semester. Previous research suggested that individualized (Henry & 

Demorest, 1994; Demorest, 1998), real-time (Welch, Howard & Rush, 1989), visual 

(Brooks, 1968; Goldstein, 2008) feedback may be a better system for learning to sight 

sing than traditional, group, auditory feedback. The current study supports this 

hypothesis. 

Students from both the experimental visual feedback group and the traditional 

auditory feedback group had higher mean ratings of pitch performance the second time 

they sang the original pre-test melody in week fourteen compared to the first time they 

sang it in week one. However, only the experimental visual feedback group significantly 

improved from the first class pre-test to the final class post-test, suggesting that 

individualized, real-time, visual feedback is more effective for teaching beginning sight 

singing students to improve their sight singing than traditional auditory feedback.  

Individual feedback allows students to focus on their own learning progress. In a 

traditional sight singing setting, students sing in a group, and often with the teacher. This 

changes the sight singing setting into that of a choral setting where stronger voices or 

those who already know the musical material can lead the group. A choral group’s 
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superior performance is not necessarily indicative of high sight singing achievement by 

every member of the group (Henry & Demorest, 1994; Demorest, 1998). In a group 

setting, the followers may not have time to attempt their own guess at what comes next, 

or sometimes cannot even hear their own voices, so they do not develop the strategies and 

skills necessary for sight singing performance. Students using auditory feedback from 

Singing Coach to practice sight singing melodies were probably more likely to memorize 

the melody before they had spent a significant amount of time actually practicing sight 

singing. The data from this study support the hypothesis that if students practice sight 

singing individually, they can monitor their own progress, and develop the strategies and 

skills required for superior performance. Additionally, individualized feedback provided 

by computer technology is not only cost-effective, but time-effective as it can allow 

students to rehearse without the scheduling conflicts of getting a group together. Real-

time feedback can also decrease the time required for students learning to sight sing 

(Welch, Howard & Rush, 1989). By providing feedback in a way that is accessible for the 

student at the same time that s/he is attempting a response, real-time feedback allows a 

student to receive more feedback in a single time frame than if s/he were not using real-

time feedback.  

In past scholarship on learning styles (Renou, 2009; Leutner & Plass, 1998; 

Korenman & Peynircioglu, 2007; Hagen, 2001; Campbell, 1991; Burns, 1999; Barsch, 

2009), researchers have focused on how an individual’s preferred style interacts with the 

presentation style of the information presented. In the area of music, especially sight 

singing, the presentation style is often fixed in the auditory mode. The current study 

controlled for learning styles, and found that a student’s preference had no statistically 
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significant effect on sight singing performance. However, cognitive research has 

demonstrated that learning new information in one modality (e.g., vision), makes 

rehearsal in a second modality (e.g., aural) easier. In this study, students in the 

experimental, visual group received new feedback information via the visual pitch 

tracking line, as they were attempting to practice their knowledge of ear training and 

tonalities while sight singing the melody. In addition, in the second half of the Singing 

Coach lab sessions, they were also required to use solfège. Both verbal and auditory 

processing then were being conducted in the phonological loop of Baddeley’s working 

memory model as new information came in from the visuospatial loop. According to this 

model, data from the current study supported the hypothesis that if the students’ central 

executive can distribute resources between the two processing loops, the students will 

perform better on their sight singing tasks (Brooks, 1968; Goldstein, 2008).  

Interestingly, there were no significant differences between the traditional 

auditory feedback group and the experimental visual feedback group in sight singing 

performances on either the Singing Coach sight singing pre-tests throughout the study or 

the individual class tests, including the fourth and last post-test of unfamiliar melodies of 

increasing difficulty. It is not clear why this occurred, but it suggests interesting questions 

to address in future research. For example, would other feedback modality systems or a 

combination of feedback systems be even more effective for sight singers than single 

forms of feedback? To examine this question, an identical study could be conducted, but 

with the addition of two groups: one which practices with a kinesthetic feedback system 

that allows students to feel exactly where they are placing or how they are shaping the 

pitch, and another group which uses both the kinesthetic and visual feedback forms. 



SIGHT SINGING WITH INDIVIDUALIZED FEEDBACK 

 40 

Since both of these feedback forms fall under the phonological loop in Baddeley’s 

working memory model, a logical hypothesis would be that, alone, each alternative 

feedback modality would benefit sight singers significantly more than auditory feedback. 

However, it would be interesting to see if both forms of alternative feedback combined 

would be even more helpful for sight singers by giving them even more information, or if 

too much information from the phonological loop would be overwhelming. Future 

research may want to look into the development of kinesthetic feedback system for sight 

singers.  

A possible limitation of the current study was that even though the student 

identified with absolute pitch was not included in statistical analyses, that student was 

still included in the actual auditory group during the Singing Coach lab sessions - and 

could theoretically be heard and followed by the rest of the students singing in the same 

room. In fact, any of the students could have had an impact on other students in the room. 

However, following a single voice in a room full of ten or less could be difficult, as all 

student voices intermingled into one big sound. Students sang through the melodies at 

their own pace, so they were not necessarily singing the same melodies at the same time. 

Moreover, all students wore headphones, and there was a high level of both white and 

brown noise permeating the room from interspersed computer stations. With these 

experimental controls set in place, it is unlikely that one student influenced the Singing 

Coach scores of all the other students, however, future studies should attempt to control 

for this kind of social factor when researching music performance by treating and 

assessing students in individual soundproof settings. 
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In the Singing Coach weekly post-test trials, the auditory group significantly 

outperformed the visual group in accurately singing the assigned melodies in weeks four, 

six, and seven. This difference indicates that having a computer or other authoritative, 

external source providing the correct pitch and rhythm while the student practices is more 

effective for learning a melody than having the student manipulate his or her own 

internally-produced visual pitch line, at least for beginning theory students. This may in 

turn help explain why large numbers of choral directors focus on group singing (Henry & 

Demorest, 1994; Demorest & May, 1995; Yarbrough, Orman, & Sheri 2007), as they 

may be more interested in the production of a rehearsed song. Festivals and competitions 

that adjudicate based on group achievement can motivate teachers and students to focus 

on group achievement. Even if that is not the most effective method for individual sight 

singing, data from this study suggest that group practicing of singing or sight singing can 

be highly effective for group performance.  

 Overall, this study investigated the effects of individualized visual and traditional 

auditory feedback from computer-assisted musical instruction on beginning music theory 

students’ sight singing ability over time. The results of the study demonstrated that only 

students using individual, visual, real-time feedback significantly improved in sight 

singing ability across the course. Cost-effective computer programs like Singing Coach 

are a very useful and flexible tool in the music theory classroom for students and teachers 

and allow students to choose and work with various forms of beneficial feedback. Future 

research should continue to evaluate real-time feedback programs, especially for the 

individual sight singer, so that students can take advantage of these useful methods of 

musical instruction. 
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Appendix A 
 

Barsch Learning Style Questionnaire 

 

 

BARSCH LEARNING STYLE INVENTORY 

 
Please check the appropriate line after each statement. 

 

 
 

 
Often Sometimes Seldom 

1. 
 

Can remember more about a subject through listening 
than reading. 

         

2. 
 

Follow written directions better than oral directions.          

3. 
 

Like to write things down or take notes for a visual 
review. 

         

4. 
 

Bear down extremely hard with a pen or pencil when 
writing. 

         

5. 
 

Require explanations of diagrams, graphs or visual 
directions. 

         

6. 
 

Enjoy working with tools.          

7. 
 

Are skillful with and enjoy developing and making graphs 
and charts. 

         

8. 
 

Can tell if sounds match when presented with pairs of 
sounds. 

         

9. 
 

Remember best by writing things down several times.          

10
. 
 

Can understand and follow directions on maps.          

11
. 
 

Do better at academic subjects by listening to lectures 
and tapes. 

         

12
. 
 

Play with coins or keys in pocket.          

13
. 
 
 

Learn to spell better by repeating the letters out loud 
than by writing the word on paper. 

         

14
. 
 
 

Can better understand a news article by reading about it 
in the paper than by listening to radio. 

         

15
. 
 

Chew gum, smoke or snack during studies.          

16
. 
 

Feel the best way to remember is to picture it in your 
head. 

         

17
. 
 

Learning spelling by “finger spelling” the words.          

18 Would rather listen to a good lecture or speech than read          
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BARSCH LEARNING STYLE INVENTORY 

 

Please check the appropriate line after each statement. 

 
 

BARSCH LEARNING STYLE INVENTORY 

SCORING PROCEDURES AND EXPANATIONS 
 

SCORING PROCEDURES 

 

OFTEN = 5 POINTS   SOMETIMES = 3 POINTS  
 SELDOM = 1 POINT 

 

Place the point value on the line next to its corresponding item number.  Next and the 
points to obtain the preference scores under each heading. 

 

Visual Auditory Tactual 

No. pts No. pts No. pts 

2   1   4   

3   5   6   

7   8   9   

10   11   12   

14   13   15   

16   18   17   

20   21   19   

22   24   23   

         

         

  VPS   APS   TPS 

 
VPS = Visual Preferences Score 

APS = Auditory Preferences Score 

TPS = Tactual Preferences Score 
 

 

If you are a VISUAL LEARNER, that is, you have a high visual score, then by all means 
be sure you see all study materials.  Use charts, maps, filmstrips, notes and flashcards.  

Practice visualizing or picturing spelling words, for example, in your head.  Write out 

everything for frequent and quick visual review.  It is obvious you learn best when you 

SEE things… make it a point to see things. 
 

If you are an AUDITORY LEARNER, that is, have auditory score, then be sure to use 

tapes.  Sit in the front of the lecture hall or classroom where you can hear best and can 
review them frequently.  Tape your class or lecture notes.  After you read something, 

summarize it on tape or out loud.  Verbally review spelling words, lectures or test 

material with a friend. 
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If you are a TACTUAL LEANER, that is, have a high tactile score, trace words, for 
example, as you are saying them.  Facts that must be learned should be written several 

times.  Keep a supply of scratch paper just for that purpose.  Taking and keeping lecture 

notes will be very important. 

 
As a result of this learning inventory what do you think you can do to strengthen your 

learning?  Give yourself some examples. 
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Appendix B 
 

 

Picture of Singing Coach Lab 
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Appendix C 
 

Instructions 

 

 

 Singing Coach Instructions Both Groups 

 

 
1. If Singing Coach is not open, please open it.  

2. If you are not signed in already, please sign in as user1a. 

3. Select sing songs from the menu in the center of the screen, or go to “select,” and click 

on “sing.” 

4. Click on the “singing selection” oval at the top of the screen to select your song. 

5. Click on the “imports” tab. 

6. Click on the melody you wish to sing. Each week you will be asked to sing four 

melodies. Please do them in order. The melodies will become more challenging 

each week, and should complement your studies in the rest of your music theory 

class.  

7. Make sure you are in sheet music view. You can click on the center circular button at 

the row of buttons on the top left to switch from graphic to sheet music view, or 

you can go to view, main display, sheet music view. 

8. Click on the “vocal range” oval at the top and select one of the four vocal ranges 

(bass, baritone, tenor, alto, soprano) which best describes your vocal range. If 

you’re not sure, ask! 

9. Check that the skill level (top right) is set to beginner. 

10. At the bottom of the screen are a row of buttons. Make sure that “accompaniment” is 

turned off. It should have a red circle slash over it. Make sure that “metronome” 

is on.  

11. Click on “options,” (top left) and go to “scoring.” Make sure that the “save prompt” 

and the “recent scores display” are both on. 

12. Make sure the tempo is set at 120. 
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13. At this point, you should cover the screen with the binder, and flip to the appropriate 

melody exercise. Make sure the binder covers all of the sheet music on the 

computer monitor.  

 

 Singing Coach Instructions Auditory Group 

 

 

1. When you are ready to sing, you will press ____________ on the keyboard. You 

will immediately hear your starting note (the tonic or “do” of the key). You will 

also get a full measure count off before the start of the written melody. There 

should also be a full measure of silence written on the sheet music at the 

beginning and end of each melody. So, you will hear your starting note and then 

actually have two measures of rest (in which you can match the starting pitch and 

take a nice deep breath) before you actually have to start singing.  

2. Sing! You can sing the melody on “la” or another vowel of your choice. Do your 

best !  

3. When you have sung through the melody, press __________________ on the 

keyboard.  

4. When you are ready, repeat these steps so that you sing the melody six times. 

5. After you have sung the melody six times, and pressed ______________ after the 

last time, then you can take the binder off the monitor.  

6. You may notice the 5 most recent scores at the top right of the screen which are 

the scores Singing Coach gave you for practices 2-6 on your most recent melody.  

7. Go to “singing selection” and “imports” to find your next melody, repeating 

these steps.  

8. After you finish all four melodies, and press ________ after the last time, you are 

done! Please sign yourself out. Click on the “home” circle (top left), and select 

sign in from the center menu. If you are finished early, you can grab a restroom 

break or read a book or something, but wait until both groups are ready to switch 

rooms altogether. Thank you! 
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 Singing Coach Instructions Visual-Feedback Group 

 

 

1. When you are ready to sing, click the red, circular “record” (bottom right) button. 

You will immediately hear your starting pitch. You will get a one measure count 

off before the metronome starts on the sheet music in front of you, which also 

includes a measure of rest before the melody actually begins. So, you hit record, 

you immediately hear your starting pitch and you will have two measures to 

match that pitch and take a nice deep breath. 

2. Sing! You can sing the melody on “la” or another vowel of your choice. Do your 

best !  

3. When you are finished a purple box will appear which asks if you want to save 

your score. Click “yes.” (very important!) You will also notice your score appear 

in the score box on the top right.  

4. Once you’ve saved your score. Click “clear.” This clears the screen for another 

attempt. 

5. When you are ready, click “record” to sing through the melody again. Repeat 

these steps so that you sing the melody six times. 

6. After you have sung the melody six times, and saved your score and cleared the 

screen for the last time, go to “singing selection” and “imports” to find your next 

melody. 

8. After you finish all four melodies, you are done! Please sign yourself out. Click on 

the “home” circle (top left), and select sign in from the center menu. Please 

unplug your headphones and place them neatly in the provided container. Check 

out with me and then you are free to go.  

 

 


