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Abstract

The purpose of this quantitative study was to examine the effects of computerized visual feed-
back provided by the SmartMusic interface on the sight-singing achievement of choristers (n = 77) 
from two suburban high schools. Using a matched group design, participants were assigned one of 
three groups: those who viewed feedback following their initial attempt, those who viewed feedback 
following their follow-up attempt, and those who did not view any feedback. Over a period of five 
weeks, choristers engaged in weekly sight-singing assessment sessions where they sight-sang a melody, 
reviewed that melody for 90 seconds, then sang that melody again. Results determined that while stu-
dents made significant improvements on a melody following a sight-singing attempt, those improve-
ments were not affected by feedback condition. These findings suggest that though feedback may 
be an important component in the development of sight-singing skills, the computerized feedback 
provided in this study was no more effective than receiving no feedback at improving sight-singing 
achievement. Furthermore, students were unable to transfer learning from practice with a click-track 
and note indicator to performance without these features so teachers should design summative as-
sessments to match the task presented during formative assessments. This technology may be best 
utilized to supplement sight-singing instruction but is unlikely to supplant the work of a quality teacher.
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The Effects of Computerized Feedback  
on Sight-Singing Achievement

The ability to sing a written melody at sight without the help of  an external pitch reference 
is an elusive task for novice and experienced musicians alike (Demorest & May, 1995; Killian 
& Henry, 2005; McLung, 2008; Petty & Henry, 2014). Chorus teachers value sight-singing 
skill development among their choristers and feel sight-singing instruction is an import-
ant component in the rehearsal process, though more directors believe in the efficacy of  
sight-singing instruction than actually teach it (Farenga, 2013; Myers, 2008; Potter, 2015; 
Von Kampen, 2003). Some choir directors believe the process of  learning sight-reading 
skills improves their choir’s overall intonation (Floyd & Bradley, 2006). Schools of  music 
have used sight-singing as a component for program admissions and proficiency as a require-
ment for graduation (Hime et al., 2014), though it is unknown how many schools have had 
sight-singing standards and how stringent these standards may be. In addition, adjudicated 
sight singing has also been a part of  festivals and honor ensemble auditions in the United 
States. Norris (2004) found that 24 states (48%) included a formal sight-singing requirement 
in state-level high school choral ensemble adjudications. Several studies (Brendell, 1996; De-
morest, 2001; Snider, 2007) have shown that the existence of  sight-singing at festivals tended 
to have a positive correlation with time teachers spent on sight-singing instruction.

Researchers studied the effectiveness of  different strategies for teaching and learning 
sight-singing, including pedagogy (Benton, 2002; Boisen, 1982; Killian, 1991; Kostka, 2000), 
systems (Brown, 2001; Demorest & May, 1995; Henry & Demorest, 1994; McClung, 2008), 
and the need for individual assessment (Demorest, 1998; Nolker, 2006). Though research 
on the use of  various methods and solmization systems is mixed, individual assessment was 
found to be an effective way to improve chorister sight-singing achievement.

Researchers have been interested in the efficacy of  technology as an assessment tool for 
several decades (Lorek, 1991; Ozeas, 1991; Platte, 1981) and advances have led to increased 
use of  computerized assessment in choral classrooms (Hawkins, 2018; Neilsen, 2013). Re-
searchers have also investigated the SmartMusic proprietary technology, including smart 
accompaniment and assessment features, as the focus of  several instrumental music stud-
ies, investigating such topics as motivation (Gurly, 2012; Perry, 2014), attitudes toward use 
(Owen, 2015; Walls et al., 2013), assessment (Buck, 2008; Karas, 2005), and achievement 
(Flanigan, 2008). Petty and Henry, (2014) found that the use of  technology for sight-singing 
assessment was found to be as effective as traditional methods and suggested, “While it was 
beyond the scope of  the current study, research should be conducted to determine whether 
the feedback provided through the software during individual practice can impact aural skill 
acquisition and error detection skills” (p. 27).

Feedback

According to Kulhavy and Wager (1993), feedback “designates any information that fol-
lows a response and allows a student to evaluate the adequacy of  the response itself ” (p. 3). 
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The study of  feedback has its roots in the work of  Thorndike (1927; 1933), who studied 
how simple “right” and “wrong” feedback to student responses could affect those respons-
es in subsequent trials. The psychologist Skinner and his study of  behaviorism built on the 
work of  Thorndike. Skinner (1965) believed that environmental stimuli either reinforced 
behavior or acted as punishment to diminish that behavior. Behaviorism was followed by 
the study of  cognitivism (Gagné et al., 1981; Kulhavy & Wagner, 1993) and constructivism 
(Jonassen, 1990; Karagiorgi & Symeou, 2005). Each of  these learning theories offered dif-
ferent perspectives but have all addressed the influence of  feedback on learning.

Education researchers also studied the timing of  feedback on learning outcomes and 
retention. In many cases, the timing of  feedback studied was either immediate or delayed 
by as much as 24 hours (Clariana, 2000; Nakata, 2015). In many cases, delayed feedback 
contributed significantly to memory retention over immediate feedback, though students 
preferred immediate over delayed feedback. When offered the option of  viewing delayed 
feedback, only 47% of  participants chose to do so (Mullet et al., 2014). Researchers have 
not studied the timing of  feedback within the context of  improving a sung melody after an 
initial attempt.

Within music education research, the effects of  learner knowledge of  results (KR) has 
been studied (a) within teaching sequential patterns (Price, 1992), (b) during piano perfor-
mance (Coffman, 1990; Banton, 1995), (c) on elementary voice development (Rutkowski 
& Miller, 2003; Welch, 1985), (d) while learning foreign language diction, (Steinhauer & 
Grayhack, 2000), (e) on success and failure attribution (Schmidt, 1995; Vispoel, & Austin, 
1993), and (f) on interval identification (Jeffries, 1967). The development of  pitch-recogni-
tion software makes an investigation into the efficacy of  computerized KR possible within 
a choral music context.

Real-time computerized visual feedback was used to study singing accuracy with varying 
results. Welch (1985) used real-time visual feedback and KR to assist elementary children 
in learning an echo singing task. Groups that reviewed feedback showed greater improve-
ment than control groups. Wilson et al. (2008) and Leong and Cheng (2014) found partic-
ipants who were presented concurrent visual feedback significantly improved their singing 
accuracy following a training period compared to participants who did not receive feed-
back. Paney and Tharp (2019) found no differences among groups in a similar study. How-
ard (2005) found visual feedback useful during a private voice lesson setting but cautioned 
against displays becoming over-complicated or ambiguous. Wilson et al. (2008) suggested 
using a hybrid mode of  instruction where teachers supplemented technology-based visual 
feedback with traditional methods. None of  these studies used visual feedback within a 
sight-singing context.

A meta-analysis investigated 1,609 studies on the effects of  feedback within a technol-
ogy-based learning environment (Van der Kleij et al., 2015). Of  primary interest in this 
analysis was a comparison of  different feedback types, including (a) knowledge of  results 
(KR) (correct or incorrect response indicated), (b) knowledge of  correct response (KCR) 
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(correct response indicated), and (c) elaborated feedback (EF) (explanation provided). The 
effect sizes of  KR and KCR feedback varied based on the complexity of  the learning task, 
with the higher-level outcomes having less effect. The effects of  EF were found to be much 
more substantial but the variety of  forms of  EF varied among studies. Despite feedback 
being considered an essential tool in education, results on the efficacy of  feedback have 
been mixed. When used solely to reinforce a correct response, feedback has not been found 
to affect achievement. Additionally, immediate feedback was effective with simple tasks but 
less effective in complex learning tasks (Kulhavy & Wagner, 1993). At the time of  this study, 
no literature was found examining either the role of  feedback as either KR or KCR in 
sight-singing achievement or the accuracy of  the sight-singing feedback provided by com-
puterized technology. 

The purpose of  this study was to investigate the effects of  feedback on sight-singing 
achievement, both within a sight-singing assessment session and following a series of  five 
sessions. I also sought to compare the accuracy of  the feedback available through the Smart-
Music assessment feature when compared to that of  an expert human rater. The following 
questions guided this inquiry:

1. Does the presence or timing of  feedback provided by the SmartMusic interface affect
student abilities to correct errors following a sight-singing attempt?

2. Does the presence or timing of  feedback provided by the SmartMusic interface affect
student sight-singing achievement following a five-week treatment period?

3. What is the reliability of  the feedback provided by the SmartMusic interface when
compared to human expert ratings?

Method
To isolate the effects of  computerized visual feedback on sight-singing achievement, this 

study utilized a matched-group, repeated-measure design to analyze within-session improve-
ment and a matched pretest, posttest design to compare differences in sight-singing abili-
ties following the treatment period. I manipulated the presence and order of  the feedback 
provided by SmartMusic. Within each session of  the treatment period (weeks 3-7), all par-
ticipants attempted identical melodies twice. The within-session feedback group received 
feedback indicating correct and incorrect responses following the first attempt while the 
post-session feedback group received visual feedback following the second attempt. The 
control group received no visual feedback from the SmartMusic interface. Melody singing 
attempts were recorded twelve times from each participant over a period of  nine weeks. See 
Figure 1 on the next page for a model of  the research design.

The intervention in this study was the visual feedback provided by the SmartMusic Classic 
computer application loaded on an iPad Pro (10.5-inch), iOS version 12.2 (16E227) with the 
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sight-singing instructional text, 90 Days to Sight Reading Success: A Singer’s Resource for 
Competitive Sight-singing by McGill and Stevens (2003). All melodies were eight bars in 
length in 4/4 time and included the notes of  the following durations: eighth, quarter, dot-
ted quarter, and half  (see Appendix A). All exercises began and ended on tonic and were in 
the following keys: G major, E-flat major, F major, and D major. Following a sight-singing 
attempt, participants in the within-session feedback (WSF) and post-session feedback (PSF) 
groups received visual feedback from the SmartMusic assessment feature (see Figure 2) that 
used a proprietary voice pitch-tracking algorithm. Participants in the no-feedback/control 
group (NFC) sang identical excerpts with the iPad microphone turned off, negating the 
SmartMusic feedback feature. Except for the presence of  feedback, the SmartMusic inter-
face looked identical for all participants. I used a GoPro HERO Session equipped with a 
64GB ScanDisk Micro SD card as an audio and screen capture device for data analysis. An 
additional audio capture device, Zoom H4n, Handy Recorder was attempted for redun-
dancy but was discontinued due to technical issues. No video recording made that included 
a participant’s likeness, and audio recordings did not include participant names. 

I established approval from the Institutional Review Board (IRB) at Northwestern Uni-
versity and obtained permission to conduct this study from participating schools at both 
the district and building levels. I made modifications to parental consent and student assent 
forms as needed until all parties granted approval.

Figure 1 
Design. Matched group repeated measures with control

Group  Week 1 Week 3 Week 4 Week 5 Week 6 Week 7 Week 9

Within-session feedback O1 O2 X O3 O4 X O5 O6 X O7 O8 X O9 O10 X O11 O12

Post-session Feedback O1 O2 O3 X O4 O5 X O6 O7 X O8 O9 X O10 O11X O12

Control O1 O2 O3 O4 O5 O6 O7 O8 O9 O10 O11 O12

O - Melody attempt

X – Feedback provided by the SmartMusic interface.

Figure 2
SmartMusic interface indicating correct pitches in green and incorrect in red
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Participants

Participants (n = 77) for this study were a convenience sample of  choral students I re-
cruited from two high schools in my professional network. Both sites were suburban high 
schools (grades 9-12) from a midwestern public school district. Enrollment was around 1,550 
students for School A and 1,650 students for School B. Twenty-five percent of  the 308 cho-
ral students recruited completed the study. Both schools had identical choral music course 
offerings and both used a modified block schedule. Each school had non-auditioned choirs 
including a tenor/bass ensemble and a treble choir. The remaining choirs were all selected 
by individual audition with the choir teacher. Auditioned ensembles included a select treble 
choir, a large mixed choir, and a small select choir, listed in order of  increasing selectivity.

Procedures

Pretest/Posttest

Participants sang one of  two randomly assigned melodies, A or B, during the pretest and 
the opposite melody during the posttest. Each test was administered by playing a screen-cap-
ture video of  the SmartMusic interface that included a tonic triad (d m s m d s, d), thirty 
seconds of  participant self-guided practice, another tonic triad (d m s m d s, d), a four-beat 
count off, and 50 seconds to complete the melody. The entire pretest stimulus ran for ap-
proximately one minute and 50 seconds. A click-track, quarter note indicator, and visual 
feedback, common features of  the SmartMusic interface, were disabled during the pretest 
and posttest sessions.

Weekly Sight-Singing Sessions

A series of  five, once-weekly assessment sessions began on the third week of  the study. As 
students entered the assessment room, I verbally reviewed the assessment procedures that 
were as follows: (a) when I exit the room, press the microphone icon on the SmartMusic in-
terface, (b) this will begin a 30 second practice period that will be preceded and followed by 
the tonic triad (d m s m d s, d), (c) sing the melody while keeping up with the click-track and 
quarter note indicator, (d) after completing the melody, take 60 seconds to review the melody 
and try to correct any errors, (e) I will re-enter the room and reset the apparatus for a second 
attempt, (f) when I exit the room press the microphone icon on the SmartMusic interface, 
(g) sing the melody a second time and try to improve upon your initial attempt, and (h) exit 
the room. When I entered the room following the first attempt and 60 seconds of  practice, 
I enabled the microphone feature for participants in the post-session feedback group and 
disabled it for those in the within-session feedback group, and left it disabled for those in the 
NFC group. Each session took approximately four minutes and 35 seconds. 

Scoring

I scored all pretest and posttest melody attempts (n = 154) using the following procedures: 
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Each eight-measure sight-singing sample was divided into two, two-count chunks (counts 
1-2 and counts 3-4) for a total of  16 chunks. Each chunk was then awarded one point for 
the correct notes and one point for the correct rhythm for a total of  32 possible points per 
sample. If  any error was made within a chunk, the entire chunk was awarded a zero. All 
scores for both pitch and melody were converted into a proportion of  correct chunks per at-
tempt. A random sample of  approximately 20% (n = 30) pretest and posttest melodies were 
scored by an additional expert rater to establish reliability. A proportion of  agreements 
divided by agreements plus disagreements (Madsen & Madsen, 1970), yielded a proportion 
of  agreement of  (.925) for pitch and (.856) for rhythm.

I also scored all weekly assessment session attempts (n = 770). In order to account for the 
unique nature of  the SmartMusic interface, I used a different scoring method than I used 
for the pretest. I awarded a single point for each correct pitch and a point for each correct 
rhythm, similar to other studies (Henry 2004; 2011). Unique to this study, however, par-
ticipants were required to stay within a quarter step, sharp or flat, of  the written pitch and 
rhythms to be aligned with the click track and quarter note indicator to be marked correct. 
See Appendix A for a complete list of  scoring guidelines. In order to ascertain reliability, an 
additional expert rater scored 30% (n = 235) of  the sight-singing attempts, selected at ran-
dom. Using a formula of  agreements divided by agreements plus disagreements, I was able 
to determine a proportion of  agreement for pitch (.908) and rhythm (.852) for the melodies 
in weeks one through five. 

In order to determine the reliability of  my pitch and rhythm proportion scoring, I ran a 
Type A (absolute agreement) intraclass correlation coefficient (ICC), comparing my scores 
to the additional rater’s scores, revealing a high degree of  reliability. The single measures 
ICC for pitch scores was .939 with a 95% confidence interval from .923 to .953, F(244, 244) 
= 32.337, p < .001. The single measures ICC for rhythm was .904 with a 95% confidence 
interval from .569 to .959, F(244, 244) = 33.349, p < .001. As the ICC for both pitch and 
rhythm fell within the “excellent reliability” range (Koo & Li, 2016), I proceeded to use my 
full set of  scores without modification.

SmartMusic Reliability

In order to address the reliability of  the SmartMusic interface compared to human rat-
ers, I compared the visual feedback captured by the video apparatus to my scores. Because 
the apparatus did not account for the possibility of  separate pitch and rhythm scores, I con-
sidered a note correct when I scored both the pitch and rhythm as correct. I considered the 
note correct from the SmartMusic interface when the notehead was green instead of  black 
or red. I ignored all other extraneous marks on the feedback. See Figure 3 on the next page 
for a comparison of  human and computerized scoring.
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Results
Question 1: Does the presence or timing of  feedback provided by the SmartMusic inter-
face affect student abilities to correct errors following a sight-singing attempt?

I endeavored to discover if  the presence or timing of  feedback affected participants’ abil-
ity to improve accuracy on the performance of  a melody following an initial sight-singing 
attempt by developing the following three-level panel data regression model, regressing sev-
eral independent variables on the follow-up attempt composite score. The first level model 
included follow-up attempt composite scores as the outcome variable and the initial attempt 
composite scores as a predictor variable: 

FollowupAttemptCompi = α + β1InitialAttemptCompi + ɛ 

The second model added dummy variables for the within-session feedback group and the 
post-session feedback group:

FollowupAttemptCompi = α + β1InitialAttemptCompi + β2WSFi + β3PSFi + ɛ

The final model added other dichotomous predictor variables, including choir selection, 
school, and voice range:

FollowupAttemptCompi = α + β1InitialAttemptCompi + β2WSFi + β3PSFi + β4STCi 	      
+ β5LMCi + β6SMCi + β7Schooli + β8Voicei + ɛ

Figure 3
Scatterplot comparison of  SmartMusic and human raters scoring proportions
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In all three models, the initial attempt was the strongest significant predictor of  success 
on the follow-up attempt. Other factors were also significant, including choir selection and 
school attendance. Research condition and voice range were not significant predictors of  
the outcome. See Table 1 for the regression analysis.

Table 1
Summary of  Hierarchical Regression Analysis for Variables Predicting Follow-up Melody 
Accuracy (n = 384)

Model 1  Model 2  Model 3  

Variable B SE B β B SE B β B SE B β

Constant .121 .014 .132 .017 .132 .023

Initial attempt .891 .026 .871** .895 .026 .874** .815 .031 .796**

WSFa -.030 .019 -.044 -.028 .019 -.042

PSFb -.012 .019 -.018 -.010 .019 -.014

Select Treble Choirc .027 .027 .084*

Large Mixed Choird .080 .021 .108**

Small Mixed Choire .088 .024 .120**

Schoolf -.041 .016 -.064*

Treble Voiceg .006 .017 .010

R2 .757 0.760 .777

F for change in R2 1.411 5.97*

Note: 
aWithin-session feedback condition = 1, Post-session feedback and control = 0. 
bPost-session feedback condition = 1, Within-session feedback and control = 0. 
a, bControl group is constant = 0
c, d, eNon-auditioned choir is constant = 0
cTreble Choir = 1, dLarge Mixed Choir = 1, eSmall Mixed Choir = 1
fSchool A = 1, School B = 0
gTreble Voice = 1, Tenor/Bass Voice = 0
*p < .05. **p < .001.
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I created the following two-level regression model to determine any effect of  variables on 
possible gains between attempts. See Table 2 for the regression results. 

The first model included composite gain scores as the outcome variable with dummy 
variables representing within-session feedback and post-session feedback groups:

GainScoreCompi = β1WSFi + β2PSFi + ɛ

Table 2
Summary of  Hierarchical Regression Analysis for Variables Predicting Gains in 
Composite Scores Between Initial and Follow-up Attempts (n = 384)

Model 1  Model 2  

Variable B SE B β B SE B β

Constant .087 .013 .083 .022

WSFa -.038 .019 -.115* -.040 .020 -.118*

PSFb -.005 .020 -.015 -.007 .020 -.019

Select Treble Choirc .030 .027   .063

Large Mixed Choird .042 .021 .0112*

Small Mixed Choire .010 .021 .027

Schoolf -.031 .016 -.099

Treble Voiceg .007 .018 .021

R2 .012   .035

F for change in R2 0.133

Note: 
aWithin-session feedback condition = 1, Post-session feedback and control = 0. 
bPost-session feedback condition = 1, Within-session feedback and control = 0. 
c, d, eNon-auditioned choir is constant = 0
cTreble Choir = 1, dLarge Mixed Choir = 1, eSmall Mixed Choir = 1
fSchool A = 1, School B = 0
gTreble Voice = 1, Tenor/Bass Voice = 0
*p < .05. **p < .001.
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The second model added the remaining dichotomous predictor variables, including choir 
selection, school, and voice range: 

GainScoreCompi = β1WSFi + β2PSFi + β3STCi + β4LMCi + β5SMCi + β6Schooli + 
β7Voicei + ɛ

I applied a Pearson’s r correlation between mean initial composite scores and mean com-
posite gains to determine if  a relationship existed between how well participants scored 
on their first attempt and how much they improved during their second attempt. A weak, 
non-significant positive relationship was found r = .130, p =.258. When I applied a cubic 
line-of-fit to a scatterplot, Figure 4, comparing average initial attempts and average gains 
among all participants, an inverted-U shaped line was revealed (R2 = .255) that better ac-
counted for variance in the data than a linear line (R2 = .017). 

To determine if  differences in gains changed by group over time, I compared scores from 
each week using a two-way repeated measures ANOVA. During week one, participants 
scored significantly higher on the follow-up (M = .416, SD = .035) attempt than they did 
during the initial (M = 293, SD = .030) attempt F(1.00, 75.000) = 51.618, p < .001, ɳp

2 = 
.408 using Greenhouse-Geisser corrected degrees of  freedom. Differences among groups 
were non-significant and showed nearly parallel improvement. Week 2 showed significant 
gains for each group, though less pronounced than Week 1, with initial attempt scores sig-
nificantly higher than the Week 1 initial scores. As with Week 1, pitch and rhythm scores 
were significantly higher during the follow-up attempt F(1.00, 72.000) = 26.477, p < .000, 
ɳp

2 = .269. Pairwise post-hoc analysis found no significant differences between initial and 
follow-up attempts by condition. A two-way repeated measures ANOVA was used to com-
pare Week 3 initial pitch and rhythm scores to follow-up attempts. Unlike weeks 1, 2, 4, 
and 5, I found no main effect between the initial and follow-up attempt F(1.000, 75.000) = 
2.861, p = .095, ɳp

2 = .037. The ANOVA analysis from Week 4 determined that follow-up 
scores were significantly higher than those during the initial attempt F(1.000, 74.000) = 
16.665, p < .001, ɳp

2 = .184. A post-hoc pairwise comparison found no differences among 
groups, however. The Week 5 ANOVA revealed significant differences between initial pitch 
and rhythm scores and follow-up scores, F(1.000, 74.000) = 12.389, p = .001, ɳp

2 = .143, 
with no significant differences by condition.

Question 2: Does the presence or timing of  feedback provided by the SmartMusic inter-
face affect student sight-singing achievement following a five-week treatment period?

To compare possible student growth in sight-singing scores among groups, I performed 
a two-by-two repeated measures ANOVA of  pretest and posttest pitch and rhythm scores 
with condition as a between-subjects factor. As the assumption of  sphericity could not be 
met, a Greenhouse-Geisser correction was applied, revealing no significant differences be-
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tween pretest and posttest composite scores F(1.000, 71.000) = 2.106, p = .151, ɳp
2 = .029. 

Additionally, between-subjects comparisons revealed no significant differences between 
groups F(2, 71) = 2.492, p = .090, ɳp

2 = .066. See Table 3 for a comparison of  pretest and 
posttest means by group and melody. A comparison of  composite gains from pre- to posttest 
by condition revealed positive gains in the within-session feedback group (∆M = .046) and 
no-feedback group (∆M = .094) but negative gains in the post-session feedback group (∆M 
= -.036). None of  these differences were statistically significant. 

Question 3: What is the reliability of  the feedback provided by the SmartMusic interface 
when compared to human expert ratings?

I sought to examine the reliability of  the feedback provided by the SmartMusic comput-
er application when compared with human expert scoring. Visual feedback was presented 
once weekly to participants in the within-session feedback and post-session feedback groups. 
Approximately one-third (n = 237) of  all attempts received feedback. Each note was consid-
ered accurate on the visual feedback when the notehead was colored green. I disregarded 
all other markings provided by the feedback. Notes were considered accurate by the human 
rater when both the pitch and rhythm were judged to be correct. 

I analyzed reliability using a proportion of  agreements divided by agreements plus dis-
agreements (C. K. Madsen & C. H. Madsen, 1970). The proportion of  agreement between 
SmartMusic and my scores (n = 237) had a mean of  0.841 (SD = .124). Scores ranged be-

Table 3
Pretest/posttest composite score comparison by melody and condition

Composite score
Pretest Posttest

M SD M SD

Within-session Feedback

Melody A

Melody B

.264

.385
.085

.089

.385

.341
.089

.089

Post-session Feedback

Melody A

Melody B

.277

.362
.085

.097

.216

.351

.102

.089

No feedback/control

Melody A

Melody B

.214

.308
.082
.082

.259

.451
.086
.086

Note: Composite scores are reported as proportion correct notes and rhythms
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tween full agreement (1.0) and low agreement (0.167). The 95% confidence interval was 
between 0.825 and 0.857. Figure 3 provides a scatterplot of  this relationship. 

Summary

High school chorister volunteers (n = 77) from two suburban public schools completed a 
five-week sight-singing assessment session that was preceded by a pretest and followed by a 
posttest. A comparison of  pretest and posttest scores revealed a slight, non-significant im-
provement among participants from pretest to posttest but found no significant differences 
by condition. Analysis of  sight-singing scores on initial attempts during each weekly session 
revealed significant improvement between weeks one and three and weeks two, four, and 
five. A comparison of  each initial attempt to follow-up attempts revealed significant gains 
for weeks one, two, four, and five. Participant gains during week three were not significant. 
A non-significant, negative relationship was found among singing scores with participants 
in the WSF group and the PSF group when compared to those in the NFC group. Voice 
part was not a significant predictor of  accuracy, but school and choir placement predicted 
higher achievement. A comparison of  SmartMusic feedback and human scoring revealed 
a very strong positive correlation when comparing the proportion of  correct notes r(235) = 
.923, p < .001. Analysis of  agreements divided by possible agreements between human and 
SmartMusic scoring revealed 84.1% consistency of  scores. 

Discussion
With question one, I sought to ascertain if  the presence or timing of  feedback affected 

participants’ ability to improve accuracy on the performance of  a melody following an ini-
tial sight-singing attempt. The three-model regression analysis listed in Table 1 compared 
the scores of  the follow-up attempt for every melody during the five-week treatment period 
to a series of  predictor variables. Not surprisingly, the results revealed that the greatest 
predictor of  sight-singing achievement on the second attempt was the score of  the initial 
attempt. This model revealed no significant differences by group assignment, suggesting 
feedback had no discernible effect in overall sight-singing achievement. Significant pre-
dictors were found among the choir enrollment; participants who were enrolled in more 
select choirs were more likely to have higher sight-singing scores on the follow-up attempt. 
This suggests that students placed in more select choirs were more likely to demonstrate 
sight-singing acumen, corroborating the findings of  Demorest and May (1995).

An additional regression model (Table 2) compares participants’ gains made during each 
session of  the five-week treatment period to determine if  group assignment and other vari-
ables predicted differences. The first model compared group assignment and a small but 
significant negative relationship (β = -.115, p < .05) among participants in the WSF group 
when compared to the control group. Participants in the PSF group did not show any signif-
icant differences in gains when compared to the control. These findings reveal that students 
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who were not given feedback prior to a second attempt showed significantly greater gains 
than those who received feedback, though it should be noted that participants in the with-
in-feedback group scored consistently higher on the initial attempt, possibly limiting their 
potential growth when compared to the other groups. 

A comparison of  gains between the initial and follow-up attempts revealed significant 
improvement with a large effect size for each group every week except Week 3. Differences 
among groups were non-significant and followed mostly parallel gains each of  the five weeks 
of  the study. The scatterplot (Figure 4) displaying the cubic relationship between average ini-
tial composite scores and average gains for all participants during weeks 1-5 further displays 
the need for level-appropriate melodies. Participants who averaged below 20% during their 
initial attempts were less likely to show as much improvement as those who scored between 
20% and 80%, despite having the greatest opportunity for gains, corroborating the findings 
of  Killian and Henry (2005). Those who averaged above 80% likely reached a ceiling effect 
as they approached 100% correct. Additionally, the feedback provided by SmartMusic was 
of  no benefit to participants in the WSF group when compared with the other groups, even 
among those participants who scored below 20%.

With the second research question, I attempted to determine whether the presence or 
timing of  computerized feedback affected sight-singing achievement following a five-week 
treatment period. Prior research has established the efficacy of  individual assessment in 
improving sight-singing achievement (Demorest, 1998; Henry, 2014; Henry & Petty, 2014). 

Figure 4
Scatterplot of  Average Initial Attempt Score and Average Gains

Note: Composite and gain scores are reported in proportion of correct notes and rhythms
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However, under these conditions, significant improvements in sight-singing achievement 
were not found when comparing pretest and posttest scores. Furthermore, group assign-
ment had no significant effect on sight-singing scores. Several factors may have contributed 
to this lack of  improvement. The pretest and posttest procedures differed from those expe-
rienced by the participants during the weekly sight-singing sessions. While the interface and 
initial practice time were identical, the click-track and quarter note indicator were disabled. 
It may be reasonable to assume that after 10 melody attempts with these features that some 
participants became accustomed to, if  not reliant upon, these features when attempting a 
melody. 

It remains unclear if  either the frequency of  sight-singing sessions, whether daily, week-
ly, or monthly, or duration of  the treatment period, longer than five weeks, would have 
changed these findings. It should also be noted that though participants in the within-ses-
sion feedback group scored the highest during the initial attempt each of  the five weeks of  
the study, differences between groups maintained a parallel motion, suggesting that dif-
ferences in scores were more likely the result of  differences between groups that existed at 
assignment rather than the result of  the research condition.

With research question three, I explored the reliability of  SmartMusic feedback in com-
parison to manual scoring. Agreement on note accuracy was notably high, especially con-
sidering the complexities of  the human voice. Alignment with an additional human rater 
reached 91.5%, while agreement with the SmartMusic system was 84.1%. These results 
suggest that choir teachers can reasonably view the feedback as a useful indicator of  choris-
ters’ sight-singing abilities. However, caution is warranted when considering the assessment 
feature for formal grading, particularly in high-stakes contexts. The software demonstrated 
sensitivity to ambient noise from nearby rehearsal spaces and had difficulty evaluating qui-
eter singers.

Feedback

Sight-singing is a complex task. As a result, if  one of  the component skills of  sight-singing 
is missing, the singer is unlikely to be successful. As the ability to read, understand, and au-
diate written notation is a key sight-singing skill (Fournier et al., 2017; Vujović & Bogunović, 
2012), it is logical to assume that if  a student lacks a basic understanding of  written nota-
tion, feedback using that notation is likely meaningless. Additionally, students who struggle 
to sing accurately, so called “poor-pitch singers,” (Pfordresher & Brown, 2007) may under-
stand the notation, but not sing with enough accuracy to produce a response from the visual 
feedback apparatus. Though not common, some participants in this study sang the correct 
solfege syllables in rhythm but failed to sing the pitches accurately.

Additionally, this study used a single, one-model approach as all participants sang the 
same melodies regardless of  ability level and as a result, neglected the use of  feedback to 
provide information informing future instruction (Fautley, 2010). Participants who strug-
gled to maintain key, for example, received feedback that may not have presented useful 
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information. A more effective use of  this feedback may be to assign shorter melodies with 
a narrower range until the participant finds some success. Furthermore, participants who 
were able to perform the melody correctly on the first attempt could not make any improve-
ments so the feedback, though confirming accuracy, did not provide assistance. A failure to 
use the feedback to alter the assessment may have narrowed its possible effectiveness to a 
small range of  participants. 

The timing of  the feedback for this study, though varied by condition, was provided im-
mediately following a melody singing attempt. Research has suggested that delayed feedback 
can reinforce learning and retention (Clariana, 2000; Nakata, 2015). It is possible that had 
the visual feedback been delayed 24 hours, it may have been more useful. Demorest (1998) 
utilized delayed feedback as participants in that study were given general comments and 
approximate scores after the attempts had been scored. It is possible that presenting students 
with that information after a period of  time could have enhanced learning. 

Additionally, this study’s design did not allow for a fourth group, one where participants 
received feedback twice, once following the initial attempt and once after the follow-up at-
tempt, or a fifth group where students were allowed to practice sight-singing without being 
recorded, thus eliminating the assessment piece. Another possibility is that the feedback 
was too overwhelming and failed to present a clear path to improvement. Figure 5 displays 
feedback from a sight-singing attempt by a student who was very close to being accurate 
but was either late, in the wrong key, or a combination of  both. In this case, the feedback 
failed to provide a clear description of  what went wrong or how the melody attempt could 
be improved. 

Limitations

Due to the quasi-experimental nature of  this study and limited scope of  the participants, 
findings of  this study cannot be generalized to the population as a whole. As with many 
sight-singing studies that ask for volunteers (Demorest, 2001), there is a high likelihood of  
selection bias among these participants. Findings are also specific to the procedures detailed 
above and any change in those procedures would have the potential of  producing different 
results. It is also possible that five weeks was simply too brief  a timeline to achieve significant 
results from pre- to posttest. Findings of  this study relating to feedback were specific to the 
visual feedback provided by the stimulus. It should not be assumed that because the feed-

Figure 5
Computerized feedback may not offer useful information
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back used in this study did not produce differences among groups that student access to 
feedback is not still an important part of  the learning process, though the limitations of  this 
feedback offers teachers and researchers the opportunity to keep looking for effective ways 
of  giving students useful information that leads to musical growth.

Future research

It is possible that discernible differences would have been found among groups in this 
study if  participants had been assigned sight-singing melodies that presented an appropri-
ate level of  challenge for their abilities. In such a situation, the feedback may have become 
more beneficial to a greater number of  participants. Researchers have also suggested that 
self-efficacy and the belief  that time-on-task will be productive play an important role in 
how research participants engage with feedback (Madsen & Duke, 1985; Timmers et al., 
2013). Future researchers could design and test sight-singing methods that track student 
self-efficacy for sight-singing and explore different feedback models that highlight improve-
ment.

During this study, participants were only allowed to use the SmartMusic interface during 
weekly in-class assessment sessions. It is unknown if  students given free access to the soft-
ware would engage with it outside of  rehearsal. It is possible that students who were mo-
tivated to learn sight-singing skills would practice on their own. Future researchers might 
examine how students self-regulate during sight-singing practice when using technology. 
Additionally, researchers have yet to quantify what level of  sight-singing skill allows for cho-
rister independence and under what conditions they are indeed independent. 

This study is the first among the extant research literature I reviewed that allowed partic-
ipants to attempt a melody again following an initial sight-singing attempt. It was encour-
aging that many students, regardless of  feedback condition, diagnosed errors and corrected 
them in a subsequent attempt. The design of  this study did not provide any insight into the 
processes with which the students undertook, either with or without feedback, to correct 
mistakes. Researchers could design a study where participants talk aloud while reflecting 
on a sight-singing attempt or while preparing a follow-up attempt. Eye-tracking technology 
may also offer insight into student interactions with feedback. 

The pitch recognition software used by SmartMusic likely demonstrated enough reliabil-
ity that the potential for building an interactive platform exists. This technology might be 
useful for building a scaffolded interface that adjusts difficulty as participants improve using 
targeted pitch skills (Henry, 2004) and would be worthy of  future study. The potential exists 
to create sight-singing software that is more appealing to choristers. Software developers 
and researchers could use an interactive video game model that balances challenge with 
the user’s skill level.

Implications

Student scores found in the weekly sight-singing assessment sessions suggest that individ-
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ual assessment did improve sight-singing achievement, corroborating earlier research (De-
morest, 1998; Henry, 2015; Petty & Henry, 2014). This study provides evidence of  the im-
portance of  adapting assessment difficulty to meet student abilities appropriately. Feedback 
should not be unidirectional as was the case in this study. Teachers who use technology like 
this should continually monitor and respond to student performance by altering instruction 
and future assessments. This technology may be best utilized as a supplement to sight-sing-
ing instruction, but will not replace a quality teacher. 

Students need to be assessed in the same manner in which they practiced sight-singing. 
One possible reason for students’ lack of  improvement from the pretest to the posttest is 
that the posttest procedures did not match the assessment session procedures, or, worded 
differently, the summative assessment procedures did not match the formative assessment 
practice. Students should not be expected to sight-sing individually when their only practice 
was in a group setting. Furthermore, they should not perform without a metronome and 
quarter-note indicator if  they were a regular part of  their instruction. The potential exists 
for teachers to use technology like SmartMusic to facilitate individual assessment and curate 
individual sight-singing attempts electronically, making individual assessment more efficient. 
The need for teachers to be able to engage students in asynchronous instruction and assess-
ment has become very pertinent (Chrysostomo & Triantafyllaki, 2020) so teachers should 
continue to explore the opportunities for students to engage with technology as a means of  
individual assessment.

As long as choirs continue to perform music written in traditional Western notation, 
sight-singing will be an important skill in the development of  choristers’ musical indepen-
dence. The visual feedback used in this study emerged as a potentially viable tool to supple-
ment chorus directors’ ability to teach sight-singing. The voice-pitch recognition software 
used for this study has potential benefits, but it is incumbent upon software developers and 
teachers to use it in a manner that promotes student learning. As we continue to make indi-
vidual assessment more effective, choir directors will be able to give choristers the best tools 
possible to make music independently and enjoy a lifetime of  reading choral music.
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Appendix A

Pre/posttest melodies

Melody A

Melody B

Session melodies

Week 1

Week 2

Week 3

Week 4

Week 5

All melodies were selected from McGill, S., & Stevens Jr., H. M. (2003). 90 days to sight 
reading success: A singer’s resource for competitive sightsinging. Houston, TX: AMC Pub-
lications.
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Appendix B, Sight-singing Scoring

For the purposes of  this study, every pitch and every rhythm will be scored separately. 
Therefore, every note will be worth two points.

Notes/Pitches

1   The melody be sung in the original key.
2.  Participants may choose which octave they prefer.
3.  Pitches may be within 50 cents of  a half-step in either direction to be considered ac-

curate.
4.  Use of  a solmization system is not scored- only pitch accuracy.
5.  Pitches do not need to align with the click track to be considered accurate.
6.  Participants may correct a single pitch by changing notes, sliding, or scooping, but may 

not go back once a subsequent pitch is attempted. 
7.  You may use clues to ascertain the participant’s intended pitch including the click 

track, prior and following notes, and solfege syllables. 
8.  Accurate pitches are given a 1 (per note).
9.  Inaccurate or omitted pitches are given a 0.

Rhythms

1.  Rhythms must align with the click track and the quarter note indicator.
2.  The pitch of  a given note does not need to be accurate for the rhythm to be consid-

ered correct.
3.  These are high school students and you are trying to score their ability, not their preci-

sion. Some leeway is appropriate.
4.	 Notes do not have to be performed for their full duration, but another note cannot be 

started before the current note duration is competed. Note pairs (two eighth-notes or 
a dotted quarter -eighth note pair) will likely need to be performed correctly to mark 
either correct in most situations. 

5.	 The rhythm is considered incorrect if  they change pitch or syllable during the note
6.	 Accurate rhythms are given a 1 (per note)
7.	 Inaccurate or omitted rhythms are given a 0

Other comments

1.  In order for both pitches and rhythms to both be scored as accurate, the note and 
rhythm must be accurate.

2.  When there is a discrepancy between pitches and rhythms, give preference to scoring 
the pitch as correct and mark the rhythm wrong.

________________________________________________________________________


