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Abstract

Sight-singing is prevalent in aural skill classes, where learners differ in experience
and cognitive abilities. In this research, we investigated whether musical experience,
level of study, and working memory capacity (WMC) can predict sight-singing
performance and if there is a correlation between WMC and performance among
some subgroups of participants. We hypothesized that more experienced students
and those with a higher WMC might sight-sing better than those with less experience
and lesser WMC. We also hypothesized that the relationship between WMC and
sight-singing performance would be more salient for less experienced and less
proficient sight-singers. We surveyed 56 subjects about their experience with music,
assessed their WMC, and evaluated their performance on a short sight-singing task.
The results showed that the age when students began learning music could predict
sight-singing performance independently from the number of years of experience and
the educational level, suggesting a possible developmental component to sight-singing
skill. We also found a negative relationship between WMC and pitch score in the
low-performing group and between rhythm and pitch score, suggesting that pitch
and rhythm are processed differently. Teachers should be aware of how students’
backgrounds might be related to performance and encourage them to develop strong
automated skills, such as reading music or singing basic tonal patterns.
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Sight-singing, also called vocal sight-reading, requires generating a mental represen-
tation of sounds before and while singing, making this task challenging for some stu-
dents. First, it requires the multisensory integration of a visual stimulus (the score) and
an auditory stimulus (the sounds to produce; Drai-Zerbib & Baccino, 2018).
Furthermore, sight-singers need to understand written notation, which can be difficult
for many students entering college (Asmus, 2004). They also need to infer the tonality,
remember the tonal center, and keep the pulse steady (Karpinski, 2000). Sight-singing
also requires audiation, which is the ability to “think” musically, and this ability usu-
ally requires extensive experience with music acquired from a young age (Gordon,
2013). In line with the potential struggles mentioned previously, a survey distributed
among music students revealed that aural skills classes were the most susceptible to
cause graduation delays (Mennen & van der Klink, 2017). Difficulties faced by stu-
dents in aural skill classes can also cause anxiety (Ait, 2017). Consequently, aural
skills teachers must reflect on ways to improve students’ experience within their
classes.

Yet students are not the only ones facing challenges with sight-singing: Their teach-
ers do, too. Instructors have to teach aural skills to students with different backgrounds
and career paths (Buonviri, 2015a), and they may lack resources to teach to less expe-
rienced learners. For example, a content analysis of 10 choral textbooks showed that
although most of them suggested reading and singing techniques, very few addressed
the challenge of how to teach students to hear internally (Floyd & Haning, 2015).
Aural skills instructors need to understand better which factors are related to sight-
singing achievement. For example, knowing that early music learning is related to
better outcomes could allow teachers to target students who might experience difficul-
ties. If cognitive abilities, such as working memory capacity (WMC), are related to
sight-singing performance, teachers could be encouraged to use strategies to alleviate
their students’ mental load despite their strengths and weaknesses. Consequently, in
this study, our aim is to understand how students’ musical experience and cognitive
abilities are related to sight-singing performance. The next section will address the
state of knowledge regarding some of the factors related to musical performance. We
chose to focus on two factors that could be related to sight-singing, specifically, musi-
cal experience and WMC.

Musical Experience

Many studies suggest there is a relationship between previous experience with music
and sight-reading performance. Self-identified music reading experts tend to be better
at reading music, partially because they are less affected by adjacent notes’ crowding
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on a musical staff (Wong & Gauthier, 2012; Wong & Wong, 2016). They also encode
more notes and encode them quicker than novices (Wong & Gauthier, 2010a, 2010b).
Consequently, reading music is easier for experts than for less experienced music read-
ers and requires less attentional resources. Furthermore, participants with more years
of musical experience tend to have better cross-modal integration abilities (i.e.,
improved audiovisual processing; Drai-Zerbib & Baccino, 2014, 2018; Drai-Zerbib
et al., 2012), which could facilitate the execution of sight-singing tasks. Therefore, it
is not surprising that, as Wolfs et al. (2020) observed, experience is a significant pre-
dictor of sight-reading performance among cellists, and according to Fournier (2020),
musical experience is correlated to aural skills performance when combining musical
dictation and sight-singing scores. Consequently, it seems plausible that students who
begin their postsecondary music education with more musical experience and a more
extensive background in music reading should also be better at sight-singing.

Besides, musical experience can also be related to other aural skills, like pitch iden-
tification. According to Deutsch (2013), absolute pitch (AP) is the ability to “name
musical notes as effortlessly and rapidly as most people name colors, ... without spe-
cific training” (p. 141). Although it is unnecessary to possess AP to be an accom-
plished musician or perform well in aural skills classes, AP possessors have a
significant advantage in sight-singing tasks because they can automatically mentally
hear the pitches they read. Many authors suggest there could be a sensitive period for
AP acquisition (e.g., Deutsch et al., 2004, 2009; Miyazaki et al., 2012). Even if adults
can acquire AP to some extent (e.g., Van Hedger et al., 2019; Wong et al., 2020), it is
still plausible that musicians who began their training sooner might develop better
perceptual skills, including but not limited to AP.

Although AP is not required to sight-sing, relative pitch (RP), is a necessary ability.
RP is the ability to “make pitch judgments about the relation between notes, such as
within a musical interval” (Zatorre et al., 1998, p. 3172). This definition can be extended
to include the identification of other musical elements such as harmonic progressions
and tonalities (Germano et al., 2021) or to detect mistuning in melodies (Schellenberg
& Moreno, 2010). Some authors use an even broader definition, stating that anyone
without amusia has RP (Leipold et al., 2019). Despite the lack of a unique definition of
RP in the literature, one could suggest that most musicians are RP possessors, that RP
is required to sight-sing adequately, and that this ability might exist on a continuum
because there are individual differences between musicians’ abilities. Interestingly,
there are some neural similarities between AP and RP possessors. For example, accord-
ing to a study that used positron emission tomography (PET), assessing if an interval is
minor or major elicits a similar response in the left posterior dorsolateral frontal cortex
across both AP and RP possessors (Zatorre et al., 1998). This result suggests that similar
mechanisms underlie the labeling of these musical attributes. However, according to
the same study, only RP possessors show activation in the right inferior frontal region,
suggesting they rely on their working memory to perform the task. Therefore, interval
identification is not automated for them. Consistently, a more recent study using func-
tional MRI to compare AP and RP possessors showed that blood oxygenation level-
dependent signal increased bilaterally in the inferior frontal gyrus during a pitch labeling
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task, but only in RP musicians (Leipold et al., 2019). Given that this region has been
repeatedly associated with auditory working memory functions (see Schulze et al.,
2018), these findings indicated that contrary to RP musicians, AP possessors do not rely
on working memory during pitch identification. If beginning music earlier in life is
associated with a higher prevalence of AP among musicians, reflecting more automatic
processing of pitches, one can wonder whether RP possessors who began music early
are also more prone to develop automated musical skills, which can, in turn, help them
sight-sing better.

WMC

As mentioned above, reading music is easier for experienced musicians because they
probably need less cognitive resources to resolve this task. Some music educators also
argue that aural skills, including sight-singing, rely a lot on WMC (e.g., Chenette,
2018; Karpinski, 2000). Working memory is an executive function that allows for
attention control and retrieval of information stored in long-term memory (Engle
et al., 1999). People use this memory system to store information until they do not
need it anymore or until they store it in long-term memory. Working memory also
provides a “mental workspace” to manipulate information (Baddeley, 2007; Baddeley
& Hitch, 1974; Wickens & Hollands, 1999). However, this “workspace” has limited
capacity (e.g., Cowan, 2001). These boundaries are hard to define because the amount
of music one can process varies according to experience and musical complexity. For
example, beginners might identify patterns, like scales in a simple melody, but strug-
gle with more complex material. A strategy for increasing WMC storage and process-
ing capacity is called chunking, which, in music, can involve making metric, rhythmic,
or pitch groupings (Karpinski, 2000). Efficient chunking can improve sight-reading
success (Gudmundsdottir, 2010; Pike & Carter, 2010), and one could suggest this is
because cognitive resources available in working memory are used more efficiently.
Researchers usually measure WMC with tasks combining memorization and
manipulation, such as the n-back task (Jaeggi et al., 2010; Miller et al., 2009) or com-
plex spans (Foster et al., 2015; Turner & Engle, 1989; Unsworth et al., 2005). An
n-back task requires remembering the 7 last items of a list and comparing it with the
most recently presented item. A widespread example of a complex span task is the
operation span (or OSpan), in which participants have to recall letters in serial order
while making arithmetical judgments (e.g., Unsworth et al., 2005). For many complex
tasks, a higher WMC is associated with better performance: for instance, reading com-
plicated texts online (Schurer et al., 2020), recalling visual material in the presence of
irrelevant sound (Hughes et al., 2013), resuming interrupted dynamic tasks (Labonté
& Vachon, 2021), executing complex attacks in volleyball (Bisagno & Morra, 2018),
or piloting planes (Cak et al., 2020). However, high-WMC individuals do not outper-
form their low-WMC counterparts in every context. For example, when participants
need to recall information they already know well or when a task is automated, WMC
is not related to performance (Unsworth & Engle, 2007). Moreover, when pianists are
memorizing music silently, their performance is linked to aural skills scores and
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cognitive styles but not to WMC, suggesting that memorization strategies or other
acquired abilities could have a greater impact than WMC (Loimusalo & Huovinen,
2018). Consequently, when studying the relationship between cognitive resources and
performance, we must remember that musical experience and task particularities
might mediate the impact of WMC.

Nevertheless, research suggests that working memory is critical to the accurate
execution of musical tasks. For example, increasing working memory load impedes
cellists” motor control and can be detrimental to their performance (Maes et al., 2015).
Furthermore, WMC contributes to 7.4% of the variance in piano sight-reading achieve-
ment (Meinz & Hambrick, 2010). Although the amount of deliberate practice is the
most important predictor of sight-reading performance, it is not enough to explain
individual differences in scores (Hambrick et al., 2014). These results suggest that
WMC is linked to piano sight-reading performance independently from deliberate
practice. One might expect a similar relationship for sight-singing tasks because these
two tasks are very similar. Indeed, both require reading and performing unfamiliar
material, although sight-singing is a task that relies more heavily on knowing in
advance which sound will be heard. Pitch identification could also be related to WMC.
For example, college students—either nonmusicians or amateur musicians—with
superior pitch identification ability tend to score higher on executive functions tests,
including WMC tests (Hou et al., 2014). Van Hedger and Nusbaum (2018) provided
another yet more nuanced example of such possible relationships. They conducted a
study among musicians with absolute pitch to investigate the factors related to achieve-
ment in a tricky pitch identification task, including unfamiliar timbres and frequencies.
They found no relationship between WMC, assessed with a visual n-back task, and
performance to the pitch identification task. Furthermore, participants who did not
speak a tonal language (like Mandarin, in which pitch variations impact words’ mean-
ings) performed better. However, there was a relationship between WMC and perfor-
mance on the pitch identification test among tonal language speakers. Even if this
relationship only existed for a subgroup of participants—tonal language speakers—
this suggests that cognitive abilities might be critical for musical listening capacities.
Moreover, more complex musical material also puts a strain on working memory: For
example, Lewandowska and Schmuckler (2020) found that pianists make more errors
when playing polyphonic textures than homophonic textures. Indeed, polyphonic tex-
tures demand more planning and motor control, which require more working memory
resources.

Nonetheless, in some contexts, like instrumental sight-reading, the relationship
between WMC and performance is not clear, and we need to look for other factors to
explain performance. Using regression analysis, Kopiez and Lee (2006) studied 23
variables to understand how each of them could predict piano sight-reading perfor-
mance for five progressive levels of difficulty. WMC only significantly predicted
results for the third level of difficulty but not for the easiest and the hardest melodies.
Consequently, the importance of cognitive abilities might depend on how challenging
the task is. However, they also found that the experience accumulated before the age
of 15 was a strong predictor of performance, suggesting the existence of a critical
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period for sight-reading ability development. More generally, variables based on
expertise (e.g., piano lessons and sight-reading experience) contributed to the variance
of sight-reading performance, whereas cognitive factors related to intelligence, like
WMC, did not (Kopiez & Lee, 2008). A study conducted by Cornelius and Brown
(2020) suggested that first-year college students might experience difficulties while
taking musical dictations precisely because they do not have the expertise to generate
schemas, overloading their WMC. Schemas are organized pieces of information from
long-term memory (Sweller et al., 2011) that can alleviate working memory load
(Sepp et al., 2019). More schemas mean fewer individual score elements to process
and consequently that tasks such as musical dictation or music reading are more man-
ageable for those who have sufficient knowledge to use them. A study conducted by
Herff and Czernochowski (2019) also suggested that expertise can interact with cogni-
tive resources. In their study, they asked professional musicians to compare melodies
while engaging in a number monitoring task aimed at increasing their memory load.
Increases in memory load equally impacted musical performances of professionals,
amateurs, and nonmusicians. However, professional musicians performed better in the
number monitoring task, suggesting their expertise alleviated detrimental effects of a
higher working memory load. In light of these results, it seems that although musical
experience and WMC both contribute to performance to some extent, the relationships
between both variables deserve a more in-depth investigation.

The Current Study

Aural skills, which include sight-singing, are taught worldwide in music higher educa-
tion programs, and yet, factors explaining individual differences in achievement are
not clear. As mentioned previously, music students begin their postsecondary studies
with various backgrounds. For example, they do not all have access to private lessons,
and therefore their level of preparation might differ (Anderman, 2011; Buonviri,
2015b). Consequently, instructors need to figure out how to explored reach as many
learners as possible. Therefore, it appears relevant to gain knowledge on how musical
background can predict sight-singing performance. Besides, students differ in their
cognitive abilities, such as WMC. Considering that sight-singing is a task requiring
significant mental resources, WMC could be related to performance. However, we do
not know whether it varies across levels of experience and achievement. In this study,
we investigate these two aspects in depth in the context of sight-singing, for which
research is scarce.

We wanted to explore the relationships between students’ previous music experi-
ence, WMC, and sight-singing performance. Therefore, we tested two hypotheses.
First, we hypothesized that variables describing musical experience, such as age when
participants began learning music, and the number of years of experience, would pre-
dict sight-singing performance. We also believed that WMC would be a predictor of
sight-singing performance. Second, we expected that the strength of the relationship
between WMC and sight-singing performance would differ according to performance
level (high- vs. low-performing students) and experience because some students
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probably have less musical knowledge and, therefore, less automated schemas to rely
on. To test our hypotheses, we conducted a correlational study where participants had
to (a) complete questionnaires regarding their musical experiences, (b) complete a
WMC test, and (c) sight-sing a short, medium-difficulty melody.

Method

Participants

After approval by the our university’s ethical committee, we recruited 56 postsecond-
ary-level music students from institutions in the researchers’ urban area that offered
music concentrations. Participants all had normal or corrected vision. As compensa-
tion, they were offered aural skills tutoring by the experimenter, either immediately
after the procedure or at another time convenient for them.

Participants were music students from two education levels: 37 were in cegep (i.c.,
a postsecondary education, preuniversity college exclusive to the province of Quebec),
and 17 were university undergraduates. In cegep, there are four compulsory aural
skills courses. Lessons include prepared solfége (singing melodies rehearsed between
classes), sight-singing, and musical dictation. cegep usually lasts 2 or 3 years.
Undergraduates in the university where the study took place also must take four aural
skills courses, the content of which is similar to cegep, but with a stronger focus on
harmony and reliance on scale degrees, with more complex singing exercises, dicta-
tions, and improvisation and composition. Participants were either following the first
or the third aural skills class at their level. We excluded one participant from cegep,
who began music very late in comparison to others. We also excluded one participant
because of a technical problem during the OSpan task and consequently conducted our
analyses with 54 participants. Age of participants ranged from 17 to 67 (M = 22.3,
Mdn = 19, SD = 9.8). The age distribution was skewed, and nine participants’ ages
were outside 1.5 times the interquartile range (over 30 years old). Two participants
were over 60 years old. Participants began learning music between 4 and 16 years old
(M = 8.8, Mdn = 9, SD = 2.9) and accumulated between 3 and 26 years of experience
with music (M = 10.5, Mdn = 10, SD = 5.1). Only three participants reported being
AP possessors, and we decided to include them in our study because our performance
task focused on rhythm in addition to pitch. We recruited these participants in the con-
text of a larger study about factors predicting sight-singing performance. For addi-
tional details on other parts of the study, see Pomerleau-Turcotte et al. (2021, in
review).

Material

Questionnaire about musical experience. Participants had to complete information about
their musical experience: the age at which they began learning music, their number of
years of musical experience (including details about periods when they did not play
music), and their current level of education (cegep or university). We also gathered
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other information to draw a more precise portrait of our sample (e.g., instrument,
major, possession of AP, and learning difficulties). The questionnaire also included
questions about sociodemographic characteristics (age and gender).

Complex span task. To assess WMC, we used a shortened version of three shortened
span tasks (Foster et al., 2015), which included one block of each of the following
tests: OSpan, symmetry span, and rotation span. We chose this version of the task for
theoretical reasons—to have a reliable, multiple-indicator-based assessment of WMC
(see Conway et al., 2005)—and practical reasons—Ilimiting the experimentation time
and facilitating recruitment. Although there are domain-specific WMC assessments,
we decided to use a measure that did not rely on music processing because according
to Engle et al. (1999), WMC should be constant across domains. It is not uncommon
in music research to use a domain-general WMC test (e.g., Colley et al., 2018; Ham-
brick et al., 2014). Also, because we suspected musical background would vary across
our sample, we wanted to avoid experience interfering with WMC test results. In a
study about how musical experience mediated the relationship between WMC and
musical preferences, Vuvan et al. (2020) found that although this mediation was sig-
nificant with auditory working memory measures (tone span), it was also significant
with nonmusical measures (OSpan and symmetry span). Consequently, we believed
that using a combination of three span tasks would accurately assess WMC in our
sample.

The French version of the test was automated and administered with E-Prime 3.0
(Psychology Software Tools, Inc., 2016). The Attention & Working Memory Lab from
Georgia Tech University provided the task file, and it was translated into French by the
PACE Laboratory in Université Laval. For each task, participants had to remember
sequences of items while also performing a distractor task. In the first task, the OSpan
task, students had to remember sequences of three to seven letters while deciding if
mathematical statements were accurate, for example (2 X 2) — 1 = 3. In the second
task, the symmetry span task, they had to remember the location of two to five red
squares presented successively in a 4 X 4 grid while assessing if patterns formed of
black squares displayed in an 8 X 8 grid were symmetrical. Finally, in the third task,
the rotation span task, they had to remember the size and orientation of two to five
arrows presented successively while assessing if rotated letters were accurate or mir-
rored versions of the letters. Participants had to ensure their accuracy for the distractor
task did not go below 85% for each span task.

Sight-singing task. Participants had to sing an eight-measure melody (Figure 1), trans-
posed and slightly modified from a preexisting sight-singing exercise found in a man-
ual from Ecole préparatoire de musique de 1’Université Laval (1999). The score was
displayed on a computer screen. We chose a medium-difficulty task so participants
would be able to finish it despite potential difficulties and avoid a ceiling effect among
more proficient sight-singers. This task was used in a pilot study to confirm our per-
ception of its difficulty. Moreover, it includes similar difficulties to Level 6 melody
from Cooper’s (1965) sight-singing achievement test for college students, which
includes 10 melodies of progressive difficulties.
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Figure I. Sight-singing task.

Procedure

The first author of this article met each participant individually and explained the pro-
cedure and the compensation: optional aural skills tutoring. After giving consent to
participate in the study, the experimenter went out of the room to ensure participants’
privacy. Then they completed a questionnaire presented on a computer as a Google
Form for about 15 minutes. The experimenter came back into the room to launch the
complex span tasks with E-Prime. This part of the procedure lasted about 30 minutes.
Each span task included a preparation phase during which participants could familiar-
ize themselves with the task without consequence on the final score. The experimenter
went back to the room to stop E-Prime, launch EyeWorks Records (EyeTracking Inc.,
2019) for the sight-singing task, and guide the participant through the eye-tracker cali-
bration.! Participants were alone in the room to avoid the potential stress caused by the
experimenter. They could only play the starting pitch on an electronic piano placed
between them and the computer monitor. They could prepare mentally for as long as
they wanted. The task began as they started singing. The sight-singing task, which
lasted between 5 and 10 minutes, was recorded with EyeWorks Records.

Scoring

WMC. We calculated complex span scores by summing the number of items in every
perfectly recalled list. Therefore, the score could range from 0 to 25 in the OSpan task
and from O to 14 in rotation and symmetry span tasks. A composite score, reflecting
the average performance on the three complex span tasks, was computed by convert-
ing each span score into a percentage (i.e., dividing the obtained score by the maxi-
mum score and then multiplying by 100) and then by averaging the three obtained
percentages. This method allowed each span score to have the same weight in the
composite score.

Sight-singing task. We used two objective measures—pitch score and rhythm score—
and combined them to create a composite sight-singing performance score. We chose
these measures because sight-singing tests in higher education focus on these two
features. This method is also similar to the scoring system used by Cornelius and
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Brown (2020) for musical dictation and in various studies about sight-singing (e.g.,
Demorest & May, 1995).

The melody comprised 24 notes. Each note counted for 2 points: 1 for the note
duration (rthythm) and 1 for the pitch (melody). We evaluated pitches individually, so
proper intervals on the wrong notes were considered inaccurate. Raters considered
rhythms as correct if they could predict reasonably when the next sound came, even if
the pulse fluctuated. We used three different measures in our analyses: rhythm score,
pitch score, and a combined score with rhythm and pitch put together. The experi-
menter rated all performances, and an experienced aural skills instructor assessed 10
performances chosen randomly. Both scorings correlated strongly, #(8) = .989, p <
.01. Therefore, the evaluation conducted by the experimenter was considered
reliable.

Analyses

We conducted our analyses in RStudio (R Core Team, 2019), using the packages Isr
(Navarro, 2015) and o/srr (Hebbali, 2020). To determine the extent to which each vari-
able could predict sight-singing performance and test our first hypothesis, we used
stepwise linear multiple regressions with a forward selection. To check our second
hypothesis, namely, that the relationship between WMC and sight-singing perfor-
mance could vary across levels of proficiency and experience, we created two sub-
groups based on sight-singing performance (lower performing group vs. higher
performing group) and two subgroups for each variable describing experience (num-
ber of years of experience, age when participants began learning music, and level). We
then ran Pearson’s correlations between WMC and sight-singing performance inside
these groups to look for relationships.

Results

To test our first hypothesis, we looked for variables that could predict three dimen-
sions of sight-singing performance. Rhythm scores ranged from 6 to 24 (M = 18.94,
Mdn = 19.50, SD = 4.47), pitch scores were between 0 and 24 (M = 14.74, Mdn =
15.00, SD = 7.04), and combined scores ranged from 18 to 48 (M = 33.69, Mdn =
32.00, SD = 9.75). We first compared sight-singing results between students from
cegep and university. After that, we investigated possible relationships between musi-
cal experience (the age when participants began learning music, number of years of
musical experience), WMC (complex span task results), and sight-singing perfor-
mance (rhythm score, pitch score, and combined score). Descriptive statistics and
Pearson correlations appear in Table 1.

After checking for homogeneity of variances, we conducted # tests to determine if
university students performed differently than cegep students. We found that although
rhythm scores did not differ significantly between groups (cegep: M = 18.43, SD =
4.12; university: M = 20.06, SD = 5.10), #52) = —1.25, p = .22, Cohen’s d = 0.37,
pitch scores did differ significantly (cegep: M = 13.08, SD = 6.74; university: M =
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Table 1. Descriptive Statistics and Pearson’s Correlations.

Variable n M SD | 2 3 4 5 6
|. Age beginning 54 8.83 291 —

2. Experience 54 1046  5.06 —4I¥ —

3. Working memory capacity 54 7425 14.01 .02 -1 —

4. Rhythm score 54 1894 447 -33* -00 A7 —

5. Pitch score 54 1474 704 -3I* 21 =11 40% —

6. Combined score 54 3369 975 -38% |5 00 75¥ g

*p < .05. Fp < .01, FFFp < 001.

18.35, SD = 6.48), t(52) = —=2.70, p = .01, Cohen’s d = 0.79, as did combined scores
(cegep: M = 31.51, SD = 9.02; university: M = 38.41, SD = 9.86), #(52) = —2.54,p
= .01, Cohen’s d = 0.74. In short, university students outperformed their peers from
cegep for melodies and combined score but not for rhythm. Consequently, we needed
to include another variable, level, in the regressions analyses.

Before that, we also looked for possible differences between levels for the age
when participants began learning music, number of years of experience, and WMC.
Cegep students did not begin learning music significantly younger than university
students (cegep: M = 8.51, SD = 2.66; university: M = 9.52, SD = 3.17), #(52) =
—1.20, p = .24. However, university students accumulated more years of experience
(cegep: M = 9.38, SD = 4.17; university: M = 12.82, SD = 6.09), #(52) = -2.43,p =
.02. The groups did not differ regarding WMC (cegep: M = 73.99, SD = 12.67; uni-
versity: M = 74.84, SD = 16.98), #(52) = —0.21, p = .84.

We then looked at which variables could better predict sight-singing performance,
using stepwise linear multiple regressions with a forward selection. Variables could be
included in our models if they met the variable inclusion criteria proposed by
Tabachnick and Fidell (2013), so we set the p value required to enter an independent
variable at .15. We used four independent variables: the age at which participants
began learning music, educational level (cegep or university), number of years of
musical experience, and WMC. An examination of diagnostic plots confirmed that our
data met the required assumptions of normality, linearity, and homoscedasticity of
residuals.

Table 2 shows how each variable can predict rhythm score, pitch score, and com-
bined score, respectively. We found that the age at which participants began, educa-
tional level, and number of years of musical experience explained 19% of the rhythm
score variance, F(3, 50) = 5.13, p = .0036. Level and age when participants began
music predicted 24% of pitch score variance, F(2, 51) = 9.15, p = .0004. Age at
which participants began learning music, level, and number of years of musical expe-
rience explained 30% of the combined score variance, F(3, 50) = 8.58, p = .0001;
however, in this model, musical experience did not contribute significantly.
Furthermore, WMC did not predict sight-singing performance in either of these
models.
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Table 2. Predictors of Sight-Singing Performance.

Model | Model 2 Model 3

B SEB B B SEB B B SEB B
Rhythm score
Age beginning  -0.50 020 -0.33* -0.56 020 0.37%  -0.8l 0.22 —0.53%*
Level 2.20 1.24 0.23 3.47 1.32 0.36*
Experience -030 0.13 —0.34%*
R? A1 .16 24
Adjusted R? .09 3 .19
F 6.25% 4.82* 5.13%
Pitch score
Level 527 1.95 0.35%  6.21 1.83 0.41%*
Age beginning -092 030 —0.38%*
R? .12 .26
Adjusted R? A1 24
F 7.30°%* 9. | 5k
Combined score
Age beginning —-1.26 043 038" -148 040 —0.44% 189 045 —0.56%**
Level 8.4l 2.47 0.40% 1040  2.68 0.50%**
Experience -047 027 -0.24
R? 14 .30 .34
Adjusted R? A3 27 .30
F 8.57%* 10.95%#* 8.58%¥*

p < 05, %*p < 0. Fekp < 001,

To test our second hypothesis, namely, that there could be a relationship between
sight-singing performance and WMC among participants in the low-performing group
and participants with less musical experience, we created subgroups of participants
based on their performance and musical experience. We used the median as a cutoff
point, except for educational level (cegep and university). We first conducted analyses
with participants who began learning music earlier (=8 years old) and with partici-
pants who began learning music later (>8). We did not find any significant relation-
ship between sight-singing performance and WMC for either early learners or late
learners. We then conducted analyses among less experienced participants (<10 years
of musical experience) and more experienced participants (=10 years of musical
experience). We also failed to find any significant relationship between sight-singing
performance and WMC for either the group with less experience or the group with
more experience.

Next, we investigated whether there was a relationship between WMC and sight-
singing performance among participants in the lower performance group (combined
sight-singing score of =32 of 48) and participants in the higher performance group
(combined sight-singing score of =33 of 48). Among students from the lower per-
forming group, there was a trend of a relationship between rhythm score and WMC;
however, it was nonsignificant, 7(26) = .34, p = .08. Furthermore, we found a
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significant, negative correlation between pitch score and WMC, 1(26) = —.43,p = .02,
but the relationship between combined score and WMC was not significant, #(26) =
—.15, p = .43. It should also be noted that in that subgroup, rhythm and combined
scores did not correlate significantly, #(26) = .36, p = .06, and rhythm and pitch
scores correlated negatively, 7(26) = —.49, p = .0086. On the other hand, pitch and
combined score correlated, #(26) = .63, p = .0003. Finally, in the higher performing
group, we found no significant correlations between sight-singing performance and
WMC.

Discussion

In this study, we aimed to investigate the relationship between sight-singing perfor-
mance and experiential and cognitive factors. More precisely, we wanted to find pre-
dictors of sight-singing success and study the relationship between sight-singing
performance and WMC for different subgroups.

Our first hypothesis, namely, that experiential and cognitive factors could predict
sight-singing performance, was partially confirmed. Although we found that factors
related to experience (the age when participants began learning music, number of
years of experience, and higher education experience) could predict sight-singing per-
formance, we found that WMC could not. Interestingly, we found that the age at which
participants first engaged in music learning contributed to sight-singing performance
variance independently from the number of years of musical experience even though
these two variables are interrelated. Although the number of years of musical experi-
ence significantly predicted rhythm score, it did not predict pitch score. It also did not
contribute significantly to the combined score variance. This outcome contradicts
results obtained by Demorest and May (1995) and Kopiez and Lee (2008) and sug-
gests a plausible developmental component to sight-singing ability. Some authors sug-
gest there could be a critical period for AP acquisition (e.g., Deutsch et al., 2004, 2009;
Miyazaki et al., 2012), but such a critical period could also exist for RP, which is the
“ability to perceive pitch relations” (Miyazaki et al., 2018, p. 135). Musicians with
stronger RP would presumably be able to hear mentally and sing written notation more
easily. There could also be a critical period for developing strong tonal automated
schemas leading to better sight-singing performance, as suggested by Nikoli¢ and
Kodela (2020). Indeed, early learners may master tonal vocabulary (like chords and
common patterns) better than late learners. Once students have internalized that
vocabulary, sight-singing can include more pattern recognition and less decoding of
individual notes. This conclusion is consistent with a study by Kopiez and Lee (2006)
about sight-reading, who found that the experience accumulated before 15 years old
predicts performance. It could also mean that some patterns are deeply internalized for
musicians with more early experience and can trigger automated skills that assist
performance.

We also found that the educational level (CEGEP or university) could predict two
measures of sight-singing performance: pitch and combined score. This result sug-
gests that although musical experience before postsecondary education matters, higher
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education experience probably helps musicians improve their sight-singing ability to
a larger extent. It could mean that in places like Quebec, Canada, where music higher
education typically includes 4 years of aural skills instruction students might have the
opportunity to become significantly more proficient with that discipline. It would be
relevant to measure whether other, more extensive experience with aural skills, such
as advanced placement music theory courses or specialized music programs in K—12
settings, could also contribute to sight-singing performance among postsecondary-
level students. However, in our study, university students did not outperform students
from CEGEP on rhythm scores. One possible pedagogical explanation is that because
singing the right pitches is often seen as the main challenge among students, CEGEP
instructors might allocate more time in their lessons to strengthen this ability, leading
to a significant improvement when students enter university. It could also be because
the sight-singing task in this study was not rhythmically difficult enough to discrimi-
nate different levels of proficiency between participants, leading to a ceiling effect for
the rhythm score.

Contrary to our expectation, WMC did not predict sight-singing performance. Even
though WMC has been found be related to other musical performance tasks, like piano
sight-reading (Hambrick et al., 2014; Meinz & Hambrick, 2010) and pitch identifica-
tion (Hou et al., 2014), it has not always been shown to contribute significantly to
sight-reading performance (e.g., Kopiez & Lee, 2008). Therefore, our results are not
in complete contradiction with previous research. There are many possible explana-
tions for our findings. Some sight-singing tasks require students to use more auto-
mated skills, and some students rely more on automated skills than their peers,
alleviating the possible relationship between WMC and performance (Unsworth &
Engle, 2007). Consequently, even if WMC was critical for sight-singing success, some
participants with a lower WMC could compensate for it with their experience and the
automated schemas they built across time. The reverse could also be true, where some
high-WMC participants could compensate for lack of experience and automated skills.
This explanation aligns with the conclusions of a study by Cornelius and Brown
(2020), who investigated another common aural skills task, musical dictation. Indeed,
those authors suggested that some students could be better at creating schemas, which
means that taking musical dictation impacts their working memory load less than for
some of their peers.

We used only one sight-singing task, which might also partially explain why WMC
could not predict sight-singing performance. Indeed, Kopiez and Lee (2006) found
that the importance of WMC could vary according to task difficulty. More precisely,
in their study, WMC did not predict performance in the easiest and hardest sight-
reading tasks, but it did for a moderately difficult task. Therefore, in our study, WMC
could have helped predict sight-singing results if we also had various difficulty levels.
It is possible that succeeding in more demanding sight-singing tasks might be impacted
more by experience. On the contrary, sight-singers can rely mostly on automated skills
for more manageable tasks, which explains why WMC would not be a predictive fac-
tor in that case.
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Although WMC is not domain specific (Engle et al., 1999), some authors suggest
that adding a domain-specific test could give a more precise portrait of a situation. For
example, in a study comparing jazz and classical musicians’ WMC, Nichols et al.
(2018) found no difference for verbal working memory tasks but found significant
WMC differences in favor of jazz musicians in a test requiring them to remember and
play pitches on a piano. Using such a domain-specific test allowed researchers to draw
conclusions about how the specificity of jazz musicians’ experience could align with
cognitive abilities. Although using only nonmusical span tasks was justified in our
study, notably because we did not want the variability of musical backgrounds to inter-
fere with our results, it could certainly be appropriate in future studies to add a musical
measure to help understand the relationship between performance and WMC.

Our second hypothesis was invalidated. Indeed, we did not find relationships
between sight-singing performance and WMC in the subgroups we built according to
experience (early learners vs. late learners, less experienced vs. more experienced, and
CEGEP vs. university). However, in the low-performing group, there was a nonsig-
nificant trend, suggesting a possible positive relationship between rhythm score and
WMC. This relationship should be investigated in future studies. On the contrary,
there was a negative, significant correlation between pitch score and WMC, which is
somewhat counterintuitive. One possible explanation is that rhythm and pitch process-
ing might rely on different resources. Jerde et al. (2011) used PET with nonmusicians.
They observed different activation patterns depending on whether participants had to
execute tasks relying on melodic or rhythmic working memory. Consequently, we can
speculate that melody and rhythm are processed separately and rely on different work-
ing memory systems. More precisely, we could speculate that participants who
obtained better pitch scores in the low-performing group relied more on automated
schemas. Therefore, the sight-singing task led to a smaller working memory load,
meaning that a lower WMC was less detrimental to their performance. It is also pos-
sible that individuals with a lower WMC had to focus more on the melody than rhythm
to get to the last note of the sight-singing task and obtained higher pitch scores but
lower rhythm scores. In fact, in that subgroup, rhythm and pitch scores were nega-
tively correlated. Some participants probably focused on pitches while ignoring rhyth-
mic difficulties, precisely to be able to finish the exercise. This explanation would be
consistent with the notion of dimensional salience, which suggests that while process-
ing music, individuals prioritize pitch over rhythm (Prince & Pfordresher, 2012). On
the contrary, it is possible that because we instructed subjects not to stop while singing,
they might have lost their tonal center—altering the subsequent pitches—while keep-
ing up with the pulse. Further studies should investigate how musicians with various
levels of expertise process rhythmic and melodic material while sight-singing. It could
provide valuable insights into what makes this task challenging for them.

Our results have other practical implications for music learning. First, they suggest
that learning music early in life could be beneficial to musicians and extend their tonal
vocabulary. We could also link this idea to the concept of audiation (thinking in
sounds), which, according to Gordon (2013), is preceded by three stages that should
occur in early childhood: acculturation, imitation, and assimilation. Learning music at
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a young age might simply facilitate this process. Therefore, having access to quality
music learning opportunities as a child (through Early Years music lessons, in studios,
or K—12 settings) could not only help them discover their musical selves (Creech et al.,
2020) and benefit their amateur or professional lifelong musical practices but also help
those who would choose to pursue music in higher education succeed.

From a pedagogical perspective, our results also explain some of the differences
teachers can expect across learners. Instructors need to be aware that musical back-
ground shapes music learning in higher education, maybe more than cognitive abili-
ties. This finding is encouraging because although teachers have little control over
their students’ cognitive abilities, they can create opportunities to develop stronger
automated skills. Therefore, they should provide a wide variety of tools that learners
could choose from. For example, some students might need step-by-step instructions
to prepare sight-singing efficiently while also alleviating their working memory load.
Some others might benefit from tonal exercises to foster automaticity and create sche-
mas, which could help them use their working memory more efficiently. Nevertheless,
despite individual differences, these strategies could potentially help all learners.

There are some limitations to this exploratory study. Our only way to assess exper-
tise was to ask when participants began learning music and how long they played or
sang music. However, this does not give a precise portrait of their experience. How
intensive was their training? How much deliberate practice did it include? Although
our approach was appropriate for an exploratory study, further studies should include
a more comprehensive measure of musical experience, like, for example, the
Goldsmiths Musical Sophistication Index (Miillensiefen et al., 2013). Furthermore, we
used an open-ended question to know our participants’ level of study (CEGEP or uni-
versity), and most of them did not include information about their year of study. We
should have asked which aural skill course they were enrolled in, which could have
informed us more on the relationship between the postsecondary education experience
and sight-singing performance. Also, as stated previously, our sight-singing task could
have included melodies of various levels of difficulties. It would have helped us under-
stand how our independent variables could predict performance. The participants of
our study could also have benefited from more time to feel acclimated to the task.
From a statistical point of view, our small sample size made us select only four vari-
ables to enter into our regression analyses. Therefore, the conclusions we can draw
from our results are limited. They do not account for other variables that could explain
performance, like, for instance, the types of musical experience our participants had,
their knowledge of harmony and theory, or the strategies they used.

Conclusion

We conducted this research to gain insights into the relationship between musical
background, WMC, and sight-singing performance. Our results suggest that early
music learners could have an advantage while pursuing music learning in higher edu-
cation. Indeed, the age when participants began learning music predicted sight-singing
performance independently of their educational level or their number of years of
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experience. In contrast, WMC could not predict results for any of the sight-singing
performance dimensions we studied (rhythm, pitch, and combined score). Our results
also show that rhythm and melody processing could rely on different resources. We
conclude that sight-singing performance is related to students’ characteristics and
background and that instructors should be aware of these differences to offer optimal
pedagogical guidance.
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Note

1. This article describes a doctoral study embedded in a larger exploratory research project
about factors explaining sight-singing results among postsecondary students. Eye tracking
was not relevant to the purpose of the present study. Recorded eye-tracking data will be
described in another study that is currently in preparation. Because the eye tracker was
integrated into the computer monitor and required no chin rest, participants were free to
move their head. Hence, its use should have had minimal to no particular impact on the
present results.
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