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Abstract: Music education, whether professional or amateur, includes learning musical instruments.
Intonation is a critical factor in their training. The main objective of this research work is the design
and validation of online educational software for the real-time training and evaluation of intonation
in non-fixed pitch musical instruments, such as fretted string instruments (violin, viola, and cello)
and brass instruments (trumpet, horn, and trombone). This software is intended to create a practice
artefact for novice music students. A design sciences research methodology is adopted to achieve a
product tested for functionality and usability. Novice students carry out the validation phase through
a study consisting of previous practice with the software and the administration of a questionnaire
with open-ended items grouped in technical-didactic, emotional, and overall dimensions, plus two
additional questions. The results show evidence that the software was well received, confirming
previous studies on the design and validation of educational music education software.

Keywords: music education; software design; intonation; teaching brass instruments; teaching
bowed stringed instruments

1. Introduction

Intonation is a complex musical skill that involves at least two related skills: (1) the
ability to discriminate aurally between two different pitches and (2) the ability to reproduce
or imitate a previously heard pitch [1]. These skills involve the activation of the functions
of timing, sequencing, and spatial organisation of movements [2], which have to be coor-
dinated for sound production. Although the existence of this coordination is suspected,
very little is known about how it is carried out [2]. Some kind of mental representation
of sounds is thought to mediate the coordination, but there is no consensus on its nature,
origin, generation, content, or relationships to other cognitive entities, although there is
evidence of its use by musicians [3]. Furthermore, this coordination requires the execution
of some cognitive processes associated with production and perception, as well as the
involvement of proprioceptive information stored in the learner’s knowledge schemas [4].

During intonation training, the teacher asks learners to sound accurately on their
instruments, but in real life, this may not be the case as they often intentionally deviate
from the frequency for expressive purposes in certain musical contexts [5,6]. This situation
is problematic as it involves asking novice learners to develop mental representations
based on models that they will then have to change. Other factors that add to the dif-
ficulties of teaching intonation are melodic and harmonic context, timbre, vibrato, and
portamento [7,8]. Also, beginner students of these instruments, unlike those students
who are more advanced in the instrument, lack the cognitive-motor schemas and mental
imagery necessary for sound production [9]. This adds more cognitive load (difficulty) to
learning [10].
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Accordingly, it could be argued that intonation plays a critical role in the initial
learning of non-fixed pitch instruments. Software that could offer students the opportunity
to practice with the instrument and, in addition, provide an automatic evaluation of their
practice could be of great help during instrumental training. Presumably, this would
facilitate the construction of mental images of sounds and intervals. Furthermore, it
would be even more beneficial if the software included a visual feedback system that
would make it possible to visualise the differences between the student’s performance
and the model to be imitated. Likewise, the software could facilitate the complex task
of correcting the intonation problems of learners by the teacher, thus avoiding the use
of verbal instructions. Natural language is often polysemous, which makes it difficult to
provide efficient feedback during learning [11]. Consequently, the use of a visual feedback
system provided by software would be a clearer and more accurate alternative.

This study presents the design and validation processes of the software, created
specifically as an online educational artefact for the real-time training and assessment of
intonation on non-fixed intonation instruments such as brass and fretted string instruments.
The software has been developed as an online tool that allows real-time assessment of
intonation, allowing customised settings, as well as the creation and edition of exercises
by users.

2. Literature Review
2.1. Teaching and Learning Intonation on Musical Instruments

Compared to other aspects of performance, there is some consensus that there is no
specific approach to teaching intonation on non-fixed pitch instruments, such as brass and
fretted string instruments, as they depend on the particularities of each instrument. Some
factors can be construction design [12,13], mouthpiece changes [14], and temperature [15].
Other factors are added by instrument performers, such as tongue position and bow [16] as
well as air column [17]. All this makes intonation the most complex parameter to develop
on non-fixed pitch instruments. Thus, students of brass instruments need specific strategies
such as compensating with embouchure, improving breathing, using alternative fingerings,
correcting stick position, and the like [12]. In addition, some of these instruments are
transposing and some are not.

Although stringed instruments are more homogeneous in the intonation, several
factors can affect the music production ability. An important influential aspect in this
regard is the lack of automation. Novice bowed string players find their progress in
producing sound somewhat restricted; this stems from the crucial need to internalise
(automate) specific mental patterns prior to being able to adequately focus on achieving
accurate intonation [18]. In conclusion, any software tool dedicated to intonation training
and assessment should particularise the instruction for each instrument.

There are three main methods for intonation development: traditional, auditory, and
audio—visual. The traditional method, based on learner practice with a teacher providing
verbal feedback, has been suggested to be the least effective [12] due to the polysemy of verbal
instructions [11]. The auditory method comes from learning by imitation or modelling [19].
It includes techniques such as imitation of the teacher’s physical or sound model, imitation
of a recording, analysis of one’s own recordings, or co-assessment among learners [7,20].
The audio—visual method involves the use of specific hardware or software that integrates
different modes of presenting musical information. The typical actions of the learner are to
listen to the model and its input, visualise the visual representation of both on screen, and
check if the information of both corresponds. This forms a process of audiovisual feedback
that has been studied extensively, although with mixed results [4,20-22].

This disparity in results could be due to several factors that concur in the processing
of musical information. Divided attention is one of those factors, which refers to learning
materials forcing the learner to divide their attention between competing information [23],
for example, sound and visual representations. Another factor is the specificity of the
ways (modalities) in which musical information is presented in the materials. This factor is
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related to cognitive load, i.e., the mental effort a learner must expend to perform a task. It
reflects the limitations of working memory associated with the amount of cognitive load
that different modalities have [24,25]. Extrinsic cognitive load, i.e., the cognitive load that
is not due to the difficulty of the subject itself (or intrinsic cognitive load), can be reduced
by careful arrangement of the learning materials and consideration of the context and the
agents involved [26,27].

Computers have the ability to integrate graphical and aural modalities in the presen-
tation of music practice exercises. They can also obtain the user’s input and evaluate it
in real-time using analysis algorithms, which can help reduce extrinsic cognitive load by
bringing together complementary information from different modalities in a structured
way, thus avoiding the division of the student’s attention.

2.2. Software for Musical Intonation

Research on the development of voiced intonation software has studied the effect
of visual feedback on user input in contrast to the theoretical model of intonation. Some
software with this specific task has been developed, for example, by Singad [28], Singad
Sing and See [29,30], and WinSINGAD [31].

The aim of these applications is to visually represent the incoming audio so that the
learner can contrast their intonation on screen with a reference model and improve it. It
has been suggested that this visual feedback can help improve intonation accuracy during
training [30,31]; however, the visual feedback from the software could have a distracting
effect on the attention of the learner participant, which could have a negative effect on
intonation [4].

The Intonia software [32] targets intonation on the violin, allowing the user to visualise
their intonation through the real-time representation of their input by means of dynamic
waves inserted within a coordinate graph (pitch over time) and overlapping with the
representation of the sound model. The user can pre-specify the temperament to be used
(equal, meantone, or Pythagorean). It is assumed that learning takes place from the learner’s
analysis of the visual feedback.

Another software [33] was designed for the training and the automatic assessment of
vocal intonation. For this, a number of features were implemented based on a literature
review on factors influencing intonation in the sung voice: (1) exercise imitation [34];
(2) chord or drone as facilitators for intonation of the first sound of each exercise [5,35];
(3) different modes of pattern information representation to enhance information processing
and avoid extrinsic cognitive load of learning materials [23]; also, to facilitate visual
feedback [31]; (4) limitation of the number of sounds in the exercises so as not to exceed
the user’s sensory memory buffer [36]; (5) real-time evaluation of the exercises; (6) an
exercise editor to facilitate the creation-editing of patterns by students or teachers. Thus,
the software is open and reusable. The results of teacher testing have validated this software,
which is widely used in the early years of music education at music schools.

2.3. Online Software for Real-Time Instrumental Intonation

The didactic artefact of this study consists in software for the real-time training and
evaluation of intonation on non-fixed pitch instruments (trumpet, trombone, French horn,
violin, viola, and cello). It is intended for beginners and intermediate-level students. The
software evaluates only the pitch, without taking into account the rhythmic aspects, in
order to prevent the novice student from facing the problem of dealing with two difficulties
simultaneously.

When running the software, a window on the screen prompts the user to choose the
instrument to practice and then to select the audio input-output devices—microphone
and speakers—which can be those of the computer’s audio card or any other. Once the
instrument is chosen, another window asks the user to select the set of starting exercises.
The software also asks the student to configure the evaluation system, i.e., the tolerance
that the system should have in the evaluation of each sound of the exercise. This is shown
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in cents and asks the student to set two opposite values: (1) a lower limit—a tolerance value
below which incoming sounds with an intonation deviation below this limit will be rated
with the maximum score; and (2) an upper limit—a tolerance value above which incoming
sounds with an intonation deviation above this limit will be rated with a score of zero
points. Incoming sounds with an intonation deviation between the two limits are scored
according to an algorithm, with the higher deviation from the model being penalised.

After this, the main practice window opens (Figure 1), which includes: (1) a top menu
with the exercises to practice; (2) a left side menu containing the settings, the exercise
editor, and the student’s practice report; and (3) a button to play the exercise—the model or
user input, another button to evaluate the student’s performance, a sound input level, a
countdown to align the response and the exercise and a button to automatically stop the
exercise when the student has finished playing.

Plectrus

5 Mend principal
Ejercicios
Historial

B  Editor de ejercicios

» s | 4wl

Cuenta atras

Figure 1. Main practice screen.

The software disregards the rhythm component—the time and interonset intervals—
in the evaluation of the performance, so the student should not follow a set tempo during
practice. The absence of a set tempo makes it necessary to automatically establish a
correspondence between each tone value obtained (12 values for each second of audio)
and its reference frequency. The best monotonically increasing alignment between the
pitch values and the reference notes was therefore sought. For this purpose, a dynamic
programming alignment algorithm was implemented.

As aforementioned, in the evaluation system, each sound in the exercise is indepen-
dently evaluated. In a given exercise, each sound is assigned a total value of 10/N points,
where N is the number of notes in the exercise. This is carried out by means of a configura-
tion that the student can modify graphically, as mentioned before, allowing them to have a
personalised evaluation system. The evaluation is carried out in real time and also provides
the student with visual feedback by contrasting the waveform of their interpretation with
the waveform of the model. It also provides feedback in the form of audio messages and
texts indicating the errors of each performed sound.

In order to allow the student to set up a customised practice, the software incorporates
a section for creating and modifying exercises (Figure 2), allowing the creation of single
exercises, as well learning units—a mere collection of thematic exercises. As can be seen,
an attempt has been made to avoid any complexity of the interface so that the student can
quickly get in touch with the software.

The software is a web application consisting of three main components: a front-end
based on the open-source JavaScript library React, a MySQL relational database, and a REST
API based on Express, the most popular Node]S web framework. Therefore, the software
requires a web server to run the API and the MySQL database software in order to allow
communication and data storage between the user (front-end) and the application. This
uses HTML5 API, Web Audio AP], a pitch detection algorithm, an intonation evaluation
algorithm, a Java script for processing and synthesising audio in web applications, as well
as a File API for handling file upload and manipulation (Figure 3).
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Figure 2. Exercise creation and editing window (see the right menu for editing and creating exercises
and learning units).
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Figure 3. Software architecture.

To automatically evaluate the users’ performances, in a first step, the software records
the audio of the performances through the user’s microphone using the HTML5 Web Audio
APl implemented by most web browsers. Once recorded, a pitch or fundamental frequency
detection algorithm is used to obtain the pitch frequency (in Hz) over time corresponding
to that execution. This is made through a sliding window of 125 ms and a jump length of
83 ms, that is, 12 values per second with a 50% overlap between consecutive windows. The
evaluation takes into account the lower and upper limit settings made by the user in the
initial window of the software (see above).

3. Method
3.1. Design

Design science (DS) is concerned with designing and crafting artefacts to produce
satisfactory outcomes related to predetermined objectives. The fulfilment of these objectives
involves a relationship of three elements [37]: “the purpose or goal, the character of the
artefact, and the environment in which the artefact is used” (p. 56). In this work, a design
science-based research methodology (DSRM) was adopted, a method suitable for the
creation of information systems for educational purposes [38]. The paradigm present in
the DSRM in information systems is very appropriate in a work oriented to the creation
of educational artefacts; in this case, an information system aimed at specific objectives,
e.g., software for intonation on non-fixed pitch instruments. The scheme followed in the
methodology of this project can be seen in Figure 4.

In phase 1 (not shown here; see Section 4.1 for a summary), a needs assessment was
carried out in order to pre-design the software. This detection of needs was addressed
through eight focus groups with teachers of the musical instruments for which the software
was designed. The conclusions obtained from this study [39] helped to delimit the problems
to be solved as well as to determine the features that the software should include.

Phase 2 (partly shown here) included the design and technical evaluation of a pro-
totype of the software and successive iterations through usability tests with students in
groups of 5, as advised by [40], as well as functionality tests. This phase included a multiple
case study with 4 students from 8 to 12 years old in order to verify the functionality of the
software as well as its influence on students’ self-regulation in instrumental practice [41].

Phase 3, the core of this study, consisted of the validation of the software by instru-
mental students enrolled in music schools.
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Figure 4. Application of DSRM to the creation of the software (adapted from [37]). Red arrows are
iterations between phases.

3.2. Sample

The sample consisted of 141 music school students (85 from Spain, 13 from Chile, and
43 anonymous students who were recruited via social networks. Sixty-one were male and
eighty were female, aged between 8 and 51 years (X = 13.9; SD = 6.40).

There were 86 string players and 55 wind players. Sixty-nine people were studying
elementary level (four years) of their instrument in music schools and 72 people were
studying intermediate level (six years) in music schools, conservatories, or authorised
professional music teaching centres. The majority of participants (95%) had formal mu-
sical studies and had obtained good instrument grades during the previous year at their
conservatory or music school (X = 8.28; SD = 0.99; range = 0-10 points). Likewise, partici-
pants’ previous year’s grades in compulsory schooling were excellent (X = 9.07; SD = 0.90;
range = 0-10 points).

3.3. Validation Instrument and Dimensions

An anonymous questionnaire of perceptions of practice with the software was de-
signed and validated to collect the data; it included 46 open and closed items. A 4-point
scale was used to avoid the neutral point. The omission of the neutral point on a Likert
scale forces the student to decide on one side of the scale, avoiding the routine assessment
of items at the midpoint. Researchers use this format to prevent respondents from choosing
a neutral response to avoid making a decision, an important issue in this research. The
questionnaire collected participants’ perceptions in three evaluation dimensions: technical-
didactic assessment, emotional assessment, and overall assessment of the software. The
idea of using the emotional dimension as a criterion of the quality of this software arose
from the fact that in the educational and social world, little evidence is needed to demon-
strate the presence of emotions in the learning process, as all people experience emotions
when participating in education. Based on a dialogic vision and the socio-genetic base of
emotions, not only primary, basic, and globally shared emotions (joy, sadness, fear, etc.)
were considered, but also secondary, culturally learned emotions which are experienced
on certain occasions as a process of emotional scaffolding involved in human educational
activity. This line of work on emotions was developed on a psychological basis using the
socio-cultural approach, subsequently updated by many other authors, for example [42].

In addition to personal and academic data, self-assessments of musical competence
and digital competence were included as covariates to see if they influenced the main
dimensions of the validation. Finally, the questionnaire asked for preferred and non-
preferred features of the software, as well as suggestions for software improvement.

The questionnaire was validated by two expert judges with more than 20 years of
teaching musical instruments and who regularly used music technology in the classroom.
These judges expressed their opinion on the appropriateness of each item of the question-
naire. If they did not agree with the suitability of some items, they suggested changes to be
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made in a space reserved for this purpose. After two validation runs of the questionnaire, a
complete agreement was obtained (Kappa Cohen =1).

3.4. Preliminary Context and Validation Procedure

In order to better understand the process of developing this software, it is necessary
to provide the reader with summary information about the detection of needs and design
phases. Thus, in the detection of needs phase, 8 focus groups were carried out in 8 Spanish
cities in which a total of 32 music school teachers participated [39]. In summary, the
information provided by music teachers has revealed certain inconsistencies in the teaching
of intonation, which indicate the prevalence of intuitive practices based on experience
and teacher training, as well as a relative absence of theoretical, pedagogical foundations
to support practice. There is also a lack of uniformity in the sequencing of content, a
problem that becomes even more complex if we consider a certain laxity on the part of
teachers in the approach to intonation in the initial stages. There is a notable absence of a
generalised assessment model and of effective coordination between music theory teachers
and instrumental specialists, which would allow pupils from all instruments to fulfil the
same objectives [39]. The use of ad hoc software could systematise the practice of intonation
in the initial stages of learning non-fixed pitch instruments. In this sense, their use could
provide certain unifying criteria for teachers that would help to generate more consistent
pedagogical forms in intonation work with brass instruments. In addition, it could provide
reinforcement and greater autonomy in students’ daily practice, as it would facilitate work
at home and provide room for practice and evaluative feedback without the need for the
teacher’s physical presence. It is also noted that it could be helpful in self-discipline within
the study of the instrument (self-regulation).

With the information obtained from these groups, a functional prototype of the soft-
ware was designed and implemented—a functionally reduced version—which was tested
by students and teachers in a cyclical phase of iterations. This phase provided observational
data and users’ perceptions that facilitated the refinement of the prototype.

The prototype was then demonstrated in the laboratory with regard to its ability to
solve the problem and provide solutions to the identified needs. Afterward, the prototype
was piloted in a real context (6 music schools in the Valencian Community, Spain), which
provided more data on functionality and usability to improve the software. After the
corresponding iterations with the design and implementation process, a final revised full
version was produced. This version was tested by means of a qualitative multiple case
study with 4 elementary level students aged 8-12 years old [41]. In addition to verifying the
functionality of the software, the secondary objective of this study was to test the influence
that the software could have on the students’ self-regulation strategies.

During the validation process, the participating students were given access to a
video or face-to-face lecture aimed at providing information on how the software works
and how to make an account on the software server. They were also asked to do some
practice sessions with the software in order to be able to complete the questionnaire. The
participating music education centres were Spanish (Comunidad Valenciana, Castilla La
Mancha, Melilla, and Regiéon de Murcia) and Chilean (Santiago, Valparaiso, Valdivia,
and La Serena). Likewise, a link to the software’s webpage was also disseminated on
social networks, with another link to complete the online questionnaire. The results of the
validation are presented below.

4. Results

In this section, the analysis of the data obtained from the administered questionnaire
are presented. First of all, three covariates were presented which could potentially influence
students’ opinions: (1) personal and academic data; (2) digital self-competence; and (3) mu-
sical self-competence. Then, three evaluation dimensions were analysed: (1) technical-
didactic dimension, which collects the opinions on the technical, interaction, and didactic
elements of the software; (2) emotional balance, which collects the self-perception of
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emotions of well-being and discomfort during the practice with the software; (3) global
evaluation dimension, which collects data related to the students’ preferences to continue
using the software during the musical instrument studies, whether at home or not. Also,
the results of two items included in the questionnaire were presented that did not constitute
a measure in themselves: (1) the overall evaluation of the software; and (2) whether the
student would recommend the use of the software to others. Finally, the questionnaire in-
cluded three open questions to the students: (1) the elements of the software they liked the
most; (2) the elements they liked the least; and (3) suggestions for software improvement.

4.1. Personal and Academic Covariate

In order to study covariates that could explain possible influences, the questionnaire
included items related to personal data (gender, age) and academic data (instrument, level
of instrument studies, and the previous year’s instrument course grade). The influence of
these variables will be shown where relevant within each validation dimension.

4.2. Digital Self-Competence Covariate

This covariate has been chosen as such because there is a high probability that higher
indicators of digital competence are related to better results in the use of this software and,
therefore, could plausibly explain a bias in the students’ assessment, if pertinent. The items
were scored on a four-point ordinal scale to avoid the neutral point.

A principal component analysis (PCA) was run and two explanatory factors of vari-
ance were detected: (1) skills (n = 141; o = 0.619); and (2) use of technology (n = 141;
o = 0.621) (Table 1). Taken as a global scale, the reliability of the covariate is medium
(Cronbach « = 0.609).

Table 1. Main factors of digital self-competence covariate.

Skills Factor Items ! X SD
Self-perception of technological skills 3.39 0.73
Self-perception of learning with technology 3.43 0.72
Use of technology factor items !
Frequency of computer use 2.23 0.86
Frequency of mobile phone use 3.24 0.96
Frequency of ICT use for gaming 2.57 1.04

1 (score, min = 1; max = 4).

This covariate correlates directly with the grade from the previous school year (r = 0.27;
p =0.007) and the didactic assessment dimension (r = 0.444; p = 0.001). The higher the scores
from the previous school year, the higher the self-assessment of the digital competences
and the software exercises.

4.3. Covariates: Musical Self-Competence

This category of the questionnaire was created on the basis of a set of variables that
could potentially systematically influence the perceptions of students participating in the
software assessment. Four items were included that sought to ascertain these perceptions
in three domains: general musical skills, instrumental musical skills, ability to perceive
intonation correctly, and ability to produce intonation correctly (Table 2). The reliability
of the scale was normal (& = 0.79). The perception of musical self-competence was high
(X =7.49;SD =1.72).

This category correlates significantly with the academic variables of instrument grade
in the previous year (r = 0.319; p = 0.002) and overall course grade in the previous year
(r =0.272; p = 0.007). The higher the previous course grade, the higher the perception of
musical self-competence.
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Table 2. Ttems of the covariate musical self-competence !.

Musical Self-Competence Items ! X SD
General music skills 7.94 1.45
Instrumental music skills 7.49 1.65
Intonation skills (perception) 7.14 1.61
Intonation skills (production) 7.39 2.20

1 (score, min = 1; max = 10).

4.4. Technical-Didactic Dimension

This dimension included closed-ended questions (degree of agreement—disagreement
with a statement about the usefulness of technical, didactic, and interaction features)
scored on a four-point ordinal scale to avoid the neutral point. A principal component
analysis was used to calculate the main explanatory factors of variance as well as the
reliability of the scale. The dimension was composed of three components: technical
opinion (six items), interaction (four items), and didactic opinion. The results were high
both in terms of reliability (Cronbach’s o = 0.733) and in terms of participants’ perceptions
(X =3.35; SD = 0.36) (Table 3).

Table 3. Factors of the technical-didactic dimension (n = 141; score: min = 1; max = 4).

Items of the Technical Opinion Factor X SD
Evaluation system 3.37 0.72
Usefulness of audio message feedback 3.14 0.83
Preference for visual feedback 3.46 0.79
Preference for the exercise creation module 3.70 0.49
Preference for immediate evaluation 3.68 0.62
Ease of use of the interface 3.48 0.65

Items of the interaction factor

Understanding actions to intonate 3.49 0.69
Understanding the interface 3.37 0.80
Understanding software operating instructions 3.49 0.70
Software performance 3.50 0.70

Items of the didactic opinion factor

Amenity of the exercises 3.28 0.62
Ease of exercises 3.46 0.75
Facilitating intonation practice 3.35 0.67
Facilitating understanding of intonation 3.22 0.82

There is a correlation between the covariate musical self-competence (r = 0.24;
p = 0.003) and the covariate of digital self-competence (r = 0.23; p = 0.006). This means that
the more proficient students felt they were in both music and technology, the better they
scored on this dimension. The most highly rated items on the scale were preference for the
exercise creation module, which allowed them to create and edit their own exercises, and
the immediate evaluation of exercises.

Regarding the covariates, neither age, gender, nor the type of instrument had a
significant correlation with this dimension.

4.5. Emotional Balance Dimension

Emotion is considered an emergent phenomenon formed by processes that seek
to activate the most congruent response to any situation or to deactivate incongruent
responses [43]. Some works have highlighted the important role that emotions play during
any learning activity [44,45]. Therefore, it was considered relevant to include an emotional
balance in the software validation questionnaire, merely a set of well-being and discomfort
emotions with no semantic differential and not paired. This balance was included in order
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to assess the emotional reception of the software by calculating the frequency of the number
of emotions felt and recognised by each student. Thus, the questionnaire incorporated
a multiple-choice item with a set of 14 emotions: 7 of discomfort (boredom, sadness,
loneliness, tiredness, anger, worry, and despair) and 7 of well-being (enthusiasm, joy,
security, reassurance, confidence, satisfaction, and independence) that participants might
have felt during practice with the software. There was no limit to the number of emotions
students could select. The results showed a predominance of emotions of well-being (blue)
versus emotions of discomfort (red) (Figure 5). The students felt a total of 93 emotions
of discomfort and 496 of well-being. This indicates an overall adequate learning climate
from the emotional perspective during the practice from which the software evaluation
was drawn (Figure 6).

Frequency
Frequency

0 1 2 3 4 5 6 1 0 1 2 & 4
Number of perceived emotions of well-being Mumber of perceived emotions of discomfort
(a) (b)

Figure 5. Frequency of the number of perceived individual emotions: (a) number of emotions of
well-being; (b) number of emotions of discomfort.

Sum of emotions perceived by each student

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 8 88 91 94 97 100 103 106 109 112 115 118 121 124 127 130 133 136 139

Student ID number

Figure 6. Perceived emotions of well-being (blue) and discomfort (red). Number of emotions
perceived (X) by each student (Y).

4.6. Overall Assessment Dimension

The overall software evaluation dimension consisted of four questionnaire items
(Table 4). The reliability analysis shows a high Cronbach’s Alpha (x = 0.80). This dimension
correlates significantly with the global assessment question (r = 0.61; p < 0.001), with the
software recommendation question (see below) (r = 0.24; p = 0.004), with the technical
perception of the software (r = 0.51; p < 0.001) and with the didactic perception of the
software (r = 0.471; p < 0.001). It does not correlate with musical self-competence or digital
self-competence.
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Table 4. Items of the scale “overall software evaluation”.

Scale Items ! X SD

Preference to continue using the software in their studies 3.42 0.74
Preference for using the software at home 3.35 0.70
Preference for spend more time on intonation with software 2.96 0.91
Preference for use in intonation activities 3.36 0.72

1 (score, min = 1; max = 4).

The overall rating was relatively high (n = 141; X = 3.27; SD = 0.76). It correlates
significantly with medium-high values with the technical-didactic assessment dimension
(r=10.564; p = 0.001).

In addition to this evaluation and in order to validate the dimension, a question in
the questionnaire asked the participants to rate the software overall on a 4-point scale.
The result indicates an excellent reception and a good opinion of the software (n = 141;
X =3.58; SD = 0.49). This item correlated significantly with the overall software evaluation
dimension (r = 0.62; p < 0.001).

The instrument level covariate showed significant differences: students with a lower
instrumental level (elementary level) score the software better overall than students with a
higher level (intermediate level) (x> = 20; p = 0.029). Likewise, the variable of the previous
year’s grade (academic data covariate) showed a significant negative correlation with the
overall assessment (r = —0.249; p = 0.010). In other words, the lower the grade from the
previous year, the higher the score given to the software.

Finally, another item in the questionnaire asked participants whether they would
recommend the software to other students or friends. The result showed that 140 students
would recommend using it compared to one student who would not. This item also
correlated significantly with the overall software evaluation scale (r = 0.24; p = 0.004).

4.7. Preferred, Non-Preferred Elements, and Suggested Changes

Three open-ended items in the questionnaire asked about (1) the elements that partic-
ipants had liked the most; (2) those that they had liked the least; and (3) suggestions for
features to be included in the software.

What students liked most was the immediate evaluation of the exercise (32%), the
ability to create and edit exercises (18%), and the software’s help with intonation (18%). The
least liked were the graphical interface (12%) and that the software sometimes crashed due
to ambient sound interference or poor microphone sensitivity on their computers (12%).
Participants suggested changing the feedback voice of the evaluation (5%) and including
other images in the interface (3.5%).

Summarising this Results section, the assessment of the different dimensions of the
software (technical-didactic, and overall, the emotional balance and the global evaluation
questions show highly promising results (Table 5).

Table 5. Summary of results.

X SD « Cronbach
Scales !
Technical-didactic dimension 3.35 0.36 0.73
Overall assessment dimension 3.27 0.76 0.80
Overall questionnaire 3.34 0.37 0.82
Global evaluation questions
Software rating question 1 3.58 0.49 -

Software recommendation question 2

Emotional balance question 3

yes =140;no=1
well-being = 496; discomfort = 93

1 (score, min = 1; max = 4). 2 yes = do recommend; no = do not recommend; 3 number of emotions.
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5. Discussion and Conclusions

The results presented here do not differ substantially from those obtained in other
studies in which software for music education has been designed and validated. In a
work [46,47], ninety-eight primary music students practised with software for rhythmic
training in two 60 min evaluation sessions, rating each session highly on an overall useful-
ness rating on a five-point scale (X = 4.42; SD = 0.66) and showing an emotional balance
with a high predominance of well-being emotions.

In another study [33], a software dedicated to the intonation of the sung voice was
designed and validated by thirty music teachers. The teachers practised with the software
for a week and then completed a questionnaire. Data regarding the technical applicability,
effectiveness, navigability, organisation, content suitability, user-friendliness, interface
suitability, functionality, versatility, and accessibility, and didactical (on-screen represen-
tation of inputs, evaluation, feedback, preset content, neutral syllable for solmisation,
non-conventional representations, order of presentation) aspects of the software were con-
sidered. The results related to the didactical aspects were high (X = 4.2; SD = 0.72; five-point
scale), as well as those related to the technical aspects (X = 4.1; SD = 0.69; five-point scale).
The emotions that students believed they felt were overwhelmingly feel-good. These results
converge with results from aforementioned study [46,47].

Regarding software design features, it is noteworthy that the usefulness assigned by
students to visual feedback confirms the importance of this aspect, as reflected in the results
of the related studies mentioned in the literature review [28,30,31]. Also noticeable are the
students’ preferences (Table 3) for the immediate assessment of practice and the exercise
creation module, confirming the findings of other study [33,47].

The main conclusion drawn from these results is that, according to the students’
opinion, the software presented here fulfils the objectives of this research, i.e., designing
an effective information system for use as a didactic artefact in early instrumental music
education. The use of ad hoc software could have the potential to serve as a significant
tool to improve and systematise the daily tasks related to intonation in initial instrumental
on non-fixed pitch instruments: “it seems axiomatic that the more instructional tools the
teacher has for teaching intonation, the greater the possibility that the students can learn to
perform with good intonation” ([48], p. 393).

However, given the unrepresentativeness of the sample and the fact that the data
obtained refer to students’ opinions and not to the effect of the software on instrumental
intonation skills, it is appropriate to use these results with caution. To overcome these
limitations, it will be necessary to conduct a study with a larger sample of students, with a
detailed, objective, and long-term evaluation to know if there is an effect of the use of the
software on the instrumental intonation results of the students.

Another line of research to improve the validity of this study lies in the analysis of
the psychological aspects related to instrumental practice, such as self-regulation. In the
design phase of this work, a case study was conducted that has shown some evidence of the
influence of this software on the self-regulation of violin and viola students. [41]. However,
qualitative studies would be necessary in order to confirm this potential influence. In
addition, a technical-didactic evaluation study of the software by instrument teachers
would be necessary, in order to complement that of the students and to obtain global and
more accurate data on the validity of the software.

The practical implications of this study are related to the transfer of knowledge to
society. In the Valencian Community, around 650 public and private music schools make
up a public network that favours social relations, inclusion, and disciplinary development
in a region where music is a preferred activity, as evidenced by the existence of more than
600 music bands. To transfer the knowledge generated in this study, the researchers intend
to make this research product free of charge to students and music schools in the region for
two years. This will also allow for the aforementioned studies on instrumental intonation
and the influence of software on the self-regulation of novice students of non-fixed pitch
instruments. When positive data on the effect of the software on pupils’ instrumental
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intonation skills and teacher evaluation data are obtained, marketing actions—contact with
companies, technical marketing specifications, and licensing—can be initiated.
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