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Abstract. Intonation is probably the most important component of good training on instruments with variable intonation, such
as brass wind instruments. It is a complex skill that involves perceptual and productive aspects as well as the coordination
of both. Due to a variety of factors, experts confirm that there is no specific and systematic approach to teaching intonation
in this family of instruments, at least compared to other aspects of performance. This exploratory study is part of a larger
research project which aims to identify the praxis of brass instruments and musical theory teachers in the process of teaching
intonation at the initial level in the context of 8 music schools. Several focus groups were carried out in Spain with a total
of 32 teachers who had at least 20 years of teaching experience at the beginning level of music education. A recursive
analysis was carried out using the previous categories: perceptions of intonation, contents, methodology, assessment and
ICT resources. The results reveal inconsistencies in the teaching of intonation, the prevalence of intuitive forms based on
the teachers’ experience and training, but with a lack of theoretical systematisation to support it, the lack of coordination
between teachers of music theory and instrumental specialists, and furthermore, the absence of a generalised framework or
model for evaluating the initial teaching of brass wind instruments.
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[es] La ensefianza inicial de la entonacion en instrumentos de viento-metal y lenguaje
musical en Espafna. Un estudio exploratorio con profesorado de escuelas de musica

Resumen. La entonacion es probablemente el factor mas importante de una buena formacion en instrumentos de entonacion
variable, como los de viento metal. Es una habilidad compleja que compromete aspectos perceptivos y productivos, asi
como a su coordinacion. Debido a diferentes factores, los expertos confirman que no existe una aproximacion especifica y
sistematica a la ensefianza de la entonacion en esta familia de instrumentos, al menos comparado con otros aspectos de la
interpretacion. Este estudio exploratorio es parte de un trabajo de mayor alcance. Su objetivo ha sido identificar la praxis
del profesorado de instrumentos de viento-metal y lenguaje musical en los procesos de ensefianza de la entonacién en el
nivel inicial en el ambito de 8 escuelas de musica. Fueron realizados varios grupos de discusion en Espafia con un total
de 32 docentes con al menos 20 afios de experiencia docente en el nivel inicial de ensefianzas musicales. Se realizo un
analisis recursivo utilizando las categorias previas: percepciones sobre la entonacion, contenidos, metodologia, evaluacion y
recursos TIC. Los resultados visibilizan inconsistencias en la ensefianza de la entonacion, la prevalencia de formas intuitivas
basadas en la experiencia y formacion del profesorado pero que carecen de una sistematizacion tedrica que la sustente, la
falta de coordinacion entre el profesorado de lenguaje musical y el de especialidades instrumentales y, ademas, la ausencia
de un marco o modelo generalizado de evaluacion en las ensefianzas iniciales de las especialidades instrumentales.
Palabras clave: ensefianza de la entonacion; instrumentos de viento-metal; escuelas de musica; praxis del profesorado.
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1. Introduction

Learning a musical instrument involves the building of knowledge along with the development of numerous skills.
For brass instruments and voice, intonation is probably the most important component of good training. Intonation
is a complex skill that engages different brain areas and motor structures (Morrison, 2000). “Intonation” may be an
imprecise term for a complex skill that engages different sub-skills, e.g. “pitch discrimination”, which is the ability
to distinguish between two different sounds in the perceptual domain (Morrison and Fyk, 2002). Furthermore, if
production is taken into account, pitch matching is another sub-skill that allows for the reproduction of a previous
sound (Morrison and Fyk, 2002). For these authors, intonation is a set of discrete skills that provides experience with
pitches and intervals within a real musical context, “the acoustic and artistic accuracy of sound” (p. 184). However,
intonation is not accurate in real contexts, as deliberate deviations from intonation occur for expressive purposes
(Gardner, 2020; Garzoli, 2020; Kanno, 2003; Leedy and Haynes, 2001).

Thus, intonation is not an absolute value and depends on other factors reported in the literature, such as melod-
ic-harmonic context, presence or absence of accompaniment, register, timbre, type of instrument, vibrato or even por-
tamento (Geringer, MacLeod, Madsen et al., 2015; Kanno, 2003; Larrouy-Maestri and Pfordresher, 2018). For these
and other reasons, intonation is a very complex activity for novice learners, as they do not have a cognitive-motor
schema for sound production, so learning the instrument comes with a high cognitive load or mental effort. This is not
the case for professional musicians, who have built up a schema for sound production throughout their apprenticeship
(Stambaugh, 2016).

One of the reasons for undertaking this research is the general lack of knowledge about the teaching praxis of
intonation in brass instruments and music theory in Spanish music schools. The specific literature in the Spanish field
is non-existent and in the English speaking field it is very scarce, with the exception of work by Flunker (2010). There
are some partial studies on the effect of some parameters on intonation in wind bands in American secondary schools,
as well as some other hypotheses (see a summary in Bernhard, 2002; Morantz, 2016). Given the great differences
between the educational goals of music schools (in amateur and or pre-professional training) and conservatories (to
train professionals), it is important to understand how teachers actually carry this out in the classroom. With these
objectives in mind, an exploratory qualitative study was designed using panels of experts. Information on intonation
in initial learning has been collected and analysed from brass instrument teachers (tuba, trumpet, horn, trombone, eu-
phonium) and music theory teachers in different Spanish music schools through expert panels: their ideas on intona-
tion competence, the contents programmed, the teaching methodology, their assessment methods, and the technology
and resources they use to work on this central aspect of instrumental training.

2. Teaching intonation on brass wind instruments

There is some consensus that there is no specific and systematic approach to teaching intonation in this family of
instruments, at least compared to other aspects of playing. This is due to three factors: 1) the way the instruments
are built; 2) the ways in which intonation interacts with and influences other aspects that contribute to accuracy in
playing; and 3) the perception of intonation as a scientific and technical element rather than an artistic one (Flunker,
2010). To deal with all these difficulties, students need instrument-specific strategies (compensating with embouchure,
improving breathing, using alternative fingerings, correcting the position of the slide in the case of the trombone,
and the like) (Latten, 2003; Powell, 2010). It can be inferred from this that, although wind instruments share many
intonation problems, the solution to each of them requires precise guidelines, techniques and methods which are
specific to each instrument and situation.

In the literature review, three methods of intonation development have been identified: traditional, auditory and
audio-visual. The traditional method consists of the student understanding intonation from a theoretical point of
view and following the teacher’s advice or corrections through verbal instructions (Cavitt, 2003; Springer, 2020). It
has been suggested that this is the least effective (Powell, 2010), due to several problems regarding the meaning of
verbal instructions. These are mostly metaphors of movement or direction (“high”, “low”, “up”, “down”) (Johnson
and Larson, 2003), which may not be entirely effective in instrumental training due to ambiguity or confusion. For
example, the expression “lower” (to indicate a lower intonation according to the staff) and the spatially lower posi-
tion on stringed instruments (high range of the instrument), could be contradictory and disorienting for the student.

The auditory method has been widely used in conservatoires and is a precursor to learning by imitation or mod-
elling (Rumjaun and Narod, 2020). It includes several techniques, such as the imitation of a sound model that may
come from the teacher himself or from a recording. There are also other methods such as analysis of one’s own re-
cordings, co-assessment among students (Geringer, MacLeod y Lofdahl, 2015; Ha, 2015; Springer, 2020) or an elec-
tronic guidance system that accompanies the learner during practice with a musical instrument with sensors placed
on the learner’s body (Pardue and McPherson, 2019).

The audio-visual method involves the use of hardware or software, which can complementarily integrate different
modalities of presenting musical information. Typical actions of the learner are to listen to the model and their own
input, to view the on-screen representation of the model and the input, and to check whether their own performance
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corresponds to the model. The latter constitutes audio-visual feedback, an element of learning that has been studied
extensively, but with inconclusive results (Blanco and Ramirez, 2019; Blanco et al., 2021; Galera et al., 2013; Lim
and Raphael, 2010; Owens and Sweller, 2008; Pardue and McPherson, 2019; Pérez-Gil et al., 2016; Springer, 2020;
Wilson et al., 2008). Citing one of the latest studies, Pardue and McPherson (2019) developed a system for visual
feedback of intonation. Beginning instrumentalists, both children and adults, received 4 face-to-face 20-30 minute
lessons. In each lesson, one of the intonation feedback methods was used, along with a control lesson without feed-
back. There was no effect of visual or aural feedback, nor of their combination. The feedback methods improved
intonation for some people but were distracting for others.

Thus, the combined presentation of different kinds of perceptual information in instrumental or vocal training
yields negative results in some studies and positive results in others. This disparity could be due to the factors of
attentional partitioning and modality specificity of information, both of which are addressed in Multimedia Learning
Theory (Ayres and Cierniak, 2012) and Cognitive Load Theory (Low and Sweller, 2014). Multimedia Learning The-
ory proposes that: 1) auditory and visual information is processed in different information channels; 2) the capacity
of each channel is limited; 3) learning is an active process; 4) task difficulty is a critical factor in learning, as it sets
the amount of processing for a person to complete a task. Task difficulty is currently referred to as “cognitive load”
and reflects the limitations of cognitive processing in working memory (Castro-Alonso and Sweller, 2020). Cognitive
Load Theory suggests that cognitive overexertion (extrinsic cognitive load) added to the cognitive load of the learn-
ing materials themselves (intrinsic cognitive load) could slow down the speed and quality of information processing,
which would have a negative effect on learning. However, this would depend on the mode in which the information
is presented, the cognitive style of the learner and whether the presentation of information forces the user to divide
their attention between concurrent media (Ayres and Cierniak, 2012).

It should be noted that the differences between perception tasks and music production tasks are very large, not
only in terms of the cognitive effort required, but also in terms of the processes involved. While the former is devel-
oped in the cognitive domain, performative tasks also require proprioceptive knowledge and motor intervention. In
other words, the development of a sense of pitch is needed to recognise the correct intonation, proprioceptive knowl-
edge to manipulate the muscles of emission, physical reaction to execute the actions and an internal monitoring loop
to adjust the intonation to the correct pattern (Pardue and McPherson, 2019).

Regarding brass instruments, there are several factors that affect their intonation: their construction design
(Flunker, 2010; Latten, 2003; Powell, 2010; Schlegel and Springer, 2018), mouthpiece variations (Dalmont et al.,
1995); and temperature (Zendri et al. 2015). Likewise, the sound is also highly conditioned by the instrumentalists.
Thus, the position of the tongue (Heyne and Derrick, 2015; Heyne et al., 2019) and the air column (Bucur, 2019)
are key to obtaining correct intonation. Due to the multiple factors that can affect sound intonation, its teaching to
beginners has been and continues to be the subject of much research. According to Powell’s (2010) review, the most
effective methods are dissociation of rhythm and pitch (Anvari et al., 2002; Bengtsson and Ullen, 2006), vocalisa-
tions (Bernhard, 2002) and singing intervals before playing them on the instrument. However, there is no conclusive
evidence of whether vocalising and/or humming before performing on the instrument improves intonation skills,
with either negative (Silvey et al., 2019) and positive (Bernhard, 2002) results.

Other research suggests wind players use a harmonic accompaniment during practice (a drone) (Puangsamlee and
Fyr, 2018) or a “pedal note” (a continuous sound, usually the tonic note) (Springer et al., 2020). However, the study
by Zabanal (2019) does not confirm positive results from the use of drones, although this work has been limited and
exploratory. It should also be noted that timbre plays a fundamental role in wind instruments, as students must not
only be able to intonate with other instruments like their own, but also with instruments belonging to other families
and registers (Latten, 2003; Powell, 2010). Moreover, in some timbres such as the trumpet, “out-of-tune” is perceived
with lower margins of error than in other instruments, such as the voice or violin (Geringer, MacLeod y Sasanfar,
2015).

3. Objectives

This work is the first phase of a larger research project focused on the development of a real-time intonation
assessment software. It aims at understanding the teaching practices of brass instrument (tuba, trumpet, horn,
trombone, euphonium) and music theory teachers in some Spanish music schools along with the competences,
contents, methodology, assessment systems and technology used by teachers in the teaching of intonation.

4. Method

4.1. Design

This research has adopted a descriptive-exploratory qualitative design, based on expert panels on the teaching practice
of teachers at the initial level of teaching brass instruments and music theory.
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4.2. Techniques and instruments

In this study, the expert panel technique has been used, a special type of focus group that allows for information to be
obtained from people with considerable knowledge in a specific field (Bloor et al., 2001). The expert panel technique
was adopted in order to understand the peculiarities of teaching intonation in brass instruments and in the music
theory subject. In the expert panel, it is not necessary to reach a consensus on the object of enquiry, but to investigate
collaboratively on a prior problem or question (Heron, 1996). In this article, the data have been conveniently reduced
by means of a recursive content analysis to extract, interpret and relate the different beliefs, conceptions and practices
of the experts on the topics discussed. The themes corresponded to the categories of information related to the
objective of the study and constituted the analytical categories.

4.3. Participants

Fourteen active teachers from music schools in Madrid, Catalonia, Valencia, Andalusia and Melilla took part in 8
panels of experts. The selection was made according to convenience, teacher availability and specialisation (Fig.
1). First they had to fulfil two specific conditions for participation: 1) have 20 years or more professional teaching
experience in specialised music education institutions; 2) be active or have worked at the initial level of teaching
brass instruments and music theory.

Tuba [
rrumpet
orn
Trombone
Music language |

Euphonium [

o

2 4 6 8 10 12

Figure 1. Specialization and number of participating teachers
4.4. Analysis categories

The analysis was carried out using predefined categories defined by the research objective itself (Fig. 2). The
information obtained was organized according to codes, which were then sorted under the different categories.

Categories

[ [ l 1 ]

Perceptions on intonation ) Intonation contents ) Teaching methodology ) Assessment ) ICT Resources )

importance intencionality theoretical instruments and | types of ICT used

perceptions on clarification | foundations techniques ICT functions

the curriculum types of content organization criteria places of use of ICT

emergent codes emergent codes problem-solving emergent codes emergent codes
—_— strategies —_—

emergent codes

Figure 2. Table of codes and categories used in the expert panel data analysis.
4.5. Procedure

Prior to initiating each expert panel, the researchers sent participants the list of general topics to be discussed
(coinciding with the analytical categories) and an informed consent document to participate in the research. The
panels followed a basic structure: 1) the consent form was read and signed if applicable; 2) participants briefly
introduced themselves; 3) the moderator asked a few warm-up questions; 4) the panel topics were presented and
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discussed; and 5) if necessary information on some topics was not covered, the moderator addressed the topic after
all topics had been covered. All panels consumed the maximum scheduled time (60 minutes). The panels were
recorded by video camera (7 panels) and audio recorder (1 panel). The information obtained was transcribed into
text manually. The transcriptions were checked for errors. The resulting text documents were imported as primary
documents into the Atlas.ti v.8 software programme and analysed.

5. Results and discussion

5.1. Perceptions of intonation competence

In general, the participants mention that intonation is very important in learning both music and the instrument,
alluding to the official educational curriculum, or justifying it in the need for playing the instrument itself:

At an elementary or intermediate level [...] I think they should be more aware of intonation. Not that they should tune
perfectly, because you can't tune perfectly, but it is important that they control the feeling of when they are in tune
(trumpet teacher, 6:8).

However, this importance is specifically defined by some teachers who do not consider the learning of intonation
so important in the initial stage, either due to the difficulty for very young people (mostly between 8 and 15 years old;
see below) or because there are other higher priority learning steps such as posture or breathing. They consider that
the elementary level of teaching should be used for tuning, which they will need to know at the intermediate level,
i.e., four years later:

In the first years, and more so with children at the age of six, seven or eight years, you can do very little with tuning:
know the notes in the first year and tell them here is the note, this is the first position, this is the second position, etc....
as far as we can go. In the second year, they are already looking for strategies to listen to each other so that the note
sounds the same. But, until we get to the professional level, we dont really find the intonation, we are looking for
(trombone teacher, 35:5).

I don t get involved yet in making sure that the tuning is very precise, that’s when they start playing the instrument.
When they get older we both play together and try not to make it sound out of tune, but of course that requires a bit of
technique (horn teacher 1, 5:2).

These ideas are confirmed by the evaluation systems adopted by the participants (see below), in which the most
important thing is generally not the exact intonation.

Music Theory teachers see intonation as a tool for decoding representations with the voice and bringing the sound
to the instrument:

1 think this is where perhaps we have to be a little bit more careful in the sense of assuming that our subject [Music
Theory, M.T.] is fundamentally a tool (M.T. teacher, 18:65) which is inseparable from aural sensation, from learning
to listen (M.T. teacher, 18:16).

They consider that there have been improvements in the teaching of intonation compared to previous plans, where
intonation was not addressed and was learned intuitively, through practice and time. They state that there now seems
to be a greater awareness among teachers of the need to specifically address intonation. However, this does not seem
to be a widespread reality in classrooms due to the lack of coordination between instrumental and musical theory
teachers (Canizares et al., 2015).

5.2. Intonation contents

There is no consensus on intonation content for brass instruments. Some teachers use an interval and harmony-based
approach, starting with the tonic chord sounds and then the dominant chord sounds, very much in line with Gordon
(2007) and other enthusiasts of Music Learning Theory. Other teachers consider the intonation of intervals as a relevant
component of music theory. Teachers do not usually programme specific intonation content at the initial level because it
is worked on through repertoire, which is mostly composed of children’s film soundtrack songs, popular urban music, and
songs accessed on the Internet, as well as technical studies. Activities related to intonation consist of playing and matching
long teacher sounds, playing specific intervals to understand and achieve correct intonation, playing scales and arpeggios,
playing to the accompaniment of a “pedal-note” (sustained sound), a drone (a harmonic interval) or an ostinato (repeated
pattern of sounds). These activities are in line with studies that recommend such activities and strategies (Springer et al.,
2020), although there is controversy regarding the effectiveness of drone use (e.g. Zabanal, 2019).

Teachers seek to relate their content to what is taught in music theory. In this respect, music theory teachers gen-
erally prefer to work with learning manuals as an almost exclusive way of approaching music theory, but they are
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aware that students must learn to intonate with the voice, in order for it to become an effective tool for the instrument.
This is sometimes a problem because music theory teachers do not include the activities and ideas necessary for
students to cope successfully with instrumental lessons, or at least not to the extent that instrumental teachers need
for teaching to play the instrument.

The heterogeneity of the stated intonation content is not surprising, as the official documents are deliberately
ambiguous in their determination and are left to the choice of the educational institution that implements the school’s
educational project, which in turn delegates to the teachers. Thus, the following are mentioned as teaching contents
for brass instruments: “Strengthening of facial muscles for embouchure. Study of sound emission. Basic principles
of fingering. Practice of the different articulations. Work on dynamics. Development of the flexibility of the lips,
with the practice of linked intervals and fixed positions. Study of the mouthpiece for the specific embouchure [...]".
(Generalitat Valenciana, 2007, p. 37108).

Finally, and as suggested above, mention is made of the lack of coordination between the teachers of this subject
and the instrumental teachers in relation to the contents, an important problem of music education institutions already
analysed by Caiizares et al. (2015) in Andalusian music schools. This is a major problem for learning, as it can lead
to heterogeneous performance among students for each specific instrument.

5.3. Intonation teaching methodology

In general, it is considered that the student must have mental representations of the sounds to be able to intonate
correctly:

If the student does not identify the interval well, he can get the right position, but it is impossible for him to get the note
right if the pitch in his head is not adjusted (trombone teacher, 5:6).

This idea links the concept of auditory imagery and the ability to imitate (vocal or instrumental) (Pfordresher and
Halpern, 2013), which is also present in the concept of audiation (Gordon, 2007). Perhaps this is why instrumental
teachers do not prioritise intonation in elementary studies. The construction of internal auditory images is something
that is achieved through continuous practice, requiring time, which students do not have in class. Nor do they have much
time at home due to the necessary compatibility that should exist between music studies and compulsory education.

According to some participants, this process of constructing sound representations should be done through sing-
ing and then transferred to the instrument. Many participants state that they use it to build the pupils’ sound imagery,
mentioning that it is a fundamental tool and should be used frequently:

One should sing more than play, because whoever sings well, then plays well (trumpet teacher, 6:15).

This is in line with Bernhard’s (2002) findings, although they are not consistent with the results of other studies
(Bennett, 1994; Coveyduck, 1998; Morantz, 2016; Silvey et al., 2019). However, the latter studies tested hypotheses
using discrete-extent stimuli (single sounds, paired or small-extent patterns) in quantitative single-session designs,
not with extended treatments or complete patterns and drills, which are typical processes in teaching environments.
The relationship between auditory imagery (modality-dependent mental imagery) and short-term memory structures
needs to be supported by further research (Schaefer, 2017).

Finally, one panel mentioned that some intonation problems are not solved by singing, e.g., the inability to imitate
pitches or melodic patterns with the voice. As to the cause of this poor-pitch-singing phenomenon, it has been sug-
gested that it is not strictly due to individual perceptual or motor factors, but to the relationship between these two
factors (Pfordresher and Mantell, 2009).

In relation to singing, buzzing is used as an intermediary between singing and instrument:

When working with the mouthpiece you start from scratch, you have to look for everything: air control, pitch, sound
quality (trumpet teacher, 6:24).

1 like to use the mouthpiece without the instrument and it s like singing; we can also start by singing a note. Then look
for that note on the mouthpiece, and then proceed to producing it on the instrument, try to get it and continue on with
all notes that are challenging (french horn teacher 1, 5:14).

There are consistent didactic reasons for the use of instrumental buzzing (MacKay, 2012) and its positive effects
on intonation and timbral quality (Beghtol, 2017). However, this should be taken with caution, due to the paucity of
research related to the effectiveness of its use.

Instrumental teachers often work with the imitation method, because

the student [...] learns by imitation; therefore, it is necessary for the teacher to be constantly giving a good example
(M.T. teacher 3, 17:10).

Some use tuners, but this is a controversial issue. On the one hand, it is claimed that the novice student has not
yet built up internal mental representations of pitches and needs visual information to consolidate his or her ability to
discriminate correct intonation. Furthermore, at this stage
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it is important that they control the feeling of being in tune (trumpet teacher, 6:8).

Some teachers ask their students to close their eyes and not to look at the tuner until they have made the sound. On
the contrary, some teachers claim that the tuner is too accurate and that they should work with ear, not the eye. Those
who use it employ mobile applications that evaluate intonation with colours (red and green, e.g., Tunable) instead of
an indicator needle. This indicator colour constitutes de facto visual feedback. Its use is in line with the findings of
some studies suggesting the usefulness of visual feedback on intonation during early voice and instrument learning
(Blanco et al., 2021; Zaki-Azat, 2016). However, these results are not consistent with those of other studies (Pardue
and McPherson, 2019; White, 2020; Wilson et al., 2008).

Some teachers advocate the interrelation of technique with harmony from the very beginning, in accordance with
certain methodological postulates that point out that tonal functions are an important basis for instrument learning
(Gordon, 2007). This allows them to work by intervals, to systematise the teaching and to direct the student towards
group instrumental practice, while allowing them to work on the flexibility of intonation in groupings (the use of the
system of just tuning and the system of equal temperament). To facilitate intonation, the teachers use well-known
songs that have characteristic intervals and that due to their cultural diffusion, could be available in the students’
memory as auditory images:

1t is easier to explain a fifth with Superman soundtrack music (M.T. teacher 3, 17:10).

This could corroborate the relationship between these images, information in long-term memory, and vocal or in-
strumental imitation (Pfordresher and Halpern, 2013). However, this relationship between sound mental images and
memory structures requires further investigation (see Schaefer, 2017, for further discussion on mental representations
or auditory images).

It is mentioned that learners are often better at discriminating intonation quality in others than in themselves.
This could be explained by the fact that performative activities are more resource-intensive (motor and cognitive)
than purely perceptual (cognitive) activities, being more prone to a division of attention (Ayres and Cierniak, 2012).
Perhaps this could be the reason for the lack of effect from visual aids on instrumental intonation, as in the studies
mentioned above (e.g., Pardue and McPherson, 2019).

Finally, the importance of group lessons as opposed to individual lessons is highlighted, as pupils of this age are
more receptive and open when they are with other children. This social factor could enhance learning from a so-
cio-constructivist theory of learning through peer-to-peer interaction.

5.4. Evaluation

Teachers pay attention to a series of assessment criteria generally included in rubrics: whether they intonate in general;
whether the sounds of the melody have been produced; whether they reproduce the melodic profile; instrument
positioning and body posture; breathing; phrasing; expression; tempo; continuity of speech. They consider it positive
that pupils feel annoyed when they intonate incorrectly, as it indicates that they are beginning to notice deviations.

Intonation is not often seen as the only evaluative factor because many teachers consider music holistically. This
may also be due to the inability of novice students to intone correctly because of one or more of the cognitive or motor
control factors mentioned by Pfordresher and Mantell (2009). In general, relative intonation is not negatively assessed.
If the student starts with a lower or higher pitched sound and performs the melodic profile of the exercise correctly, the
task is positively assessed. It is mentioned that this problem is not difficult to correct and is not prevalent.

Despite this more holistic attitude to assessment, some of the teaching staff maintain deep-rooted teaching tradi-
tions:

Play the scales over and over again, until the sound is burnt in there (horn teacher 2, 18:86).

This idea could stem from the teaching styles prevalent in higher level conservatoires, but is inappropriate for
teaching in music schools, since the two types of institutions have different educational objectives. While conserv-
atoires are institutions that aim at preparing professional musicians (MEC, 2006), music schools prepare music
amateurs (MEC, 1992).

In general, it can be stated that teachers are laxer in the assessment of intonation in the first years of the elementary
level than in the last years and, of course are more demanding at the intermediate level. This attitude could also be due
to the lack of a generalised model of assessment of these teachings at the elementary level (Cafiizares et al., 2015).

5.5. Technological resources for intonation

In general, as will be seen, instrument teachers do not use technology extensively in class. This is not the case for
music theory teachers. A small number of teachers prefer to use audio recording as a resource. It is used in different
ways, e.g. to record lessons and send them to pupils; to record instrumental lessons and listen to them, sing them
or have them played by pupils afterwards. This issue is called into question in some panels (see below). It is also
used to record accompaniments (also known as Minus-one or Karaoke) of certain pieces and for pupils to practise



230 Tejada, J.; Murillo, A.; Mateu-Lujan, Bl. Rev. electron. complut. inves. educ. music. 19, 2022: 223-234

certain solo lines, in class or at home. To do this, they use simple recording applications such as Audacity, use free
sequencers such as Cakewalk, or use score editors such as Musescore to produce the recordings. They arrange class
assignments to generate accompaniments and then play the audio in class as accompaniment or it is given to students
so they can practice.

However, student recording, as a didactic resource, is not a habitual activity in class:

During the pandemic lockdown experience [due to COVID-19] it was very surprising to see that, as it was compulsory
the students had to record themselves some lessons, the result was positive because, for the first time, they were
obliged to listen to what they were going to send to the teacher. And, well, it was a surprise because their level of
demand went up (french horn teacher 3, 22:26).

This same teacher mentioned that

it is very paradoxical in the mastery of new technologies that young people have nowadays, how little they use it
for music. Sometimes, you even have to force them to record themselves or to watch [video] versions when it is an
important tool (french horn teacher 3, 22:29).

This opinion is qualified in other panels by statements about the problem of lack of time. These children simul-
taneously attend the primary and music education curriculum. There is a problem of time and also a lack of coordi-
nation to harmonize studies, social life and leisure. Technology has an important role to play here, according to one
of the teachers:

One of the great disadvantages they [students] have today, in my opinion, is the lack of time. So, well, maybe from
there it can help; but, really, what there is a problem of coordination between compulsory and special [music] teaching
(viola teacher, 22:32).

This coordination problem has been described and studied by different authors (Berbel and Diaz, 2014; Diaz,
2004) and does not seem to have an easy solution, although it points towards the establishment of policies that allow
for the creation of a greater number of integrated educational centres.

In line with the use of rhythmic and intonation guides, some teachers use applications (7abla Pro) for mobile
devices that generate “pedal notes” or “drones” that make it easier for the learner to place his or her intonation in the
key, also providing a basis for improvisation. Others use applications that generate harmonic progressions as accom-
paniment for playing (/Real Pro, Audio Chord) or generate structures in certain hip hop, jazz, funky styles so that
students can invent structures, generate a sound base and play in that style:

In this way, by playing with improvisation, they analyse and deepen their understanding of harmony (trumpet
teacher, 6:29).

Finally, the teachers mention the use of manuals that include accompaniment for the lessons in the form of MIDI
files.

Another important application of technology is video recordings. It is used by some teachers, particularly for
postural aspects of performance, which could affect intonation. However, this use is not general, probably due to the
time constraints of the classes:

For us, intonation failure is a postural issue. Record yourself on video and look at yourself. Look how I do it... with
my mobile phone (horn teacher 3, 22:31).

Some teachers use screen projection of scores exclusively or in combination with audio accompaniment.

A few music theory teachers recommend the use of ear training programmes for home practice. They also rec-
ommend some mobile applications that allow the control of timbral mixing, recording, looping and other tasks that
are easily done with online programmes. A few other teachers use non-music-specific assistive technologies (Google
Classroom) to organise content, materials, tests and assignments, and also use blogs as repositories of links to digital
resources, such as videos on certain instrumental techniques.

The classroom technology common to most teachers is the tuner, even if it is not the teachers themselves who
tune the instruments one by one “so as not to waste class time”. A few teachers within this group who use technology
sparingly are of the opinion that it should be incorporated into their classes, either because they are teaching “in the
21st century” or pupils find some resources such as Minus-one or karaoke to be motivating. Furthermore, children
practising alone at home need these resources or materials as support. However, some teachers do not even mention
this possibility. Finally, a large number of teachers are not inclined to use technology in class, perhaps due to tech-
nophobia:

1 refuse this application, because in three or four years or ten years we would all be unemployed (M.T. teacher 4,
18:148).

or because limited classtime may not be conducive to use of technology, as mentioned above.
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To analyse the results regarding teachers’ use of technology, it is necessary to study their educational profile in
Spain. If their qualification is the highest level (Advanced Teacher Degree), this implies that they have completed 4
academic courses of 60 ECTS credits at a higher level conservatory. These institutions teach among other speciali-
sations, instrumental performance, a requisite for graduates to be able to teach an instrument, and Music Pedagogy a
requisite for teaching Music Theory. In all the music curricula of these conservatories in the different Spanish auton-
omous communities, there are training subjects on music technology with a load that ranges from between 6 and 12
ECTS credits, depending on the community (which has full educational competences), but actually ranges between
3 and 11 ECTS (Diez, 2018). This teaching load in a 240 ECTS credit course may well be insufficient for teachers
who have to integrate technology in the training of novice instrumental or musical theory students (Diez, 2018). Fi-
nally, music schools only require their teaching staff to have an intermediate level qualification, i.e. the professional
degree. If this is the level of teacher training, their initial technological training is probably non-existent. Some con-
tent integration models could help to structure technology-related subjects taught in conservatories. Moreover, the
TPACK framework facilitates the integration of disciplinary, methodological and technological content, facilitating
its application in higher education training contexts (Tejada & Thayer, 2019).

In the case of instrument specialisation, this insufficient technological training is combined with the scarcity of
continuous training courses:

Courses are offered, but very few and very basic, for example, courses are offered that involve pressing a key on the
computer and turning it on, in other words, there are no specific courses that work on this offer that we are talking
about (tuba teacher, 22:37).

The instrument teaching methods course is not so motivating for those learning to play an instrument, as they tend
to be more interested in the performance or interpretive parts. This could partly explain the scarce use of technology
in the classroom in instrumental subjects, as well as the differences in the use of technology between instrumental
and musical theory teachers.

Finally, the teachers were asked about their opinion on the creation of software for intonation on brass instruments
and for voice, as well as the characteristics it should have. Most of the teaching staff do not express an opinion. The
rest of the teaching staff are in favour of similar software and mention some characteristics: 1) it can be worked on at
home; 2) it be open (with exercises that can be configured by the teaching staff or the students); 3) the exercise can
be listened to before it is actually performed; 4) it generates a detailed evaluation report.

6. Conclusions

The results of this exploratory study have 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 which becomes even more complex if we consider a certain laxity on the part of teachers in
the approach to intonation in the initial stages. This occurs especially for complex musical instruments such as the
brass family, which tend to postpone the consolidation of this very important skill in the development of specific
instrumental competences in children to the professional teaching stage. However, it would be highly recommendable
that it be carried out systematically and gradually from the beginning of instrumental and musical training.

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.
This is an aspect that would require the work of the management team for each centre or, as Diaz (2004) points out,
the creation of regional music education policies.

Music theory teachers are more systematic in their work with intonation than instrumental teachers, perhaps
because progress in instrumental training depends on them. The greater use of technology, audio and recreational
resources in this subject would enhance the progressive construction of auditory images in pupils and furthermore
facilitate the construction of a cognitive-motor scheme for instrumental intonation.

The use of a hypothetical ad hoc software could be an important tool for the improvement and systematisation
of the daily work with intonation in initial training: “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”
(Silvey et al., 2019, p. 393). 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 and in music theory.
In addition, it could provide reinforcement and provide greater autonomy in students’ daily work on intonation, as it
would facilitate work at home and provide sites for practice and evaluative feedback without the need for the physical
presence of the teacher. In this respect, a software solution is already being worked on and is expected to be validated
in the near future.

Another question that deserves investigation is whether the lack of coordination between music theory and in-
strumental teachers is a widespread phenomenon in music schools all over the country and, if so, to investigate its
causes and possible solutions.



232 Tejada, J.; Murillo, A.; Mateu-Lujan, Bl. Rev. electron. complut. inves. educ. music. 19, 2022: 223-234

Finally, and due to the exploratory nature of this work, some limitations should be considered. The findings ob-
tained in this work describe the methods and practice of 32 teachers from 8 Spanish music schools, and these results
are not generalisable: what has been described here may not representative practices of all the teaching staff of these
institutions in Spain, so it would be necessary to undertake a more in-depth study of the issues dealt with here and
with a larger number of experts. This would make it possible to validate the claims made in this paper about intona-
tion teaching practice.
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