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Component 1

Introduction
In voice lessons the main instrument that supports singers is the piano. A piano is tuned according to Equal Temperament (ET) of 12 equal semitones, which assists transposition and communication among musicians (Halewood, 2015). However, the piano is limited compared to other wind or string instruments that poses a flexibility in tuning. This is mostly expressed when an orchestra or an acoustic ensemble plays together and need to adjust a certain interval on a microtonal level, for the sake of the overall harmony. Ancient instruments like the harpsichord were constantly changing tuning, because before ET became a standard, early musicians relied on their ears to design harmonies that work well in their compositions; in that sense our nature and environment acoustics was an important influence on how we tune music (Reybrouck, 2014), something we stop doing as singers who rely only on the piano. The natural harmonic series, an acoustic environment phenomenon is not divided to 12 equal semitones making the intervals uneven. A tuning system that is designed to follow the natural harmonic series, is called Just Intonation (JI). Why JI is not a standard today will be explained throughout this paper, however, we may also learn that in many cases singers use or should use JI tuning within the framework of ET.
Theoretical influences 
As Mason (1960) explains, whilst JI works best with the natural acoustics of our environment, it was difficult to overcome harmony and key changes in that tuning which led to the standard of ET tuning used today. But he goes on to say that ultimately allowing flexibility in tuning is important, the explanation behind it, can be expressed in the third interval. The tuning of the third above a tonic, is mostly affected in ET compared to JI and ensembles do prefer a third tuning of JI (Leukel and Stoffer, 2004; D’Amario et al., 2020).In those studies, we learn that instrumentalists and singers who perform without a piano are generally drawn to JI tuning, in that sense using the piano in lessons may limit our students ability or awareness. Looking online today, many musicians are exploring micro tonality and other tuning systems, this is also due to technology developments that allow more freedom. These new trends have not reached western vocal pedagogy yet, but there are some considerations to why it should become a part of singing lessons. For one, the new compositions with micro tonality require more than the piano tuning can provide, therefore singers may benefit from a more extensive tuning ability as this musical demand might grow. Second, studies have shown that ensemble players shift interval tuning for optimal sound (Greene, 1937; Hall and Hess, 1984; Loosen, 1993; Karrick, 1998), which while instrumentalists learn to do, singers mostly learn their melody based on a piano which limits their tuning as they get used to a chord structure and harmony that is only ET. A counter claim to this reasoning may be that singers in opera houses for example or in any contemporary style with ensembles naturally adapt their singing without learning any microtonal approach. D’Amario et al. (2020), followed an acapella quintet showing those pitch drifts are being made when singers are independent of the piano, so if they already doing it, is there a point to train JI? The answer is not conclusive until a formal study with participants will be made, however, many developments in voice pedagogy deal exactly with how scientific discoveries and technology can help us learn more about the human voice and enrich our logic and tool set. So, if singers are adjusting to JI when the piano is not limiting them, perhaps there is something to take into pedagogy. As Bozeman (2025) explains in his book preface about voice acoustics, there is much we do not know as voice teachers, and different approaches, ideas and additional learning is part of the growth of voice pedagogy. Lastly, developing a skill set that raises awareness to more tuning options, may also improve singers’ overall intonation and understanding of intonation in a more comprehensive approach rather than relying purely on the standard ET. 
Aims & Objectives 
In my previous module I evaluated peer reviewed literature that discusses intonation, pitch perception and mostly usage of JI tuning and possible relevance to voice pedagogy. In this paper my aims and objectives are:
To begin development of pedagogical tools and exercises with uses of technology in the voice studio for the aim of including JI tuning exercises.   
Aim 1
To explore technological tools with ability to tune to JI 
Aim 2 
To create a resource for voice teachers looking to include JI interval tuning in their pedagogy
Aim 3 
To look for solutions for exercises based on JI scales
Objective 1
By collaborating with colleagues and getting to know software’s used today that can access microtonality, if I increase my own knowledge and abilities whilst formatting simple guidelines this objective will be achieved.
Objective 2
Through additional collaborations and online search experimenting with tools that can serve as tools in voice lessons to incorporate JI tuning specifically in harmony (simultaneous notes), success of this objective will be measured by incorporating specific hearing exercises for harmony.
Objective 3
Through existing software’s looking for digital options of MIDI keyboard to serve melodic lines that are based on JI and can be used in lessons. I would expect improvements in tools and keyboard usage to determine success.

Learning outcomes
1. My hope is to gain knowledge on technological solutions that can be used in voice studios and provide more flexibility in tuning.
2. Through this exploration I want to gain a skill set on how to use such software’s in developing ear training and ability to sing in both JI and ET tuning harmonies in different keys
3. Lastly, I will attempt connecting the digital keyboard and see if it can be adjusted to exercises in multiple keys whilst keeping JI tuning
Methodology
A rapid scoping of literature will allow me to look at early developments leading to ET, and why JI was not part of a musical standard. The initial literature scope will focus on peer reviewed literature and published papers I will find in university of Wales library, google scholar and similar online libraries. Search words will focus on JI tuning, ET, singing and tuning in different cultures, intonation and ear training. As to Aim 1, this will give me the background necessary along with review I did for module 4, to learn why JI can benefit singers and why using it is a problem. This will be compared to scoping of developments in the last 5 years, focusing on technological tools. The trends and technologies aspect will be based on online tutorials, musicians and producers’ resources, some I will attempt to collaborate with and learn from. This will help me with Aim 2 and 3 and achieve some of my objectives as I learn to access new possibilities in a voice studio setting. My epistemological stand point is pragmatist and I will focus on what can work in practice and how it relates to both new developments and ancient music and cultures, ultimately discussing tool set that may offer singers more flexibility, added curriculum, and hopefully future studies may enable a participants study based on that artefact that I will created. This new framework will consider ethical considerations of such a musical shift for singers.

Activities and ‘assessment criteria’
Lastly, I will examine my learning outcomes and artefact by comparing them to my original aims and objectives and discuss if they were met.

The project timeline is presented in the following chart:
[image: ]
Image 1: Gantt chart of the project timeline





















Component 2

Know That
From then to Now in the Context of JI
Physics, geometry and math assist our understanding of the universe and of music, how it developed, the divisions made through numbers and intervals all correspond with tuning systems. Li, Chakraborty and Kanemitsu (2018) take us from the Middle Ages to our modern world, as technology advancements help us analyze compositions of nature and music. Some of the recent developments allow us to easily change tuning systems digitally which was not available in the past. The lack of technology in the past led to ET as the only tuning our ear relies on, Li explains the history through Pythagorean tuning to ET divisions, which all began from the natural harmonic series. An octave, and then a fifth and so on, represent the logarithmic structure of those multiples, whilst the only natural tuning system that stays in the natural mathematical order is JI, keeping it in the past required a different instrument for each key, something we can achieve today in one digital instrument. Theoreticians tried to resolve that issue as early AS 550 B.C., True (2018) explains that musical composition shifted from modality to tonality, from early western music based on melodic lines to baroque period and later, in which musical key was the focus and functional harmonies defined the character of the piece and dictated the melodies within. This shift was also encouraged by problems with interval tuning, namely the wolf fifth which occurs in JI uneven tuning forming a dissonant sound on the piano. This made musicians avoid notes that were not pleasing to their ears. The final tradeoff was giving up JI for the ability to play in any key, and so in a battle for ideal intonation, maximized modulation won. Nevertheless, those dissonant sounds that led to ET tuning, may have been accepted in a different culture or more modern styles, for example small deviations found in Turkish music (Benetos and Holzapfel, 2015) and in western blues, using blue notes are intentionally dissonant (Cutting, 2018). But within accepted harmony at that time, the slight deviations that were made allowed for flexibility in tuning, therefore in ET a major third is still a third but the ET third is slightly higher than the JI third.
Singing and Piano
As D’Amario et al. (2020) reviewed acapella singing, he showed that JI tuning is the singers natural tendency, the researchers focused on thirds as they were aware of the natural draw of the voice to JI on that interval and over four months it was clear that without a piano singers prefer JI when singing thirds as a group. Yet to this day, the piano is our reference to intonation, and as voice teachers we can be more aware of tuning needs is orchestra or acoustic ensembles and combine some harmony exercises that are tuned to JI, if only to train the ears to this option and not limit ourselves to the tuning of the ET piano. The most important take away among my project aims is that being aware of pitch drifts and training our ear to notice them or even to trust our own audio feedback more than just the piano has some significance in the pedagogical conversation. And on a broader artistic level it connects us to the roots of music. As Li said, our connection to music has a lot to do with the harmonics in our nature, and I would add that considering the original problem began with tuning instruments like a piano, which in today’s technology can be used as a digital tool and retuned at the click of a button, it makes sense that we can rethink some of the compromises that were made back then, or at the very least, allow much needed adjustments when we sing without a piano to align to the natural harmonics.  Furthermore, considering the natural tendency of acapella groups, working with singers in a lesson on those sensations can help prepare them to their career. 
Technology Implementations
Using digital tools and getting to know them serves my first aim, in which I am already collaborating with a music producer (my co-author), and have taken lessons with ancient instrument musician and began creating templates in an online software. It will also serve as a tool to educate my own hearing and future teachers and singers in learning how to recognize a JI harmony. Since we are so accustomed to ET we need a different instrument to rely on. A first step in recognizing the sound we seek of natural harmony, is lower periodicity of acoustic beats; The acoustic phenomena known as beat, as two notes are played simultaneously creating a pattern of a beat similar to a wobble (Bihari, Páka and Egri, 2025), the faster it is, the further away we are from JI. The Image below illustrates that difference:
[image: ]
Image 2: Visual representation of acoustic beat in major chord of JI tuning versus ET
Using Websynth online software allows me to get a first experience of JI tuning scale. This software also allows one to load a manual preset or as they call it a “patch”, and I have created two patches you can use. One of JI and one of ET, those will be available in the appendix with explanation to allow for experimentation. The setting I chose, with 262Hz tonic 12 step division of JI appears as in the following image, top raw is JI, notice the third is 2Hz lower than the row below with ET:
[image: A screenshot of a computer
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Image 3 + 4 Websynth website JI 12 steps division showing as Hertz on bottom 
Measuring Accuracy
Two Hertz may not seem like a big deal at all, but Devaney et al. (2011) studied vocal variations in pitch that may be related to emotion, expression and style. Some imperfections keep singing more human, and whilst they reveal that we are never completely in tune, following frequency patterns, vibrato and dynamics can uncover repeated behaviors. This topic of drifting in frequency and pitch in voice has been an interest to researchers in the past (Seashore, 1916, 1927; Schoen, 1926). The patterns of pitch changes lead us back to harmony and is more dominant in thirds and sixths intervals where a small change in Hertz might have significance. A more common measurement of frequency deviations is cents, which is based on the division of ET half step, in which each semitone equals 100 cents. 
As Edmonds and Howard (2025) explain; the logarithmic scales and divisions are easier to measure in cents. The problem with measuring accuracy with Herz is that it is not linear, the frequency doubles between each octave, so if A3 is 220Hz thus A4 is 440Hz with 220Hz between them, while between A4 of 440Hz and A5 of 880 we have 440Hz which spreads in that octave. In other words, in each octave the ratio grows, and it does the same for the notes in between each octave. Therefore, a comparison between a low or high note, male or female voice and trying to measure deviation in Hertz is misleading. When comparing pitch accuracy, 100 cents is equal to an ET semitone, and the measurement unit stays the same no matter how high or low the note is. Therefore to measure accuracy we will mention the note is higher or lower by a certain number of cents. And going back to the patterns of imperfections in singing from previous studies, in general singers’ drift while being considered accurate, some of those deviations may be vibrato extent but some may be 10 to even 20 cents (Larrouy-Maestri, Magis and Morsomme, 2014).
Vocalists and players drift their perceived pitch in different tuning strategies (Greene, 1937; Hall and Hess, 1984; Loosen, 1993; Karrick, 1998), in an orchestral setting or acoustic ensembles. Flautists for example, as studied by Leukel and Stoffer (2004) analyzed highly established professional flutists, and found a clear strategy to tune to JI particularly major third intervals. Their technology tracks pitch shift with precision of under one cent. 
A JI scale is built simply by the multiples, so for example a C5 of 528Hz is double of C4 of 264Hz. That would be the case for ET as well, the octave will remain pure. However, a fifth, which goes as the third harmonic, which would be three times the tonic of C4 = 264Hz, will than need to be divided by two – which would allow it to be in the lower forth octave and part of the scale. Hence in the following image you will see G represented as 3/2. The same logic applies to all other notes where for example D aligns with the 9th harmonic making it nine divided by 8 octaves 9/8. 
[image: ]
Image 5: JI scale mathematical divisions taken from (Li, Chakraborty and Kanemitsu, 2018)













Know How
As Mason (1960) suggests, ET makes things easier, but musicians should be aware of tuning adjustments. And indeed, orchestra players for example (Greene, 1937; Karrick, 1998) use pitch drifts as an essential part of success in the final mix and harmony. In other words, at any given moment in the music depending on the harmony structure, tuning adapts for overall natural and harmonious sound using instrument adjustments. Other than musicians or very famous acapella groups I rarely met anyone who is aware of that in voice pedagogy and that is why in my aims I focused on initial exposure to some of the theory and logic combined with experiencing some of the differences both in listening and singing. It starts with raising awareness, using some available resources and tutorials about tunings, specifically, ET versus JI. 
As an artefact offering just that, I created a landing page (https://voiceteach.ravpage.co.il/JIvoice) that is dedicated to singers and voice pedagogues, and it is a first step to offer more tools and education both for my own progress and development and for others. It centers some key elements in both theory and procedural knowledge that can be used to practice. Some of the exercises in the page were created to directly compare the tunings and some focus on getting the ear used to JI. 
For me personally it was surprising how well known this topic is among musicians and even choral conductors, nevertheless I rarely met discussions on tuning systems as part of voice pedagogy, we seem to have the piano as the ultimate intonation compass. Even modern composers today like Julian Anderson and Rand Steiger, use ET as a general framework but make tuning adjustments in their composition according to harmony structure and harmonic series (Stephenson, 2022). Microtonality in general became more trendy in modern compositions (Kros, 2006). Even Johnston (1964) who opposed to ET years ago, claiming it compromises qualities in our music, mentioned that with adaptation of technology some of it can be saved within the ET framework. And as a matter of fact, this trend in recent years improved technology continuously allowing more tonal flexibility (R et al., 2023),
While the piano limits us to ET, and before attempting the MIDI and technology available to readjust some of the keys, we can use other instruments in the voice studio to direct us to other tunings. During my experience in the voice pedagogy and science, like many others I was using VoceVista software to analyze voice acoustics. Since this software is rather familiar in the voice pedagogy, it might be easier to use it as a familiar software in a lesson to experience the natural intervals. In the landing page, my brief tutorial, created specifically for these needs, offers examples of key features in VoceVistaVideo that allow us to tune in to the harmonies existing in our voice. 
The significance of using our own voices as a first step in our intonation learning process was presented by Behroozmand, Korzyukov and Larson (2011) who studied human vocalization, from a neurological point of view. Brain reactions to voicing were explained as negative feedback, briefly it is the singers who adjust to the signal they receive and correct themselves according to how they match it. To examine the first steps of how tuning is developed, this study focused on non-professionals, and they have showed two important findings. One was that upper harmonic series plays an important role in tuning and voicing and two, that it is easier to tune to our own voice. The first was by removing certain multiples and bringing them back while tracking precision, and the second was by using the singers voice with computerized tuning compared to an instrument. This really reinforces how a software like VoceVistaVideo that can help us detect the multiples in our own recorded voice would be a valuable tool in training. 
Acquiring new skills and improving our hearing, tuning and singing accuracy, is sometimes perceived as a talent someone is lucky to be born with (Watts et al., 2006). I personally know of many singers who train so much on their intonation that they sometimes remember the exact notes like in Absolute Pitch (AP). Takeuchi and Hulse (1993) shed light on AP assessment and how it is trained, and as summary we may be able to say that AP is a result of a very good musical memory skill that can be developed at an early age. Baharloo et al. (1998) confirmed that AP is a nurtured skill, through a genetic study, and in many ways, they have shown that it is a skill that needs to be developed. Such studies give me personally hope that with hard work I might improve my tuning and understanding of complex musical structures just as I see orchestra players use every day. It also gives me hope that the tools I am creating with my colleague will help other singers and teachers. 
The landing online page provides additional exercises and resources, such as examples that allow us to listen, sing along and attempt to compare to the piano ET tuning. It presents the ideas of musical beats that exist in the interval as explained in the previous “know that” section of this paper and includes full triad examples that will help compare and identify the differences between ET beats and JI beats. 











Know What
My first aim as it relates to the first learning outcome and first objective in this project, was learning more on JI tuning, which has led me to develop some exercises and exposure experiences. Those were achieved within a landing page that includes tools and instructions available to the public. While this is a continued work, and there is much more to develop, both for myself and for easily applied tools in the digital studio, I believe this page produces an important first step for any singer or teacher who would like to learn more about the natural tuning system and its possible applications. According to Moss Erickson (2023) pathways in the brain allow us to learn to differentiate between musical patterns or speech patterns, and as such form habits or help us develop new habits. She explains this delicate process occurs through trial and error. It is through experience that we improve our motor practice and lead to a change in perception. This is exactly what we need to achieve as we try to listen to music and to the tuning in a slightly different perspective. And whilst musical understanding of patterns and harmony acquired (Shams and Seitz, 2008), some of the patterns we acquired in the past are difficult to relearn(Brown and Berko, 1960). The latter reference by Brown and Berko takes us to the “fis phenomenon” in which whilst a person hears the word fish, he might still pronounce it as fis, because that is the pathway that was created in the signaling from the brain. Neuroplasticity has become a popular term in voice pedagogy in recent years referring to the ability of the brain to relearn and create new pathways, in which case the ideas presented by Shams and Seitz of our ability to learn music is key. Brown and Berko explain that part of relearning is the ability to form a new pattern, so for the previous example, fis would not be under the same category as fish, rather a new one. This brings the concept of categorical perception or in other words, how we learn through categorizing sounds, Yashaswini and Maruthy (2020) showed that musicians develop a faster response and stimulus function versus non musicians when it comes to reacting and understanding different categories. It is fortunate that we can differentiate JI from ET and it is therefore important that the learning tools provide comparison between the two, as we have established in almost all of the exercises in the landing page. In other words, even the intervals are referred to as JI third and ET third to establish and develop a different set of experience along with visual aids which assists in multi-sensory approach that was recommended by Shams and Seitz. 
The second objective that relates to singing in harmony, was also achieved by offering simultaneous notes with harmonies in context of comparison between ET and JI, however I would like to make that available in the future in more keys. Wright and Zhang (2009) emphasized through their study that learning musical notes, but harmony perception as well is an acquired and learned skill, that strengthen the need for such pedagogy that allows us to understand JI. It is interesting that in other studies specifically related to JI tuning in acapella groups or in the historical aspect shown in this paper, many authors showed that there is a natural tendency to drift to JI which is not learned. This was due to the natural mathematics of our nature acoustics and of course depended on the harmony structure of the musical piece. It raises so many questions of how and why our brain is able to learn a language or a musical piece according to suggested categories such as ET and yet still be drawn to the natural acoustics. And furthermore, why the latter was never a part of singing pedagogy. As we have discussed some of it is due to historical and cultural reasons, but that does not mean that our future is not open for more learning possibilities. When we learn new pathways and music, especially when we sing, we first hear the sound inside our heads, a process called audiation, this is a prime step for our motor system which later connects to our larynx and ability to tune with our voice as well (Moss Erickson, 2022). In this paper, one of many by Moss about singing and brain patters, she explores the importances of learning in a safe and fun environment as well as dividing the knowledge to small units. This was also an essential part of the landing page, taking in one piece at a time, short exercises that help our ear and voice get used to the harmony of JI in small portions.
Lastly, the third objective, still needs work. Whilst this article does offer insight to other softwares, and whilst I did create a template that allows midi playing of JI tuning, this is not yet simple enough to use in any studio. Therefore, I think objective three will be something to keep working on as a follow-up and more advanced artefact to be used as a technological aid in the studio in future study. Our body and brain translate sound as we sing in a slightly different way than just playing an instrument, Reinfeldt et al., (2010) explains how the soundwaves and vibrations when we sing travel through bone conduction, in other words the sound vibrates our skull, bones and tissues and we sense sound from within. This requires us to bridge the gap of what we hear and what we feel or perhaps connect the two as we develop new skills in our singing. In fact, Kleber et al. (2013) showed that professional singers learn to rely on the sensory part of their brain, if necessary, even more than the auditory perception as they work on their musical accuracy. For this reason, whilst the landing page provides many options and experiences that will develop the singers’ senses, it is important to develop future tools that will be easy to combine in any given vocal exercise similarly to how we are accustomed to use the piano in lessons today. This will be a learning journey not just for the singers but also for the teachers, myself included and I hope I will be able to explore further and offer those additional tools via future studies.
The importance of understanding how technology impacted our music and how we teach, has become increasingly clear to me. We can easily take things for granted and by diving in and learning more about the history and the logic we are able to develop ourselves forward. (Wolff, 2021) takes us through a journey of how technology is shaping our lives constantly, from automatic processes to artificial intelligence (AI) and so much more. He explains the fine line of independent thinking, privacy policies and the human factors. When we think of all the great minds who led to the ET systems, back then that was a huge achievement, progress, almost like what AI offers today. It is exciting but can also be scary. Even before AI any development came with fear of change and with its possible problems, as Frith (1986) shared events from 1936 when amplified singing became available and singing that was suddenly able to be softer was referred to as “crooning”. Considering our technology has already made a huge impact on our music from early days before Bach to sound systems and so much more and considering technology in general helps us shape our future as societies, I choose to look at both side of the negative and positive. Working with the benefits if technology, continuing progress is essential, however, understanding how music was developed we might be able to use progress in order to bring back some of what was lost in our connection to natural harmonies. In that sense it is similar to how recycling technologies help us protect the planet after we used technology to produce plastic in the past that turned out to be damaging, today technology assists in re-evaluation and new solutions.
A difficult shift in paradigm, might be to understand the harmony as each individual moment regardless of its ET context. Meaning if I sing the note E in an acapella group who is currently singing C major triad with me than I am holding the third in this chord and the timbre might benefit from me lowering the tuning slightly to find the natural JI tuning. However, if I sustain that same note and the other vocalists shift to sing another chord, such as A major, that would mean I am now singing the fifth and I should tune slightly up again. Is this dynamic tuning ideal? I am not sure. Is it possibly already happening naturally? Yes studies that I have presented early shown that it does. Should we train singers to do that? I am not sure, but I am confident we need to expose them to train their ears to this option, and the tools I was offering will do just that.
Critical Reflection
The evolution of music in the world, as explained by TheVan der Linden (2015) progressed to western music, while non-western influenced the western as well, the western music certainly impacted the non-western as in many cases traditions did give up micro tonal elements. He mentions globalization as simplification process that may back away from traditions but in some cases does attempt to preserve it. Advancements that steer away from traditional tunings and scale, as was with ET in a piano, forced some traditional scales to change. I see that very much in the middle east. Growing up with a grandma from Iraq, having grandparents who listened to both Jewish and Hassidic music along with Arabic, and all that with two classical musicians’ who are my parents, one can certainly agree I am living the concept of a melting pot. I have experienced the western rules of music and ET tuning but also was exposed to ethnical instruments and witnessed those playing together in western music and how all those traditions find a way to create harmony. Besides having that as a true hope to all our futures of harmonious music that crosses all borders and religions, and harmonious humanity, I feel that this gave me an open-minded perspective to singing and its tuning. At the same time, I was never educated on those ideas, all my musical training and background was based on the piano and the ET tuning. 
This project opened my eyes to many skills that I can learn, to music that may have affected my development, and it made me wonder how far I can really grow after so many years next to a piano. Jacoby et al. (2019)  did some in depth work in looking into the culture role and how it shaped our sensory perception. By recording Tsimane’ singers from the Bolivian Amazon that are not exposed to western music and having them sing intervals from western singing. Comparing with western singers’ group, no significant differences were shown, which suggests that our biology is tuned to perform such a task regardless of our local. However, when it came to changing octaves, what is referred to as Chroma Matching (recognizing the note as the same one, even if it is in different octaves) it was difficult for the Tsimane’ group. This is part of what the piano teaches us, to be able to sing in chroma matching. 
Armitage et al. (2023) used a different angle with computerized models to assess the responses to intervals, he associated perfect fifth with a solution word and positive reaction and the smaller interval to words that reflect tension. Participants heard those right before each word appeared. This may feel like what we know as western singers who hear a quarter tone as “bad” or out of tune, or maybe more simply how we avoid small intervals in harmony singing. Later, when singers were asked to rate their experience, only ones to enjoy the small intervals were Sutartineės singers who sing small intervals in their culture. This means that culture may impact our musical experience. 
As part of my education for this project, in March this year I began taking private lessons with an ancient music professor who understands the meaning of tuning systems and uses it daily. Learning the theory behind tuning systems was truly eye opening, later he advised me to try to tune a harpsichord, I thought he was not being serious because my hearing is only beginning to develop to a new tuning system and thinking about tuning an instrument based on my hearing which is so used to equal temperament sounded like a joke. However, I decided to take that challenge and I asked that he would join me as one of our lessons. It was truly an incredible experience trying to listen to the intervals and learning to rely on my own ears to find how in tune the intervals really are. I was trying to look for the beats and their relationship between those notes, learning that as intervals do not match the natural harmonic series the musical beats will have faster periods. I have never in my life listened to music in that way, and I don't know many singers or voice teachers who were ever educated to listen that way. And this again created this urge in me to develop more tools that will help me and others develop that type of hearing. 
It is one thing to train based on piano and ET, and it is one thing to have exercises that develop your voice using a piano which is also based on ET, but it is a completely different from learning to tune yourself according to the natural harmonics that surround us and live in every note we sing. 
This is specifically important for singers who later sing in classical traditional or modern pieces, acoustic ensembles or acapella groups. I am aware that contemporary popular music standards are use auto-tune and many other aspects that have gotten us used to ET. But also because of that, I understand how technology and contemporary artists are looking for microtonality and can experiment more than they were ever able to experiment before. It has become my mission to figure out how we can utilize that in voice pedagogy and I will continue to develop that with my collogues. In that sense, my journey has just begun, and I really hope we will be able to offer more tools to the voice pedagogy community.


Conclusions
The main issue raised in this paper is that Western voice pedagogy is typically conducted near a piano, which often overlooks the tonal adjustments singers naturally make in group settings, opera houses, or when performing with a band. Bringing awareness to this gap is important, particularly regarding tuning tendencies around major triads. This knowledge is relevant not only for choir directors and group instructors but also for teachers working privately with soloists. Limitations of the piano certainly had their impact on voice pedagogy in terms of how we teach and how we tune. But technological advancements offer us more flexibility, this is applied in my artefact and will have to be developed further. 
My suggestion in my previous work in module four on this same topic, was to later create new exercises with JI melodies and mimic the structure of a regular voice lessons in a new context. This is something I still need to work on, but through this paper I learned that the most important part, even when staying in ET framework, is to develop the ear sensitivity and voice ability to make small adjustments. Understanding the reasoning behind these pitch shifts is crucial, as some adjustments may be musically appropriate and beneficial, while others may not be. One might argue that singers already intuitively gravitate toward JI when needed, without conscious instruction. However, several studies in this review indicate that continual reliance on the piano trains singers to return to ET.
The concept of adjustments and ear training received my full attention and helped me develop tools to help other singers achieve that using a popular software and with video guidelines. I hope to use this data for a future study in which I will check the accuracy on some of the intervals before and after every lesson using acoustic measurements and having the students fill a daily journal that will collect qualitative data regarding their feeling of progression, and overall sensations. 
I believe that raising awareness of this issue is an important first step in helping teachers better understand their students’ tuning behavior and become more open to the use of pure tuning when it is required. As a second step, teachers could incorporate exercises that include these tonal adjustments, perhaps using some of the tools from my artefact, supported by prerecorded examples they can use at their discretion.
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Figure 8. Just intonation scale.
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