To what extent voice pedagogy shift from equal temperament exercises to just intonation tuning would benefit the development of singer’s intonation?
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In the last 15 years as a singer and singing teacher, I have been keen through my work-based research to develop practical resources to increase my understanding of voice science and pedagogy, and in recent years I was surprised that the natural harmonic series found in every note does not perfectly match the scales we use in western and commercial music. To properly engage in such a topic would require reevaluating my own ear training and understanding that we are all used to the standard tuning of a piano and follow it despite some unnatural tunings that are more evident in intervals like the triad for example. The triad tuning is more noticeable when singing groups sing in harmony, and sometimes their intonation drifts as they acquire the ability to remain in a specific tuning. Singers in that situation usually rely on their sensations to correct the harmony unless they try to match the piano, those two paths to tuning will not necessarily work in the same way. Western musical history led most singing pedagogies to use a tuning system that assists better communication among musicians worldwide and make it easy for any of us to change keys and transpose music when necessary (Halewood, 2015). The Equal Temperament (ET) is a tuning system based on division to 12 equal half steps we know from the piano and is used in most of the world as a tuning standard compared to other tuning systems that are available (Mason, 1960). To me personally music always seemed to be a natural art, and as I learned more, I realized the inspiration to our music is based on the natural harmonic series, which exists in our nature. In other words, music did begin with influences from our environment and nature (Reybrouck, 2014). However, as I learned more about my musical education and what I was trained to hear, I realized I adapted to the equal temperament due to compromises that were made for better efficiency in the musical industry. Technology today allows us to attempt new musical patterns that are based on the real natural harmonic series and do not tamper with it like Western scales. A tuning system that is based on our natural harmonic series is called JI (Just Intonation) and includes the benefits of matching nature and the flaws of unequal division. In this paper I will review the possibilities of using JI in voice pedagogy and discuss possible reasoning behind it. One example might be the general need for accuracy in musical notes. Singers work to improve their intonation and can adapt to different tuning systems, in western singing, they rely on a limited equal temperament of the piano and perhaps a natural tuning system will assist singers achieve improved intonation when it is better connected to our natural acoustics. Though equal temperament was meant to solve many musical problems, perhaps the 21st century with accessible technology will allow us to visit other options and tuning systems and discuss their relevance in singing. This review will be based on peer reviewed papers with musical context relevant to pitch accuracy, recognition and tuning while singing. 

Aims & Objectives 
While the overall aim of this paper is to evaluate the potential contribution of JI in voice pedagogy, the objective will be to check the relevance of using JI tuning in voice lessons, based on microtonal measurements and establish the need for it using peer reviewed articles that discuss tuning systems in general and specifically in singing tendencies. By the end of this paper my goal will be to suggest possible exercises and ideas for future studies based on the JI logic and critically discuss the reasoning of incorporating a new tuning system in voice pedagogy. The data collected in this paper will hopefully provide preliminary findings that may encourage voice educators to reflect on the importance of this topic and why this can be a part of the singer’s development.  
The main problem that is raised in this paper is that voice pedagogy in western singing is mostly conducted near a piano and does not consider the tonal adjustments that are commonly made while singing in groups, in opera houses or possibly with a band as well. The goals will be bringing this topic to awareness, understanding the reasoning behind it and suggesting ideas for future studies or implementations in the voice studio. 
The project timeline is presented in the following chart.
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Background
Li, Chakraborty and Kanemitsu (2018) drew lines that take us back to the development of music, as an essential part of science and understanding the universe itself. Music is a system that is based on divisions, intervals and numbers, and this line of thought that music corresponds to geometry and to physics of our physical world goes back to the Middle Ages and makes even more sense in our modern world as we use advanced technology that can analyze components within musical notes. As Li, Chakraborty and Kanemitsu explain, the Pythagoras law dealing with the idea of fundamental frequency and its multiples, reveals the math and the compromises that were made leading to other tuning systems. This begins with the simple division of one frequency, or its multiples starting with musical intervals such as an octave, and then a fifth, in a logarithmic structure which reveals more and more intervals that are part of our music and acoustics. Ultimately the paper shows that the only natural tuning system that stays in this natural mathematical order is JI. And whilst the author explains that an important part of music is hard to explain in numbers, and is found in the small deviations, it shows that a major part of why we connect to music is also found in the accuracy that sustain harmony in our physical world. In JI there are limitations that were solved by shifting to ET tuning system, using equal divisions of 12 semitones within each octave. In a musical chord ET effect mostly the tuning of the triad, while the fifth has only a slight deviation and the octave always stays pure. 
This compromise also known as the Pythagorean comma, explained by True (2018), dates early to 550 B.C., even then theorists tried to solve that problem, and as time and styles progressed, musical composition shifted from modality to tonality. Modality was found in early western music and focuses on melodic lines that create scales and patterns based on the intervals that were formed in the melody. From the baroque period onwards, music was focused on a musical key and functional harmonies that define the characteristics of the piece and melodies that are found within. In his paper, True mentioned the wolf fifth as an additional problem that appeared in early music, it was due to uneven ratios that formed a dissonant sound on the piano, therefore composers avoided specific notes which encouraged more and more musicians to find different tuning systems, and overcome issues like the Pythagorean comma or the wolf fifth. Eventually there was tradeoff, giving up the true intonation for the ability to play any key, and so in the battle for impeccable intonation, maximized modulation won. 
Context of Tuning in Singing
In acapella singing, singers can tune themselves to match each other without relying on the instruments and their modality, and though they still abide with the rules of the standard ET tuning, this type of singing without instruments allows us to follow the natural tendencies of singers in terms of intonation (perceived pitch accuracy). D’Amario et al. (2020), did exactly that, following an acapella quintet over 4 months tracking both the pitch changes in each moment, which they refer to as vertical tuning, and changes throughout the whole piece which they refer to as horizontal tuning. The latter is explained to be less stable, particularly when attempting to sing in JI tuning. However, since the researchers were aware of the natural draw of the voice to JI, they focused on the thirds which differ the most between ET and JI, and they also used a simplified arrangement for a Bach choral by making it less chromatic, to help them track the tuning changes. They used both acoustical measurements and EGG (ElctroGlottoGraph), which is measuring the physical movement of the vocal folds using electrodes on the throat, thus providing another measure of vibration cycles per second directly from the voice source to make the perceived pitch measurements slightly more reliable. They tracked both rehearsals and performances and included videos to add observational qualitative data which provided an insight to the group solutions for improved intonation. It was clear specifically in the horizontal tuning that ET was well kept or perhaps favored. It was interesting that in rehearsals the repetition encouraged a pitch drift, meaning after singing the piece for three rounds, pitch started to shift, and this was related to possible fatigue or distraction. From my pedagogical point of view, I have to wonder if the distraction drew the singers back to pure JI intonation after training for the ET adaptation. Nevertheless, with the target of ET, improvement was gradually noticeable from one rehearsal to the next. However, vertically, meaning control of pitch moment to moment did show the natural tendency of the singers to tune the major thirds closer to JI, while the minor thirds kept ET. This major third behavior was consistent throughout the study however it appeared in specific moments of the piece while two singers held that interval, which means that in some moments of the piece, perhaps due to arrangement, timbre or even emotional progression, some major thirds still tended to ET. The observational data showed that about 19% of their rehearsal time was dedicated to tuning, and that was done purely on perception and abstract sensations that felt to the singers in or out of tune. The way they fixed it was to isolate musical moments and intervals and find better perceived tuning together, without adhering to one tuning system. Keeping in mind that those singers, like many of us, were trained to tune to ET all their lives, some questions can be raised. First, why is it, that without any JI training there are some moments in the piece singers naturally change the triad interval to pure intonation? And what would happen if they attempted to sing a JI based piece? Would the triads be simpler to tune or would the overall piece seem strange to the singers as they are educated to ET? Lastly, is it possible that tuning can be flexible in singing shifting from ET to JI and perhaps other tuning alternatives based on the context of the piece and the arrangement?
The attempt to analyze the complex and ever adapting singing voice was also attempted by Devaney et al. (2011) as they attempted to develop an automated system to extract information regarding frequency changes, vibrato and dynamics. While the imperfections and variations keep singing sound more human and emotional, over the last decade researchers began to use measurements to understand the always shifting voice (Seashore, 1916, 1927; Schoen, 1926). All those previous attempts to assess the nuances found in singing, in multiple parameters and specifically in what is called pitch drift led Devaney and the team to use the advancements in technology to create a complex algorithm checking different variations. In order to keep as much focus in the analysis, the examination was based on one piece, Ave Maria aria, looking in the semitones, specifically on the notes A to Bb as those are significant as leading notes in the piece.  The measurement of nuances in musical frequency can be performed by using cents, each semitone includes 100 cents, and in the piece, it seemed that the A to Bb interval had a consistent pitch drift close to 10 cents lower than ET semitone. In other words, looking into a half step interval, which is considered 100 cents, means that the slight change of 10 cents is only one tenth of the half step interval, but this consistent inaccuracy could be related to the overall harmony and possible tuning needs. Nonwestern music uses quarter tones which would be 50 cents, and often even smaller unites of division like 20 cents resolution like in Turkish music (Benetos and Holzapfel, 2015) and even in western blues, blue notes that correspond to the scale drift in similar units (Cutting, 2018). However, in this study discussion, there was a significant difference between professionals and nonprofessionals, which showed professional singers are much more in tune with ET, as they had less variations and much more stability. The difference of singing with or without piano was also significant, as the piano helped the precision and adaptation to ET. They also noticed wide vibrato extent affected the intonation. The tool that was developed in this study might be used in technology to assist both singers and their teachers and whilst this study is also based on the ET tuning standard, it showed that adaptation to it is easier with piano accompaniment and after training professionally. It may be possible to assume that a JI accompaniment would encourage singers to tune differently. And it is also interesting that some pieces have a consistent pitch drift, even if it is only by a few cents, it seems an important part of the performance, otherwise it would not be repeated. Another interesting issue is that the measurement of cents is based on logarithmic half-step interval division and is not directly converted to vibrations per second (Hertz). The study did look at the tuning systems of half steps as 90 cents for Pythagorean, 100 cents for ET and 112 cents for JI. And whilst the deviations seemed negligible, it seemed some moments in the piece were repeatedly drawing the singers to tune differently. 

The Musical context
The reasoning behind the need to make tuning adjustments in the moment, regardless of any theoretical tuning system, is that when several notes are played simultaneously, they interact in their upper structure and not only in the fundamental frequency. In other words, the overtones also known as harmonics or the harmonic context effect the tuning, even Mason (1960) mentions in his work that while ET offers convenience, musicians should be well aware of the tuning, in order to diligently work around it when needed. These moments in music where players or vocalists drift their pitch for the sake of in tune harmony relates both to the perceived pitch and its upper structures and many studies were made comparing different tuning strategies (Greene, 1937; Hall and Hess, 1984; Loosen, 1993; Karrick, 1998). Those are all attempts to track the reality in which players are always adjusting their tuning in ensembles and orchestra. A good example of that is flautists, as shown in the work by (Leukel and Stoffer, 2004) who analyzed the playing of four highly established professional flutists, playing minor and major thirds with and without chords, focusing only on intervals that were satisfactory to the musicians. Using technology that enabled them to track pitch shift with precision of under one cent. In their study there was a clear strategy and overall preference for JI. That was conclusive for a major chord but a minor third was in practice, more flexible and context dependent. The minor third alone was kept in ET, but when it was an interval of minor third within a major chord it tended toward JI. However, in many cases, even if the minor triad was above the root note, it was lower than ET intonation due to harmonic interaction and was highly context dependent. This is a key study to define musical structure and the interaction with the harmonic structure and professional players reaction to the music. It provides clear identifications and reasoning behind tuning choices. 
Given that intervals and musical arrangements require tuning changes to fit the acoustic nature or perhaps the overall interaction of the notes and their harmonic series, it makes one wonder why this concept is not commonly known within vocal pedagogy or incorporated in the training. This sort of incorporation does not necessarily mean the entire music needs to shift to JI tuning. As was analyzed thus far in several studies, the ET tuning can remain the standard while considering small tuning adjustments. However, the fact that western society is now accustomed to ET, does not mean that musical trends in the future will not stir away from it or create a new standard. That remains to be seen and while attempting to formulate adjustments or changes that can take place in voice lessons, it seems clear that awareness is a very important first step. Think of a classical singer in an opera house who trains with the piano as their teacher preparing for their solo and suddenly when rehearsals begin with the orchestra the tuning is slightly different. And while I am aware that those shifts are so subtle that both singers and players keep listening and tuning together naturally. I wonder if the teachers were aware of this from the beginning, would there be a more effective training system, for the harmony context and tuning adjustments. Furthermore, though my initial background and training included western classical singing, I am not a classical voice teacher, and I have limited data and experience in this genre, but I do have experience in CCM and I cannot help thinking about the trend of autotunes, and digital keyboards and strict ET tuning, specifically in the popular mainstream contemporary music, most of which is constructed with computers, filters and digital means. I have had the chance to work with music producers and experienced ones, similarly to orchestra players (Greene, 1937; Karrick, 1998), understand that keeping some of the pitch drifts is essential for the success of the final mix, be it with band recordings or completely electronic and MIDI based tracks. The auto tune is mostly adjusted to a specific musical key and its chromatic mathematics of ET tuning, and though those systems are continuously improving for more flexibility (R et al., 2023), through the complexity of tuning, I personally understand why the mechanical tuning is not always pleasing to the ear. It is not just the lack of nuances that remove human satellites, it may also be that the tuners are sticking to ET and not considering the full arrangement as naturally acoustical classical music does. 
Recognizing the exact pitch drift and whether the singer is slightly high or low, is not an easy task even for the best sound engineers and voice teachers. The use of the same technologies that enable us to tune to ET, may be able to assist us within lessons to work on those slight adjustments. My hope is to formulate a set of exercises that can help singers and teachers feel the difference between one tuning and the other, specifically in triads (since it was shown in multiple studies to be a main issue) and using harmony that is not purely based on the piano. I will need to join forces with engineers and suggest a format that can be potentially available to everyone who decides to expand their voice pedagogy tool set. And it is certainly my hope to be able to test some of those scales and exercises in a study using both acoustic measurements and qualitative impressions, to understand if this contributes to the singers or if the conscious expansion of tuning will confuse them.
It needs to be said that whilst I am personally unaware of any discussions on tuning systems within singing pedagogy in western music (classical or contemporary), there is a trend of microtonality and new approaches to tonality in modern composition of music (Kros, 2006). In other words, as the musical trends begin to change, the requirements from singers, be it modern classical, independent music, or potentially in the future mainstream pop, are growing also on the aspect of tonality. If singers are required to sing modern pieces with microtonality, their training should include some of those patterns. A similar example would be the pentatonic scales and the incorporation of riffs in singing exercises. It is common that teachers incorporate exercises that will help singers prepare to a more demanding task of fast melodies, however, the microtonality aspect has not been a part of western singing lessons yet. Modern composers find different ways to explore the tuning systems, one example is Julian Anderson and Rand Steiger, who write their music in ET but consider the complexity of upper harmonics and bring some of the tuning adjustments to their writing (Stephenson, 2022). This is a terrific example to potential adjustments that can be set as an exercise in lessons within ET. In Stephenson study, interviews with the composers along with the history and the musical analysis bring some interesting ideas of how the tuning decisions reflect on our reality, culture and even politics. Past opposers to ET like Johnston (1964) argued years ago that ET takes away many qualities and nuances from our music and even compromises its heritage that can be kept with adaptation of technology. In his modern pieces, Stephenson examines the flaws and ambiguity of the harmonic series and how sometimes the desire to mimic the natural chord that is found in it, may cause what he refers to as over tonality. Which reinforces that perhaps the training and main trend of musicality should be kept with ET but accept the new microtonal adjustments. He referred to the historic controversy between followers of ET and JI that their ideology and discussions drew questions of morality, and what is right or wrong.  What was almost one way or the other becomes more accepting and non-binary in the approach of composers like Anderson and Steiger. Anderson plays with micro tonality that exists within the ET and tries to look for moments that give sensations of close to JI, what he calls hybrid approach that offers bridging between the conflicts and gaps without one coda or answer. Steiger talks about truth versus alternative facts in politics and uses over tonality versus musical dissonance to feel the difference. This discussion is hardly existent in most universities of vocal pedagogy and only comes into light on departments of modern composition or non-western singing. In that sense, it almost feels like we are a bit behind on the advancements of tonality, scales and musical patterns, which we can make up for, by finding the same hybrid solutions those composers found and by using technology to define the exact frequencies that give us moments of JI when the harmony will benefit from it.


Nonwestern Singing  
Van der Linden (2015) explains the evolution of music in different parts of the world in early history and how western music affected the non-western, but equally significant, the influence of the non-western on the western. The knowledge growth and intellectual hubs argued for liberal ideas in science but also in music and art existed everywhere, and that was part of the globalization and simplification of music like ET but included the study of the roots and like pentatonic scales, but also at microtones. Music schools developed along with colonialism and record companies and new technologies that allowed commercial music, but be it western or non-western, tradition was also promoted. 
The problem with the older traditions was that with time, and advancements of ET piano, it forced some of the traditional scales to change. While in some countries the nationalism revived music using early instruments, in most cases, there was a slight shift in tuning and arrangements and that was seen in Asia or Arab countries and many others as well.  Brazil on the other hand, was an example of using music as a unique identity evolution. The different aesthetics that evolved in different growing cultures may have lost local nuances and diversity, but within our modern technology today and access to knowledge it is curious to see if music will take some new turns in the process of individuality, nationality and globalization. An interesting concept for me, in contemporary music, is that perhaps the simplicity of pop music today can take us back to JI tunings more easily using pentatonic scales. But since we all come from different musical backgrounds, are we all really wired the same way in terms of our perception of pitch? Jacoby et al. (2019)  tried to answer that question in aspects of biology and how it was affected by our personal human experience. While our perception is usually affected by multiple factors, from biological and nature responses, to education, inspiration and culture, this study was really aiming at looking at outside the western music consumers and beyond the universal standards. Participants listened to intervals and sang them back to the recorder without complex instructions. First two groups were western participants from the United States, group one was non musicians and group two were musicians, and group three was from Tsimane’ society in the Bolivian Amazon who are rarely exposed to western music. From basic observation it was mentioned that Tsimane’ society had relatively simple tunes, not much harmony or singing together and the songs were in relatively small range. Despite the different backgrounds, all groups matched the logarithmic scale intervals, meaning everyone were able to process the intervals easily. It was suggested to be a direct result of our auditory biology, but as we learned about our nature and its mathematics, which matches the logarithmic tuning and could be inherent in our physical environment and its acoustics, that also contributed to this success. Another thing that may be rooted in our biology was that when notes were extremely high or low there was also an overall difficulty in all groups. Chroma Matching is the ability to recognize the note as the same one, even if it is in different octaves, that was subsequently easier for musicians, the Tsimane’ group showed significant difference. And even though within the Tsimane’ society only the top precent that had decent singing abilities participated, and even though the researchers tried to guide them, that difficulty remained. That suggested that the concept of Chroma Matching requires learning and is less biologically or naturally inherent, however it also matches  the observation of the society that do not sing together normally where as in our western societies in many instances males, females and sometimes kids as well sing together in different octaves, making it a familiar concept, non-universal and shaped within cultures. Reverting to tuning systems, the logarithmic system which seems almost hard wired correlates with JI tuning and the octave equivalence difficulty reinforces the issues JI tuning has when multiple instruments and harmony comes to play and why ET was introduced to resolve it. This study also does a remarkable job in questioning how much of our sensory perception was shaped by our culture.
The question of how much the culture has shaped our perception on intervals was investigated by Armitage et al. (2023), similar to Jacobys study that was just reviewed, but with a slightly different angle looking into awareness and of course different cultures. They looked at four groups that were recruited online and had to complete the tasks in specific technological conditions sing a computer. First group was Sutartineės singers from Lithuanian Sutartinės, the second was a control group non professional Lithuanian, the third was a group of western musicians and the last was western non musicians control group. The team used two intervals one was a perfect fifth and the second was a major second that was flattened, which matches the style of Sutartinės with narrow intervals which may be referred to as rough but are very popular in the Lithuanian culture. Those intervals were first presented through another task, presenting words that need to be associated with negative or positive context. The logic was based on affective priming, where a perfect fifth would normally be associated with a solution and positive reaction and a smaller interval is musically connected to tension, so when participants heard those briefly before each word appeared, it was assumed that if the interval matched the word, the association of the word, the participants would react faster. The second round with conscious awareness was focused on the intervals themselves and rated how pleasant the sound was. Across all four groups reaction times were universal with the automated unconscious and this was related to biology and functionality of the ear membrane and its difficulty to process two approximate frequencies.  But when the participants had to consciously rate the pleasantness of each interval culture proved to create differences. The only group that enjoyed the small interval were the Sutartineės singers. Which showed that familiarity and training played a major role in their appreciation of this musical interval. This study reinforces the influences of culture on our reactions and even enjoinment, it corresponds with singers trained to match ET and how they improve it over time in singing groups. And it also reinforces the natural physical connection to our acoustic nature or ear physiology that are all possibly part of a very basic mechanism that gives us our non-conscious gut reactions. 

Tuning of the voice
(Behroozmand, Korzyukov and Larson, 2011) investigated auditory feedback and its relationship to vocalization, from a neurological and development perspectives. Ultimately the brain reacts to voicing like negative feedback, compensating and adjusting according to the audio it is receiving. As he explains this can be seen both with individuals who were able to hear and became deaf; which interrupted their speaking. Or in a healthy functional hearing, when presented with a delay in audio feedback, like with amplification, the speech will also be interrupted. However, this same delay can assist stuttering, which shows us how the vocalizing and auditory systems try to constantly balance each other. Therefore, when a singer sings a pitch which appears to them not in tune they will compensate and try to tune it as a response. This study was deliberately conducted with non-professionals who had basic ability to repeat a musical note, and using devices detecting brain activity, they wanted to check the response participants had to their own voice with and without acoustic and pitch changes. This study offers an outstanding example to the potential adaptation singers poses with their voices, especially as they evaluate their own voice but even more so, it shows how vital part the upper harmonic structure plays in tuning and voicing. The participants heard their own voice as it is but also as their fundamental frequency alone, adding one harmonic each time until it was the voice and the 1st, 2nd, 3rd and 4th harmonics. In all those sound segments they created, from the natural voice recordings, they added three total upward pitch drifts. Participants’ reaction was measured to the pitch changes while they were voicing and trying to match it but also passively just by listening. In the passive listening it was clear there was more brain activity toward the natural voice or toward more harmonics. It also showed that there was much more sensitivity and brain activity when changes in their natural voice occurred, in other words, we are potentially more sensitive to complex sounds but particularly more sensitive to our own voices. And along the neural processing, the actual voice reaction shows significantly more adjustment is done to compensate for the pitch when it is our own voice. They call it motor driven enhancement; it means the correlation of motor reaction and our auditory recognition of our personal resonance and timbre. This is somewhat leading to the importance of harmonic series both in the personal fingerprint but also in the acoustical complexity which allows more detection of errors and proves to be an integral part of pitch recognition which can than lead to all the complex mechanisms that help us produce a stable tone that is easier to produce by professionals as shown in other studies presented earlier in this paper. It may also suggest that in training singers, using their own voice recordings and adjusting them with sound software, may speed up adaptation to new tunings.
Some singers I work with have AP (absolute pitch), this means they naturally know or remember the notes on the piano and the original key for each song, they can even name a note of a car horn for example. Because they remember notes by name they sometimes get confused in key transposition, this is like seeing the word purple written in yellow color which can be confusing. This interesting ability may offer other explanations to pitch accuracy, and if our nature, physical body, or genetics create this skill or if it is trained. To answer that, Takeuchi and Hulse (1993) explains how this rare ability of AP changes the entire approach to music and what it is. To assess if AP exists, singers are usually requested to identify played notes and say their names and be able to sing a note that was requested by name. However, some singers may be consistently off by a semitone which could be because they grew up near instruments that were tuned lower or that they have small fluctuations based on their health, age or hormonal state. Another impact is the timbre, the tendency is to remember notes according to the instrument they grew up with and the register they are used to hearing, so for example if they are familiar with a trumpet they will identify the notes from a trumpet much better than those on a piano. The AP skill also enables singers to remember musical melodies faster, shown by the capacity of musical information they can remember from one take, which is significantly higher than a regular singer or a musician. The theory is that this is a memory ability of distinct cognitive ability to label each note I established at an early age, possibly 6-7 years old, when this processing is available in the brain and it remains developed from that age. It is a different approach to music than the relative pitch familiarity most of us are trained to use and for that reason it can sometimes interfere with the recognition of intervals, as the analysis of the relationship between different notes and the harmony is disrupted by the automatic message of the musical notes name AP singers receive.  Nevertheless, this is a desired ability, and since the theory is that this is an acquired ability in early ages in which the brain recognizes and learns separate items versus the relationship between them acquired in a later stage, it might mean anyone can possess AP if they begin training early. According to this paper, pedagogy reports reinforce that training for AP is achievable in kids but not fully with adults and there are no consistent findings that shed light on the possibility of genetics. Baharloo et al. (1998) also suspected that AP is nurtured but wanted to check the genetic components in a large-scale study. As a first step they were able to reach 612 participants to fill their survey, musicians and singers with AP from top schools of music or professional musicians from elite theatres. They used both a rich piano tone and a pure sinusoidal tone for and had participants listen to many different notes and quickly classify and write the name of the note they heard through the headphones. The results were measured using a marking system, where any error would diminish the score, but more points would be lost further away the note was. However, based on previous studies and self-reports from aging participants they did not deduct points for semitone distance mistakes if it was an elder. Those who scored high were put in group AP1, groups AP2 and AP3 were gradually lower on success rate and group AP4 did not do well on the pure tones but actually did well on the rich piano tones, which seems they relied more on the timbre and harmonic series. The results support the previous review that up to 6-7 years of age in which AP can be nurtured but its not supportive that anyone could develop it or sustain it through the years. Interestingly, they did find that 48% of those who self-reported they have AP, mentioned family members who also have it. And to further check that, they checked 15 siblings of the self-reported AP participants, who also began studying music early, and 9 of them had AP. They also looked at 23 siblings of non-AP musicians that also had early training, only 2 of them had AP. Which suggests that there might be a genetic component, and if such gene exists, it still needs to be developed by the age of 7. Either way this journey to understand the neurocognitions of pitch perception and memory, relies heavily on training. And as shown in cultural influences the environment plays a key role in our perception of music. Since our environment in vocal pedagogy in the last decades trains singers to ET, and yet we can still observe natural tendencies to correct the triads as shown in previous articles through acapella groups, it is likely that any tuning system can be taught but eventually some natural elements will prevail and draw singers to JI since that tonality exists within every sung note.
Conclusions
While the main aim of this paper was to evaluate the potential contribution of JI in voice pedagogy, general suggestions for future studies and training with JI in the voice studio are included. The main problem that was raised in this paper is that voice pedagogy in western singing is mostly conducted near a piano and does not consider the tonal adjustments that are commonly made while singing in groups, in opera houses or with a band as well. Bringing this topic to awareness, so teachers understand possible tuning issues mostly around major triads is important, not only for those who work with choirs and singing groups but also for teachers who work privately with soloists. Understanding the reasoning behind those pitch drifts is crucial since some of those changes may be justified and helpful while others are not. This suggestion I am making can of course be countered by the fact that singers already lean toward JI naturally, when necessary, without over thinking or guiding. However, multiple studies in this review showed that the piano constantly trains the singers to go back to ET. I believe this is a first step that may assist teachers understand the student’s behavior and be more open to pure tuning that is sometimes required. As a second step some incorporations of exercises that include such adjustments can be included and even prerecorded for the use of teachers if they choose to use them. 
Lastly the limitations of the piano can be resolved with technological means like a tuning software, and the patterns for exercises and song can be simplified toward pentatonic scales so singers sense some familiarity to musicality they were trained to. My suggestion is to formulate some basic melodies and program them to frequencies matching JI and do so for multiple keys so the transposition factor we know from voice lessons will be easy to mimic in this new context. Potentially constructing accompaniment that is ready for teachers to use in multiple keys and encourages JI singing. For the technological teachers who want to go as far as using the singers’ own voice recording, I would like to offer guidance or perhaps even services that make this option easier for them. This paper is a first step in understanding the needs and the tools that need to be set in place. 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. Attempting a protocol of exercises and melodies with singers during a month should offer preliminary results to the effects of such an approach. These solutions may assist our singers as they improve their tuning but will also broaden their minds on new musical possibilities that already exist and will continue to grow as the trends of bringing back traditions and microtonal possibilities increase in compositions.
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