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[bookmark: _Toc416288190]CHORDAL: CHORD PLAYER WEB APP

[bookmark: _GoBack]This paper shall discuss the chord player web-app "Chordal", the process by which it was conceived, designed and created, and future plans to create a business revolving around it. By "web-app" (also referred to as "app") we mean a website that has a similar functionality to an app made natively for mobile devices, yet can be accessed from any computer browser, on any device. By "chord player" we mean that it provides the functionality of creating audible musical chords with the action of only a single finger.
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[bookmark: _Toc416288191]USER INSTRUCTIONS
· On your mobile device or computer, visit the website http://chordal.bubbleapps.io to access the web-app (for free).
· Click any of the chord buttons to play a chord.
· Experiment until you find a chord progression you like, and then use this as the basis of a song.
· Select a key, instrument tone, and chord voicing set via the "Key", "Tone" and "Voicing" menus.
· Use the "Chords" button to toggle the chord name format.
· Click "Theory" to get some music theory knowledge if desired, then scroll to read explanations of what the colours mean.
· It's also possible to sing an existing song and use Chordal to play the accompanying chords.
[bookmark: _Toc416288192]CHORDAL PURPOSE AND STRUCTURE

The main purpose of Chordal is to allow the user to quickly experiment with complex or simple chord progressions in an easy and fun way, without the need for, access to, or knowledge of how to play a physical chord-capable instrument, such as a guitar or piano (or an equivalent midi controller keyboard). The design is flexible enough to be operated by songwriting professionals in their day-to-day work, and simple enough to be used by primary school children, under which context it could be used to great effect as a teaching aid. The user can press a single button to play any chord they might want (be this on a touchscreen device or using a mouse to click the chord button). The user interface consists mostly of an array of buttons that correspond to an appropriate selection of different possible chords; these of course are played as audio when pressed.

The intent is to reduce the barriers of entry to music-making, thereby putting musical creativity in the hands of even people who never though it possible that they could play an instrument. The app achieves this by reducing the amount of thought and physical skill / muscle-memory training required to accurately play and move between chords. Therefore, it should become much easier for anyone to write and/or perform music (to a basic standard).

An important feature is that the chords available at any one time are not only in one key, but in all parallel keys/modes (with the root pitch selected via the "Key' menu button, though currently only the key of G is an option). So, by virtue of an intuitive visual layout and colour coordination system, this makes it very easy to move between modes and to compose interesting and great-sounding progressions that follow the rules of functional harmony (if desired). These progressions would in some cases be unlikely to be found via a traditional instrument (pending a virtuoso level of skill with that instrument).

Additionally, Chordal has been designed to bolster its users' knowledge and understanding of music theory, no matter their current level. On the surface, the vertical arrangement shows how all the chords are ordered within the scale, while the horizontal axis shows how parallel keys graduate from the brightest to the darkest feel (with the classically 'happy' major and 'sad' minor keys either side of the centreline). Furthermore, the layout uses colour equivalency to show which chords are functionally most related to other chords, and hence the user can choose when they wish to make a drastic 'colourful' move to a distant chord and when to make a more subdued move to a similarly coloured, similarly functioned chord. This colour coordination scheme also subconsciously illustrates the basis of chord substitutions, which is a key concept in jazz music theory.

More detailed music theory explanation can then be accessed via the "Theory" button, which adds an overlay "flow chart" showing how to move between modes and specifically which chords fit which modes. Below the main chord buttons, another set of coloured buttons shows the names of the different chord functions and clicking these will show a description of how and when you may wish to use each chord type. Plus, clicking the "chords" button will toggle the name of each chord between the absolute name, and the key-independent name (using the roman numeral chord numbering system); this is another critical concept to learn to develop a complete understanding of music theory.

Although it can be used by anyone of any skill level, the app has primarily been designed for use by serious songwriters and music producers, particularly during demo-writing sessions in lieu of a piano/synth/guitar (in accordance with the developers own personal interests). The developer was influenced to make the app due to a personal lack of piano skills and hence by an inability to improvise complex musical ideas when a guitar was not available. Chordal can easily be used to jam with other writers and musicians 'in the room' to find new more interesting chord progressions that can inspire the group quickly.

The app also solves other common issues neatly. Particularly, it is often impractical for producers to bring a full sized physical instrument to songwriting sessions, for a variety of reasons. A producer is already expected to bring a computer, headphones, and sometimes an audio interface plus a microphone to each session, so adding a guitar or keyboard is often quite inconvenient. Furthermore, these sessions often involve 3 to 5 people squeezed into a tiny room where space is at a premium. And lastly, many producers tend to work off Apple MacBook computers, which rarely have enough spare USB ports to keep a midi controller keyboard attached throughout the session. It should be invaluable to have a solution that can be loaded into the browser of each writer's phone and into the browser of the computer connected to the main speakers, so everyone can try ideas and stay on the same page during the initial stages of ideation.
[bookmark: _Toc416288193]PROJECT BACKGROUND

During development, a number of alternative projects were considered, all of which were production aids intended to make the music production or writing processes quicker, more fluid, and more inspiring. The hopes were to develop a product that could help the current generation of music makers to write better and more interesting music.

The “chord player” concept was chosen from the other product ideas as the widest reaching and most easily accessible, which should provide the most benefits to the most people and allow for the quickest acceptance into the market.

It has been stated that popular music has been growing increasingly simple over recent decades (Serrà et al., 2012) and that as any genre ascends into chart dominance, it tends to become more generic over time (Percino, Klimek and Thurner, 2014). However, there are multiple factors to consider when assessing whether music will continue to simplify, or whether the trend will be reversed:
1. Although major label analytics and science alike have confirmed that simplicity sells (at the moment), these kinds of computer analyses have only been possible in the last few decades (and much more prominent only in the last few years). 

2. Many scientific studies on music are fundamentally flawed as they often rely on algorithms to detect “musical complexity” and these algorithms are (by necessity) more influenced by technical complexity measurements than by artistic complexity measurements (as “artistic” attributes are difficult to measure algorithmically). Typically these studies analyse the audio file of a song rather than the underlying composition, leading to unreliable data sets when assessing complexity. For example, studies use “consistency of frequency content” as a data point, yet this consistency has been steadily increasing as the science of audio mastering gradually improves. Therefore, a recently remastered version of a pre-1990s song would score lower in complexity than the original release of the same recording, leading to a misreading of the data. Other studies, such as Hudson (2011), use “compressibility” of the audio file as a measure of musical complexity, without accounting for the fact that a quieter rendering of the same master audio would be more compressible (due to more unused audio bits). 

3. Musical complexity appears to be cyclical, looking at musical trends over the last few hundred years. After each period of simplicity has come a period of increased experimentation, then eventually this goes too far and a new simpler style takes the lead again. In this way, the baroque era gave way to the classical era, big band music gave way to rock and roll in the first half of the 20th century, and prog rock gave way to punk and new wave in the latter half of the century.

4. Technological improvements and the wide release of music creation software have drastically lowered the barriers to entry for creating music. While in the past the majority of people releasing music had been classically trained, the opposite is true today. There has been an explosion of untrained music creators/composers (often called "bedroom producers"); their ability to sell has also gradually reduced the need for trained musicians in the workforce. (How Many Musicians Are There?, 2019)

5. The laws of demand and supply dictate that an individual musical piece is ranked by users based on the market’s concurrent offer: the highest ranking songs in the charts today are not the best songs in the history of music, but rather the most appealing of 2019 (so far). The more "simple music" is available, the more likely a “simple song” will be charted.
This final point explains how the first could be considered a "chicken and egg" scenario, and suggests that the second point might increase in importance in the near future. There is already evidence that this change is beginning to happen, with the recent ascension of experimental albums from artists like Billie Eilish, Travis Scott and Childish Gambino. 
If one is to believe the trend towards simplicity is reversing, as the above points suggest, then the market will soon require tools (like Chordal) that can assist untrained musicians in creating music with a higher level of complexity than they could otherwise achieve without a long period of trial and error. 
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Instruments that can play whole chords with just one finger aren’t a new invention; indeed, the accordion has been doing so for almost 200 years. However, since the birth of sampling à la Musique Concrète in the 1940s, it has been possible to store chords as separate samples, and play them back individually at will, whether via analog tape as then, or via a digital sampler from the 1980s onwards. It would have indeed been possible to sample a selection of chords and assign them to each button of sample pad hardware like the Akai MPC-60, and this is even easier today with sample pad software like Native Instruments Maschine or Battery. However, the sampling process is always left to the user, and few users will ever go to the trouble of sampling more than a few chords per piece.

While using a sampler for this function enables the chords to play back instantly as audio, the chords can’t freely be modified once they are initially sampled. An alternate approach is to have a function that plays back MIDI instead of audio, which then allows any combination of MIDI notes to be assigned to each chord button, but of course the MIDI output must then be connected to a sound source such as a synth or other virtual instrument.

Most of the other competing products use this method to play chords, and overall this is probably the more useful method, but it also takes more time and knowledge to set up (troubleshooting MIDI device connections to the DAW can be notoriously difficult). The ideal system would have both output methods.

The DAWs Logic/Garageband and Cubase have built-in MIDI chord player functionality, which are very easy to set up as they’re made to work in only in this software (but of course are not available to anyone who doesn’t own that software). Each allows for various MIDI chord-voicing presets to be output when a single (monophonic) MIDI sequence is input, and this can be triggered using any standard MIDI device, although the graphical layouts of these chord players follow the ‘piano’ layout, so using them only makes sense when using a MIDI piano as an input. These also allow “musical typing”, which involves using two lines of one’s QWERTY keyboard as a makeshift MIDI keyboard, and this is indeed very convenient for the user.

There are also some third party plugins available that bring this same functionality to other DAWs, plugins such as AutoTheory and Scalar, and again, these are typically harder to set up. All these generally feature a selection of scales from which the app will build its chords, and in this way can yield some interesting results when less common scales are chosen.

However, the focus with these chord players is very much on playing only diatonic chords (i.e. chords whose notes all stay entirely within a single key/scale), which is a very limiting factor when attempting to compose. For example, playing the verse progression to the classic song “She’s Electric” by Oasis would require 6 chords, of which 3 are non-diatonic. In fact, the “piano” layout isn’t optimal at all for a chord player, since there are multiple possible chords per scale note. Also, locking the user into playing only diatonic chords gets quickly boring; it’s easy to feel like one’s creativity and freedom has been removed when using such systems. It’s likely that this is major contributor to the reason why chord-players have never been a mainstream thing within the music production community.

A more specialist product is the hardware MIDI controller KordBot, which was funded recently via Kickstarter to the tune of $178,000 (KordBot - Music Production Assistant, 2019). Again, this is largely based on a diatonic system and the piano layout, though this time providing a separate set of modifier keys that allow access to other non-diatonic chords on the fly. The product has extensive features but isn’t simple to operate or set up, and at around $300 it’s aimed only at serious writers/producers. Plus, as a physical device, the user must still carry this to writing sessions.

Other competitors are the many apps designed to aid in the writing of chord progressions. Some of these are offline tools rather than real-time instruments, often featuring randomised idea generators and drag-and-drop or list-based interfaces for piecing together chord progressions. Quality and usability of these products varies wildly, though most feel cheaply designed. A premium product within this niche is HookPad ($149), which is a fairly comprehensive (though ugly looking) offline composition tool. Also there’s plenty of free apps offering a much more basic functionality with varying degrees of success. These can indeed be useable for generating ideas, but are rarely intuitive and all seem lacking on the user experience front in some way or another.

Other apps are more like playable instruments, often featuring chords or keys laid out in triangles, much like the physical accordion layout, except dynamically changing to fit the key. Usually in the £1 to £10 price range, apps like Navichord and Chordion look modern, well designed and potentially inspiring to use, and often feature audio + MIDI output. However, these products (much like real instruments) generally make no attempt to guide you through chord progression writing using any music theory pointers.

The most interesting competitor to Chordal is an iOS app called ChordPolyPad, which has a basic 4x4 MPC style layout, but each pad can contain a midi chord instead of an audio sample. The app features built-in instrument voices with which to give sound to these MIDI chords. However, the chords that come programmed by default are fairly basic, only providing some diatonic progressions and some even smaller chord sets (e.g. the infamous chord set used in Axis of Awesome’s “4 Four Chord Song” (2019). Usefully, the layout can be expanded to an 8x8 grid and the cells can be colour coordinated, so when combined with a more complete set of chords, this app provided the perfect palette for rapid prototyping of Chordal, although clearly not designed to be used in this this much more advanced way.
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The research into these music theory principles and how to tie them all together in a single graphical interface has been an on-going interest of the developer for many years. Research has included watching, reading and learning, particularly the entire content of the music education channel 12Tone, a good example of which being a discussion on the true function of the iii chord (The Black Sheep Of The Major Scale, 2019). Hence, the iii chord is represented in Chordal by a button that is coloured to signify it both as a tonic chord and as a dominant chord.

It was key to build Chordal to follow the principles of music theory, and in particular to create a playable interface that could highlight the intersection between functional harmony theory and modal theory; these two branches of music theory are usually treated as separate, yet they are inextricably linked. A highly complex and obscure branch of music theory based on the work of Hugo Riemann (Neo-Riemannian Theory, 2019) attempts to explain these connections, but writings on that subject are far too dense to be understood by the average user. Nonetheless, it is useful to be aware of these connections during composition. Very few other chord players make any attempt to illustrate even basic functional harmony theory of the major and minor keys, let alone the complex relationships between these and the other less common scales. This is the key differentiator between Chordal and all other existing chord players.

The interface was carefully designed and refined to hint subconsciously at these connections through use of colour, then to allow more in-depth exploration via overlay menus and textual explanation boxes. Of course, the app makes no attempt to teach all of music theory to the user, but is instead intended to inspire enough curiosity and provide enough basic understanding of these deep concepts that the user can research further without feeling out-of-their-depth.
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Beginning with the initial prototype constructed within the ChordPolyPad app (on an iPad), there was a period of iteration where different chord voicings were tested for compatibility with one another, and where various chord layouts, chord selections, and colour schemes were created. Testing was conducted in real life, via writing sessions and with other various users of different music knowledge levels.

Once the prototype was suitably refined, the chord voicings were rendered to audio and exported using a marimba/xylophone timbre that is typical of current pop music. Here it was critical to find a tone that sounded cool and inspiring, and indeed on hearing this tone one is instantly reminded of many current hit songs. Another key consideration was the filesize of each chord’s audio file, as these must be easily preloaded over WIFI or mobile data. Hence, chord audio files are in mono and low-resolution mp3 format at present.

Once the initial set of audio assets were created, the building process could begin for the minimum viable product. The app was built in an environment called Bubble, which is a visual programming interface designed to allow users to build complex apps without the need to know a coding language. The principles of coding still apply, but the environment allows the user to intuitively deduce them over time, by addressing error messages and debugging features as one builds them. HTML was considered as a possible alternative, as HTML5 now supports MIDI functions and audio. However, coding by hand in HTML would have extended production time, so Bubble was selected to build the MVP version (without MIDI functionality as yet, as Bubble does not support it).

First, the graphical interface was designed, with all squares being drawn and coloured, and all text filled in. Then these squares were designated as buttons that could be connected to sound player objects that store (and preload) the necessary audio files. The app was further tested and refined at this point: for types of sound player object to see which had the best response and necessary other functions; and button size to see what looked best and was most clickable on a phone screen and on a laptop screen.

Next, the music theory overlay was drawn and assigned onto a new layer, and this was made to toggle on and off with each press of the “Theory” menu button. One particularly tough challenge was allowing the user to click the buttons on the underlying layer while attempting to make this “theory” layer display above. This was not possible as originally conceived, so required a reassessment of the theory layer design, allowing it to be displayed around the buttons instead of over them.

The other menu buttons were all subsequently connected, requiring conditional logic to be applied to various elements in order to make sure everything could be seen only when desired. All features were tested and debugged until they worked as intended. Finally, the beta test version was sent around a small group of people for user testing, leading to only very minor tweaks (a few typos and one chord linked to the wrong audio file).
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The beta test version of the app as presented in this paper was shown in person to a group of music producers, and was also sent to some professional producers. It has been used in actual writing sessions, and has been tested on people without any form of music-creation knowledge. 

Much like the feedback about the ChordPolyPad-based prototype, the response was positive from all. Critical feedback pointed out missing features, which were added to a list for future consideration. One notable comment came from a user who is entirely colour blind; they commended the app on using colours that appeared as different shades of grey, so that it was still possible to follow the intended colour coordination scheme. Additionally, users gave feedback about how this could be monetised, particularly under what circumstances they would expect to pay for different added features. These ideas were noted.
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The next step for this project would be to take it from the beta test version to a releasable version, the minimum viable product. This would mean filling out the options for each of the current features, particularly adding all 11 other keys besides G, and also adding a more sustained chord sound (perhaps a synth, piano, or both), which should cut off the previous chord as the next one begins. The app would need a custom URL and a paid Bubble subscription to remove the Bubble banner overlay, and perhaps a form with which to capture users email addresses for opting in to a user mailing list.

The next most important feature to add would be MIDI output functionality, though this will probably require a rebuild of the app in a different environment, outside Bubble. Once MIDI output is added, it would also make sense to add more options for chord voicings.

After that, a sensible plan would be to ask the users what feature they most want added, as there is an overwhelming array of possibilities of what could be included. Some options could be:

· BPM sync capabilities and rhythmic chord patterns (maybe including arpeggios)
· A volume control for the in-app audio
· A drag-and-drop capable interface where the chords can be reordered by the user, which could then be saved as presets for use in different songs.
· Voicings and instrument tones suitable for different genres besides pop, e.g. a jazz mode.
· Plugin versions for all DAWs without needing an internet browser open separately
· A native mobile app version
· A hardware version, potentially based on the Bela board, either small as a Pocket Operator synth, or in a larger, foot-operated format for accompanying oneself while playing lead on another instrument.
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Currently, market research suggests Chordal is the only real-time chord player instrument that guides users through the process of writing / improvising with functional harmony. There are other critical features missing from the app at present, and so in these respects it falls behind the competition (especially in MIDI functionality). As outlined above, these shortcomings can be addressed in future versions. And Chordal could become the most popular choice of chord player in the near future.
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If hosted on a private website as a free service (users are not accustomed to paying for access to websites), the web-app could get a lot of traffic via a low budget social media marketing campaign, and hence the site could effectively be monetised via Google Ads. If launched as an app for iOS and Android, then a freemium model would be the obvious way to go, giving the app for free and charging around £5-10 for the “pro feature” of MIDI output. Serious professionals would probably prefer an in-DAW plugin version, which could easily be sold at a higher price of up to £50. And all of these would serve to increase the profile of the umbrella brand (TBA) that would be used to launch the product and then develop a line of similar products.

A music-focussed startup incubator like Abbey Road Red might successfully fund such a product. Alternatively, for a hardware version as discussed above, a Kickstarter campaign could a feasible method of funding. 
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Overall, Chordal has been a success, and it is hoped that in the near future this could be turned into a product that is available to the general public (following a freemium model to allow the most benefit to the most people).
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