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Seeking the Sublime in Data Sonifications
Word Count 5085
Until very recently, observing the night sky was a visual activity—the data produced by telescopes was analysed using vision alone. With the rise of digital and radio astronomy, however, visually inspecting the overwhelming volume of incoming data has grown impossible.[footnoteRef:2] Many different techniques have arisen to deal with this problem of data overload, one of the most exciting of which is sonification—the conversion of astronomical data such as electromagnetic waves into sounds designed for the human ear. Of course space is silent, but this technology allows us to experience it as if it were not. [2:  Alexandra Supper, ‘Sound Information: Sonification in the Age of Complex Data and Digital Audio’, Information & Culture, 50 (2015), p. 441 <http://www.jstor.org/stable/44667600> [accessed 1 May, 2021].] 

With this in mind, I have conducted a phenomenological study to evaluate the responses to astronomical data that has been sonified. Choosing six professionals from the arts and sciences to interview, my research focus has been to test Alexandra Supper’s assertion that sonified data can express the sublime, ‘a feeling of pleasure, mixed with pain, or terror with delight.’[footnoteRef:3] My intention was to determine if listeners could be intellectually stimulated and emotionally moved by audio representations of what they had always presumed to be purely visual. With the understanding that all experience is subjective and personal, I affirm Supper’s thesis and assert that it is indeed possible to perceive the sublime in sonified astronomical files. [3:  Alexandra Supper, ‘Sublime Frequencies: The Construction of Sublime Listening Experiences in the Sonification of Scientific Data.’ Social Studies of Science 44, no. 1 (2014): p. 35 <http://www.jstor.org/stable/43284219> [accessed 4 March, 2021]. ] 

Literature Review 
Data sonification was developed as a technique to deal with the problem of information overload plaguing astronomy today, part of what Bleeker, et al point to as the larger trend to ‘break the predominance of visualization . . . by using sound for the presentation of otherwise-inaccessible data’.[footnoteRef:4] Supper agrees, adding that there is a qualitative aspect to sonification, which makes ‘abstract phenomena tangible and amenable to sensory perception’ [my emphasis].[footnoteRef:5] Humans are particularly adept at recognizing patterns in what otherwise might seem chaotic and disordered; Jarlbrink suggests that although machines can automate data collection, it takes humans to ‘decipher signal from noise’.[footnoteRef:6] Sonification in astronomy allows researchers to analyse complex data, identify new phenomena which might be missed otherwise, and hear patterns which they might miss visually.[footnoteRef:7] [4:  Maaike Bleeker, Nanna Verhoeff and Stefan Werning, 'Sensing Data: Encountering Data Sonifications, Materializations, and Interactives as Knowledge Objects', Convergence (London, England), 26 (2020), p. 1093 <https://journals-sagepub-com.ezproxy.uwtsd.ac.uk/doi/pdf/10.1177/1354856520938601> [accessed 2 May, 2021].]  [5:  Supper, ‘Sublime Frequencies’, p. 48.]  [6:  Johan Jarlbrink, 'All the Work that Makes it Work: Digital Methods and Manual Labour', in Digital Histories, ed. by Mats Fridlund, Mila Oiva and Petri Paju(Helsinki University Press, 2020), p. 115 <http://www.jstor.org/stable/j.ctv1c9hpt8.12> [accessed 2 May, 2021].]  [7:  Wanda L. Diaz-Merced and others, ‘Sonification of Astronomical Data', International Astronomical Union. Proceedings of the International Astronomical Union, 7 (2011), p. 134 <https://www-proquest-com.ezproxy.uwtsd.ac.uk/scholarly-journals/sonification-astronomical-data/docview/1010996356/se-2?accountid=130472> [accessed 2 May, 2021].
] 

There are two major categories of sonified data. The first is the relatively straightforward rendering of non-audio data into sound, such as the touch of a finger on a doorbell to play a tune, or the oscillations of light waves captured by telescopes and converted to audible rhythm. In these, non-auditory data is converted for purposes of communication or analysis. Hours or even days of data can be condensed into a few seconds of sound revealing recognizable patterns in the rhythms. [footnoteRef:8]  [8:  Diaz-Merced, 'Sonification’, p.133.] 

The second type of sonification is different. In this, non-auditory data is taken and manipulated into something more like a musical composition, what Gresham-Lancaster and Sinclair call ‘performative’ sonification. Performative sonifications require aesthetic choices to be made when rendering the data and are therefore subjective by definition. They intentionally evoke emotional responses, and thus are mostly used for purposes of education or artistic expression. [footnoteRef:9]  [9:  Scot Gresham-Lancaster and Peter Sinclair, 'Sonification and Acoustic Environments', Leonardo Music Journal, 22 (2012), p. 67 <http://www.jstor.org/stable/23343813> [accessed 3 May, 2021].] 

In her 2014 paper ‘Sublime Frequencies’, Supper suggests that the two categories of sonification are not mutually exclusive. Even the data sonified for non-performative reasons can affect us on an emotional level. She suggests that all of nature is rhythmic in some way, saying even the data encoded in our DNA, should it be sonified, would resonate for us on a deeply personal level.[footnoteRef:10] She mentions that the non-performative sonification of otherwise unimaginable concepts such as the Higgs boson particle or a human electroencephalogram still have the power to move listeners emotionally. Because sonification makes accessible ‘phenomena that have hitherto been closed off to sensory perception’, it activates levels of experience other than pure intellectual analysis. [footnoteRef:11] In what I initially suspected might be a leap, Supper suggests that sonified data can be powerful enough to create experiences of the sublime in listeners, a word she defines as ‘experiences of awe and wonder, often tinged with an element of terror’.[footnoteRef:12] However, her assertions have been borne out in my own research. [10:  Supper, ‘Sublime Frequencies’, p. 42.]  [11:  Supper, ‘Sublime Frequencies’, p. 48.]  [12:  Supper, ‘Sublime Frequencies’, p. 35.] 

As a subjective experience, the sublime has been defined in many different ways. Supper cites Edmund Burke and Immanuel Kant as her sources. Burke defines the term by juxtaposing it with beauty. He suggests that the sublime is enjoyable because unlike beauty which relaxes the mind, it stimulates by suggesting terror (without really frightening).[footnoteRef:13] Kant, in turn, suggests that the sublime can only be experienced when we are faced with something so large (in scale or concept) that our imaginations cannot comprehend it.[footnoteRef:14] These definitions attempt to describe the subjective experience of encountering an objective phenomenon strange or grand enough to defy easy characterization. Of course, no two people experience the sublime alike, if they even experience it at all. As Liz Swan says about individual human responses, ‘What and how we experience a thing has a lot to do with what we bring to the experience. Our innate, embodied patterns and their recursive application . . . enable us to process the unlimited variety of experiences we encounter’.[footnoteRef:15] What might move one person profoundly might make no impression at all on someone else. [13:  Anthony Quinton, 'Burke on the Sublime and Beautiful', Philosophy, 36 (1961), p. 72 <http://www.jstor.org/stable/3748935> [accessed 3 May, 2021].]  [14:  Bart Vandenabeele, 'The Sublime in Art: Kant, the Mannerist, and the Mannerist Sublime', The Journal of Aesthetic Education, 49 (2015), p. 34 <https://www.jstor.org/stable/10.5406/jaesteduc.49.3.0032> [accessed 3 May, 2021].]  [15:  Liz S. Swan, 'Deep Naturalism: Patterns in Art and Mind', The Journal of Mind and Behavior, 34 (2013), p. 118 <http://www.jstor.org/stable/43854330> [accessed 2 May, 2021].] 

Methodology 
My research was designed to test Supper’s assertion that data sonification of hitherto inaccessible astronomical data can reveal the sublime. Because this research was seeking to record ephemeral phenomenological responses to multimedia files in real time, in-depth interviews were the best methodology for this research. Hennink et al recommend the use of in-depth interviews for researchers wishing to determine how people understand their own experiences, and to gauge their subjective emotional responses.[footnoteRef:16] Similarly, Judith Bell suggests that an interviewer can ‘follow up ideas, probe responses, and investigate motives and feelings’ in ways things like questionnaires and surveys cannot. [footnoteRef:17] Data like physical responses to the multimedia sources (laughter, gasps, facial expressions, body language, pupil dilation) would be lost if I were to use questionnaires or other methods which depend upon the subjects to self-report. Because of the pandemic, the interviews were conducted via the Zoom application on the internet. [16:  Monique Hennink, Ajay Bailey and Inge Hutter, Qualitative Research Methods, (London: London: SAGE, 2011), p. 117.]  [17:  Judith Bell, Doing Your Research Project : A Guide for First-Time Researchers, 7th edition. (London: Open University Press, McGraw-Hill Education, 2018), p. 210.] 

With the hope that their disciplines might influence their opinions in an interesting way, I chose six participants based on their professions. Three are science professionals (one clinical psychologist, one medical doctor, and one STEM academic), and three have careers in the arts (one musician / film director, one architect / visual artist, and one in arts management). Four are in their thirties, one is in their forties, and one in their fifties.[footnoteRef:18] I am unaware if they know one another; I know some from my own career in the arts and others I have met either through colleagues or friends when I was looking for participants for this research. The participants are all residents of Jeddah, and all but one (a Lebanese) are Saudi. [18:  In order to safeguard their identities, I will henceforth refer to each as P (as in Participant) with a number from 1-6, assigned in the order of their interviews. I use the pronoun they / their / them to refer to each (in both the singular and plural) to avoid using gendered pronouns. Grammatically this can be awkward or incorrect and I apologize in advance.] 

As part of the interview, I discussed their relationship to sound in their daily lives, and their relationship to the sky. During the interview I played them six audio / video files of sonified astronomical data: three were non-performative sound files and three were performative compositions with a video or visual image component. I watched for phenomenological responses and asked questions to attempt to determine whether they experienced moments of the sublime.

Non-performative: 
1. Radar Echoes from Titan’s Surface[footnoteRef:19] [19:  NASA, Radar Echoes from Titan’s Surface [video] 2018 <https://soundcloud.com/nasa/radar-echoes-from-titans-surface> [accessed March 2021].] 

2. Voyager Interstellar Plasma Sounds[footnoteRef:20] [20:  NASA, Voyager: Interstellar Plasma Sounds [audio] 2015 <https://soundcloud.com/nasa/voyager-interstellar-plasma-sounds> [accessed March 2021].] 

3. Parker Solar Probe: Whistler Mode Waves 1 and 2[footnoteRef:21] [21:  Johns Hopkins APL, Parker Solar Probe—Whistler Mode Waves 1 [audio] 2020 <https://soundcloud.com/jhu-apl/psp-whistler-mode-waves-1> [accessed March 2021].
Johns Hopkins APL, Parker Solar Probe—Whistler Mode Waves 2 [audio] 2020 <https://soundcloud.com/jhu-apl/psp-whistler-mode-waves-2> [accessed March 2021].] 

These three files were included as part of a Soundcloud playlist I created in case the participant had internet problems and needed to listen to them on their personal devices.[footnoteRef:22] [22:  My playlist for the non-performative files can be found at: https://soundcloud.com/user-188201878/sets/raw-data.] 

Performative:
1. Supernova 1987A Sonification[footnoteRef:23] [23:  NASA's Marshall Space Flight Center, Supernova 1987A Sonification [video]. 30 November, 2020 <https://www.youtube.com/watch?v=t7rMtVctvag&list=PLLlYpyfZ7SOsLSCVSAh3JYdQZB-Yk7NQ7&index=3 [accessed March 2021].] 

2. Caldwell 73[footnoteRef:24] [24:  NASA Video, Data Sonification: Caldwell 73 [video]. 17 December, 2020 <https://www.youtube.com/watch?v=NiwUc0Lxak8&list=PLLlYpyfZ7SOsLSCVSAh3JYdQZB-Yk7NQ7&index=10> [accessed March 2021].] 

3. Data Sonification: Helix Nebula[footnoteRef:25] [25:  NASA Video, Data Sonification: Helix Nebula [video]. 20 October, 2020 <https://www.youtube.com/watch?v=lsIFF-1Sy6o&list=PLLlYpyfZ7SOsLSCVSAh3JYdQZB-Yk7NQ7&index=13> [accessed March 2021].] 


Because of their additional video component, these three files were made available as a YouTube link.[footnoteRef:26] [26:  My YouTube link for the performative files can be found at: https://www.youtube.com/playlist?list=PLLlYpyfZ7SOsLSCVSAh3JYdQZB-Yk7NQ7.] 

Before commencing the fieldwork in earnest, I conducted two pilot interviews which allowed me to fine-tune my interview technique and the choice of media files, as recommended by Hennink, et al.[footnoteRef:27] I then created manual transcripts of these interviews (after finding automated transcriptions too error-prone), finally crafting a summary that condensed the sessions to their significant findings. This is the method I subsequently used for my six interviews: the sessions were each transcribed manually and summarized. Once they were complete I went through them as a group attempting to discover emerging themes and ideas. The six interviews were conducted in English; the responses were mostly in English, but all contained a mix of English and Arabic in some proportion, which is consistent with the way we communicate socially in Jeddah.  [27:  Hennink, ‘Qualitative Research Methods’, p. 124.] 

Reflexive considerations 
It is my experience that the humanities play a major role in the advancement of science, and science plays a major role in the advancement of the arts. I define myself as inhabiting the gap between both of these worlds—belonging to both and to neither. The choice to interview both artists and scientists feels like a natural choice for me. Additionally, I am very interested in contemporary space programs, including current research and missions. I am motivated to pursue a career in our newly formed national space agency. As such, I keep current with the programs and the way these programs can be made accessible to young people for the purposes of education. 
From the pilot interviews I had learned that the participant’s comfort level mirrors the interviewer’s and vice-versa—projecting calm and professional control helped me put the participants at ease. Establishing rapport led to a more open interview where the participants were more likely to share their honest insights with me.[footnoteRef:28] When I began interviewing, I found there was an inverse ratio to my level of comfort with them. The better I knew them, the less comfortable I was assuming the (temporary) positionality needed for the interview.[footnoteRef:29] I had to overcome the feeling that I was changing the balance of our established relationships and was possibly taking advantage of their goodwill. Establishing positionality actually became an advantage with those I did not know well; with these I was quite comfortable with asking questions and conducting the session. [28:  Hennink, ‘Qualitative Research Methods’, p. 129.]  [29:  Hennink, ‘Qualitative Research Methods’, p. 127.] 

The fact that we share identities as Arabs (and at least nominally as Muslims) is significant for any discussion of the sublime, as there are cultural and religious norms in the language we use as a result of our cultural heritage. No questions concerning religion were asked, but several participants volunteered references to God, Heaven, Hell or holy scripture in their responses to the media files. Understanding these references is important to understanding their responses. Less ideal would be if the participants, recognizing our shared culture, chose to rely on cultural shorthand to describe their experiences to me, thereby falling back on familiar tropes to describe unfamiliar experiences. Deliberately choosing people from different backgrounds may also have made the research richer and deeper, a fact I will consider in the future when choosing participants. 
I deliberately selected participants whose specialist knowledge might provide fruitful interviews; only one of the six shares my particular field. The others were chosen with the hope they could draw on an experience I do not share. This might prove to be an advantage because any use of jargon or specialized language would be avoided, or if used, would have to be defined. Also, as a researcher I could benefit from a different mode of thinking or a different style of analysis.
Sound and Sky: Establishing Baselines 
The interviews revealed that my participants were both nostalgic for their childhood impressions of the sky, and receptive to experiencing the sky in a new way. Because the sessions were centred around recording their phenomenological responses to media files, I needed to establish a baseline for each participant to compare against. At the start of each of my six interviews, I asked two questions: their relationship to sound, and their relationship to the sky. Their responses gave me an understanding of where they stood before they experienced the media files.
As Bleeker noted, until very recently the observation of the sky was predominantly visual. For non-astronomers, it still is. But during my interviews I discovered that there is a willingness to experience the sky in new ways, something Saudi and Muslim people might have a slight advantage for. The Saudi educational system has always been dependent on memorization and performative recall. We learn very young to memorize very large quantities of information and are evaluated on our perfect recitation of this information. Most of us learn these texts by listening, and as a result have well-developed auditory skills. We also are taught to memorize the Quran, and it is not uncommon for very young children to be able to recite the entire text. Perhaps for this reason, all six of my participants mentioned a heightened sensitivity to sound. For example, P6 states, ‘I am very sensitive to sound. I memorize through sound. Until now, when I am teaching, I ask my students to read equations for me aloud so I can explain them quickly. I can solve an equation from hearing it the first time.’ P3 states a similar bias, ‘Not to demean any other art form, but I believe music / sound you feel connected to the most because its frequencies and vibrations. It vibrates your molecules. Sound to me, is king.’ P4 even describes a sort of synaesthesia (despite admitting to being tone-deaf): ‘When I see art I hear a rhythm. The visual always has a background sound. This is a layer of sound that flows like rivers’ (my emphasis). P5 mentioned their use of sound as a diagnostic tool in medicine, but also the paramount importance of creating a playlist for their wedding, a task which came even before choosing the venue or the cake. It was as if because of their oral culture, people of this region are primed for a sound experience which they have never had with the sky. 
As established, all the participants are residents of Jeddah, and most were raised here. It is a rapidly growing city of six million people with light pollution so dire that we can only see the very brightest of stars at night. In the day it is essentially cloudless with a dazzlingly bright tropical sky that can make looking up painful to the eyes. As a result, most of the discussions of the sky drew on recollections from childhood from a time when stars were still visible. All of the participants mentioned ideas consistent with nostalgia. For example, P2 says, ‘I remember as a kid on the farm, I used to go to the horse ranch where it was so quiet and no light and you could see all the stars.’ P5 says, ‘I remember when we were little, there wasn’t much light pollution. When I used to look up in the middle of Jeddah, I could see the stars, it wasn’t completely obstructed by the light pollution. The first time I noticed the phases of the moon I was three and I realized the moon could do this on its own.’ For P4, the sky was the source of a profound epiphany that they carry with them to this day:
My first significant encounter with the sky was during my childhood and its impact shook me. It was during Ramadan and my aunts used to gather on the 27th night of the month, the Night of Fate (lailat al-qadar), and they used to all wear white and burn incense and recite Quran, so the whole ambience was very spiritual.[footnoteRef:30] They used to tell me that the angels were all present. I was overwhelmed by the experience so I had to go out to the garden. And suddenly I heard a strange sound, like a roar from the sky, and I felt the sky began to tremble and I saw this light rise from behind the house and I said this is the Night of Fate and God has opened the skies for me! The feeling was immeasurable. Until unfortunately I realized that this was a jumbo jet and it was flying very low and our house was on the path to the airport. But my experience was my reality, and I still believe in the feeling I got regardless of the truth of the matter. [30:  The Night of Fate (sometimes translated as The Night of Power) is the name traditionally ascribed to the 27th of Ramadan (that date is an approximation, no one is sure exactly which day). This was the night that the Quran was sent to humanity and also revealed by the Prophet Muhammed. It is considered a very important and holy day.] 

It is as if the astonishment of these early encounters with the sky was unmatched by any subsequent experience. Their early anecdotes all suggested that the wonder they experienced as children had a profound effect on their thoughts about the sky, even if they no longer had an active relationship to it as adults.
Edmund Burke’s Strange Terror
The interviews show significant evidence of the sublime in Burke’s definition—a type of mild terror that comes from encountering something we don’t have the experience to understand. This ‘terror’ comes from our inability to process the strangeness—our minds are stimulated to find analogues and associations, and when they fail, we see glimpses of the sublime. For example, P3 completely discounted Voyager Interstellar Plasma Sounds when he said, ‘it sounds like a New York subway. Literally.’ Similarly, P1, P4, and P6 each stated that Parker Solar Probe reminded them of sandstorms in the desert, something we have all experienced. The moment they made these associations their minds stopped searching for meaning, and engagement with the files was complete. The sublime occurs when the opposite happens: when the mind fails to make the association, and we get a glimpse of the unknowable.
For some participants, the sublime is a realm that is automatically ascribed to God. When something cannot be readily comprehended, it is explained away as manifestations of the divine. For example, the performative sonification Helix Nebula pairs NASA’s image of the eye-shaped Helix nebula with an audio created by assigning frequencies based on light colour: the lower frequencies to red and higher to blue.[footnoteRef:31] The audio tracks from left to right, and when it hits the bright luminosity at the centre of the image, the audio abruptly rises in volume and pitch. When hearing it, P1 sat back in their chair and exclaimed: ‘Wow, it’s like a scream from space!’ adding, ‘From an Islamic perspective, we know everything has an emotion, even heavenly bodies. They shiver with fear . . . we’re looking at a nebula and saying this is a screaming eye.’ P1 is tapping into the Islamic notion of awe—that all creation trembles in the knowledge of the creator. His association was immediate, much like P4 who also found Helix disturbing and beautiful: ‘Amazing. This was mentioned in Quran, the flower: ‘And when the heaven splits up and turns crimson like red ointment.’ That’s what I felt when I heard it.’ Both participants relied on religion (which describes the unknowable) to describe the strangeness of the Helix sonification.  [31:  NASA Video, Helix Nebula, 2020.

] 

Interestingly, sometimes religion is evoked, if only to describe its absence. The non-performative audio Parker Space Probe was generated from the plasma of solar winds. It is the sort of sound we have no direct analogue for on earth. P3 described it as ‘horrible. It’s very dissonant. The sun was the gateway to hell, the gate of hell. There is no spiritual component.’ They even grimaced as they spoke. P3 is a musician and a film director who was unenthusiastic about any of the files but seemed to find this one the most objectionable. It is interesting that they use the word ‘hell’ twice to describe it, and yet claim there is no spiritual component. 
Burke’s notion of the sublime is also described using the word ‘creepy’ by the participants, which works as a useful secular analogue to ‘mild terror’. For example, P2 perceived a disconnect between NASA’s image of the Helix nebula and the audio arbitrarily created from that image’s luminosity: ‘The image and the sound were very different . . . the image was very deep, the sound was very shallow and far . . . the eye felt like the truth and the sound was an illusion. It’s creepy because it’s not truthful.’ P2 is a clinical psychologist whose treatments include talk and group therapy within the concept of holistic wellness. P2 explained that the sky, ‘is your connection to the skin and eyes and it sends the neurotransmitters to the brain and tells it things like you’re safe or there’s something bigger than you.’ For P2, Helix’s creepiness comes from the idea that the sky is being untruthful, and thus upending their personal conception of a benevolent universe and their place in it. 
On the other hand, P6 recognizes the creepy in Helix and takes great delight in it, smiling in response: ‘I love horror movies. They are associating sounds to things that are familiar to us so that the new generation’s attention can be grabbed . . . my kids love horror films as well. They would love this! They would find it very exciting.’ He demonstrates his awareness that the sound file was designed by NASA to create interest, but unlike P2, he responds in the way NASA originally intended it to be received. A similar sense of the creepy was felt by P6 when describing Parker Solar Probe, but this time experienced without the same delight. He says of the file, ‘If I didn’t know it was the sun, I would never have guessed. I felt some dread and eeriness’. Eerie—strange and frightening—is the brother of creepy. They both describe the sensation of encountering something unknown and possibly dangerous that we don’t have the language to describe otherwise. In their interview, P5 mentions a trilogy of novels called The Third Body Problem which cautioned against broadcasting our presence in the galaxy because ‘there will always be a predator nearby.’ Their reaction to Radar Echoes from Titan’s Surface (also called ‘disturbing’ by P3) alluded to this unseen threat and neatly sums up Burke’s conception of the sublime—the terrifying thoughts that stimulate us: ‘the oscillating that happened and kept getting higher, that felt malicious. It made me rethink what I thought was organic maybe isn’t. We don’t know what kind of nature is out there. What is out there?’ It is in unanswerable questions like P5’s that the sublime resides.
Immanuel Kant’s Enormity
As established, Kant suggests that the sublime can be experienced when we are faced with something so large (in scale or concept) that our imaginations cannot comprehend it. Humans have difficulty conceptualizing extremely large numbers of the sort used to describe the cosmos, so it is reasonable to expect some examples of the sublime to arise during the interviews. In fact, the file which most consistently evoked the Kantian conception of the sublime was Voyager Interstellar Plasma Sounds. Bearing golden records as a greeting to whoever or whatever might eventually find them, the Voyager probes were launched in the 1970s, and have travelled the furthest distance of all our spacecraft. Only recently has Voyager 1 left the solar system for interstellar space. Many of my participants were already aware of Voyager 1’s journey and already imagined it as a lonely creature floating in eternal blackness, an image the audio file only intensified. For example, P2 resorts to using the concept of death to describe interstellar space, the only analogy they could draw on to describe something so large and mysterious and eternal. They liken the audio file to the passing of an infant: ‘There is a lot of sadness actually, you feel a letting go like when a stillborn is brought into the world. It’s like one breath and then it left.’ Presumably the probe is lost to us now the way the deceased are. We can no longer communicate with it and can only imagine what it is like where it is. Similarly, P4’s response to the file was quiet and thoughtful, saying Voyager is ‘crossing a barrier into the unknown’. I find this choice of words instructive because unlike ‘border’, barrier suggests an obstacle that is difficult to cross, and from which it will not return. P4 imagined Voyager passing from what we know (the solar system) into the unknowable (interstellar space). P1 echoes this notion of departure, saying, ‘It felt like Voyager is going away, and an instrument like a harp is playing it as it leaves. The end was the last strum as it disappears. Tring!’ It is interesting to note that both P2 and P4 anthropomorphised the spacecraft; for both it acts as an extension of the species that created it, embodying the concepts of solitude and loneliness as we ourselves have experienced them. Indeed, emotion is explicitly mentioned by P5, who draws again on their reference to The Third Body Problem trilogy (and its implied threat of predatory extra-terrestrials): 
Voyager was this really innocent attempt for our planet to reach out. I hope whoever finds it will be laughing—I just don’t want them to be upset, like: ‘what is this little piece of space trash?’ I hear longing and sadness in the sound and then there was this horn in the background, I don’t even know what to make out of that. 
P5 felt the longing and sadness of Voyager’s isolation—floating in space that is so huge and mysterious that entire worlds lay hidden within it—and hoped that if it is ever found, the finders will be kind to us, despite the paucity of our message. 
Conclusion 
Astronomy is often called ‘the sublime science’ because it describes the indescribable as a matter of course. [footnoteRef:32] The discipline explores size and scale in terms that we cannot comprehend in any meaningful way, and it speaks of a universe so alien that even the most basic assumptions are hard to grasp. One of the many ways astronomers can make sense of this strangeness is by creating data sonifications that can be used for purposes of analysis or education. These sonifications can be the key to a better understanding of ideas otherwise inaccessible to us. I could imagine these files used to convey intellectual ideas, but Supper’s thesis that these were reliable methods of expressing the sublime felt like an overreach. [32:  Supper, ‘Sublime Frequencies’, p. 48.] 

My research question was to determine if listeners could be intellectually stimulated and emotionally moved by audio representations of what they had always presumed to be a purely visual experience. I was not initially convinced that these files could be compelling enough to evoke phenomenological responses to those experiences that we have no words for. I set out test this assertion using two types of data files: non-performative, and performative, with the suspicion that the performative might have the advantage in expressing the sublime, despite Supper’s assertions that both types are effective. What I discovered vindicates Supper’s thesis. In most cases, my interview participants were receptive to the feelings of pleasure with pain, and terror with delight. Their responses illustrated the fact that the sublime is truly ‘other’, and experienced when all other associations fail. The participants were receptive to the sublime in both performative and non-performative files, and in ways described by both Burke and Kant. With these findings in mind, it becomes clear that educational programs in astronomy could clearly benefit from data sonification, as a way to increase both interest and engagement in the subject. 
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