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Abstract

Generative artificial intelligence (Al) has evolved rapidly, sparking debates about

its impact on the visual and sonic arts. Despite its growing integration into creative
industries, public opinion remains sceptical, viewing creativity as uniquely human. In
music production, Al tools are advancing, yet emotional expression remains largely
overlooked in development and research. This study examined whether Al-powered
music creation can evoke the same emotional impact as human-created music in
audiovisual contexts. Participants (N=88) watched videos accompanied by different
audio tracks across three conditions: human-created music (HCM), Al-generated
music using more sophisticated and detailed keyword prompts (Al-KP) and Al-
generated music using simpler and less detailed prompts based on discrete

and dimensional emotional values (Al-DP). Biometric data and personal affec-

tive responses were registered during this process. The results show that both Al
soundtracks led to wider pupil dilation compared with human-created music but did
not differ significantly from each other. Al-generated music with sophisticated prompts
(AI-KP) resulted in a higher blink rate and skin impedance level as markers of atten-
tion and cognitive load, while emotional valence remained consistent across condi-
tions. Participants found Al-generated music more arousing that HCM, while HCM
was perceived as more familiar than both Al conditions.

Introduction

Can Al-generated music evoke the same emotional responses as human-composed
music in audiovisual content? The development of generative artificial intelligence

is a process that has been unfolding throughout the past few decades, yet the rapid
progression seen in the recent years has resulted in the stimulation of numerous

PLOS One | https://doi.org/10.1371/journal.pone.0326498 June 25, 2025

1/17



http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0326498&domain=pdf&date_stamp=2025-06-25
https://doi.org/10.1371/journal.pone.0326498
https://doi.org/10.1371/journal.pone.0326498
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5281/zenodo.15188542
https://doi.org/10.5281/zenodo.15188542
https://orcid.org/0009-0005-2786-3134
https://orcid.org/0000-0001-9845-8957
mailto:nikolaj.fiser@autonoma.cat

PLO\Sﬁ\\.- One

Neuro-Com Research Group, the Department
of Audiovisual Communication and Advertising
(Universitat Autonoma de Barcelona) and
IRTVE Research and Development Department
(Institute of Spanish Public Television, RTVE)
supported this research. The funders had

no role in study design, data collection and
analysis, decision to publish, or preparation of
the manuscript.

Competing interests: The authors have
declared that no competing interests exist.

discussions regarding its effect on both visual [1,2] and sonic [2,3] artists. Regardless
of its unavoidable integration within different spheres of creative media production,
the opinions of wider audiences on Al-generated art, labelled as such, are not favour-
able, both in terms of musical pieces [4] and paintings [2] as well as in other domains
of the creative industry [5]. Millet et al. [2] interpret this negative bias as creative
value being an inherently and exclusively human trait. Similarly, users tend to demon-
strate a much more open, extroverted, self-disclosing and agreeable behaviour
during initial social interactions with human compared with Al chatbots [6].

However, many, if not most, industries have been integrating generative Al into their
production process, including the field of audiovisual production. While scholars regard the
llliac Suite [7] as the first musical tool of this kind, contemporary generators have moved
beyond score generation to operate within various aspects of music production, such
as sound design, mixing, mastering etc. However, one of the studies of the current state
of musical generative Al, analysing 118 available Al generators, showed that the role of
emotion has been widely neglected, both in Al instruments and in academic reporting, with
emotion being considered in only 18 out of the 118 generators analysed [8].

Al and music

In recent years, there have been several studies that focussed on the impact that gen-
erative Al tools have on musical creators [9—15] and on consumers [9,11,12,15-17].
There is conflicting evidence regarding the ability of Al-generated music to repro-
duce emotional effects in the same way as human-made music does, with some
authors [9,12] stating that it can effectively reproduce the emotional effects but others
[11,16,17] assessing that it cannot. However, the output and emotional effect on the
listener relies heavily on the language model used, how it is used and the underly-
ing dataset [9,10,14,15]. Another important aspect of generative Al research is the
method of evaluating the output. Since there is no standardised method for evaluat-
ing Al, scholars have proposed a unified evaluative approach to Al-generated music
[10,12,14,18], consisting of both objective and subjective methods of evaluation, or

a combined approach [18]. The problem identified regarding the use of Al in music,
apart from the reproducibility of emotions and lack of emotional depth, originality and
the impact on future jobs [10,11,15,17], is the effect that Al music curation and recom-
mendation systems will have on listeners’ preferences and affective capabilities and
how they will contribute to bias [16]. With language models being optimised and music
generators being updated rapidly, one may anticipate that the affective properties of
Al-generated music will become increasingly more similar to those of human-made
music, as the detectability of who is the creator behind a musical track diminishes [5].
The studied literature also indicates a progressively narrowing gap between the cre-
ator and the consumer or user through the development of Al music generators.

Al tools for generating audio

As of December 2024, there are many Al tools for generating audio, and some of the
most relevant use text-to-music tools. Suno (Suno Inc.) is primarily a text-to-music
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generator based on a transformer model. However, with the fourth version being released mid-November 2024, its func-
tionalities expanded to the generation of music based on one’s own audio input, remastering tracks and using different

Al “personas” [19]. Another tool based on a transformer model is Mubert (Mubert Inc.), which allows the user to use an
image instead of text as a prompt. It also offers some other parameters such as the type (track, loop, mix or jingle) and the
duration of audio to be generated [20]. Beatoven (Beatoven Private Limited) is a text-to-music tool based on a generative
adversarial network (GAN) model. It provides a simple interface with no other editing functionalities [21]. AIVA (Aiva Tech-
nologies SARL) is a long short-term memory (LSTM) model-based music generator, but instead of using a text-to-music
approach, this tool generates chord progressions, melodies and other musical factors and allows edition of the generated
output. In contrast to the above-mentioned tools, AIVA resembles a digital audio workstation (DAW) more, allowing the
creator to add layers and effects, change key signatures and mix tracks [22]. Stable Audio (Stability Al Ltd) is a diffusion
model text-to-music-based generator with various parameters to manipulate, namely duration, number of steps, seed and
prompt strength. It also allows users to apply a previously generated result or recorded audio as an input [23]. All these
music generators offer a free model with limited downloads and functionalities and do not require high musical proficiency
or media expertise.

The interplay of vision and hearing in perception

Humans have developed a highly receptive, closely integrated set of senses that serve as tools to perceive the reality
surrounding them. They mostly rely on the two most well-developed ones: vision and hearing, with their relationship being
indexical, which means that they support each other as hearing complements and explains the visual input [24]. Marshall
and Cohen [25] formed the foundation of later media perception research by confirming that music generates meaning,
establishing the role of formal congruencies between music and the visible and their associations, formed by different
ways of addressing these two domains. Research suggests that the mechanisms behind congruence are inherent, as
even 4-month-old infants direct greater attention to congruent stimuli [26]. On the other hand, some authors have argued
that perceived congruence is a product of enculturation due to the global dominance of Western cinema and Hollywood
[27]. However, the results of studies that used motion pictures as visual stimuli suggest that the majority of viewers choose
the musical score intended by the composer as the most appropriate and that the choice of the musical score can manip-
ulate the meaning of the presented plot [28—30].

Several studies provide proof of the perceptual effect of sound on vision [25,29,31-41], however the most prevalent
perspective among Western scholars [42—45] is that vision is the most crucial sense and dominates over hearing, with an
estimation that three-quarters of all external information provided by sense perception comes from eyesight [46].

The present study

In the present study, we set out to investigate whether new Al-powered music creation tools can achieve the same emo-
tional impact as human-created music in an audiovisual context. To do this, we presented the same videos with different
audios, created by Al and created by humans, to three different groups of subjects. We registered biometric data (pupil
dilation, blink rate and galvanic skin response) with the help of an eye tracker and skin response device, and personal
affective information (emotional valence, arousal, congruence and familiarity) using the Self-Assessment Manikin [47] and
a questionnaire, to analyse the differences existing between the conditions.

Materials and methods
Participants

A total of 91 subjects participated in this study, however 3 of them were excluded (one participant was underage, one
started to feel anxious mid experiment, and another had to leave owing to an urgent business call); the remaining 88
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completed the study (N=88). The mean age of the participants was 29.5 years (SD 12.421 years), 41 (46.6%) were male,
47 (53.4%) were female and none identified as “other.” Just over half (N=45, 51.1%) of the participants were university
students, 19 (21.6%) were media professionals and the rest had other professions. Fifty-six participants (63.6%) did not
use visual correction, 24 (27.3%) wore glasses and 8 (9.1%) participants wore contact lenses. Forty-five (51.1%) partic-
ipants did not have any experience in playing a musical instrument, 37 (42.1%) had basic knowledge and 6 (6.8%) were
very competent in playing a musical instrument. Seventy-eight (88.6%) participants were right-handed, 9 (10.2%) partic-
ipants were left-handed and 1 (1.1%) participant was both-handed. Participants were randomly distributed in one of the
three different conditions that we considered: (1) video with human-created music (HCM), (2) video with Al-created music
based in a keyword prompt (Al-KP) and (3) video with Al-created music composed from a prompt based on a dimensional
scale (Al-DP), resulting in 29 participants in the HCM condition, 29 participants in the Al-KP condition and 30 participants
in the Al-DP condition. Find the distribution of participants in Table 1.

Participants were randomly assigned to one of three conditions. The demographic characteristics of each group indi-
cate a balanced distribution across conditions.

Participants were recruited between March 12" and May 2" of 2024 through different channels, including mailing,
hanging posters in the university and personal invitations in hallways. There was no compensation for the subjects’ partici-
pation, and each whole procedure took around 15-20 minutes.

Ethical approval

Experiments were carried out following the guidelines, procedures and regulations for human research of the Univer-
sity Autdonoma de Barcelona and approved by its Ethics Commission for Research with Animals and Humans (CEEAH/
CERec; file number 6370), in accordance with the tenets of the Helsinki Declaration and of other relevant international
codes and guidelines. Participants gave prior written informed consent to participate in the study.

Stimuli: videos

For the video stimuli, 14 excerpts from videos were gathered from the video sharing platform Vimeo. The excerpt videos were
chosen pseudo-randomly but trimmed to fit the maximum targeted length of 23 seconds. To avoid focusing on a specific genre,
we selected a diverse set of videos, ensuring that variability was evenly distributed across all conditions so that any observed
differences could be attributed to the musical manipulation rather than the content itself. So, the videos were of various genres

Table 1. Demographic data of participants, divided by conditions.

HCM (N=29) Al-KP (N=29) AI-DP (N=30)
Gender 15 males, and 14 females 13 males, and 16 females 13 males, and 17 females
Age 27.931+10.687 30.345+12.257 30.2+14.277
Nationality 22 Spanish, 1 Egyptian, 1 Polish, 23 Spanish, 1 Bolivian, 1 Peruvian, 1 23 Spanish, 2 Italian, 1 Panama-
1 Chinese, 1 Venezuelan, 1 Chilean, 1 Bolivian, and 1 | Costa Rican, 1 American, 1 Brazilian, and | nian, 2 Peruvian, 1 Chinese, and 1
Turkish 1 Colombian Japanese
Music 1 very proficient, and 28 none to basic knowledge 1 very proficient, and 28 none to basic 4 very proficient, and 26 none to
experience knowledge basic knowledge
Profession 16 student, 6 audiovisual (AV) technician, 3 journalist, | 15 student, 3 professor, 5 AV technician, | 17 student, 6 AV technician, 2 com-
1 university professor, 1 marketing, 1 administrative 1 journalist, 3 administrative worker, 1 munication, 1 professor, 1 journalist,
worker, and 1 tourist administrator waiter, and 1 marketing 1 cook, and 2 administrative workers
Vision 21 none, 6 glasses, and 2 contact lenses 19 none, 8 glasses, and 2 contact lenses | 16 none, 10 glasses, and 4 contact
correction lenses
Hand 26 right-handed, and 3 left-handed 25 right-handed, and 4 left-handed 27 right-handed, and 3 left-handed
dominance

https://doi.org/10.137 1/journal.pone.0326498.t001
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and production techniques; half of them depicted facial expressions of people, whereas half of them did not. The videos were

all presented in 1080p, and the original audio was removed using iMovie [48]. All 14 stimuli were randomly presented to each
participant. The stimuli presented the following content: (V1) A documentary-style video depicting animals in their natural habitat
[49]; (V2) a black and white abstract video depicting flowers and a broken mug [50]; (V3) a short video showing a boy danger-
ously handling an axe, creating suspense [51]; (V4) an Al-generated surrealistic video with gruesome motives [52]; (V5) an
awareness-spreading type of video of a girl covering facial bruises with makeup [53]; (V6) a promotional video of two supercars
on a racetrack [54]; (V7) an animated video of a plane and a drone flying [55]; (V8) a trailer for a dark, ominous movie [56]; (V9) a
glitchy animated video, alternating between an old man and the Joker [57]; (V10) a sports edit-style video of a freeride skier [58];
(V11) a time-lapse video of nocturnal natural scenery [59]; (V12) an animated, tunnel vision-style video of space [60]; (V13) an
animated, tunnel vision-style video of technological motives [61]; (V14) an advertisement for ice cream [62].

Pre-test

To create the soundtracks, we conducted a pre-test (pilot study) with N=10 participants (mean age 31+ 18.944; 5 female;
all with none to basic musical knowledge), showing the video stimuli in a silent condition to determine the emotional
significance and degree of arousal for each. After each video, the participants were shown the Self-Assessment Manikin
(SAM) [47] for emotional valence and arousal (with a Likert scale from 1 to 9). They were also asked which of the six basic
emotions (happiness, sadness, anger, surprise, disgust and fear) was the most appropriate to describe the video. After
that, they were asked to describe the video with one word (keyword) and which mood, style or musical genre would be
the most appropriate as a soundtrack for the video shown. All these questions were answered verbally after each video
presentation. The data from our pre-test included: mean average ratings of valence and arousal (for example, valence of
3.5 and arousal of 6.7); mean categorical emotions (in percentage); video content keywords, with a ranking number to sig-
nify the amount of times a keyword was mentioned (for example, joker (3), disturbing (1), horror (2), etc.); and appropriate
soundtrack keywords with the same ranking number (for example, pop (1), romantic (2), slow (3), etc.). The results of this
pre-test were used to design an appropriate soundtrack for the video as explained below.

Stimuli: soundtracks

This experiment aimed to compare soundtracks made by humans versus those created with Al, and, as mentioned
above, three different soundtrack conditions were made: one human-made and two Al-made. As explained earlier, the
soundtracks were designed based on the pre-test.

Human-created music condition (HCM). In the first condition, the soundtracks for the videos were chosen from a
database of emotional movie soundtracks, all of which were human-made. These soundtracks were selected from the
study of Eerola and Vuoskoski [63]. The soundtrack excerpts in the database are annotated using both dimensional
(valence and arousal) and discrete (specific emotion) ratings. Both categories are rated on a Likert scale from 1 to 9.
To find the most appropriately rated excerpts for our videos within the database of 110 songs, we used Chat GPT-4
to navigate through the data files of the said database, using the Euclidian distance for each video rating [64]. Note
that since the task was to identify the entry from the database that was closest, the output would be identical in case
we replicated this. On the basis of our pre-test, we used the categorical emotion (in cases where reported categorical
emotion was less than 50%, we did not use it in the prompt, owing to the small sample size) and the ratings of valence
and arousal. As energy and tension are correlated [63], we asked Chat GPT-4 to combine these two categories into one
under the term “arousal” [64]. Using this method, we chose soundtracks for all 14 videos. Note that, despite using Al for
choosing the soundtracks, the soundtracks themselves were all human-made, specifically composed for films.

Al music — keyword prompt condition (Al-KP). In the second condition, one version of Al-generated soundtracks
was made using prompts based on the keywords from the pre-test. In some cases, the answers were more
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homogeneous, but in other cases, less so, thus we decided to rate the keywords according to their frequency of use,

as mentioned above. The Al generator used was Stable Audio [23] for the following reasons: since the soundtracks

from the databases did not contain lyrics, and since lyrics can convey meaning, are referential and evoke emotions by
themselves [65], we avoided Al music generators that generate songs with lyrics. Moreover, with Stable Audio, the length
of the generated song can be specified before being generated, so that it fits the length of the video. Other parameters
available are the prompt strength (which defines how closely the generator follows the prompt), steps (where a higher step
number means greater audio processing), seed (the noise arrangement used to generate the audio) and the number of
results. The prompt strength was set to 50%, the step count to 50 and the seed to random, with one result generated per
prompt. The prompt guide of Stable Audio provides a few tips for creating a good prompt: to add detail, such as genres,
instruments and moods and to set a specific tempo [23]. Since those categories were not necessarily stated in the results
of the pre-test and to minimise the amount of human agency, we asked Chat GPT-4 to generate good prompts based on
our input [64]. The prompt would consist of the following form (see Fig 1A for an example):

Prompt : (P1)video descriptive keywords + (P2)mood/style/genre keywords + (P3)musical specifications

The musical specifications would be decided by Chat GPT-4 on the basis of the previous two parts. The music resulting
from this protocol was used as the AI-KP condition.

Al music — dimensional prompt condition (AlI-DP). In the third condition, another version of Al-generated
soundtracks was made, but instead of keywords, we used a simpler and less detailed approach, using the discrete and
dimensional emotional values from the pre-test as an input to generate a prompt. We still used Stable Audio as in Al-KP,
for the same reasons. After initially instructing Chat GPT-4 to interpret the following prompts in musical terms as in the

2nds(1), fun(1),
music: fast(1), happy(2)

) ChatGPT

"The video is a heartwarming montage

ul narr

Fig 1. Screenshots of sample prompts used for the Al-KP and AI-DP conditions. (A) Sample prompt used for the Al-DP condition. (B) Sample
prompt used for the Al-DP condition.

https://doi.org/10.1371/journal.pone.0326498.9001
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context of a video soundtrack, we provided the ratings from the pre-test of, first, the emotional valence, then, the arousal
rating and, finally, the discrete values of the most prevalent emotions with the percentage of homogeneity. Therefore,
there was no contextual input in terms of the video content or musical expression. The prompt consisted of the following
form (see Fig 1B for an example):

Prompt : (P1)emotional valence rating + (P2)arousal rating + (P3)% of chosen discrete emotion

Since the data acquisition period (March and April 2024), the model underlying the Al music generation tool Stable Audio
has been upgraded to a newer version, with results being (to our assessment) of significantly higher quality. Furthermore,
other tools such as Suno [19], which we also took into consideration but disregarded as we did not want to include music
with vocals, have significantly upgraded their model and included an instrumental-music-only version. To our knowledge,
Stable Audio was, at the time, the most advanced tool for generating strictly instrumental music.

In all three conditions, since some of the soundtracks were shorter or longer than the videos, we edited them so that
they fitted the video in terms of length — for soundtracks that were too short, we looped a part of the composition, while
for those that were too long, we trimmed them and added a fade-out effect. Also, we standardised the volume of all
soundtracks to +1 dB, to avoid any potential emotional effect due to loudness. For this, we used the audio editing software
foobar2000 [66]. We used the video editing software iMovie [48] to merge the soundtracks with the videos.

Procedure

The experimental part of our study was carried out mostly at the Neuro-Com Laboratory at Universitat Autbnoma de Bar-
celona and partly at the Spanish Public Television Institute (RTVE), in Barcelona, Spain. As mentioned above, the partici-
pants were distributed randomly to one of the three conditions: HCM, Al-KP and Al-DP. Once each participant entered the
laboratory, they signed the consent form and were asked to sit in front of the screen. After that, participants received brief
instructions for the experimental session, which included explanations of Figs 2B, 2C, and 2D related to the questions
they would answer after each stimulus presentation. Then, we put their hand into the galvanic skin response (GSR) device
and calibrated their gaze with the eye-tracker device (see the “Technical specifications’ section for more detail). Once

their gaze had been calibrated, the videos were shown in a randomised order to avoid any bias due to stimuli fatigue.
After each video, questions regarding the emotional valence, arousal, discrete emotion of the video, congruence of the
soundtrack and familiarity of the soundtrack were shown on the screen. The participants responded to the questions ver-
bally to avoid losing their gaze calibration during the experimental part. After answering the questions, a cross was shown
for 5 seconds in the middle of the screen. The procedure for each participant lasted approximately 15 minutes. After all the
videos had been shown along with their respective questionnaires, the participants were asked to answer some general
questions regarding their age, profession, nationality, dominant hand, use of vision correction devices, level of practical
musical proficiency, favourite platform for media consumption, most memorable video among the 14, how they think the
soundtracks were created (human or Al) and if any of the stimuli shown reminded them of any previously seen media
(and, if yes, which previously seen media). The whole procedure is illustrated in Fig 2. Our setup included a table and
chair for the participant, positioned in front of the screen, and a separate table and chair for the researcher, allowing them
to monitor the stimulus display and ensure the experiment was proceeding correctly. The lab was settled in a basement
with no visual and auditory disturbances. A picture of our setup is shown in Fig 3.

Technical specifications

For registering the data, we used a HP ProDesk 600 G5 MT computer with an Intel Core i7 processor (3.20 GHz, 16 GB
RAM), which was above the technical requirements of the eye-tracking camera (2.40 GHz). For the eye-tracking and bio-
metrical data, we used a Gazepoint 3 (Gazepoint) biometrics kit, which includes an eye-tracking camera and a separate
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Consent 5 Brief _ _
[ TofrD ] [ instructions ]_’[ Calibration

E D Cc

2€ut de estas emociones &5 13 que mejor define este video?

felidad  vhte:m i miedo termua

W ot e g oo he most prevlen e ideo!

Fig 2. Procedure of the experiment. (A) Video stimulus; (B) Self-Assessment Manikin; (C) discrete emotions; (D) congruence and familiarity; (E) blank
focus screen; (F) next video stimulus; (G) general questionnaire.

https://doi.org/10.1371/journal.pone.0326498.9002

Data registering
computer

Fig 3. Setup of the laboratory. The setup includes a data registering computer, monitoring display, headset, stimuli display, eye-tracking camera and
skin response and heart rate device.

https://doi.org/10.1371/journal.pone.0326498.9003

compartment for measuring the galvanic skin response and heart rate. The software used for the eye-tracking and bio-
metrics hardware was Gazepoint Analysis (with Gazepoint Control for calibration). The refresh rate for the biometrics was
set to 60 Hz. Overall, the Gazepoint 3 biometrics kit is assessed as reliable and valid for psychophysiological research
[67]. The monitor used for displaying the stimuli was 27 inches (HP 27fw). To ensure that the audio quality was as good
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as possible, we used Sennheiser HD-200 Pro studio headphones with an impedance of 32 ohms, frequency range of
20-20,000 Hz and sound pressure level of 108 dB. The volume of the stimuli on the computer was set to 30% in all cases.
The distance between the display and the participants’ eyes was approximately 60cm in all cases.

Data acquisition and analysis

The biometrical data were acquired using the eye-tracker and biometrics kit, and the self-reported data were acquired
using a questionnaire. For the biometrical data, three different variables were acquired: (1) pupil dilation, as an indicator
of emotional state during exposure to the audiovisual stimuli [37], with a higher pupil diameter signifying a higher state

of arousal [68]; (2) blink rate, as an indicator of aversion towards the presented stimuli, with a higher blink rate generally
indicating a higher level of aversion [69], while conversely, it can also indicate a lower level of cognitive workload and
therefore a higher state of relaxation while exposed to stimuli [69,70]; and (3) galvanic skin response, which can indicate
the state of arousal, with a higher skin conductance level resulting in a lower resistance level, which can be interpreted as
heightened arousal [71]. For the self-reported data, five elements were acquired: (1) emotional valence, measured using
a Self-Assessment Manikin on a scale from 1 to 9; (2) arousal, measured using a Self-Assessment Manikin on a scale
from 1 to 9; (3) the most prevalent discrete emotion among the five most often associated in music (happiness, sadness,
tenderness, anger and fear), which we chose on the basis of previous studies carried out by researchers [63,72,73]; (4)
perceived congruence or audiovisual fit, measured on a Likert scale from 1 to 5), with a higher congruence linked with a
heightened emotional valence [25]; and (5) perceived familiarity of the soundtrack, measured on a Likert scale from 1 to 5,
positively correlated with higher emotional valence [74].

To assess whether the data were normally distributed, we conducted a Shapiro—Wilk test, which revealed that, except
for the most prevalent discrete emotion, none of the data were normally distributed. Therefore, we used a Kruskal-Wallis
H test instead of an analysis of variance (ANOVA) to determine whether there were statistically significant differences
depending on the audiovisual condition. We carried out post hoc analysis using Dunn’s test.

Results
Biometric data

Pupil dilation. For pupil dilation of both pupils together, we used the eye-tracking camera, continuously measuring
the pupil diameter while presenting the stimuli. The results (Fig 4) were the following (in mm): HCM=4.196 £+ 5.953,
Al-KP=4.374+6.478 and AI-DP=4.312+7.108; the mean ranks of pupil dilation were statistically significant among
conditions, H*(2) = 22.072, p<.001. Post hoc analysis using Dunn’s test revealed significant differences between HCM
and Al-KP (z=4.530, p<.001) and between HCM and Al-DP (z=3.320, p<.001). There were no significant differences
between Al-KP and AI-DP (z=1.231, p=.218). The results indicate that both Al-generated soundtrack conditions resulted
in wider pupil dilation than HCM, but they did not differ significantly between each other.

Blink rate. For blink rate, we used the eye-tracking camera, which gave us the number of blinks per stimuli, and to get a
standardised blink rate, we calculated the rate per minute, according to the duration of a specific stimulus. The results (Fig
4) were the following (in blinks per minute): HCM=14.052+12.245, AI-KP=16.826 £ 15.617 and Al-DP=11.645+19.031;
the mean ranks of blink rate were statistically significant among conditions, H?(2) = 10.077, p=.006. Post hoc analysis
using Dunn’s test revealed significant differences between Al-KP and Al-DP (z=3.163, p=.002). This indicates that the Al
conditions differed between each other, with AlI-KP generating a significantly higher blink rate, but not compared with HCM.

Galvanic skin response. For galvanic skin response (GSR), we used the device that measured the skin
impedance level in ohms, which was measured consistently during the whole duration of our experiment. The results
(Fig 5) were the following (in ohms): HCM=344,598.811+448,607.922, Al-KP=438,757.594 + 380,518.129, and Al-
DP=287,474.815+274,982.562; the mean ranks of GSR were statistically significant among conditions, H?(2) = 71.381,
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Fig 4. Boxplot of pupil dilation and eye blinks. The data points include the subgroups for the three studied conditions: HCM (human-created music
condition), Al-KP (Al music — keyword prompt condition) and Al-DP (Al music — dimensional prompt condition).
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Fig 5. Chord diagram depicting the interactions among the recorded biometric data. The data include pupil dilation in pink (in mm), blink rate in
blue (blinks per minute) and GSR in purple (in mQ) in the three studied conditions: HCM (human-created music condition) in red, Al-KP (Al music — key-
word prompt condition) in yellow and Al-DP (Al music — dimensional prompt condition) in green. Notably, among the three biometric indicators analysed
(pupil dilation, GSR, and blinks), the Al-KP condition consistently produced the highest response levels.

https://doi.org/10.1371/journal.pone.0326498.9005

p<.001. Post hoc analysis using Dunn’s test revealed significant differences between Al-KP and Al-DP (z=7.929,
p<.001) and between AI-KP and HCM (z=6.488, p<.001). This indicates that Al-KP resulted in a significantly higher skin
impedance level, being less arousing than the other two conditions.

Self-reported data

Emotional valence. To establish whether there was a significant difference between the three presented conditions,
we used the Self-Assessment Manikin (SAM), which serves as a tool for conscious measurement of emotional valence on
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a scale from 1 to 9. This metric was shown on the screen after each presented stimulus. The results were the following:
HCM=5.443+2.396, AI-KP=5.387+2.43 and AI-DP=5.479+2.191; the mean ranks of valence were not statistically
significant among the three conditions: H?(2) = 0.093, p=.955.

This implies that there are no differences among the conscious sentiment towards the presented stimuli depending on
the soundtrack.

Arousal. For self-reported arousal, we also used the SAM scale, with a scale of arousal from 1 to 9. As for the
previous metric, this one was shown on the screen after each presented stimulus. The results were the following:
HCM=4.933,+2.270, AI-KP=5.397 £2.163 and Al-DP =5.555 £ 2.035; the mean ranks of arousal were statistically
significant among conditions: H? (2) = 16.039, p<.001. Post hoc analysis using Dunn’s test revealed significant differences
between HCM and Al-KP (z=2.906, p=.004) and between HCM and AI-DP (z=3.845, p<.001). The conditions Al-KP and
Al-DP did not differ significantly (z= -0.915, p=.360).

This implies that the participants perceived the soundtracks in the conditions Al-KP and Al-DP as significantly more
arousing than their human-made counterpart, HCM.

Most prevalent discrete emotion. For self-reported perceived emotion of the videos, we used a previously mentioned
set of five different musically felt emotions (happiness, sadness, tenderness, anger and fear), which were presented to
the participants after each stimulus. We calculated the percentage homogeneity in choosing the same emotion across
the three studied conditions. The results were the following (in %): HCM=70.193+15.815, AI-KP=73.893+12.895 and
AI-DP=70.714+15.521; the mean ranks of perceived emotion were not statistically significant among conditions: F(2, 39)
= 0.256, p=0.775. This means that the most perceived emotion in the videos did not differ depending on the supporting
soundtrack condition.

Perceived congruence. For the perceived congruence of the video and sound in the stimuli, we used a Likert
scale from 1 to 5, which was presented to the participants after each stimulus. The results were the following:
HCM=3.564 +£1.070, AI-KP=3.761+£3.761 and AI-DP =3.433 + 1.109; the mean ranks of perceived congruence
were statistically significant among conditions: H?(2) = 19.110, p<.001. Post hoc analysis using Dunn’s test
revealed significant differences between Al-KP and Al-DP (z=4.334, p<.001) and between AI-KP and HCM
(z=2.678, p=.007). This means that the Al-KP condition scored significantly higher in terms of congruence than
Al-DP and HCM.

Perceived familiarity. For the perceived familiarity of the soundtrack in the stimuli, we used a Likert scale from 1 to
5, which was presented to the participants after each stimulus. The results were the following: HCM=3.311+£1.033, Al-
KP=3.133+£1.071 and AlI-DP=2.995 + 1.034; the mean ranks of perceived familiarity were statistically significant among
conditions: H?(2) = 19.101, p<.001. Post hoc analysis using Dunn’s test revealed significant differences between HCM
and Al-KP (z= -2.623, p=.009) and between HCM and Al-DP (z=-4.342, p<.001), which means that the soundtrack
behind the HCM condition was perceived as significantly more familiar than both Al conditions (Fig 6).

Discussion and conclusions

This work aimed to explore the emotional impact of Al-generated music versus human-composed music in audiovisual
experiences through biometric and self-reported analyses. To do so, we created three groups of study that watched the
same videos but with music of different origins: (1) created by humans, (2) created by an Al system using more detailed
and sophisticated prompts based on keywords and (3) created by an Al system too, but using simpler and less detailed
prompts based on discrete and dimensional emotional values.

We found that both types of Al-generated music led to wider pupil dilation and were identified as more arousing com-
pared with the human-created music. The pupillary response reflects attentional modulation to sound after emotional
arousal [75]. Since pupils dilate as a consequence of attentional effort [76], our findings suggest that decoding the infor-
mation from Al-generated music may require greater effort. Considering that the Al-based soundtracks were also scored
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conditions: HCM (human-created music condition), Al-KP (Al music — keyword prompt condition) and Al-DP (Al music — dimensional prompt condition).
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with lower familiarity than human-made music, we could suggest that, overall, in audiovisual contexts, Al-generated music
tracks would require more resources to decode than human-created music.

So, as could be expected, human-created music was revealed as more familiar to participants. Familiar visual
objects are processed faster and more accurately than unfamiliar objects [77], and familiarity is basic in marketing
decision-making [78,79]. We did not ask participants to rate their preference regarding the type of soundtrack, since
each individual only listened to one out of the three conditions, but on the basis of previous studies that have found a
significant relationship between familiarity and preference in music [80], our result may indicate a stronger preference
for human-created music. In Western musical composition—particularly in music intended to support visual content—
there are established conventions that are frequently repeated. Even in mainstream music, similar patterns emerge
in the use of sonic properties such as tonality, instrumentation, rhythm, and tempo. In contrast, Al-generated content
(including images, music, text, and video) is often reported to evoke an “uncanny” aesthetic, producing an eerie or even
uncomfortable feeling [81]. While some argue that Al-generated media is merely a “remix” of existing material, in the
context of background music, novelty and uniqueness are secondary to the primary goal of effectively supporting and
enhancing the visual experience. Therefore, we suggest that the perceived familiarity of the human-composed condition
may stem from the established musical conventions commonly used in Western cinematic composition. On the other
hand, the finding that human-created music was perceived as more familiar—and was associated with lower arousal
and reduced pupil dilation—could suggest that processing familiar content is less cognitively demanding than process-
ing novel material.

The origin of the music (Al versus human) was not relevant in terms of attention as analysed by the viewers’ blink rate.
Eyeblinks are correlated with cognitive load during visual and auditory paradigms [82—85]. Previous works have shown
that the content of audiovisuals [86,87] and the style of edition in audiovisuals [88,89] do affect viewers’ blink rate, sug-
gesting the impact that those two variables (content and style) have on viewers’ attention. Here, however, we did not find
that the origin of the music was relevant when comparing Al versus human origin. On this basis, we suggest that the same
attention can be obtained regardless the origin of the music and that using Al-generated music does not affect viewers’
cognitive load compared with using human-made music.

The percentage of the most prevalent discrete emotion found in each video was similar regardless of the type of
soundtrack, and the emotional valence in the three conditions did not show significant differences either. So, on the
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basis of the two strategies used to study emotions in this experiment, one can conclude that the origin of the soundtrack,
whether Al or human-made, does not affect the emotion elicited in the viewers. Several previous works have studied the
role that auditory elements may play in emotional perception [90], but on the basis of our results, we suggest that the type
of creator behind a soundtrack (Al system or human) is not relevant in this regard. We conclude that the lack of greater
differences between human-made and Al-created music when watching audiovisual works could be related to the greater
domination that vision has over hearing [42—45].

The galvanic skin response showed that one of the Al conditions (Al-KP) resulted in a higher skin impedance level.
The fact that the condition with the lowest skin impedance level was the other Al condition (Al-DP) indicates that, appar-
ently, the origin of the soundtrack (Al or human) is not a relevant variable, either. Interestingly, the perceived congruence
and blink rate showed similar results, with higher congruence and blink rate found in the AI-KP condition and the lowest
congruence and blink rate in the Al-DP condition. Potential reasons for this could be stress and cognitive workload needed
for decoding less congruent stimuli. As higher skin response is correlated with lower arousal [71], higher blink rate is cor-
related with lower attention [69,86] and a higher perceived congruence is correlated with a relaxing response [25] (due to
less cognitive strain necessary for processing the two simultaneous mediums), our results suggest that these three met-
rics can be studied together to interpret viewers’ engagement and workload towards audiovisual content. Further studies
could approach this correlation between blinks, GSR and perceived congruence found in our work. Moreover, the fact that
higher skin response found in Al-KP does not correlate with lower self-reported arousal could be due to several reasons
such as social desirability bias, social desirability bias, lack of emotional self-awareness, laboratory anxiety, among others
[91,92].

Finally, note that interpreting physiological data would not always completely reflect emotional states or the reasons
for them. Moreover, as seen, some biometrics have been correlated with different emotional states, therefore, we should
acknowledge that our results may be ambiguous.

Limitations and future studies

While this study offers valuable insights into emotional impact of Al-generate vs. human-composed music in audiovisu-
als, several limitations should be acknowledged to contextualize the findings and guide future research. We did not ask
participants about their clinical conditions (especially neurological conditions) that could have affect their answers. Another
limitation of this study is the small number of participants in the pre-test (N=10). Future pre-tests should include larger
and more diverse samples to improve the generalizability and robustness of the findings. Another limitation of this study is
that some of the videos [51,60] used as stimuli are no longer accessible online. This affects the replicability and transpar-
ency of the research, as future researchers cannot review the original materials.

Moreover, we acknowledge that it is difficult to generalize the findings of our study in regard to the properties of Al.
For the experiment, we used only one Al generator (Stable Audio), however, to assess of the general capabilities of large
language model (LLM) based audio generators, we would have had to use other models such as Suno, AIVA, Udio, or
Beatoven. Moreover, all of the mentioned generators have progressed greatly since this study was carried out. Therefore,
one of our limitations is the non-generalizability of our findings as to what Al audio generators are capable of.

In addition, even our rationale for using a between-subjects design was to avoid potential carryover effects, familiarity
bias, and emotional fatigue, the fact that each participant was exposed only to one of the conditions limited our ability
to draw conclusions about individual subjective preferences or direct emotional comparisons across conditions. Also,
although we collected participants’ perceived familiarity with the music, we did not assess prior exposure or recognition of
the specific excerpts, which may have influenced emotional responses and represents a potential confounding factor.

Furthermore, while psychophysiological metrics can be good indicators of emotional impact, the observed changes
are not always interpretable universally. Cognitive effects on media perception are highly complex processes, which are
based on a combination of physiological, cultural and situational factors. Changes, observed with the eye tracker are
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especially ambiguous, since the pupil and eye behavior in general can indicate different emotional states. For a more
thorough understanding of the perception of our stimuli, we should also include other methodological approaches such
as EEG (which helps understand in more detail the cognitive processing and the reaction to audiovisual media) and
interviews (which helps understand the cultural background, media consumption habits, personal preferences and more
meaningful assessment of the sentiment towards the shown stimuli).

In future studies, we could include comparisons between laypersons and musicians to explore potential differences
related to musical training and professionalization. Moreover, we could examine whether the matching of Al-generated
music remains consistent across different experimental samples. Additionally, in future research, rather than selecting
human-composed music from existing databases, we plan to collaborate with professional composers to create original
pieces. This will allow for a more direct comparison between human-composed and Al-generated soundtracks—a direc-
tion we are already actively exploring.

Acknowledgments

We thank Spanish Public Television, Universitat Autbnoma de Barcelona and University of Ljubljana for help during the
data acquisition of the experiment. We thank all the subjects for taking the time to participate in this experiment. We thank
Cambridge Copy and Translation for English language editing.

Author contributions

Conceptualization: Nikolaj FiSer, Miguel Angel Martin-Pascual, Celia Andreu-Sanchez.
Data curation: Nikolaj FiSer.

Formal analysis: Nikolaj FiSer, Celia Andreu-Sanchez.

Funding acquisition: Nikolaj FiSer, Celia Andreu-Sanchez.

Investigation: Nikolaj FiSer, Celia Andreu-Sanchez.

Methodology: Nikolaj Fi§er, Miguel Angel Martin-Pascual, Celia Andreu-Sanchez.
Project administration: Nikolaj Fiser, Celia Andreu-Sanchez.

Resources: Nikolaj Fiser, Miguel Angel Martin-Pascual, Celia Andreu-Sanchez.
Software: Nikolaj FiSer, Celia Andreu-Sanchez.

Supervision: Celia Andreu-Sanchez.

Validation: Nikolaj FiSer, Celia Andreu-Sanchez.

Visualization: Nikolaj Fiser, Miguel Angel Martin-Pascual, Celia Andreu-Sanchez.
Writing — original draft: Nikolaj Fiser, Miguel Angel Martin-Pascual, Celia Andreu-Sanchez.

Writing — review & editing: Nikolaj Fiser, Celia Andreu-Sanchez.

References

1. Jiang HH, Brown L, Cheng J, Khan M, Gupta A, Workman D, et al. Al Art and its Impact on Artists. Proceedings of the 2023 AAAI/ACM Conference
on Al, Ethics, and Society. Montreal QC Canada: ACM; 2023;363—-374. https://doi.org/10.1145/3600211.3604681

2. Millet K, Buehler F, Du G, Kokkoris MD. Defending humankind: Anthropocentric bias in the appreciation of Al art. Computers in Human Behavior.
2023;143:107707. https://doi.org/10.1016/j.chb.2023.107707

3. Bown O. Sociocultural and Design Perspectives on Al-Based Music Production: Why Do We Make Music and What Changes if Al Makes It for Us?.
Handbook of Atrtificial Intelligence for Music. Springer International Publishing. 2021;1-20. https://doi.org/10.1007/978-3-030-72116-9_1

4. Shank DB, Stefanik C, Stuhlsatz C, Kacirek K, Belfi AM. Al composer bias: Listeners like music less when they think it was composed by an Al. J
Exp Psychol Appl. 2023;29(3):676-92. https://doi.org/10.1037/xap0000447 PMID: 36006713

PLOS One | https://doi.org/10.137 1/journal.pone.0326498  June 25, 2025 14 /17



https://doi.org/10.1145/3600211.3604681
https://doi.org/10.1016/j.chb.2023.107707
https://doi.org/10.1007/978-3-030-72116-9_1
https://doi.org/10.1037/xap0000447
http://www.ncbi.nlm.nih.gov/pubmed/36006713

PLO\Sﬁ\\.- One

10.

1.

12.

13.

14.

15.

16.
17.

18.

19.
20.
21.
22.
23.
24,
25.

26.

27.

28.

29.

30.

31.

32.

33.

Heigl R. Generative artificial intelligence in creative contexts: a systematic review and future research agenda. Manag Rev Q. 2025. https://doi.
org/10.1007/s11301-025-00494-9

Mou Y, Xu K. The media inequality: Comparing the initial human-human and human-Al social interactions. Computers in Human Behavior.
2017;72:432-40. https://doi.org/10.1016/j.chb.2017.02.067

Miranda ER. Handbook of Artificial Intelligence for Music: : Foundations, Advanced Approaches, and Developments for Creativity. Springer Interna-
tional Publishing. 2021. https://doi.org/10.1007/978-3-030-72116-9

Civit M, Civit-Masot J, Cuadrado F, Escalona MJ. A systematic review of artificial intelligence-based music generation: Scope, applications, and
future trends. Expert Systems with Applications. 2022;209:118190. https://doi.org/10.1016/j.eswa.2022.118190

Gao X, Kai Chen D, Gou Z, Ma L, Liu R, Zhao D, et al. Al-Driven Music Generation and Emotion Conversion. In: AHFE International, 2024. https://
doi.org/10.54941/ahfe1004679

Chen Y, Huang L, Gou T. Applications and advances of artificial intelligence in music generation: a review. arXiv. 2024. https://doi.org/10.48550/
arXiv.2409.03715

Fernando P, Mahanama TV, Wickramasinghe M. Assessment of Human Emotional Responses to Al-Composed Music: A Systematic Literature
Review. 2024 International Research Conference on Smart Computing and Systems Engineering (SCSE). Colombo, Sri Lanka: IEEE; 2024;1-6.
doi:10.1109/SCSE61872.2024.10550861

Chu H, Kim J, Kim S, Lim H, Lee H, Jin S, et al. An Empirical Study on How People Perceive Al-generated Music. In: Proceedings of the 31st ACM
International Conference on Information & Knowledge Management, 2022. 304—14. https://doi.org/10.1145/3511808.3557235

Ma X, Wang Y, Kan M-Y, Lee WS. Al-Lyricist: Generating Music and Vocabulary Constrained Lyrics. Proceedings of the 29th ACM International
Conference on Multimedia. Virtual Event China: ACM; 2021;1002—1011. https://doi.org/10.1145/3474085.3475502

Hernandez-Olivan C, Beltran JR. Music Composition with Deep Learning: A Review. In: Biswas A, Wennekes E, Wieczorkowska A, Laskar RH.
Advances in Speech and Music Technology: Computational Aspects and Applications. Cham: Springer International Publishing; 2023;25-50.
https://doi.org/10.1007/978-3-031-18444-4 2

Mycka J, Mandziuk J. Artificial intelligence in music: recent trends and challenges. Neural Comput & Applic. 2024;37(2):801-39. https://doi.
org/10.1007/s00521-024-10555-x

Aguiar VD. Music and Affectivity in the Age of Artificial Intelligence. Topoi. 2024;43(3):725-35. https://doi.org/10.1007/s11245-024-10050-x

Bryce D. Artificial intelligence and music: Analysis of music generation techniques via deep learning and the implications of Al in the music industry.
2024. https://digitalcommons.bryant.edu/honors_data_science/12

Xiong Z, Wang W, Yu J, Lin Y, Wang Z. A Comprehensive Survey for Evaluation Methodologies of Al-Generated Music. arXiv. 2023. https://doi.
org/10.48550/arXiv.2308.13736

Suno, Inc. Suno Al. 2023. https://suno.com.
Mubert Inc. Mubert. 2022. https://mubert.com/render
Beatoven Al. Beatoven Al. 2022. https://www.beatoven.ai

Barreau P, Barreau V. AIVA. 2016. https://www.aiva.ai
Stability Al. Stable Audio. 2023. https://www.stableaudio.com/generate.

Connor S. Edison’s teeth: Touching hearing. Hearing cultures. Routledge. 2004.

Marshall SK, Cohen AJ. Effects of Musical Soundtracks on Attitudes toward Animated Geometric Figures. Music Perception. 1988;6(1):95-112.
https://doi.org/10.2307/40285417

Spelke ES. Perceiving bimodally specified events in infancy. Developmental Psychology. 1979;15(6):626—-36. https://doi.
0rg/10.1037/0012-1649.15.6.626

Rogers A, Gibson |. Audiovisual Coalescence: The Effect of Synchrony in Film Score. Conference presented at: Sth International Symposium on
Computer Modeling and Retrieval; 2012 Jun 19; London, UK. https://eprints.hud.ac.uk/id/eprint/12791/, https://www.hud.ac.uk/news/

Lipscomb SD, Kendall RA. Perceptual judgement of the relationship between musical and visual components in film. Psychomusicology: A Journal
of Research in Music Cognition. 1994;13(1-2):60-98. https://doi.org/10.1037/h0094101

Bolivar VJ, Cohen AJ, Fentress JC. Semantic and formal congruency in music and motion pictures: Effects on the interpretation of visual action.
Psychomusicology: A Journal of Research in Music Cognition. 1994;13(1-2):28-59. https://doi.org/10.1037/h0094102

Boltz MG. Musical Soundtracks as a Schematic Influence on the Cognitive Processing of Filmed Events. Music Perception. 2001;18(4):427-54.
https://doi.org/10.1525/mp.2001.18.4.427

Kunka B, Kostek B, Kulesza M, Szczuko P, Czyzewski A. Gaze-tracking-based audio-visual correlation analysis employing quality of experience
methodology. IDT. 2010;4(3):217-27. https://doi.org/10.3233/idt-2010-0082

Coutrot A, Guyader N, lonescu G, Caplier A. Influence of soundtrack on eye movements during video exploration. Journal of Eye Movement
Research. 2012;5(2).

Auer K, Vitouch O, Koreimann S, Pesjak G, Leitner G, Hitz M. When music drives vision: influences of film music on viewers’ eye movements.
2012.

PLOS One | https://doi.org/10.1371/journal.pone.0326498 June 25, 2025 15717



https://doi.org/10.1007/s11301-025-00494-9
https://doi.org/10.1007/s11301-025-00494-9
https://doi.org/10.1016/j.chb.2017.02.067
https://doi.org/10.1007/978-3-030-72116-9
https://doi.org/10.1016/j.eswa.2022.118190
https://doi.org/10.54941/ahfe1004679
https://doi.org/10.54941/ahfe1004679
https://doi.org/10.48550/arXiv.2409.03715
https://doi.org/10.48550/arXiv.2409.03715
doi:10.1109/SCSE61872.2024.10550861
https://doi.org/10.1145/3511808.3557235
https://doi.org/10.1145/3474085.3475502
https://doi.org/10.1007/978-3-031-18444-4_2
https://doi.org/10.1007/s00521-024-10555-x
https://doi.org/10.1007/s00521-024-10555-x
https://doi.org/10.1007/s11245-024-10050-x
https://digitalcommons.bryant.edu/honors_data_science/12
https://doi.org/10.48550/arXiv.2308.13736
https://doi.org/10.48550/arXiv.2308.13736
https://suno.com
https://mubert.com/render
https://www.beatoven.ai
https://www.aiva.ai
https://www.stableaudio.com/generate
https://doi.org/10.2307/40285417
https://doi.org/10.1037/0012-1649.15.6.626
https://doi.org/10.1037/0012-1649.15.6.626
https://eprints.hud.ac.uk/id/eprint/12791/
https://doi.org/10.1037/h0094101
https://doi.org/10.1037/h0094102
https://doi.org/10.1525/mp.2001.18.4.427
https://doi.org/10.3233/idt-2010-0082

PLO\S\% One

34.
35.

36.

37.

38.

39.

40.

41.

42.
43.
44.

45.

46.
47.

48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.

64.
65.

66.
67.

68.

Mera M, Stumpf S. Eye-Tracking Film Music. Music and the Moving Image. 2014;7(3):3-23. https://doi.org/10.5406/musimoviimag.7.3.0003

Wallengren A-K, Strukelj A. Film Music and Visual Attention: A Pilot Experiment using Eye-Tracking. Music and the Moving Image. 2015;8(2):69—
80. https://doi.org/10.5406/musimoviimag.8.2.0069

Wollner C, Hammerschmidt D, Albrecht H. Slow motion in films and video clips: Music influences perceived duration and emotion, autonomic phys-
iological activation and pupillary responses. PLoS One. 2018;13(6):e0199161. https://doi.org/10.1371/journal.pone.0199161 PMID: 29933380

Ansani A, Marini M, D’Errico F, Poggi I. How Soundtracks Shape What We See: Analyzing the Influence of Music on Visual Scenes Through
Self-Assessment, Eye Tracking, and Pupillometry. Front Psychol. 2020;11:2242. https://doi.org/10.3389/fpsyg.2020.02242 PMID: 33117211

Millet B, Chattah J, Ahn S. Soundtrack design: The impact of music on visual attention and affective responses. Appl Ergon. 2021;93:103301.
https://doi.org/10.1016/j.apergo.2020.103301 PMID: 33516045

Appelgvist-Dalton M, Wilmott JP, He M, Simmons AM. Time perception in film is modulated by sensory modality and arousal. Atten Percept Psy-
chophys. 2022;84(3):926—42. https://doi.org/10.3758/s13414-022-02464-9 PMID: 35304701

Bente G, Kryston K, Jahn NT, Schmalzle R. Building blocks of suspense: subjective and physiological effects of narrative content and film music.
Humanit Soc Sci Commun. 2022;9(1). https://doi.org/10.1057/s41599-022-01461-5

Lange EB, Fink LK. Eye blinking, musical processing, and subjective states-A methods account. Psychophysiology. 2023;60(10):e14350. https://
doi.org/10.1111/psyp.14350 PMID: 37381918

Mcluhan M. Understanding Media: The Extensions of Man. Canada: McGraw-Hill. 1964.
Jay M. Downcast eyes: The denigration of vision in twentieth-century French thought. University of California Press. 1993.

Ingold T. The Perception of the Environment: Essays on Livelihood, Dwelling and Skill. London: Routledge; 2021. https://doi.
0rg/10.4324/9781003196662

Kuchinke L, Kappelhoff H, Koelsch S. Emotion and music in narrative films: A neuroscientific perspective. In: Tan S-L, Cohen AJ, Lipscomb
SD, Kendall RA. The Psychology of Music in Multimedia. 1st ed. Oxford University PressOxford. 2013;118-38. https://doi.org/10.1093/acprof:
0s0/9780199608157.003.0006

Tomc G. Music as a spandrel of evolutionary adaptation for speech: The doors of imagination. Cambridge Scholars Publishing. 2023.

Bradley MM, Lang PJ. Measuring emotion: the Self-Assessment Manikin and the Semantic Differential. J Behav Ther Exp Psychiatry.
1994;25(1):49-59. https://doi.org/10.1016/0005-7916(94)90063-9 PMID: 7962581

Apple Inc. iMovie. 1999. https://support.apple.com/imovie.

Ankur A. Animals!. 2019. https://vimeo.com/374848293

Lux L. Autorretrato. 2021. https://vimeo.com/535902540

Floyd Films P. Careful with That Axe. 2019.

Jovardi. D-O-A-E. 2023. https://vimeo.com/887251249

Heinz L. Domestic Violence. 2020. https://vimeo.com/389686786

RCE author. KPAX Lamborghini Double Trouble. 2021. https://vimeo.com/524657684
Bird G. Flying Machines. 2024. https://vimeo.com/905092948

Stef/Wyt. Mantra - trailer. 2022. https://vimeo.com/744923863

Santos CG. MetaJoker. 2023. https://vimeo.com/890588125

Favret S. Natural Mystic - Drone Project. 2019. https://vimeo.com/377541992
Charalambous A. Nature. 2017. https://vimeo.com/238573128

Vixinlight. Space. 2017.

River S. Technology. 2017. https://vimeo.com/246115326

Agarwal Y. Vadilal TVC - Directors Cut (Couple Film). 2017. https://vimeo.com/212578556

Eerola T, Vuoskoski JK. A comparison of the discrete and dimensional models of emotion in music. Psychology of Music. 2010;39(1):18—49. https://
doi.org/10.1177/0305735610362821

OpenAl. Chat GPT-4. https://chatgpt.com. 2023.

Brattico E, Alluri V, Bogert B, Jacobsen T, Vartiainen N, Nieminen S, et al. A Functional MRI Study of Happy and Sad Emotions in Music with and
without Lyrics. Front Psychol. 2011;2:308. https://doi.org/10.3389/fpsyg.2011.00308 PMID: 22144968

Pawlowski P. foobar2000. 2002. https://www.foobar2000.org

Cuve HC, Stojanov J, Roberts-Gaal X, Catmur C, Bird G. Validation of Gazepoint low-cost eye-tracking and psychophysiology bundle. Behav Res
Methods. 2022;54(2):1027—-49. https://doi.org/10.3758/s13428-021-01654-x PMID: 34405387

Hess EH, Polt JM. Pupil size as related to interest value of visual stimuli. Science. 1960;132(3423):349-50. https://doi.org/10.1126/sci-
ence.132.3423.349 PMID: 14401489

PLOS One | https://doi.org/10.1371/journal.pone.0326498 June 25, 2025 16 /17



https://doi.org/10.5406/musimoviimag.7.3.0003
https://doi.org/10.5406/musimoviimag.8.2.0069
https://doi.org/10.1371/journal.pone.0199161
http://www.ncbi.nlm.nih.gov/pubmed/29933380
https://doi.org/10.3389/fpsyg.2020.02242
http://www.ncbi.nlm.nih.gov/pubmed/33117211
https://doi.org/10.1016/j.apergo.2020.103301
http://www.ncbi.nlm.nih.gov/pubmed/33516045
https://doi.org/10.3758/s13414-022-02464-9
http://www.ncbi.nlm.nih.gov/pubmed/35304701
https://doi.org/10.1057/s41599-022-01461-5
https://doi.org/10.1111/psyp.14350
https://doi.org/10.1111/psyp.14350
http://www.ncbi.nlm.nih.gov/pubmed/37381918
https://doi.org/10.4324/9781003196662
https://doi.org/10.4324/9781003196662
https://doi.org/10.1093/acprof:oso/9780199608157.003.0006
https://doi.org/10.1093/acprof:oso/9780199608157.003.0006
https://doi.org/10.1016/0005-7916(94)90063-9
http://www.ncbi.nlm.nih.gov/pubmed/7962581
https://support.apple.com/imovie
https://vimeo.com/374848293
https://vimeo.com/535902540
https://vimeo.com/887251249
https://vimeo.com/389686786
https://vimeo.com/524657684
https://vimeo.com/905092948
https://vimeo.com/744923863
https://vimeo.com/890588125
https://vimeo.com/377541992
https://vimeo.com/238573128
https://vimeo.com/246115326
https://vimeo.com/212578556
https://doi.org/10.1177/0305735610362821
https://doi.org/10.1177/0305735610362821
https://chatgpt.com
https://doi.org/10.3389/fpsyg.2011.00308
http://www.ncbi.nlm.nih.gov/pubmed/22144968
https://www.foobar2000.org
https://doi.org/10.3758/s13428-021-01654-x
http://www.ncbi.nlm.nih.gov/pubmed/34405387
https://doi.org/10.1126/science.132.3423.349
https://doi.org/10.1126/science.132.3423.349
http://www.ncbi.nlm.nih.gov/pubmed/14401489

PLO\S\% One

69.

70.
7.

72.

73.

74.

75.

76.

77.
78.

79.

80.

81.
82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Maffei A, Angrilli A. Spontaneous blink rate as an index of attention and emotion during film clips viewing. Physiol Behav. 2019;204:256—63. https://
doi.org/10.1016/j.physbeh.2019.02.037 PMID: 30822434

Tanaka Y. Arousal level and blink activity. Shinrigaku Kenkyu. 1999;70(1):1-8. https://doi.org/10.4992/jjpsy.70.1 PMID: 10465800
Sharma M, Kacker S, Sharma M. A Brief Introduction and Review on Galvanic Skin Response. IJMRP. 2016;2(6). https://doi.org/10.21276/

ijmrp.2016.2.6.003

Zentner M, Grandjean D, Scherer KR. Emotions evoked by the sound of music: characterization, classification, and measurement. Emotion.
2008;8(4):494-521. https://doi.org/10.1037/1528-3542.8.4.494 PMID: 18729581

Juslin PN, Laukka P. Expression, Perception, and Induction of Musical Emotions: A Review and a Questionnaire Study of Everyday Listening.
Journal of New Music Research. 2004;33(3):217-38. https://doi.org/10.1080/0929821042000317813

Garrido MV, Prada M. KDEF-PT: Valence, Emotional Intensity, Familiarity and Attractiveness Ratings of Angry, Neutral, and Happy Faces. Front
Psychol. 2017;8:2181. https://doi.org/10.3389/fpsyg.2017.02181 PMID: 29312053

Nakakoga S, Shimizu K, Muramatsu J, Kitagawa T, Nakauchi S, Minami T. Pupillary response reflects attentional modulation to sound after emo-
tional arousal. Sci Rep. 2021;11(1):17264. https://doi.org/10.1038/s41598-021-96643-7 PMID: 34446768

Kang OE, Huffer KE, Wheatley TP. Pupil dilation dynamics track attention to high-level information. PLoS One. 2014;9(8):e102463. https://doi.
org/10.1371/journal.pone.0102463 PMID: 25162597

Krueger LE. Familiarity Effects in Visual Information Processing. Psychological Bulletin. 1975;82:949.

Kim S, Lehto X, Kandampully J. The role of familiarity in consumer destination image formation. TR. 2019;74(4):885-901. https://doi.org/10.1108/
tr-10-2018-0141

Kent RJ, Allen CT. Competitive interference effects in consumer memory for advertising: The role of brand familiarity. Journal of Marketing.
1994;58:97-105.

Hamlen KR, Shuell TJ. The Effects of Familiarity and Audiovisual Stimuli on Preference for Classical Music. Bulletin of the Council for Research in
Music Education. 2006;21-34.

Arielli E. Human perception and the artificial gaze. Artificial aesthetics: generative Al, art and visual media. 2024;100-26.

Siegle GJ, Ichikawa N, Steinhauer S. Blink before and after you think: blinks occur prior to and following cognitive load indexed by pupillary
responses. Psychophysiology. 2008;45(5):679-87. https://doi.org/10.1111/j.1469-8986.2008.00681.x PMID: 18665867

Cheng B, Lin E, Wunderlich A, Gramann K, Fabrikant SI. Using spontaneous eye blink-related brain activity to investigate cognitive load during
mobile map-assisted navigation. Front Neurosci. 2023;17:1024583. https://doi.org/10.3389/fnins.2023.1024583 PMID: 36866330

Ranti C, Jones W, Klin A, Shultz S. Blink Rate Patterns Provide a Reliable Measure of Individual Engagement with Scene Content. Sci Rep.
2020;10(1):8267. https://doi.org/10.1038/s41598-020-64999-x PMID: 32427957

Magliacano A, Fiorenza S, Estraneo A, Trojano L. Eye blink rate increases as a function of cognitive load during an auditory oddball paradigm.
Neurosci Lett. 2020;736:135293. https://doi.org/10.1016/j.neulet.2020.135293 PMID: 32771601

Nakano T, Yamamoto Y, Kitajo K, Takahashi T, Kitazawa S. Synchronization of spontaneous eyeblinks while viewing video stories. Proc Biol Sci.
2009;276(1673):3635—44. https://doi.org/10.1098/rspb.2009.0828 PMID: 19640888

Andreu-Sanchez C, Martin-Pascual MA, Gruart A, Delgado-Garcia JM. Viewers Change Eye-Blink Rate by Predicting Narrative Content. Brain Sci.
2021;11(4):422. https://doi.org/10.3390/brainsci11040422 PMID: 33810422

Andreu-Sanchez C, Martin-Pascual MA, Gruart A, Delgado-Garcia JM. Eyeblink rate watching classical Hollywood and post-classical MTV editing
styles, in media and non-media professionals. Sci Rep. 2017;7:43267. https://doi.org/10.1038/srep43267 PMID: 28220882

Andreu-Sanchez C, Martin-Pascual MA, Gruart A, Delgado-Garcia JM. Looking at reality versus watching screens: Media professionalization
effects on the spontaneous eyeblink rate. PLoS One. 2017;12(5):e0176030. https://doi.org/10.1371/journal.pone.0176030 PMID: 28467449
Weninger F, Eyben F, Schuller BW, Mortillaro M, Scherer KR. On the Acoustics of Emotion in Audio: What Speech, Music, and Sound have in Com-
mon. Front Psychol. 2013;4:292. https://doi.org/10.3389/fpsyg.2013.00292 PMID: 23750144

Kula I, Branaghan RJ, Atkinson RK, Roscoe RD. Assessing User Experience via Biometric Sensor Affect Detection. Advances in Educational Tech-
nologies and Instructional Design. IGI Global. 2018;123-39. https://doi.org/10.4018/978-1-5225-2639-1.ch006

Korpal P, Jankowiak K. Physiological and self-report measures in emotion studies: Methodological considerations. Polish Psychological Bulletin.
2023. https://doi.org/10.24425/124345

PLOS One | https://doi.org/10.1371/journal.pone.0326498 June 25, 2025 17117



https://doi.org/10.1016/j.physbeh.2019.02.037
https://doi.org/10.1016/j.physbeh.2019.02.037
http://www.ncbi.nlm.nih.gov/pubmed/30822434
https://doi.org/10.4992/jjpsy.70.1
http://www.ncbi.nlm.nih.gov/pubmed/10465800
https://doi.org/10.21276/ijmrp.2016.2.6.003
https://doi.org/10.21276/ijmrp.2016.2.6.003
https://doi.org/10.1037/1528-3542.8.4.494
http://www.ncbi.nlm.nih.gov/pubmed/18729581
https://doi.org/10.1080/0929821042000317813
https://doi.org/10.3389/fpsyg.2017.02181
http://www.ncbi.nlm.nih.gov/pubmed/29312053
https://doi.org/10.1038/s41598-021-96643-7
http://www.ncbi.nlm.nih.gov/pubmed/34446768
https://doi.org/10.1371/journal.pone.0102463
https://doi.org/10.1371/journal.pone.0102463
http://www.ncbi.nlm.nih.gov/pubmed/25162597
https://doi.org/10.1108/tr-10-2018-0141
https://doi.org/10.1108/tr-10-2018-0141
https://doi.org/10.1111/j.1469-8986.2008.00681.x
http://www.ncbi.nlm.nih.gov/pubmed/18665867
https://doi.org/10.3389/fnins.2023.1024583
http://www.ncbi.nlm.nih.gov/pubmed/36866330
https://doi.org/10.1038/s41598-020-64999-x
http://www.ncbi.nlm.nih.gov/pubmed/32427957
https://doi.org/10.1016/j.neulet.2020.135293
http://www.ncbi.nlm.nih.gov/pubmed/32771601
https://doi.org/10.1098/rspb.2009.0828
http://www.ncbi.nlm.nih.gov/pubmed/19640888
https://doi.org/10.3390/brainsci11040422
http://www.ncbi.nlm.nih.gov/pubmed/33810422
https://doi.org/10.1038/srep43267
http://www.ncbi.nlm.nih.gov/pubmed/28220882
https://doi.org/10.1371/journal.pone.0176030
http://www.ncbi.nlm.nih.gov/pubmed/28467449
https://doi.org/10.3389/fpsyg.2013.00292
http://www.ncbi.nlm.nih.gov/pubmed/23750144
https://doi.org/10.4018/978-1-5225-2639-1.ch006
https://doi.org/10.24425/124345

